;e3e!l *Q LLMcAApQOPEPT* Q t 2NON- CONDUCTI VE BARRI ER FORNMATI ONS FOR COPPER
DAMASCENE TYPE | NTERCONNECTS by Si non Chooi, Subhash Gupta, Zhou Mei Sheng,
Hong Sangki BACKGROUND OF THE | NVENTION 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 r ] terials with higher
conduct i W%aﬁ%ﬁ ngﬁm%i%f@g@%%@#ﬁ@ﬁ WNFavor s the
use of copper (Cu), with ﬁ“}?ﬁ? t he conductivity of alum num and three tines
the conductivity of tungstSht INTER(ONNEGTS) of choice. Unfortunately,
copper has been found to contam nate many of the nmaterials used in
integrated circuit fabrications, 8p special care nust be taken to keep it
frommgrating into surrounding regions. Several nethods have been

devel oped to priampdEheeinbuliasteitptafZivodberShdey dking Sdugd conduct i ng | eads
and interconnects. Chief anong these is the prior formation of diffusion
barriers and liner layers within the trenches and vial into which the
copper is subsequently deposited. Copper inlays surrounded by |ayers of

ot her netal s and thei BACKGROUSD OITHSINVRETION, tantal 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
addresseg. Thﬁeﬂac{f&lil\eeﬁw gr may itself be subject to degradation from
surroundi ng matert al s. e barrier layer may not adhere well to the copper
or to the surrounding material. The barrier |layer may adversely affect the
contact between the interconnect and other conducting |layers. The burner

| ayer may be difficult to fabricate with the requisite thinness in snmall
trenches and lﬁgl.vewcfnﬁe&?@ﬁ%eré topucrorlogEpnics BRIt DRtiEatal s on
the burner |layer, it should be pointed out that fluorinated materials such
as anor piedueheds  forpngepndustigrinterspppect sirughiresthetee petgiedifnem and
fluorinated silicon dioxide are presently being used as interlayer

di el ect r flifi@sipe ehehemiedh spacies dnio dhdp@of sircoundingtraateiald.| ow- k) tend to reduce
parasitic capacitance between nei ghboring conducting |ines and vias. Wen
fluorinated materials are subjected to high tenperature processing (above
300 C), which is quite conmmon in the conplex fabrication schenes of

i ntegratad mbewaphat sfahd Related i try, the fluorine tends to out-diffuse
into previously deposited nmetallic barrier layers and formnetallic
fluoride compounds (eg., fluorine diffusing into tantalumfornms tantalum
fluoride, TaF) These conpounds degrade the adhesion and integrity of the

nmetal lic | ayeA§ﬂ1@@Quét§1%§lc&ﬁprrisjﬂr?é iﬁte%?ét%ﬁ%ei[éaﬂ'onic 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 integTity; which presently favors the use of copper
(Cu), with twice the conductivity of aluminum and three fimes the conductivity of

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



Several of the aforenentioned probl ens have been addressed by recent

i nventions. Nguyen et al (U S. Patent No. 5,904,56S) teach a danascene
process which allows a direct copper to copper connection between vias on
di fferent but contiguous |evels of an integrated circuit. Their method

i nvol ves renoval of the bottomportion of the barrier layer with an

ani sotropic etch, so that the copper inlay is put into direct contact with
t he upper portion of the copper inlay on the level belowit. Teong (U S.
Patent No. 5,693,563). teaches an alternative. et hod fqr sol vi he sane
oubl e | BiFRY SEQR A b BEF Bt gRiDeirol Ry bgiorar e catarit flilet o
enhance the connection properties, lguchi et al (U S. Patent No.

5, 744, 3910 keeR #dFPmy Mg g iniuriodpding Bigi®et i ng a series of transistors in an
integrated circuit fabrication wherein the jnterconnection |ayer is

connect ed to Be¢ieral mpthnids havedeen fovelped toproride contaipment gficoppes depdséied or ned of
any one of a nunber of netals or their conpounds. Stolneijer (U S. Patent
No. 5, 8345 &h8jhctingdedde sndintertdnoects.oChiebimongathesegs teepuibt formetadn éfnt er connect
structure conposed of simlar patterned nmetal |ayers as buil ding bl ocks.
These bl difksicanarrichemddmenigére dvithin the ngsdhenaral viad tutd whioh plewgspes iy r ounded by
titanium (Ti) or titaniumnitride (TiN) barrier layers. Jain et al (US.

Pat ent  Neubsaquédily Bfitdde Adpper MRYHaFrodhddd s 18ydroef the haklk bedihkpn process
of dual damascene structures by coating the devices with an anti-reflective
materi al codhihihde Qfthial Gk BER (SRRAAC ERIFHACH RN A libdiDAN; RBYarPEAkESS and al so

acts a a barrier |ayer %or t he copper” i nterconnects. t hough each of the

above ci i i h applications and i nprovenents of the damascene
el RIS

process, ess certain specific difficulties associated with
the intrinsic ture, of the process. In it ri gus enbadi nent.s,, the
prosent | nventiBRSHPT SPLFiR ol 2 ppertan Son gy FuEiRE b

foll owi ng issues: the degradation of netallic.&grr'e | ayers, by the _
out - di f 1 GRS IGHETREGH TIPS PaYR ATPRIGHS Aspeal FPdE Yhich Suhbe AdiFSSd. | ayers,
the difficulty of using netallic barrier layers to conformally |ine

t r enches Thnkagieplayerrmay eH b spbipd 4 degradation Igmrsugiouriingmateriple. J8e of a
novel class of nonconducting barrier layers to inprove the adhesion of

met al | i c byaier lager thapyeat odizarel wel ppdwe coppeapstotthe surpmodinambteriab Eliedewal k when
t he di nensions of these formations are | ess than 0.15 m crons. SUMVARY OF
THE | NVENIir@eNaferf maysidvebslgciffeatfthe tomsact hetergen the intsrcomeptr amdiotleera net hod f or
preventing the out diffusion of fluorine fromfluorinated dielectric

mat eri al gondiicing gersBTH bdrflelaysr ngly Yealifficalt S abrigge WheR rtquaditecchar act eri ze
damascene i nterconnects. A second object of this invention is to provide a
net hod f @finREEUEIMAIINENERR 288V iad] WittSle@d & th lateéti o SurtduRfink iR AMad £ d
dielectric materials directly into conducting materials that may fil
trenches gand vi i : LG . ) j obj ect of
this invéntloﬁ&?émggg%?ggﬁgéﬁghﬁggﬁg%&P%@mgggggﬁﬁ+%%ﬁ%§g%ﬁ%%&%gg%aterials,
such as er., . deposy i trenches and vias romdiffusjng into

surr ound?ﬁggﬁt% BCtrT g%ﬁgt%l}qnélﬁtg. p'ﬁﬁ/ RS o%??%ﬂn(?%?desﬁm%fh ¢ hdlesag? nvention is

to provi %?esgnt y teri}ggdusfe g.s f%{e%\é%gtdjqucu%% %%:ngfs!: Hx%n low dielectric constants

(low-k) tend to reduce parasitic capacitance between neighboring conducting lines and
vias. When fluorinated materials are subjected to high temperature processing (above
300° C), which is quite common in the complex fabrication schemes of integrated

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



materials, such as copper, sputtered onto the sidewalls of trenches and
vias during. etching, fromdiffusing into surrounding dielectric materials.
A fifth object of this invention is to provide a nethod 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
forming a lini |ayer whose |owk dielectric properties help to reduce the
pr obl ens %@E“cﬁﬂg{l%%w% #ndyform apetalic Hugrideicompeends desutupriae diffisingrigo

i nterconnects and ot her neighboring structures. A seventh object of this

i nvent i offntadumdopsdentalumaflyasidsoBai)oThese camneunds degrade thaydiresionghd i npr oved
adhesi on properties between conductors and porous dielectrics. An eighth
obj ect ofintegrity of e erdtilbnlayers tod lerdtd their delamirtatan.f or forming a chemical ly
inert spacer |ayer that protects surrounding materials fromthe effects of

et ches and poSeveedlaif tioifsrementiined pribhanstia0e bamesidrebitd®peeabodi nent of the
present invention these objects will be achieved by the chem cal vapor

deposi ti avehidfs) Npuy@ivtsl qalS. PaRer N6 a6 PRad Y PimAferR phQRsBhidh | | ¢
spacer |ayer interposed between the surrounding fluorinated dielectric

mat er i al aBags Ak Bbilcf kbbbl U berh@erPARL s BRAPH TEQl, e pr esent

i nvention particul arly sui to trenches and vi as ose m i mum di mensi ons

ol asma: ohnaneLd SRl PR, TR AR tsehor o sRIER eRichafor

giegﬁzict Ir :ﬁ{(} téagr%{egt zg(r)v]e{ W%h%ralrliisgtlr'oplica th}rx, s6 That &se%((:l)plg)é‘r hﬂg}? is%fut 1%tocc|li?esc% ccgtack: ow
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
sertes of transistors in an integrated circuit fabrication wherein the interconnection layer
is connected to the transistors through a barrier Jayer 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) bartier layers. Jain
ct 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.




(l'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 |ayer of polyaniline or by nodifying its surface to a

hydr ophobi ¢ condition. Such anorphous carbon-based naterials will prevent
the out-diffusion of copper fromthe conducting interconnect inlay and,

therefore, obyiate.the need for an,additional, netallic barrier |ayer. In
yet anot her eé@gﬁ%ﬂﬁﬁghBEE?ﬁ@“ﬁfﬂg%ﬁwawHWQH??%ﬁthﬂggﬁaB jrarogenyy  pe
achi eved Péﬁﬁmgégsna treaég%g%,of @Ee flugrinated dielectric surfaces to
form thé& aMaSCERSRQERSS,APLGH hpedresa sertain speciicitficuldies pssasinied®i® t o bot h
fluorine and copper out-diffusion and which may, therefore, obviate the
need f or thedniasic npyrae! thepmress.c Ity varieps erahedimenR tRFPPRSCRVEAIBN OF THE
FIGURES Fig. 1 is a schematic cross-sectional view of a multi-I|ayer

m cr oel ediffeshiren thesh citechabone bp ridressing thédbllbwingdissuon tiof ddghelatioresich and vi a
of a dual -damascene type of interconnect. The interconnect will ultimtely

pass t hr owetgilid begriehileyeechy ihe ohgifiusion bfifle@tredraan duedriiaicticl tdidcd iawer
conducting layer. Fig. 2 is a schematic cross-sectional view of the trench

and vi a fisehiyee the Hififgtydifakng avRAEERRriEYRRer Rl RLERMBBE tind¥ibicheas now
been etched out by any one of several patterning and etch schenes,

I ncl udi ngndigs bf ditdensibh RECHad D18 niGonSSld th&lde WGVl (BRE bEghnt! &) - Fig. 3

. y e :
is a schematic cross-sectional view of the dual -damascene trench and vi a

formati og, uEﬁ'né %ﬂéﬁ&@r& fog{nﬁﬁfv@'tﬁe{ %dggé{rr%{ %I}(}ggljgﬁﬁg tb el 12! (%%%&l 88“ rectly over

t he exposed surtfaces accor gtot e cu fPand not

{1 uori ne o Rane ol G BEER b RO nEom e’ BrBaiRe PeleBbime.

nmetalilic ﬂ rrier layer so fornmed. Fig. 4 is a schematic cross-sectional
view of P WD out trench and via of a dual - damascene type interconnect
done in accordance with the nethod of the present

SUMMARY OF THE INVENTION

A first object of this invention is to provide a method for preventing the out-
diffusion of fluorine from fluorinated dielectric materials into the metallic barrier layers
such as those that characterize damascene interconnects.

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

A third object of this invention is to provide a method for preventing conducting
materials, such as copper, deposited in trenches and vias, from diffusing into surrounding

dielectric materials,




invention. Unlike the via illustrated in Fig. 2, the via in Fig. 4 extends
only to the passivation |ayer over the conducting |ayer and does not
penetrate it. Fig. 5 is a schematic cross-sectional view of the trench and
via formation 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 schematic cross-sectional view of the
fabrication in Fig. 5 with the non-netallic CVD or PVD | ayer renoved from

hori zontal surfaces a.fi.rst anisofropi.g etch tq | eave barrier.spacers on
vertical surf ‘gctag%&h ?ﬁéc.t(’;ﬂ?l%mé{e@ﬁ?é tI?YEVlﬁ? Bg‘seﬂ?élg.?‘i RYnIDE EoRdYFtinghe
fabrication in Fig. 6 subsequent to.a secopnd anisotropic etch to renove the
passi vat F@ang‘y%prcgélﬁ&o@%?bég etr‘ﬁtor@‘bﬂi‘]‘ﬁ&ei‘”ﬁgs ?’iﬁé‘?hesﬁﬂé."l% dpEng schematic
cross-sectional view showing the formation of a netallic barrier |ayer over
the fabr Ftehingotiondiffiysing into syprgunding dielgetsic gaterilss f abri cation, done in
accordance with the nethod of the present invention, is to be contrasted to
t'he fabri cati érfifiholiieqy of this inkerdieniistoduerdds mmathod o eerdenwillyhinitge et hod of
the current art and not in accordance with the nethod of the present

i nvent i otrenches ardl Yas Ohoss aspestirbonire contimmsly renhsingafith\eachnectinolon® :
dual - danmascene formations lined with netallic diffusion barriers. Fig. 9

(a) depi gemseritin, hhapitowihy thepoasRrt usd/ald KEnsms 6eBshptrmiRédnALts i | e Fig. 9
(b) depicts the reduced aspect of such a formation when applied to the 0.15

m cron agevibewIned Qengiabi gé}lepdftioﬂiaﬁ({g@()gg_t ronics devices. Fig. 10 is a
schematic cross-sectional view of a milti-|layer m croel ectronics

fabrication ol $fif ofiedforthis FRBn@Rs REYIH ASREHAE (0P RorRing REQSIG&! T ONi Cs

devices within
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 providé 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 trénches 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



whi ch a dual -damascene type interconnect is to be forned. Fig. 11
illustrates the design paraneters that nmust be considered in formng a
dual - danscene type interconnect in a 0.15 mcron and beyond generation of

‘m croel ectronic fabrications such as is illustrated in Fig. 10.. The figure

also is a schematic cross-sectional view of the patterning and etching of
t he dual -damascene trench and via in accordance with the nethod of the
present invention. Fig. 12 is a schematic cross-sectional view of the

fabricatin ,i\n FEi 11 subsequent t he fornation of _.a non-conductive
barri er @Wéﬂﬁﬂwgﬁ?ebmﬁlﬂgég@ﬁﬂ%&tﬁ%% B‘? ?ﬂ"ﬁ‘.tedlo‘?nfoémﬁﬁ%?r?ermt ic
cross-sectional view of the fabrication in Fig. 12 subsequent to the

appl i cat FBFKOGFS ol SARPABEFTS Y kese Far crampleel sflonanachiallow-k mgteral (FP§. 14 is a
schematic cross-sectional view of the fabrication in Fig. 13 wherein the
trench aké2vi)hah adhergsergll tojothes dielgctric matedgipelts adhesign tonedppoeen evendbe h a
passivation layer. Fig. | 5 is a schematic cross-sectional view of a

mul ti - | agehanpédchyodspesitingitiovs & miw layat ofpolyanilowe or by trveli ffmg imtsidscead a

dual - damascene type interconnect. The fabrication consists of a

conduct i agydepbdhiat@ditinc ISuels araophpypatarttubinisdah serialy @41l plaveh thas been

formed a first etch-stop and passivation layer and a first lowk dielectric

| ayer. Fiogt-diffsibs pﬁc@%&eﬂ_ﬁh itite Soh@SEmS SRLIcOMNRLt Mia§Wn® thdrBRrs 8BRadkaRy | cation
in Fig. 15, wherein the first lowk dielectric |ayer has béen subjected to

@ nitroggased oY M AdditihalheR akfs et r €at nent of its top surface. Fig. 17

is a schematic cross-sectional view of the fabrication of Fig. 16, on which

a second etch Ins§fé? le)tﬁé{-eelinb%ﬁgneqlt R Bgeslerﬁ\ﬂi\}%nf%nef lﬂ?e%;[: (r)l!aj (e:ctls Ffhe Qc%Ye%e(? een

f_or med.

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 seif—alignment (buried

via).




Fig. 18 is a schematic cross-sectional view of the fabrication in Fig. 17,
subsequent to a nitrogen or NH3 plasma treatnent of the top surface of the
second lowk dielectric layer. Fig. 19 is a schematic cross-sectional view
of the fabrication in Fig. 18 upon which a capping |ayer has been forned
and a trench and via have been patterned and etched. Fig. 20 is a schematic
cross-sectional view of the conpleted trench and via formation. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS I n each of its preferred enbodi nents the
present invention.proyides a nethod far farm i ned conduci .

i nt er connect sizl,g' gb{:)ansc OGRS Sqena Qﬁ‘ﬁ?@gﬁéﬁ%‘éﬁm}sﬁ?ﬂg%&?ﬁﬁh@ﬁg‘? in

m croel e¢troni CS.L%%)H C@gi gns.. Whe fprr@d i.n accordance with the nethods
taught i FPRELEWER Sedretalic Sapishianemayingbren fommed ety orer e P¥Posebt ect t he
surrounding dielectric materials from copper out-diffusion and al so protect
the 9  FHTaspraRaeing tpitiianethpdal thp suwmeny er gad aptiusipgshometipd of thee
out-diffusion fromfluorinated | owk dielectrics. In one of its preferred
enbodi nmeptesent fryentiony erttei agiowis poimé tat dreasl vehelrs/ flearineevdll o to oetdiffuge and :

i nterconnects of the reduced dinensions required in the sub-0.15 mcron
gener at i degrade the propettiec vf tha hesliclimtiadiyedss forlmed.st Pref erred Enbodi nent A
first preferred enbodi nent of the present invention teaches a nethod of

form ng a nonFiget & 4 dcbeldatid dréds-dedicial iowldf uRrdidiRd out trach basiiadrihat can be
applied to the formati on of conducting interconnects, such as copper

danas cengndlRfabdth€ iyp@ MG hthect ddnBif 4R6IRALS Wil £3 nfdid Fhd HB8nt The net hod
can be learned by réferring to Fig. 1 through Fig. 8, in conjunction with

t he descijRLigNsh : ' j 1,4 El ig. 3, there
is shown a sedrﬂl?es 0 q%%cﬁgﬁiausﬁ%glﬂla%}g?ﬁstﬂ%ﬁ%%s lé'aé% fg%t%l S%ngglrél cation of a
dual - da ne type of lined. conducting interconnect. in accordance wth the
met hodsng%%ﬁﬁgo%%i ?reoﬁrf rngF tc,m%lﬁﬁng?% eriaﬁ‘ggg%sorﬁoagﬁll@ga‘%nfh t he nethod of the
present inventiop. These figures are used_to indicate the gdvantages of the
D esent i nvenflionis T4 gemate dieech wehdRmAf becach Sabte Fomaion fgh ot
m croel ectronics fabrication within which a dual -damscene interconnect is
to be fofhEd: ¥ qoxeed b%pingprmeis layadepositsd yamateed efypbemiczbyaponni ch i s
typically a .c_oyer@cu) conduct i n&qﬂl ayer, but which can also be a tungsten
(W | ayedenrssitigndovibl) waphysirabyapar deriositior CBYBEr (Al -Cu) alloy, titanium (Ti)
and titaniumnitride (TiN), all of thickness between 2000 angstrons and
15, 000 angst r bigs ¢ ismsohvbinetiic drass-doetiomal vewed tie: folassitivain Fig. $ aitkthe( 12) , whi ch
typically 10

non-metallic CVD or PVD layer removed from horizontal surfaces by a first anisotropic

etch to leave barrier spacers on vertical surfaces.

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

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

accordance with the method of the present invention.




could be a layer of silicon nitride (SiN), of thickness between 500
angstrons and 5,000 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(Teffon), 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 frrst dielectric layer (1 and _on whi ch_has then been
formed an opt ?’@nglls TPy qf&%ﬁ@ﬁct(%'eg‘,’lgm%’r@ 8‘8@11‘161“5%3%3 fogpationgdined N of

t hi ckness between 500 angstrons and 5,000 angstrons. It is to be noted that
et ch- st ofithayepllie diffitsion barrises diie sl femeds thiershaneeliapresent dugledamasprmei t ance of
the fabrication needs to be reduced. Fig. 2 is a schematic cross-sectional
vi ew of fdrmatiemritdlethio® Ghdepicts the Fedyced aspedi of quodrat fotnmationevhpatpgiadi ng and
etching of a dual -danmascene interconnect formation consisting of a trench
(22) andtatheiOd 5(r2idyan antl ibeyonid zenqretion «f niibmeléatrbrdyedevickd)) . The wi dth of said
trench-is between 0.25 mcrons and 2.0 mcrons, the width of said via is
bet ween 0. 15 Rigtl0i% RAEMAicADosiseEtNSsL vidhor 8 haiti-tYeDhREQTE160Is1 St s of

pl asma- assi sted dry etching wherein the etching chem stry conpri ses one or

nore of fiichiin SMhE L5 Fidton BEPBRBAS g&ﬁ%_ﬂig%)%ﬂmi&@ﬁé&ﬁonm deReay \pﬂ{}% i:6)

fluorine substituted hydrocarbons (eg. fluorosul furs (eg.

chi or i ne s ARefy e RBIIGp. BEKARRsc N b iRY5qar 90N, hydrogen and and
€,

car bon nopnoxi ereln e choice of chenmistries is tailored

appropriatel ygto f the different ers.. 11. _Fig. 3 shows the
i nt er connect Fl 'rlligasﬁi%t%y%l d |1%I}pafarﬁ%{§°fisﬁlbﬂ%%ﬂx}@%%%Slp?rﬁé&f’W & netallic
barrier ‘laye 26),, which could b l.ayer of material. such as tantalum
nitride %M?%i%ﬂ?‘ﬁ?ﬁoﬂﬁq%&égmrgn gn¢ generati Okness of bet ween
50 angstrans and 3,%33 angstrons, b-f{ a process such as PVD (eg. deposition
by sput t BHFRgectiomt fhrications sichgs rillwdaledvip £t hoa d badighwralsriy aor CVD. The
arrows (28) indicate the surfaces through which fluorine out-diffusion
woul d océehiemagic grosesqglionad viesutiseopatisrning gt etehieg of the duahdemessing st eps at
tenperatures exceeding 200 Cto 350 C. The outdiffusing fluorine reacts

wi t h t he tieh¢hemdvg @racedrdange fsothrithenmethod of thelpeesemtdnyntion.y adhering netal lic
fluorine conpounds such as tantalum fluoride (TaF). Fig. 4 shows a
schemati-c cro¥i: $2td whahatic evisabetionel Wewef the@hgRheat ang.ad fabrication of
Fig. | now being prepared for the formation of a dual -damascene

i Nt er cCONREEEqRGERIEE fifimbifort 418 1R Adudle bRFePSRFEIphdul EBbA-BRsedA trench
(22) and via (25) have been patterned and fornmed according to one of
several mpkdhpgs known in the art, such as trench first, via first or a self
alignment (buried via) schene. The trench is of width between 0.25 m crons

and 2.0 mcr O@% tl%ﬂ&%ﬁ%ﬁp?%&%&s&#ﬂ&ﬁﬁé%?@e(%ab]i"?ca 101%15%? land 0.4 m crons.

| n accordance e present invention, tThé via (25)

extends only to upper.. surface of th ssivating.layer (12). Fig. 5
shows a S‘Q?%W'EP? %ﬂﬁ? gg’@%tbo&qf&ﬂﬂ?m?ﬂ% ‘%?ﬁﬁ’rfge E%fﬁﬁle%iut‘f%@rect roni cs
fabrication ﬁ%. Fi % 4, wherein a non-netallic |ayer (., 15) has naow been
formed by a mbh&dISHt sCRERACCIPSSwEHInadps of thedpbrication indig.JRydieEdr vapor
deposition (PVD), to a thickness of between 50 angstrons and 5, 000

angst r omihe treyeh pad wp havieheer GHedwithlalopppar iday aild coxgnsd sdd anassivaion of t he
trench and via formation, including the exposed portion of the passivation
| ayer (12yemnd a portion of the surrounding capping layer (20). The non 12
metallic |ayer(15) can be forned of a material such as silicon carbide,
boron ni tri deFige&f bonschematicteodsaeaivnalbsib® bf B infulti-ty eOmichsylefrogias bi de.

=)

fabrication prior to the formation of a dual-damascene type interconnect. The fabrication



Fig. 6 shows a schematic cross-sectional view of the same m croel ectronics
fabrication of Fig. 5, subsequent to an anisotropic etch used to forma
spacer layer (19) fromthe non-netallic |ayer (shown as (15) in Fig. 5).
Sai d ani sotropic etch consists of a plasna-assisted etch wherein the
etching chem stry conprises one or nore of the follow ng: chlorine, boron
trichloride, oxygen, hydrogen, nitrogen, formng gas (a m xture of nitrogen
and hydrogen), fluorocarbon(s), fluorine-substituted hydrocarbons) and

o0 oSG ki St R IR S L | e
17), partially. remved said nonmetallic |layer material fromthe etch-sto
I(ay')er E ufered a{fﬁﬁ)e%ppggtﬂaéﬂwﬁmpmw%éli%ﬂlo%lfld‘t?@?t&lcllilﬁr‘l ayer materi al P

fromthe passivation l-ayer surface (13), leaving said nonnetallic |ayer
material on t Ftg V@i%a whpmaigoresssectionak view of hespme fabriggtionfinFigatlfon ( 19) as
shown. Fig. 7 is a schematic cross-sectional view of the sane

m cr oel e®thewi bs firdbow-salidlentriokydi hgs bén whissted tremtitbgema hfdmtiheor MHehi ng

whi ch renoves (at (21 )) the passivation layer (12) fromthe conducting

| ayer ( 1@lasie treattdeni of itsThpeswfacdi ng process consi sts of pl asmaassi st ed
etching wherein the etching chem stry conprises one or nore of the

following: fl B 0T trdxehemitRErosshsdotiondingdw o @ TAGREAGHSE Fik | 16064 Rich
substituted hydrocarbons (eg. CHF3), oxygen, nitrogen, argon, and hydrogen.

Not e t hak seuthd BRI 18§ RhDY sRIRE Bk UL cRid By S Wb BIRETSHAT Penetration
into the conducting layer (21). During this process, the barrier |ayer now

al so acts as_eiDiOICLLh YRl NS LAALRKE Le o ThaLAN, B he sputtered 13

conductor and its oxides into the surroundi ng ricy which is

uctor and S _surrou Fectid _
O oss- st emidRbechior ME RS S FEIRT L e b adoBnflo 8 g, 7

subsequeﬁ%ltﬁ%the wet or dry cleaning of the sputtered conductor (not
shown) af EHE B mation of a metallic barrier |ayer (22), which conprises
a |l ayer of, bgt i$,not restricted to, TaN, TiN, W\, or tantalum or

met al - si | i conti8 L7 iSfeschematicifrestrsetionplarion ehths dabricgtian e dSdpen 000
angstrons. The fabrication is now ready for the insertion of a conducting
Cinlay, tYHdAappiagdayeplss been Bympdanbalirpychiané viadpwe beengattohedapber over all
surfaces of said trench and via formation (not shown).. Conparison of the

f abri cat eghed.| | ustrated in Fig. 8 to that illustrated in Fig. 3 shows the

i nherent advantages of the spacer layer, forned in accordance with the

met hod of t heFig 26 &rd schenastivtarens,sedtionpl @ye Bf the @ofbRtcdUtendh ffdsgh on of
fluorine into the nmetallic barrier layer (22). Second Preferred Enbodi nent
A secondf@nafies.r ed enbodi nent of the present invention teaches a nethod of
formng a non-netallic 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 mcron and beyond generation of

m croel ectronics f Sﬁaf' : referring to
Fig. 9 through Figﬁﬂ§ , |Eﬂgﬁﬁ?ﬁﬁg??§§&§#?ﬁ§?9@ﬁﬂ§§@?@@€F§§s bel ow. 14

Fig. 9is an illustrative schematic diagram showing the |iner shape of a
typi cal dual -damascene trench and via formation. In Fig. 9 (a) is shown the
outline of SUﬁQ aEfPrnat'on as. it. would be found in the present generation
of mi croel ect PR ST ¥Spreferts ephediments the Rresenbinvention Presidas aimethed 81 f or mat i on
is between 0.25 microns and 2.0 mcrons, the wdth of the via is between
0.2 ni cr ¥BURglped candhcingdnisTopRrEctsheuethisdonperslualf dampecdsartyneer deposition is
bet ween 50 angstronms and 2000 angstrons. In Fig. 9 (b) is show a

conpar abigertemaeis,i ymiggoelactromiot fAbbieatioosiNWhem fdrimed & ackbrdandaerwith thad beyond
generation of fabrications using nmetallic barrier depositions and not done
accor di ngettods ieghreh ese plefited embediarhts] e enéicaihect M1l bldwetstHeat i on i s
solely for the purposes of indicating that the reduced aspect of the trench
and via kitrduning didlecTidnateAils 20t QPP ABRRIGA AhIWP#bider thd) tUrn, require
a thicker barrier deposition, thereby placing nore stringent requirenents
on the physical 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 microns and 1.5 mcrons, the width of the viais
between 0.05 microns and 0.3 microns @nd the thickness of the netallic
barrier deposition would normally 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 m croel ectronics
fabrication, including a mcroelectronics fabrication of the bel ow 0. 15

m cron device generation, wthin which a dual -danmascene .interconnect is to

' r N 1 —— r 1 o, o L Y T D A N\ I L -



whi ch has been forned a passivating |ayer (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 . Cor p. or | ayer. of iporganic pol r.. such as.hydr n
o' sesquitstantis Ber fondChaie rlRE RS PUiE TR foRopikHialed -
aforenentioned.dielectric films, of {hickness between |,0Q00 angstrons and
10, 000 ak&&?cs}ré; Ta '11’?'}?“14]8’%@‘10%%1??‘]1“8?‘%éih“a’ﬁ"@%“é’ﬁ-“sﬁ%cq %rﬁfe%mfe%r, whi ch
could be a | ayer of silicon carbide, SIN, SiON, or BLOK (nfg. by Applied
Mat er i al Sregggyiniercoppecteldhe eadycadetimersions genuinsd 61 the eb-848 nECWB0 angst r ons,
on whi ch has been forned a second |ayer of dielectric material ( | 8),
si mi | ar generdtiwnfof myerotlagteomicsdebrisationsi 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, \HigtPlefeégtedPmbodinhend! | gned schene. The etching
process consists of plasma-assisted dry etching wherein the etching
chem stry conpri'ses one or nore of the follow ng: fluorocarbons (eg. CF4,
CAFs), hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3),
fluorosul furs A(gg %ﬁ%ﬂ el &?ﬁl'eﬁ't%ftﬁy[%@&gﬁﬂvg{n%ﬁlt %hesoaﬁﬁ&ﬁ&io Itrogen,
Hd_an e, erein ec

argon, hydrogen a car bon nonoxi ol ce of chem stries

is tailored. ropriatel,y to.the nature of .the di.fferent | rs, . The dashed
| Tnes. (1 RERROPERRHE Hal? Ve e RiathE o8 SR i BT amnEh e, Gy,
allowi ng . for .the.thickness of the uspal barrier |ayer. The solid,vertical

i nes | ndfEtieR TEoRIYGIRE JRPIEAROCS AR 25 EPRPSE CARRRERGY BHEISHPEFIS T, r equi T ed
to fulfill those desjgn paraneters. The _ trench is etched_through the

opt i onal THEBERFEPCE fRRTICEBNS- dhg matrdsar b dpagied baseterring tafig 1 dr8yeh st oppi ng
at the etch-stop layer (16). The via is etched through to the passivation

| ayer (1%)g. 8Fingonjpaction withhdaseripionsrbslav.sect i onal view of the formation
shown in Fig. 11 subsequent to the formation of a non-conductive barrier

- (26) by the pRafEmmgmivatedég G FeniZaatl Fum pothentdp gmimin omeriéRERYBmarc physi cal
vapor deposition (PVD) of any of a class of carbon-based anorphous

mat er i al didgtanss illiNieking dr fabridadibyetadubfAaangste QpSofilidd 3oRtiapgst rons. Sai d
car bon-based anorphous materials can consist entirely of carbon (eg.

di amond) iRErce@iecCiANBEdrMcs MiBTRe MethBdTehOEurFiRf £, BuPARAA sccbfdantd ffn Peri odi ¢
Tabl e that are neither a nmetal or a conductor, exanples including but not

restrict { L ' LWLy fe), LOf | S such
e PTrE R B B B o B Dosi 11 on
confornah%yrﬁgﬁpﬁ§mhgﬁ walls of the trench and via as well as the upper
surface of T he capping layer. A further treatnment in a furnace or an
apparatus for _rapid thermal annealin A) hetween 200.C and 450 Cto
Gona! Ty the DS PR E B OOTS P HaTH HEY B8 Hraler Bepiry e sRary. Not e
that the harrier properties and dielectric properties of .carbon-based

ot er i al GBI F RSP ENSIORBIECHS b rmggh oLhe Tabrnaier FOTRPESASt ant i s
k=5.7, to that of Teflon, whose dielectric constant ranges between k=1.9 to
2.1, by waeydusng kaercdph odiiahiip fypisfally eopper fow condudtiag feyee ppigwvhich can

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

f abri cat iabn ben tEigyten {W) dayles ecpiemebitwicant airsmim-eppper éhleGu)edlioyhe
carbon-based | ayer to forma spacer |ayer (19). 17 Sai d ani sotropic etch
consi st s tidnivan Plijambs@asisisiieiile TN, Mhef thickndshbetelcen2 09 mbaronsd4and conpri ses
one or nore of the followi ng: chlorine boron trichloride, oxygen, hydrogen,
ni t r ogen,5fon0 BhgeofdSord Whidh Xhdteen Brmi bipageta @qy@b’glz)?%ﬁt)h ?ﬁeﬂly
fl uorocarbon(s), The etch renoves the non-netallic barrier [ayer fromthe
optional capping layer (20) and partially fromthe etch-stop |layer (16) and
passi vation | ayer (12). The carbon-based barrier |ayer remains on the
vertical walls of the trench and via to forma spacer layer (19). The
passivation |ayer (12) is subsequentl|} 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,
fluorine-substituted hydrocarbons, argon and nitrogen. There i's sone
penetration by the etch into the conductor, hence the non-conductive
barrier acts as a protective |ayer to prevent diffusion




of the sputtered conductor and its oxides into the surrounding dielectrics.
Fig. 14 is a schematic cross-sectional view of the conpleted interconnect,
wherein a conducting inlay (22), such as a copper inlay, has been fornmed by
a deposition of copper over all surfaces of said trench and via fornmation
and théen covered by a capping and passivation |layer (24). In accordance
with the nethod and objects of this enbodinent, the final dual damascene

i nterconnect for sub-0.15 nicron m croel ectronics devices illustrated in

i Chout £dd BF FBREERYIPp ARG st Bttt § ek o dPoiangiPiBnd S 0B &
the gﬁ??%%érﬁpbariﬁ%g%ﬁ%’ﬁesn S R LS B ol S g o

preferred enbodrnent of the present i nvention teaches a novel plasm

t r eat menf! ow-k Haodsaiespefes] spelrass bymot restricted e KSGniuarinatef pelimidsns of a
dual - danmascene type conducting interconnect, thereby achieving a fluorine
out - di f f eRPERoBERydresarhgn; Rutlene Feor RIEE(Feflonk of drdinessdretiveearl¢D00
space-consum ng material |ayer. The nethod of this enbodi nent can be

| ear ned bygstrefeand h@OdMarigveomsionestsclohas bberf foymedan ctbh-glop 1dyet (I6hugh Fi g. 20,
together with the description below Referring first to Fig. 15, there is

shown a sivhroatidbecs 1afs o8 SIN biOBLOK (&roffi ApslRUACAERAE Corpliakkilieah b@de W t hi n
whi ch a dual - danascene type interconnect is to be fornmed. The fabrication

conpri sesf tickABRbetwdal sh@¥@strbrhd hnd $ODE BndstBing %nlmaphas%eeﬁf&mewper | ayer
of thickness between 2,000 angstrons and 15, 000 angstrons, on which is

formed aspaseldel 6ﬂ8w|kat¥xﬁ{nn§§eahlelé@§&ccﬁg%%ﬁ'(? | SithiaPH! fle B BiclBYRT OF SIN Cf

thrckness bet ween 500 angstrons a §trons and o is fornmed

a first, 0, ric la 1 d. be a | ayer
of FSG 114 %’\,\tﬁ%“@‘g“;’hﬁ@?‘%d%‘ ng‘ifﬁgér’ iy ‘B%%‘S%F}é’ VY%’“E%@ é‘ﬁ% F or PTFE
(Tefl on), b itiag n ting to a
{hi cknesE? rara@iwer %%ﬁ“oﬁ%g@ea?ﬁeraﬁﬁf Sroatigoe g soBrgrs gt 510 o
_‘schenatrg S- sec |on? vi ew of_ the fa rrcatron in Fig. 15 after a first
pl asma t PEEP Hﬂtat Bieh-s108 185pE0) g%rrbe&eeeepme%lffther igterdvel eapasitaace elyibe ( 14)
with a nitrogen, hydrazine or NH3 plasnma. Said plasma is formed in a
chanber #hsicaion ngefls tedeaedused.be generated by an RF power source (13.56 Mz,

100 W2,000 W or a mcrowave source (2.45 GHz, 100 W2,000 W at a
pressure bet wEwn2 is afcbematinaoSosentianl viewhd thel falsmitid® shown in Fig. 1

subsequent to the patterning and etching of a dual-damascene interconnect formation
consisting of a trench (22) and a via (24), which is open to the Cu layer (10). The width
of said trench is between 0.25 microns and 2.0 microns, the width of said via is between
0.15 microns and 0.40 microns. The etching process consists of plasma-assisted dry
etching wherein the etching chemistry comprises one or more of the following:
fluorocarbons (eg. CF4, C4Fg), 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.

11



treatment forns a "pseudo-carbon nitride" layer (15), indicated as a shaded
regi on, on that upper surface, by neans of the reaction: CF polynmer + (Nz
or NH3 or NZHZ) ~ C-N +NFx, CHx(volatile), HF(volatile). In the case of NH3
or hydrazine plasma, it is expected that hydrogen may be incorporated into
t he "pseudo- carbon nitride" |layer, possibly as a CGNH type polyner or a a
C-H N type polynmer or as am xture of both. Fig. 17 is a schematic
cross-sectional view of the fabrication in Fig. 16 subsequent to the :

o RS R AL
hi ck f.. A e ) d 5,00 he f]
i e et PEA BSOS Bl gt U POf s Sl Qo e BN vor | nat ed

dielectric layer (18), simlar to the first such layer, on said etch-stop
| ayer. TRENDArftawim ndtidsy(Tily, dprmed ip @ thieknssreolbstwesn A0 angstroms apdt er | evel
dielectric capacitance needs to be reduced. Fig. 18 is a schematic

cr 0ss- sed08 angstroms iy gfpredses fugh rs B¥Di (g depositiap bylsputiere tpnenttatk o a NZ,
hydrazi ne or NH3 plasma treatnent (as descri bed above) of the surface of

t he secoplisinewr kollivetatipide intagheiyey) of C8)D. The dnowm (28)"ipdieatel thegarhan nitri de”

| ayer (30), indicated as a shaded region on the upper surface of said

di el ect r itmohghywehich fugrinelt-dEFfiRichohai@bictr 8 DRBulbEGuboaatnt highw of the
fabrication in Fig. 18, subsequent to the formation of an optional capping

layer (2€mpcrdtine r&c)éﬁbiid(‘%adtép‘é a@f%ﬁ{p@ralﬁﬁ‘esaeﬂc@éﬂg[ o & Y 38H° ¢ hirrkpg@ss bet ween

500 angstrons and 5,000 angstrons and the patterning and etching of a

dual - da TRERRNE doBRE Reakid %)ithﬁﬂ(gm\(ér el hof ﬁﬁH%erQritﬂEEﬁ% Pg&ﬂ)ﬁ@%ﬁ i 20

| ayer ( 12) s been renoved by the etc opening t derlying
conduct i L RLL My asfi et s schematic cross-sectional
vi ew of %%éﬁ%gﬁqr&é%?ggne fg%‘%ﬁnaasttiﬂgﬁlu}ngﬂlﬁng\fé\%ﬁ )‘subsequent to an isotropic
and ani sotropi,c Nz, NH3, ~or hydrazine asnma .t.reat ment. "pseudo- car bon
N tride | ayef EAshoRs %Bs%atﬁ%ﬁfmﬁewr@h‘ev@fheﬁm@%%ﬁ@&“@ﬁ?ﬂr aces (31).
In accord with the objects . and nethods of this enbodi nent, this final
dual - dang@%ﬁéont%%ég-floq%bqwre%e%%w%@wﬂoa of geperdamasespedi rect | y,
wi thout prior formation of a netallic barrier |ayer, by the deposition of
copper ovEpreameclsageerdmgdo gie methef efitpptigsenh thvention gk trenchdA2) andtvias@Bown) or
as in the conventional art, first accept a netallic barrier layer followed
by a coppeve hegh pyiterisl dnd fomudrastarding by orze @feerewa gdthddsédown it the agty t , t he
preferred enbodi nents of the

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

width between (.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) qonformally lines all
exposed surfaces of the trench and via formation, including the exposed portion of the

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

t he present. .J.nvention i.le sti.ll proyidin dual -.danascene. type of
conduct i H}j&"}ﬂﬁctmgﬁrcglrluﬁed@fl%? I’ﬁ%ﬂmlag% § Hﬁ%ﬂ%%bé‘g F@C‘?I} %‘i’lﬁﬁ 5%81&@&'1‘1?1 usi on and

copper out:diffusion and can,.in one enbodi nent, be used in the sub-0.15

m cron g&HEPRRITAF koot ‘B’e‘P@ElePBEPr@g C\gg’ cations formed in accord with
the present invention, as defined by the appended clainms. 21  Wat is
clained is: AFigefsbows pichematis @ossssetticial vaves thereme yperoslseigmesi ng

i nterconnect within a mcroelectronics fabrication, conprising: providing a
| ayer ed $abrigatiaprad Fag) Shsubsequentto @d anisotsopid etclpeseddd fami xspaabayiec @) on, sai d
structure conprising a conducting |ayer, on which has been forned a

passi vat ifirog: thayen-metliodlayariishoas d3€e5) ifi Oigrdy $aid hmisdtropicadtecdonkigtsloiyer , on

whi ch has been forned a second dielectric |ayer and on which has been

formed aphappiatgstébstel whain the Bihige aRdniefr¢ Borfisds biichGhordBdthgi @ structure
t hat passes through said capping |ayer, said second dielectric |ayer and

sai d firgglcHifs: @GIdkhS, Ho?dfﬁ&icﬁl@ﬁdé’&k%?hy&r@%‘ern,eﬁ&og&ﬁf(ﬁﬁf-iﬁk %?ggi vating

layer; formng a non-netallic |ayer over” alT surfaces of s trench and
UL Lo O, i e ROTRIE BT SORE I ERS 5
eteni ng AlEaEheA e e e Pe rln e Binted BERPBAT I g et s he
cai d t r e REAs (09 & P R Paderng et e Halaurialy apvednoaper -
confor ma-llnle alﬁco I\Q.%rsmaﬁ:griiﬁ ﬁ'sc>l5lnr Ehg%‘%%l-;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, C4Fy), 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




depositing copper over all surfaces of said trench and via formation. 22

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

| ayer of thickness between 2,000 angstrons and 15, 000 angstrons. 3. The

met hod of claim 1 wherein the conducting layer is conprised of one or nore
of the materials selected fromthe group consisting of alum num copper
alloy, tungsten, titaniumand titani um oxi de and has a thi ckness between
2,000 angstronms and 15,000 angstrons. 4. The nethod of claim1 wherein the
passi vating, |l ayer,is a.silicon nitride. (S I r formed to a thickness
Dot ween EOUMGY B RS o Gt npbling ek, AR Rl sh iBpartait whor of n
the first dielectric layer is a layer of fluorinated dielectric material of
| ow di el SEtPPLEBISEPRET (1 ow-k). 6. The method of claimb5 wherein the |ayer
of fluorinated dielectric material is selected fromthe group consisting of
FSG Teflon, Parylene-F, anorphous fluorocarbon and fluorinated polyimde
and is fornmed to a thickness between 1,000 angstrons and 10, 000 angstrons.
The nethod of claim1 wherein the second dielectric layer is a |ayer of
fluorinated dielectric material of |low dielectric constant (lowk). 23 8.
The met hod of Figl &iisa sthuhsticadrosstsaetidnaldew of thel sude infledoeRcteingd seiiridatodrat er i al
is selected fromthe group consisting of FSG Teflon, Paryl ene-F, anorphous

f 1 uor ocabbpig. Brdbdolite id Bt 6@t By cEheig %ﬂﬂileisﬁut{e%dﬁ%ﬁdﬁ&o@(némh%gﬁsS bet ween
1,000 angstrons and 10, 000 angstrons. %. The nethod of claim1 erein the

cappi ng hayek fd ! éﬁ%, ] &g@ﬁ& . stronms and

5, 000 angst rgrfrd;;@a?g?b%gﬁ%g{ch%g{ 0 gf gz%vgl%\lﬁer I negﬁg%ﬁa}h@ﬁlan Vi a

_formatiop..i t ' trench.fir vi a, second et hod,
said tr eirtllc'.cS ﬁ%&%’pﬁﬁgqﬁm’ %% &%ﬁ‘m §} %lgtta\f}/séﬁelﬁorbr.“%;eh? ti%hgesihﬁwf% ni crons

and sai dyi vin nge, of widths .between 0. | icrons and 0.4

i crons. ﬁg#ﬁrgsrafegq%%@l SEP%F-&%%E’@H PR Ifcfﬁ‘ére@f{%ﬁ’ri SeTiiofe Pl assi st ed
etch wherein the etching chem stry conprises gne or nore of the gases

sel ect edC?l}d&ﬁtPt%ﬁéf%lﬁg%Yow@Fm ydprmad by Jhe, denosigar &f copper over all

fluorine-sybstituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen
bronide,m8§§ saggl il via fogegtion (ngt shyem)-and car bon nonoxi de.

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 intercomnects, such as copper damascene-type interconnects, in the
Q.IS 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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12. The method of claim1l | wherein the trench and via formation is
patterned and etched using a via first, trench second nethod, said trench
having a range of wi dths between 0.25 microns and 2.0 mcrons and said via
havi ng a range of w dths between 0.15 mcrons and 0.4 mcrons. 24 13. The
met hod of claim 12 wherein the etch is a plasma assisted etch wherein the
etching chem stry conprises one or nore of the gases selected fromthe
-group consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s),

fluorosul fur, zchlhorin hy.dr ogen brom de, .oxygen, .nitrogen, argon, hydrogen
and car bon rmﬁ%kib?e?nlﬁﬂs.tm}éﬁ%s%ﬁ?lﬁﬁcd&élga@r ﬁ}oﬁﬁgWﬁ@P i $hal Eh‘éfet%‘%élh an)é vig
formatio ilsa%%tter ed_ an etfched. us'hngi a_self alignment (buried via)

met hod, a‘éﬁ‘ SHeh i V12 PR N Kiga? kA ity e puthne of iehs and 2.0

m crons and said via having a range of w dths between 0.15 microns and 0.4
ni cr ons. TorBatighgs Rl pedeund ipthe prasephgsneiation pemisreglecironigs fabsicationassi st ed
etch wherein the etching chem stry conprises one or nore of the gases

sel ect ed The Bidth kéthg trsngh inghis fermatign pfbetwden Or2§amictimn fsd 2.0 microns, the
fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

br onmi de, wadth @€the vid & betgenn 02rmgiorons hydlo.d gecroanshdihe Bocknemndihedfirie6. The
nmet hod of claim1 wherein the non-netallic layer is a |ayer of nmateri al

sel ect eddépositioh iebaw et 0cmastdEid 4@ 2008 hhdsGBmscar bi de, boron nitride, carbon
nitride, boron carbon nitride and boron carbide, said |ayer being fornmed by

cheni cal vapom Heppg)id PBwh&\hpafabRTYShiRh ayﬁl%mmcﬂﬁé)ﬁaﬁ(ﬁl i%aocﬂerg.'?‘s’D) to a

t hi ckness of between 500 angstrons and 5, 000 angstrons.’ e net hod of
claim1l whghghih DiefBHAlE S L I l asnma., assi st ed
etch wherein the ét gﬂgngp%her%kst P%ﬁﬁgﬁﬁ@%%%&@%g)%&%&es o(%étaﬁ%méstas es
sel ected nsistin f: | or i ne,. boraon trichloride,
oxygen, ﬁé%r %:aérﬁ&@rﬁ’ 'Eh r%olgéet%ﬁ)?fgg?rﬁrﬁ éenéas el%té? %C@F Elﬂ"égt%‘?m}'uﬂ? 5818]&; I Wfid
ni trogen). fl uorocatbon fluorine-substituted hydrocarhons) and argon.
18. The ﬁ%@ﬂ%ea Og’fn%&‘iaﬁ%‘érﬁ‘%’f R el TReet B§§’§ treagh g pdpe 045 stigead with a
- plasma assjsted . etch wherein the etching chem stry conprises one or nore of
the gase@&Rvard &deratigh "‘f‘ﬁkh &t Giip reavHs ipirkey barrier ignijbercey |

fluorine-substituted hydrocarbon(s), hydrocarbon(s), oxygen, nitrogen and
argon. 1Dlacimaaate siHBERPNG fequiraments omiembsical reoprics bf fhe chaductieg inlayer is a
| ayer of material selected fromthe group consisting of: tantalum (Ta),
t ant al untagiired g. 1o PadVent the fartetion obvvids).tinitde fabtiction] thewndthrofdse (Ti N) and
tungsten nitride (WN), said | ayer being forned to a thickness between 50
angst r ontremhds Bet@éh Qb§ aticromsand A65 mAkrdnsOthAivtidiblof Micia Albetwiiel. Al ky. Al

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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109 () - $drobOUfticy b Bt afordQiGed dictectic FOUE drdmibirm 0 intden 1,000
angstroms and 10,000 angstroms, on which has been formed an etch-stop layer (16),
which could be a layer of silicon carbide, SiN, SiON, or BLOK (mfg. by Aﬁplied
Materials Corp.), ofthickness between 500 angstroms and 5,000 angstroms, on which
has been formed a second layer of dielectric mc;iterial (18), similar to the first layer and on
which has been formed an optional capping layer (20), which could be a layer of SiN of
thickness between 500 angstroms and 5,000 angstroms..

Fig. 11 is a schematic cross-sectional view of a trench and via formation
that has been patterned and etched according to either a trench first, via first or self-
aligned scheme. The etching process consists of plasma-assisted dry etching wherein the
etching chemistry comprises one or more of the following: fluorocarbons (eg. CF, 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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the actual etched surface dimensions which are required to fulfill those design
parameters. The trench is etched through the optional capping layer (20) and the second
dielectric layer (18), stopping at the etch-stop layer (16). The via is etched through to the
passivation layer (12).

Fig. 12 is a schematic cross-sectional view of the formation shown in Fig. 11
subsequent to the formation of a non-conductive barrier (26) by the plasma enhanced
chemical vapor deposition (PECVD) or physical vapor deposition (PVD) of any of a
class of carbon-based amorphous materials to a thickness of between 100 angstroms and
3,000 angstroms. Said carbon-based amorphous materials can consist entirely of carbon
(eg. diamond) or can comprise carbon with one or more elements from the Periodic Table
that are neither a metal or a conductor, examples including but not restricted to silicon
carbide, carbon nitride, fluorocarbon polymers such as 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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aniso c etch consists of’a p asma—asmstec-{ ’et%E%gem the etching chemistry
comprises one or more of the following: chloring, 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 efch is a plasma assisted etch wherein the etching chemistry
comprises one or more of the following: fluorocarbons, fluorine-substituied

| hydrocarbons, argon and nitrogen. There is some penetration by the etch into the
conductor, hence the non-conductive barrier acts as a protective layer to prevent diffusion
of the sputtered conductor and its oxides into the surrounding dielectrics.
Fig. 14 is a schematic cross-sectional view of the completed interconnect, wherein
a conducting inlay (22), such as a copper inlay, has been formed by a deposition of
copper over all surfaces of said trench and via formation and then covered by a capping
and passivation layer (24).
In accordance with the method and objects of this embodiment, the final dual-

damascene interconnect for sub-0.15 micron microelectronics devices illustrated in
Fig. 13 can now accept a copper inlay directly, as illustrated in Fig. 14, without the prior
deposition of a metallic barrier layer, since the non-metallic barrier layer is able to

prevent the diffusion of copper into the surrounding dielectrics.

Third Preferred Embodiment
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A third preferred embodiment of the present invention teaches a novel plasma

treatment of the exposed surfaces of the trench and via formations of a dual-damascene
type conducting interconnect, thereby achieving a fluorine out-diffusion barrier without
the need for an additional and space-consuming material layer. The method of this
embodiment can be learned by referring to the succession of figures, Fig. 15 through
Fig. 20, together with the description below.

Referring first to Fig. 15, there is shown a schematic cross-section of a
microelectronics fabrication within which a dual-damascene type interconnect is to be
formed. The fabrication comprises a conducting layer (10), which typically could be a

-copper layer of thickness between 2,000 angstroms and 15,000 angstroms, on which is -
formed a passivation layer (12), which typically could be a layer of SiN of thickness
between 500 angstroms and 5,000 angstroms and on which is formed a first, low-k,
fluorinated dielectric layer (14), which could be a layer of FSG, fluorinated polyimide,
amorphous fluorocarbon, Parylene-F or PTFE (Teflon), formed by chemical vapor
deposition (CVD) or spin coating to a thickness between 1,000 angstroms and 10,000
angstroms.

Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15 after a first
plasma treatment of the upper surface of the first dielectric layer (.14) with a nitrogen,

“hydrazine or 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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- that upper surface, by means of the reaction:
C-F polymer + (N or NH; or N>H;) — 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 amixture 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, 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 efch-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 N3, hydrazine or NH; plasma treatment (as described above) of the
surface of the second low-k diclectric 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 angstronis 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 (i()).

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

As is understood by a person skilled in the art, the preferred embodiments of the

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

‘interconnect that is impermeable to Iﬂuorine 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 {irst dielectric layer, on which has been formed a

- second dielectric layer and on which has been formed a capping layer;

patterning and etching a trench and via structure that passes through said capping
layer, said second dicleciric layer and said first dielectric layer and extends, thereby, to
said passivating layer;

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

etching away portions of said non-metallic layer to form a barrier "spacer" over
the side-walls of said trench and via formation;

etching away the exposed portion of said passivation layer to expose the
conducting layer;

forming a metallic barrier layer over all surfaces of said trench_ and via formation
sqch that said metallic barrier layer conformally covers said surfaces;

depositing copper over all surfaces of said trench and via formation.
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109%& () - ?9 Plo;%e {n)egloggé@mﬂ\la erein the cond1ﬁct1ng l(ag/er 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 1 wherein the passivating layer is a silicon nitride (SiN)

layer formed to a thickness between 50 angstroms and 5,000 angstroms.

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

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

6. ‘The method of claim 5 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angsiroms and

10,000 angstroms.

7. The method of claim 1 wherein the second dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).
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8. The method of claim 7 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.

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

thickness between 50 angstroms and 5,000 angstroms.

10.  The method of claim 1 wherein the trench and via formation is patterned and
ctched using a trench first, via second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and (.4 microns.

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

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

12. The method of claim 11 wherein the trench and via formation is patterned and
etched using a via first, trench second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.
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13, The method of claim 12 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

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

14. 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 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

15, The method of claim 14 wherein the efch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

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

-16.  The method of claim 1 wherein the non-metallic layer is a layer of material
selected from the group consisting of: silicon carbide, boron nitride, carbon nitride, boron
carbon nitride and boron carbide, said layer being formed by chemical vapor deposition

| (CVD) or physical vapor deposition (PVD) to a thickness of between 500 angstroms and

5,000 angstroms.

17.  The method of claim 1 wherein the non-metallic layer is etched with a plasma

assisted etch wherein the etching chemistry comprises one or more of the gases selected
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from the group consisting of: chlorine, boron trichloride, oxygen, hydrogen, nitrogen,
forming gas (a mixture of hydrogen and nitrogen) fluorocarbon(s), fluorine-substituted

~ hydrocarbon(s) and argon.

18.  The method of claim 1 wherein the passivation layer is etched with a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s),

hydrocarbon(s), oxygen, nitrogen and argon.

19. The method of claim I wherein the metallic barrier layer is a layer of material
selected from the group consisting of: tantalum (Ta), tantalum nitride (T'aN), metal-
silicon-nitride, titanium nitride (TiN) and tungsten nitride (WN), said layer being formed

to a thickness between 50 angstroms and 2,000 angstroms.
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