; €3eBGBBBCLE. ZEF6FTGTt - 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 i i.nterconnects nust be conposed of materials with higher
conduct i W‘%&@@BM& %R%T%NS%Rm@EﬁMM@NEvor s the
use of copper (Cu), with twice the conductivity of alum numand three timnes
the conductivity of tungst¥REINIEREOMNEGTSI of choice. Unfortunately,
copper has been found to contam nate many of the materials used in
integrated circuit fabrications, $p special care nust be taken to keep it
frommgrating into surrounding regions. Several nethods have been

devel oped to pr¥mod€hoanSabhasieGuptaf ZivaNershken Fring®dng@s conducting | eads
and interconnects. Chief anong these is the prior formation of diffusion
barriers and liner layers within the trenches and vias into which the
copper is subsequently deposited. Copper inlays surrounded by |ayers of
other netals and theiBAQgﬂpﬁnﬂﬂﬁn%“@gfﬂ§ﬂbyﬁﬂqﬁéﬂp tantal um nol ybdenum and
titaniumnitride, are called copper damascene Structures. Although the
damascene process is an inportant step forward in form ng viable copper

i nterconnects, it does have problens associated with it which nust be
addressed. The barti | ayer may itself be subject to degradation from
surroUndgng ﬁ@?@?ﬁg?g&W?y Tbarrier | 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 %Lfficu[t to fabricate with the requisite thinness in snall
trenches and Vhig@venijanyelatey gerprally topmaicrpekcetzeniest fabtigationsvatidnip preticetaral s on
the barrier |layer, it should be pointed out that fluorinated materials such
as anor pledugthedsed formangepndaetingrinteepmigct ftrusbresthsteae pokeictifdem and
fluorinated silicon dioxide are presently being used as interlayer

di el ect r difysibr obelemitd epacids dnvto dhdbeelf sircowndgtranésald | ow k) tend to reduce
parasitic capacitance between nei ghboring conducting |ines and vial. Wen
fluorinated materials are subjected to high tenperature processing (above
300 C), which is quite conmmon in the conplex fabrication schenes of

i ntegrat®d m pPéRALRSEE SFAR RBelclei QW try, the fluorine tends to out-diffuse
into previously deposited

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



2 netallic barrier layers and formnetallic fluoride conpounds (eg.,
fluorine diffusing into tantalumforns tantalum fluoride, TaF) These
conpounds degrade the adhesion and integrity of the netallic |ayers and

|l ead to their delam nation. Several of the aforenmentioned probl ens 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 |evels of an integrated
circuit. Theif . .method,involves renpval of the bottom.portion of the barrier
| ayer wi -F‘ﬁm%ﬂ{;@ﬁi%‘?r‘r%sﬂfs Bigipgraled Ct"f‘f&lt??h‘i’éa%‘ép%’ﬁp?%dé&fq@“sﬁh? takeR o di rect
contact with the upper .portion of the copper inlay on the level belowit.
Teong (UM ksep Boffom prigigtingingomrmognding gegigiiss an al t ernati ve met hod for
solving the sane double | evel contact problem wherein two barrier |ayers
are used to eheiEd aathpds bavaheen develgned peproiids contginoient eicopper d€Fasit&l  Pat ent
No. 5,744,394) teach a nethod for interconnecting a series of transistors
in an i neegmdnethgdéads and inteaborinects.i Ghiefnromd thedehie the prier emuest 4fon | ayer is
connected to the transistors through a barrier |ayer which can be forned of
any one diffigionbaiizrs 0 1iei Rars aithih e treGiepundss infl WBE He@bpdddis S.  Pat ent
No. 5, 834,845) teaches a nethod for fabricating a nmultilevel 'interconnect
st r uct ur euteeqRAsEdepdbitdd. Cdpper iARYS ArRRAIESyALydrd¥eliferatet AV LAPBY DI oCks.
These bl ocks are then connected by tungsten or alum num plugs surrounded by
titaniu j ' ' (A [ ' : .S+ Jal al (U S
Pat ent K%&E%%?g%?%%%?ﬂkgg%%tgﬁﬂgﬁhg§hgkm?%%%g®%ﬁ%é%ﬁ% %ﬁ?%%% ?on process

of dual Q#E§ £NE r s by coating the devices with an anti-reflective
nateriale hlg coa Fﬁgﬁ%ﬁéﬁ enhances the photolithography process and al so

acts a a bant | a for the copper interconnecys. ALt hough each of the
“above cited i%@%ﬂ#%gﬁ%d?@?@ﬁwéﬁﬁggHﬁﬁPBHQ”QHH“? diip frraung visle damascene
process, they fail to ad reﬁs certain specific difficulties associated with
the intr FW%%‘WPE“W 958 hayequellems pyjogipted withitgukick pysdanskiessed; he
present invention differs fromthose cited above by addressing the

f ol | owi ndgh¢ Bargeslaysrieaydisgi e setient todegmadation fromisayrounsing mgterisls.b¥he he
out-diffusion of fluorine fromfluorinated dielectrics into those |ayers,

t he di f f bartiet pyesfmaysioh gdhress well fcthb aepriceor toalyesusroundiopniatriahl The | i ne
trenches and vias of dinmension |ess than 0.15 mcrons and the use of a
novel cl baseohyeromyanserstly affedialia contact Bareedh the intdrpsmee ahotirghesi on of
metallic barrier |ayers and copper inlays to trench and via sidewal |l s when

t he di meosidostingdhydri EEiR Babfidradyep fifay Bk ittiBSIBtol AR aR vith Hb ¢&Pise SUMVARY OF
THE I NVENTION A first object of this invention is to provide a nmethod for

prevent i Nehdefein A itfehatel aRd Gihs. Wi‘tﬂrr%eéﬁ?d fo B dt'gf; !;l.{(?%ﬁlﬁ&{ngh%%e%%t]sypgc Cerize

materials into the nmetallic barrier layers suc ose

damasceng, iyt e j f i.s. invention is, to provide a
met hod f glre pr e\%eﬁt P ﬁg’h?ﬂgﬁggtgﬁgﬁb r ﬁ{s%}agﬁﬁoo a?#t?%%‘“ﬁgs Slufmbﬁﬁ FRUBP R at ed

di el ectrj ri.al s g |y into.conducti materials . that may fil

trenc heshg%lg%éﬁﬁé:sa%ﬁo p*IfEﬁe(Héweﬁﬁtﬁ& PRVl ?:ndbtg‘&’ﬂn@tregﬁ &t @‘.‘Jx‘%ef‘ﬁ rd object of
this inventign.is to pravi de a thod for preventing conducting materials,
such as @8$3§VP6W5H5§FSéﬂﬁqﬁﬂfﬁgﬁfﬁg§bﬁﬁ&“ﬂﬁﬁ%?“?@@%?@Wﬂ?ﬁ%@ﬁb into
surrounding dielectric materials., A fourth object of this invention is to
provi de HOV&Y KoY t Biducs RAFRSHLG GrgaciBReR bt eRY nvishbering epnduciing liaes awbper

sputtered onto the sidewal k of trenches and vias during
vias. When fluorinated materials are subjected to high temperature processing (above

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

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




etching, fromdiffusing into surrounding dielectric materials. Afifth
object of this invention is to provide a nethod of conformally |ining
trenches and vias whose aspect ratios are continually increasing with 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

associ ated w t.h parasiti apaci tance hetween conduciing i.nterconnects and
other el PRI LErRg B R e sEF R aS ey Ao B RE D e 1 o
provi de a thod for formng a liner |ayer with inproved_adhesion
properti E’é‘g‘ﬁg‘f‘ t%ﬁH@EﬁWF‘é{e’M pbissTcopPRPdt degrede thopdhepignand opj ect of
this invention is to provide a nethod for formng a chemcally inert spacer
| ayer t hitegsitnokibe setallic lgyerepitblephiodhsinfidamingon he ef fects of et ches and
post etch solvent stripping processes. In one enbodi ment of the present
i nventi on t heSeventhpéthe afathentippcdiptoblewsdalpy/bech adddesseil bapreceaipor deposi ti on
(CVvD) or physical vapor deposition (PVD) of a non-netallic spacer |ayer
i nt er pos adetitixinge Bigupdnect aliflf. GURatEMANG. 151901 j565) teathdi dahesdehe proradseviied and a
metallic barrier layer. In another embodi ment of the present invention
parti cul andws Sdirdcesbpper folcopsdt@Sni@blon between vias on different but contiguous

levels of an integrated circuit. Their method involves removal of the bottom portion of

the barrier layer with an anisotropic etch, so that the copper inlay is put into direct contact

with the upper portion of the copper inlay on the level below it. Teong

(U. S. Patent No. 5,693,563) teaches an alternative method for solving the same double

level contact problem, wherein two barrier layers are used to enhance the connection

properties. Iguchi et al (U. S. Patent No. 5,744,394) teach a method for interconnecting a

series of transistors in an integrated circuit fabrication wherein the interconnection layer

is connected to the transistors through a barrier layer which can be formed of any one of a

number of metals or their compounds. Stolmeijer (U. S. Patent No. 5,834,845) teaches a

method for fabricating a multilevel interconnect structure composed of similar patterned

metal layers as building blocks. These blocks are then connected by tungsten or

aluminum plugs surrounded by titanium (11) 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.




vi as whose m ni num di nensions are | ess than 0.25 mcrons, these objects

wi Il be achieved by the plasma-enhanced chem cal vapor deposition (PECVD)
or physical vapor deposition (PVD) of a barrier |ayer conposed of one of a
class of |ow dielectric constant (1 ow k) carbon-based anorphous naterial s
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

h d by d i b ' Dk | f | il b di fyi
s curface 1 oROPORRERPEEls TRl oot e SpnRER nd PRty
"t ot confEE PR e ST ABP LR b0 Reh eRre R GBI e aociagH FiBnal

metallic barrjer layer, In yet another enbodinment of the present invention,
t hese obfR¥dREingcnplurpofihgpratess Byitsyvasonssmbedimantphe pissert Wyestianor i nat ed
dielectric surfaces to form thereon, a "pseudocarbon nitride" |ayer that

i s i nper A Bomdheseciied ahove by eddpsingdhpiilowing isiuks: i dagradationdi ch may,.
therefore, obviate the need for an additional netallic barrier |layer. BRI EF
DESCRI PT ek I@FbartieE 15ie@URASe Bugdiffisios ofiflsariverfam fuaiesst ddedtiianato vi ew of a
multi-layer mcroelectronics fabrication prior to the formation of the
trench atibsylagenftha diffialltyddnsing erealliyReriaflayey & @avm@ely lidd®erdchéer connect
will ultimately pass through the dielectric layers indicated and contact

the | owetnd viasloCdimegsibralsy thal .95 mdcrofis dBORRIaG0sEIQ%Rs §86Jd-0nal Vi ew of
the trench and via formati on of the dual -damascene type interconnect which

has now : ' schenes,
el Ui g e PR Uerl K8 he S S ol phleP | hh 3R el 57 R g
3 is a sg [ r - ' hew. N al - damascene trench and via
formati o%ﬁﬁgﬁﬁ%ﬁ% agrrlgsf a ﬁ?(?eé]& ?lg?‘rhfel\élﬁh%}ﬁé@%}sg%ng\??ﬁlgesené)gﬁa P ﬁﬁe&eﬁﬁﬂa@ct ly over

t he expoaqgnﬁﬁ&Igces according to the nmethod of the current art and not
using the me 0d>of the present invention. The arrows point to areas where
fluorine will tend to out-diffuse and degrade the properties of the
netallic barrier layer so formed. Fig. 4 is a schematic cross-sectional
view of the etched out trench and via of a dual -danascene type interconnect
done in accordance wi t hSUMMARKEF THE INVENTI@N: i nvention. Unlike the via
illustrated in Fig. 2, the viain Fig. 4 extends only to the passivation

| ayer over the conducting | ayer and does not penetrate it. Fig. 5is a
schematic cross-sectional view of the trench and via formation shown in
Fig. 4, now céMestedbjdey ofthisdnvemtvmlisl tb prdvideer mekbpd forpesieyhgathewithod of

chem cal vapor deposition (CVD) or physical vapor deposition (PVD). Fig. 6
i's a scheiffision of flossnesesth ifbAhatdt @elettic nberfatlihioans inefallicbakiid 1ay2rsM t h t he
non-netallic CVD or PVD | ayer renoved from horizontal surfaces by a first

ani sot r opich AR At LA UAhAofRtflopn@R. Vertical surfaces. Fig. 7 is a
schematic cross-sectional view of the fabrication in Fig. 6 subsequent to a

second ani sot AQRL %t $Qhts SiRUBork 1380 PSR AhERB tPYRVeANY FXPOSE the

conducti ng | ayer.

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

materials, such as copper, deposited in trenches and vias, from diffusing into surrounding

dielectric materials.



Fig. 8 is a schematic cross-sectional view showi ng the formation of a
netallic barrier |ayer over the fabrication of Fig. 7. The structure of
this fabrication, done in accordance with the nethod of the present
invention, is to be contrasted to the fabrication in Fig. 3, which is done
in accordance with the nethod of the current art and not in accordance with
the nmethod of the present invention. Fig. 9 1is a schematic
cross-sectional view of two dual -damascene formations lined with nmetallic

di f f usi b ' .G : ep| - ha_ sh t .
dual - danmscend Parepbdorhin M AER Cmbpie RIERRIo RePoBRE tarstict o

such a f thon en applied to the 0.15 micron and heyond generation of
m cr oel e%{a%rﬁllscgucgga\slf:o SBP’ SPHETeC P Eneglémgﬁgfﬁr@cﬁqs&gg%@&q%m view of a
nulti-layﬁhw%iﬁéoe. ctronjcs fab,ic&%ion_of the 0.15 micron and beyond
generati ¢ » HPR ARG U lectiictatenalini ch a dual - damascene type
interconnect is_to be formed. Fig. 11 illustrates the design paraneters
that nmust be éodh fpdef this Inyentionds @ riovitle dmethed wé confpranallytlimingonnect in a
0.15 mcron and beyond generation of mcroelectronic fabrications such as
i s il ustreaghesandvips whost@specTiatios ingypatimkByincseasing efitbreath eclmohsy- sect i onal
view of the patterning and etching of the dual-damascene trench and via in
accor dangenanstidn, tog alieting theafontihed mseseitientfi @A tdmer infdrébnndeds fos @ schemati ¢
cross-sectional view of the fabrication in Fig. 11 subsequent to the

for mat i odevitesaMard. CHMMGH porerdion ah®beyhd anor phous car bon- based materi al s.
Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12
subsequent t 0 Al et 3Bk SFakib VeRforRR [RHo AL AMRUFoBLE orinthol iRy get al i ¢

| ayer.

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 siripping 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




Fig. 14 is a schematic cross-sectional view of the fabrication in Fig. 13
wherein the trench and via have been filled with a copper inlay and covered
with a passivation layer. Fig. 15 is a schematic cross-sectional view of-a
multi-layer mcroelectronics fabrication prior to the formation of a

dual - damascene type interconnect. The fabrication consists of a
conducting substrate, such as a copper substrate, over which has been
formed a first etch-stop and passivation |ayer and a first lowk dielectric

| ayer. Fig.., LS & ' [ OSS7 tiopal vi of .the.same fabrication
in Fig. glg?v %grbé}l?\ba%}%e #léﬂsot%s ﬁlc?\?\i 2is ﬁéeilcglép fi%poflie\gﬁecronf?é@%gna subj ected to
a nitrogen,, hydrazi ne or. NH3. pl asma treat t .of jtgt sur.face. Fig. 17
's & schudnel s eialee gt S el rampierntetns pechelenpaipniy (95, on whi ch
a second, etch-stop | ayer. and a second | owk dielectric |ayer have been
f or med. if#é:i)ﬁsﬂtﬁ cresIRHLIheE diclestic malenaly i adieEon Y copRe RABFeIKRR i on i n
Fig. 17, subsequent to a nitrogen or NH3 plasma treatment of the top
surface &rhappd AYtINSORCIH ios daver ef nodyeafliner §y micglifying ats sutfanede | ¢
cross-sectional view of the fabrication in Fig. 18 upon

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).



whi ch a capping | ayer has been formed and a trench and via have been
patterned and etched. Fig. 20 is a schematic cross-sectional view of the
conpl eted trench and via formation. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS I n each of its preferred enbodi ments the present invention
provi des a nmethod for form ng |lined conducing interconnects , such as
copper dual -damascene type interconnects, in mcroelectronics fabrications.
When forned in accordance with the nethods taught in these preferred
enbodi nment s, E@g Lntehconnects wi Ll protect the urroundin%}dieLectric
material s fromEcdFfFERtUSHPFresmabig™ of s aascengdrench) dstig onnect
liner frgmthe adverse affects of fluorine out-diffusion fromfluorinated
| owk di efEperprwith fhe mefallip pasries layerdraningdbgerfarsed disestly overibe exposerd i on i s
particularly suited for creating interconnects of the reduced dinensions
r equi r edSYrfAcesReCiginggo 1is Tﬁﬁb@‘bﬁfg ge nenrent p and hotrising dlet method of ths
fabrications. First Preferred Enbodi ment A first preferred enbodi nent of
t he pr espresent mvention Theeaoive pomt toedrbagdviefe flworie vgll sendac ovediffutd tdbar ri er

| ayer to fluorine out-diffusion that can be applied to the formation of
conduct i degraduttke popades of ths tietullisbLaNgfer Safgsegne- t ype interconnects, in
m croel ectronics fabrications. The nethod can be | earned by referring to

Fig. 1 throughigFi g a #herhiticC6dsWiBEdnaNyivy o tHeREhES SE thRLE SNBviREF HW-
Referring nowto Fig. 1, Fig. 2 and Fig. 3, there is shown a series of

schernt | udlldaahaidhe iyl #dibaHeOltohdsh IRBIL AR BIme A uflaiaagene type of

| i ned conducting intéerconnect in accordance Wt e nethods of the current
t, but; - N YRAG i.t.h haod of_.th resent .invention. These

ar i¥@htidn! éﬁiﬁtg ﬁ%aﬂ& ﬁ{u\é\fr%t d ﬁ:ll'lﬁ%?; tthe yiam Eig. Aﬁ%&’?ﬂ%a gﬁllg{tto i

-figures are used to indica he a tages of =t ention. Fig.
1 shows hematic cross-sectional vi of a mcroelectronics fabrication
within \Aﬁ?stg:lﬁatgon &%ffr-oaglfg’g&gﬁcc?l}% g%&ﬂﬁg‘é‘fs QoS PEGIHE I or med. The fabrication
conprises a cgnducting |layer (10), which is typically a copper (Cu)
conducting | a@‘@rg 15 ﬂ%m? f@éﬁe%ﬂ(%l Hew of thgdgaeteand iy fqr@y&n Howa

conbi natjon of al um num copper gA[-CU) alloy, titanium (Ti) and titanium
nitride [ER)4% ngy|copsred hy a paesstablic laperleporiipd by g srethodef shemit sl \@per

angstrons, on which has been forned a passivating layer (12), which
t ypi cal | geppgition (CVD) or physical vapor deposition (PVD).

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

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

Fig. 8is é. 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.



could be a layer of silicon nitride (SiN), of thickness between 500
angstrons and S, 000 angstrons, on which has been fornmed a first dielectric
| ayer (14), which could be a |layer of lowk fluorinated material such as,
but not restricted to FSG fluorinated polyimde, anorphous fluorocarbon,
Paryl ene-F or PTFE(Tefl on), of thickness between 1,000 angstrons and 10, 000
angstrons, on which has been forned an etch-stop |ayer (16), which could be
a layer of SiN or BLOK (from Applied Materials Corp.) or silicon oxide of
t hi ckness between 500 angstrons and 5,000 angstrons, on which has been
formed a second | ayer of lowk fluorinated dielectric material (18),
simlar to the first dielectric layer (14) and on which has then been
formed an opt FBn@s 2uppmalis drasseectiae) viewtf sko dealiddmbssene foapetionsfingi N of
t hi ckness between 500 angstrons and 5,000 angstronms. It is to be noted that
et ch- st opithayesalli¢ dglusivabatrieco iig.Spie) derddts thie shiye of atpessettelnal-dmeeait ance of
the fabrication needs to be reduced. Fig. 2 is a schenmatic cross-sectional
vi ew of tdrmafiaynitdlatip® (bhdupicts the Fédacedlaspedi e aitdit forrRationeviRaLpSITA Ng and
etching of a dual -danascene intercornnect formation consisting of a trench

(22) andtcthei0a 5(2ijon 208 beybnd e etibr & nhiBRefebrdrddEdeviced0) - The wi dth of said
trench is between 0.25 mcrons and 2.0 mcrons, the wdth of said via is

between 0.15 pHoCIOR% RAEMAicAPodsEERASL vidw B & hiti- eﬂ{]ﬁfoee%%trgﬁggi sts of
pl asma- assi sted dry etching wherein the etching chem stry conpri ses one or

1 uor i ne arperm A il AREORE sl bl micridlehonit 868 e,

chl orine r n bromde. .0 en, .nitrogen, .argon, hydrogen and and

car bon n%ﬁg%%ﬁggﬁ$ﬁ%? ?ﬁgwﬁ@néﬁgP%%i@ﬁobﬁgﬂ??Pries is tailored
appropriately_to nature . of the different layers. 11 Fig. 3 shows the
i nt er connect F’ﬁbﬁﬁﬁf‘ﬁfﬁg ti}? design pasampeters that raw reropsiderrdin frmimea netal | c
barrier layer (26), which could be a |layer of material such as tantal um
nitride @Eatdpmssen typginigreonect inged. { STmigron anskhewend gengratibh okness of bet ween
50 angstrons and 3,000 angstrons by a process such as PVD (eg. deposition
- by sput t Brraglectionis-falrications sishas igrllistatedn Eigt Hod@hefigmetatsoriy aor CVD. The
arrows (28) indicate the surfaces through which fluorine out-diffusion
woul d ocethematic eropsegati¢nabficsudislecpattatniny aldtetumey dftthl duapdo6gseiang St eps at
tenperatures exceeding 200 Cto 350 C. The outdiffusing fluorine reacts
wi th t hetrbicheind Wi i@ at@rddnoe Hith ihdm@eéBodof the bs@fithvea@sd.y adhering metallic
fluorine conmpounds such as tantalum fluoride (TaF). Fig. 4 shows a

schematic cropig: Sﬁfstaisﬁﬂﬁﬁatl\éicﬁ‘dys-@éctﬁ)ﬁﬁﬁ&?@fﬂﬁﬁ?&fbﬁ’i@lﬁ:ﬁa}iﬁ%&? fabrication of
Fig. 1 now being prepared for the formation of a dual - daimscene

i ntercon fichi t ..ovention..A trench
(225 and o REET I R rS R Rhle bt e RIrR SRl SR P e of
sever al HE%%QES known in the art, such as trench first, via first or a self
al i gnnment uried via) schene. The trench is of wi dth between 0.25 m crons
and 2.0 mcropns,,the viais of wdth between Q.15 mcrons and 0.4 m crons.
I n accor dancgﬁ\%ﬁ {%lsﬁﬁgh'??éqnﬁ&f’sﬁ' e"‘lnﬂﬁalﬁ’@%%ﬁ@w ?%Wéﬁfqndﬂ Figdé via (25)
extends only to the upper, surface of the passivating |ayer (12). Fig. 5
shows a %‘E’ﬁéﬁ‘ﬁ g a@gggaéléetofé%msmoew ehh tprlee rommmetailiedayer-ect r oni cs
fabrication of Fig. 4, wherein a non-netallic |ayer (15) has now been
formed by a nEghbtisafschamsaiic ctdss-genpional dégyosf the Gabric@ivD)in Fig. pAydicsdt  vapor
deposition (PVD), to a thickness of between 50 angstrons and 5, 000

angst r onthe tfEheh dudyda hveBpercBiddowittah bypplet indsy amdlcoerpbs el apusshaces of the
trench and via formation, including the exposed portion of the passivation
| ayer (1Ryerand a portion of the surrounding capping |layer (20). The non 12
netallic layer ( 15) can be forned of a material such as silicon carbide,

“boron nitri deyigppgil@qrscuiﬂn&dﬁbdﬁ)sglgéc%néméw&d’hﬁlhﬁii-lgger%icr%gf ofidd bide. Fig. 6

shows a schematic cross-sectional view of the sa m croel ectroni cs

fabri cat fn Bl ' KoJo] husged .to. forma
Spacer | ynepn i e REMSRA BN ok oDl R b ThE Bt ion g 5y .
Sai d ani-sotropic etch consists of a plasma-assisted etch wherein the
etching chem stry conprises one or nore of the follow ng: chlorine; boron
trichloride, oxygen, hydrogen, nitrogen, form ng gas (a m xture of nitrogen
and hydrogen), fluorocarbon(s), fluorg ne-substituted hydrocarbons) and
argon. As is seen in the figure, the etch has renoved the non-netallic

| ayer material (shown as (15) in Fig. 5) fromthe capping |ayer surface
(17), partially renoved said nonnetallic layer material fromthe etch-stop
| ayer surface (21) and partially renoved said non-netallic [ayer materi al
fromthe passivation |ayer surface (13), leaving said nonnetallic |ayer

e S - B - o




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
angstrons. The fabrication is now ready for the insertion of a conducting
inlay, typresse %’“@%ﬁgﬁ‘%ﬁmaﬁsqcéﬁﬁéﬁowrﬁ%ﬁé@ﬁb@f whish hag bagapper over all
surfaces of said trench and via formation t(not shown).. Conparison of the
fabri cat rfediafughstchedep and nepsivatendeyer ped a firs lpsek dieldtricdayerg. 3 shows t he
i nherent advantages of the spacer layer, fornmed in accordance with the
met hod of t heFi#r ¢6&ta schemapfia ayess-seetiqprieviewtof thy shine fubuicatitinfif Fsd. 08, of fl uori ne
into the netallic barrier layer (22). Second Preferred Enbodi nent A second
pr ef er r edvherdiotie fiestiowk didlectyic garitas basnesabjcord teaaiegerg hy@bRadooNHE or ning a
non-netallic barrier |layer to copper diffusion into the dielectrics that
can be appisinetehtmeansfdtsabp gfacat er connects, such as copper damascene-type
i nterconnects, in the 0.15 mcron and beyond generation of m croel ectronics
fabri cati ons. rEhe7 il L96maa! -sb&fh f e -Fi (. ough Fig.
14, in conj unc??on W th therbégfcsri pt ?gﬂg‘b%’gfl%ﬁr%ﬁﬂ&‘%g lg’ ?Igwyn&
il lustrati R M | .iner shape of .a typical

bLis¥&nd GRE 18y éﬁ%g%léc{l}gc Iﬁ%{fg‘ aye laegﬁ??rgwg

igﬂaaaege
dual -damascene trench and vi a fogr mat | hown the outline

of such a for [ ' uld be.found in,.t resent_.generation of

ni croel ectr onlﬁ%}éw[@a&baflﬁlcl%%‘?ﬁo@ﬁ%qssfﬁce O\Rﬁlg‘flﬁwt‘}?ﬂ’tﬁﬁgbr{%?té%‘ﬁ |1$2 1Bhi s formation is
bet ween o.bzes m'{:rons and Zaﬁim'crons, t he g/idth of the via is between 0.2
m crons ARG H R 1A ERRen R i Harhlesma trqatacd obthe tepsustacs oiche srepedionilon i s

bet ween a% ag_&ﬁtg{ons and 2000 angstrons. In Fig. 9 (b) is shown a

conpar ab lgc “on as it would be found in the 0.15 nicron and beyond
generation of fabrications using netallic burner depositions and not done
accordi ng to Fiielfstarsheragtictasessyecsionnlt view vbibe ifehmicatidreiniRig. UStupa i on i s
solely for the purposes of indicating that the reduced aspect of the trench
and vi a whichiecapping layechasbeemfbrioed amth genanad varhawobded paitéinédiddd, require a
t hi cker barrier deposition, thereby placing nore stringent requirenents on
t he physkchdd. properties of the conducting inlays required (eg. to prevent
the formation of voids). In this fabrication, the wdth of the trench is
between 0. 15 RigC2ORS sohéindicRrdtBEidfial vide ohd thmpPletddgniil fhdivia et ween 0. 05
mcrons and 0.3 mcrons and the thickness of the metall arrier

deposi ti efgmagsd.d normal Iy 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, wthi ] - i rconnect is to be fornmed. The
fabrication conpr P%ggbﬁﬁk(gﬁﬁﬁ?&ﬁg@%hﬁﬁ EWIP@N}‘%i cally 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
In each of its preferred embodiments the present invention provides a method for

forming lined conducing interconnects , such as copper dual-damascene type
interconnects, in microelectronics fabrications. When formed in accordance with the
methods taught in these preferred embodiments, the interconnects will protect the

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




15 which has been forned 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 layer 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
Chemi cal . [ | ayer,of inporgap,c pol I..such as_hydrogen
si | sesqufnc%%)ngegtrlﬁlaer %’5@{6 %ctlnvrfr:1r)$|53 iagt%;\tg O{Jh‘éorg’gr%‘gglfgﬁ’tof’?ﬂpnbﬂu rH’é‘te%%W"
aforenentipned.dielectric filns, o hi ckness between 1, Q00 angstrons and
10, 000 aﬁ%é@?"gﬁﬁfé; ‘iaﬂnwﬁ ‘fstPrﬁ—lﬁEe‘i)%‘B{’P%F%dﬁ%wv%‘%t@ﬁ-l%t’%wlﬁibbﬁuﬂeti@)r, whi ch
could be a layer of silicon carbide, SIN, SiON, or BLOK (nfg. by Applied
Mat er i al Sregdpdimiercoppeqthpidhe educeidipersionsgeauiied én thessb-844 Mcmo0 angst r ons,
on which has been formed a second |ayer of dielectric material (18),
similar generswnigf myeroplggtemicsfabrivationsi ch has been formed an optional capping
| ayer (20), which could be a layer of Si N of thickness between 500
angstrons 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, \HigtPicfgtedBmiaidenal i gned schenme. The et ching
process consi sts 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),
f1 uor osul f ur s A prifEfla oS BIHAE W HERAEA DI BT dRneYaRH o { T 00E,

on nonoxlide, e

CS . .
argon, hydrogen and and car rern e choice of chem stries

is tailo : [ Iy & re of .t.he di.fferent | rs, The dashed
l'i nes (1% i n%?{é(g{)%etﬁﬂg bé"érge?é#ggtéﬁg&r?e%flgro ‘slt'ﬁhgflﬂmf"ﬁQHF FHa1© a@B@%@Psﬂi‘%l ay,
aILomﬁngfng{i&@e &th ness of thg uspal barrier layer. The solid, vertical
lines i not AEQR Tcondyqing Iatpgapues s, igh a ﬂﬁpﬁ%%mﬂﬁﬁ%ﬁ§ﬂ%ﬁ§“ﬂ%¢%ﬁﬁ%ﬁb required
to fulfill. those design paraneters. The trench is etched_through the

opt i onal ™¢4B F?P@’W%j@%"eg‘@')s' ahe metedcan e ipaped by seferrmg tafisr 1 threysh st oppi ng
at the etch-stop | ayer (1%@. The via is etched through to the passivation

| ayer (1538 8pngonjpnction withsihp dpgtipdonsielsc.sect i onal vi ew of the formation
shown in Fig. 11 subsequent to the formation of a non-conductive barrier
(26) by the pRefsmnganiatedig IcFigr ead Figapoherd épdwivniaceriésREGYEmanic physi ca
vapor deposition (PVD) of any of a class of carbon-based anorphous

mat er i al diapons itlintekinets fafricheometrdulDOaraagadertppsofdindd 3oRROt@Ngst rons. Sai d
car bon-based anorphous materials can consist entirely of carbon (eg.

di anond) imércamRctdn BordidcE with e MbthBdsUTeh«fur@Rl £t, 8L ™M Scbfdaedg, Peri odi c
Tabl e that are neither a metal or a conductor, exanples including but not

[ estri Ct e thahed ol ROPreGAt biveitiont AHRAIT; Rkl drseatd HAIARAROAR AGLATRT S Such

[ eposi tion

as PTFE and Tefl on, boron carbide and1 oron carbon nitride .
confornahk*nﬁQMQHthgg wal l's of the trench and via as well as the upper
surface of ‘the capping |layer. A further treatnent in a furnace or an
appar at us forrapi her mal _.anneal i [A) hetween 200,C _and 450 Cto
densify the C%ﬁbgﬁgﬁggﬁﬁﬂgﬁ%Fﬁﬁgﬁ§eqﬁP%ﬁ%ﬁ%OE%HBWPQEP%HNP#h ¥, ary. Note
that the_barrier, properties and dielectric properties of carbon-based

mat eri al ¥EEVHgh 5&}’ “MESSHT ERIEoBECtds ?rh?nfglfm%@éfﬂ?r@%@} FOmPrsghst ant i s
k=5.7, to that of Teflon, whose dielectric constant ranges between k=1.9 to
2.1, by 95P8AUAtRS Reerd dhpwlichiioipiselly meompsr €av corductieg lasicrebutayhich can

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

f abri cat flshbe & tumggfen (W) bybsegurembinationn! dninswinr-cgiper @tlatu)afloy,he
carbon-based | ayer to forma spacer |ayer (19). 17 Sai d ani sotropic etch
consi st stiahiven (Ilipawitasen sitede EFidlh, alhedtidtihetdeteémiong ashabinstahd conpri ses
one or nore of the followi ng: chlorine boron trichloride, oxygen, hydrogen,
ni t rogen]s,0@0 #rigs@ore§ on (whidh Kdsbeeh REmBd 4 ﬁé@ﬁﬂtﬁi’%‘ﬂy&){fﬁ)ﬁjﬁﬁﬁh h{ﬁé&ﬁy
fluorocarbon(s), The etch renoves the non-netallic barrier Tayef fromthe
optional capping |layer (20) and partially fromthe etch-stop |ayer (16) and
passi vation | ayer (12). The carbon-based barrier |ayer renmins on the
vertical walls of the trench and via to forma spacer |ayer (19). The
passivation |ayer (12) is subsequentll$ etched to expose the underlying
conductor layer (10). Said etch is a plasm assisted etch wherein the
etching chem stry conprises one or nore of the follow ng: fluorocarbons,
fluori ne-substituted hydrocarbons, argon and nitrogen. There is sone
penetration by the etch into the conductor, hence the non-conductive
barrier acts as a protective |layer to prevent diffusion of the sputtered

- - ..




In accordance with the nmethod and objects of this enbodi nent, the final
dual damascene interconnect for sub-0. I S mcron mcroel ectronics devices
illustrated in Fig. 13 can now accept a copper inlay directly, as
illustrated in Fig. 14, without the prior deposition of a netallic barrier
| ayer, since the non-netallic barricer layer is able to prevent the

di ffusion of copper into the surrounding dielectrics. Third Preferred.
Enbodi nent 18 A third preferred enbodi nent of the present invention

t eaches (ol .treat. ~0f the exposed syrfaces of the trench and
via for rrg?ﬁ“g\r{l)g a4 eg§ U a‘ﬁlgggéé qf%ghteﬁ%ﬁ’?‘? Oiangstrortind 00t her eby
achi eving a,fluori ne. t-diffusiqn barrier wthout the need for an

addi tion gsérﬁa‘ss?)"aﬁfgl-cﬁg‘ﬁ%‘tﬁf‘dl ﬁ‘b‘ffﬁa@éﬁﬁéﬁid?%layeﬁ(ﬂm@a whichsquigrberapyer

enbodi nent.. cap be | earned by referri nttg to the succession of figures, Fig.
15 't hr ou§ 19?{-8 flugpinatedyyaterialsuch ash betpet rrskistadje F8H, BedroatedRobamrdeng first to
Fig. 15, there is shown a schenmatic cross-section of a mcroel ectronics

f abri cat e Rhonhilveroparedn, Banylent-FoaPdFEETrdlony,mé thicknessdennent,000 t o be

formed. The fabrication conprises a conducting |ayer (10), which typically
coul d be angstopyend 3,080 angstrots,clonesish hetbaeefordcdetang®h Na@E (1and 15, 000
angstronms, on which is fornmed a passivation layer ( 12), which typically

coul d be whidhayald tafa 15yd¥ odBiN bi BKORSSrobeARRA NeASANASHH)VFRIREA 0F P00
angstrons. and on which is formed a first, lowk, fluorinated dielectric

Layer (16F hioknbibesieh 00 Aubay 8hd D00 alastrbbl Ol ARLLHRRLY kil _amor phous
forme y C

fl uorocarbon, Parylene-F or PTFE (Tefl on), em cal vapor
deposi ti gaoh@Wbr Slow Al fluifidlel ARId-RiAnkBh S ISS S 1. 990, gnost rons and
10, 000 angstromrs. Fig. 16&%5 a sc‘%gjn‘gr?laégh%ﬁ@s- sec %ﬁﬁ%fm\tﬂ&g%c@ t he
fabricati i I . first plas treat ment of_ the upper surface
of 1 hot 158 (1 Bidon HitcR b i RSPt SEaiTe Ty e Rchr g
pl asma. i lasma is.fqormed in a ch er wherein _a plasm can be
gener at egglgg bgﬁ ?ﬁﬁr %%%ro(%%nﬁ?@ésn?%%,gmf@ﬁ a&‘na’zs?@g@nwmé}s- At igixr onave
source ( ﬁ 45 é;‘Hz 100 W2, 0?0 W at a pressure between 1 nmlorr and 50
mTorr. TREDPFA b etelrstop daver 1y pin Yespmg optionghif Hatointeriaysheaphaitanereof thay er
(15), indicated as_a shaded region, on that upper surface, by neans of the
react i oniabpcgtigngiepdsde be edygedsr NH3 or NzH2) ~ C-N +NFx, CHx(vol atile),
HF(vol atile). In the case of NH3 or hydrazine plasma, it is expected that
hydr ogen may Be. P fircpschematicertoss-sectional view of the fabrication shown in Fig. 1

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

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

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

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

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

fluorocarbons (eg. CFs, C4Fg), hydrocarbons, fluorine substituted hydrocarbons (eg.

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

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

appropriately to the nature of the different layers.
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into the "pseudo- carbon nitride" layer, possibly as a CGNH type pol yner
or a a CGHNtype polyner or as am xture of both. Fig. 17 is a schematic
cross-sectional view of the fabrication in Fig. 16 subsequent to the
formati on of an etch-stop |layer (16), which typically could be a | ayer of
SiN, SiO or BLOK (nfg. by Applied Materials Corp.) deposited by CVDto a
t hi ckness of between 50 angstrons and 5,000 angstrons on the first
dielectric layer, followed by the formation of a second | owk fluorinated

dielectric | Sl t.a. the .fi . h.l .said etch-sto
oyer . The sarth 2eBolp8 itk Blnb bl bk P BR IR bocligdingy | evel o

cr ose. seBURATAINE (21 ebieh Sp kt S0 FT 1 YRERBRS o N2,
hydr azi nz t. NH3 plasma treatnent (as descri bed above) of the surface of
the seco Egmdwt’ﬁa“&ir’épgé@erﬁTéN)a5?&6#‘18)&?01{1{95?@&%%;5@@93@0@&@9@n nitride"

| ayer (30), indicated as a shaded region on the upper surface of said
“di el ect r PP aypgstromsiby a processsugh ss A¥PeES-clepesiting: byspuitenng, ionireetalof t he
fabrication in Fig. I 8, subsequent to the formation of an optional capping
| ayer (2@)asmakoi bdllow gitlvalke myagoctin) ob€VD. | Bheemroofs (B)Nndifatt Hieakifass bet ween
500 angstrons and 5,000 angstrons and the patterning and etching of a
dual - damitsoegbewhicle fladrifed)}-diffidioniveoul@ddcuf & AREWIOSE subkquadssdhvat i on 20
| ayer ( 12) has been renoved by the etch, opening the via to the underlying

conduct i RgnpeRdtere prdc@dsingitéhalat empbtabires? SR (R° BPSRBY € CTRE GiS- Sect i onal
vi ew of the dual -damascene formation in Fig.” 19 subsequent to an isotropic

and ani s@ifiRRigNéne NaBs with thy Hﬁé‘é&a?&iaﬂ) PRI nldrEBLAE Thd gébd'bg%;ﬁ%g@g_ec ar bon

nitride" |ayer has now been forned on the vertical expo s (31).

I n aCCor.%eﬂlfi@ﬂﬁ&ﬁe%?%?&&ﬁis?&& m&ﬁ%ﬁ f?goﬁtf)l?i(.gﬂ?nbodi ment, this final

dual - danascene type nmatt on can now acce opper inlay directly,

wi thout priorformation of a.metallic barrier. |ayer, by the deposition of
copper over af & g@?%Sc%%cgm%é%?rassfﬁg‘éwﬁgﬁ‘éf of the %@Fﬁ&?‘%‘&]ﬁcm‘fs‘ shown) or,
as in the,conventionagl art, first cept a netallic barrier layer followed
by a copgaé’rrlcf‘t?ﬂ”aﬁf.l:?g&g noy ?ﬁ%?@?%@fgf%@eafoﬁ’é?t%r?fﬂ@i‘iﬂr@@aﬁ??nﬁ he art, the

preferred enbodi nents, of the )
interconnect according to the method of the present invention. A trench (22) and via (25)

have been patterned and formed according to one of several methods known in the art,
such as trench first, via first or a self-alignment (buried via) scheme. The trench is of
width between 0.25 microns and 2.0 microns, the via is of width between 0.15 microns
and 0.4 microns. In accordance with the method of the present invention, the via (25)
extends only to the upper surface of the passivating layer (12).

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

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

12



present invention are illustrative of the present invention rather than
being limting of the present invention. Revisions and nodifications may be
made to methods, processes, materials, structures and di nensions through
which is formed a dual -damascene type of conducting interconnect that is

i nperneable to fluorine out-diffusion and copper outdiffusion and can, in
one preferred enbodi nent, be used in the sub-0.15 m cron generation of

m croel ectronics fabrications in accord with the preferred enbodi nents of

the pres I than i-le sti.ll providing a dual-.danascene. type of
conduct i ﬁ{g&%ﬂﬁ(ﬂ\ég%cg% 2P nyg ﬁ%@elﬁéj %ia %geﬁiﬁg%hgg tgliic‘i‘“} %!?laﬁ g%’écl?tmmdf:’f usi on and
copper out:diffusi,on an cangg%n Ene eggo i ment, be used in the sub-0.15
m cron gSHRPRPITIF o sacbendptride,op hprou cations formed in accord with
the present inventjon, as defined by the appended clains. 21  Wiat is
claimed is: AfifefsbRFSbichematiy srgsseocitinnal vigwws sherreme ypjeroelsptnmiasi ng
interconnect within a mcroelectronics fabrication, conprising: providing a
| ayer ed &abrigetiaprad Figy Shsubsequsnits @d ahisotzopid efclpesedde faymi spadaatayiec @) on, sai d
structure conprising a conducting |ayer, on which has been forned a

passi vat ifiem tha per-metatliodajari{stoss ds€by) if bigrdyl Said aisdtrogicadteicdonkistslodyer ;
treating the upper surface of said first dielectric layer with a first

pl asma t phamaasdisted acnvhercia theeodg dhahised comprisay 6 @Incrabtki r st
dielectric layer; treating the upper surface of said second dielectric

layer wi Fliovise CaREnD RERrEEBATRRY gen! Efd?&%!ﬂ, A6 AR il PYR (a ON Sai d
second dielectric layer; patterning and etching a trench and via structure

L PR 8 ORGS0 RO GG b fohy o 591 o
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

13




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

pl asma treatnent. depositing copper over all surfaces of said trench and
via formation. 2. The nmethod of claim 1 wherein the conducting |ayer is a
copper (Cu) |ayer of thickness between 2,000 angstrons and 15, 000
angstroms. 22 3. The method of claim1 wherein the conducting |ayer is
conprised of one or nore of the materials selected fromthe group

consi sting of alum num copper alloy, tungsten, titaniun1and titani um oxi de

and ha kne bet we 000 a 5, 000 strons. 4. The
met hodso Oﬁ(ﬂg@m &K aF esﬁnf)rri%é Sf’lﬁgﬂ"ﬁﬁ g‘ﬁésl?fr%ci dﬁlpﬁftﬁl?t ile (SiN)

| ayer of ,thic SS betmeen 500 angstrons and 5,000 angstrons. 5. The net hod
of cl ai ﬂf‘ﬁﬂ‘#@FﬁSWﬁ@e$lrst dielectric layer is a layer of fluorinated
dielectric material of low dielectric constant (lowk). 6. The nethod of
claim5 wherein the |ayer of fluorinated dielectric material is selected
fromthe group consisting of FSG Teflon, Parylene-F, anorphous
fluorocarbon and fluorinated polyimde and is formed to a thickness between
1,000 angstrons and 10, 000 angstrons. The nethod of claim1 wherein the
first plasm FigeBisweshematicacrnsstseopmal vikwsifithetsa@a inferatlectfonickTebrigatiod of
claim1l wherein the first plasma treatnent is a NH3 plasma treatnent. 9.

Tlhg . gt hofiFigf 7,chbsequcht whitie &lefoft di9 clebhisil oPthe SPRicréRRMATAS: (nSt hol¥Ar azi ne
P 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 ov.er all
surfaces of said trench and via formation (not shown)..
Comparison of the fabrication illustrated in Fig. 8 to that illustrated in Fig. 3

shows the inherent advantages of the spacer layer, formed in accordance with the method

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

barrier layer (22).
Second Preferred Embodiment

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

learned by referring to Fig. 9 through Fig. 14, in conjunction with the descriptions below.
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treatnent. 23 10. The method of claim 1l wherein the first plasnma
treatment uses a gas mxture conprising two or nore gases selected fromthe
group consisting of nitrogen, NH3 and hydrazine. 11. The nethod of claim1l
wherein the second dielectric layer is a layer of fluorinated dielectric
material of |ow dielectric constant (lowk). 12. The nethod of claim11
wherein the layer of fluorinated dielectric material is a layer of materi al
selected fromthe group consisting of FSG Teflon, fluorinated polyim de,

h fl ogar bon and Paryl epe-F, formed t .thickness between 1,000
Shosrroms and 0o abe MngETs SinmEhS dimaimy Seins ﬁwe%@pmhw%zﬁmgﬁ@ah the '

d pl t tnent is a pitrogen plasma treatnent. 14. e nethod o
ol ai m 1" GHErBIASIHE CERRGHA Vi LSRG dn it Aa)is Shower B piliseral exbat ment . 15.

The methqd of claim 1 wherein the second plasma treatment is a hydrazine
pl asma t FEFFHEMES it 3ypuld be found in the present generation of microelectronics fabrications.

The width of the trench in this formation is between 0.25 microns and 2.0 microns, the
width of the via is between 0.2 microns and 0.4 microns and the thickness of the barrier
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 depoéition would
normaily be between 100 angstroms and 2000 angstroms, which is an increase in
thickness over the fabrication in Fig. 9 (a).

Fig. 101s 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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16. The method of claim 1l wherein the second plasma treatnent uses a gas
m xture conprising two or nore gases selected fromthe group consisting of
nitrogen, NH3 and hydrazine. 17. The nethod of claim 1l wherein the capping
| ayer is a layer of SiN fornmed to a thickness between 50 angstrons and
5,000 angstrons. 18. The nethod of claim1l wherein the trench and via
formation is patterned and etched using a trench first, via second nethod,
said trench having a range of wi dt hs between 0 3 m crons and 3.0 m crons
and sai dppé:ié%aﬁi n e of wdths hetween Q.1 microns and 0.4 mcrons.
19. The 31 SHiNaing lRyq R eY’@ﬁhicgmébBIaé%’ﬁﬁoﬁﬁslsqoﬁtnéﬂdetch whose
chem stry_.conprises one or nore of the gases selected fromthe group

consi st i%&gf’r BLOKomyg ampoprlied Matetigs Cae-)s abbickness ddtweynl F0Q angsuorgs ) |

hydr ocar bong é fluorosul fur, chlorine, hydrogen bromn de, oxygen, nitrogen,
hydr ogen ang 8 (hangstomaranovhisibhassbede formed a Ting drebtchizdlapdr (b4)aivhich cudigr ei n t he
trench and via formation is patterned and etched using a via first, trench

second mbehdayer s&S5i0: br dopet Si@ysunly a8PF@Rg e 1:38r v ftes- &d\ﬁﬁﬁbrhﬁéi&een 0.3
mcrons and 3.0 microns and said via having a range of widths between 0.1

m crons aumth L3 .ndethylsitseqeoxad®or a Ber oilGw ARILEE hstehiFloR-RPorMAGE ﬁbl?mtepe et ch
of

is a plasma assisted etch whose chem stry conpri ses one or nore

gases sek@utAELf A[I{ETbﬁﬂ%ebJQAméB SARBCSHHNIT K gm%on (S)Wt;rféu éﬁbo Jora

fluorine-substituted rocar bon(s), hydroc orosult

chl ori nejavhy st i088 50 LRI A such %Y ydr argon nd car bon
nmonoxi de. Y% T%g n”eg) glc]il of el a?ﬁ\&}fg%sg%%gﬁlg?#é% 1 racei ceﬁtéﬂ%“%‘? t% Formation is
patterne nd i e rrent a t hod, said
trench h ?/L?ngelgﬁfgﬁgggg) é}l\?\?n Oﬁed %13]? hBS é’f&hlg?’ﬁ‘??gb ‘Ef’)n§n® % crons and
sai d via_havi of w dt hs het n 0,1 mcrons and 0.4 mcrons. 23.
The et h%%ggr gla%‘i‘ Fr@@’e P OP%hlgl E%%%F@ formedaeichstep &averi(16h.ch whose
chem st rﬁr g‘f ]:diﬁs one g nore of t hen:gases sel ected fromthe group
consi st i NGGoU bgarIRves phyliean carlifle SN nION 95 BLOK: @eferypchppiiedbon(s)
hydrocarbon(s), fluorosul fur, chlorine, hydrogen brom de, oxygen, nitrogen,
hydr ogenM QAo ebihiskneskbamer 500 apstrime ankd, Bolianghtrahgiomvihisther ei n t he
third plasnma treatnment is a nitrogen plasna treatnment. 25. The net hod of
clai m 1 Wereen formied atseriond lgyensidicltrtsatratnial {18),ainNk3 tpthe i liyeeatd@nt . 26.
The nmethod of claim1l wherein the third plasma treatment is a hydrazine
pl asnma t whahmenbeen 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

ctching chemistry comprises one or more of the following: fluorocarbons (eg. CF4, C4Fy),

hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFy),

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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26 27. The method of claim1 wherein the third plasma treatnment uses a

gas m xture conprising two or nore gases selected fromthe group consisting

of nitrogen, NH3 and hydrazine. 27 .AO0[ .ALy.A 9. A >p. Ai!p2 . A p AL[ . AL!
AL . Ail'p. ALl py. Ai ! p. Ai I p. ALl y. AL[y AL\ . AL>y A\, ALl y. Aly. A|y

\LAX\ . AT 2. A% . AO\ . Al Ay7; <IMb]

Y<n} 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]c:gg]zga]?)cal A *dBZ | cal cal cal cal cal cal ca

ol I #9D% ni cal ca

] ca] ca] qgéﬁe aﬁF‘éI T%’é‘id/é&] £y I&f’&%‘jﬂé %rﬁ]@a‘} ]%@i@ﬁ%@%@é‘ﬁ@a} ca] cal 3338444<

555 6a66687e7788[ 888$

ME>T @ CORESBSIER) dsitrenet ’éé}%laf]‘ %Tlaﬁél]tb%?wmla]a@a}la lpen(28npncithe adcond ca] ca] ca]

ca] cal ca] ca] ca] ca] c ca] ca] ca] ca] ca] ca] ca] ca]ca! ' MNN( SUW VYY[ [] @bbgjj ] qq)

x DxJx z k fielaeimicylaanil k) Ztenpinegt dle tell-stap baprdpr aleaie iv]etclied diraadhctaltiea] ca] caj ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! f =6;

Al sS>| 2" Bysgivaiien Byerd] 2a] 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! Z VhNBIUT_n

‘Th} xsni d_Z] caFiga] 2 slasehenjtcajealseaional wa) oafhe dhealieakiahcalialnal cal caj cal ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal / 4?BUT_n

Th} xsni dsibseqleaebai] oahaainclaohceharlivabaibe gby@;} fRhtRkGRhEALLR] ca] ca] ca]

aJ ca] ca] ca]ca] ca]ca]ca] ca]ca]cal] ca7JM K-y 109
chemical vapor deposition (PECVD) or physical vapor deposition (PVD) of any of a
class of carbon-based amorphous materijals 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 thc 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, oiygen, 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 thé 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 methpd 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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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 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 a microwave source

(2.45 GHz, 100 W-2,000 W) at a pressure between 1 mTorr and 50 mTorr. The plasma
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C-F polymer + (N; or NH; or N2H) — C-N +NF,, CHy(volatile), HF(volatile).

In the case of NH3 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 fo the formation of an etch-stop layer (16), which typically could be a layer of
SiN, 810 or BLOK (mfg. by Applied Materials Corp.) deposited by CVD to a thickness

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

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

Fig. 191s 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, NHa, 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.
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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;

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

forming a second dielectric layer on said first dielectric 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 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.

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 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 1 wherein the passivating layer is a silicon nitride (SiN)

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

10,000 angstroms.

7. The method of claim 1 wherein the first plasma treatment is a nitrogen plasma

ireatment.

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

treatment.
9. The method of claim 1 wherein the first plasma treatment is a hydrazine plasma

treatment.
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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 I wherein the second dielectric layer is a layer of fluorinated

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

12. The method of claim 11 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.

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

treatiment.

14, The method of claim I wherein the second plasma treatment is 2 NH; plasma

treatment.

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

plasma treatment.
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16,  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.

17.  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.

18.  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.

19.  The method of claim 18 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.

20.  The method of claim 1 wherein the trench and via formation is patterned and
ctched using a via first, trench second method, said trench having a range of widths
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.

25



10%&' ()-10% ()-h/bC5 10 10i 109%& ()-i10%& ()-P 10 10 10;

10%&' ()-i S, 10%& ()-!'10%& ()-P/ +dYNC5 10 10 10 10 10; 10%& ()-iv.J

109 ()-iv.J 10%& ()-L*10%&' ()-010%& ()-4?BdYNC5 10 10 10 10 10; 10%&' () -;
109 ()-i109%& ()-i 109%& ()-i 10%& ()- Normal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93] c"A "Default Paragraph Font

21.  The method of claim 20 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.

22.  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.

-23.  The method of claim 22 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.

24, The method of claim 1 wherein the third plasma treatment is a nitrogen plasma

treatment.

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

treatment.

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

treatment.
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27.  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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