;e3e | DDELG zGHGHTI nt . NON- CONDUCTI VE BARRI ER FORMVATI 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 Cﬁ §ti interconnects nust be conposed of materials with higher
conducti v %E WQJMWR&QWBQN$ OR\GOHPER DAMASCENE or s t he
use of copper (Cu), with twice the conductivity of alum numand three tines
the conductivity of tungstEWPEANTERCONNEGES of choice. Unfortunately,
copper has been found to contam nate many of the materials used in
integrated circuit fabrications, sbyspecial care nust be taken to keep it
frommgrating into surrounding regions. Several nethods have been

devel oped to pr mmc&m;@mmmiZh@pwisﬁeﬂgmohg@aﬁgﬂdconducti ng | eads
and interconnects. Chief anong these is the prior Tormation of diffusion
barriers and liner layers within the trenches and vias into which the
copper is subsequently deposited. Copper inlays surrounded by |ayers of
other netals and thei rggeiROROIND $F'TAE INESTEON t antal um nol ybdenum and
titaniumnitride, are called copper danascene Structures. Although the
damascene process is an inportant step forward in form ng viable copper

i nterconnects, it does have problens associated with it which nust be
addressed1 Thq?Qerie% | ayer may itself be subject to degradation from
surroundi Hg et eriCAfE I¥EHIOR A 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 small
trenches and ViHsInvegtion relaisa geperallyip aieropleetronids febriationscindginmartisnlanl s on
the barrier layer, it should be pointed out that fluorinated materials such
as anor phieusetfiodg of formingcopdwdsing intBTEE)ect $tuoturesathacirgploycted denmand
fluorinated silicon dioxide are presently being used as interlayer

di el ect r i dfuber afchentidad speclesintd ied @a tof FraB g amt&idd 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

integratefd m QhQEHRMINAMERALEGUETY, the fluorine tends to out-diffuse
into previously deposited 2

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



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 | evel s of an integrated circuit Thei r

met hod involve re of t he bott.o i.on, of the b rrier ey with an
ani sot r oplELPLHh Flr 4B fna fé%f&i?&ﬁlffﬁr %ﬂ?@l%@o SPRctA g St Bkt wi ¢ h

t he upper portlon of the copper inlay on the level belowit. Teong (U. S
Pat ent No'© ksepgdrompmyjgrpidngintosugRuadingregions.ve net hod for sol ving the same
doubl e | evel contact problem mhereln two barrier layers are used to
enhance t he cobRvew msihogs bperheprdevelaped ini previde ortaifmes, of Raprentlepisited
5,744,394) teach a nmethod for interconnecting a series of transistors in an
i nt egr at egs @ndeaiing I$adb pndiatdromnedie r €hinf dnhmngi theseicthapaot foanatioaydr i s
connected to the transistors through a barrier |ayer which can be forned of
any one ofiffasiot bheiersaind litielagero withivethe tre@hpOanddsas iSloaHTEd fhekofdr isS. Pat ent
No. 5,834,845) teaches a nethod for fabricating a nmultilevel 1nterconnect

structur esmmeﬁtqa;dd@t)s@ddmdo@pernﬂhy@guﬂeqn&atb@lia)le@y@fro‘ih@%e@ﬂé bl th&r bl ocks.
These bl ocks are then connected by tungsten or al um num pl ugs surrounded by

titani um ( QRN Q" gtqgal (U.S

Pat ent hbééﬁ(%gﬂs%%%aghﬁ tﬁigﬁﬁg&ﬁoébg%dlnpr%@ﬁﬁg t nﬁpg ?#%%ilon process
of dual r by coating the devices with an anti-reflective
naterial %@%@%g |ﬁ§ﬁ%ﬁ@%§enhances t he photolithography process and al so
acts a a barri or the co I nt erconnec t hough each of the
above cited in 5@%‘%‘1%3@ ‘Eaé%aéﬁenﬁﬁﬁch% PHHEPoLiat S't‘fppéﬂmﬂ.él‘ﬁ% Qf ﬂg damascene
process, they fail to address certain specific difficulties associated with
the intri ?@P%r IterAmEecs: 1&4?85 E? VgPEddemy #rspqiated, with uehighisyst headezessein e

present |nvent|on differs fromthose cited above by addressing the

f ol | owi ngThekaraer laygsanaydigelh Basibisst &5t degeadation from snyrpundingaypatesalpy Theae
out-diffusion of fluorine fromfluorinated dielectrics into those |ayers,

t he di ffi barfieslaydr mayinegadhsreawtll t thecoriper or ta yler suroundting mateehl. yTHei ne t r enches
and vias of dinmension |less than 0.15 mcrons and the use of a novel class
of nonconbardérn lagerheayradeerselpyéied theocontpt ewedntthe tdrasinest aafl otiet al | i c barri er
| ayers and copper inlays to trench and via sidewalls when the di nensions of

these for gaidu@is 1ayees. | BfeshabdidNayRr Ay B aifAbs toFhAAIMR Ywihthd FigulYENTI ON A
first object of this inventionis to provide a nethod for preventing the

outdi ffi z&liHasGh shlall Hehd}Rs faﬁcPWa; | Wohi-8ate e SH&s bf étﬁroﬂﬁtﬁﬁ%ﬁhﬁ{&lals%ﬁlo the

metallic barrier layers such as those that characterize scene

inter Connﬁlgtbam [a5EC Y oxﬁ@bgﬁé?%filohmhﬁt ﬂdb}fﬁg{ed érisals S?l%l? OV' de a nEt hod for

preventing t dlf usi on uori ne uori na ec “ric
material s dlre tI |nt ucti.n t eri al.s.that fill trenches and
vias not ITHEH ? W?@“’B&%‘??}é yimideand ﬂ%npﬁ'iega%fi digpidgpre i g
invention is I OVi t ho or preventlng conductlng materials, such
s copperPf@ﬁﬁ@%%?%ﬂi&&ﬂ?@swtgﬁ%m oG pegaisy heRI AFSSFRGORFTE sur r oundi ng
dielectric materials. 4 A fourth object of this invention is to provide a
met hod f 0O fearto Freuecprariti sgacienes heivesn nsighhoring congusing livgutnder ed ont o
the sidewall's of trenches and vial during etching, fromdiffusing into

sur r oundi vigs-dVake guerimatedernateiials 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



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
interconnect?kgpd_other nehghboring structures. A seventh object of this

i nvent i on™Meilicpagrenjaxses apdfarm sstally yasdgicompeunds (ger, flugyiae R iHPr oved
adhesi on properties between conductors and porous dielectrics. An eighth
obj ect of tankglum ferpsientelam; fuorigephadi}i Bresa corspdingds depradesheradigsian e cal | y
inert spacer |layer that protects surrounding materials fromthe effects of
et ches anihtggoity ofthe metadlio/leytrs snd lepbiortheipdearesstion. | n one enbodi ment of the
present invention these objects will be achieved by the chem cal vapor
deposi tion ( CVBYvesd! opthysifaramentined pbRasitayObec B¥:ssfl barsenr metal | i c
spacer |ayer interposed between the surrounding fluorinated dielectric

mat eri al  afentang® Nalrydnet RB(U. ISe Ptk VGG, 5,908, 585PkhS ' BRROGHEBRceRfwitifle Present

invention particularly suited to trenches and vias whose m ni num di nensi ons

are |ess LIQR Daiket BgHeLBYo ﬁé}%&ee%mee(ﬂ 41%%&&%5@@ Borpublde®

pl asma- enhanced chem cal vapor deposition (PE or physi cal® vapor
levels of an integrated circuit. Their method involves removal of the bottom portion of
the barrier layer with an anisotropic etch, so that the copper inlay is put into direct contact
with the upper portion of the copper inlay on the level below it. Teong
(U. 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 fransistors through a barrier layer which can be formed of any one of a
number of metals or their compounds. Stolmeijer (U. S. Patent No. 5,834,845) teaches a
method for fabricating a multilevel interconnect structure composed of similar patterned
metal layers as building blocks. These blocks are then connected by tungsten or
aluminum plugs surrounded by titanium (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
dielectric constant 5 (I ow k) carbon-based anorphous materials that can
be deposited conformally to a thickness of 15 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
will prevent tgi o%%{diféﬁéiog of.cg er . fromthe_conducting interconnect
inlay and, thefof3vel caghol e abqvksitpd iyentians fgqch apnlicatinns andrisepoYareensar r i er

| ayer. In t anot her enbodj nent of the present invention, these objects
will be aeﬁﬁ’&ﬂéﬂlﬂwm‘apfﬁ%iésr%e& fetl 40 addsess sertaim spacifisalifficulties asgpehted withc
surfaces to form thereon, a "pseudocarbon nitride" |ayer that is

i nper meab PENHE ORiUFY Qfdhe Preceshdltispeiousembatithents,itbaprasdit isfvetonmay
therefore, obviate the need for an additional netallic barrier |ayer. BRIEF
DESCRI PTI énffecrramghase GlgRESoFE by addressing tiscfolibwingdssues Sise depflda@itads Vi ew of a
multi-layer mcroelectronics fabrication prior to the formation of the

trench andetadllic pfrier lajwad bydtheesicdi ffasiby pEfl@rive TR AONRE didBSrisher connect
will ultimately pass through the dielectric |ayers indicated and contact

the | over thosaHyers, thgdifmie-of Thigls midif: BarIGNeFR oG o f LSS HR dRAls Vi ew of
the trench and via formation of the dual -danascene type i nt erconnect which

has now b i ] : i d etch schenes,
includinggnggi??gﬁfﬂ%%g%%ﬂﬁ$¥gg?ﬁ%€£§§?¥ﬁ%$#§%ﬁéhﬁb%ﬁggf%@MWWa). Fig. 3

. h i Cos - Qe ' th | =.d t h and vi
B L L I Rt g M G

t he expos rfaces according to the nmethod of the current art and not

usi ng the%ﬁjn%% ﬁ%%gng apﬁglaps?(geg@ﬂfw fR W dirpensions of teseoiREmaionn arerless fhamas wher e
fluorine @A#I.tend to out-diffuse and degrade the properties of the

metal |ic Bar P8P -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 n§UMMARYLOF THEINVENPEDNtrate 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
is a schemti cA ¢ir9bjesesHthio Rlen b 1@prob iR afrRbnAcRt jg%@erlt{?l b out> Wi th the
non-netallic CVD or PVD | ayer renoved from hori zontal Surfaces by a first

ani sot r opdigfugib bf Gorlr@an RASHARK & 2 %t[)itl‘fe%f__tlﬁ%’i'éfb Gk 7 1S 2

. . @&?é
schemati c cross-sectional view of tﬁe apri Cg¥l on 1 n grauent to a

second angugggggggecmglt&Qré&{lggge:&%ﬁéﬁcéngqmg%%ﬁ%e\éESEi on | ayer and expose the

conducting layer. Fig emat’i C sectional view show ng the

formation of takli.c barrier |ayer over,the fabrjcation of Fig. 7. The
structure of ?hg%OPgB@Fga SR OVEHR T I RIe%dr 4 EpreYetingdhenod of the

pr esent in¥§gﬁgonéﬁ&@ to pbe contrasted to the fabrication in Fig. 3, which
is done i 1 offi¢ Hompulopaetad dieksetricHaaterialy dirrctly into somriluatng i n
accordance wi.th the nethod of the present invention.

materials that may fill trenches and vias not lined with metallic barrier layers.

A third object of this mvention 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 mcron and beyond
generation of mcroelectronics devices. Fig. 10 is a schematic
cross-sectional view of a multi-layer mcroelectronics fabrication of the
0.15 mcron and beyond generation of nicroelfctrogici devageslrntPlntmhle
a dual - damascene_t nterconnect is to be forne ig illustrates e
desi gn par anet @“%ﬁﬁ@eﬁﬁgﬂ“bgwﬁﬁﬁ@#ﬂﬁﬂﬁﬂwﬂﬁaﬂ@ﬂmﬁﬁyEﬁwm%mgd@ﬂh@@ﬁB type
interconnect in a 0.15 mcron and beyond generation of mcroel ectronic
fabricati G¥éerialfe fICAES Peper, sprefterest erdo the sidiegyalld of trenthes ahil gias dudhso i s a
schematic cross-sectional view of the patterning and etching of the

dual - danastebing, frerdiffusargdnte sarrpwmding dieldetnic enarérials. t he met hod of the present
invention. Fig. 12 is a schematic cross-sectional view of the fabrication

in Fig. 11 subsefifttestiect of thivcint@nionts ©mprefidea Method ONEEs By IR er of
anor phous carbon-based materials. Fig. 13 is a schematic cross sect i onal

vi ew of t rendhebiridowiid Whosk AsgekcOratidears U@ﬁﬁﬁﬂ%ﬂfncﬁe@mﬁ%@ﬂﬂ@@éﬂ t@ﬂ‘fm’oﬂ)@?m an

ani sotropic etch to the non-metallic |ayer Is a sc

Cross-sec b&&ﬁionvﬂﬁé’\ém‘]‘wﬁ@ﬁle c@ﬁ’c‘iﬂu‘ééhb thd! U%mgﬁtg of écﬁwgw{efclﬁﬂnéc?s rof F€Nch and

via have been filled with a copper in ay and cove a paSS|vat|on

layer. Fi geyide drthed. Bcﬂﬁ%ée%eﬁﬁgﬁﬁnds&gf%n@nal view of a milti-layer

m cr oel ectroni cs

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 fornmed a first etch-stop and passivation
layer and a first lowk dielectric layer. Fig. 16 is a schematic _
cross-sectional view of the same fabrication in Fig. 15, wherein the first
low-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
vi ew of t bri cati of Flg on which a second etch-stop layer and a

second |0 OP?’ i% bé’BT qmeyphous, Q\f‘éﬁfﬁ@éhatfcélﬂ he deporiteg copfprimglintasthenat i ¢

Cross- sectlonal Vi ew of the fabrication in Fig. 17, subsequent to a

ni trogen SHCHESS ofl IageRopeteryoRtess. Kar extraplesheflonris ssh adbwikheatseaddha <l ow k
dielectric layer. Fig. 19 is a schematic cross-sectional view of the
fabricati 21 trt gdhersds waibie ofiter dleleatrivapgtenias.| by athetiars tdpperfoan gech wnd a
trench and via have been patterned and etched. Fig. 20 is a schematic

cr 0ss- secentemedd by deposifing heveanmloeladr s Rhehilne br bl & JdFy B tis QRefaddeSCRI PTI ON
OF THE PREFERRED EMBODI 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 barrer 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. In ope of its Qreferred nbodi nents, the invention is
particularly siietelf &% RPN stopal Hew ok the dugl danasceng dgadurndi Wiensi ons
required | the sub-0.15 mcron generation of mcroel ectronics

fabri cat | GRGaten vih tsrastalic § #rihaing beerf formed direstloverthe ptposidrent  of

t he present |nvent| on teaches a nethod of formng a non-netallic barrier
| ayer to fyrfases assording talitermetheshof the turceph atb encipgsiusiad theomethed bbthamt i on of
conducting interconnects, such as copper danmascene-type interconnects, in
m cr oel ecpresmk oeitiy i Heiimons poifih® avedts vddrectunrine wik amdes otydiffedesindi ng to

Fig. | through Fig. 8, in conjunction with the descriptions bel ow.
Ref er r i ngdeppadetthe friogertids ofthgmeRliRIthridr GayeBso fohae®€ i1 S shown a series of
schematic diagrans illustrating the fabrication of adual -damascene type of

|ined conduct i Fig. 4 RlakEORNRGosReaRAANHANGEHYIded Bt ERLDASRbr 4 he cur rent
art, but not in accordance with the nethod of the present 1nvention. These

figures angusAskd: igr?@in@&é&n%&%og?iz’@z[&&% oQhint e pRESICP Y uen i on. Fi g,

1 shows a schematic 0ss-section Vi ew a mcroelectroni ?abl’l cation

wi thin wh A8 ' onn S : e fabrication
corrprlsesingggg)ﬁdu hlkgg Iaig/gm&("]f%; V\%Q evéa’ﬂ}'ﬁgcaff’ﬁt ﬁggléﬁ?)ée (Cu)
conductin s1 %tlo 1 n. allso be 8 tun sten é | ayer or a

conbi nat i BASTH Epfﬁrﬁ’ 8&5@?‘: {8 12y pnd fogsypo P‘?”F%’iﬁ dm (T| ) and titanium
nitride (T| N) , 113 hi ckness between 2000 angstrons and 15, 000
angstronms, on Wi T ARSLCRAIETTeERRinal view of haficheh andyes formation shwoh
typically, 10 could be a layer of silicon nitride (SiN), of thickness

bet ween 500G &ify3oV Sarerethby snopmeteligsiayasdeposiind i otsthod of bisemicdlomped a fir st
dielectric layer (14), which could be a layer of lowk fluorinated nmateri al
such as, dsposition (¢'¥B) i Piyeidaltep@ESiEposition@ViRt ed pol yi m de, anor phous

fl uorocarbon, Parylene-F or PTFE(Teflon), of thickness between |, 000

angst r ons and Hig, OBA salngsdticensss-seitionklividw bethe BagRafi@! Wade %ﬁi&l@ stop | ayer
(16), which could be a layer of SiN or BLOK (from Applled Mat erial s Corp.)

or sili comnonbic@Vid i pf@maﬁerb@ha\@afrmﬁ{)@o%g&ﬁ ERFE e, ﬁysp% ?n‘:ﬁ‘ rons, on
whi ch has been fornmed a second | ayer of |lowk fluorinated dle ectric

mat eri al e(tg@f},leaq,lemséaeegs%vgh{cg ugl{a ectric layer ( 14) and on which has
9

t hen been forned an optional cappin ayer (20), which could be a |ayer of

Si N of thickngg and 0. str s to be
noted that et chgsfgp aw%i%?g%glﬁg lew f%ﬁ? %gﬁ%f(%i Ft?gg Eiuhi‘eﬂ’r‘enf evel
capaci t ange sgéondg%ls];r%gﬂnlz g’t%lt-l Itc? r%movg Se I}a(s)sntr)a%og ?a%}é? z(ianctji expose the conducting

layer.

Fig. 8 is a schematic cross-sectional view showing the formation of a metallic
barrier layer over the fabrication of Fig. 7. The structure of this fabrication, done in
accordance with the method of the present invention, is to be contrasted to the fabrication
in Fig. 3, which is done in accordance with the method of the current art and not in

accordance with the method of the present invention,



Fig. 2 is a schematic cross-sectional view of the fabrication showm in Fig.
1 subsequent to the patterning and etching of a dual -damascene i nterconnect
formati on 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

m crons, the wdth of said via is between 0.15 m crons and 0.40 m crons.
The etching process consists of plasma-assisted dry etching wherein the
etching chem stry conprises one or nore of the follow ng: fluorocarbons
(eg. CF4, CQFs), hydrocarbons, fluorine substituted hydrocarbons (eg.
CHF3), fluorosulfurs (eg. SF6), chlorine, hydrogen brom de, oxygen,

ni trogen, argon hydr ogen and and carbon npnoxi de, wherein the choice of
chemi st r| es i s Fig o }sgrsgﬂe%lﬁ,c%sﬁsgqt@p@l ey phevordpelifemaseenerfermartions Hugsk

| ayers. 3 shows the interconnect fabrication of Fig. 2 having now
been Ilne‘dlﬂwm %ﬁﬁﬁﬁlﬁw bariper Fige P (Madepicts the hapahf & hresent dualislemasdeny er  of
material such as tantalumnitride (TaN) or titaniumnitride (TiN), forned
to a thi clommstsongfvhbeFige 8 fb)skprisgbt radn@edaapbcﬁpﬂﬁﬁhalfqmaltiomhbya@lipdocess
such as PVD (eg. deposition by sputtering, ion-netal plasma or holl ow

cat hode nweghe0.16njicron afd/beyohl gertatin®f (& peleditbni@tdevicte surfaces through
whi ch fluorine out-diffusion would occur as a result of subsequent

hi ght enper at UrﬁgDIﬁﬁ@%@hdﬁ%tz@bﬁﬁ%&hoﬁﬁW@ﬁé&hﬁﬁz—l‘ﬁ?&%@fo@ﬁc@&ﬁcsc to 350 C
The outdiffusing fluorine reacts with the liner erial to formnore

brittle apgipegh Iomdmrmgomﬁfdeewﬁfd r%éne&faﬁbrpsfﬁem%ﬂgﬁmg&&hce@% tal um

fluoride (T ' aF). Fig. 4 shows a st tic cross-sectional view o he sane

m cr oel eC&éf&HE%ﬁaﬁcﬁBﬁsf&%bﬁ;@ u?tf{cﬁhl%ctﬂséé‘%"fbe' ng prepared for the formation
er connec

of a dual -danascene I'n accor he nmet hod of the present

i nvention. en h d.via (25 ha e, bee patt n nd, f or med

accor di ng to 5 lglf Héé{%efsgﬂ © desten 3 ’ﬁ‘uftﬁ)c? copyde %‘ﬁ’eﬁa’é@ngﬁench first,
via first or a self alignment (burjed VI a) schene, The trench is of width
bet ween Od@édemgqegﬁgpg erQOIB’eFﬁ igadh mtoﬁ@lﬂﬂdé’eﬁ’%ndo%en%aﬂ?llh(’fbet ween 0. 15

m crons and 0.4 mcrons. In accordance with the nethod of the present

i nvent i ontigreRleciionic fgmicationsenelsassn iljusirated freFigpibr Thafigure elsofs 2 he
passivating layer (12). Fig. 5 shows a schematic cross-sectional view of
the sanme sehemefed @ossrseefiang! Yigwrdf dwtriagernofg aad gtchihg ofitter diakd@masoenenet al | i ¢

| ayer ( 15) has now been formed by a nethod of chem cal vapor deposition
(CVD) or wpénghiandiiaiapaordiepowith iermdtRMYf,tht present hivektitess of bet ween 50
angstrons and 5,000 angstrons. The layer (15) conformally lines all exposed

surfaces of t &gt r6eeRcimehivicbs-SéciBhdl Qibw btBE BbHBAIdnNE FRXRPPsed portion of
the passivation layer (12) and a portion of the surrounding capping |ayer

(20) . Thegpgudm to HEEL@hAtoR of @¥Eh-chrldRbtiGabhrRg Jrh %gpﬂlogg bl fRE4 @l such as
silicon carbide, boron nitride, carbon nitride boron car on nitride or
boron carBidg.Fig. 6 shows a schematic cross-sectional view of the sane

m croel ectronics fabrication of Fig. 5, subsequent to an anisotropic etch
used to form er. fr.om.t tallic (shown as (15)
in Fig. 5). Sglfl% S&&?}?%[baihsg %h 88’13%"&"%% ga%BFig?ﬁdn kgg?éted etch

wher ei n th etching chemi stry_conprises one or nore of the fol | owi ng:

chl or i ne, SYBEBRMP FreraPBliGatan 06%5@?9“%%%@&“ HnPealis la¥ebr ni ng gas (a

m xture of nitrogen and hydrogen), fluorocarbon s), fluorine-substituted
hydr ocar bons) Hiidl 4if gphenesic ciossaetiona] vigreofithe icationn Eige h3 Wsreieroved t he
non-netallic |ayer material (shown as (1S) in Fig. 5 fromthe capping

| ayer surthaérenghianyl vigphave batr flledemitlv e doppar uhlayemdetwairéd with apessivatiomr i al from
the etch-stop | ayer surface (21) and partially renoved said non-netallic

| ayer matleyéral from the passivation |ayer surface ( 13), |eaving said
nonnmetal lic |ayer material on the vertical surfaces of the trench and via

formation ( 1%igas i8BQKEmdit Grosd sdctiofal SEdveHRd inGltClaPs nisReleb9siats Vi ew of the
sanme mcroel ectronics fabrication of Fig. 6, subsequent to a further

et chi ng 1 e
conduct i ma TR BRYIS e lor g o g AR ple Ot ik Ehndor P LHARR
pl asnmaassi st ed etchlng wherein the etching chem stry conprises one or nore
of the follow ng: fluorocarbons (eg. CF4, CQFB), hydrocarbons, fluorine
substituted hydrocarbons (eg. CHF3), oxygen, nitrogen, argon, and hydrogen.
Note that during the etching process there is sone degree of penetration
into the conducting layer (21). During this process, the barrier |ayer now
al so acts as a protective layer to prevent diffusion of the sputtered 13



conductor and its oxides into the surrounding dielectric, which is
particularly inportant if the conductor is copper. Fig. 8 is a schematic
cross-sectional view of the sane mcroel ectronics fabrication of Fig. 7,
subsequent to the wet or dry cleaning of the sputtered conductor (not
shown) and the formation of a netallic barrier |ayer (22), which conprises
a layer of, but is not restricted to, TaN, Ti N, WN, or tantalum or

nmetal -silicon-nitride, of thickness between 50 angstrons and 2, 000

angstromns, The fabricat.ion.is nowready for the insertjon of a conducting

i nl ay, tyﬁ?ncsgfsl Y aézogrg'ﬁbﬁg S‘fbr?ﬁ%&?’ Sf“8}rIrl ﬁ%ﬁgwelf S‘B@fyé’é’f"‘wfb‘ﬁﬂms X6Bper over all
surfaces @Qf sai trggch ang via formation (not shommg.._Cbnparison of the
fabricati B‘Hn‘ie‘?ﬁ §t elohestpr apdipagsivaion fyenand 4 fimstlevriadiglectris 1aves. 3 shows the

i nherent advantages. of the spacer |ayer, forned in accordance with the

met hod of the Bigelels 4sahematicorossisertignalwaew pHde strae fbricationfinigons,.of 1 uori ne
into the netallic barrier layer (22). Second Preferred Enbodi nent A second
pr ef er r ed whaisdtherfirat layf-k diedecpricdlgyarthas beearstibjorted wartitogan, hpdrawiock af NBor mi ng a
non-netallic barrier |layer to copper diffusion into the dielectrics that
can be applasmadtreamentrudits topapracd. er connect s, such as copper danascene-type

i nterconnects, in the 0.15 mcron and beyond generation of m croel ectronics

fabrications. TigelNitahekemsaia cheslseAonadidy of BE Sitichehrt §F 1@.86, & ficqugh Fig.

14, in conjunction with the descriptions below 14 Fi g. IS an

i 11 ust rat h Y& osd BeARIoh GayRt A4 A5BcofRW- P dictddBic 1k ééﬁ-% typi cal
dual -damascer?e trenfgﬁ %}%d Vi a fcgr mat | onl.e I nCFi%é?h% (a EFQ;HS own the outline

of such a for NI S ol dr kS B8 AU, Be D BpLEREN, rgenar atf on of

m croel ectronic rications. The w renc is formation is

b 0,25, .and 2.0 ni he width of the via i 0. 2
morons andtariRll b MR bR eabg B 06 Re el sl Bk s

bet ween 58. %nt?‘.rs?érons and 2000 angstrons. In Fig. 9 (b) is shown a

conpar abl &7 %d®%n as it would be found in the 0.15 micron and beyond
generation of fabrications using nmetallic barrier depositions and not done
accordi ng to th& hesRsaheanatcgeospsetiont! vigw ehthe &brictinn injFigidBrpen on i s
solely for the purposes of indicating that the reduced aspect of the trench
and vi a i Whicha ceppisg hiverhea besrdforagdand ayteench and via hareibeatn patterpettand require a
t hi cker barrier deposition, thereby placing nore stringent requirenents on
t he physi etahedpr operties of the conducting inlays required (eg. to prevent
the formation of voids). In this fabrication, the wdth of the trench is
bet ween 0. 15 nFigr 0% aatkkmatid chisssefionaltviey B 18E BodpletcdrevitPaddsvihet ween 0. 05
m crons and 0.3 mcrons and the thickness of the netallic barrier

deposi ti ofyrivatidgd normal |y be between 100 angstrons and 2000 angstrons,
which is an increase in thickness over the fabrication in Fig. 9 (a). Fig.
10 is a schematic cross-sectional view of a mcroelectronics fabrication,
including a mcroel ectronics fabrication of the below 0.15 mcron device

generation, within ! ﬁI?T |~ el i be formed. The
fabrication conpri s]é\@sg con%tqggﬁggﬂﬁwmﬁﬁwtgcal ly a copper
(Cu) conducting | ayer or a conposite stack conprising 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
n each of its preferred émbodiments 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



whi ch has been fornmed a passivating |layer (12), which could be a | ayer of
silicon nitride (SIN or BLOK (nfg. by Applied Materials Corp.), of

t hi ckness between 500 angstrons and 5,000 angstrons, on which has been
formed a first dielectric layer (14), which could be a |layer of SiQz or
doped Si OZ such as PSG or a | ayer of carbon-doped silicon oxide such as
nmet hyl si | sequi oxane or a |layer of low dielectric constant (low k) organic
pol ymer such as FLARE (nfg. by Allied Signal Corp.), SILK (nfg. by Dow

Chem cal Ln, ra.layer of in anj ol yner. such _as dr ogen
si | sesqui c@%ﬁ%ﬁg?ﬂﬁwf gﬁ%‘rtﬁ%gﬁ{ﬁﬁe ?{ﬁ‘gs Ptgu‘%ﬁ‘reé)ﬂgd‘éﬁﬁ‘i"f‘ﬁoﬁ B‘%‘/‘ﬂ'@a%d low-
af orenent i ggﬁd di el ect rifgi fifléfgs, of thickness between 1,000 angstrons and
10, 000 anb GRS I ok Pic mreferrpbembadimenty theingentionds pastiswgrst suitedfor whi ch
could be a |layer of silicon carbide, SIN, SiON_ or BLOK (nfg. by Applied
Mat eri al s CXegiRs piereonnedts ofdhe sauend: dimersigrgeqningd in dasuaAd 55008 angst r ons,
on which has been formed a second | ayer of dielectric material ( 18),
sim|ar t@enawdionjof sticrpelpetronigsdalyivatitisch has been formed an optional cappi ng
| ayer (20), which could be a layer of Si N of thickness between 500
angstronms and 5,000 angstrons.. Fig. 11 is a schematic cross-sectional view
of a trench and via formation that has been patterned and etched accordi ng
to either a trench first, virrsf PreSmre@EniRdimati gned schene. The etching
process consists of plasma-assisted dry etching wherein the etching
chem stry conprises one or nore of the follow ng: fluorocarbons (eg. CF4,
CQF$), hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3),
fluorosul furs .1 Ne., 1.de, . 0X ni t rogen,
ﬁ\eﬁ}st ﬁgiﬁ%{ed &Qh(g:{%ﬁngﬁ of %gig%%ﬁ e%n?fg]n q%aé’heé’r%?%go% tl

argon, hydrogen an car nonoxi rernt ' chemistries

is tailor riately to the ure of t.he .different |ayers. The dashed
l'i nes (17?@%@%0%:%@(51“?%@& &S g ayﬁﬁ{‘]) {af gutf%&ﬁ?lﬂ%ﬁ'ﬁ iR °¢ g%‘“é{toiﬂi*ﬁ ay,

al l owi ng for .he%{t hifclkness of the usugl barrier layer. The solid vertical

li nes i ndi om gt conglyching wptgrepnneeisyugh as,¢9PRERI R asEsS THIEIIRF{OBRESES & r equi 1 ed
to fulfill those design paraneters. The trench is etched through the

opti onal EHPPPIRGrINES dibricaynsg dhe meghodcap hellegimsdl by refewing Ay Eig. { 8pughst oppi ng
at the etch-stop layer (16). The via is etched through to the passivation

| ayer (12¥ig Biigconjpngtipngvidrthe descliptionsdsiowsect i onal view of the formation
shown in Fig. 11 subsequent to the formation of a non-conductive barrier
(26) by the plRsfeaingmvantodiy.dnEig. 2 ahd Fapdythete poshotvin@rse i TN entiticphy si cal
vapor deposition (PVD) of any of a class of carbon-based anorphous

mat er i al sdiagramstithisaities the Gibrioetineeh A0 ARAS AT dNRed cHRRcARNYSt roms.  Sai d
car bon-based anorphous materials can consist entirely of carbon (eg.

di anond)  Giter6@MeOANREdSBINEMHRR thethétho AN 1R cufRh€areh Eéacfcpfagﬁée*\ﬁ eri odic
Table that are neither a netal or a conductor, exanples including but not

restrict egelieiSdd (;fqgfgplg | . car [ L uor r RQLYyErs such
as PTFE ano? Tefl on, bor %’rrrllpglgfagfo é@%%%%%snagggsr 5%819%% ?e"ltg%&.l aées position
conf or mal th%tpﬁ&g&riﬁvegﬁgn_ml | s of the trench and via as well as the upper

surface o e capping layer. A further treatnent in a furnace or an
apparatus for papid thernpl annealing. A) between 200 C and. 450 C to
densify the caﬁlgokglﬂ?@osgg%gﬁtﬁ?ﬁ'*a}%%éwﬁga sr¢ragledtpnics fafaicadehry. Note
that the barrier properties and dielectric properties of carbon-based

mat er i al s VAR Wck a fpdylamagiens migreamnediiniodiedormaso e datsicelden ¢ammprisest ant i s
k=5.7, to that of Teflon, whose dielectric constant ranges between k=1.9 to
2.1, by vargudugiinglayes dhpowhichantypicalihe comeb@iv) oonduhtingrayer batlwhich can

m crostructure. Fig. 13 shows a schenmatic cross-sectional view of the

fabri cat i @lso bea Ringsterl QW3 ldysegrueotnbimatian ofulisibiuhe pippeetiCigfallbfe
carbon-based | ayer to forma spacer |ayer ( 19). 17 Sai d ani sotropic etch
consi sts tifanianp{lasand-taasirs bt de{ TN), WilesT ehitkieRebBl Edhi 2000 Ghesofisaud Conpr i ses
one or nore of the followi ng: chlorine boron trichloride, oxygen, hydrogen,
ni trogen, 15,000MAMSr&AS ohaviik ' 96

fl uorocarbon(s), The etch }§%§$§§9Fﬁg&%%ﬁgﬁg?gﬁ£?g*gg§F?@%hl ygﬁbfron1the
optional capping |layer (20) and partially fromthe etch-stop |ayer (16) and
passi vation | ayer (12). The carbon-based barrier |ayer remains on the
vertical walls of the trench and via to forma spacer |ayer (19). The
passivation |ayer (12) is subsequentlygetched to expose the underlying
conductor layer ( 10). Said etch is a plasma assisted etch wherein the
etching chem stry conprises one or nore of the follow ng: fluorocarbons)
fluorine-substituted hydrocarbons, argon and nitrogen. There is sone
penetration by the etch into the conductor, hence the non-conductive
barrier acts as a protective |ayer to prevent diffusion of the sputtered

. - ..




A third preferred enbodi nent of the present invention teaches a novel

pl asma treatnent of the exposed surfaces of the trench and via formations
of a dual -danascene type conducting interconnect, thereby achieving a
fluorine out-diffusion barrier without the need for an additional and
space-consum ng material layer. The nethod of this enbodi nent can be

| earned 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 sch ti G _Ccross-sectign a_ m.croelectronics fabrication within
which a acana s dsEERESIGRE P cRluhsBHRSS vem YD pedromeradpa0P! cat i on
conprises a conducti&_ E%é$r 10),, which typicalli could be a copper | ayer
of t hi ckn@RESTRmS, pthish haspesn farried adirst siplectripoper{hs viishsouldbewriaxen i s
formed a passivation layer ( 12), which typically could be a |layer of SiN
of t hi ckn@5¥vhkfliedratatipatany suetassbumet Bs00Bd4n§SEr Businated polyimbidech i s
formed a first, lowk, fluorinated dielectric layer (14), which could be a
| ayer of PFSGphphybedrocarten, BallenedFde PTER(Fgilvo) of fHicknesdetvoen, [ 008r y| ene- F or
PTFE (Teflon), forned by chem cal vapor deposition (CVD) or spin coating to
a t hi cknessgshetmseadh0,00Dshgameat, onrwhieihls HoedRPmangséERNBp 1:]?%9(16?;6 is a
schemati c cross-sectional view of the fabrication in Fig. 15 after a first

pl asma tr eaideouldde o lieer UPBEN oSBLORA &R ApIRd NS taldC6S Or kilEon 8488 (14)
with a nitrogen, hydrazine or NH3 plasma. Said plasma iS formed in a

chanber WaemhRikesd bRIVASHBOE bsREmE §AEE 3.56 Mz,
| 00 W2,000 W %r a nicrowggg source’?g?%gg%ﬂggcﬁﬁgﬁayg#é’§y6§8%é&a
pressure peluegl I§ ? g? ..Ihe sma .19 t reatnent. fornms a
"pseudo- car bon ﬂFﬁﬁg'HQ‘g}%ﬁé g e,%ﬁcn ?%‘é%‘ﬁi@ass‘“%%afsfﬁéﬁ%ﬁ“f@g%w on t hat
upper sur e, neans. the reaction: GF | ymer + (NZ or NH3 or NZHz)
~ CN +NF§<a§ngSl|§‘<' %/lngl Ay 18§) ;a%EfW%qeﬁt%?W;].anloﬁu?ﬁgc%’é’% li'ﬂfegﬁ%’ BRChydr azi ne
plasma, it is, expected, that hydrogen may be incorporated into the "pseudo-
carbon ni P?H@B”E%%?&lﬁ&&*ﬂ%s lget‘ge@\goﬂ apgstomssnd 200 epgsiromsCIHs 19 t ype
pol ymer or as m xture of both. Fig. 17 is a schematic cross-sectional

vi ew of t RengtabHrbeehstap layer{l§) candbesoine epticat if the inteeldvel saprdincendt thn
etch-stop | ayer (16), which typically could be a layer of SiN, Si0 or BLOK
(nfg. by fRbpritisa sdpbatresluget.p. ) deposited by CVD to a thickness of

bet ween 50 angstrons and 5,000 angstrons on the first dielectric |ayer,

fol | owed by t hEigf disredchematiaf crassssectinmdl Viowok thel felsidatian gbwaiigiFgctric | ayer
(18), simlar to the first such layer, on said etch-stop |layer. The said

et ch- st opsubsstEniao thehanesaianaptdhepadf a dual 88ndsBrRihteNBhnedi RIBStdd C
capaci tance needs to be reduced. Fig. 18 is a schematic cross-sectional
view of t fishsisBi bLRkEMRA (2F) Bhl 9 vial(B4), 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. CFs, C4Fs), hydrocarbons, fluorine substituted hydrocarbons (eg.

CHF3), fluorosulfurs (eg. SFs), chlorine, hydrogen bromide, oxygen, nitrogen, argon,

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

appropriately to the nature of the different layers.

11
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subsequent to a NZ, hydrazine or NH3 plasma treatnment (as descri bed above)
of the surface of the second lowk dielectric layer (18), to forma
"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-
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_etchi ng of.a dual -damascene_ trench (22) and via (24)

f ormati on. TheFﬁagg"‘Vgsttg%Hlt?ﬁome‘F %g}@?caf“ir??f#*gsz pwéte nowrpRradingg wihe et ch,
opening the via tq the underlying conducting layer (10). Finally, Fig. 20
shows a sc’ﬂ?&q\ﬁéq Angrlayes (<8 cvhigh spuld pealayer effeateiia isu anfelne figidgat i on in
Fig. 19 subsequent to an isotropic and anisotropic Nz, NH3, or hydrazine

pl asnma t r EEaMieatitanmm peded ik fdrorediid a tliickatesy ofipetwden S0 nogstioesnnd or med on
the vertical exposed surfaces (31). In accord wth the objects and net hods
of this eAi96dengstromsbifiaprdédesseduchl sl VD pgmslepoitidnyyesphiterimyt foprmean now accept
a copper inlay directly, without prior formation of a netallic barrier

| ayer, bypliwea dejpaikivt datitode imaghgasl oPTED. afHe SiokfsqZHSndtats BleGuifh@gch and via
formation (not shown) or, as in the conventional art, first accept a

met al | i ¢ gasugheyhitinesrideQut-BWRAioR Y RIERALEs 4 RbdYof HseSeddRiGr St ood by a
person skilled in the art, the preferred enbodi nents of" the present

i nvent i onte?;{lﬁrdt&rta;%ce&iﬂgvs%e Qs {eﬁﬁe péﬁésea{ceé'd%gz;bgb g'}g??@d@r hdgi. bei ng

limting of the present "Il nventi o eVl SI oNns cations may be nade

hods; [ d_ di. i h h whi ch
(o o mod 4rREETRERS R h A fuor FLAREL K i ke r QR AR Bl " ©
i nper meabl e

0 fluorine out-diffusi agfl C. r.outdi ffusion and can, in

one pr ef efPHH SRS fRRPOUNgS Sucbeas t?"ﬁ;] ‘?Ugg&eaf% m cron generation of
m croel ectroni ¢s fabricat '}lons_ in accord with the preferred enbodi nents of
the present inként FRAYS Ans $rRANG GTPYS-SEFEIRLYIRY oA thesame mupmelcetrmissy pe of
conducting interconnect that is inperneable to fluorine out-diffusion and
copper oufabdrationgif &g 4 mewceing nrepaserbfos theddinmasion of pdualslathaseent he sub- 0. 15
mcron generation of nmicroelectronics fabrications forned in accord with
t he pr esenxeronpecttacemdingdo thefmatiasl dfithd prescappeadd. ¢ aémh.(2D%knd vIA@s) i s
clainmed is: A nethod for form ng a dual -damascene type conducti ng
i nt er connbate beerd patterded and formed according to one of several methods known in the art,

such as trench first, via first or a self-alignment (buried via) scheme. The trench is of

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

and 0.4 microns. In accordance with the method of the present invention, the via (25)

extends only to the upper surface of the passivating layer (12).

Fig. 5 shows a schematic cross-sectional view of the same microelectronics

fabrication of Fig. 4, wherein a non-metallic layer (15) has now been formed by a method

of chemical vapor deposition (CVD) or physical vapor deposition (PVD), to a thickness

of between 50 angstroms and 5,000 angstroms. The layer (15) conformally lines all

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

passivation layer (12) and a portion of the surrounding capping layer (20). The non-

12



m croel ectronics fabrication, conprising: providing a |ayered structure
such as is used in a mcroelectronics fabrication, said structure
conprising a conducting |ayer, on which has been formed a passivating
| ayer, on which has been formed a first dielectric layer; treating the
upper surface of said first dielectric layer with a first plasma treatnent;
form ng an etch-stop layer on said first dielectric layer; formng a second
dielectric layer on said etch-stop layer; treating the upper fsur face of
sai d secondéagf'.el ectric layer with a second plasma treatment; formng a
cappi ng | RFAlighyaLiy @EgBEWﬂQfé&anr@l fugh s silipen caghide hgranrmitridechi ng a
trench and via structure that passes through said capping |ayer) said
second di étBeR pitrede bpgen carboey nitride ohberonpatbidger , said first dielectric layer
and sai d passivating layer; treating exposed surfaces of said trench and
via structure Higt b skowsd sciephtasmesstseatanabvitw of @1eaaint ntigroclep@sticsover all
surfaces of said trench and via formation. 22

fabrication of Fig. 5, subsequent to an anisotropic etch used to form a spacer layer (19)

from the non-metallic layer (shown as (15) in Fig. 5). 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), 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 penefration into the conducting layer (21). During this process,

the barrier layer now also acts as a protective layer to prevent diffusion of the sputtered

13



2. The nethod of claim1 wherein the conducting |ayer is a copper (Cu)

| ayer of thickness between 2,000 angstrons and 15, 000 angstrons. The net hod
of claim1l wherein the conducting |ayer is conprised of one or nore of the
materials selected fromthe group consisting of alum num copper all oy,
tungsten, titaniumand titani um oxide and has a thickness between 2,000
angstrons and 15,000 angstrons. 4. The nethod of claim 1l wherein the
passivating layer is a silicon nitride (SIN) layer fornmed to a thickness

bet ween 500 strons and .5, 000 an rons. The nethod of claim1l wherein
Che first CHEPRERSE ?%%H“ﬁoéh%swwgﬁm%ﬂlehcwr Whigh igpagticulasttimpertanit®r i al  of

| ow dielegtric constant (lowk). 6. The nethod of claim5 wherein the | ayer
of fluori ﬁ%ﬁ@a AR 1BEMPFE naterial is sel ected fromthe group consisting of
FSG Tefl on, Paryl ene-F, anorphous fluorocarbon and fluorinated polyi m de
and is forned to a thickness between 1,000 angstrons and 10, 000 angstrons.
The nmethod of claim1l wherein the first plasnma treatnent is a nitrogen

pl asma treatnment. 23 8. The method of claim 1l wherein the first plasna
treatment is a NH3 plasnma treatnent. 9. The nethod of claim 1l wherein the

fast plasma trEa@t 8 schematidyredsaztiablias GhiHe s8Rk ﬂﬁ&%ele&gjmcg%ﬂ@ﬁ&?d of
claim1l wherein the first plasma treatnent uses a gas m xture

of Fig. 7, subsequent to the wet or dry cleaning of the sputtered conductor (not shown)

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

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

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

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

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

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

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

barrier layer (22).
Second Preferred Embodiment

A second preferred embodiment of the present invention teaches a method of
forming a non-metallic barrier layer to copper diffusion into the diclectrics 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.

14



conprising two or nore gases selected fromthe group consisting of

nitrogen, NH3 and hydrazine. 11. The nethod of claim 1l wherein the etch
stop layer is a layer of SiN fornmed to a thickness between 50 angstrons and
5,000 angstroms. 12. The nethod of claim1 wherein the second dielectric

| ayer is a layer of fluorinated dielectric material of |ow dielectric
constant (lowk). 13. The nethod of claim 12 wherein the |ayer of
fluorinated dielectric material is a |ayer of material selected fromthe

group consi sti £ Fsgh Tefl on, fﬁg rinated pol yi ni de, anor phous
f1 uor ocar bon aﬁ%‘ %ésrafll Séx-agf’e PEEme &Bgr&mt ﬁf‘)@ﬁ%&rp’ﬁﬁ%ﬁﬁoﬁ% ‘GB'Galgnglst [ NS
and 10, 00 strons, 14. ghe thod of _claim1 wherein the secon pl asma
treat ment g?@'ragmﬁ?ctepﬁﬁgﬁhﬁf‘ ¥ Wélgf%?@&’tnné%ﬁg- 9 f2) is shpwitheowtinheisushacl ai m 1
wherein the second plasna treatment is a NH3 plasma treatment. 16. The
met hod of frmafien as iverldibs found is dheamesept zeomation ebmirsodlectronias Fapdeationne pl asna
treatnent. 17. The method of claim 1l wherein the second plasma treatnent
uses a gaShervidthptthe tnepeti iitiig fermation isrbetveceg 825 snisaine ahd?l Ofntiorons, hise gr oup
consi sting of nitrogen, NH3 and hydrazi ne.

width of the via is between 0.2 microns and 0.4 microns and the thickness of the barrer

deposition is between 50 angstroms and 2000 angstroms.

In Fig. 9 (b) is shown a comparable formation as it would be found in the 0.15

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

and aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on
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18. The method of claim 1l wherein the capping layer is a layer of Si N
formed to a thickness between 50 angstrons and 5,000 angstrons. 19. The

nmet hod of claim 1 wherein the trench and via formation is patterned and
etched using a trench first, via second nmethod, said trench having a range
of widths between 0.3 mcrons and 3.0 mcrons and said via having a range
of widths between 0.1 mcrons and 0.4 mcrons. 20. The nethod of claim 19
wherein the etch is a plasna assisted etch whose chem stry conpri ses one or

f the. ted fromt onsi sti f: fluorocarb ,
P uor e STHERRE RedioRpH DR B mesFye kU wiek ot by L 1pktof wimpinide

chl ori ne, ro om de, oxygen, nitrogen, hydrogen, argon and carbon
nonoxi de. @ég or gﬁ‘%%éf?n@f ﬁﬁﬂleé&%@%‘ilﬁp? af thickness betpyeem 800 angstruths
formation i atterned and etched using a via first, trench second nethod,
said tren ﬁﬁ@@ MresEomafgevideh his beers favaedie Sirst dislastremlayer§14)i whishsowdd 3. 0

m crons and said via having a range of widths between 0.1 mcrons and 0.4
m crons. bgalapeeoifiiOhoddapkd SiQh suck ds PS@ oek taybihef catton-dopedisifit@sdmdassi st ed
etch whose chem stry conprises one or nore of the gases selected fromthe
group consuditas meetinflsilstquienae ar Dlanésif lov depscirieconsthsit(idwik et id pagREPON( S) |
hydr ocar bon(s), fluorosul fur, chlorine, hydrogen brom de, oOxygen, nitrogen,
hydr ogen. sahgs FLARE GaeanANRASKHEECoR); STICGAHR! BPBRICHERALAChISE£1 1 the
trench and via formation is patterned and etched using a selft I gnrent

buried vi ) . i ) ' i A 0.3
(buried Viagpr sahH@shic palyRlet iR Qgh'!{;t?gg %ﬂé‘esg@lg%e%fr g%a]g} %ﬁ'{dﬁs@%@n

m crons and 3.0 mcrohs and sai avi n rang fween 0.1

o géﬂgsgigﬁfsﬁz‘?ﬁ:ﬁ %ﬁﬂ%%éﬁé%%%ﬁ?ds@?‘%fﬁg frf?lpf SRR F RGP M7 R gases
71 uor i ne- SBERRD Sp RIARD PR B o0 5o B ORRR S Sl b lageuflFr

chl ori ne, rogen br.om de,. .oxygen, njtrogen) hydrogen, argon and carbon
nonoxi de. W%g Wﬁg PN Og?ﬂl%qneﬁ 19e, oy %Bﬁla Ph@iﬁ)i[ﬁ (.%tfgﬁsaémlledr eatment is a
ni trogen E%?S. treatnent. 26 26. The nmethod of claim1 wherein the third
pl asma t r ¥R CqB-)aofihiskpess befaveen 86t ansatromeand STARD angsthards, oh vdlicti m 1
wherein the third plasma treatnent is a hydrazine plasnma treatnment. 28. The
met hod of has|bgemforma asedond {ayer efhliclcotyit amteniat (18 simeir tathedirst 1g@s amd od ur e
conprising two or nore gases selected fromthe group consisting of

ni t r ogen, whidh hanbkeeh fomeglian@ptional capping layer (20), which could be a layer of SiN of

thickness between 500 angstroms and 5,000 angstroms..

Fig. 11 is a schematic cross-sectional view of a trench and via formation
that has been patterned and etched according to either a trench first, via first or self-
aligned scheme. The etching process consists of plasma-assisted dry etching wherein the
etching chemistry comprises one or more of the following: fluorocarbons (eg. CF4, C4Fs),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFg),
chlorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon
monoxide, wherein the choice of chemistries is tailored appropriately to the nature of the
different layers. The dashed lines (17) indicate the design parameters for the final copper

inlay, allowing for the thickness of the usual barrier layer. The solid vertical lines indicate
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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 PTFE and Teflon, boron carbide

and boron carbon nitride . The deposition conformally covers the walls of the trench and

via as well as the upper surface of the capping layer. A further treatment in a furnace or

an apparatus for rapid thermal annealing (RTA) between 200° C and 450° C to densify

the carbon-based amorphous film may be effected if necessary. Note that the barrier

properties and dielectric properties of carbon-based materials can be varied from that of

diamond, whose dielectric constant is k=5.7, to that of Teflon, whose dielectric constant

ranges between k=1.9 to 2.1, by varying the composition of the carbon or the material

microstructure.

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

subsequent to an anisotropic etch of the carbon-based layer to form a spacer layer (19).
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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 presert invention teaches a novel plasma
treatment of the exposed surfaces of the french 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 NH; 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 2 microwave source

(2.45 GHz, 100 W-2,000 W) at a pressure between | mTorr and 50 mTorr. The plasma
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at upper surface, by means 02' the reaction:
C-F polymer + (N; or NH; or N;Hp) — 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, 8i0 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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1l remove e 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, NHj, 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 embodimerts of
the present invention, while still providing a dual-damascene type of conducting
interconnect that is impermeable to fluorine out-diffusion and copper out-diffusion and
can, in one embodiment, be used in the sub-0.15 micron generation of microelectronics
fabrications formed in accord with the present invention, as defined by the appended

claims.

21



1081, J 109l & ()-*! 109 ()- ! 109l $I & ()- 10] 10] 10];10% & ()-!Y.
10%]&'()-)“L§i%)ccccguj _@ 10$1 0! 10%@& ()-" 10$l 10$l 103l ; 1098l & ()- Y.

10%1 & ()-! ,J 109% ()-* ,J 109l & ()-*9ggjjjjjkl~_=I 10$I I 1096G% () -t
10908 ()-t 10@ 10@ 10@ 109%4&' ()-'!10%@& ()-! O! 109%& ()- | quqqquv~_=| 10%l!
109008 () -* 109%& ()-*- 100 100 100, ; 109%% () -! 109%& ()-" -

10908 () - " v2wWexQXTxUxVxWk) zuj _=I 10$I!

What is claimed is:

L. 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;

treating the upper surface of said first dielectric layer with a first plasma
treatrmment;

forming an etch-stop layer on said first dielectric layer;

forming a second dielectric layer on said etch-stop layer;

treating the upper surface of said second dielectric layer with a second plasma
treatment;

forming a capping layer on said second dielectric layer;

patterning and etching a trench and via structure that passes through said capping
layer, said second dielectric layer, said etch-stop layer, said first dielectric layer and said
passivating layer;

treating exposed surfaces of said trench and via structure with a third plasma
treatment.

depositing copper over all surfaces of said trench and via formation.
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2. The method of claim 1 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstroms.

3. The method of claim 1 wherein the conducting layer is comprised of one or more
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 | wherein the passivating layer is a silicon nitride (SiN)

layer formed to a thickness between 500 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 § 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 first plasma treatment is a nitrogen plasma

freatment.
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8. The method of claim 1 wherein the first plasma treatment is a NH; plasma

freatment.

9, The method of claim | wherein the first plasma treatment is a hydrazine plasma

freatment.

10, The method of claim 1 wherein the first plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine,

11.  The method of claim 1 wherein the etch stop layer is a layer of SiN formed to a

thickness between 50 angstroms and 5,000 angstroms.

12. The method of claim I wherein the second dielectric layer is a layer of fluorinated

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

13, The method of claim 12 wherein the layer of fluorinated dielectric material is a
layer of material selected from the group consisting of FSG, Teflon, fluorinated
polyimide, amorphous fluorocarbon and Parylene-F, formed to a thickness between 1,000

angstroms and 10,000 angstroms.

14.  The method of claim 1 wherein the second plasma treatment is a nitrogen plasma

treatment.
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15. The method of claim 1 wherein the second plasma treatment is a NH; plasma

treatment.

16.  The method of claim 1 wherein the second plasma treatment is a hydrazine

plasma treatment.

17.  The method of claim 1 wherein the second plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine.

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

thickness between 50 angstroms and 5,000 angstroms.

19.  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 0.3 microns and 3.0 microns and said via having a range of widths between

0.1 microns and 0.4 microns.

20.  The method of claim 19 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.
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between between 0.3 microns and 3.0 microns and said via having a range of widths

between 0.1 microns and 0.4 microns.

22.  The method of claim 21 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.

23, The method of claim 1 wherein the trench and via formation is patterned and
etched using a self alignment (buried via) method, said trench having a range of widths
between 0.3 microns and 3.0 microns and said via having a range of widths between

0.1 microns and 0.4 microns.

24.  The method of claim 1 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.

25.  The method of claim 1 wherein the third plasma treatment is a nitrogen plasma

{reatment.
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26.  The method of claim 1 wherein the third plasma treatment is a NH; plasma

freatment.

27.  The method of claim 1 wherein the third plasma treatment is a hydrazine plasma

treatiment.

28.  The method of claim 1 wherein the third plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine.
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