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OF | NTRA- METAL CAPACI TANCE BACKGROUND OF THE | NVENTION (1) Field of the '
I nvention The invention relates to the fabrication of integrated ci rQLﬁEP 2“03
devi ces, and nore particularly, to a nethod and structure' for the creation

of i*nterconnect patterns that reduce internetal :capacitance for sub-m cron

devi ce A esdVEERSCOKPIR DESTALPSTROCOHRENEORT TAE AEDUEDIORE 08T eRiTRARMEITAL
nonolithic integrated circuits nunerous interacting electrical device

elements are typically created incgpaeprhRegsurface of a sem conductor
substrate. Anong these -device elenents are transistors, diodes, bipolar
transistors of either NPN or PNP.conducting characteristics, Field Effect
Transi stors of either N or P channel type. After these device el enents have
been created, these elenegég nggb be interconnected in order to form
functi onal sem conduct or ke §BcﬂFa§H§n5N8&N3FOHigital circuits,
flip-flop.circuits and nenory circuits.. Fromthere, the interconnected
device elenments are further connected to surrounding circuitry, circuit
substrates, printed circuit boards and the |ike. 2 SAP 2003 ,
Sémi cohtuctoreHévPEetper FoVaahéeni nprovenents are typically achieved by a
continuing reduction in the dinensions of the device elenents. This results
in increasethelevipeentepsi rglandsi her ehsefaproxgetiiby off deviegeagkenents that
bel ong to one device

circuit devices, and more particularly, to a method and structure

for the creation of interconnect patterns that reduce intermetal

capacitance for sub-micron device features.

{2) Description of the Prior Art

In the creation of monolithic integrated circuits numerous
interacting electrical devicé elements are typically created in
or on the surface of a semiconductor substrate. Among these
‘device elements are transistors, diodes, bipolar éransistors of
eithe; NPN ?r PNP conducting characteristics, Field Effect
?Transistors of either N or P channel type. After these device
'elements have been created, these elements must be interconnected
in order to form functional semiconductor devices such as analog
or digital circuits, flip-flop circuits and memory circuits. From

-there, the interconnected device elements are further connected

to surrounding circuitry, circuit substrates, printed circuit
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boards and the like.




or to several, adjacent devices. In order to achieve functional operability
of the sem conductor device, none-interactive or interconnected device

el ements nust be insulated fromeach other. It is well known in the &rSEFha{m?)
to interconnect device elenents that reside in or on a single level. As
part- of the creation of sem conductor "devices on one |evel, these devices
are el ectriSealicpninstubatdzliared pelrdotrmproak| ympoemeeirgts tages tiypboatl yng

el ectroni c conponents by neans of holes that are created in the |ayer of

i nsul etdhdreviekiabysar connitsuinye denctesonand the diwdrcel glsepEntie The devi ces
or. the device elenents are accessed through these holes and further

i nt er cnnest edebgnbi rsh)s corxlilois U@ iihteeesadeddvinge |denes tiyhahdare created
on the surface of a (first) layer of insulating material. In view of the
cont i niraxpaseer easeinbtgi 6 £ uddvidensilieyhentsl that ebé Byrey T 0fondedcese Or
device elenents are frequently superinposed over each other by first
deposiér Ny aseseran] bayecent dewsideat.i 1@ watieri ab avereddh&undttepbagnnect i ng

| i nes that have been created on the surface of the first |ayer of

i nsul abpedubiHnlws odr eher sahbcbndudtr sreard, | ayre- Ditdsddiati e for 2 2
~, EP 2003 connections to the first network of interconnecting |lines, which
can t hemtdecdroldonwed dbyice eal émghtts BRAEOME) iAShOEKd Of r O RALSE! bYRer .
interconnect |ines on the surface of the second |ayer of insulation. It is
cl ear Thats twelSl (xros@Ssncane bert eppatied iatruabaheo6f dévrBSe aN@mestki M ted
not by the nature of the process but by the electrical performance

char actesat sté<isid Hat oar eni Apesegl @slarglonyequaneecdf thdecreition of

i nt erconnecting sem conductor devices. It is easy to visualize that, with
decr easenli devdwet ati merRiiceBsoni oher torgieCtrHdsregeandesei¥®r ks can qui ckly
deteriorate into very conplex structures. This may not be a disadvantage in
and of eLésetfcalny tinssalemyd bndpebedtiada 118 nnedPe8 et S e un@Shig Cti ons
on the electrical performance of the assenbl ed package. This limtation
beconeslevenonmht ecigdmgest bgsme bes operedlicnahatr egeeseyavdd tihe tpackage

i ncreases. The material of choice for the creation of interconnect |ines

" has fonaysanytyeessldEen ahdli BUubroWds ecrlopra;ipelsyahystiaé ldded | i con can
be used .for some circuit.. . interconnections, virtually all sem conductor
Ci rcui edenertsat Theasdvianrs loayeheOficibt@l e 1dieRItEORRRChEBBs ddahrodemh NEt al
interconnection lines are typically fornmed by depositing a thin film of

al um nuimese BbLEs NaB COfItie ralin@y rodnhber y@f8f | ( fTaski Nngodducive EP 2003 t he
al umi num |l ayer with resist to define a set of nmetal interconnection lines,
and t hemtamicsaheopisqllineat elhangatBecposté®nsn afhd haratal ockayer not
covered by resist. Reactive ion etching (plasma etching) of nmetal thin
films i(€instal Lyyperdorimilediing aapkasan.in which the wafer i s bonbarded
with ions that - _

In view of the continuing increase in circuit density,
multiple layers of devices or device elements are frequently
superimposed over each other by first depositing a second layer
of insulating'material.over'the interconnecting lines that have

been created on the surface of the first layer of insulation.

Holes are created in the second layer of insulation for



react wth and renove the exposed regions of netal. Plasma etching is
performed in a vacuum chanber, and the etcher's vacuum punpi ng systgn P 2003
renoves nost, but not all, of the reaction products. Advantages of Zlégna
ion etching over conventional wet etching processes include the
possibilities of process. automation, |ess undercutting of wall profiles
and hi gbere gaieking odemsi iy rs€oppevotiaot nntecedhnttoesg f Dy ,i nereased
application in the use of nmetal wires due to its low resistivity high

el ect r o grledni Gre riedilotenc byandest 166 S V@icdond)r astsbaRCS: RSk ; bawever
exhi bits the di sadvantage of high diffusivity in comon insulating

mat er i ahsescmtnas Siinesonndichsi ger pawk Ry GRCARLEHAI NGyPPI ygTers. This

| eads. to, for instance, the diffusion of copper into polyimde during high
t enper gh B i QCESH NG @flcbbecpat Vi 6 rJ&sll LhAgpkN SV & &F 0sion of the
copper anal the polyimde due to the copper conbining with oxygen in the
pol yi nheepeTher efinsd DmnRY s eshlted M0, aheadhegi-any £ delam natian, voi ds
and ultimately a catastrophic failure of the 4 2 ~~P 203 conponent. The
copper buhaby i Sheisebdtrianli peerconness dmyddiuse kot onihe i |icon dioxide
| ayer causing the dielectric to beconme conductive and al so decreasing the
di el ectmpossd r&ngs leafs dduensiel bg0Bh &l MR |3y 8hteAc6RRPEE: 4 T f Usi on
barrier is therefore often required; silicon nitride is often applied as a
di f f uscenibanduetort adeadpar.. Silicon nitride however has a dielectric
constant that is high conpared with silicon dioxide thereby Iimting the
use of silicon nitride in encapsul ating copper interconnect lines. In
addition, due to the fact that copper is very difficult to process by RIE,
the Chenmi cattMesheadgalo Ralsushiing ¢6MP) weirho@ Y segedel ocde used where
copper is used as a wring material. To polish copper at a high rate

Wi t houtiimenal 6is Ngintre BENOTedANCEnvEt And Nee didri@d W' LOg-£ Oy mation, the
copper etch rate nust be raised by increasing the anount o¥ t he conponent
responsiekeibdste inte very complex structures. This may not be a '

disadvantage in and of itself but this may, in practical terms,
impose severe restrictions on the electrical performance of the
assembled package. This limitation becomes even more stringent as

the operational frequency of the package increases.

The mapgrial of choice for the creation of interconnect

lines has for many years been aluminum. While doped

e

.-

/Sfystalline silicon can be used.for some circuig. 7
interconnections, virtually all semiconductor circuits use at
least one layer of metal interconnection lines. Such metal

" interconnection lines are typically formed by depositing a thin

film of aluminum or aluminum-copper alloy on the wafer, masking



copper etching contained in the polishing slurry. If the conponent. is used
i'n an increased anmount, the etching will occur isotropically. Consequently,
buried copper is etched away, causing dishing in the wiring. It is, wqgnzmm
forming interconnect |ines using copper, desirable to use nethods that-do
not - depend on patterning the copper lines using a chem cal etching process
ML - aShRceuEt LN f..C is.V difficult -a LS a process that

is onF?ergcent$§ Hgghggﬁgfph§§B?%5e§?i%E1%ﬁ% aTﬁ%%uég ggtégpper as 5 2 SAP
2003 i r nect wiring is_further .hindered by, the

g QEEEFP§Q%¥L%%§ﬁ9%% %nd&%é?n ani %F%ﬁhcalqg|epﬁR%B? the

suscepti bi er t'o ox I"on. % ion ot of eSi st processing

canno . d 0 rs to b atterned intq varpous, W re shapes. The
phot o g%ﬁépﬁgegﬁgg@%gﬁggﬁé&ﬁ &d QPgt %v%ﬁﬁéu)ytﬁ%§lﬁ¥ch§%CB§v%é§F}ng it in
a highl xi di zed_envi.ronnment, .suc s.an_oxygen .pl asma, .t here converting
"t ekt BERR R e el ce Rl YRR R, PR bk P
advant ages and.di sadvant ages .of the use of co r.indicates that copper has
been rue%'enlgvianglz"i‘ls?l%lJaxfi"%}bll(‘%:)e;1 Itgﬂggé’a ffbunt %‘?'&é‘{)’{)%ﬁ iw6ﬁ5’a§°35nﬁ?%?i al to be
used fég égu%.%%eation of cqnductive interconneﬂis. TQis ho t he poi nt where
in sub-FR%r 8 e 2R ot B T opife P PS S88 BRIFRT L EF T FA&SPAbri cati on of

i conduyct or .deyices, For, th t majorjty of th li gations,
it er GO B8 7 it i RSP By PERESEr GRS SR (SDfR6F  Ehgsc o

i nterconnect lines has a rectangular or_ s re e. Wth the sharp -
decr ea%%@%% Ke arst ance’ setn\I/\C/’eseq;(rgi R&ital8ht gggpp%’fhiﬁﬁet errec?Sﬁiﬁ@Et lines (the
erconnect. | i nes which typically have_ _a square_ or

¢ EFai ah

' t al i t I
Fgc?an‘g%%%@ﬁcsr'og‘gvégc o ThdUeE ™ g% & t AU °BEpaltt ances
whi ch égcdetrinental to. 0 devi ce [ manc ecially for higher

[ .petf ,_€es
fr equeticy du iFES CS5&F AL %udﬁgqen@éjﬁtsilgﬁ&égﬂ?%s%gsplicfﬁpesssaspect of creating
i nterconnect lineg and provides. a nethod whereby the parasitic iptra-1line
Capaci FARTE T T e dseaqe RSt St S 03 o0s BEonolonPkatiigePGhaas )
shows sl pped netallization (See Fig. 5). US 4,888,087 (Mslehi et al.),
us 6, 117" é&(chpta et al.) and US 6,103,619 (Lai et al.) show interconnect
shapes and processes. US 5, 821, 141 (Huang) shows a capacitor with a rounded
top openi ng. SUVMARY OF THE | NVENTI ON A principle objective of the
i nvention i§?to reduce _intranetal parasitijc cougling bet ween adj acent

| nt or connectTRRET MfSs LPARGERBE HHIS L] P "EREFRY GHRE LA S Fo ohi eve

hi gh performnc tal i.ntercgonnect, |ines wthout the use of cost
'intens?é%.u%?d%gégﬁﬁ §F56§.89ﬁtt%ﬁUFh (“bEFE&FF6¥15¥’t%%gqnvention isto

rovide.,a nethod for the creation_of high performance |nterconnect |ines
Chat . coRCPBERTT 97 1 T BGLAL S0P T COTNEHR (AR FBors EbRUTE Or Copper
[ -
ev

norea
manuf act urin rocedures. 7.
how eg g&hl its %%e disadvantage of high diffusivity in common

insulating materials such as silicon diqxide and oxygen-

" containing polymer§. ??is leadgtto, for instance, the diffusion
of copper into.polyimide during high temperature processing of
the polyiﬁide, resulting in severe erosion of the copper and the
polyimidg due to the copper ‘combining with oxygen in the

polyimide. The erosion may result in loss of adhesion,

delamination, voids and ultimately a catastrophic failure of the



2 SAP 2003' In accordance with the objectives of the invention a new nethod
and structure is provided for the creation of interconnect lines. T SEEp%ﬁaj

section of the interconnect lines of the invention, taken in a pl anef t\tat

is perpendicular to the |longitudinal direction of the interconnect I|ines,
is & triangle as opposed to the conventional square or rectangular cross
sect i ocompornertter aneneoppkirnesat BRY Bis ESGRIaRTH Qe EFo i DRAWY NEBthkgs. 1
through 4 shows the creation of an opening of the invention, as follows:

Fig. lisbevehe Lidssnsacbkoteolayée cdudiace tok aiseatepWued Mecomstrate
over the surface of which has been deposited a |ayer of dielectric. Fig..2

shows gofd@ssiweEiPR1ICh HBErshsUsd Urke ofi fiedtricabtgingepald afred and
devel oped | ayer of photoresist has been created on the surface of the |ayer

of di ekectieds.afddide3 190QWS A 66958 SECAHN HUbHLRG i Ehe: PracessHe et ching
the layer of dielectric in accordance with the opening that has been

creat edrkBnt hegemadd yisid ikavehi efidb el 8 didn Bp11ed~EFP 2003 fiGond shows a
£

cross section of the opening that has been created in the | ayer of

di el echrieibh ascyance switiRohhgit AVEOtHARvIE 835 B Lough: Al show a
process of the invention for the creation of overlying layers of
intercesRgehnti feSy B5 HiQh! @Wapared with silicon dioxide thereby

limiting the use of silicon nitride in encapsulating copper

interconnect lines.

In éddition, due to the fact that copper is very difficult
to process by RIE, the Chemical Mechanical Polishing (CMP) method
may need to be used where copper is used as a wiring material. To
polish copper at a high rate Qithout scratching in accordance
with the buried wiring formation, the copper etch rate must be
raised by increasing the amount of the component responsible for
copper étching contained in the polishing slurry. If the
component. is used in an increased amount, the etching will occur
isotrop;cally. Consequently, buried copper is etched away,
causing:dishing in the wiring. It is, when forming interconnect
lines using copper, desirable to use methods that do not depend
on patterning the copper lires u§ing a chemical etching process
siﬁce etching of copper is very difficult géa‘is'a process that

is only recently being further investigated. The use of copper as



Fig. 5 shows the cross section of a sem conductor surface, a first |layer of.
dielectric has been deposited over the sem conductor surface, two - L
conductive contact plugs have been created in the first |ayer of di @1 &kt 2003
in accordance with the invention. Fig. 6 shows a cross section after the
depdsition of a second |ayer of dielectric, a patterned |ayer of etch stop

ot eri 2l has Deen. srsated.on the sy (308, 8y 405 sea00d Laver, of di el ectric.

section after hrrd Tayer ctric has been
deposited, a patterned | ayer of photoresist.has heen _creat . ;.he surface
of théuFﬁleFBlBé;éFy oft a‘foe[%/peecrt S"ioc .OxI’—'fja?lgnSh%%ve X roggg 238? ?ﬁggﬁé{er

openi ngs have been etched through the third | ayer of dielectric, the etch
‘stop IRRASESERGIQCANDOL e JHPS t”%’ﬁnsé;@Bﬁarl h?/'etr‘yg?e dﬁaézl%gff’ﬁgcl?ﬁé accor dance

wi th the openings that have been created in an OVﬁ%JyEQ% devel oped | ayer of
phot oresiigus miige ghaRgss T RIRETESESEN EFTRItT HE d W8§e8t| Ver of

phot oresi st has been renpved, a barrier |ayer has been deposited. Fig. 10
shows @R s FheePEPERS AT P¥rheA R o tndt BFIhhE HeEt 2f&hosi ted over the
surface of the-barrier layer. Fig. 11 shows a cross sectiaqgn after the
deposi R TR tof SHERaPShAR PEETEHALASHED GBRASRY THY S 'dcétof the third

| ayer of dielectric. Fig. 12 shows a cross section of a typical application
of "t hed? nt&htibFe™ev§<. 288 - shows a cross section of a conventi onal

interconnect line taken in a plane that is perpendicular to the
| ongi tudi nal direction of the interconnect line. 10 '

The above highlighting of some of the advantages and
disadvantages ofjphe use of copper indicates that co%pér h;s been
receiﬁing a relatively large amount of attention as a material to
be used for the creation of conductive interconnects. This to the
point where in sub-micron technology copper is exténsively used
in the fabrication of semiconductor devices. For the vast
majofity of these applications, interconnect lines are created
whereby the cross section of the interconnect lines has a
rectangular or équare shape. With the_sharp decrease in the
distance between adjacent copper interconnect lines (the metal
pitch), the interconnect lines which typically have a square or
rectangular cross section induce high iﬁfraFmetal parasitic
capacitances which is detrimental to optimum device performance,

_ especiélly for higher frequeéncy device operation. The invention
adAfésses this aspect of creat;ng interconnect lines and provides

a method whereby the parasitic intra-line capacitance is reduced.



2 S~~ 2003 DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Conventi onal
interconnect lines will be highlighted first in order to establish a point
of reference. For this, referring now specifically to Fig. 13, theQeS%F 2003
shown a cross section of two conventional interconnect |ines 16" and 18':
TheSe interconnect |ines have been created on the surface of a |layer 10
which typicgd |y g the Skobagaget & sencundet ar ssupegrate, electrical

poi nts of contact 13" and 15 ﬁave been provided in or on the surface of
layer 4Qeafyfidstod apele Fg.0kydiel ectric has been deposited over the .
surface of layer 10', the points of electrical contact 13" and 15 are, in
the cross section that is shown in Fig. 13, enbedded in the first |ayer of
dielectric. The points of electrical contact 13" and 15 can al so be

enmbedded i ngthe say f haver e20a11n W ) 1qase R0l ggpake created
t hr ough Iaye% F?'?g& e sﬁ%?%ce of I%ye? 10° And therewi Lh the poi nts of

el ectri,cal,con t : ' (gan em be ﬁﬁgpgﬁ d thraugh th hol es. A
| ayer f%'g%fpe%gﬁ %%g%jﬁggé%?aﬁ; su%ﬂ g%b%i , 1S §éébs?teg ové%ﬁ%%e surface
of the _fi,r 12" of dielectric and patterned and etched. Using this
patterﬁgg §%§é§¥§%$'of etch stop the openings 17° and 19' are etched into
the surface 4f the first layer 12' of dielectric. The points 13 and 15" of
el ectrical contact can be accessed by neans of these openings 17' and 19'.
After hol es L7, : eqn &keat ed. i o Jidsty unadqa & 2003

| ayer 12' oPédPé?ggf%?%, t‘%gg o%gnfngsga?% }%?fed'dffh & conducty ve

mat eri gl . ihe deposited conductive material is etched down to the surface
of the patterned etch stop layer 11'. The second layer 14' of dielectric is
next deposited over the surface of the etch stop |layer 11', thereby

i ncluding the surface of the openings 17° and 19' that are at this tine
filled wth a conductive i2al- ofhe ﬁegﬁﬂﬂvﬁﬁﬁﬁr 14" of dielectric is
patterned and etched, creg??ﬁgb%beﬁgngg 16" and 18' -in the second | ayer 14’
of dielectric. These openings are next filled with a conductive materi al,
which in turn is polished down to the surface of the second |ayer 19" of
dielectric. ,The .electrical C : '/ 16" ‘119,18 are at
this tine c&n{gﬂ%el%é:i%ﬁte |8§5 %‘Fgg‘?gf%fo% %%gn({?rggé%zge%gi %cﬁr%%\%e{ ;1%5 (%vvn in
Fig 1 t I.QSS i ops e i.ons. g@&g lLectrica
cont acﬁn%%gséag%esggg% g??ﬁ%ﬁﬁ ?%Y%%glae%%%egesﬁhggg |gcn| |géra1§tn%isé t hat
the sides of adjacent sections of the electrical contact plugs, such as
sections 13" and 15, sections 17' and 19', sections 16' and 18', are
parall el wt C s LRI Ser l$s 1N .maxi e ?qg. tic exposure
of these si eégﬁgﬂiﬁgﬁgcgéggcéﬁtgﬁ%uh é?ﬁﬁ?%slgﬂgh ggﬁ%%% iom 16’ haying
X MTRELECLAMANGIG, SARISNORLO. SEOHSP Moy SBRE] 80, 10: dsect T on 12
cl ose el | € C | i.ng.hetween these sections resulting in the
existen%gg%égﬁ?%ﬁgﬁ%%ﬁggﬁgcS@%Bgéitances bet ween these sections. This
parasitic capacitance has, as previously pointed out, a negative inpact on
devi ce performance and nust therefore be mnimzed or avoided. Fig. 13

furt her. Show?e hgnéj e fobaj el%:%r'nlleeyafl @Xgrir%pe tv!%'ncrlsl %of @?89%@&' app! ied to
negate interaction 0O e “conduct 've materi a , Such as copper, that i-s used
to fill I W WANANN d /19! ' j t. undi

di el ect F‘%Eﬁ"fih?%? g%% i‘gelzea{éﬁ?er‘r %gohf?pﬁ}c%fﬁ{“ac“oérlrgbrﬁb‘sttéa?% SHEERTEAdY t
applica S r . deposi. g . no
shown) 3333.5%5 %u§§%g€1%$ ﬁW§}g%§$rFe?XFéyer %éﬁyﬁ4$%§rggﬁgfgggﬁ afice

adhesi on b%%g% n t he coqug}k*g mat eri al deposited in plugs 13'/17'/16" and
15'/19'FT§{ an fﬁ%gs%??d%n&ing dielectric. Figs. 1 through 12 address the
creation of interconnect lines of the invention.



Specifically, Fig. 1 shows a cross section of a surface 10 over which a
| ayer 40 of dielectric has been deposited. Layers 40 of Intra Metal K
Dielectric can contain any suitable dielectric such as for instance i SEPo2803
di oxi de ("oxide", doped or undoped) 13 2 ~~P 2003 or silicon nitride
("nttride"), silicon oxynitride, fluoropolyner, parylene, polyimde,

tetra-ethylz@réigbgﬂddc%amatﬁTE§§)oQ é%&é@g(y¥ithe invention a new
bor o- phosphat e-si | i cat e- gl ass (BPSG), phospho-S|I|cate-gTass (bSGQ,

bbr o- shktEad Catd oS UBIDe, 1@XbdBvELE T £8r YA LMDy B ::)Ppﬁf\(i:%é%n%%tcrt:' ¢

constant material, such as hydrogen silsesqui oxane and H
(hi gh- densit yripd assms f 14eesiiRg- depede Siﬁii@é&lr@c%sﬁinlgeogoﬁ? commonl y used
a 0

and therefore the prefered dielectrics that can be used he deposition

of layensefAfighe SiddiLan & Qiixde eﬁgpeg? Fe Ul o SLL O OxynitIEde,

paryl ene or polyi mde, spin-on-glass, ox1 de “or oxi de. The

prefeyiggggkﬁagﬁgii&iggggﬁﬁgaégtghgeiH?§§%£§Heéguiﬂn%%en&ion is Siz. The

deposition of the |ayers I'6l 8CTTT & Uses convent Fanal “ige i% i on

t echnol i e_deposi ted in PCVD, PECVD, or APCVD
procedS?gépg?g%&?Q%ﬂ%%gfﬁgék%?ﬁgg?ge%%uaﬂ%bF:§§%%§ %uiga GbYites C. to a

thi cknggsbgLween; about 500Q gnd 10, 000 Angstrom using TECS as a source. 14

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 through 4 shows the creation of an opening of the

invention, as follows:

Fig. 1 shows a cross section of the surface of a
semiconductor substrate over the_surface 0of which has been

deposited a layer of dielectric.

Fig.,z*shows a cross section of the structure of Fig. 1
after a patterned and developed layer of photoresist has been

created on the surface of the layer of dielectric.

Fig. 3 showg a cross séction during the process of etching
the layer of dielectric in accordance with the opening that has

been created in the overlying layer of dielectric.



~ ~~p 2003 The intra-dielectric material that is typically used to isolate
conducting lines fromeach other is silicon dioxide, which is a thermally
and chemcally stable material. Continued decreasing of the hori zon%agéFp 2003
di nensi ons of sem conductor devices |leads to |layers of netal that t

have vertical dinmensions that are not necessarily reduced accordingly

resul ting fBEginétshmves ian ostsasecandnvef Openipygs ighahabares abdégh aspect
rati o. Conventional oxide etching processes and naterials are however

avai | akFeatef suckthdifyeaspectdirabcortontmcicastiatice apeni Bgs.

Consi deration nust be given to the dielectric constant of the dielectrics

t hat adavesédone isolate conducting lines. The dielectric constant of dense
silicon oxide that is grown by thermal oxidation or by chem cal vapor
deposition is in the order of 3.9, CVD oxide has a relative dielectric
constant of about 4.6. The | owest possible and therefore the ideal
dielectric €dpstadtthsudh Q1 tsdhiosr aSpkbeeds ebecind G renttiadnt t8F @hyacuum
whereas air has a dielectric constant of slightly larger than 1.0.

Di el ectorieattonsbandseallyidiceliegielisC ofBt 8t bt Snidal 1682 she sused: f s
intra-level or inter level dielectric material vary, typical values are for
instance 4.1 - 4.5 for inorganic Plasma 5102, 3.5 for inorganic fluorine
doped Siz (FSG, 2.7 - 3.0 for Organic Polysil seaui oxane (Si polyner), 2.7
for organi c FBgnzecysbwbuiene(dB6Bkecetién 45 a %r@%%r%@@%o@’@ﬁrf?@e SLgface
of layer 40 of dielectric, Fig. 2, ahs been deposited a | ayer 9

‘phot or esirst. lﬁpayeaflaﬁéﬂedﬁﬁﬂaﬂwisobeﬁhoasﬁbéIEEHEHUHﬂ3ﬂﬁéposure and

" phot oresi st devel opnent have been applied to create opening 41.in |ayer 42
of photseresiostiucEbg. s@rﬁhﬂmﬁ1ﬁm£kﬁ@au§eﬂvéOabﬁﬁaédﬁirﬂﬁ%u%%UéebQénF'9 3
during the process of etching |layer 40 of dielectric i'n accordance with the
pat t er wrefatiekie iopehe ngi Adr tihaterhas Beene6teat eth i stddi@adn@renifR Ohe
photoresist. This processing step is a key processing step of the

i nvent iigrvengiieae during the. processing steps an openi ng havi ng sl oping
sidewalls is created in the layer 40 of dielectric. As etching gas for the
creation of opening 41 through layer 40 is used CHF3 + CFa + Oz. applied
under medi um pressure and a tenperature in excess of 120 degrees C. The
process of tfig.e6cbhbss carefdld yee@ibhokkedrsend hadpdLtdiafl wer pde ( CFA)
serves as the etchant gas, creating the opening through the |ayer 40 of

di el ectydawnshilagetrhef edaLopadt gas, copReRerhelil 1§ 40T OMRINANG(EHF3) provides
for the deposition of polyner that is forned during the etch process on the

si dewaldareofiadih@agppBengcidated SorP@inRd sat-ghed by the sg:c%ndTH% yeeSykt is the
step w se progression of the etching of the opening through Iayer 40 t hat

i s showidleadss section in Fig. 3, specifically the depth is created by
t he CFa conponent of the etchant gas while, during the creation of the
openi ng and as a-continuing process, polynmer 16

Fig. 7 shows:a Cross section after a third layer of

dielectric has been deposited, a patterned layer of photoresist

has been created on the surface of the third layer of dielectric.

Fig. 8 shows .a cross section after openings have been etched

through the third layer of dielectric, the etch stop layer and



2 SEP 2003 46 is deposited overlying the sidewalls of the created opening.
Thi s deposited polyner 46 protects, during the proceeding and ani sotropic
etch of the opening through layer 90, the sidewalls of the openinQ_SEBann
bei ng attacked by the etch species, resulting in the sloping of the
sidewal I s of the opening that is created through |layer 40. By controlling

t he potly@esedrfapialye@nof ati €e Dact e Sirdewaldrsiaatet hetpetd nipertimgssl ope or
etch taper profile of the opening can be controlled. It nust be appreciated
t hat tbtgaetitdvofbdenyete40e@ssenin adter priogeedsegopddaldyer i and t hr ough
the | ayer 40, meaning that the deposition of the polynmer 46 on the

si dewaphstefesdiyx opening that is being created is also a continuous
process, finally resulting in a continuous |ayer of polynmer being created
on the sidewalls of the opening. This continuous |ayer of polyner acts as a
retardant of the etch where the polyner is deposited, that is the

.sidewal I's pigthe smsRi Rgcrbbsi 5e6tean 41y tdhes deRallopas Bay@swg of this
retarding action, the sidewalls of the opening will slope. In order to

achi evenadcsLopesOfnAPYden?2 HBIERSSa BaVeidr NiGR f haw pats @fpddiesddiF3 is
required since this high flowrate results in a high deposition rate of the

pol ymer on the sidewalls of the opening while this opening is being etched.
The preferred for layer 40 of dielectric are as follows: process applied:

ani sot ropi cg;i Rl By pr 9eRasi N bro2lscRaBt 1 9ASa s £d@ at 1hGer sr-mbBrd@08a4£HFs + 02,
at a flowratée of about 15 sccm whereby the flow rate of the CHF3 is varied

- and my,Ne HBpEXEESE Pfer?AheSGuPrabRMBET BhEINEa 1 £Xq05e,Qf 120 degrees C,
and preferably in the range between 120 and 200 degrees C. and nore

preferably about 150 degrees C., a gas pressure between about 200 and 800
nTorr and nore preferably about 500 mforr, rf power density about 900

Watts, no nmagrRethe fh&ld ApIdLd.sedciBnobictbe elchidipisiran about of

metal has been polished down to the surface of the third layer of

dielectric.

Fig. 12 shows a cross section of a typical application of

the invention.
Fig. 13 shows a cross section of a conventional interconnect

line taken in a plane that 1s perpendicular to the longitudinal

direction of the interconnect line.
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5 and 50 seconds and nore preferably about 25 seconds. The variation of the
flowrate of the CHFs can be used to adjust the slope of the opening 41_..,
that is created in layer 42 of dielectric. Were it is stated abovp%ﬁﬁhﬂm“3
the flow rate may be in excess of 200 sccm it is not unreasonable to
expect to vary this flow rate dependent on the slope of the opening 91 that
is created in | ayerDESZRIFTGON OpeTHAEI PREEERRED €MBOBORERDY t he angl e t hat
the sidewalls of opening 41 nake with the surface of the underlying

sem conductor substrate 10 is the independent paraneter.. The follow ng
tabl e can be used for this purpose: angle CHF3fl ow rate 60 degrees between
about. 10 andof8@estiondb degrmemnketweeneabolll A andghlignseent Bswlagy ees
bet ween about 170 and 250 sccm 18 2 SAP 2003 A conductive plug can be
creat ecbridert he epeabhysH2a afoifritg.ofd reyedeposi trd thilsyyeerbhpinghwn in
Fig. 4) of conductive material over the surface of dielectric |ayer 40 and
pol i shisppdilfecalilface pigi hes depnsict ed kayen ofcrandueiciyennat efial
essentially down to the surface of |layer 90 of dielectric. The deposition
of a | ayeivenftiorbal isedrbenis&cade@dsby 6t hendep®s) tinyOfi ndebaski&sc | ayer
(not show) over the surface of the layer of dielectric, this deposition of
a | ayerlinfesdaaieebe8ht €féated adh e @lul-@wrd HY 4 hesfapagirt LD Not shown of
a seed | ayer over the surface of the barrier |ayer prior to the deposition

of a | aysricefligetal chEi guEescSd dhaughmilohunther Addressethgiapplication of
the invention. Referring now specifically to Fig. 5, there is shown a cross

secti orpsifnts $EMceanduet 08 sakd a0® HivedpbbhShrbdV@lq 14 o dhelgetric has
been deposited over the sem conductor surface 10, two conductive contact

plugs lsufmuee heenageeated Anciha fidyelr hayesrof: g &1EGLT inG i Be@gcor dance
with the invention. Processing conditions and materials selected for the

deposi tdegppafcdaayeeriinef sdi ehestsd aNave 1pF eviRashyiheen shighlighted under
Figs. 1 through 4 and can be equally applied to create the structure that
i s showonteorass sedati6n afefFigh the Hiespreberied tmderisalsnglinldn
Fig. 13, embedded in the first layer of dielectric. The points of
electrical contact 137 and 15’ can aiso be embedded in the
surface of layer 10’ in which case holes are created through
layer 12’, the surface of layer 10’ and therewith the points of
electrical contact 13’ and 15’ can then be accessed through these
holeéﬁ A layer 11’ of etch stop material, such as SiN, is
deposited over the surface of the first layer 12’ of dielectric
and patterned and etched. Using this patterned layer 11’ of etch
stop the openings 17’ and 19’ are etched into the surface qf the
first layer 12’ of dielectric. The points 13’ and 15’ of

electrical'gontact can be accessed by means of these openings 17’

and 19’. After holes 17’ and 19’ have been created in the first

11



2 5~,~ 2003 the invention that is used for the creation of contact plugs 13
is copper. The points 13 of electrical contact have a cross section tgﬁg i S
not rectangular, the cross section that is shown in Fig. 5 of cont a&tSEP 2003
points clearly neets the objective of the invention of reducing line to

| ine parasitic capacitance. Interconnect ' points 13, Fig. 5 are created
usi ng tlaeepr d€éssft dieldrdts ipr.evihessl ypbeemg slesoy ifidd edswhghFags. 1 through
4. The dielectric 11 is etched to formthe triangul ar shape of interconnect
poi nt s cbdduchévepratexysalar ecHe ldepdsiktl coppert iafd efatwirial aspsocwess of CWP
polishes the surface of the deposited | ayer of copper. Fig. 6 shows a cross
secti onlcaint & the depbsid icoh wfe paseenndd| ayet sitdbpofladieel @ctric, a
patterned | ayer 14 of etch stop material has been created on the surface of
the second | ayer of dielectric. _ Processing conditions and materials that
can be used for the creation of second |layer 12 of dielectric are as have
previ ously liéenseBdhcalegef arat e cieaktoniof i heedd radpdsayen didepf
dielectric. 20 ~ ~, ~~ 208 Layer 14 has been created as an etch stop

| ayer fiofe suhseguedt shepstel aigghilageef 11he fhdsdp@anthaeeand kayers of
dielectric. Silicon nitride is frequently used as a passivation |ayer due
to its aliiddey dif0 tREO¥hERL Bds | PElRIAbe BALET &Fe L NHiS! WikecaRd11BbI | €
inpurities (e. g. sodiumions). Silicon nitride also forns a tough coating
that praiects cvhduedert yhaget ¥ IrMedecbh@UlL by@gal rstofmRERAaRKCE 2L cdagage.
The |l ayer 14 of silicon nitride (SisNia) can be deposited usi ng PECVD

procedyf£s édinedl RMASSUERe QP ¥RAIY i cd98q8Tosr and AP0 iMTRhk, sakoAd
t enper ature between about 350 and 450 degrees C., to a thickness of about

1000 t 0L 500 1ANgYsr eretisk g MHspruE iR 106 s ShEd 2l e The 199d Waen gitride
| ayer 14 can al so be deposited using LPCVD or PECVD procedures using a

react andofsctlive Wak egtEh, agn déw il PrQsin aBepbSi Shadizdowns @ inll con source
material and anonia (NH3) as a nitrogen source, at a tenperature between

about 680rfak &30 whegkeesnE. Lapdr AP @FSYie1bet veen BhowW) 3QQ iEaerr and 400
mlorr, to a thickness between about 200 and 300 Angstrom
contact plugs 137/17'/16' and 15’/19’/18’ are at this time

complete.

It is clear from the cross section that is shown in Fig. 13
that the cross sections of the sections that make Jp the
elecF;ical 9ontéct plugs are all either a rectangle or a square.
Significant is that the sides of adjacent sections of the
electrical contact plﬁgs, such as sections 13’ and 15', sections
17’ and 19’, sections 16’ and 18', are parallel with each other.
This results in maximum eleétromagnetic exposure of these sides
to their adjacent counterparts such as section 16’ having maximum

electromagnetic exposure to section 187, section 17 to section

12



The stop layer 14 of silicon nitride can be etched using a SiON or Si N

renmoval process with etchant gasses CHsF/ Ar/ Oz at a tenperature bet pe$EP me
about 10 and 20 degrees C., a pressure of between about 50 and 60 mflorr

with an etch tine of bet ween about 21 Z ~~P 2003 40 and 60 seconds.
Openings in the layer of nitride can be anisotropically etched with a

pl asmay gasy fPYRiIAbAT1Bl URS S8EHOSh aBSeS THUEh casa Ehp/ KHha @ 18Fe162e
chem stry or Co/ CaFe .chenmistry, in a commercial RIE etcher or an el ectron

cycl ot £ PO f QHUHIEE Eﬁlphasww@é@t@{eseAsfel’c@%ﬁat Fys@plded nmehBod of
removing silicon nitride is an isotropic wet etch process using hot

phosphggi e Aeid o :THE ol bheQBi AL LT é48ad BBicekd pealedh SOndee didadnisnt o
phosphoric acid (H3P 8 to be renoved. It is inportant to point out in this

r especimib%aldaryueltccf&laggcﬁaﬁeeaﬁagl asdT8, Rl GRIuRA yapdi Aeagtdme ion etching,
has becone the technol ogy of choice in patterning various |layers that are

formed Quetr; e SiddLan Jwakerids bbrisrRiRcessed el @hBLL ReFeigL high density
integratéd circuit devices. This is because it is a process that not only

can be_highly.seleclju@dqn the materials it etches, but also highly _
ani sot ropi c. 7Y Wust be noted fromthe cross section that is shown in Fig.
6 that the openings 15 that .have been created in the etch stop |ayer 14
align with the underlying points 13 of electrical contact. This is

these. poi nt 4357 ket NG RHE pOL BN REmR S0 da v O TS RE & or oss
f 6 d
secti on Alet, 8 1) (bAAKE 6 adlelgelic. s Jeene gggahé

patternedffa oreS|st has €eén crea on the sur?ace of the

third 'm%3£% 194 di éﬁcéé'&?;iﬁ%@cec%%ltng CQQ?M&S’”& 31”%%3%;%59' s that can be

used f&F The cfe ion of d layer dlele ric a S have

previ oys], 51%226? ”Qh&aflﬁ Jfé"r (e Gheattpn 9&r£$\ﬁdztr{eg§%1e§‘¥8§ﬁ}& of

di el ectTl hot dresi'st 1S sSpIn coa over e surface of

the thing d %\ég&ﬁaye %giejf@cwp&c%&q PRLLSEDED: PPN Ak GBENLDOR: s A @

created i'n th photore5| t align w peni ngs 15 t hat

have b q{%atd%goggttgesgé&hla?eqp ('o%y%or m%@g?é!\é thydhe p%"teéﬂo‘grﬁ) the

electr i cal poi nt Cont act The | ayer photoresi st can be etched

by appl yid\d (% RL2$TR.20E Lhen wats St rllaee' ngobyly%fweﬂt%%nhgz% ggge o

NHaOH~ solution. ° A photoresist devel oper often used during

the PROLGIESIG et ehr B! Dybadommpl windduexidbol T, Qe devel oper s

such as so un1hy roxi de, sodi um ne T cCi potaSS|u dr oxi de may
al so belysﬁ¥5 kﬂMB%%r,lgﬂ§19f/£@B and the surrounding dielectric.

_Figs. 1 through 12 address the creation of interconnect

lines of the invention.

Specifically, Fig. 1 shows a cross section of a surfage 10
over which a layer 40 of diélectric has been deposited. Layers 40
of Intra Metal Dielectric can contain any suitable dielectric

such as for instance silicon dioxide (“oxide”, doped or undoped)

13



23 2 CEP Z003 properties of TMAH rel ative to other developers is that it
is a nmetal -ion free devel oper, which reduces netal -ion diffusion and

contam nation in other parts of the IC. Photoresist stripping frequbrﬁEPy 2003
applies sulfuric acid (HzSCa? and m xtures of HzZSCa with other oxidizing
agehts such as hydrogen peroxide (H20z). For instance, a frequently used

M Xt ur gri $i SREN RRLL 8eHISPRL E0ad Y e iRalos @ky3PeriddF or a mxture of 88~
sulfuric acid and 12~ nitric acid. Wafers to be stripped can be imrersed in

the mfw&eo@él@e{rg"%&g]ﬁ%s,bsé s AD0UL 1908891 885t 1{o-ANd Aakeut 150

degrees C. for nutes and then subjected to a thorough cl eaning

Wi th d?’bﬁﬁ%)zs St %rxi%'ég,dEE‘EQ—BMoQﬁﬁ/aHH-tsfi‘ig.%Bft?Le%Qéni1§Psrc95,i St strippers,

such as t ulfuric acid mxtures, are very effeCtive In the residual free

removab, 9k, ol asthaked nesEs! . pdileys e HBLE1 EE eplde iakear gani

strippers and the longer the rmersion tine, the cleaner and nore residue

free vater, JUILace caidle abtglngd1Eig (B ahaws,a 1095 sectdon, after the

third [ayer di el ectric and the second layer 12 of dielectric have

been e%g@?gggﬁ‘ &Cfsoersg@ﬂ%%a‘ﬁet 0rlNEpPDELH N QdEHQEtggﬁ!%Qﬁ” created in

the pattern | ayer photoresist and the openin at have been

createglgg %Qgﬁggéﬁ?fdgﬁéagge%éégF_Cpenings 19 penetrate 24 2 S~, P Z003

t.-hr oug e ayer dielectric and the second | ayer 12 of
dielectric and partially expose the surface of the points 13 of electrical
contact. The processing conditions that are applied for the etch of

.The most commonly used and therefore the preferred
dieléctrics that can be used for the deposition of layers 40 are
silicon dioxide (doped or undoped), silicon oxynitride, parylene
or polyimide, spin-on-glass, plasma oxide or LPCVD oxide. The
preferred dielectric material to be used for the invention is

Si0z2. -

The depcsition of the layers 40 of dielectric uses
convéntional deposition technology and can, for instance, be
depos}ted u§ing'LPCVD, PECVD, or APCVD procedures at a
temperature of between about 350 and 450 degrees C. to a
thiqkness between about 5000 and 10,000 Angstrom using TEOS as a

source.

14



the third and the second | ayers of dielectric that is shown in cross
section in, Fig. 8 are as previously have been applied for the cross

section of Fig. 3, that is: process applied: anisotropic, R E proce%sﬁ‘bﬁfg,mm
etchant gas: CFa + CHFs + Oz, at a flow rate of about 15 sccm whereby the
flowrate of the CHFs can be varied and may be in excess of 200 sccm

tenperatureThs exeessdidlelA}ideaiaeesisy ange pfefefallay i in thg fange between
120 and 200 degrees C ~and nore preferably about 150 degrees C a' gas

pressuneochateeesnabotin? 00 and 30Q BUOK o Rd: DY & jpriefer l@gb)ﬁé out 500

mrorr, rf power density about 400 Watts, no nmagnetic fie applied, time of

the et chikat ween eRottabl AnthdEHeegendsy anda s Qnag'{elerg. rla:bk%nngbjéc% ﬁg

seconds. The processing conditions that can be ap to renbve

. patter nedrandifgvet opes dewelonk® 10k RORLOLEST St Jlﬁr\’ieco%rd%‘éitﬁgséé’v??g”

hi ghl i ghted and can be equally applied at this tinme tormt renoval of

layer 1%ads 28 layers SbP Q3 ldhaWUSbnfuLt gL e, '%%&ehibgﬁgigg etch stop

| ayer, not shown in Fig. 8, can further be deposited over e suriace of ~

| ayer 16a@f adbehBetflLesddt S Priey, |1 eygl opnent of

| ayer 18 of aphot or esi sts. Thli sypetec#c%?o%gﬁgg%ﬁ%% ‘g%ugggf‘gr \égﬁ and et ched,
creati ngsdRneprenhngot N UL d H; ; p t ,aligns with the

cont act SI uSs 13. T%i s etch &stol[s)d F’tgggﬁﬁ%rgo'\%%%gﬁ?%r.'t élrlggoﬁPPSFEover t he

et chi nga0fi ot hecRPERE NEn DT HLa{L | f; &6 ' ctric. .The dianeter of the
openi ng t hat i's created thr ough %ﬁénétgggg%%%éﬁea%}{e# qncaézr?rﬁgqge?’é%t ed and

or ot oo Ter oo Ty aTs Ros PAIAEIEh, b8beblor gt Ap e dt BB AT on a t or

Surt ooranafgs, Weh ot b Grodinfe BAOLRVER 88 RS TRIPIRERL R G or eat ed
boen pontng aaP e REELSE A A A0 e F o8 A et s ddes R
:intng;agﬁgq{&ﬁgggﬁfregﬁ%g%r?fa:}g%nséezfslig?gf}gz?%?% 11 & IFPEF B¥fers a

u
nunber feadvaniages; fQr f N npnect lines copper unfortunately
suffers from hi gh diff us?%%%nggﬁ%okg?%gu 'SP T Iy HEt &S 4Ps FBGCRTRT

silicong.de and exY4eMmEON AldiNg ROLYIRES: rfOr M ANCRs apout

terial for ipterconnect

4.6. The lowest possible and.therefore the ideal dielectric
constant is 1.0, this is the dielectric constant of a vacuum
whereas air has a dielectric constant of slightly larger than
1.0. Pielecgric.constants of dielectric materials that can be
used for intra-level or inter level dielectric material vary,
typical values are for instance 4.1 - 4.5'for inorganic Plasma
Si0z, 3.5 for inorganic fluorine doped SiOz (FSG), 2.7 - 3.0 for
Organic Polysilsequioxane (Si polymer), 2.7 for organic

Benzocyclobutene (BCB), etc.
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26 ~ ~~p 2003 copper tends to diffuse into polyimde during high

t enperature processing of the polyimde. This causes severe corrosion of

t he copper and the polyim de due to the copper conbining with oxygeh SEP t2683
polyimi de. This corrosion may result in |oss of adhesion, delam nation, '
voids, and ultimately a catastrophic failure of the conponent. Copper

i nt er connec ul d therefore, be. encapsul.ated by at_least one diffusion
bar 11 or Lo BREVGRE GPFRREEoRt: AEEeT Y ah reshear i aer iy ar. 36 Pen
nitride_ is di ffusian rrier, to copper, but the prjor art teaches that

t he in?%?%%%lee tasLisaﬁgﬁl gan&f“ PRt sg"i | i&(%BHeHFf?’iQ%Je Iﬁ‘ea%ﬂsbé’ ause it has
a high_dielectric constant conpare i th silicon dioxide. The high

di el eCPng gb%}é?%ﬁﬁp%&gu§égoiﬁggnﬁ%‘gi%%9%@?53536?’?1?%%{?)%% }':i’rY@elbggPV\een t he
i nterconnect ;and the substrate. typical barrier |layer is deposited using
HT QPP g Dr AT BRTArEr et LLANSH O CERBRERRE= 1At Uy

nol ybdenum Ti/TiN or Ti/Wand is nore preferably formed from Ti N or TaN.

The barrier layer can also be used to inprove the adhesion of the
subsequent gverlyi copper layer. A barrier layer is preferably about 100
8o 1941 i

O

and 500 angstfo WE AnFTNSe SEFEFRT abt RS STEUSHBT anys i thi ck. The
barrier layer that is present at the bottom of openings 24 is renoved prior
to copPEFiHEpbRetRIRFLesEy of 2tebingopaver HLLHAAGLEEEFYC bFen poi nted out
that, in order to further enhance the adhesion of a copper interconnect
line tGREIBDFE ofihth g e RATSSP AfeFRR PPN iAdstiPati bas Re%Yked | ayer
(not shown) can be deposited over the barrier_ |ayer. A seed |ayer can be
deposi FEFATEPNG at BPutd¥aT dtaffePhEFOEAST Bh MEY A PPPESREITT MYSRHemSer at a
tenperature of between about 0 and 300 degrees C. and a"gr essure of between
about FS@TPEESFFDT rSteRiIHy TGppeVeBF1al copitic AUrdPIasne REQRATE %t a
flow rate of between about 10 and 400 sccm and using ar gon as an anbi ent
gas. THRECRSi RPnQRERLING having sloping sidewalls is created in the layer

40 of dielectric. As etching gas for the creation of opening 41

through layer 40 1s used CHF3 + CFs4 + O2, applied under medium

pressure and a temperature in excess of 120 degrees C. The

process of the etch is carefully controlled so that tetrafluoride

{CF4) serves as the etchant gas, creating the opening through the

layer 40 of dielectric while the etchant gas component

trifluorcmethane (CHF3) provides for the deposition of polymer

that is formed during the etch process on_Qhe sidewalls of the

opening that is being etched by the CFi. The result is the step

Wwise progression of the etching of the opening through layer 40

that is shown in cross section in Fig. 3, specifically the depth

is created by the CF4 component of the etchant gas while, during

the creation of the opening and as a continuing process, polymer
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t hi ckness of a seed layer is about 50 Angstrom this thickness is required
achieve a reliable gap fill. Fig. 10 shows a cross section after a |layer 22
of copper has been deposited over the surface of the barrier |ayer ioéEPhﬂm3
| ayer 22 of copper can be deposited after a | ayer of copper seed has been
deposited over the surface of barrier layer 20. The |ayer 22 of copper

fills #leiepdepogstdd duwatlyingvichassyddael Heem theeairedted éhentdy.rd and
second | ayers of dielectric and contacts the partially exposed surface of

t he poiThiis dépesicéd imalyreonta@chraBecThe dwwialg heohroeppgingadhde
deposi ted using conventional nethods of Electro Chemcal Plating (ECP.). As

a finalanjsocessingestienst ithd Rpeaiagt t@ro@dh te/GORREr tABt & gShduct ure of
the invention, a cross section after the |ayer 28 2 5~P 2003 22 of copper

has beerf paki shefing SimwbdimgFagtadied GPvand ianal sprtheds pfsGhemcal
Mechani cal Polishing (CWP) can be used for this purpose, t he copper 1S

renovednf tam abopeng het siid ageleabllibeosecpantbodayiary thaef 1di glegtddc, in
-addition the layer 26 of barrier material is also renoved from above the

sur f acenabuthelagepndo | agrercafcrdilelifgt the . pSEMRIAladRSY kL Sn haye: hgen
obtai ned using the nethod to create copper interconnect structure of the

i nvent ittre, saselallowst thd rigRiGARNEEhe PhUGSe 13 hava $9Rkngrskdes.of aci ng
si des of adjacent interconnect plugs 13 are further renoved from each ot her

and t heref ebenhiayecsedvs esbaralicdl. C 1eapast LB cHaieeRqt Pese g acent
contact plugs 13 - the |ower sections of the interconnects 22, Fig. 11,

that i stdne oFechiyenss b hadsaita Sun' guBEedaYqt g, %h%Pfl%t'oam& ]l - Qlgn

dielectric, are essentially interconnect vias an ave a snal l'er anet er

anal arghe heketone, f HELhELg ralmy ed of Bgﬁbggfboﬁté"@rtheﬂyoiymér 46 on
the sidewalls of the opening that is being created is also a
continuous process, finally resulting in a continuous layer of
polymer being created on the sidewalls of the opening. This
continuous layer of polymer acts as a retardant of the etch where
the polymer is deposited,'that is the sidewalls of the openiﬁg.
It is clear f;om this that, as a result of this retarding action,

© the sidewallé;gf the openiné will sloée. In order to achieve a

slopgﬂof about 45 degrees, a very high flow rate of the CHF; is

required since this high flow rate results in a high deposition

rate of the polymer on the sidewalls of the opening while this

opening is”being etched.

The preferred for layer 40 of dielectric are as follows:

process applied: anisotropic, RIE processing, etchant gas: CFq +
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results in reduced el ectromagnetic coupling between these | ower sections,
and - the upper sections of the interconnects 22, Fig. 11, that is éhg 2603
sections that are surrounded by the third |layer 16 of dielectric, hdv EP
sl oping sides resulting in creating nore di stance between adjacent surfaces
of .these upper sections which 29 2 SEP 2003 in turn results in reduced
el ect refByrieCrc #hterbai cirtEard ehevthtd eseumvhenebyi thecEbaw i titeof eddy
currents) .between adjacent interconnections 28. The three indicated
aspect 3% o¥¢ HelEpe} § i Gl igchaarc Sanebesin2¢tgesd o @O001scemsult in a
reduction of the parasitic capacitance between adjacent interconnect |ines
whi ch Fesperatyye iimpregredsdedi ¢80 pdedreemiice angoprefieralply iat dhiegher
operating frequencies of the devices in which these interconnect |ines are
appl i edange kepisamtlizdn aod 2RE fdageers dh iaxdshowr prefenaslwedtousn in Fig.
1.2. Most of the elenents that are shown in Fig. |2 have previously been
hi ghl | §hPedearrrs dvai @ galsi ereesutbeberwss séoiitod00handi 80&mRary n Fi g.
12. Added el enents that are shown in Fig. 12 are: 24, a |layer of

di el eceRfcnehat P deddly dbposi 688 nlerrt hef puuwkeacdeotisemizartdddoor
substrate 10 26, a layer of dielectric that has been deposited over the
surf acBagts} ayermagnettiee ftivwd d apetsedonbimed f dhe wligh betwsegn caldut
referred to as the pre-netal dielectric (PVMD) 34 ,regions of Shallow
Trench3| snHabP osetdrats leande moeenpceéatanly middve br sacendé.t he substrate 10
in order to define that active surface regions of substrate 10 30

The variation of the flow rate of the CHF3 can Se ﬁsea.to
adjust the sloﬁe of the opening 41 that is created in layer 42 of
dielectric. Where it is stated above that the flow rate may be in
excess of 200 sccm, it is not unreasonable to expect to vary this
flow rate dependent on the slope of the opening 41 that is
created in layer 42. The slopes are suggested, whereby the angle
that the sidewalls of opening 41 make with the surface of the

underlying semiconductor substrate 10 is the independent

parameter. ?he following table can be used for this purpose:

angle _ CHF3 flow rate
60 degrees between about 10 and 90 sccm
45 degrees betwéen about 90 and 170 sccm
30 degrees_ between about 170 and 250 sccm.

18




2 ~ C- 2003 30, a typical gate electrode that has been created on the
surface of substrate 10 31, the body of the gate el ectrode 30, tipi saaISE() 2003
conprising polysilicon 32, the gate electrode 30 has been provi ded '
self-aligned inmpurity inplants into the surface of substrate 10 for source
and drain regions of the gate electrode 34, gate spacers forned on the
si dewal | s df PR ELEEt POEE 38" BB, cxpatfd dndebe| it AR @EdFeE -t he
surface"o.f polysilicon gate electrode 30~ 28, a contact plug through
| ayer 2% PP ESNG A davREt (Reti P edy iFdgl- donPhceondudtitviee sal i ci ded
surface 36 of gate el ectrode 30.,. The structure overlying |ayer 26 of
di el ecPRFRrIal (e MRer aHFERER PhtdFelaficdc darast 6P card RAHE shavent i on |t
is clear fromthe cross section that is showmn in Fig. 12 that the vertical
i nt er cBRfettr 2399 R EhEr gePaested | Lavapciccaduet i ne eraloiiedt on t he
surface of the 'layer 16 of dielectric with the underlying surface 36 of
t he gat@Senetitbddam tPhéhpoRrEEPER i Ny SIntiér enAbetedi33 et overli es
contact plug 28, in view of the fact that this is a reduced capacitance
i nt er cBRARREILIPN RA FedayRE REafiStal Famprwvinrgcgdeiickypehé ctenmsigiodl 2 Si
~ 2003 Although the invention has been described and illustrated with
ref er eR€edt BAEHERY fiay sy |(@eftr ahPvYe evdodirremuy feker e6f theé tldwemaetf i nt ended
that the invention be limted to those illustrative enbodi ments. Those
ski | | edipheEheiar tthig Idepesdgarreot hat laver atff basrand madéficlatdaondecan be
made wi t hout departing

followed by the deposition (not shown) of a seed layer over the

surface of the barrier layer prior to the depositiod-of a layer

of metal.

Figures 5 though 11 further address the application of the

invention.

.Réferring now specifically to Fig. 5, there is shown a cross

section of a semiconductor surface 10, a first layer 11 of
dielectric ?as been deposited over the semiconductor surface 10,
two égnductive contact plugs 13 have been created in the first
layer of dielectric fﬁwaccorAancé with the invention. Processing
conditions and materials selected for the deposition.of layer 11
of dielectric have previousIy been highlighted under Figs. 1

through 4 and can be equally applied to create the structure that

is shown in cross section in Fig. 5. The preferred material of
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fromthe spirit of the invention. It is therefore intended to include
Wi thin the invention all such variations and nodifications which fall
within the scope of the appended clains and equival ents thereof. 32 2%949“3
20D3 - What is claimed is: 1. A nethod of etching an opening through®a
| ayer of dielectric, conprising the steps of: providing a sem conduct or

substr ale, isakdrSURSEEAL 6 had Qg Aeepprovided wit oints of electrical
contact in or on the surface theregf ?h e%égﬁ%“g oath|c§>>1;1&ac6fpgy%§ etiric over

t he surifsageppkrthe substrate; creating a patterned and devel oped | ayer of
phot oresi st over the surface of said |ayer of dielectric, creating an
openi ng through said | ayer of photoresist, exposing the surface of said

| ayer of dielectric through said opening; etching said exposed surface of

said | ayer ekodipglh r{€ d I e Wih said opening created in said
| ayer of phot grgg%gﬁ 1b:f/ daf|c1)p ;C/el%%é:qgﬁgsg??%%?’%, ﬁaEaprCSGg%Fﬁﬁ’fl%i ng as

et chant-ygas ia Ab¥t HEE: of + F3. .+ Oz erehy said CFa + Oz is provided
at a flow rate of about gllgggdc%gémgéf)gﬁys??v:gl% (b)%artat"é:' SPOYRelTHES 4 s

bet weers aj3okbniQcangd,200; rature in excess of 120 degrees C.
and preferably in tﬁ%‘ T an;tgl%ggétl&eéﬂﬁgggogéﬁd%td‘é’ger &&stee HARYEHorR

preferad yeabeuhqaldP, L C. pressure between about 200 and 800
mrorr and r?ore p?eferagﬁlqa%oeu aggsgﬁ]%r??p??lt@d}ﬁeer' dEREFEGRASSHt 400

Watts, pranwegnetigifiedd | J ime.of the etch between about 5 and 50
seconds and nore p%%f er abi y ar%(éite%qgég nddS RYEESSh¢"ah Bpeni ng t hrough

33 previously been described using Figs. i through 4. The dielectric

11 is etched to form the triangular shape of interconnéct points
13, the openings are filled with copper after which a process of

CMP polishes the surface of the deposited layer of copper.

Fig. 6 shows a cross section after the deposition of a

second layer 12 of dielectric, a patterned layer 14 of etch stop
material has been created on the surface of the second layer of

dielectric. _

Processing conditions and materials that can be used for the
Creation of second layer 12 of dielectric are as have previously

been indicated for the creafion of thé first layer 11 of

dielectric.
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z '~~~ zo003 said layer of dielectric having sidewalls intersecting with the
surface of said substrate under an angle of about 60 degrees; and renoving
said patterned and devel oped | ayer of photoresist fromthe surface ?ggainm
| ayer of dielectric. 2. The nmethod of claim1, the flowrate of the S
bei ng between about 90 and 170 sccm creating an opening through said |ayer
of diel ect rizydavihdasi Yeral Freanedrsecn rgoh shophkager ffwe of said
substrate under an angl e of about 45 degrees. 3. The nmethod of claim1l, the
fl ow r AERSBAUEHe RIS 19di scbéngeeh HboutirkT0 aaddse@60nd ctayeny et i ng an
openi _ng,thr ough said layer of dielectric having sidewalls intersecting with
the suPi8tecHfiGai i lidest natsidades frequeyitdyolusaboas SOpaesireasiond. The
met hod of claiml1, the flowrate of the CHF3bei ng between about 10 and 300
sccm SavFhedpettoditef ablidiityltei phowittl taronaipestepblefbaxiepositd ng a | ayer
of netal over the surface of said layer of dielectric, including the
openi nfoepearedand mefid d dypuroftieds elect risdiamdion84. SZlicon 2D03 renovi ng
excess nmetal fromthe surface of the layer of dielectric, |eaving a netal
pl ug i RipFade #1$¢ ntpmw @ ¢peghngoatbad echdtn ms@itéckayen ofidet ptieiric. 6.
The method of claim5 with an additional step being perfornmed prior to said
deposi £Rk§Inat ey efinfuitetagiaioser nebrasicdlacmnefgesai d | ayer of dielectric,
said additional step conprising deposition a |ayer of barrier nmaterial or a
| ayer of seed material over the surface of the |ayer of dielectric. ~ 7. A
met hod for providing a plurality of conductive netallization patterns,
separated by insulating |layers, on the surface of an integrated circuit,
conpri sing The Seeps 1f :of siphievhdhnbygriadsedicuieuciar wubisbbatieelavi ng a
surface, conductive points of electrical contact having been provided in
using PECVD procedures at a pressure between abcut 200 mTorr and

400 mTorr, at a temperature between about 350 and 450 degrees C.,
to a thickness of about 1000 to 5000 Angstrom.using NH3 and SiHq
or SiCl:Ha. Tﬁe silicon nitride layer 14 can also be deposited
using LPCVD or PECVD procedures using a reactant gas.mixture such
as dichlorosilane (SiClzHz2) as a silicon source material and
amonia (NH3) as a nitrogen source, at a temperature between about
600 and 800 degrees C., at a pressure between about 300 mTorr and

400 mTorr} to a thickness between about 200 and 300 Angstrom.

The stop layer 14 of silicon nitride can be etched using a
SiON or SiN removal process with etchant gasses CH3F/Ar/0: at a
température between about 10 and 20 degrees C., a pressure of

between about 50 and 60 mTorr with an etch time of between about
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or on the surface of said substrate depositing a first |layer of dielectric
over the surface of said substrate, including the surface of said
conductive points of electrical contact; first patterning and etchir‘?bsggiamB
first layer of dielectric, creating a first openings in said first |ayer of
dielectBic. ggid first openings having sloping sidewalls, said first
pat t er fiong&n ef%?]?r?fbs'cﬂ%ﬁﬁléligﬁglapbb?i%@Y%Fni%fomli@pﬁdeRtEndweh usi ng a

m xture of CFa + CHF3 + Oz as etchant gasses; 35 z ~~p 2003 filling said
first GP&APRGSPEreRtefiGhesaivdthi pspleaergad adingleotngctimehn @afbanst
metal , renoving excess netal fromthe surface of said first |ayer of

di el ecfES EPg}ét?ﬂgc’$4i/F§?3 it alFspPugshemi s¢aivd oki €sfCdFayenenfstdivel @t ri c,
said first metal plugs having a first surface area; depositing a second

| ayer &f “QM@FEEL? cRﬁ%éﬁxﬁwg Sur fAcelettsen ccydligtirohayesondnak efEOR)r i C,
includigg the surface of said first netal plugs created in said first |ayer
of di ePeEtPRcTeAEpDSi tA fFauveatdl spppitdymethyfd tofe rempface oflisaird second
| ayer of dielectric: patterning and etching said etch stop |ayer, creating
openi n§¢FR%8atd @R chh P icayet ehab Rroggssvidsingabhdtf pnsspmetiad pl ugs
created i.n said first layer of dielectric, exposing the surface of said
second 3C&er TOF B e eRM riitrige dagpeni hgsan relsw deetdhpstiopnta@yer having a
surface areg that is smaller than said first surface area of said first
metal pPOGERRYLS ARt uitiBPe) difolit redeyediting a third |ayer of dielectric
over the surface of said etch stop layer, including the exposed surface of
said second |l ayer of dielectric; depositing a | ayer of photoresist over the
surface of, said third | ayer of dielectric, patterning and devel opi ng said

| ayer of photeres S&mp&ftee%é n.goo%%rnl.inrt]:gsotil{] ?L%I dtrliasyelr:egg);cpthogzgggsidsrty
etching, such as plasma etching and reactive ion etching, has
become the technology of choice in patterning various layers
that are formed over a silicon wafer as it is processed to form
therein high density integrated circuit devices; This is because

it is a process that not only can be highly selective in the

materials it etches, but also highly anisotropic.

It must - be noted from the cross section that is shown 1in
Fig. 6 that the openings 15 that .have been created in the etch
stop layer 14 align with the underlying points 13 of electrical
contact. This is important in view of the conductive

interconnects that will be created to these points 13 of

electrical contact.
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that align with said first surface area of said first netal plugs 36 2
SAP 2003 - created in said first layer of dielectric, said openings in said_
| ayer of photoresist having a surface area that is about equal to sapdSEP 2003
first surface area; second etching said third |ayer of dielectric in
accordance with said openings created in said | ayer of photoresist, said
second et chrfigrt neshexs endinig st keeddbnsakde sacand daaygyepf 16igf ectric in
accordance with said openings created in said etch stop | ayer, said second
etch cafeiliesicRgcapas Yibékh alipaliic@pi, CaRbE- €4 &hed 0 Sad 18hbed and said second
| ayer of dielectric using a mxture of CF9 + CHF3 '+ OZ as etchant gasses,
creati mhoroyeeeBd RRPSMHEh idkesAiad LRI tdel YRFa Sl @heCtRk £ hAYIdW F Opi ng
sidewalls in addition to creating a third opening through said 'second | ayer
of di el&ctlrdiczrhavi ng sl opi ng sidewal | s, exposing the surface of said first
metal plugs; renoving said patterned | ayer of photoresist fromthe surface
of said third layer of dielectric, exposing the surface of said third | ayer
of dielectric; depositing a barrier |ayer over sidewalls of said second
~openi ngs i n pxaicd skhhgdcbryerids dingl aakbica1l nelddidg euernssideyal s of
"said third openings created in said second | ayer of dielectric, 1ncluding
over satreatiposed sHLbacPapdr spd b iaSk1BBEalc PiYS s MGl UGB QYETy Sai d
exposed surface of said third |layer of dielectric; 37 2 ~~~ 200§,

deposi themn ardiyeredf fepntluet ¢ tinebirakhevelrihe Sud age gf said barrier

| ayer; and renovi ng excess conductive material fromabove the surface of
said thdieldeparc.of dielectric, further renoving said barrier layer from
above the surface of said third |ayer of dielectric, |leaving said barrier

| ayer and sai d conductive material in said second openings:-in said third

| ayer of dielectric .and i.n said third openings in said second | dyer of
dielectric.

The layer 18 of photoresist is spin coated over the surface
cf the third layer 16 of dielectric and pattefned as shown.
Openings 19 are created in the layer 18 of photoresist that
align with the openings 15 that have been créated in the etch
stop layer 14 and with the pattern of the electfical points of
_econtact 13. The layer 18 of photoresist can bg etched by
applying 02 plasma and then wet stripping by using H2S04, H20: and

NH4OH solution.

A photoresist developer often used during development .of the
photoresist is tetramethyl ammonium hydroxide (TMAH). Other
- developers such as sodium hydroxide, sodium metasillicide or

potassium hydroxide may alsoc be used. However, one of the
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8. The nethod of claim7 with an additional step of depositing a ,w, .. seed
| ayer over the surface of said barrier |ayer, said additional step e&.EE 3
performed after said depositing a barrier layer, said additional stépY imj]
foll owed by steps of: depositing a |ayer of conductive material over the
surface of said seed |ayer: and renoving excess conductive material from
above PIEPSHFEEEeChI T FIATIYY dpeptbprdierelandns ifsuthhér iteb®va ng said
barrier |ayer and said seed from above the surface of said third |ayer of

di el ecfS &L "F8RVFRES IF R IRRST e Whighe rednde s anet aleddn ayjéfuandn sandl
conductive material in said second openings in said third | ayer of

di el ectFA"E2ARB2FAoR at Y SR PTTEnicdgshenISai d second | ayer of diel ectric.
38 '~ SAP 2003 9. The nethod of claim7, said first etch stop | ayer
conprising silicon nitride. 10. The nethod of claim7, said first netal

pl ugs conprising copper. 11. The nethod of claim7, said |ayer of

omreLl v BRcEckeb SRy e g 8 TS L
ot P e diREC ok s SHICE L SBL8, SeSSLLALer (Corpr 2400 Sonper
et hod rfu:6l@hMbdroRBhd PRI, O pb AVl SR S Bg Ll Lan umnitride.

is seven parts Hz2804 to three parts of 30% H202 or a mixture of

88% sulfuric acid and 12% nitric acid. Wafers to be stripped can

be immersed.iﬁ the mixture at a temperature between.ébéut 100

degrees C. and about 150 degrees C. for 5 to 10 minutes and then

subjected to a thorough cleaning with deionized water and dried

by dry nitrogen. Inorganic resist strippers, such as the sulfuric

\acid mix;ures, are very effective in the residual free removél of

highly postbaked resist. They are more effective than organic

strippers and the longer the immersion time, the cleaner and more

residue free wafer surface can be obtained.

Fig. 8 shows a cross section after the third layer 18 of
dielectric and the second layer 12 of dielectric have been etched
in accordance with the openings 19 that have been created in the
patterned layer 18 of photoresist and the openings 1% that have

been created in the etch stop layer 14. Openings 19 penetrate
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15. The nmethod of claim7, said depositing a |layer of conductive materi al
over the surface of said seed |ayer conprising nethods of Electro Cheg azn
Plating (ECP). 39 2 ~E 2003 16. The nethod of claim8, said deposﬂtggé 03
| ayer of conductive material over the surface of said seed | ayer conprising
met'’hods of Electro Chenical Plating (ECP). 17. The nmethod of claim7
wher ei IFIERMERT PPER Bl tdrimdhd aved @6chEngiskéak fiia sind ayer sefoskiel ectric is
appl yi ng ani sotropic, R E processing, using as etchant gas CF9 + CHF3 + Qz,
a flowltyee éf cfiFdivksenrisetandepazboallyOeapsse? MheseFadt aftender ature
in excess of 120 degrees C. and preferably in the range between 120 and 200
degr eePENtENd 3n0f eepeefwircdil coaltaut . 150 degrees C., at a gas pressure
bet ween about 200 and 800 mflorr and nore preferably about 500 nmTorr, with
an rf power density about 400 Watts, with no nagnetic field applied, with a
time of the first etch between about 5 and 50 seconds and nore. preferably
about 25 se@bfdprog@ssilie gqmetdicdont chatnmade Whgrlaida Fairdrsecensh es€hi ng
said third | ayer of dielectric extending through said second |ayer of
di el ect¥iec.thd rdpphei pioe o sUtd dpiyersRbE @ ODeSS NG tha%i A 38ofh Chant gas
CF9 + CHF3 + Oz, a flow rate of CHFs being between about 10 and 200 sccm
at a t &HSEcarereipn Bxcliss. &f ak20 adegreesodslanthuy efeanabby1idqtAg r ange
bet ween 120 and 200 degrees, C. and nore preferably about 150 degrees C. ,
at a gddSpreEesar ecpeiweert digut 320@handiB80Q niforr and nore preferably about
500 mforr, with an rf power density about 400 Watts, with no magnetic field
40 2 SEA P@O3eapprbeliedd tanimdtiropiof Rhe fissdssainef) betwesp gbout 5 and
50 seconds and nore preferably about 25 seconds. 19. A multil ayer
i nt egr &fad+cFEBuit Ost ractariowcomuel sEngboar SEST Ll whe@EbsUPSE I 81 &, havi ng
a surface, a plurality of :

‘rate of the CHF3 can be varied and may be in excess of 200 sccm,

temperature in excess of 120 degrees C. and preferably in the

range between 129 and.ZOO'degreés7C.-and more preferably about
150 degrees Cf?méiﬁgsﬂpreSSgre between abgut'éoo and 800 mTorr
and more preferably about 500 mTorr, rf power density about 400

Watts, no magnetic field applied, time of the etch between about

5 and 50 seconds and more preferably about 25 seconds.

The processing conditions that can be applied to remove the
patterned and developed layer 18 of photoresist have previously

been highlighted and can be equally applied at this time form the

removal of layer 18.
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sem conduct or devi ces having been provided in or on the surface of said
substrate, further conductive points of electrical contact havingé?gg? 003
provided in or on the surface of said substrate; first netal plug ng
provi ded on the surface of the substrate, said first netal plugs being

i tbedded in_a first_ layer of dielectric deposited over the surface of said
substrate, $5iBRFT ri4r HEFaPepPE§erBRF nhal i fheat-ali siiopal dyeondust i ve points
of electrical contact having been provided in or on the surface of said
subst r §PEYNSARFF9 r & (RAPAITUBEHES gavﬁﬂgp%#%ﬁ#fqmﬂy theconpfasd nef a first
surface area_and a therein centrally |ocated second-surface area, said
second18yfFate PeiNeplamhuisr tthas Baierfte sthedrmsd thynaameasur abl e
anount; a second | ayer of dielectric deposited over the surface of said
first FEYBLOBFeRF ePleckaver, lidnOfuahagoraeisur five etchastopi kayemetaal pl ugs;
an etch stog | ayer deposited of the surface of said second | ayer of

di el ecPfi PatEgFeRtM QtGihecay Srepainagaheerepata ehredghnthies chiexhy creati ng
openings in_said etch stop |ayer that align 41 2 ~~~ 2003 with said
second S§9Pf Ag¥ehr pbfa ld@ing Militst thet apnpi ey luwepdsSi.nghiheetsceh fsaop of said
first layer of dielectric, said openings in said etch stop |ayer having a
sur f ac&3yrEaPFA%EIES Hghere§eatred sued the arttsimg adethe eopaiirsai d first
metal plugs; a third |layer of dielectric deposited over the surface of said
etch sttdFonaPetavencludihGiteiecexpeselheudianetaf ofaittlesepening ayert of
dielectric, first openings created in said third | ayer of dielectric, said
first dPeRrRGSCRaVRFRFE Filiifg eicheriPPslager dcdn st sepentagsandr said third
| ayer of dielectric having a surface area that is about equal to said first
sur f acEVEtE&ToPr I LY i& Stoved] ppragetesafar filrsts lopenbligshé nopsaiichd hi rd

| ayer of dielectric extending to said openings created in said |ayer of
etch stt®3t decerndabpeniimpndy daved Lh ofi diskbeondd.ayer of dielectric, said
second openi ngs having sl oping sidewalls, said second openings in said
second | ayer of dielectric extending fromsaid openings created in said

| ayer of etch stop to said second surface .of said first netal plugs; a
barrier |ay&igdeposhews ovarossi dewalibs oftsaithd igaatteapeni ngget msaid third
| ayer of dielectric, over said second openings in said second | ayer of

di el ectlEiig,- &Vepfspheteervint swsf beenotesaved firei et ahrphog@Sanand

barrier layer 20 has been deposited into the openings created by

the etch of the third and second layers of dielectric.

It has—preQiously been pointed out that a barrier layer is
freqﬁently deposited to avoid inFeraction between copper that is
used as thé mgterial for interconnect lines and the surrounding
layers of dielectric. While copper offers a number of advantages
for the use of interconnect "lines, copper unfortunately suffers
from high diffusivity in common insulating materials such as

silicon oxide and oxygen-containing polymers. For instance,

26



a layer of conductive material deposited over the surface of said barrier

| ayer, excess conductive material having been 42 ?. SEP 2003 renoved fro%
above the surface of said third |ayer of dielectric, furthernore said SEP 03
barrier layer having been renoved from above the surface of said second

| ayer of dielectric. 20. The structure of claim19, wth the addition of a
seed | §7BPSHehBRTT &P St Ustfe 1a%er REdY i daidnriagr héghl Agmperatink seed |
| ayer equal | y. havi ng been renoved from above the surface of said second

| ayer BgOGFégé‘?ﬁ r9%.the pofydmddeycThie efusdmisevede sardosbomlust itk poi nt s
of electrical contact having been provided in or on the surface of said
subst r §CBPEHNPRT sty RUpEEde2BueThe she uetnres chmbliaiinmg19;tisabdydeayer of
conductive materi al deposited over the surface of said barrier |ayer

conpr i $PnghEoppRYImide . fihd ssiqogergienohay | xdaml20 insabdssetdadiayeion,

conpri sj ng cog er. 24. A nethod for providing a plurality of conductive

met al | F2AFPOR Eh?‘?er‘ﬁ’s‘-%sepaﬁrné’t &g thpak Ayl atdatg sitapehs cofiai hersusf ate of an
integrated circuit, conprising the steps of: 43 2 SEP 2003 providing a
seni cofGBEPBRNE ubstRRAR Indsnwpraestst abeyls dite refloser akeehayp ngl Heen .
provided with a nultiplicity of sem conductor devices in or on the surface

t her eof¥ ffrsf2pbtene pliff Baimpaproer ded mrevdne surtaseonf ihhe the

silicon dioxide layer. Silicon nitride is a diffusion barrier to
copper, but the prior art teaches that the interconnects should
not lie on a silicon nitride layer because it has a'high
dielectric constant compared with silicon dioxide. The high
dielectric constant causes an undesired increase in capacitance
between the interconnect and the substrate. A typical barrier
layer is deposited using rf. sputtering of titanium nitride,
tantalum, tungsten, niobium, molybdenum, Ti/TiN or Ti/W and is
more preferabiy formed from TiN or TaN. The barrier layer can
also be used to improve the adhesion of the subsequent overlying
coppef laye;: A'barrier layer is preferably about 100 and 500
angstrom ?hick and more preferably about 300 angstrom thick. The
barrier lgyer that 1s present at the bottom of openings 24 is

removed prior to copper deposition.
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substrate, said first nmetal plugs being inbedded in a first |ayer of
dielectric deposited over the surface of said substrate, said first netfﬁ

pl ugs being aligned with said conductive points of electrical contac} Sk 2003
havi ng been provided in or on the surface of said substrate, said first
metal plugs having a surface conprising a first surface area and a therein
central ly | dtat’éd BEEBhOUSLY fRaan Podatesapdtsetand surdmee hei ngrened | er
than said first surface by a nmeasurable amount, said first netal plugs
havi ng VEEREr saeeddbes hep cohta doppeeniisteyconredt Mo api Rgesi dewal | s of
said first metal plugs; depositing a second |ayer of dielectric over the
sur f aceSWIr¥mddnpi Layet ayerdiofletitediector Gnshoht omed onséé%p%%kn?nﬁ? etch
stop | ayer over the surface of said second | ayer of dielectric, followed by
deposi tS1Ry™d chRr Hel dgpesDfedlieleactthiec bavet et heapay f aca el sai,d-etgh stop

| ayer; patterning and etching said third |layer of dielectric, said etch
stop | BrerepArsissddusiean smyErenichdinbeeCcbEi &n Thealdtad @RgRMAgSTHEY ough
said third |layer of dielectric, said etch stop | ayer and said second | ayer
of di el SWSE, adaipdtempa atys aldfgmiengewht hbsat do fadstzomialypbygs. bei ng
provided on the surface of the 44 2 ~~P 2003 substrate, said etching

usi ng B FoPTERERFS 9§ Retememg@bsiuapilngnsi tewahtsrof wsang eBEPE RS, Cr eat ed
in said third layer of dielectric, said etch stop |ayer and sald second

| ayer &f CRPBISECRELEY @epdnd tiavgca bar ki €loWayete WEhdtheede syt acgs of
said openings created in said third | ayer of dielectric, said etch stop

| ayer @i $&i0d ssemonand | wsigrg afrgdinelecthi ambi 86t U g e nsuE hage of said
third layer of dielectric; depositing a seed |ayer over the surface of said
barri ertiickness of a seed layer is about 50 Angstrom, this thickness is

required achieve a reliable gap fill.

Fig. 10 shows a cross section after a léyer 22 of copper has

been deposited over the surface of the barrier layer 20, the

léyer.ZZ of éopper can be deposited after a layer of copper seed
has been deéosited over the surface of barrier layer 20. The
layer 22 of copper fills the openings 19 that previously have
been ?reateq in.the third and second layers of dielectric and

contacts the partially exposed surface of the points of

electrical contact 13. The layer 18 of copper can be deposited

using conventional methods of Electro Chemical Plating (ECP).

As a final processing steps in the creation of the copper

metal structure of the invention, a cross section after the layer
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layer; depositing a layer of conductive material over the surface of sayd
seed | ayer; and renpving excess conductive material from above the surface
of said second layer of dielectric. 25. The method of claim 24, sai@ SEP 2003
conductive points of electrical contact having been provided in or on the
surface of said substrate conprising copper. 26. The nethod of claim 24.,
sai d | dfepfoforpeniuntd \nearaolighedepossiiacth dverighelsuréacemfigmaild seed

| ayer conprising copper. 27. The nethod of claim24, said seed |ayer

conpri sefgodepperChetsical? MechEnicaD0BoRBshikhe (wePhodanfbel @éed Xbr said
barrier |ayer conprising titaniumnitride. 29. The method of claim24, said
first mbtal ppFpgse coripr isippgrecappermoded fiwm npidved tat shafdebhs Sded
control chemstry used in creating sloping sidewalls of said first metal

pl ugs sespridsiagenpp yhglialiesniriopi tnRd&d£ticdh siengagepi xguse of CF9 +
CHFs + Oz as etchant gasses. 31. The nethod. of claim24, said using

cont r obagérkshayecighting ldopiemgvetdenah | sodfe taled sQREALOYSE CirRat ed in
said third layer of dielectric, said etch stop layer and said second |ayer
of di elseciondc lepaprosidige lagapndiong ani sotropic RIE etch using a m xture of

CF,~ + CHF3 + Oz as etchant gasses . 46
AP A AU@ A9 A Y. A A& AL AU AFLAFLAFA A AU A h.Ar.As. LA
Several results have been obtained using the method to

Ccreate coppef interconnect structure of the invention, as
follows:
- interconnect plugs 13 have sloping sides, facing sides of
adjacent interconnect plugs 13 are further removed from each
other and therefore have reduced parasitic capacitance between
these adjacent contact plugs 13
- the lower sections of the interconneéfé 22, Fig. 11, that is
the sections that are surrounded by the second layer 12 of
dielectric, are essentially interconnect vias and have a smaller

diamgter and are therefore further removed from each other. This

results in reduced electromagnetic coupling between these lower

sections, and

the upper sections of the interconnects 22, Fig. 11, that is
the sections that are surrounded by the third layer 16 of
dielectric, have sloping sides resulting in creating more

distance between adjacent surfaces of these upper sections which
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a] ca] cal ca]ca]ca! "/ _p___ " )aaa, bnbbbbbb] ddde[ eef [ f f f ggggg! hh} xsni d_Z] ] ca] ca
] c" a] capsaytajshy cedera]ighdapbapdajnd] vajcial calldd] €or the cross

ppp4qt gggrWon} Xisam dlsZ]s]m]nca]uca].ga] ta] da:]ctmj] @ikfents that are shown
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]caJca]c
a] ca] cajleaFeg] ca} catea] ca] ca] cal rs9s: sWesst Yttt uvvvPvvvvvv*w,
w<wkwwwix OxxxxxJy} xsni d*Y] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] cajpc 2 cal alyea] od] aabredeal € alieal takcaben] &ad Jy WP 2A&EZ 2Rk{ | | I} 1}~
~~~GY@E} xsni d_Z] ] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] cajwrfjar] eal cahecabaahead € ajumrlcakealoal caj c
alcalca]ca]calca]calcal)*{];
x6( eSaulexsng ﬂjZ]ﬂaga-cha}fca}Le%@@;}f@]&a]tc%]a%abeékcaiﬁaéf@é&adv%ar] ¢@kc”a] ca] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! -ouB
' gu(i 0zJBK)xsdudd A ]l%?fla?rab@a] €@d calCals§ers comblned form what is
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
a] ca] ca] cat fABMae TIRrespied Yo 8s Aral cakeakealica] cald cal f@]dsaU] calc
a] ca] ca] ca] cal ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
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V\Lzupk?\au\ W ca] ca c ca]fcgflca 83] ?:% ta clsflléat]lgg] E%TEa]l ca‘]eca] cae]aca]jca] caj

fi]s(r:lﬂjcg] EFM f@ga]:%ll]nﬂl#ec% F%a?lc ft]ca‘]q:c 2] cé]nca]r fc‘é?c%?fc% ecat]h(f’%‘lc] cal ca] ca]

cal]calJcalc ca c

Kp% cJ]by L] %f%{x%l] ca]r ]lcafc%gu]%%sat] @8 ¢8].ca] ca] ca] cal.ca] ca] ca] ca] ca]
a)J ca] ca] ca] ca] ca] caU] c"alc"a]ca]ca]lca]lcalcalcalca!DJ.

GO'3uC! W xsnid_Z]]]ca] ca] ca] ca] ca] ca]cghcalcalcalcalc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca! Lg#cTZ[ N} x
snid_Z]]]ca]ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc
aljc a]Jca]ca]cal NVU 7s6w. {5-.}xsnid _Z]]]c

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] calca]ca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Bp&a  Z: M5~} xsnmhc”Y]]] ca] ca] ca] ca] c”a]
calca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca! @
S2:|)/:fgu}xsnid_Z]]]]ca] ca]ca]ca]ca]ca]ca]c a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c aI PK+3467gBQ -
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h& ()-r.) Cﬁggs! 10! f.38! 1000#&;3(%]- 93" 10% h& () - SF"y10% h& ()-f 10% 0
h& ()-,1 20% K& =L 10% R&: EYS)F T HEIEEFen 10 h7MLO% h&! () - 34F" 10%
h& ()-,,210% h& ()-y&10% h& ()-y .G 10% h& ()-y,,:110% h& ()-_ jIIXYZ/ 10
h@d 10%& 1)~ @99‘1*21%&0@)@@“%6/«89%)@% | SighRgy 3U)Ls, &€109@e (§1eqtBde @P- 3 10
h']qdE:/ 10 h@#10%&' ()-, 10%& ()-f | -
109&' ()°- f380%R (BLiSIHRUR L ey (BI ORI d9d $ra/k@el Gulr £48e 165 polysilicon
10@7s10%& ()-31" 10ty&'d()-3/0! 109& ()-!//110%& ()-9%™ 10%& ():-p"r"s"t"u" avVK@

gate electrode ; .

®* 28, a contact plug through layer 26 of dieelctric that is in

electrical contact with the salicided surface 36 of gate

electrode 30.

The structure overlying layer 26 of dielectric is the now
familiar interconnect structure of the invention. It is clear
from the cross section that is shown in Fig. 12 that the vertical
interconnect 22/13/28 provides a low capacitance interconnect on
the surface of the iaycr 16 of dielectric with the underlying
surface 36 of the gate electrode 30. The low capacitance
interconnect 13/33 that overlies contact plug 28, in view cf the
fact that this is a reduced capacitance interconnect, provides

the means of improving device performance.
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hyL$10% U £} Ehugh ooheus: rvents ono®rERb¢3n SFO9S IR Jan8s 10%ustrated

with reference to specific illustrative embodiments thereof, it

is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will recognize

that variations and modifications can be made without departing

from the spirit of the invention. It is therefore intended to

include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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Q
Ug: ()= <*| 7+ +rcrdEBC 10 NSSLOWE ()-S110% & ()-S 10% ()-- ¢ SEP 2008
) 10% & 1096 & () - x+++6,  , ., .
ﬁO/dg‘% a61 Ii% rég.?) L3 ML0% & ()-y$! 10% & ()-y"310% & ()- @

10% & m x--bC 10 h&M 10%& () - &L0%&' ()-m 10/ 10/
10/ @721)105% %2“58‘“\5, ‘Pﬁo%)a's‘iel“(f)q VI@PP694-RI(Fhrough a flaymyCof0dielectric,

/R’ | "109 '
h gij;.‘")/“%m%ﬁin%;/ 5 r%‘??al% {%a(()%)oébévig@/(’l)g&hl() 10 10
providing a semiconductor substrate, said substrate having
'been provided with points of electrical contact in or.on the
surface thereof;
depositing a layer of dielectric over the surface of the

substrate;

creating a patterned and developed layer of photoresist over
the surface of said layer of dielectric, creating aﬂ'opening
through said layer of photoresist, exposing the surface of said

layer of dielectric through said opening;

etching said exposed surface of said layer of dielectric in

accordance with said opening created in said layer of
photoresist, by applying anisotropic, RIE processing, using as
etchant gas a mixture of CFy + CHFy + Oz, whereby said CFs + 0; is
brovided at a flow rate of about 15 sccm, whereby the flow rate
of the CHF; is bétween about.lo and 200 sccm, a temperature in

excess of 120 degrees C. and preferably in the range between 120

and 200 degrees C. and more preferably about 150 degrees C., a

gas pressure between about 200 and 800 mTorr and more preferably
about 500 mTorr, rf power dénsity about 400 Watts, no magnetic
field applied, time of the etch between about 5 and 50 seconds

and more preferably about 25 seconds, creating an opening through
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,1Ss10% & () - @10% & ()-,FZ 10% & ()-, 1 10% & ()-S o
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2. The method of claim 1, the flow rate of the CHF3 being between

about 90 and 170 sccm, Creating an opening through said layer of
dielectric having sidewalls intersecting with the surface of said

substrate under an angle of about 45 degrees.

3. The method of claim 1, the flow rate of the CHF3 being between

about 170 and 250 sccm, Creating an opening through said layer of

dielectric having sidewalls intersecting with the surface of said

substrate under an angle of about 30 degrees.

4. The method of claim 1, the flow rate of the CHF3: being between

about 10 and 300 sccm.

5. The method of claim 1 with additional steps of:

depositing a layer of metal over the surface of said layer

of dielectric, including the openihg created in said layer .of

dielectric; and
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prior to said depositing a layer of metal over the surface of

said layer of dielectric, said additional step comprising

deposition a layer of barrier material or a layer of seed -
material over the surface of the layer of dielectric.
7. A method for providing a piﬁrality of conductive metallization
patterns, separated by insulating layers, on the surface of an
integrated circuit, comprising the steps of:

providing a semiconductor substrate having a surface,
conductive points of electrical contact having been provided in
or on the surface of said substrate;

depositing a first layer~of dielectrigfover the surface of
said §ubstrape, including the surface of said conductive points
of electrical contact;

first patterning and etching said first layer of dielectric,
creating a first openings in said first layer of dielectric, said
first openings having sloping sidewalls, said first patterning
and etching comprising applying anisotropic RIE etch using a

mixture of CF4 + CHF3 + Oz as etchant gasses;

35



10 10610%& () - F+109%& ()-! F+109%& ()-f"10%& () - &YYZWZZZ[ dEj _@ 10, Z"1098B& () -,
(1209B& () -109B& ()-M 109B&' ()-109B& ()-- 109B& ()-[P[[[\\ W dEj '_@18/2;§ER \Zpua
109B&' () -S109B& ()-0Sf!109B& ()-FS! 109B& ()- @ 109B& ()-, M 109B&' () -

Z"dEj _ @ 103M 109B&' () - OF+#10%&' ()- '3"109B& ()-% 109B& () -, #@

109B&' () - y@OIYB& () - AANAANN] HC 1010% U& () - @0% U&' () -!10% U& ()-' y10%

u& () - 105%6@1%‘%@%&165?/ Openings aGEEbeed girf 1sef @1 §9rREkRAYST @Y 10%

U& ()- ,(10%)& ()-. (10% & ()-(10% & ()-yF"10% U& () - aa, bmbbbbbbdE: / 10 U 10
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surface of said first layer of dielectric, creating first metal
plugs in said fifst layer of dielectric, said first metal plugs
having a first surface area;

depositing a second layer of dielectric over the surface of
said first layer of dieleétric, including the surface of said
first metal plugs created in said first layer of dielectric;

depositing an etch stop layer of the surface of said second
layer of dielectric;

Satterning and etching said etch stop layer, creating
openings in said etch stop layer that align with said first metal
plugs created in said first layer of dielectric, exposing the
surface of said second iayer of dielectric, said openings in said
etch stop layer having a surface area that is smaller than said
first surface area of said first metal plugs by a measurable
amount ;

depqsiting.a third 1layer of dielectric over the surface.of
said';tch stop layer, including the exposed surface of said
second layer of dielectric; |

Aepositing a layer of photoresist over the surface of .said
third layer of dielectric, patterning and developing said layer
of photoresist, creating openings in said layer of photoresist

that align with said first surface area of said first metal plugs

36



U& ()-SS, 10% U& ()-yF(10% U& ()- bbbb] dddexY:/ 10 . .

US"109B&' ()-SY"109B& ()-L109B&' ()- !109B& ()- 0 109B& ()-29 10%3& ()-m 10
Ue[.eef [fffdE:/ 10 US( 109B& ()- &' 109B& ()-y$"109B& ()-f z&L0%& ()-f 9 SEP 2003
109B& () - S! 1098B& () - f ggggggggxnbC 10 U ' f109B& ()-Z 10B 10B

10B7109B& ()-2n' 109B& ()-.s!109B& ()-S, 109B& ()-g!'hhiiijdEnrbC 10

US* 109B& {atad 109B&1() {GOBRAfIr SElQWREeCrridP%a1d -openings in said

109B& ()-jjikklll1aB7C 10 10B7109B& () - S2

109B& (Jayyr' HBVBiotpre#l it 110MBBE (9 WrthOUBE&réd-Shat is about equal to
"1098B& ()-1111emm n3ngHC 10

10B310%#&i q )fFilnsfE' boYafm&e (3 r&L10%& () - ! 6&$10%66& () -' 10%1& ()-Z 10B
10B3nnol pppppp}*SH= 10 10 '
second etching said third layer of dielectric in accordance
with said openings created in said layer of photoresist, said
second etch further extending through said second layer of
dielectric in accordance with said openings created in said etch
stop layer, said second etch comprising applying énisotropic RIE
etcﬁ to said third and said second layer of dielectric using a
mixture of CFs + CHFa + 02 as etchant gasses, creatiﬂg a seéond
opening in said third layer of dielectric having sloping-
sidewalls in addition to creating a third opening through said
second layer of dielectric having sloping sidewalls, exposing the
surface of said first metal plugs;
removing said pattérned layer of photoresist from the
surface of said third layer of dielectric, exposing the surface
of said third layer of dielectric:
Mdeposi;ing.a barrier layer over sidewalls of said second
openings in said third layer of dielectric, including over
sidewalls of said third openings created in said second layer of

dielectric, including over said exposed surface of said fizst

metal plugs, iﬁCluding over said exposed surface of said third

layer of dielectric;
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layer from above the surface of said third layer of dielectric,
leaving said barrier layer and said conductibé material in said
second openings in said third layer of dielectric and in said
third openings in said second layer of dielectric.

8. The method of claim 7 with an additional Step of'depositing;a

seed layer over the surface of said barrier layer, said
additional step being performed after said depositing a barrier
layer, said additional step being followed by steps of:
| .deéositing a layer of conductive material over the surface
of said seed layer; and

- removing excess conductive material from above the surface
of said third layer of dielectric, further removing said barrier
layer and s§id seed from above the surface of said third layer of
dieléctric, leaving said barrier layer and said seed layer anq
said conductive material in said second openings in said thirq

layer of dielectric and in said second openings in said second

layer of dielectric.
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10. The method of claim 7, said first metal plugs comprising

copper.

1l1. The method of claim 7, said layer of conductive material

deposited over the surface of said barrier layer comprising

copper.

12. The method of claim 8, said layer of conductive material

deposited over the surface of said seed layer comprising copper.

13. The method of claim 8; sald seed layer comprising copper.

14. The method of claim 7, said barrier layer comprising titanium

nitride.

15. The method of claim 7, said depositing a layer of conductive

material over the surface of said seed layer comprising methods

of Electro Chemical Plating (ECP).
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17. The method of claim 7 wherein said first patterning and
etching said first layer of dielectric is applying anisotropic,
RIE processing, using as etchant gas CF4 + CHF3 + 0Oz, a flow rate

of CHF3 being between about 10 and 200 sccm, at a temperature in

excess of 120 degrees C. and preferably in the range between 120

and 200 degrees C. and more preferably about 150 degrees C., at a
gas pressure befween about 200 and 800 mTorr and more preferably
about 500 mTorr, with an rf power density about 400 Watts, with
no magnetic field applied, with a time of the first etch between
about 5 and 50 seconds énd more preferably about 25 seconds.

18. The method of claim 7 wherein said second etching said third
layer of dielectric extending through said second layer of
dielectric is abplying anisotropic, RIE processing, using as
etch;nt gas CFs4 + CHF3 + 02, a flow rate of CHF3 being between
about 10 and 260 scem, at a temperature in excess of 120 degrees
C. and preferaﬁly in the range between 120 and 200 degrées.c. and
more preferably about 150 degrees C., at a gas pressure between
about 200 and 800 mTorr and more preferably about 500 mTorr, with

an rf power density about 400 Watts, with no magnetic field
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a semiconductor substrate having a surface, a plurality of
semiconductor devices having been provided in or on the surface
of said substrate, further conductive points of electrical

contact having been provided in or on the surface of said

substrate;

first metal plugs being provided on the surface of the
substrate, said first metal plugs being imbedded in a first layer
of dielectric deposited over the surface of said substrate, said
first metal plugs being aligned with said conductive points of
electrical contact having been provided in or on the surface of
sald substrate, said first metal plugs having a surface
cbmprising a first surface area and a therein centrally located

second surface area, said second surface being smaller than said
first surface by a measurable amount;

a second layer of dielectrié deposited over the surface of
said first layer of dielectric, including the surface of said

first metal plugs;

an etch stop layer deposited of the surface of said second

layer of dielectric, said etch stop layer having been patterned

and etched, creating openings in said etch stop layer that align
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said etch stop layer having a surface area that is about equal to

said second surface area of said first metal plugs;

a third layer of dielectric deposited over the surface of

said etch stop layer, including the exposed surface of said

second layer of dielectric;

‘first openings created in said third layer of dielectric,
said first openings having sloping sidewalls, said first openings
in said third layer of dielectric having a surface area that is

about equal to said first surface area of said first metal plugs,

said first openings in said third layer of dielectric extending
to said openings created in said layer of etch stop;

second openings created in said second layer of dielectric,
said second openings having sloping sidewalls, said second
openings in said second layer of dielectric extending from said
openings created in said layer of etch stop to said second
surfgce of said first metal plugs;

a barrier layer deposited over sidewalls of said first
‘Qpenings in said third layer of dielectric,.ove: said second
openiégs in said second laye:-of dielectric, over said second
surface of said first metallpiugs; and

" a layer of conductive material deposited over the surface of

said barrier layer, excess conductive material having been

42



& ()-  "10% A& ()-S&10% U& ()- @9! 10% U& ()-ybC 10g! 10% & ()-' f10% & ()
10% 10 U 10 UY(7)10% Ug ()- ."10% U& ()-S, 10% U& ()--nDdEbC 10g! @
10%4 & ()-10% & ()-, 10%& ()-!'10% & ()-,!10% & ()- 10% & ()- DIAELC 7LGEPS 2003
10%4 & ()-f"10% & ()-10% & ()-S 10% & ()-10% & ()- @10% & () - GOaBbC 10g! f -
109 & ()1 Y 10% /& ()-%40% & ()-# 10% & ()-y!!10% & ()-y"10% & () - "xnb@
1OQ||$)%8@€V%.( TR #jovp/the surface of said third layer of dielectric,
10/ 610%.& ()-3"10% & ()-1M 10% & ()-/!10% & () - 3uCdBmb@ 10g! ! ! 3 10%& () - 3f,
1094VE, (fPF{&%EBW&r?)S- FOREeE) L8381 ObavRL (9 LBE10WwRIof R d Cf MENdk@ve the
1 1Q9V&' ()- . _ .
ép%owg*?f- %?i'oé%/&iﬂq "SPRYAMR LY e r #26odviee Y9ctrdz . 109& () - LgbC 10g!!!,
109&' ()- 109%& ()-' 109& ()-
20. The strucﬁﬁre of claim 19, with the addition of a seed layer
deposited over the surface of said barriér layer, said seed layer

equally having been removed from above the surface of said second

layer of dielectric.

21. The structure of claim 19, said conductive poinfs of

electrical contact having been previded in or on the surface of

said substrate comprising copper.

22. The structure of claim 19, éaid layer of conductive material

deposited over the surface of said barrier layer comprising

copper.

23. The structure of claim 20, said seed layer comprising copper.
24. A method for providing a plurality of conductive

metallization patterns séparated by insulating layers on the.

surface cf an integrated circuit, comprising the steps of:
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10% & (gulBpdzdiehCsaid first metal plugs being imbedded in a first layer
of dielectric deposited over the surface of said substrate, said
first metal plugs being aligned with said conductive points of
electrical contact having been provided in or on the surface of |
said substrate, said first metal plugs having a surface
comprising a first surface area and a therein centrélly located
second surface area, said second surface being smaller than said
first surface by a measurable amount, said fifst.metal plugs
having been created using control chemistry creatihg sloping

- sidewalls of said first metal plugs;

deposiﬁiﬁé a second layer of dielectric over the surface of
said first layer of dielectric, followed by depositing an etch
stop layer over the surface of said second layer of dielectric,
fqllqwed_by‘depbsiting a third layer of dielectric over the
surface of said etch stog layer;

patterning and etching said third layer of dielectric, said
etch stop layer and said second layer of dielectric, creating
openings through sadid third layer of dielectric, said etch stop

layer and said second layer of dielectric, said openings aligning

with said first metal plugs being provided on the surface of the
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stop layer and said second layer of dielectric, including the

surface of said third layer of dielectric;

depositing a seed layer over the surface of said barrier
layer;

depositing a layer of conductive material over the surface
of said seed layer; and

removing excess conductive material from above the surface

.0f said second layer of dielectric.

25. The method of claim 24, said conductive points of electrical
contact having been provided in or on the surface of said .

substrate comprising copper.

26. The method of claim 24, said layer of conductive material

deposited over the surface of said seed layer comprising copper.

27. The method of claim 24, said seed layer comprising copper.
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" #39&' 30 * L he M@1R84567881a wYQABGRMH control chemistry used in

creating sloping sidewalls of said first metal plugs comprising
applying anisotropic RIE etch using a mixture of CFq + CHF3 + 02

as etchant gasses.

31. The method of claim 24, said using cqhtrol chemistry creating
sloping sidewalls of said openings created in said third layer of
dielectric, said etch stop layer and said second layer of
dielectric cemprising applying ax;xisotropic RIE etch using a

mixture of CF4 + CHF3 + O2 as etchant gasses.
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