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; e3eNCN>>7?<A. | AvB6BTCl s, NON- CONDUCTI VE BARRI ER FORMATI ONS FOR COPPER

DAMASCENE TYPE | NTERCONNECTS by Si non Chooi, Subhash Gupta, Zhou Mei Sheng,
Hong Sangki BACKGROUND OF THE I NVENTION 1. Field of the Invention This
invention relates generally to mcroel ectronics fabrications and, in
particular, to nmethods of form ng conducting interconnect structures that
are protected fromdiffusion of chem cal species into and out of
surrounding materials. 2. Description of the Related Art As the structures
conprising integrated mcroelectronic circuitry continue to decrease in
size, the conducting interconnects between them decrease in size as well.
Smal | er conducting interconnects must be conposed of materials w th higher
conduct i vwmglﬁm BARRIERCEORMA THONS \FORWGIGPPIR dREVAISC N/ or s t he
use of copper (Cu), with twice the conductivity of alum numand three timnes
t he conductivity of tungstEWPEANTERCONMNECES of choice. Unfortunately,
copper has been found to contam nate many of the materials used in
integrated circuit fabrications, seyspecial care nust be taken to keep it
frommgrating into surrounding regions. Several nethods have been

devel oped to prouinds Chest ShBHED : i .conducting | eads
and i nterconnects. Chief’ggnng ?ﬁ@%ﬁﬂ?@ﬂ?ﬁéﬁ%ﬁ@%ﬁh@%?ﬁ tion of diffusion
barriers and liner layers within the trenches and vial into which the
copper is subsequently deposited. Copper inlays surrounded by |ayers of

other netals and their tantal um nol ybdenum and
titaniumnitride, are géﬁﬁggﬁ@gggégﬁgJﬁgghiﬂgﬁgﬁﬁaktures. Al t hough 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 |ayer may itself be subject to degradation from
surroundihg met €14 oA [the Inyetionar r i er | ayer may not adhere well to the copper
or to the surrounding material. The barrier |layer may adversely affect the
contact between the interconnect and ot her conducting | ayers. The barrier

| ayer may be difficult to fabricate with the requisite thinness in snmall
trenches and vTlis inviltidn relatma rpendratlyt foeniafdeletronits fabii¢ativRdinigin i@ la) S on
the barrier layer, it should be pointed out that fluorinated materials such

as anor phousethddsarfifsratisglcarandan, infeidommect bt@hiraathechrd Botdcpddrnand
fluorinated silicon dioxide are presently being used as interlayer

di el ect ri@i$mﬁeﬁaﬂaﬁn{imisl?ecké§%@iaﬁa6&tdfis&r6£ﬁ§%%ﬁ£téﬁa(1é.ow K) tend to reduce
parasitic capacitance between. nei ghboring conducting |ines and vias. Wen

fluorinated materials are subjected to high tenperature processing (above
300 C), which is quite conmmon in the conplex fabrication schenes of

i ntegrat es niqbggggﬁ&{@ﬂ%ggggkaghEry, the fluorine tends to out-diffuse
osite

into previously

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 conduc?ivity of aluminum and three times the conductivity of

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



metallic barrier layers and formnetallic fluoride conpounds (eg., fluorine
diffusing into tantalumforns tantalum fluoride, TaF) These conpounds
degrade the adhesion and integrity of the nmetallic layers and |lead to their
del ami nation. Several of the aforenentioned problens have been addressed by
recent inventions. Nguyen et al (U S. Patent No. 5,904,565) teach a
damascene process which allows a direct copper to copper connection between
vias on different but contiguous |levels of an integrated circuit. Their

met hod invol ves renoval of the bottom portion of the burner layer with an
ani sot r Opi“tﬂ“&"iﬂl,e mferialised HintegpRik cichit A3prications: so specialgiareanust bo takant Wi t h
the upper portion of the copper inlay on the |evel belowit. Teong (U. S
Pat ent No 0 keepdidrose migrating inéassuaiuading regiansve net hod for sol ving the same
doubl e I evel contact problem wherein two barrier |layers are used to
enhance t he cofesealinathqsls bpes hcer develaqped o previdalcofthihmefit offapgdttdepited
5,744,394) teach a nethod for interconnecting a series of transistors in an
i nt egr at eds condodiing léalbnnd attérosmnedter €hief theng bRsic MRMEIGE FpRalicysy | S
connected to the transistors through a barrier |ayer which can be forned of

any one ofliffusiodbaeterodndiletla§erd kvithBeinE HeRIHRP M0Sas ﬁ&&vﬁ%ﬁj&ﬁrcofx r i Patent
No.. 5, 834, 845) teaches a nethod for fabricating a nmultilevel t er connect

Str uCt Ur e sgRERRESHIGosidTicd SRRANRIR) 1ad Y BF iU la.’g& fid bl ocks.

Feﬂﬂfa&?
These bl ocks are then connected by tungsten”or”al um nump surrounded by

titani um (Ji ' [ I trd (Ti arrier.layers..Jain al (U S
Pat ent NO.QJAIS% 07@?? %df%%gﬂgﬁtﬁﬁggd&%%lbéo% dlgnrlruprf' %l}ﬁth%mi{wéutfgﬁ’ra\r%%aﬁfegn process
of dual d (I %&E‘#r 8s by coating the devices with an anti-reflective
mat eri al . I's coati r?g &ifenhances t he phot ol i t hogr aphy process and al so
acts a a barrigbﬁl a%re% %or t he copgsoe‘ir i nt erconnects. Al though each of the
above cited i nVERTHEINL® {RNERFNSPRIGCESAE AB HEPAURE! stepfosyearddn famiig Yinkle damascene
process, they fail to address certain specific difficulties associated with
t he i ntri FYIPEr WEFRNBCET it doss prvsaeddems psspeiated withduhichinugt reesddeessetine
present invention differ; fromthose cited above by addressing the

f ol | owi ngThaBaser layasanaydigels be sutoeet of degetdation frobanmberdingayeesalby Thihe
out-diffusion of fluorine fromfluorinated dielectrics into those |ayers,
the diffibartienlaydr mayinogadtetaill © thacspper ol tayiey Siroandifn frateial. | Thel | ne
trenches and vias of dinmension |ess than 0.15 mcrons and the use of a

novel cl abariaflayoneynduatilygftbatid @ntad-eb@kSen tRe intREMME:hE cahesi on of
metallic barrier |ayers and copper inlays to trench and via sidewalls when

t he di mengindbictingflajehe SehelArMBRIdyRP S bE dlrBS: bagk: ; ite SUMVARY CF
THE | NVENTI ON A@fi%st ol:?j ect of}@t hiag invent}:{gn |scgltecj}§lg?%]\gnfg@§sgerret hod for

prevent i ngithe iQuiditE fiad |00, rinated..dielectric
materials into the meta elg)fgzmg‘él?{'i er Ir%lé({r%q%%ﬁ&ggf?W(S’E%dlp%gia%@ﬁ&ro&ct erize
damascenegy, y ect seco opject of this inyention is o provide a
et hod f oS %%*‘Zl&%%? {‘}hg Sﬁ%“éé\%?‘?lﬂ{g’gfoﬂg‘%h%‘rﬁw ol Gt Reh T IR PhoR: ed
dielectrig materials di | y.int onducting materials that may fill
trenches g%ow{eeggaqbgy,(ﬂfﬁguamqgedﬁgﬁm1 ecallﬁlaf?”roi"‘é‘?teﬁ sijiegrsdionide gfer d obj ect  of
this inventio Ls_ to provide a nethod for preventing conducting materials,
such as JUBFBHY betapyegdias dnteriayier digleptsiss herguss their lov dimledlini foamstangs i nt o
surrounding dielectric materials. 4 A fourth object of this invention is
to provi déovrkiiend teirefivge parasitisrapanitacerigiretdnmgighbomrg @indyucting dineasdcopper |
sputtered onto the sidewal k of trenches and vias during etching, from

di f f usi ngviemtWhenuflvarinattidmepteliad ee bubijectethiodighdeSiperature 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



Afifth object of this invention is to provide a nmethod of conformally
lining trenches and vi as whose aspect ratios are continually increasing

wi th each technol ogy generation, thus allow ng the continued use and
benefits of copper interconnects for devices of the 0.15 mcron generation
and beyond. A sixth object of this invention is to provide a nethod for
formng a lining | ayer whose | owk dielectric properties help to reduce the
probl ens associated with parasitic capacitance between conducting

i nterconnects and other neighboring structures. A seventh object of this

i nvent i onmetallicohbapries\ages andrfernhotaller fidonidaicogpeunids (e, fluayine diffusing intpr oved
adhesi on properties between conductors and porous dielectrics. An eighth
obj ect of tantalen iferwsridritdnmi fuoride,(Fady | Teesacompdunds Sepradeaherhdigsian etk cal |y
inert spacer |layer that protects surrounding materials fromthe effects of

et ches anthtgoisy ofthe mesatlico/lapdrs aid lepplonbeipiQsaamagsn. | n one enbodi ment of the
present invention these objects will be achieved by the chem cal vapor

deposi tion (CVQdveRd] oPih¥StGahentRRO ﬁﬁl@ﬁﬁlhﬁb@&eﬁpﬁé}ks&abﬁr&% metal lic
spacer |ayer interposed between the surrounding fluorinated dielectric

material  gReEndnseigh i(éncetQ %mkﬂ% 5 9o} s@@&%m &%Se ceé%fwﬁlgl? present

i nvention partl cul ar y Sul tO trenchesa VI as n| nmum al nensi ons

e e SR A S B B
levels of an integrated circuit. Their method involves removal of the bottom portion of
the barrier layer with an anisotropic etch, so thatthe copper inlay is put into direct contact
with the upper portion of the copper inlay on the level below it. Teong
(U. 8. 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) teachesa
method for fabricating a multileve] interconnect structure composed of similar patterned
metal layers as building blocks. These blocks are then connected by tungsten or
aluminum plugs surrounded by titanjum (Ti) 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.



deposition (PVD) of a barrier |ayer conposed of one of a class of |ow

di el ectric constant (I ow- k) carbon-based anorphous nmaterials that can be
deposited confornmally to a thickness of | S nanoneters or |ess. For
exanple, Teflon is such a lowk material (1.9 < k<_ 2.1) that adheres well
to other dielectric materials. Its adhesion to copper can even be enhanced
by depositing it over a prior layer of polyaniline or by nodifying its
surface to a hydrophobi c condition. Such anorphous carbon-based material s
w Il prevent the out-diffusion of copper fromthe conducting interconnect
inlay and, theﬁg‘h‘a’? ,eaﬁlb%ytg? abqvg &itpbmyentions taachennlicatinns andrsepipydneenlsar r i er

| ayer. In yet another enbodiment of the present invention, these objects
wi |l be athibedamassynaprpeass teen foid s adsiness ofrtaimspepifigaliffivnltiesladpaited withc
surfaces to form thereon, a "pseudocarbon nitride" layer that is

i nper neabfhe iningio vitufd efths precandindtsppepuoetbaiihénts ithapresst ketonnay,
therefore, obviate the need for an additional netallic barrier |layer. BRIEF
DESCRI PTI QiffeGHidihiEhdst GufEBols by addréssing tiscloBbRingGsstbd Hfe &e@fddh@igds Vi ew of a
multi-layer mcroelectronics fabrication prior to the formation of the

bench andmetatligHargerdisets R ogengutive 6f Morind HRAS ARGRRIed A& Qligl,coOnnect
will ultimately pass through the dielectric |ayers iIndicated and contact

t he | ower e uGt | RS- ks j ' L vi ew of
the trench andylf(clrig’eatﬁlt?gllrf mat i ggﬁbél]g £ ?%éﬁlzcu%@%gi%%ﬂgcﬁg Oﬁgnflﬁlfeetkeglgﬁéﬁect whi ch
has now b &8 sMEd ey . se al patterni d etch schenes,
i ncl udi ng%gﬂ rst ?%nelg%hﬂwg'gf%éﬁggse#%ﬁ bl HPVP{]B&% étgm\?f a). Fig. 3
is a schepmati ¢.cr.oss-sectional view t he dual - damascene trench and via

f or mat i on%dpﬁ%hb%?@iefﬁ 1@ ugRRoy Fg}e a\%é‘ffécfn EUREIS g%ﬁr kegrrsaed eAPPECt | y over
t he expos%s%hjqr)f aces ﬁCCOl’ ing to the nethod of the current art and not

usi ng t he™T FLECR 2pf yiasiqerats when, (g dimensions ef heyedpamaimp eretless drasas wher e
fluorine will tend to out-diffuse and degrade the properties of the

metal |ic Bd? Mg ayer so formed. Fig. 4 is a schematic cross-sectional
view of the etched out trench and via of a dual -damascene type interconnect
done in accordance with the nmethod of the present invention. Unlike the via
illustrated in Fig. 2, the viain Fig. 4 extends only to the passivation

| ayer over the conducti nSUMMARYOF THEINVENDEDNtrate it. Fig. 5is a
schematic cross-sectional view of the trench and via formation shown 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
i s a schemati ca G Q%5ieseSithi ' f i ' 0 H 5 with the
non-netal lic CVD or IPVD %52?’1 e?t\édrrlﬁp\élggﬁﬁ‘oygrgharﬁ%{lﬁzon%gﬁggﬂﬁﬁggeg%mby a first

ani sot r opg; | i.cal surfaces, Fig. 7is a
schenat i cdlngﬁélg? fs%‘?:btr#ng?a/ol?n i\??tger\g/{/{agerfd ‘ﬁﬁg&ﬁéﬁ.‘r& %?ﬁig;é?%[h ﬂ?enmi‘:‘r”-g‘? bETET e dent to a
second anj LC.etech to .reppve the passivation |ayer and expose the
conduct i 2%1%?%/@1?8& %?tgc%a@qegz%daﬂ%‘é‘??&f? r°8?lbe§§= sectional view showing the
formation of a netalljc barrier |ayer over the fabrication of Fig. 7. The
structure of t‘%?%copﬁﬁbjie é&iﬂBﬁ}m’ﬂ%t 13 fp Rrvidr aarrdkoddpr preveniingdltenod of t he
present invention, is to be contrasted to the fabrication in Fig. 3, which
i s done iMtSHEsIALR{dmorne FomHlopaerd diekretricipateialy dinectlainto sontluating i n
accordance with the nethod of the present invention. 7

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.



Fig. 9 is a schematic cross-sectional view of two dual -danmascene formations
lined with netallic diffusion barriers. Fig. 9 (a) depicts the shape of a
present dual -damascene formation, while Fig. 9 (b) depicts the reduced
aspect of such a formation when applied to the 0.15 m cron and beyond
generation of mcroelectronics devices. Fig. 10 is a schematic
cross-sectional view of a nulti-layer mcroelectronics fabrication of the
0.15 m cron and beyond generation of mcroel ectronics devices wthin which

a dual - damascenpe, t .intercannect is to he forped,. Fig. 11 illustrates the
desi gn par anet %&%“%E@F ecﬁﬁgplsdﬂv?’g‘ﬁg 158 rpécﬂ’lﬁ?%a ?189“1‘?3 iy pég"&ﬂféli‘g PIEEE8e type
interconnect in a 0.15 mcron and beyond generation of nicroelectronic
fabri cat i ¥ Gtﬁ‘l“ﬂéés $appet. sptieregontp the sidpyyallsiof trenchies apd yigs durtiigso i s a
schematic cross-sectional view of the patterning and etching of the

dual - danageling frone ddfusimgdntoisarroundingcielecirie matarials. t he net hod of the present
invention. Fig. 12 is a schematic cross-sectional view of the fabrication
in Fig. 11 subsddtherifect of thisenfentiomisitoprovfidesa method ofchnbdrinally biaingi er of

anor phous carbon-based materials. Fig. 13 is a schematic cross-sectional
vi ew of t trenchedaridoddsi wiliose BspletiGratidsars uhig@galBihcrlessiid@ita pidhi tédtinb gy of  an

ani sotropic etch to the non-netallic layer. Fig. 14 is a schematic

Cross- sec%é@%bpy&lmmfwh&MeE&hﬂu@@ﬁémdiben&itgof copp¥elefioBndcherot rench and
via have been filled with a copper inlay and covered with a passivation

| ayer. Fi geyided of he®. BRI dchcaligs sidsbi@nal view of a nulti-layer

m croel ectronics
A sixth object of this invention is to provide a method for forming a lining layer

whose low-k dielectric properties help to reduce the problems associated with parasitic
capacitance between conducting interconnects and other neighboring structures.

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

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

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

In another embodiment of the present invention particularly suited to trenches and
vias whose minimum dimensions are less than 0.25 microns, these objects will be
achieved by the plasma-enhanced chemical vapor deposition (PECVD) or physical vapor

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



fabrication prior to the formati on of a dual -damascene type interconnect.
The fabrication consists of a conducting substrate, such as a copper
substrate, over which has been forned a first etch-stop and passivation

| ayer and a first lowk dielectric layer. Fig. 16 is a schematic
cross-sectional view of the sane fabrication in Fig. 15, wherein the first
| ow-k dielectric |ayer has been subjected to a nitrogen) hydrazine or NH3
pl asma treatnent of its top surface. Fig. 17 is a schematic cross-sectional

view of the fabrication of Fig. 16,. whi ch secand etch-stop |layer and a
second | oWORKlicAPERPpsed 2 %’rogﬁﬁ\?g’nﬁgg&??tf:ﬂ} ]ﬁ"e%’.poﬁeg.coﬁg’n?‘glyamsac hemati c
cross-sectiqnal view of the fabrication in Fig. 17, subsequent to a
ni t rogen pickaers 114 SApPRetErs ORieRY Ror cxammple.ofsllonis mich adewkpatera 6ha<| ow k
dielectric layer. Fig. 19 is a schematic cross-sectional view of the
fabri cat i 6% 2iln et gdhenes wabign oflisr éisleatricapgieriads. | kg ashetienstonopperican mesh hend a
trench and via have been patterned and etched. Fig. 20 is a schematic
cr oss- sectianedd byi depositing ihevararppioetayer dfipehahiliandr by axckidying its swrfacBESCRI PTI ON
OF THE PREFERRED ENMBCDI MENTS

a hydrophobic condition. Such amorphous carbon-based materials will prevent the

out-diffusion of copper from the conducting interconnect inlay and, therefore, obviate the

need for an additional metallic barrier layer.

In yet another embodiment of the present invention, these objects will be achieved
by a plasma treatment of the 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).



In each of its preferred enbodi nents the present invention provides a

nmet hod for formng |lined conducing interconnects , such as copper

dual - damascene type interconnects, in mcroel ectronics fabrications. Wen
formed in accordance with the nethods taught in these preferred

enbodi nents, the interconnects will protect the surrounding dielectric
materials from copper out-diffusion and also protect the 9 i nt er connect
liner fromthe adverse affects of fluorine out-diffusion fromfluorinated
| owk dielectriﬁf. Ln one of its refe r.ed gg@§p nts, the invention is
particul arly siiét a8 3 EPERFELPI ?tfﬂ“é‘ HEH R ugk dampascens fisaehiand ignsi ons
required i.n the sub-0.15 mcron generation of m croel ectronics

fabricati g@atien wah tsragtaliic § #f; hawine beer formed grreatlyoverthe axisgedrent  of
the preset invention teaches a nethod of formng a non-netallic barrier

| ayer to Purasey aseomsing taithef methetof the curen ati @nd pet| using thomethed bdHtheat i on of
conducting interconnects, such as copper damascene-type interconnects, in
M cr oel ecbreseit wefiadr: | Betaons poiih® aredshddre fuorine Wil a¢rded obydiffagecindi ng t o
Fig. 1 through Fig. 8, in conjunction with the descriptions bel ow.

Ref er r i ngdegmudetthe piogertit¢s ofthg mefallighrirdayed so fdigee i s shown a series of
schematic diagrans illustrating the fabrication of adual -damascene type of

lined conducti pg. 4Mﬁcﬁaﬂﬂﬂpdross%e@t%@rﬂaw%%tﬂéde&dﬁeaBﬁtﬂ%&fﬂ%w%fshe current
art, but not in accordance with the net hod of the present 1 nvention. These

figures apg\akdsdeRe E}?Qhﬁéﬁ:&ﬂ%&%oﬁ e egilltﬁﬂ@ﬁl’ﬁ%ﬂhéﬂ} B{' on. Fig.

1 shows a schematic oss-sectional viI ew O mcr ectroni'cs ftabrication

wi thin whi 0 | .. The fabrication
conpri ses %%gondwm(g ajg/gﬁgt(atﬁé i rﬂ]ﬁhewa y%fg'ca Blgptﬁ (Cu)
conducting_|l aye but ch can.al so be t ungst en | ayer or a

conbi nat i B> 15%“(51 %ﬁﬁ?“ﬁdﬁ&%ﬁﬂé@% laﬁf)mﬁﬁr’%%}m P?‘Eegﬁ{ig% (Ti) and titanium
nitride (TiN), 1% Ehlckness bet ween 2000 angstrons and 15, 000
angstroms, on Wi IR PTESISRERPEl ey of M‘Teﬁgh gl i fqrmpgion shiewan
typically, 10 could be a layer of silicon nitride (SiN), of thickness

bet ween 580FighSOVE9EerahBY 8 nondieiatis layerrdsposied tria atetindofishemichloraped a fir st
dielectric layer (14), which could be a | ayer of lowk fluorinated nateri al
such as, deposiion (C¥BY D'rph}ei:tatmpES@poéitium(RWal.ed pol yi mi de, anor phous

fl uorocarbon, Parylene-F or PTFE(Teflon), of thickness between I, 000
angstrons and Hi@, 000 @hgriticursss-sectional vibw i thelfateivafion Ede anwith ¢fe- st op | ayer
(16), which could be a layer of SiN or BLOK (from Applied Materials Corp.)

or si|i conomietiflical VDIr PRITERSetieiwear &R BoRRESRA kTR cahFa Brd A s@RGHHL r oms, on
whi ch has been fornmed a second | ayer of lowk fluorinated dielectric

et er 8l (aflo 180 Bak shekdth Vool lfghect T Tayer (114) and on which has

t hen been fornmed an optional capping |[ayer (20), mhlch coul d be a |layer of
Si N of thickn is.to be
noted that et gE% ? g&gg% f@%ﬁg&t{o e‘(’:lg‘grrgfglﬁtl on: P I?ﬁe fq]i’tgg}lerftevel
capaci tan 28 of t er cation nee to be duced, Fi 2 is,a.schematic
cross- sect) biar" W 8P ﬁ%‘t?g%l’r\?v(?gﬁffgﬁffﬁgﬁ&wﬁaﬁﬁ&,&#@(mg © BgKeRBGErE to the
patterning and etching of a dual -damascene interconnect formation

consi sti ngiy‘éff a trench (22) and a via (24), which is open to the Cu | ayer (
10). The width_of said trench is between 0.25 mcrons and 2.0 mcrons, the
width of said Figa8 ise shemutisrerossssctinngl vew showing thedformationres a medliet chi ng
process consists of plasma-assisted dry etching wherein the etching

cheni st r ybaveplaygeyeothe fabricatiomenf Fig. {7h d he strbaiwviernd this fabdcaiway domasn (eg. CF4,
CAFs), hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3),

f1 uor osul :[mosiaﬁ&gwiﬂﬁfl?ﬁ):mtmkﬂ thdygresdny thivegin, 16 B Bentragisd gefe fAYrHcE@GEN,
argon, hydrogen and and carbon nonoxi de, wherein the choice of chem stries

i's tail orpdFigmdiih idiehe/intaBedrltdicO dhiturRe Abthber Bekhetfat havsrin. 11

accordance with the method of the present invention.



Fig. 3 shows the interconnect fabrication of Fig. 2 having now been |ined
with a netallic barrier |ayer (26), which could be a |layer of material such
as tantalumnitride (TaN) or titaniumnitride (Til~, fornmed to a thickness
of between 50 angstrons and 3,000 angstrons by a process such as PVD (eg.
deposition by sputtering, ion-netal plasma or holl ow cat hode magnetron) or
CVvD. The arrows (28) indicate the surfaces through which fluorine

out-di ffusion would occur as a result of subsequent hi ghtenperature
processi ng steps at tenperatures exceeding 200 Cto 350 C. The outdi ffusing
fluorine reacts with the liner material to formnore brittle and poorly
adhering netal ljc fluorine conpounds such as tantalum fluoride (TaF). Fig.
4 shows a schekit P & xichematiccressoretions wew of twhduad damasvieny Hehetidns dined s
fabrication of Fig. 1 now being prepared for the formation of a

dual - danagé@nectillic difision betricssc diig. B (apdepicts the shayeldd podserithiaalpdaassedne
invention. A trench (22) and via (25) have been patterned and forned
accor di ngfarmatiore wdfile Fey Or(a) dapitidihd sedubaiaspedt of BeharformAisaviRg applesach firs
via first or a self alignnment (buried via) schene. The trench i's of width

bet ween Otc2fhe 0116 miiBSHnARE bdyddd FeRdrith of thiEro¥ledrdricstevitedt h bet ween 0. 15
mcrons and 0.4 mcrons. In accordance with the nethod of the present

| nventi on, theryl f E2RnaxkRASs SRNni%iEN6r HBRAI LS U hRER IR okl

passivating layer (12). Fig. 5 shows a schemati c cross-sectional view of

th ] | £5,: ' ' f EBlg -4 [ -netal li
ayer (1o R LA ARl E AT e Brebhf of Hior IR BB atBoR 11 on
CvD i.cal d i PVI t hi ck f bet 50

angst roms P hid et E TR R b op WFBRd onf or mai 1y 1 nes a1l

exposed surfacgs of..the trench.and via formation, including the exposed
portion of the Ba ls’ill\'fﬂ{qt%“rfﬁ? g?ﬁéﬂn Refayeters thah miyst he copsidered pefosminggundi ng
cappi ng Ig&/?fir (20). The non 12 netallic layer (15) can be forned of a
mat eri al Hamsceas fype dpfercarseuia a bbt wicren and ggondganprstiompdf r i de bor on
carbon nitride or boron carbide. Fig. 6 shows a schematic cross-sectional
vi ew of t Wécredeptropicdpledations soph asis fillistrated in Big. iY.. Fhe fighre abobsequent to an
ani sotropic etch used to forma spacer layer ( 19) fromthe non-netallic

| ayer ( shsnbematic ¢roS)setional giewf theSaiterniny Mdtetoabtigtofehcduatangistme of a

pl asma- assi sted etch wherein the etching chem stry conprises one or nore of

t he fol | otseney and biadf bwdrddnos @ith the Béthed 6fiBe pRXIHI Bfventirdr 0gen, nitrogen,
form ng gas (a m xture of nitrogen and hydrogen), fluorocarbon(s),

f I uori ne- substFiputed aRYHOERLRANS1BRS VAL P8 the Abri a-&%ﬁ@%@ the figure, the
I 1fshown %

etch has rermoved the non-netallic layer material 15) in Fig. 5)

fromthe g al.ly o d sajd nonpetal lic

| ayer mat %%?ﬁuggrt%%%ﬁ%ﬁée{{ogﬁ&gtné%Z%%(%/ug?{%%%lgcoef a%@gp\%%u%%adb%rgﬁ 'al ly renoved
sai d non-ﬁﬁ%%llsi c layer material fromthe passivation |ayer surface (13),

| eaving sard nonnetallic |layer material on the vertical surfaces of the
trench and vi .fo3rratiol_£1 19) as shown. Fi 7.1S a schematic
cross-section lgV{el\%aé? ¢ SERFESTRUER @F%?E@ﬁf@é‘cﬁ%ﬂpgﬁ-ilgn of Fig. 6,
subsequent ,to a further etching which renoves (at (21?) t he passivation

| ayer (123"Ppsaymitie thecapplication afan ajeatropieichye fesnan-metallithayent chi ng process
consi sts of plasmmassi sted etching wherein the etching chem stry conprises
one or nore ofFigh if glsplsmatig cross-sestionad vbonef the GabriCEibn iCFks 1 3 whyrkiocar bons,
fluorine substituted hydrocarbons (eg. CHF3), oxygen, nitrogen, argon, and
hydr ogen. thigerchtandtviaave bgert filbedetittha nepper itaysmdicbesred with 3 paRivdaen ee of
penetration into the conducting layer (21 ). During this process, the
barrier llayar now al so acts as a protective |ayer to prevent diffusion of
the sputtered 13 conductor and its oxides into the surrounding

diel ectric, WHigh 5i§ aReHchiabib bASst-YeckiBRAANGS d &ﬁiﬁ%&%&%ﬁf&&@i& copper .

Fig. 8 is a schematic cross-sectional view of the Same mcroelectronics

fabri catigpiQtiofbor t§thes e ) t - cl eani f. the
sputtered conductor %not S om)&fn@%%%g¥§$lﬁa eolﬁ 0 ngecﬁ‘e?ggfalggc%ﬂ‘ri er

| ayer (22), which conprises a layer of, but is not restricted to, TaN, Ti N,
WN, or tantalumor netal-silicon-nitride, of thickness between

t,
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50 angstrons and 2,000 angstrons. The fabrication is now ready for the
insertion of a conducting inlay, typically a copper inlay forned by the
deposition of copper over all surfaces of said trench and via formation
(not shown).. Conparison of the fabrication illustrated in Fig. 8 to that
illustrated in Fig. 3 shows the inherent advantages of the spacer |ayer,
formed in accordance with the nmethod of the preset invention, in preventing
the out-diffizsion of fluorine into the nmetallic barrier layer (22). Second
Preferred Enbodi ment A second preferred enbodi nent of the present invention
t eaches aCRSISRf afondusting sepsiatsohchas apenper ssitaterovernyhich has bespper

diffusion into the dielectrics that can be applied to conducting

i nt er conn&red adiss tchsterand dessivatian daverandafirst lowelr disteneictlsyeri n t he 0. 15

m cron and beyond generation of mcroelectronics fabrications. The nethod
can be | ear nedFigy1¢ sfaschémgictcposFisectiofalt hewo ufjthe Bage fabdication ia Giy. upcti on wit h
the descriptions below 14 Fig. 9 is an illustrative schematic di agram
showi ng t hadeleimtae fissh ek dielaniylpyaaas Beal subiecas eeNgitb @) Bidrasite ¥ RH,
formation. In Fig. 9 (a) is shown the outline of such a formation as it
woul d be prsmd tredimehieo s eseakfaggner ati on of nicroel ectronics fabrications.
The width of the trench in this formation is between 0.25 mcrons and 2.0

m crons, the wigt 7 @fy dhGnHicRrdss sREMNRER D%’%@Q@W&%@b@; ﬁrgfr?]: s_and

the thickness of the barrier deposition iIs 2000

angstrons LOh Q. I rabl.e formation as .it would be
found in ?ﬁ%ﬁ%gﬁghﬁ?@g%%mg%%g e§%%%“§g§§%§ % a%%%?? AMe8ns usi ng
netallic barrigr ositions and not done agcording.to the method of the
present inventl lgh?§$ﬁescf‘?qlﬁl§tcf%§ﬁsﬁﬁ%°? vigy 8?@‘31*‘%1""%‘@ lﬁh:ﬂ%éges of

i ndi cating.that the reduced %fp?ct of the trench and via in the 0.15 m cron
and beyontPR§eERGP 2 dHrQgsH oF NH: plasmarireatmsat pf e fon srfaresf thasacped logelposi t i on,
t hereby pl aci ng nore stringent requirenents on the physical properties of

t he conduficleRicii#icays required (eg. to prevent the formation of voids). In
this fabrication, the wdth of the trench is between 0.15 mcrons and 1.5
m crons, the wrigt i isfa schemajicgrass-sémionglerievd oDihe fabricatis iarfg. A 8%pon cr ons and
the thickness of the netallic barrier deposition would nornmally be between
100 angst wbivh azappiag DY ey bbeoformeddridchtrérh and Viatheabenipattérhédkiyess over
the fabrication in Fig. 9 (a). Fig. 10 is a schematic cross-sectional view
of a mcreehsictronics fabrication, including a mcroelectronics fabrication
of the below 0.15 m cron device generation, within which a dual -damascene

i nterconnect iBipt 20 R sEMHEd- [ A =Yal oMY=Vl ' cting | ayer
(10), which is ?ypically a gggggsa%%§§‘%%%gﬁ@??ﬁgpﬁgégﬁmgg5§pg%nposite

st ack conﬁﬁha&gg one or nore of the followng netals: titanium tungsten
titaniumnitride and al um num copper, of thickness between 2,000 angstrons
and 15,000 angstrons on 15 which has been forned a passivating |ayer
(12), which could be a layer of silicon nitride (SIiN) or BLOK (nfg. by
Applied Materials i.ckness between 500 angstrons and 5, 000
angstroms, on whi c%ﬁggmﬁ%$$%%PWW%I%ﬂ & (14), which
could be a layer of SiOz or doped Si Oz such as PSG or a | ayer of

car bon-doped silicon oxide such as nethyl sil sequi oxane or a | ayer of |ow
dielectric constant (low k) organic polynmer such as FLARE (nfg. by Allied
Si gnal Cor p.) , nSaghkeiimfmyefetypd Bobpdbments thel pré&enignydntion peoviideg @amealhod foor gani ¢
pol ymer such as hydrogen sil sesqui oxane or a | ayer conprising the porous
entity offorhagdined consutingmetdredinelcG stdhtasfcoppes duslfdablisednvegpe bet ween 1, 000
angstrons and 10, 000 angstrons, on which has been forned an etch-stop | ayer

(16), whi mteramubds, b nficioaieitodés fHblidaGiofs. OB fRmeBiMccsidte With tBLOK (nf g.
by Applied Materials Corp.), of thickness between 500 angstrons and 5, 000

angst 1 OMme@Bdy LG i SsdieRntLAbSkiRR N0 il Btfke Rl pRI&E el C materi A

(18), simlar to the first layer and on whi has been forned an optional

i I 20 | 0f. Si N t hi bet 500
angut r o oy gt fodRefog PUPEAOR AR oRFSEE Socti onal vi ow

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 consi sts of plasma-assisted dry etching wherein the etching

chem stry conprises one or nore of thefollow ng: fluorocarbons (eg. CF4,
CQFs), hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3),

fluorosul furs (eg. SF6), chlorine, hydrogen brom de, oxygen, nitrogen,
argon, hydrogen and and carbon nonoxi de, wherein the choice of chem stries
is tailored appropriately to the nature of the different |ayers. The dashed
lines ( 17) indicate the design paraneters for the final copper inlay,

M M o M o [ o —— I 1 N 1



16 the actual etched surface dinensions which are required to fulfil

t hose design paraneters. The trench is etched through the optional capping
| ayer (20) and the second dielectric |ayer (18), stopping at the etch-stop
| ayer (16). The via is etched through to the passivation layer (12). Fig.
12 is a schematic cross-sectional- view of the formation shown in Fig. | 1
subsequent to the formation of a non-conductive barrier (26) by the plasm
enhanced chem cal vapor deposition (PECVD) or physical vapor deposition
(PVD) of any of a class of carbon-based anorphous materials to a thickness
of betmeeﬁﬁ%ﬁﬁuﬁﬁdg?Y AR theeiverse gffecingislivasing ousdiffysion fisantlusaineteddowor phous
material s, can consist entirely of carbon (eg. dianond) or can conprise
carbon wi Kiiedsdicsr Inpneofdsenelrel embadimenss, Hey invetition Tapsirdculdrht suitedfarei t her a
metal or a conductor, exanples including but not restricted to silicon

car bi de, ewmatingnmigiconneids offtheiredacdrdimenspmis yequired aLthh sets0.PTnficead Tef | on,
boron carbi de and boron carbon nitride . The deposition conformally covers
t he wal | sgaferdtion of ndarodlearvaics ifsbrizatiod] | as the upper surface of the capping
| ayer. A further treatnent in a furnace or an apparatus for rapid thernma
anneal ing (RTA) between 200 C and 450 C to densify the carbon-based

anor phous filmmy be effected if necessary. Note that the barrier
properties and dielectric propesl -based materials can be
varied fromthat of dianond, mhé%%ﬁﬁﬁg%g%@%?%pconstant is k=5.7, to that of
Tefl on, whose dielectric constant ranges between k=1.9 to 2.1, by varying
the conposition of the carbon or the material mcrostructure. Fig. 13 shows
a schematic cr -sectional, view of. the fahrication in Fig. 12 subsequent
to an anisotr o%i%(sgSté]tr%ﬁrr%ﬁpe hoéflleﬁrftﬁgﬂleﬂ’égs&f pygpopn teackes amethedofcer | ayer
(19). 17 Sai d ani sotropic.etch consists of a plasma-assisted etch wherein
t he etchi F?&“B}%earﬁ%fm?a@‘ﬁﬁ’ﬁweg eidndlugringpytediffpsienbat ean beippiipd te ticor i ne
boron trichloride, oxygen, hydrogen, nitrogen, formng gas (a m xture of

ni trogen aignpisqadicting HeEpnsetscelbangopper drmmsesne fiypeantorcosndchsein
non-netallic barrier |ayer fromthe optional capping | ayer (20) and

parti al | ymiqregiectioaice fabhicatiams. Thymethod 6)n beidaymed by veftrriog td Biget trdih. The
carbon-based barrier |ayer remains on the vertical walls of the trench and
via to foFig & ispagenctioaydth thd 8gscriftivms palesi. vat i on | ayer (12) is subsequently
etched to expose the underlying conductor layer (10). Said etch is a plasna

assi sted et ch Réferriighotvte F@%.qhﬁggz GRERIESS, Meré REAbWE 88 e MR hREE Of the
foll owi ng: fluorocarbons, fluorine-substituted hydrocarbons, argon and

ni 1 0gen. GTfeng il SRERhDRMH:LR A diL AR ShE R Gl Ebanghct or . hence

t he non-conductive barrier acts as a protectiv ayer to prevent diffusion

of the spyid&mfckt GPRLULRe \gﬂgﬂxietﬁet%qs %?&eic%?ntzaﬁgbgtg%ggq%g%&%}#ﬁ@gCt rics.

Fig. 14 is a schematic cross-sectional VIEW O nnect,

wher ei n t inlay. (22 ch.as a co r inlay, has been forned by
a deposi ?tlh gg&o & %%’ep esc?\r}e’ing%%ﬂ)‘)h's Sﬁ?sgé%é‘reé@es’%% tq lr“a]ﬁé ventagss & mat i on
and then1ﬁgvereq.gy a capping and passivation layer (24). In accordance
with the HEPHSE ARG YW ects of this enbodi ment, the final dual damascene
interconnect for sub-0.15 mcron mcroelectronics devices illustrated in
Fig. 13 can nouBac¥opts agchasmiecraspiseafiogalvéew pfa miggodlediigics ftboidation Fi g. 14,
W thout the prior deposition of a netallic barrier |ayer, since the

non- net al Witkinydyieh adud-dgmansciers intsrantert frtebe diorntdde Tde fobuisation ipeie@per i nt o
the surrounding dielectrics. Third Preferred Enbodinent 18 A third

pr ef er r ece emdodtingdater ¢F0); wikicl isegginilly nopped (ON) t@AGBAE: 1@yt OdE whthasie
treatnent of the exposed surfaces of the trench and via formations of a

dual - danedestea fuygterCOMiidgdriond combRRESNRRLIminLesBRY @t sYisg a fluorine
out-di ffusion barrier mﬁtﬁ%ut the need for an adé??fg%glugndgg

: ! : hSin ' b
space- CONghTAY TIBRLE fitalunh ﬁM@&e(Tﬁh}?.aﬁ%%E}?&??sbteme% giﬁg(?%ﬁ%?gﬁcgh o g. 20.

| earned by referring to the succession gures,

toget her 4 4dd nB&:dh3S 6h WRldh s B Mbmed a passivating layer (12), which typically
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Referring first to Fig. 15, there is shown a schematic cross-section of a
m croel ectronics fabrication within which a dual -danascene type
interconnect is to be forned. The fabrication conprises a conducting |ayer
(10), which typically could be a copper |ayer of thickness between 2,000
angstrons and 15,000 angstrons, on which is forned a passivation |ayer
(12), which typically could be a layer of SiN of thickness between 500
angstrons and 5,000 angstrons and on which is forned a first, |owk,
fluorinated.djelectric.layer . i.ch could be a layer of FS

f1 uori nat Eﬂﬂgbﬁ §7F r&%{,:Sl Eﬁﬁ%ﬂéﬁéﬁlﬁ é‘&?ﬁd}ﬁwqﬁ&@p% m@@nqbiﬁ%(Tef | on),
formed by chem cal vapor deposition (CV%)I or spin coating to a thickness
bet ween 13RFSBORHPEY s hagheen fproeda S dictestis layur §14)1@hick could bhefayer c
cross-sectjonal view of the fabrication in Fig. 15 after a first plasm

t r eat ment OlewrkhBuerstad neaierial gechals, buimof restsicted feF $G t fhiocinktay poly(idy, with a
nitrogen, hydrazine or NH3 plasma Said plasma is fornmed in a chanber

wher ei n aapbrphons fhmnodasbogePaylanel obPTER(TRHON)) weihickaess betviets 1 BP0 Mz, 100
W2,000 W or a mcrowave source (2.45 GHz, 100 W2,000 W at a pressure
bet ween larg§oms amdll (GOO0NAhEstroms] B whichSHER bddh forrhéPat i@ Ddtoh RVEE(18),
"pseudo-carbon nitride" layer (15), indicated as a shaded region, on that

upper sur {a8 colld bR ader of SING BISOK (78 A fptiEd RRkSHIRS Cotp § NE s A\!ﬁ@ r NZH2)
~ C N +NFx, CHx(vol a?éigfég), 1HF(voI atit(lre). pI(lgn1 t he casec%iP§lléﬂz—&lﬁ%? ycclf(r)azi ne

| asma, 1§ sl i : at iLnto the "pseudo-
(F:)ar bon ni %frﬁgﬁ%lpgyer, %%gg?lgﬁggﬁa%’@ﬂtﬁﬁﬁﬁ8%%‘%9@98?3“&%3“@%N type

pol ymer o i e f . Fig. 17 i sch ti.c cross-sectional
Dew of ¢ RSBy Rk orBRbPairl o slati (b EmiRGe 15 A TEREE an
et ch-stop,| ay, 6), ich tynpicall ould be a |layer of SIN, SiO or BLCK
(nfg. by %gl(?@fgﬁlﬁ%‘&% l%“&)%’%’efn L@é’%‘ﬁé?‘?@ﬁu I‘@QE‘“B@‘Y&Y {A0crbigs s of
bet ween 50 strons ar 000 angstrons on the first dielectric |ayer,
fol | owed ‘t‘rﬂ}‘?‘{lﬁ*‘ea Fﬁ?ﬁ?&"%ln[gR?B?d@e%@mnﬁewakgﬁrp%ﬁnﬁép@@a@ﬁs@p@@.t Hiigto] ayer (
18), simlar to the first such layer, on said etch-stop |ayer. The said
et ch- st optq efet thalgishyster lyer(l lrandredms optionel if iednterlest! cdpaitenderds the
capaci tance needs to be reduced Fig. 18 is a schematic cross-sectional view
of the f afgbiieatioh ogedsfto bé tpduded. subsequent to a NZ, hydrazine or NH3 plasna
treatnment (as described above) of the surface of the second | ow k
di el ectric | aylig. X k&)schdnmticeroms-aectioaa oy 66thb Gibridhtidn Wevwn idygl 1(30),
i ndi cated as a shaded region on the upper surface of said di€lectric |ayer.
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 widih
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. CFy4, C4Fs), hydrocarbons, fluorine substituted hydrocarbons (eg.
CHF3), fluorosulfurs (eg. SFe), chlorine, hydrogen bromide, oxygen, nitrogen, argon,

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

appropriately to the nature of the different layers.
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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 |ayer of SiN of thickness between 500 angstronms 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 | ayer
(10). Finally, Fig. 20 shows a schematic cross-sectional view of the

dual - damascene_formatiop in Fig. 19 subse nt.to_an isotropic and

ani sot ropi ¢ Nzlflghl?'-lgl?ovgrtﬂ?\w&%%ﬁ‘g]fﬁtfr&?w %&tmﬂ?g now beea lirgd B4 Bon
nitride" |ayer has now been forned on the vertical exposed surfaces (31).
I n accor d“\ﬁ}gﬁw th?éergﬁjeé@@, wiNgh pldBeia layer efimajeraahise andantalumpiigidei nal

dual - danmascene type formati on can now accept a copper inlay directly,

wi t hout pf¥ap OFB%/W witridef (TANfaranef itw 2 Bagknessrof batyeen SByngshremdepdsi ti on of
copper over all surfaces of said trench and via formation (not shown) or,
as in the3d8heegstrommby agracessfsucls s BEDdpg. dapovittonl Hyi spuitaing ea-heyler f ol | oned
by a copper inlay. As is understood by a person skilled in the art, the
pr ef er r edplasthadi hadloivscatfodt heghetese o CVIV eTHei a@dwa (ZR)iihdistié halsiMeesf the
present invention rather than being limting of the present invention.

Revi si ons thagughraadil 16 ne Qs dif¥ioR QoM clfas B RS sublcGES §RR. Material s,
structures and di nmensions through which is forned a dual - darfascene type of

conduct i n&niﬂg;a%_ggfyggég;ngt&;ﬁ%g ai; t'rglm' g}gﬁ&&ﬁe\%g%e?g&cmbb égg B @uip dif.f usi on and

copper outdiffusion and ca ne pr enbodl nent; be used in the
sub- 0. 15 gieg 1.oD.: L Cr ectranics fabrications,in,accord with
the pr of v Fagin AR ALLER udhRE RELERL G Rer SR AN B0 AR i ng =
dual - damascgne e of conducting. intercpnnec at is inperneable to
fluorine %ﬁﬁﬂﬁﬁ%ﬁgﬁiﬂ%’ﬂ@gﬁﬁlﬁb@g t‘"’d’&ﬂ%&?ﬂf’ﬂ@? Q‘ﬂ%gnd can, in one embodi ment,
be used in the.qu-O.lS j cron generation of mcroelectronics fabrications
formed in accord WHMWSARSIGIRAKCLTessispRRORe] Ve ofthesang Auerogloctiamicsappended
claims. 21  Wat is clainmed is: 1. A nethod for form ng a dual -damascene
type cond{#ersaigniohFig & sawdeinsmrensrad far thedomtion of adiallamatmeneat i on,
conprising: providing a |layered structure such as is used in a
m cr oel echiseinpsct fapdordiogta n mettmiddbf hapretent imveivpr issirergh 22 and wiat(2fg | ayer,
on which has been forned a passivating |ayer, on which has been forned a
first di ehaetbeercpdtiaped and forimed atrobding lvawi of eveRA ndthodh GHowd Bixhé aer, on
whi ch has been formed a second dielectric layer and on which has been
formed a erppk #endhdite 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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patterning and etching a trench and via structure that passes through said
capping | ayer, said second dielectric |ayer, said etch-stop |layer and said
first dielectric |ayer and extending, thereby, to said passivating |ayer;
form ng a non-conductive | ayer over all surfaces of said trench and via
formati on such that said non-netallic |ayer conformally covers said
surfaces; etching away portions of said non-conductive layer to forma
barrier "spacer" over the side-walls of said trench and via formation;

et chi ng away,the expoased rtign.of sai ssi.vation layer tqQ expose the
conduct i nﬁlei/a%/c %’efzg%&éil%’gﬁ%gaﬁw%ﬁ?éfs“gﬁ?sg‘ FIsE d%%’oéoé*ilﬂmldﬁench and

Vi a fornatign. 2., The method of claim1l wherein the conducting |layer is a
copper ( CEOPLpitidediorenachanautidg or heren carbigo angstroms and 15, 000
angstrons. 22 _ 3. The nethod of claim 1l wherein the passivating layer is a
si l'i con nitri dBig &ehgws aschematiyoress-seetianal vicw lohthesate mvieeplegftiand 5, 000
angstrons. 4. The nethod of claim 1l wherein the first dielectric layer is a
sel ect ed fabopatidneo! gt dpsubserpiestito ay anifotropitogietdussid @ formar spacer type 9%i | i con
oxi de, organic polyner and inorganic polyner, fornmed to a thickness of

bet ween 1fiofithangshietaiitt: layw (SHOwACGH (BY) G5 Fig0BF . Sakd anféiropRididctoabisslofhm |

wherein the etch-stop layer is a |ayer of silicon carbide
plasma-assisted etch wherein the efching chemistry comprises one or more of the
following: chlorine, boron trichloride, oxygen, hydrogen, nitrogen, forming gas (a
mixture of nitrogen and hydrogen), fluorocarbon(s), fluorine-substituted hydrocarbon(s)
and argon. As is seen in the figure, the etch has removed the non-metallic layer material
(shown as (15) in Fig. 5) from the capping layer surface (17), partially removed said non-
metallic layer material from the etch-stop layer surface (21) and partially removed said
non-metallic layer material from the passivation layer surface (13), leaving said non-
metallic layer material on the vertical surfaces of the trench and via formation (19) as
shown.

Fig. 7 is a schematic cross-sectional view of the same microelectronics fabrication
of Fig. 6, subsequent to a further etching which removes (at (21)) the passivation layer
(12) from the conducting layer (10) beneath it. The etching process consists of plasma-
assisted etching wherein the etching chemistry comprises one or more of the following;
fluorocarbons (eg. CFs, 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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formed to a thickness between 500 angstrons and 5,000 angstrons. 6. The

nmet hod of claim 1 wherein the etch-stop layer is a layer of SION forned to
a thickness between 500 angstronms and 5,000 angstrons. The nmethod of claim
1 wherein the second dielectric layer is a selected fromthe group

consi sting of undoped Si Oz> carbon doped silicon oxide, organic polynmer and
i norgani c polyner, forned to a thickness of between 1,000 angstrons and

10, 000 angstronms. 8. The nmethod of claim 1 wherein the capping |layer is a

SiN layer fornmed to.a thickness between 50 angstrons and.5 000 angsirons.
> ) CTReEBR o P T EPLNTE fiee PR oA M b ReRan i o
patterned_and gtched using a trench first, via second nethod, said trench
having a P%FQBIUSTONS ¢RPRET bet ween 0. 15 microns and 1.5 microns and said via
havi ng a range of w dths between 0.05 mcrons and 0.3 microns. 10. The

met hod of claim9 wherein the etch is a plasnma assisted etch whose

chem stry conprises one or nore of the gases selected fromthe group

consi sting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s),

hydr ocar bon(s), fluorosulfur, chlorine, hydrogen brom de, oxygen, nitrogen,
hydr ogen, ar goRigad i xshlmatiomessectionalldiew bif hensainb adcotlecttdiidn fibridagsei n t he
trench and via formation is patterned and etched using a via first, trench

second mebhpig, 7,sabsdqtdre RCthe RRY bty 2lehmng of B sphttrdifcongtgenolabwaen 0. 15
mcrons and 1.5 mcrons and said via having a range of w dths between 0.05

m crons apgl fhe orfaBbPBfa mbiilic MG el @Zﬂfw}ﬁ&@édﬂln%rgsgélf‘@ %&é&bl%m'?%ﬁ&c his a

pl asma assisted etch whose chem stry conprises o e gases
i uor | me- SuReT oy BRCrIT RS op oPd by el ETCRERBAN S tiskpess e
ronoxi de. STSEHHES aa A000 pesfPAP e RRGFERR ne¥ rBRER o™ ot Pl rt ron i s
P P e e g Bl fepepintay e by the digosfion oPLopper over an >
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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between 0.15 microns and 1.5 mcrons and said via having a range of w dths
between 0.05 mcrons and 0.3 microns. 14. The nmethod of claim 13 wherein
the etch is a plasma assisted etch whose chem stry conprises one or nore of
the gases selected fromthe group consisting o fluorocarbon(s),
fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,
chl orine, hydrogen brom de, oxygen, nitrogen, hydrogen, argon and carbon
nonoxi de. 15. The nethod of claim 1 wherein the non-conductive |layer is a
us.materi.al s of var conposi tion,

| ayer of carbopbased aporpho i.ng. chem cal

mi crostructur ef}l§h Isparwg}?%‘%fw%?%&@?‘i“? diage, shoy ﬁ‘ﬁﬁ‘é‘%ﬁ%‘%‘h‘?@n‘é’@’&a‘c heni cal
vapor depqsi.tjion (PECVD) or physical vagpr deposition (PVD) to a thickness
of betwee “%‘I@;m&#%g? Fﬁﬂﬁ%‘ 25 yladornwionn & Fisoféa) 13 showniihe ptlippaf sehel aj m 15
wherein the chem cal conposition of the non-conductive carbon-based

anor phous formeten 2 it weuld bejeunsldn thegiredept gemexation ofimictqelechonicaBibhioations. cl ai m
15 wherein the chem cal conposition of the non-conductive carbon-based
anor phous Thewédth af the tnapeli indlis famtation &rbdtvsre 0RS miorons eh@POmhisrohkiahe ar e not
metals. 18. The nethod of claim15 wherein the non-conductive carbon-based

| ayer is widthypBthecimipbitsedn 0D migfods hrd 6.4 6b@6s & the GitENES FRBurEaNSi sti ng
of : fluorocarbon polyner, silicon carbide, carbon nitride and boron

car bi de. 2épositidf) is bedRedtRINDEstImCArdIZ0DE aiRfbeLN the etch of the _
carbon-based |l ayer is an anisotropic etch using plasm assisted etching

wherein the etgffipg @J?gghg%)é CG&?B;?EE H%ngg it%u?d@é dhEiaRs B ssel ected

fromthe group consisting o chlorine, boron trichloride, oXygen, hydrogen,

e
paset et i 5, BB IR R 5 by bR S EMB SETL
fl uorocar Bt?r%sseg; of {nldl%g{irilgn&éts tﬁg ?t;[diu;[:eu(f a%gecrt] %9 trhg%r%rrlct:)hoa%dsv)ié inatlrneg 8.?5 ?nnigrogi trogen.

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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[ >p } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]jcal "0, D

)% -E.J. .. O //;0u001H22227?333} xsni d_Z] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! 33=444A
5556f 667X7j 7788 8k888&: +: a; | ;] | cal | | ] ] | ] ]ca] cal cal cal
S=>| - snld Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

ca] c?i (:@eg]S %Ggﬁ‘?’% e@af]’?é%d@aqaéﬁ]’%ﬁlﬁé%}]%él}%a‘]’@égi eeuld bewbwerefsqon nitide;j j | qq3xN
xTxpzu} ~~! QIp} xsni d Z] ca] ca] ca] ca] ca] ca] ca] caLpa] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] caf%§§) eaPEARd@iE dycapriis Materidle Gpma] efthislonidg PetNstm0kangsiwordy ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca]il&a% 000 yEstr@ERL)Pp Wiich has been formed a first dielectric layer (14), which could

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] bak apoa]6) cndapad SHd.cath ¥NTIG EZ4biyeNf carbon-doped silicon oxide

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

colcs sl emsanlostesbeniantoal sty MK Conr AR DL
10%0X& () sueh’as FOXE (. B¥8Allied Signal Corp.), SILK (mfg. by Dow Chemical Corp.), ora

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

porous entity of the aforementioned dielectric films, of thickness between 1,000

angstroms and 10,000 angstroms, on which has been formed an etch-stop layer (16),

which could be a layer of silicon carbide, SiN, SiON, or BLOK (mfg. by Applied

Materials Corp.), ofthickness 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. CFs, C.Fy),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFe),
chlorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon
monoxide, wherein the choice of chemistries is tailored appropriately to the nature of the

different layers. 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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the actual etched surface dimensions which are required to fulfill those design
parameters. 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 layer (12).

Fig. 12 is a schematic cross-sectiohal view of the formation shown in Fig. 11
subsequent to the formation of a non-conductive barrier (26) by the plasma enhanced
chemical vapor deposition (PECVD) or physical vapor deposition (PVD) of any of a
class of carbon-based amorphous materials to a thickness of between 100 angstroms and
3,000 angstroms. Said carbon-based amorphous materials can consist entirely of carbon
(eg. diamond) or can comprise carbon with one or more elements from the Periodic Table
that are neither a metal or a conductor, examples including but not restricted to silicon
carbide, carbon nitride, fluorocarbon polymers such as PYFE 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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Said anisotropic etch consists of a plasma-assisted etch wherein the etching chemistry
comprises one or more of the following: chlorine boron trichloride, oxygen, hydrogen,
nitrogen, forming gas (a mixture of nitrogen and hydrogen), and fluorocarbon(s), The
etch removes the non-metallic barrier layer from the optional capping layer (20) and
partially from the etch-stop layer (16) and passivation layer (12). The carbon-based
barrier layer remains on the vertical walls of the trench and via to form a spacer layer
(19). The passivation layer (12} is subsequently etched to expose the underlying
conductor layer (10). Said etch is a plasma assisted etch wherein the etching chemistry
comprises one or more of the following: fluorocarbons, fluorine-substituted
hydrocarbons, argon and nitrogen. There is some penetration by the etch into the
conductor, hence the non-conductive barrier acts as a protective layer to prevent diffusion
of the sputtered conductor and its oxides into the surrounding dielectrics.

Fig. 14 is a schematic cross-sectional view of the completed interconnect, wherein
a conducting inlay (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 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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A third preferred embodiment of the present invention teaches a novel plasma
treatment of the exposed surfaces of the trench and via formations of a dual-damascene
type conducting interconnect, thereby achieving a fluorine out-diffusion barrier without
the need for an additional and space-consuming material layer. The method of this
embodiment can be learned by referring to the succession of figures, Fig. 15 through
Fig. 20, together with the description below.

Referring first to Fig. 15, there is shown a schematic cross-section of a
microelectronics fabrication within which a dual-damascene type interconnect is to be
formed. The fabrication comprises a conducting layer (10), which typically could be a
copper layer of thickness between 2,000 angstroms and 15,000 angstroms, on which is
formed a passivation layer (12), which typically could be a layer of SiN of thickness
between 500 angstroms and 5,000 angstroms and on which is formed a first, low-k,
fluorinated dielectric layer (14), which could be a layer of FSG, fluorinated polyimide,
amorphous fluorocarbon, Parylene-F or PTFE (Teflon), formed by chemical vapor
deposition (CVD) or spin coating to a thickness between 1,000 angstroms and 10,000
angstroms.

Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15 after a first
plasma treatment of the upper surface of the first dielectric layer (14) with a nitrogen,
hydrazine or 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 | mTorr and 50 mTorr. The plasma
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C-F polymer + (N; or NH; or NaHy) — C-N +NF,, CH,(volatile), HF(volatile).

In the case of NH; or hydrazine plasma, it is expected that hydrogen may be incorporated
into the "pseudo- carbon nitride" layer, possibly as a C-N-H type polymer or a a C-H-N
type polymer or as a mixture of both.

Fig. 17 is a schematic cross-sectional view of the fabrication in Fig. 16
subsequent to the formation of an etch-stop layer (16), which typically could be a layer of
SiN, Si0 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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layer (12) has been removed by the etch, opening the via to the underlying conducting
layer (10).

Finally, Fig. 20 shows a schematic cross-sectional view of the dual-damascene
formation in Fig. 19 subsequent to an isotropic and anisotropic N, NHs, or hydrazine
plasma treatment. A "pseudo-carbon nitride” layer has now been formed on the vertical
exposed surfaces (31). In accord with the objects and methods of this embodiment, this
final dual-damascene type formation can now accept a copper inlay directly, without
prior formation of a metallic barrier layer, by the deposition of copper over all surfaces of
said trench and via formation (not shown) or, as in the conventional art, first accept a
metallic barrier layer followed by a copper inlay.

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

claims.
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‘What is claimed is:

1. A method for forming a dual-damascene type conducting interconnect within a
microelectronics fabrication, comprising:

providing a layered structure such as is used in a microelectronics fabrication,
said structure comprising a conducting layer, on which has been formed a passivating
layer, on which has been formed a first dielectric layer, on which has been formed 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 sfruchre 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-conductive layer 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-conductive 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.

2. The method of claim 1 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstroms.
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3. The method of claim 1 wherein the passivating layer is a silicon nitride (SiN)

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

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

angstroms.

5. The method of claim [ wherein the etch-stop layer is a layer of silicon carbide

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

6. 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 angstrormns.

7. 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.

8. 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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etched using a trench first, via second method, said trench having a range of widths

between 0.15 microns and 1.5 microns and said via having a range of widths between

0.05 microns and 0.3 microns.

10.  The method of claim 9 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), fluorosulfir,

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

11.  The method of claim | 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.

12. The method of claim 11 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.

13. The method of claim 1 wherein the trench and via formation is patterned and

ctched using a self alignment (buried via) method, said trench having a range of widths
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0.05 microns and 0.3 microns.

14. The methed of claim 13 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.

15. The method of claim 1 wherein the non-conductive 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.

16.  The method of claim 15 wherein the chemical composition of the non-conductive

carbon-based amorphous material is comprised solely of carbon.

17.  The method of claim 15 wherein the chemical composition of the non-conductive
carbon-based amorphous material comprises carbon and one or more elements that are

not metals.
18.  The method of claim 15 wherein the non-conductive catbon-based layer is a layer

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

silicon carbide, carbon nitride and boron carbide.
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19. The method of claim 2 wherein the etch of the 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).

20.  The method of claim 1 wherein the etch of the passivation layer is a plasma
assisted etch wherein the efching chemistry comprises one or more of the gases selected
from the group consisting of’ fluorocarbon(s), fluorine-substituted hydrocarbon(s), argon

and nitrogen,
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