NON- METALLI C BAR ER FORVATI ONS FOR COPPER DAMASCENE TYPE | NTERCONNECTS by.
Si nron Chooi, Subbash Gupta, Zhou |ei Sheng, Hong Sangki BACKGROUND OF THE
INVENTION |I. Field of the Invention This invention relates generally to

m croel ectronics fabrications and, in particular, to nmethods of formng
conducting interconnect structures that are protected from diffusion of
chem cal species into and out of surrounding materials. 2. Description of
the Related, 3t As the structures conprising integrated mcroelectronic
circuitry continue to decrease in size, the conducting interconnects

bet ween them decrease in size as well. Smaller conducting interconnects
must be conposedNOIN-VEEALLILE RARRIERFGRMATIONS FOR COPPHRI gr eat er
mechani cal integrity, which presently favors the use of copper (Cu), with
twi ce the conductivity of DAMNSUENETYRIMINEERO®SNEOTSCcOnductivity of
tungsten, as the material of choice. Unfortunately, copper has been found
to contam nate | many of the matergals used in integrated circuit
fabrications, so special care nust he taken to keep it frommgrating into
surroundi ng regspR%: CIRRY. HubhasiRIpRITHERN R gﬁ&%’ ﬁgﬂ%g&%ﬁp to provide
cont ai nment of copper deposited "as conductin eads and i nterconnects.
Chi ef anong these is the prior formation of diffusion barriers and |iner

| ayers within the trenches and Bias into which the copper is

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates generally to microelectronics fabrications and, in particular,
to methods of forming conducting interconnect structures that are protected from

diffusion of chemical species into and out of surrounding materials.
2. Description of the Related Art

As the structures comprising integrated microelectronic circuitry continue to
decrease in size, the conducting interconnects between them decrease in size as well.
Smaller conducting interconnects must be composed of materials with higher
conductivity and greater mechanical integrity, which presently favors the use of copper
(Cu), with twice the conductivity of aluminum and three times the conductivity of

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



subsequent |y deposited. Copper inlays surrounded by |ayers of other netals
and their conpounds such as tungsten, tantalum nolybdenum and titani um
nitride, are called copper damascene structures. Although the damascene
process is an inportant step forward in form ng viable copper

i nterconnects, it does have problens associated with it which nust be
addressed. The barrier layer may itself be subject to degradation from
surrounding nmaterials. The barrier |ayer nmay not adhere well to the copper
or to theagyof hemaitertplsmesedin mitegraferecirdudfabirsntionsy sy spreigl ubengdkeyakahf ect t he
contact between the interconnect and other conducting |ayers. The barrier
| ayer mayo bepdi frd eniptatihginftaburrovatiegnedidnst he requi site thinness in snal
trenches and vias, Wth regard to the affect of surrounding materials on

the harrier | 8y@sal thdthaRoe! dbdea derdlsyeddo ?t&/idefb%htafdnﬁ!ﬁf bNappek dwpbgieiial s such
as anorphous fluorinated carbon, PIPE, tluorinated polyitnide and

f 1 uori nabeehriubtifp0BadliaQd iflGciRcts P CRRE Hnbig RIS (HESRMr @inlaRbEbf ayer
di el ectrics because their low dielectric constants ™ (lowk) tend to reduce

parasitig; R)%Gdah‘?e@ 5‘1&%@%@' s%l@&%&x‘eﬁ?gﬁ%yﬁg ln&?whf-cﬂ?ﬁe d%gger. i¥i as. Wen

fluorinated materials are subjected to tenperature processing (above
3{ 0 C, whi [ i in th fabricati h f
"t egr at AP B s Sl VR P T RERERY o R R R et B i f 1 use

into previously deposited ti metallic barrier |layers apnd formmetallic
f1'uor | de CEBRYEEA S8 gnesien, JgRERE: IoRyheR iy Rt SR eu e Cls ¢ ant al um

fluoride, Tall). These conpounds degrade the adhesion and integrity of the
net al | i c SPRBFEAIMEIEENT HAHEIUES- t hei r dehmai nation. Several of the

af orenenti oned probl ens have been addressed by recent
Although the damascene process is an important step forward in forming viable

copper interconnects, it does have problems associated with it which must be addressed.
The barrier layer may itself be subject to degradation from surrounding materials. The
barrier layer may not adhere well to the copper or to the surrounding material. The
barrier layer may adversely affect the contact between the interconnect and other
conducting layers. The barrier layer may be difficult to fabricate with the requisite
thinness in small trenches and vias. With regard to the affect of surrounding materials on
the barrier layer, it should be pointed out that fluorinated materials such as amorphous
fluorinated carbon, PTFE, fluorinated polyimide and fluorinated silicon dioxide are
presently being used as interlayer dielectrics because their low dielectric constants
(low-k) tend to reduce parasitic 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



i nventions. 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 Ilevels of an integrated circuit. Their nethod

i nvol ves renoval of the bottom portion of the barrier layer with an

ani sotropic etch, so that the copper inlay is put into direct contact wth
t he upper portion of the copper inlay on the level belowit. Teong (U. S
Pat ent No. 5, 693,563) teaches an alternative nmethod for solving the sane
doubl e Imeatglic bamtalayerp pmbfoemmatiibc uoridevnipanndsgeg.| Ayeine dfifeingsiat t o
enhance the connection properties. lguchi et al (U S. Patent \o.

5, 744, 394ntileadbrmas tagtbhadflficde] TAR TasReGHpBGNdER defRbé &8 a@hesidnamngi stors in
an integrated circuit fabrication wherein the interconnection |layer is

connect ednt%mwetﬂer@émhél@&% ahb'l&ﬂg@ﬂﬁlr%fahh@aftlohayer whi ch can be formed of
any one of a, nunber of netals or their conpounds. Stollneijer (U S.

Patent No. 5, &34, 84gknd A8EARA! ed &Pé}ﬂi hRle b]:e@[p‘crld(ﬁ:é%gé(n%% Iti] evel

i nt erconnect structure conpose sSiIm patterne I ayers as

bui l din he £ b e d t ungst en or | um num
pl ugs sgr}r?‘é)eﬁﬁ%%d%y ?taall%?ﬁﬁ(%{e}ﬁ&? %‘9(?49#{33 aﬁh BXIB%SCE’ i FPCSRPIBr | ayers.
Jain ch a nethod of rovi the fabricatio rocess of dual
damascenél g‘f"? Elglrfﬁiéfgpﬂ?{/toc‘i?é’f’?rrfé’qg??é‘oﬂggﬁwc?ggVWS PR dy] r‘?i‘r'igl‘ BHEWYE | ve
material. This coati ng t hen enhances_ the phot ol |thogr aphy process and al so
acts a a B&lep integrated pispuit HEheirgpghrd invelvey ateralaf 4he atiohorghoreeich of t he

above cited inventions teach applications and i nprovenents of the
danas eenéhphasderdayer phidynfaaisptromic aighirsodbat dler copper isfowdd put intdidiréit contadtes
associated wwth the intrinsic,, nature of the process. In its various
enbodi memith the hppeppesienf iwweppdr driay on fiedesl belomit Hixeag ci t ed above by
addressing the follow ng issues: the degradation of

(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 (Ti) or titanium nitride (TiN) barrier layers. Jain

et al 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.



nmetallic barrier layers by the out-diffusion of fluorine fromfluorinated
dielectrics into those layers, the difficulty of using netallic barrier

| ayers to conformally Iine trenches and vial of dinension |ess than 0.15
m crons and the use of a novel class of non- conducting barrier |ayers to
i nprove the adhesion of nmetallic barrier layers and copper inlays to
trench and via sidewalls when the dinmensions of these formations are | ess
than 0.15 mcrons. SUWARY OF THE | NVENTION A first object of this

i nvention is tAdthopgveagh ofthembpuricifedinysnéensrieach @pplirations anddinpfoysinonts of
fluorine fromfluorinated dielectric materials into the netallic barrier

| ayers osfidle dasnasdeos prochbsat thei &ailato taddriegsecedt aimap ecdfiedif fidvdtics assveated. with second
object of this invention is to provide a nethod for preventing the

out - - di f frusinathsif nafurelof the erdceamIf ktsi Odricie eeBodinrhecthe ?eessfatiﬁrehﬁbrs directly
into conducting materials that may fill trenches and vias not lined with
met al | i ¢ dofdrs b8 thewsRiited akdvie!blyTaddRBiIgCthe 8lhWihS sk OME UORadaioh B8f Pr OVi de a
met hod for preventing conducting materials, such as copper, deposited in
trenches vial: WS WS jat . i gL el ic.materials. A
Fourth ofy ar btier L ATLE MU NI RR LA CHAL diBrip ALFUERLELCLE T
conducti rial ch-as co r, sputtered onto the sidewalls of
trenches ngons g Ii%\%fcgss {hg lfll ?fpﬁé‘%’ (ghtucs Hllgnné‘,ggl ¥ 8 et #a?' usi %%,0‘1??&“8‘51% E‘P? h' 8?1%\’,1%?1 g
dielectric,materials.. Afifth ohject of this inventi is _to provide a

met hod O?HQHWFSFWF‘QH f§s g O r“élﬁal?égn‘gﬁli‘ﬂuﬁ Wﬁg‘gaséé’ﬁé‘é}?' ratios are
continually increasing wth each technol og eneration, thus allow ng the
cont i nuedodisting Bageniaysee Lo grrevsipeadicpioa pgmﬁ%&!a@m@rlayers and copper

inlays to trench and via sidewalls when the dimensions of these formations are less than

0.15 microns.
SUMMARY OF THE INVENTION

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

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

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

dielectric materials.



devices of the 0.15 m cron 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 problens associated with parasitic
capaci tance between conducting interconnects and ot her nei ghboring
structures. A seventh object of this invention is to provide a nmethod For
formng a liner layer wth inproved adhesi on properties between conductors
and porous dielectrics. An eighth object of this invention is to provide a
met hod for fofmongh abieklenfitiiainvgntiomis tq propisle amdtlgrelor pigsentipg sordbicting
surrounding materials fromthe effects of etches and post etch solvent

st ri ppi ngnakerode swdbsis coppep rspuitarbbohtogint siddwal lb ef {perebesdndivinselntingn t hese
objects will be achieved by the chem cal vapor deposition (CVD) or

physi cal ewhpry frdeptiffudin®intd slirbudding ofcledtritanatemdlal [ i ¢ spacer | ayer

i nterposed between the surrounding fluorinated dielectric material and a
metal ['ic barrisefifth ayjest.of tis MRekthRris RROAISE Metifd JrienBRRABNnidIVent i on
particularly suited o trenches and vias whose m ni num di mensions are |ess

than 0.2 i : j : i | chi - enhanced
chem cal %\72%%5' Qﬁﬁlé“zé?’??%nag ISE%&}%? Wgr&%‘ﬁg’g |11 gf&é\%g%gr“q %d%]ggtseleﬂt’ﬂ?og%( FVD) of a

barrier | : CO of .0 ass, of -] ow dielectric copstant i
(1 ow k) é%%%%ﬁﬁbggggﬁgwgéSﬁgﬁggﬁﬁﬁéﬁ%a‘@b?ﬁ%#‘%%ﬂﬁﬁé“‘é‘%%?@% rconfornialiy
to a thicknes% f nanoneters or .| ess. For exanple, Teflon is such a

| ow k ratiSrrE O (ﬂ% Q)}énﬁcrf’llg?eiat‘jontaﬂgbe%ﬁ?ﬂer es wel| to other dielectric
over a prior Paybh OBIeCR DA RMENER 510 BVHSARheLIor Gt 1 st foer
whose low-k dielectric properties help to reduce the problems associated with parasitic
capacitance between conducting interconnects and other neighboring structures.
A seventh object of this invention is to provide a method for forming a liner layer
with improved adhesion properties between conductors and porous dielectrics.
An eighth object of this invention is to provide a method for forming a chemically
inert spacer layer that protects surrounding materials from the effects of etches and post
etch solvent stripping processes.
In one embodiment of the present invention these objects will be achieved by the
chemical vapor deposition (CVD) or physical vapor deposition (PVD) of a non-metallic
spacer layer interposed between the surrounding fluorinated dielectric material and a
metallic barrier layer.
In another embodiment of the present invention particularly suited to trenches and
vias whose minimum dimensions are less than 0.25 microns, these objects will be

achieved by the plasma-enhanced chemical vapor deposition (PECVD) or physical vapor

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



a hydrophobi c condition. Such anorphous carbon-based materials will prevent
the out-diffusion of copper fromthe conducting interconnect inlay and,
therefore, obviate the need for an additional nmetallic barrier layer. In
yet anot her enbodi ment of the present invention, these objects will be
achieved by a plasma treatnent of the fluorinated dielectric surfaces to
form thereon, a "pseudo- carbon nitride" layer that is inperneable to both
fluorine and copper out-diffusion and which may. therefore, obviate the
need for (law-Hdditiondrasdd aneerphdusendberrals that dampe depdBiRbd=FonDESER) BTd ON OF THE
FIGURES Fig. 1 is a schematic cross-sectional view of a nulti |ayer

m cr oel ediiclarbcs’ 15fmhometaisi @iespr Farextmpleh®eflarigaiidharionfk inbeeriblr@®sh and vi a
of a dual -danascene type of interconnect. The interconnect will ultimately

pass t hr Quo)tthe adh@tLREIl ioCotha@yiedl&triidiheailedits adiidsionid asppet £28 eh Vb
conducting layer. Fig. 2 is a schematic cross-sectional view of the trench

and via f.g5mBtd Q%déiyfosiﬁﬁgit Al pﬁ&}m%;fsﬁﬁol REne RbGHERARARLIWLEL has now

been etched out by any one of severa patterning”and étch schenes,

el udi . - / . e . . : 6 Fia
35 a sanduppbbiEtondddH b WiplolBle oAl BIIRR: wlltieEad B d Vi e
f ti i,.th th talli ier. | havij b f d,di tl

the. expoStitTlpp SEERR: kP R e e Rod Bache BeerEneedrle e not
using the éhod ,,tgg Present invention. The arrows point to areas where
fluorlnenﬁgror?% iHnabpEladic 1T 13458 degrade the properties of the

metallic barrier layer so forned. _ ) _ ' .
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).



Fig. 4 is a schematic cross-sectional view of the etched out trench and via
of a dual -danmascene type interconnect done in accordance with the nethod
of the present 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 showmn in Fig. 4, now covered by a non-netallic

| ayer deposited by a nethod of chem cal vapor deposition (CVD) or physical
vapor deposi t Féh 3 (IPymhempiigerogs-jestignal Eﬁ@rm{gh%d@iﬂé@a%@mﬁ@ﬁhm view of the
Fabrication in Fig. 5 wth the non-netallic CvD or PVD | ayer renoved from
hor i zont dbmstiph awbshdyellicibagtier fayesavingpheen fatnel directlyeanecethoaxpised spacers
on vertical surfaces. Fig. 7 is a schematic cross-sectional view of the

f abri cat isaufades adcoglingtoshibmedioé of thetcarrantaetcmd cotumisothe aptlmdefde t o renove

t he passivation | ayer and expose the conducting layer. Fig. Sis a

schemat i rese@S6venabi.| ’Dlﬁt?drrdﬂs?dirﬁ o WeRowhdre fliemekilaendlo ut-aBhat hdd barer
| ayer over the fabrication of Fig. 7. The structure of this fabrication,

done 1n JBGHE! BRPRMec Br hSmdREORgHE a{dRoREARANt [ nvention, is o be

contrasted to the fabrication 1n Fig. which 1s done in accordance with

h hod of . . . j i hod of th
the nmethod o tFF%%& i’li_lg%lgﬁ%tu?értosas@%g%%%% E/flegv oﬁﬁeC&El%%%%?trx}qcﬁlQn& 01%. Og?it t \(/)vo of the

pr esent i nven C Cross-sectional view

dual - d for mat | N i.t h |lic diffuysi iers. Fig, 9
(2) depi Ar4 P hARw-on ohFEEdont e Fira b e m%%ﬂ&ﬁt?%ﬁfe’sﬁeﬁﬁ ¢ Fig. 4
b) depicts th d . t of such a tonnation wh ied to the
0. 15"y CHOTEAT W) YoNDRAFIEO B By Baneots SANERTu RUbe

passivation layer over the conducting layer and does not penetrate it.

Fig. 5 is a schematic cross-sectional view of the trench and via formation shown
in Fig. 4, now covered by a non-metallic layer deposited by a method of chemical vapor
deposition (CVD) or physical vapor deposition (PVD).

Fig. 6 is a schematic cross-sectional view of the fabrication in Fig. 5 with the
non-metallic CVD or PVD layer removed from horizontal surfaces by a first 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.



Fig. 10 is a schematic cross-sectional view of a nulti-|ayer

m croel ectronics fabrication of the 0.15 mcron and beyond generation of
m croel ectronics devices within which a dual -danmascene type interconnect
is to be formed. Fig. 1 illustrates the design paraneters that nust be
considered in formng a dual-dansecne type interconnect in a 0.15 mcron
and beyond generation of mcroelectronic fabrications such as is
illustrated in Fig. 10.. The figure also is a schenatic cross-sectional
view of the patterning and etching of the dual-damascene trench arid via
in accordance with the nethod of the present invention. Fig. 12 is a
schemati ¢ cr o 9éct sahnmhtiveress-wttidiabvieatrfiteatindrlaiasdeng forinationsdinbd equent
to the formation of a non-conductive barrier of anorphous carbon--based
mat er i al svithhrh@allid diffiSion ahesalip O Q) a§sicts GRtshaRadf apréshiafual-bemdsadtel cat i on
in Fig. 12 subsequent to the application of an anisotropic etch to the

non- met a'f&ﬁxf?aubﬁlyv@rﬁle IF% D \Asfl]ﬁ-&em@ts ﬁw%&ﬁﬁ@@ﬁdp@ct‘?ff Qech SRehhtaVhehl a?i&h&f t he
fabrication in erein the trench and via have been filled with a

copper i pl Ay Oail%qn&fb%%?%e%rfdlfkteﬁe RSP MALRbenbAYlefLg- 15 T a schemati c

cross-sectional view o ayer m croelectronics fabrication prior

to the format lF g sc emaﬁ dcarrrsBS C 1on f%ﬁe olfgtrr?d’ltcl; nnr(:"r%‘icr eT c?r fl%gri cati on 8
consi sts of a condt 3 % ¢ 5? over which

|ng SU as a COp r SU
has been . formed a Fjrst etch assi vat.i o nd a first |ow-Kk
di ol ect r ForaaYof T {13 yicipg a ‘é“eﬁa nin o) SluBter e Grew Hhithe sane
Fabri cat Iw%rl]chI andulzll gémascéne type interconnect is to be formed.
Fig. 11 illustrates the design parameters that must be considered in forming a
dual-damscene type interconnect in a 0.15 micron and beyond generation of
microelectronic fabrications such as is illustrated in Fig. 10.. The figure also is a
schematic cross-sectional view of the patterning and etching of the dual-damascene
trench and via in accordance with the method of the present invention.
Fig. 12 is a schematic cross-sectional view of the fabrication in Fig. 11
subsequent to the formation of a non-conductive barrier of amorphous carbon-based
materials.
Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12
subsequent to the application of an anisotropic etch to the non-metallic layer.
Fig. 14 is a schematic cross-sectional view of the fabrication in Fig. 13 wherein
the trench and via have been filled with a copper inlay and covered with a passivation
layer.

Fig. 15 is a schematic cross-sectional view of a multi-layer microelectronics

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



wherein the first lowk dielectric | ayer has been subjected to a nitrogen,
hydrazine or | I1-13 plasma treatnment of its top surface. Fig. 17 is a
schematic cross-sectional view of the fabrication of Fig. 16, on which a
second etch-stop layer and a second |owk dielectric |ayer have been
formed. Fig. 18 is a schematic cross-sectional view of the fabrication in
Fig. 17, subsequent to a nitrogen or NH 3 plasnma treatnment of the top
surface of the second lowk dielectric layer. Fig. 19 is a schematic

cr oss- seconindf aganduaingtshlestfateh puchas ikoappan sEisgrate 1@ capbich hahbe a cappi ng

| ayer has been forned and a trench and via have been patterned and

et cl red. féinged aXDrst eschastsie hehpssicatondsyer sed $ fich lw-kidelectoic . conpl et ed
trench and via formation. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n each
of its preferrad1emoshematiscrbiissepii@Bbniew of e daim@ Taticanordiasig 1set hod f or
formng |ined conducing interconnects , such as copper dual -dai nasc. ene

type i NL@raNRRG:& lowlk d16608 1861 KRBe&SsubRiddtah nARgen, WBRAZME LIREL | N
accordance with the nethods taught in these preferred enbodi nents, the

i nter con%?a_g%]?ft%@id&ﬂenpsﬂgsﬁggfﬁr%e_ surrounding dielectric materials from

copper o usi on an SO protect the 9 interconnect liner fromthe
i.on f.r 0 k

qdver e a11 o, o I URLh A, otk SLLUELED FRTAIBRATRAGE 4 By
par 1 cul arl v sl bed, L0l £ SaLLG  INETSQRTRLS Ole bl fglyped o mensi ons
Fig. 18 is a schematic cross-sectional view of the fabrication in Fig. 17,
subsequent to a nitrogen or NH3 plasma treatment of the top surface of the second low-k
dielectric layer.
Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18 upon
which a capping layer has been formed and a trench and via have been patterned and
etched.

Fig. 20 is a schematic cross-sectional view of the completed trench and via

formation.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

In each of its preferred embodiments the present invention provides a method for
forming lined conducing interconnects , such as copper dual-damascene type
interconnects, in microelectronics fabrications. When formed in accordance with the
methods taught in these preferred embodiments, the interconnects will protect the

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



generation of mcroelectronics fabrications. First Preferred Enbodi nent A
first preferred enbodi nent of the present invention teaches a, nethod of
forming a non-netallic barrier layer to fluorine out-diffusion that can be
applied to the Formation of conducting interconnects, such as copper
damascene-type interconnects, in mcroelectronics fabrications. The nethod
can be learned by referring to Fig. | through Fig. 8, in conjunction with
t he descriptions below. Referring nowto Fig. 1, Fig. 2 and Fig. 3, there

i s shown istesonneeslindr fwohdratlvarse affeagrofiftmorihd aigidifatsiongfrarh dubadmtedclati on of a
dual - damascene type of |ined conducting interconnect in accordance with

t he met hadieledtritdenous bEIK prdfetred BaibodigenisNtha GbehtkaNe paictlBrly tiiedfet hod of
the present invention. These figures are used to indicate the advantages of

t_he pres %Péatih@ﬁﬁé}k&ﬁfé@ts bF the rédu%E@&ﬁeﬁsi%ﬁmqﬁ}édQn@He%%:@ﬁﬁrhicﬁﬂﬁ' vi ew of a
m croel ectronics fabrication w thin which a dual -damascene i nterconnect is

to be for é}ati&m%nfli?%?&e%ﬁ&ﬁié’ H0Rbhses @ conducting layer (10), which is

typically a copper conducting, layer, but which can also be a
tungsten (W layer or a conbination of alum num copper (Al -Cu) all oy,
titanium ("Ti) and titaniumnitride (TiN), all of thickness between 2000

angstrons and 15,000 angstr.ong, .on i chhas been formed a passivating

l ayer (12), which typicall lis(g@&e&ﬁ?ﬂiv%@b%‘ﬂ'inﬁver of silicon nitride (Silo),
of thickness between 500 angstrons and 5,000 angstrons, or, which has been
formed a first dielectric layer (14), which. could be a |ayer of |owk

fluorinated material such as, but not restricted to FSC, fl uorinated
pol y-i m de, A first preferred embodiment of the present invention teaches a method of

forming a non-metallic barrier layer to fluorine out-diffusion that can be applied to the
formation of conducting interconnects, such as copper damascene-type interconnects, in
microelectronics fabrications. The method can be learned by referring to Fig. 1 through
Fig. 8, in conjunction with the descriptions below.

Referring now to Fig. 1, Fig. 2 and Fig. 3, there is shown a series of schematic
diagrams illustrating the fabrication of a dual-damascene type of lined conducting
interconnect in accordance with the methods of the current art, but not in accordance with
the method of the present invention. These figures are used to indicate the advantages of
the present invention.

Fig. 1 shows a schematic cross-sectional view of a microelectronics fabrication
within which a dual-damascene interconnect is to be formed. The fabrication comprises
a conducting layer (10), which is typically a copper (Cu) conducting layer, but which can
also be a tungsten (W) layer or a combination of aluminum-copper (Al-Cu) alloy,
titanium (T1) and titanium nitride (TiN), all of thickness between 2000 angstroms and

15,000 angstroms, on which has been formed a passivating layer (12), which typically
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anor phous fl uorocarbon, Parylene-F or PTFE(Teflon), of thickness between
1,000 angstrons and 10,000 angstrons, on which has been forned an
etch-stop layer (16), which could be a layer of SiN or BLOK (from Applied
Materials Corp.) or silicon oxide of thickness between 500 angstrons and
5. 000 angstrons, on which has been fornmed a second |ayer of |owk
fluorinated dielectric material (18), simlar to the first dielectric

| ayer (14) and on which has then been formed an optional capping |ayer
(20), whicenld begdpxpr pesiticorayigide¢$iNg; of thickndsh bitress S Heangeeomsad B0st roms and
5,000 angstrons. It is to be noted that etch-stop | ayer (16) can becone
opt i onal angsttolms, dmwbich lheyeden danpadli a fantodicloftrit heyer (1A bvliidataubhbarelrgs t o be
reduced. Fig. 2 is a schematic cross-sectional view of the fabrication
shown i n ofigv-kifluosindieenueribl such hd) Bup@lt k& trivteito s, Euctmatgl ilyigide,

dual - damascene interconnect Formation consisting of a trench (22) and a

via (24) amdiiiols fgorepebord, @algme@%ﬂmaéﬂ&ﬂ) of thigkiMsslbdiwe&@f 1,6@ d trench is

between 0.25 mcrons and 2,0 mcrons. the width of said via is between

0.15 m Craﬁcb?roﬂﬁdang 16@0@1&&r598§1s o\Ehieh ﬁ%‘&gn@ rﬁég%ﬁggg?dgﬁﬁ g%}r. ses one or

pl asma-assisted dry ~etching wherein the etchin

T uor ne St !@%“‘feﬁﬁxﬂ rsh ﬁ%%@?@%n’* Apfuci 1§)C°5£de u‘é’%ﬁbggfdsm )
car Séh”ﬁaﬁﬂiﬁ%%%m%eﬁ?agﬁn@?@ i s PhbaRER e vEehey bR g ¢ °"

approprlatel to t ature of the different layers. 11 Fig. 3 shows the
inter conﬁ%‘E?P layisF 8‘8" Hugsmatsdglielectig pricgialdf), seatr tq thedirgt %1%6031‘3 metal lic

barrier Iayer 826 which could be a |ayer of material such as tantalum
nitride layer (14) and on which has then been formed an optional capping layer (20), which

could be a layer of SiN of thickness between 500 angstroms and 5,000 angstroms. It is to
be noted that etch-stop layer (16) can become optional if the inter-level capacitance of the
fabrication needs to be reduced.

Fig. 2 is a schematic cross-sectional view of the fabrication shown in Fig. 1
subsequent to the patterning and etching of a dual-damascene interconnect formation
consisting of a trench (22) and a via (24), which is open to the Cu layer (10). The width
of said trench is between 0.25 microns and 2.0 microns, the width of said via is between
0.15 microns and 0.40 microns. The etching process consists of plasma-assisted dry
etching wherein the etching chemistry comprises one or more of the following;
fluorocarbons (eg. CF4, C4F3), 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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(TaN) or titaniumnitride (Tilt), formed to a thickness of between 50
angstrons and 3,000 angstrons by a process such as PVT) (eg, deposition by
sputtering, ion-netal plasnma or holl ow cat hode magnetron) or CVD. The
arrows (28) indicate the surfaces through which fluorine out-diffusion
woul d occur as a result of subsequent high- tenperature processing steps at
t enperatures exceeding 200 Cto 350 C. The. out- diffusing fluorine reacts
with the liner material to formnore brittle and poorly a tiering netallic
fluorine conpdigdshevstheantercamest fahri¢dtiooof dig. 2 Tarng néw yeerdlinsidovith @
schematic cross-sectional view of the same mcroel ectronics fabrication of
Fig. | nowtdbe bgriprlepar(@6), vhichtchaldfberartayer ofimaferial stulahs datahsc eitvide

i nt erconnect according to the nethod of the present invention. A trench
(22) and (Vi) ¢rdbniu aveidd CEN) Foirh&y to@dhidkeksé of hetdlecaciiainditignd done of
several nethods known in the art, such as trench first, via first or a

sel f-ali grum%%itwslb%da pfb@eks &fcheag@vnmg &ép%ﬁﬁ&l by??sﬂ%ftten%g Whmpet ween 0. 25

m crons and 2 m cr ons, vials o bet ween 15 mcrons and 0.4
m crons. o the via
(25) ex en g%gﬂIﬁgI?vtI?gﬁIl FI%QGO rface Ig?éﬁlﬁ g)gli%lg ‘I‘I\rIg@ a@g?s (12). Fig.

5 sh I I

Fabr i oat RBROR) WEh HoGRGR TR G R bEthiRt %esﬁ%yﬁg%e aphilfe” ﬁZIV"IB'egﬁ

f db th d f. ch I d

apost t1 SHRBVHIE P SHnd HA AL R oD EX A %@%@s%%ﬁs Beds 500 "

angstrons. The | aver (15) conformally |ines aII Posed surfaces of the
trench ad¥fising fusringrsasts withile ligeripater te fpyeseer eﬂ?ﬂﬁ ¢ a9e peprly péheripgssi vat i on

layer (12) and a portion of the surrounding capping layer (20). The non 12
metallic fluorine compounds such as tantalum fluoride (TaF).

Fig. 4 shows a schematic cross-sectional view of the same microelectronics
fabrication of Fig. 1 now being prepared for the formation of a dual-damascene
interconnect according to the method of the present invention. A trench (22) and via (25)
have been patterned and formed according to one of several methods known in the art,
such as trench first, via first or a self-alignment (buried via) scheme. The trench is of
width between 0.25 microns and 2.0 microns, the via is of width between 0.15 microns
and 0.4 microns. In accordance with the method of the present invention, the via (25)
extends only to the upper surface of the passivating layer (12).

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

passivation layer (12) and a portion of the surrounding capping layer (20). The non-
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metallic layer (15) can he fornmed of a material such as silicon carbide,
boron nitride, carbon nitride boron carbon nitride or boron carbide. Fig.
6 shows a schematic cross-section) view of the sane 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).
Said anisotropic etch consists of a plasm-assisted etch wherein the
etching chem stry conprises one or nore of the follow ng: chlorine, boron
tric. hl omad]ic twyyg@n) camybetrfomesd, ofral thaterggd wuchf arsiticog cgdile( Woromixtide; € of

ni trogen and hydrogen), fluorocarbon(s), fluorine-substituted

hydr ocar kafvos hitriddboras g@Bon ABrideSordRedh darbiide figure, the. etch has renoved
the non-netallic |ayer material (shown as (15) in Fig. 5) fromthe capping

| 'ayer surface Figl 6)shoR@h bitRkhlafic ERBDYRHoSA K Ew\Hihe SRiAhlctG1d-AYREs Mt eri al
fromthe etch-stop | ayer surface (21) and partially renoved said

non- et a'tﬁﬁr&aﬁ&}’sm . éféiil%sgﬁlllefrl{ %rgntalﬁ?soﬁlg}g?ie%ﬁusﬁgtolfgﬁﬁ?ﬁ 8%1%12 368 éfc 3).

| eavi ng sal d non- t ayer nater on t vertl s of the
trench aq? via formati.o %1 % as ?o. . Rige..7 1S schemati ¢
cr o5 sedtrbBroR i ke Mafles fePidiecy sl abe Bt BSE P o g. 6.
subsequent to a.fu%th r._etchin (¥hicp r enoves éat g212%1th?g€assivation
layer ( PATRFSHIEHEC 8WHUEI@ﬁ3t I cpCshy CORRBSES 0P o MefeePldi% hi ng process
consists of plasnma- assisted etching wherein the etching chem stry
conpr i sedolpvangychigsing, gron Hishiaside.gwiyaep: hydnoges: siepesofemuag gasdra4 CAF5)
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), oxygen,
ni t r ogen mizhgool nikpgentapd hydregen) Ndrazocarn(dufiiarigeishbstigttehhydgoqartmnéss  t here
is some degree of penetration into the conducting layer (21), During this
process, anthgobaAsiiesech aythe figow, e swhdat eenased thermhandtallie ldyaymatetial pr event
ditlirsion of the sputtered

(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. CF4, C4Fs), hydrocarbons, fluorine substituted hydrocarbons (eg.

CHF3), oxygen, nitrogen, argon, and hydrogen. Note that during the etching process

there is some degree of penetration into the conducting layer (21). During this process,

the barrier layer now also acts as a protective layer to prevent diffusion of the sputtered
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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 sanme mcroelectronics fabrication of Fig. 7,
subsequent to the wet or dry cleaning of the sputtered conductor (not
shown) and the formation of a nmetallic barrier layer (22), which conprises
a layer of but is not restricted to, "TalN, TiN, VN or tantal um or
nmetal -silicon-nitride, of thickness between 50 angstrons and 2, 000
angst r oneondib®r habits exdtésdntoi te niowundiagdielatric, idhns particwdarlyoimmertagtohduct i ng
inlay, typically a copper inlay finned by the deposition of copper over all
sur f aces 1@f condhidlortis €spar.and via formation (not shown).. Conparison of the
fabrication illustrated in Fig. 8 to that illustrated in Fig. 3 shows the
i nherent advantages of the spacer layer, fornmed in accordance with the
met hod of the present invention, in preventing the out-diffusion of
fluorine into the netallic barrier layer (22). Second Preferred Enbodi nent
A second preferred enbodi mrent of the present invention teaches a nethod of
formng a nonmetallic barrier |ayer. .to c er diffusi i-n he.
dielectrics t ﬁéﬁ'%ésa?ls‘%‘ ma %ﬁrlo?sé%f’cﬁ%na%lﬁ&’uoct |ensgan}enl{ué:¥°ce%e§%%%lf Stsﬁbltslgag i as
copper danmscene-type interconnects, in the 0,15 mcron and beyond
gener at i Bg%kgf TrAubpegurnd e Fh(?ﬁ’l’eéé’r&%’tfi‘?aﬁg‘tgioéﬁgﬂ.s ge%?matoﬁgﬂ?gf}’é)“y‘ﬂ?ear ned by
referring to Fig. 9 through Fig. 14, in conjunction with the descriptions
bel ow.  2ud thegormmtiog o mefallic bareer lpxer {hevriich comprgss a3YeE AbRFHg "Phe | ner
shape of a typical

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

50 angstroms and 2,000 angstroms. The fabrication is now ready for the insertion of a
conducting inlay, typically a copper inlay formed by the deposition of copper over all
surfaces of said trench and via formation (not shown)..

Comparison of the fabrication illustrated in Fig. 8 to that illustrated in Fig. 3
shows the inherent advantages of the spacer layer, formed in accordance with the method
of the present invention, in preventing the out-diffusion of fluorine into the metallic

barrier layer (22).
Second Preferred Embodiment

A second preferred embodiment of the present invention teaches a method of
forming a non-metallic barrier layer to copper diffusion into the 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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dual - damascene trench and via formation. In Fig. 9 (a) is shown the outline
of such a formation as it would be found in the present generation of

m croel ectronics fabrications. 'T he, width of the trench in this
formation is between 0.25 mcrons and 2.0 microns, the wdth of the via is
between 0.2 microns and 0.4 microns and the thickness of the barrier
deposition is between 50 angstrons and 2000 angstronms. In Fig. 9 (1)) is

shown a conparable forpation as it. would be found jn the 01.5 mcron. and
beyond genrenr) atfi®r 9ol V?tb"étsg}b‘ﬁ%"’tiﬁg%r%a avinedhgbner skape 9Ea6wi¢al ons and
not done according to the method of the present invention. 'The

i |1 ust r atdughdanaaseencdrepcl gnd vipformgtion ododie. & (2) ishewn thegutlingtof sivd a educed
aspect of the trench and via in the 0.15 aileron and beyond generation
woul d; i rformationmag guvaudd be fonnd kethe peesernt genalgposifinionglettheratiybriqatians. ng nor e
stringent requirenents on the physical properties of the conducting inlays

requi r ed Thegvidthofphietvamh it this foanariniiobetatenv@R2 iicroddand.Gmiadds, gat i on, the
width of the trench is between 0.15 mcrons and 1.5 mcrons, the w dth of

the via iwidiedtweeria s K¥oweEnay Discramchn@ 034 MicesRNnd #MAhicREest B Gk Beg=r Of the
metallic barrier deposition would nornmally be between 100 angstrons and

2000 angstehgiifon 1BkGlich So it SAP I el ness over the fabrication in
Fig. 9 (a). Fig. 10 is a schematic cross-sectional view of a

i | TG S j - i j j 1.C | r-0NiCS .f j cati on of
the. bel ow 0. 15 S 988 SR coEtEhnlafol it RBLAR DT 1M macene
| yer ¢ 105 ohoaRd bRy ARl of sbtal Ll SR Bt fergoiyendat g

it ’ t ack,. i Si or nore of the follow ng netals: titanium
t ungst en JopF BSERIRS RIths PEBOd B thear TRt BRI ERE BRI diials [ dkaeen 2. 000

angstrons and 15, 000 angstrons_on o )
purposes of indicating that the reduced aspect of the trench and via in the 0.15 micron

and beyond generation would, in turn, require a thicker barrier deposition, thereby
placing more stringent requirements on the physical properties of the conducting inlays
required (eg. to prevent the formation of voids). In this fabrication, the width of the
trench is between 0.15 microns and 1.5 microns, the width of the via is between

0.05 microns and 0.3 microns and the thickness of the metallic barrier deposition would
normally be between 100 angstroms and 2000 angstroms, which is an increase in
thickness over the fabrication in Fig. 9 (a).

Fig. 10 is a schematic cross-sectional view of a microelectronics fabrication,
including a microelectronics fabrication of the below 0.15 micron device generation,
within which a dual-damascene interconnect is to be formed. The fabrication comprises
a conducting layer (10), which is typically a copper (Cu) conducting layer or a composite
stack comprising one or more of the following metals: titanium, tungsten, titanium nitride

and aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on
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15 which has been fornmed a passivating |ayer (12), which could be a | ayer
of silicon nitride (SIiN) or BLOK (nxf& 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 SiQ2 or
doped Si Q2 such as PSG or a |ayer of carbon-doped silicon oxide such as

i net hyl si |l sequi oxane or a layer of low dielectric constant (lowKk) organic
pol ymer such as FLARE (nfg. by Allied Signal Corp.), SILK (nifg. by Dow
Chemi cal whidhpha be@r foamed ay@sivating lapsrgéd)i whighlcyumdbe algter absilyahrmigien

si | sesqui oxane or a |layer conprising the porous entity of the

af or ement oy ed BLOK @6fe! bie AbplidiBVatefialt Wogk)) 65 thidkatwerhvekn 800 an@igsk r ons and
10, 000 angstroms, on which has been forned an etch-stop layer (16), which

coul d beaﬁdb;@ﬁ@ﬁng%froﬁis,l dnCPRicK 84U ER formlella Rkt @bieic BL14)MhichRpuippl i ed
Materials Corp.), of thickness between 500 angstrons and 5,000 angstrons,

on whi ch b .58 i I dheri aligd 18)
simlar tbgg'?%'ee §if§$isd[2 %F a efi%éﬁﬁ&%ﬁqs \?ﬁ?g’% agélgggg‘!eag&@oé}%ggaln optlflonal
cappi ng | S%re]r rée%g%! .lswhi.ch couL?a be OI %?{é\rc 1,claf cOSi E}I ﬁ@ w_i(pi rCknlessl beetrween 500
angst r omS Aht BEYH SRS 5 2 yﬁ%ﬁ Y Gelpdie cSHBHRRY &) RIBSLS POYTT onal
view of a trench and via formation  tha een patferned and etched
accor di n§"tsdile s ?Iﬁét g%ﬁi‘ﬁréfastlg@tl Pomr%g%ﬁﬁ??%ﬁyg&w éheé’i“f’%réﬂp'%@ﬁéne. The
etching process consists of plasma-assisted dry etching wherein the
et chi ng éWERPEINPEZaRis RPIINSE suchrie hydrogen dlsefauiaxand ¢7 4 layir sgmprising tscar bons
(eg. CF4, CAF5), hydrocarbons, fluorine substituted hydrocarbons (eg.
Cl -1 F3), pbtowsrugylof thesiqregentBmed dicleshicdilinaeof thigkirasgbetwberohD@, oxygen,
ni trogen, argon, hydrogen and and carbon nonoxide, wherein the choice of
chemni st r iaggstiomstaad 10,000 agpompdnatidkly histhebh éornatl un etcbistdpteyer (16),

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

Materials Corp.), of thickness between 500 angstroms and 5,000 angstroms, on which

has been formed a second layer of dielectric material (18), similar to the first layer and on

which has been formed an optional capping layer (20), which could be a layer of SiN of

thickness between 500 angstroms and 5,000 angstroms..

Fig. 11 is a schematic cross-sectional view of a trench and via formation

that has been patterned and etched according to either a trench first, via first or self-

aligned scheme. The etching process consists of plasma-assisted dry etching wherein the

etching chemistry comprises one or more of the following: fluorocarbons (eg. CFs, C4Fs),

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

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

monoxide, wherein the choice of chemistries is tailored appropriately to the nature of the

different layers. 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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different |ayer. The dashed lines (17) indicate the design paraneters for
the final copper inlay, allowing for the thickness of the usual barrier

| ayer. The solid vertical lines indicate 16 the actual etched surface

di mrensions which are required to fulfill those design paraneters. 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

cr oss- sedhd ahal etehaslyuotce timehsiomewhioln ashoywired ho filgll thbse dssigpsequent to t he
formati on of a non-conductive barrier (26) by the plasma enhanced chem cal

vapor depasintetens) THHEEME) iscstchehyisbeg the apiisnat eppiigtiayen ({0PWRY thefseamyd of a
cl ass of carbon-based anorphous materials to a thickness of between 100

angst r onglidd@thic By&Q08)anespin®afihe Sidh-Gtopadyee (rehasrélyia MERAUBIRE &Fth@l s can
consist entirely of carbon (eg. dianond) or can conprise carbon with one
or nore eLh@mRAbSidyEof.he Periodic Table that are neither a netal or a
conductor, exanplés including but not restricted to silicon carbide,

carbon nitride;_ fht | ' . , 10ron
carbide and %3%é%%%%%E%%g%ﬂ??#ﬁ%gﬁ%%g%ggggg%??%ﬁﬁggﬁﬂg%ﬁéiF@'Egvers t he
wal | s of the trenc nd ..via.as well as the. u urface of the capping
ayer. st TiRe Bfaien & 5oy Gpindienpticl R b i 8% Shagelfi 4”Fher vel
anneal in RTA) between .20 d 4511 Cto densify _the carbon-based
anor phoyghémﬁca %?_3%&8%%&&@%% ?fé%@%‘%ﬂerPorNBP%S“f%’a(tPVt]ﬁé’f BAY P r
properties and dielectric properties of carbon-based materials can be
varied f b efrarbosrbasesi amespliousrmeréaldioa thiskngsg oEbtg eamnt00i angiiragnsaandt o t hat

of Teflon, whose dielectric constant ranges between k=1.9 to 2.1, by
varyi ng BH¥0copttosist iSen aafbonHesebambaphars ndteiabatasrcoadist 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 diclectric 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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m crostructure. Fig. 13 shows a schematic cross-sectional view of the
fabrication in Fig. 12 subsequent to an anisotropic etch of the
carbon-based | ayer to forma spacer |layer (14). 17 Said anisotropic etch
consists of a plasnma-assisted etch wherein the etching chem stry conpnses
one or nore of the follow ng: chlorine, boron trichloride, oxygen,

hydr ogen, nitrogen, formng gas (a m xture of nitrogen and hydrogen), and
fl uorocarbon(s), The etch renoves the non-netallic barrier |layer fromthe
opti onal S@ukﬁquoplayt@h cpeayts ahalplagas-aisatddyetdhrwimreih ¢hettdting tlomistayer  (16)
and passivation layer (12). The carbon-based barrier |ayer remains on the
verti cal combptises@he bhmoterefniohfollndingt ehlbnd, borvnaridpaddy oxy@yerhydfok8y,. The
passivation |layer (12) is subsequently etched to expose the underlying

conduct omijtt@yey fofrdidy gasS@irlixtir€ B hifogenind $§Brog&D &Idetm(ﬁ&&#bow??,r ehd1 the

etching chemstry conprises one or nore of the follow ng uor ocar bons,

fluorine eﬁ:ﬁt}%b‘&édttﬁéjnonhxﬁ%ﬂféq{aﬁ%?fa elafr&ﬁ@h@éﬁloﬂhltd’ B}?ﬁ@ layd\@0farlds SOMe

penetration by the etch into the conduct or, hence theé non-conductive

barrier }%almﬁuﬂsle%ﬁ%to;pgg%érg@ asgfvﬁtg@{r}ltdy%@% Ol Slndfl§ Sputtered

conduct o its ox roun rlcs Ig. 14 is a
schemat i cro s sectional, vi ew ted Lnt rconnect wherel n a
conduct i %’a‘“}eﬁ Y IEP90S ot %Veé{téca b g?)?)fetﬁ Fﬁﬁ‘iﬁm éasto af%%cﬂﬁay%y a
deposi ti copper. over | rface i d trench and via formation
and then?ﬁ%v&rhﬁaa%s'a‘ﬂorcléﬁfﬁ(%) 13 SpRfepLs Y§‘§P‘?‘€tﬁ KR9SI wierlyipg accor dance
with the nethod and objects of this enbodi nent, the final dual- danascene
i nter conﬁ@%‘lu"?%ﬂa)@nﬂ% Saxd gich iohplasred esisied efabniyesein dig etehing ghemistvat ed i n

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 (27), 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 (28).

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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Fig. 13 can now accept a copper inlay directly, as illustrated in Fig. 14,
w thout the prior deposition of a netallic barrier |ayer, since the
non-netallic barrier layer is able to prevent the diffusion of copper into
the surrounding dielectrics. Third Preferred Enbodiment 18 A third
preferred enbodi nent of the present invention teaches a novel plasna
treatnent of the exposed surfaces of the trench and via f" rmations of a
dual - damascene type conducting interconnect, thereby achieving a fluorine
out-diffusion barrier without the need for an additional and
space-consum ng material |ayer. The nethod of this enbodi nent can be

| earned by r efehiri peeférRedtdieboRithdi® 551he predéntlih@utieSteadtied a ndbel phispEgh  Fi g.
20, together with the description below Referring first to Fig. 15, there

i's shownya,sehesmhd Qx&ﬁgéﬁss%rﬁ@éétdf o iR andWi FQ8la86Hd G RS31- f:lzﬁﬁ’z{sb&ﬁt I on
wi thin which a dual -damascene type interconnect is to be formed. The

fabrlcat I Id be a
copper | 193 <SBRRERE Bl SRR HERLD A YL o ne M ERBER LR O o
ichis, formed a Si on | ayer i,ch t |ca uld be a | ayer
of SiN oitheﬁ?e‘rg%ﬁ 89’% %1@8%3%366' W&E‘E‘ %Féteﬁﬂc}a%e% (;l;’gﬁrogg?s and on V\:h?/Ch
is formed a first, lowk, flugrinated dielectri Ia ich could
be a | ay&mbgdimenisantelermarddagicrang o ﬂ%lccesalﬁﬁpﬁﬁwgg ﬁﬁq%d%éﬁfa}lﬂ@
paryl ene--F or PTFE (Teflon), forned by chem cal vapor dep03|t|on (CVD) or
spi n coafhhéoﬂ@gﬁh@hﬂﬁwﬁe§§Wﬁé@mk@ﬂow 000 angstroms and 10,000 angstrons.

Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15
after a first 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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pl asma treatment of the upper surface of the first dielectric |ayer (14)
with a nitrogen, hydrazine or NFl, plasma. Said plasma is fornmed in a
chanberwherein a plasma. can be generated by an RF power source (13.56
N41-1z, 100 W2,000 W or a mcrowave source (2.45 GHz, 100 W2,000 W at
a pressure between | nTorr and 50 nTorr. The plasma 19 treatnent foans a.
"pseudo-carbon nitride" layer (15), indicated as a shaded region, on that
upper surface, by neans of the reaction: CGF é)_ol viller (N2 or NH3 or N2H2)
-> C- N - flregforent ©rms a('pesmderareyn nygda; davgr (158 )indipgied piea daded isgiopen  or
hydrazi ne plasma, it is expected that hydrogen may be incorporated into
t he " pseuld-uppersbdacenby micakes ofitlgmsactiopossi bly as a C-N-H type polynmer or a a
C-HN type polynmer or as a mxture 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

Si N, Si O@F pBlyker (HTNg or Ny1; ApBLHSAMatie gl CICovRat e eFpsdlitBe). by CVD to 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 layer (18), simlar to the first such layer, on said etch-stop

I . T ' - ' ' ' I I
i o1 cot 15 Ut SEH: S R ol s ABEGEF LA hdy delfodeliea | v
- ' ' t he. i cati f Fi 7 b N2,
bydr az; nahgirpidPaeot RS Fhsutis Fo GheolyRF K RECAY Tace of
the second | O\i\l— k dielectric ‘léfﬁ’ég{sd(l S), to forma "pseudo-carbon nitride"

layer (309C POLARTICAAS Y makiuLe regi on on the upper surface of said

dielectric layer. . ) ) ) o
ig. 17 is a schematic cross-sectional view of the fabrication in Fig. 16

subsequent to the formation of an etch-stop layer (16), which typically could be a layer of
SiN, SiO or BLOK (mfg. by Applied Materials Corp.) deposited by CVD to a thickness
of between 50 angstroms and 5,000 angstroms on the first dielectric layer, followed by
the formation of a second low-k fluorinated dielectric layer (18), similar to the first such
layer, on said etch-stop layer. The said etch-stop layer could become optional if the inter-
level dielectric capacitance needs to be reduced.

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

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18,
subsequent to the formation of an optional capping layer (20), which typically could be a
layer of SiN of thickness between 500 angstroms and 5,000 angstroms and the patterning

and etching of a dual-damascene trench (22) and via (24) formation. The passivation
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Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18,
subsequent to the formati on of an optional capping |layer (20), which
typically could be a layer of Sill of thickness between 500 angstronms and
5,000 angstrons and the patterning and etching of a dual -damascene trench
(22) and via (24) formation. The passivation Lr |layer (12) has been renoved
by the etch, opening the via to the underlying conducting |ayer (10).
Finally, Fig. 20 shoes a schematic cross-sectional view of the

dual - damésee(i@) histieen ténoved by Fhagetchl Dpanibys the wend thourarlying towpictnand
anisotropic N2, Nils, or hydrazine plasma treatnent.: "pseudo-carbon
nitride" [4y@y@ar).has now been formed on the vertical exposed surfaces (31).
In accord with the objects and nmethods of this enbodinment, this final

dual - daﬁascen@idanp,eﬁgpzmbiﬁ@a SO ANE M ARG SQBbnA ViRPPEhe B AMmAdideRSt | Y,
wi thout prior fonnation of a netallic barrier |aver, by the deposition of

COPPET  ONSnaRl iPHE! APEDRcpiRaf b8 Ina R0t Bid 0L KBLL Gilapighncshown) or

as in the conve n ar irst accept a netalll rier er followed
by a copper inl .Hfs IS under toog.$, a rson skilled.inthe art, the
ot ef r r ot B gusal A o PP RS Bh RBL AR RETEY Seth gl i ol e
present invention ra ger than being limtin qﬁ he. . present invention.
Revi si on§’%‘?§83 CF§ é 1 BriscrdyY lg’etgﬁﬁﬁg"tf Bmﬁ’\?F 8@%‘# this 85’%9@1&3,“"’ et eri al s,
structures and dinmensions through which is forned a dual - darascene type of
conduct i Agal Habdepsera typhErmpkon GRIOHEASERS 2COPRT iy Heeclut Widia usi on and
copper out- diffusion and can, in one preferred enbodi ment, be used in the
sub- 0. 15 prioc fogmatigreefer metalbia befriemayen &y dist deppsiden dfaopparaveorbsuriacesedor d wit h
the preferred enbodi nents of

said trench and via formation (not shown) or, as in the conventional art, first accept a

metallic barrier layer followed by a copper inlay.

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

present invention are illustrative of the present invention rather than being limiting of the

present invention. Revisions and modifications may be made to methods, processes,

materials, structures and dimensions through which is formed a dual-damascene type of

conducting interconnect that is impermeable to fluorine out-diffusion and copper out-

diffusion and can, in one preferred embodiment, be used in the sub-0.15 micron

generation of microelectronics fabrications in accord with the preferred embodiments of

the present invention, while still providing a dual-damascene type of conducting

interconnect that is impermeable to fluorine out-diffusion and copper out-diffusion and

can, in one embodiment, be used in the sub-0.15 micron generation of microelectronics

fabrications formed in accord with the present invention, as defined by the appended

claims.
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t he present invention, while still providing a dual -damascene type of
conducting interconnect that is inperneable to fluorine out-diffusion and
copper out-diffusion and can, in one enbodi nent, be used in the sub--13.15
m cron generation of mcroelectronics fabrications fornmed in accord with

t he present invention, as defined by the appended clains. 21 Wat is
claimed is: A nethod for form ng a dual -damascene type conducti ng
interconnect within a mcroelectronics fabrication, conprising: providing
a layered structure such as is used in a mcroelectronics fabrication,

said structure conprising a conducting |ayer, on which has been forned a
passi vating aweiscl@mey: ch has been fornmed a first dielectric |ayer;
wherein said first dielectric layer is formed of a carbon containing
flourinated dielectric; treating the upper surface of said first dielectric
layer with a first plasma treatment; formng a second dielectric Iayer on

sai d first di of GEhih fulidEh o WA ERAAAL o tandn ShEL BFhLLG LAY

formed o carbon con rﬁng Iourlna treating ?he upper

surface oﬁ Sai.d lsgqgrmgenectrh% |ayer with a second pl asma treatnent;
f or mi ng Elﬁga%fﬁ%1? ASIM"8880nd diel ectric Iayer patterning and

etching a trench. ia structure that passes thr h sa capping |ayer,
sai d second dPE ’E$| XaXeé‘iﬂe?mC%‘éﬁ WOF AT SIS BI19BCFIG raw h’gﬂﬁa @g

passi vating | ayer;
said structure comprising a conducting layer, on which has been formed a passivating

layer, on which has been formed a first dielectric layer; wherein said first dielectric layer
is formed of a carbon containing flourinated dielectric;

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

forming a second dielectric layer on said first dielectric layer; wherein said second
dielectric layer is formed of a carbon containing flourinated dielectric;

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.
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treati ng 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. 22 2. The nethod of claim| wherein the passivating Layer
is asilicon nitride (SiN layer of thickness between 500 angstrons and
5,000 angstrons. 3, The nethod of claim1l wherein the first dielectric

|l ayer is a layer of carbon containing fluorinated dielectric material of

| ow dielectric constant (lowk). 4. The nethod of claim3 wherein the |ayer
of car bor2. contTiemeughdfdf¢irh Naviggein thegagsivating 1aRE Brd silicohsitsige SiNgd from t he
group consisting of FSG Teflon, Parylene-F, anorphous fluorocarbon and

fluorinat rBPihdeﬁEéﬂ%eWb@nB@Oﬁ@sff@ﬁisfaﬂdiOO@EK%ﬁﬁ&%§. between 1,000 angstroms
and 10,000 angstrons. 5. The method of claiml wherein the first plasna

treatment is a nitrogen plasna treatnent and said treatnment fornms a pseudo
carbon-nitride layer on the upper surfce of said dielectric layer. 6. The

reLhod of ] S b G AANS L PSSR BTG kg P 25

treat ment " and ‘sai reatment ayer on the

upper surface.of . said first.dielectric l.ayer, 7. The nmethod of claim1
wher ei n tcﬂgta’flﬁn?%@uoﬁ’lnﬁtfﬂ'&mﬁercéﬁirﬁﬁtﬁf‘gliqécl%w HS%‘?H% CHBStﬁ‘Ptzlé’r‘?ﬁlt‘)'t reat nent and
said treatnent forns a pseudo carbon-nitride |ayer on the upper surface of
said first dielectric layer. 23

4. The method of claim 3 wherein the layer of carbon containing 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.

5. The method of claim 1 wherein the first plasma treatment is a nitrogen plasma
treatment and said treatment forms a pseudo carbon-nitride layer on the upper surfce of

said dielectric layer.

6. The method of claim 1 wherein the first plasma treatment is a NH; plasma
treatment and said treatment forms a pseudo carbon-nitride layer on the upper surface of

said first dielectric layer.
7. The method of claim 1 wherein the first plasma treatment is a hydrazine plasma

treatment and said treatment forms a pseudo carbon-nitride layer on the upper surface of

said first dielectric layer.
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S. The nethod of claiml wherein the first plasm treatnent uses a gas

m xture conprising two or nore gases selected fromthe group consisting of
nitrogen, NH3 and hydrazine and said treatnment forms a pseudo
carbon-nitride layer on the upper surface of said first dielectric |ayer,
9. The method of claim| wherein the second dielectric |ayer is a |ayer of
carbpm containing fluorinated dielectric material of low dielectric
constant (lowk). 10, The nmethod of claim9 wherein the | ayer of carbon
containing fluorinated dielectric material is a |layer of material selected
fromthe group consisting of FSG  Teflon, fluorinated polyitnide,

anor phous. f | udhearthedf alathn Parhet<n theHirstfpdasradreatneat udchia@inesauteet ween 1, 000
angstrons and 10,000 angstronms. 11. The nmethod of claim| wherein the

second pkasphsihg SRS BAbreigised sElbdtEPHEM the %‘r%ﬁ? corlsis@ia BEMtrog& N3Biaddt r eat ment
forms a pseudo carbon-nitride |ayer on the upper surface of said second

di el ect r G4 hayehnd :Qa%} trdAh@edeb MRt n@taud\d @Jrﬁﬂrﬂ-niﬁ’[bt%rlﬁiep oh 1R L@E&%ﬁa@ Ggsne

treatnment is a NH3 plasma treatnent and sai r eat ment rms a pseudo

car bon-ni_t.ni : t he upper surface of said second dielectric |ayer.
24 1 3. ?%éﬁﬁgpkg%%%%B@Fain1l wherein the second plasnma treatnent is a

hydrazi ne plasna treatnent and said treatnent forns a pseudo
carbon-nitride layer on the upper surface of said second dielectric |ayer.
4, The net hod gf claim| wherein the second plasma treatnent uses a gas

mi xture SconpfeMFgiofhnb claim hayhsreiadesecmddiqledg layenit pE&YEE 3t ¥8hsi sti ng of

nitrogen, 11-13 and ) ) ' _
containing fluorinated dielectric material of low dielectric constant (low-k).

10.  The method of claim 9 wherein the layer of carbon containing 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.

11.  The method of claim 1 wherein the second plasma treatment is a nitrogen plasma
treatment and said treatment forms a pseudo carbon-nitride layer on the upper surface of

said second dielectric layer .
12. The method of claim 1 wherein the second plasma treatment is a NH;3 plasma

treatment and said treatment forms a pseudo carbon-nitride layer on the upper surface of

said second dielectric layer.
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hydrazi ne and said treatnent fornms a pseudo carbon-nitride |ayer on the
upper surface of said second dielectric layer. 15. The nethod of claim]
wherein the capping layer is a layer of SiNfornmed to a thickness between
50 angstrons and 5,000 angstronms. 1 . The nmethod of claimI| wherein the
trench and via formation is patterned and etched using a trench first, via
second nethod, said trench having a range of wdths between 0.3 m crons
and 3.0 mi.crons and said via having a range of w dths between 0.1 mcrons
and 0.4 rBcr odde methodhelapmatlydbran the setondidasiadreaingent ise lordedzinies a pl asma
assisted etch whose chemstry conprises one or nore of the gases sel ected
from t he plgsoapregiomsi sid sagl tofatmerft fororsoasedndasion-ffitride layeeers thissipperut ed

hydr ocar bon(s), hydrocarbon(s), Iluorosulfrir, chlorine, hydrogen bromn de,
oxygen, RuificegfRaid Rydhodiictrariggst. and car bon nornoxi de. 25 18. The net hod
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 dt hs between between 0.3 microns and 3.0 mcrons and said via having a
range of widths between 0.1 microns and 0.4 mcrons, 19. The nethod of
claim 18 wherein the etch is a plasm assisted etch whose chemstry

f t f
oo oca o, 47 TR F 3 R s»?%s&g&@@gfnn?we%;sﬁagr% s °
f | f hyd
TN SR T S N B I
formation is patterned and

hydrazine and said treatment forms a pseudo carbon-nitride layer on the upper surface of

said second dielectric layer.

15.  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.

16.  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.

17.  The method of claim 16 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.
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etched using a self alignnent (buried via) nethod, said trench having a
range of widths between 0.3 mcrons and 3.0 mcrons and said via having a
range of widths between 0.1 microns and 0.4 mcrons. 21. The nethod of
claim 20 wherein the etch is a plasma assisted etch whose chem stry
conprises one or nore of the gases selected fromthe group consisting of:

fl uorocarbon(s), fluorine-substituted hydrocarbon(s) hydr ocar bon(s),
fluorosul fnr, chlorine, hydrogen brom de, oxy ni trogen, hydrogen,

argon and8car Jb8 medshal glaim 12’2herqfh€1°rféqnﬁbdn<b1’lag rlaipn isgaieaehanche t hi rd
plasma treatnment is a nitrogen plasma treanxentand said treatnent forns a
pseudo catdhodusing pvidirktatyrenchorcand enatixpip sad treunhf leve a refigesdivddths ench and vi a
formation. 26 23. The nmethod of claim |l wherein the third plasma treatnent

i s a NH3 bptvasmhetwicer 3 mrictonannd 3.8inticioashmesid Viahasingapagedowididon-ni tri de

| ayer on the exposed surfaces of said trench and via fbnnation. 24. The
nmet hod ofpesdeah M 1lmi&is@hd 04hRictdakr d pl asma treatnent is a hydrazine plasna
treatment and said treatnment forns a pseudo carbon-nitride |ayer on the
exposed surfaces of said trench and via formation. 25, The method or claim
| wherein the third plasma treatnent uses a gas m xture conprising two or
nor e gas sel r and
hydra2|n§§and]ggkggykéggk%ﬂﬁgqagﬂgnﬁg%%%ﬁg%B%§%%8%$%§ ride %yeer on the

exposed erfa

g said trench and v
chcmistry comprlses

one or more of the gases selected ?%m ‘81e 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
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.

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 third plasma treatment is a nitrogen plasma

treatmentand said treatment forms a pseudo carbon-nitride layer on the exposed surfaces

of said trench and via formation.
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23.  The method of claim 1 wherein the third plasma treatment is a NH3 plasma
treatment and said treatment forms a pseudo carbon-nitride layer on the exposed surfaces

of said trench and via formation.

24.  The method of claim 1 wherein the third plasma treatment is a hydrazine plasma
treatment and said treatment forms a pseudo carbon-nitride layer on the exposed surfaces

of said trench and via formation.

25.  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, NH3 and
hydrazine and said treatment forms a pseudo carbon-nitride layer on the exposed surfaces

of said trench and via formation.
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