; 1234e3eazZ[ "p~>: abpaTa_A NOVEL COPPER METAL STRUCTURE FOR THE REDUCTI ON CF
1 NTRA- METAL CAPACI TANCE BACKGROUND ‘OF THE I NVENTION (1) Field of the
invention The invention relates to‘the fabrication of integrated circuit
devices, and nore particularly, to a nmethod and structure for the creation
of itnterconnect patterns that reduce internetal capacitance for sub-m cron
devi ceafravprLesorPercrEphLOBTRUCTDREPFDAr TAEL REDUChEomr eat tanratvALADI i t hi
integrated circuits nunerous interacting electrical device elenents are
typically created in or on the sgpbaeger@aficg sem conductor substrate. Anpng
these device elenents are transistors, diodes, bipolar transistors of

ei ther NPN or PNP conducting characteristics, Field Effect Transistors of
either N or P channel type. After these device el enments have been created,

t hese el ements nust be ig'g&&gg@ﬁgtg@ 5@ o&g%% %gokornlfunctiona

sem conduct or devi ces such as analog or gigltap Citcuits, flip-flop
circuits and nenory circuits.. Fromthere, the interconnected device

el enents are further connected to surrounding circuitry, circuit _
substrates,_, printed circuit boards and the like. 1 Sem conduct or devi ce
perfo#ﬁﬁncglgﬁﬁr8§eﬁ§ﬁtén§P8t99BicaIIy achi eved by a continuing reduction
in the dinensions of the device elenents. This results in increased device
density andPPnéPE¥58&4°Pr 6RiLATEY 6P 38§ EEPEREREALE PRat 5EEAG S0 one
device or to several, adjacent devices. In order to achi eve functiona

- oper abiFFRy toflevhEeSenPESnBGECoPagévicEd 2 rAagne tione Fgdhiode agd iSfTrEcEHffect ed-
devi ce el ements nmust be insulated fromeach other. 2t is well known in the
art héert shenteeesnrec b fdévites ceonarent pathatrnsesihde iredorceon nd esimeglad o
| evel . As part of the creation of sem conductor devices on one |evel, these
devi ceapare teheet Kicgalshyp-misidoat edvdned aeectiriecal | y conneCted to }
surroundi ng el ectroni c conponents by neans of holes that are created in the
| ayer of insulation that surrounds the devices and the device elenents. The
devices or the device el enents are accessed through v

- {2} Description of the Priocr Art
In the creation of mdnolithic iﬁtegrated circuits numerous
‘interacting electrical deticé elements are typically created in
or on the surface df a semiconductor substrate. Amohg these
device elements are transisﬁors, diodes, bipolar transistors of
eithér_NEN 9£ PNP condﬁcting characteristiﬁs, Field Effect
) Tranéistors of either'N oriP channel.type. Afteﬁ.these devicé
elements haVe'beén creafed, these elements must be interconnected
in order to form functional semiconductor devices such aslanalog
or digital éi:cuits, flip-flop circuits an& memory circuité;-From
there, the interconnected_dévice elements are further connected
- to surrounding circuitry, circuilt substrateé} printed circuit

beoards and the like.




these holes and further interconnected by (first) conductive
interconnecting lines that are created on the surface of a (first) |ayer of
insulating material. 1n view of the continuing increase in circuit density,
mul tiple | ayers of devices or device elenents are frequently superinposed
over each other by first depositing a second |ayer of insulating nmaterial
over the iTRECEMECOFngeT R PIHALMRAFE BBBRC EFRRTt e 361F FH@l§ﬁg¥hce of the
first layer of insulation. Holes are created in the second |ayer of
i nsul AEPERVIDOR @ cOHRABELRONSCIT T URE finr ShendimRRIt UfS oAt ER€onnect i ng
| i nes, which can then be foll owed by creating a (second) network of
condugevies | tsradinedhiFi pesubys tite iqgrkacedofievhes steid vl apér of
insulation. It is clear that this process can be repeated a nunber of tines
and i snfEFegted mowipytvhefnaevies oflansatsr sbassbplend\ta vacelberi e¢ cal
performance characteristics that are i nposed as a consequence of the nethod
of i nPertonpe ity Faliacendudtviceeviloesrder s eakieyd fnncgapbhzé t hat,
wi t h decreased device di nensions, interconnect |ines and networks can
qui cklepedebeti oy ate tihmt gemeryndenpdexdsstiaget nees-iMhesagdyenor be a
di sadvantage in and of itself but this may, in practical terns, inpose
‘sever éntgsEPRREFERE dRYitike cdPBER ¥ CRlSparef dngaRetedf Txdme esdewibhed - package.
This |imtation becomes even nore stringent as the operational frequency of
t he pdékage pherEaes irThéEenarer el & EHGETCONPEETL AeViseRLBnéF
interconnect |ines has for many years been alum num While doped poly
cryst &ANREn&e8L£¢ coh Tarkthé §dedleoresdhe Ad mauitt o Aher corrfden ods,
“virtually all -semiconductor circuits use at |east one |ayer .of
met al -SSHEECRERABRT I &7V idatesn Shehleethl thissr sevacesi dnelines are typically
formed by depositing a thin

electrically insulated and electrically connected t¢o surrounding

electronic components by means of holes that are created in the

layer of insulation that surrounds the devices and the device

elements. The devices or the device elements are accessed through
these holes and further interconnected by (first) conductive
interconnecting lines that are created on the surface of a

(first) layer of insulating material. o _ E

In'view of the cdntinuing inc:eése in circuit density,
ﬁultiple layers of devices or device.elements are frequently
superimposed Qver each other by first depositing a seéond layer
of insulating'material.ove#‘the interconnecting lines that have
been created on the surface of the first.layer 0f insulation.

Holes are created in the second layer of insulation for




filmof alum num or alum num copper alloy on the wafer, masking t he

al umi num |l ayer with resist to define a set of nmetal interconnection |ines,
and then anisotropically etching the portions of the netal |ayer not
covered by resist. Reactive ion etching (plasma etching) of netal thin
fil'ms is usually performed using a plasma in which the wafer is bonbarded
with fomsethistns gactthwl £hrandneemovie dthe ngeposedecegions mefs, metath Pl asna
etching is perfornmed in a vacuum chanber, and the etcher's vacuum punpi ng
syst enan enmeeoaustlldvetd het caddtsiof 4 heecead)i natpsoduct ssonAdvantages of

pl asma ion etching over conventional wet etching processes include the
possi bhtétcesnaft prioeesenathenshi e |ESsnendeceniit iageofomal | profiles and
hi gher packi ng density. Copper has in recent tines found increased

appl i ¢atibation t e use cobaretAbt WiHES R ds@ chs bewEmsisdd wity, high

el ectrom gration resistance and stress voiding resistance. Copper however
exhi bhtisbéheofli siathsanirage sofl iki god didd usj whley naRue@nIP i ok Bg
‘materials such as silicon dioxide and oxygencontai ni ng polynmers. This |eads
to, fontingtanceslddier idiafif pek6areincoOppairddtieeipelysnge: dind ng hi gh
‘tenperature processing of the polyinmde, resulting in severe erosion of the
coppetimandet hes pol girmicdmetce b6 the moppel odonbiBirBgnméddiRXygen in the
.polyimde. The erosion nmay result in |oss of adhesion, delam nation, voids
and ukemmateiiyceocateasitaesphi ¢ fail ure of the 4 conponent. The copper that
is used in an interconnect may diffuse

It is easy.to visualize that, with decreased device
dimensions, interconnect lines and networks can quickly
deteriorate inte very complex st;uctures. This may not be a .
disad#antage in'androf itself but this may,_in practiCal terms,
impose severe restrictions on the electrical berformance of the

assembled package. This limitation becomes even more stringent as

thé operational fregquency of the package increases.

The ma;grial of choice for the creation of interconnect

_Iines has-fbkﬁmany vears been aluminum. While doped

rystalline silicon can be used.for some circuit.
interconnections, virtually all semiconductor circuits use at
least one layer of metal-interconnection lines. Such metal

“‘interconnection lines are typically formed by dépositing a thin

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




into the silicon dioxide |ayer causing the dielectric to becone conductive
and .al so decreasing the dielectric strength of the silicon dioxide |ayer. A
copper diffusion barrier is therefore often required; silicon nitride is
often applied as a diffusion barrier to copper. Silicon nitride however has
a dielectric constant that is high conpared with silicon dioxide thereby

i 4 e elystldaan Aidickdeol poencansyatingagepper | nt er connect
i nes. Ina(jj’ltlon uetote actt

at copper is very difficult to

processduedieribe Chent cal. Meaianial Poll Shing (QURL,;meubod may need to

be u ere copper 1s used as a W ri copper at a

hi. gh ;%c?zt@io% RQUERSCRALENT NG, 4.0 AGCAL, 93988 %\%ybbgl%% b%lrea‘égl%r o

for ion, the copper etch rate nust “be Fai I ncreasi ng the anount of

the co %ﬁr}?g{‘t rl%%RQ”é’cPﬁmc; Plof h eheh! pgy gont u%%glh!'} %ngg | §hi ng

slurr onent- Ts use |n an |ncrease anmount |ng wil |

occur, Ll 10 5alLy Y CRNBEIUENS | fue UL R ROPPEL, I8 81 Ghed gwgy, causing

di shi ng i e Wi when ornlng I'nterconnect Tinés using copper,

desi r?@i\@%t»&éﬁs%ﬁekﬁ%%t&% 890%% g?cﬁ 0fs F}{f‘ééaef nighg e copper 1ines

using a chemcal etching process slnce copper 1s very difficult

and [ 9.8, pLOCESSINALLLS O Y LSRN LY, RELAg s ey JYeSLL0gLEdy The use

of copper a i nterconnect Wring 1s furt hi ndered by the

SUSCG?E{BBLA%t%y%] nC ARG L OmOXL daz%)dto%otcgl\ienglfoﬁ?é PNQALQIGST St processing

canno en copper is to atternéd info various wire shapes The

phot OEFaaséthe@dsamaeesr%Dg;fgsr@g 1e Gnd0f. Lhe. LGRS k. heaLing 1 in

y oxidi zed environmnmen such as an oxygen pl asma, ther.eby convertlng

it to e | .L.gh me of the '
advantggggggh%ydgsa éagpggggeoFﬁ?ﬁgfﬁgéﬂb eg Ekn?%d;5%$es t hat copper has
been . a ati t to be
used F%ESP%EQ%?eaeg%th conggéggve | oﬁ%gggg é%@ H%rn%%%%%ﬁht wher e
in subpiergn technol ogy copper is extensively used in the fabrication of
sem conductor devices. For the vast najority of these applications,

i nterconnect lines are created whereby the cross section of the

i nterconnect lines has a rectangul ar or square shape Wth the sharp

decr ease | obhe. disl anee debineeno a0k acent CORREL ! OLE] CONNGR [l nes (the
metal pitch), the Thterconmect T nes hr} y ave a square or

T et angi eSS SEELAN nluce i o iasr esrz%tt%l%raﬁi 4 ¢ capaci tances
which 1's detrinment to opti nun18eV|ce

ormance, etially for higher

fr eq“eé]%yc@%ﬁl&ﬁa%&( ?ésf’sta}r&% Iarqgen\tirgss 6}9 d%.%%e.srets \§ar?‘<§epecéop%f creati ng

i nt er connect rnes an

_ however exhibits the disadvantage of high diffusivity in common
~insulating materials such as silicon dioxide end oxygen-

" containing pblymers. ?his leadswto,' for instance, the diffusion
of Copper into.polyihide during high'temperature processing of
the polyiﬁide, resulting in severe erosion of the copper and the
.pelyimide due to the copper ‘combining with oxygen.in the

pelyimide. The erosion may result in loss of adhesion,

delamination, voids and ultimately a catastrophic failure of the



a nmet hod whereby the parasitic intro-line capacitance is reduced. 6 U
5,109, 267 (Koblinger et ‘al.) shows a sloped netallization (See Fig. 5). US
4,888,087 (Moslehi et al.), US 6,114,243 (CGupta 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. SUMVARY OF THE | NVENTI ON A
pri nckephpomdnectine cobpthethavent iwofed Snt anr edueecomidaimeiagl dpdraséti c
coupl i ng between adj acent interconnecting |lines. Another objective of the
i nventhoa tise t<imichineveochigh peyéoramncegnenal dieleseannaect pkicbas Wi t hout
the use of cost intensive processing steps. Yet another objective of the

I nventbatuEsit® MdOY1de dedethotnd ofhd he clkeail onsofedygh qrerher mance
i nterconnect lines that can readily be integrated into conventi onal

seni ceaduebar d Immiaakyei-NgAPEOSBEIT €St fubionl Ba2ecor danad aMeish rkhe
obj ectives of the invention a new nethod and structure is provided for the

creat iogRedf re i £¥&ONNACH cohn@str I8 £ e seabboneQf ad he dittfsgennect |ines
“of the invention, taken in a plane that is perpendicular to the

| ongi ugdirnak d@r@@ﬁp&n efiitbeni AL F COONAGIeeirN@8s LSafeidd@ndl € as opposed
to the conventional square or rectangul ar cross section of interconnect

||nescoBBkEEtDE&QRHBJHQMhCEoﬁﬂErEEMWY@KE%ﬁﬂﬂ%&n 4ibhi QoA hows the
creation of an opening of the invention, as follows: Fig. 1 shows a cross

secti aimaftihhetBariaceOfsid isen 800LUEE OIn SRshrat et ONgrcddisur face of
whi ch has been deposited a | ayer of dielectric. Fig. 2 shows a cross
secti antefrcbhaestrunidag.e of Fig. 1 after a patterned and devel oped | ayer of
phot oresi st has been created on the surface of the |ayer Qf di el ectric.
In addition, 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 without 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.etching'contained in the polishing'slurry. If the
coﬁpggent,iq usea in an increased ambunt, the etching will dccur
Z_isotropicallyﬂ Conseguently, buried copper is étched'éway,
causing.dishing in the:wiring. It is, when forming_interconnect
lines using copper, desirable to use methods that do not depend
on patternlng the copper lides u51ng a chemlcal etchlng process

since etching of copper is very difficult aﬁd is a process that

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




Fig. 3 shows a cross section during the process of etching the |ayer of
~-dielectric in accordance with the opening that has been created in the
. overlying layer of dielectric. Fig. 4 shows a cross section of the
openi ng that has been created in the |ayer of dielectric in accordance with
the invention. Figs. 5 though 11 show a process of the invention for the
creation, of Pgl?fj!rye&%&n%g&sw@hwt%cmrt%%tr Li N8Sred@Sof AlHows: Fig. 5
showé t'he®cro%s section of a sem conductor surface, a first | ayer of
dielectric. _has been depgsited_o e coRduct oL, spkdane,sit\wo
.cond&&:‘FF%tégh%h%ﬁf P u%%%ﬁ%vgob}ég%d%:?g%rtﬁe N the fi rsit%l ayer of dielectric
in accordance with the inventi j Sh sSrsegtiqan after the
-depoﬁrtc’lc(?ﬁséf’gacasl%%%tng) élfee;& (I‘Sq?lggi g{bg%?fi%wc%\gsggt Pé?ﬁeﬁ fd;yler of etch stop
, material has_been created qr. face. of_ t nd4 | Ay an, of
di el F&TES ELH® 7 Ehows Tglecrpggg%ggcs:??%n&a Sertoa%tgh?rgﬁgl ayer of dielectric
has been deposited, a patterned |ayer_o I. St S been created on :
the s‘?ﬂdfé’%et Pﬁ%é?%?ﬁﬁylhfyagrlngf * iépe%tlg{%l%i%gﬁgzg OowWs a cross section
~after openi ngs _have been etched through the third | djeliectric, the
et ch SHOF FEFEF - afdch 3% 1 SHRHE Pgﬁg?abft e bé’ctcra?l)ér%?ﬁgg c%‘ie ance with
the o eni%%sltha%mhggeas%en created in an overlying devel oped | ayer of
phot ot esi&xt-~¥Fi'§" §°ShdWs™ a cross section after the devel oped | ayer of
phot oresi st has been renoved, a barrier |ayer has been deposited. Fig. 10
shows a cross section after a |layer of netal has been deposited over the
surface of _the barrier [ S Xo) ctign after the
deposi ted T%%/earbogfe .lhl gﬁ.ﬁgéi%ie% po%}esﬁg\é\@a%mi%&t%%%ge sur ?age of the third
|l ayer .of dielectric.. Fig. 0 Cr, [ of .adypigal ,appl i cation
of .t h&* PRVER YO f—’ifg;th%Su% o§/€ %& rarsslggzgfs‘?%%l %Fba Ccc%r?t\%nti onal
i nterconnect_dine t [ n 1S pendi cul ar 1@ thegy t
Longifﬁa?ﬁgfn%ia T fy9§%e?9t2%9%§'§héJH§ JfS aREE 1y ate o}

rection o nterconnect |1 ne.

be used for the creation of conductive interccnnects. This to the
:point where in sub-micron technology copper is exténsively used
in the fabrication of semiconductor devices. For the vast
majofity ofrthese 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 betweeﬁ-adjacent copper interconnect lines {the metal
_'pitch), the interconnect.lineé which typically have a square or
rectangular cross section induce high iﬁéraFmetal'parasitic
capacitances which is detrimental to-o?timum device performance,
especiélly.for higher'frequéncy device operation. Tﬁe invention
ad&éesseé this aspeét of creat;ng interconnecﬁ lines and provides.

a method whereby the parasitic intra-line capacitance 1is reduced.



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Conventi onal interconnect |ines
wll be highlighted first in order to establish a point of reference. For
this, referring now specifically to Fig. I'3, there is shown a cross section
of two conventional interconnect lines 16' and 18 . These interconnect

di nes have been created on the surface of a |ayer 10" whi ch typically is

t he surf aggs of, 13 sserhCoRIYE! REeSuhsStatesnekeciritadedoi nts of contact 13’
and 15' have been provided in or on the surface of layer 10. A first |ayer

12' of.diflectridn hagcbeeg 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
el ectrical contact 13' and 15 can al so be enbedded in the surface of |ayer

10" in whigh £ass %‘765(M%E§eﬁ£e@$eﬁlt}hf%9% hawepsb2(gugdthe surface of |ayer
| 0' and therewi th the points of el ectrical contact 13' and 15 can then be

accesged { by ough gdhese gholses. (Hal ayery Ll s@ifoweEﬁHeJS:EQrﬁ)néW &tadls such as
- Si'N, eposited over the surface of the first layer 12' of dielectric and
patter d ed. Using this patterned |ayer 11' of etch stop the
openiﬁgg Rgggeg%ggg are etched into the surface of the first layer 12' of
dielectric. The paints 13" and 15 of electrical contact can be accessed by
means of these openings 17° and 19'. After holes 17' and 19' have been
created inykhe §b{sf,1lpudyehnlas OfcAlLl @S LGcnt BessuQRaDINgGS are
filled mnth a conductlve materi al , the eposited conductive material is
et cheq % wn.to the surface of the patterned etch stop layer 11' The second
| ayer T4 *of "diel ectric is next deposited over the surface of the etch stop
| ayer 11', thereby including the surface of the openings 17' and 19' that
are at this time filled with a conductive material. The second | ayer 14' of
dielectric is patterned argwehghedy fiLahivigmaReani ngs 16' and 18' in the
second | ayer 14' of dielectric. These openings are next filled with a
- conductive material, which in turn is polished down to the surface of the
~second | ayer 14' of dielectric. The electrical contact plugs 13'/17'/16'

and 15°/19'%/ J&me%glet ob LS R Comml gh@enttoa s Llgarhiuem Lher L1 oss

section that i's shown In Flg 13 that the cross sections of the sections
t hat %t%lug; %Jaelete%sh c%q{gt%%tenp LH9scane ﬁtteﬁéﬁe&tangegt@@gl eor a
square. Significant is t he sides of adjacent sections of the

el ectrical contact plugs, such as sections 13" and 15', sections 17' and
19', sections 16' and 18', are parallel with each other. This results in

maxi mum el egt ) 9%%5ta,et%méyr&eofmtvftﬁteoﬁ' des. ¢ oaérttwe adj,acent

~counterparts such as”section 16 haV|ng maxi mum el ectronagnéti ¢ exposure to

secti o 18, nd QR 2 ink8:866HAN 1Ldie. 19:nand sectiqn J3'cke section

15" is c y resulifs inc se el’'ectromagneti ¢ coupl i ng between these

-sectlog§ éﬁgf@élﬂ}ééé}sggg g§é§gence of hlgh parasitic capacitances between

these sectlons

Yet another objective of the invention is to provide a
method for the creation of high performance interconnect lines
-that can readily be integrafed into conventicnal semiconductor

.manufacturing procedures.



This parasitic capacitance has, as previously pointed out, a negative

i npact on device performance and nmust therefore be m nim zed or avoi ded.
Fig. 13 further shows the use of a barrier layer 20' which is frequently
applied to negate interaction of the conductive material, such as copper,
that is used to fill the plugs 13'/17'/16' and 15 /19'/18, with the
surroundi ngn di @} @eddrice. wikihs thar ebescd ayay o20'cntyPh6aht Yot YTREL,SES TaN.
Sone applications further deposit a seed |layer (of for instance copper, not
shownpeenes &he surfaceofist Beobadsd efor ayer <2@atkBnosdeind Lnhapee
adhesi on between the conductive material deposited in plugs 13'/17' /16" and

15" /1914038, angl ¢ sSWeceubdi Bg ghéel 8eddd Gonrlc@S1idet gpugh 12 address the
creation of interconnect |ines of the invention. Specifically, Fig. 1 shows

a crossveget bAN ©fkdh SW 0¢RakQ ONEF y@l;?é}p%dd%%&aéotefu?é el ectric has
been deposited. Layers 90 of Intra Metal Dielectric can contain any

sui t abbagdighestt i@ SuUch RS offOEhlen%@@i:@orﬁ{édthfin@soxige (¢ 0% q.e’ doped or

undoped) 13  or silicon nitride ("nitride"), I'icon oxynitri
f1 uor aRobyBBEed PAE YA RN& o RN BhEE. s&ELFa- *BQ ah | e (TEOS) based
oxi des, bggﬁ %hosphate éillcaﬁe glagé BPSG 5ﬁbs Egagl %%ige gl ass (PSG,

bor o- %@thghebgl§§§egggg@ectp4hq§g[tr|de oxi de (ONO), a low dielectric

- constant material, such as hydrogen sil sesqui oxane and HDP- FSG

(hi gh-density-plasma fluorine-doped silicate glass. The nost connnhly used
and therefore the preferred dielectrics that can be used for the deposition

~ of layers 40 are siligeredimxdida shdoRedrorusngonpdos Silicon oxynitride,

paryl ene or polyimde, spin-on-glass, plasnma oxide or LPCVD oxi de. The
preferred dielectric material to be used for the invention is SiQ. The
deposition of the layers 40 of dielectric uses conventional deposition

technol ogy ragd . cancnidign NStsiee. che deposided using LREYD. o PEGYD, or APCVD

- procedures at a tenperature of between about 350 and 450 degrees C. to a

- have vertical dinensions that are not necessarily re

t hi cknesskebweensaboutov>d00 and 10, 000 Angstrom usi ng TECS as a source. 14

‘The intra-dielectric material that is typically used to isolate conducting

lines fromeach other is silicon dioxide, which is a thermally and
chem cally stable material. Continued decreasing of the horizontal

di mensi ons raly . SeMEEERLUST OF o S1L\EE8S heads 1o el s gff ggt al thgt tle“d to
uced accordingly

resul tddyg dfaulcRel-aBeest Pa CONMAGT +8Rd K-8, 0pelE NG dhat shayg, a hi gh aspect
rati o. -Conventional oxide etching processes and naterlafs are however

avai | ad& fidtessuch, b gh, aspeacte 1ati0 contact and via openings.
Consi deration nmust be given to the dielectric constant of the dielectrics

that are used to i-solate conducting lines. The

F:Lg 2 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 t_h'e-opening that has

been created in the overlying layer of dielectric.



dielectric constant of dense silicon oxide that is grown by thernal

oxi dation 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 constant is 1.0, this is the dielectric
constant of a vacuum whereas air has a dielectric constant of slightly

| arger thamig.0« Ehebed rdrescoRstants of dielgudling FRLerial s,ddhat can be
used for intra-level or inter level dielectric material vary, typical

val uesrakectiofini 06¢ anGee b ok wid18ctoici NOrga GFPlaspm.Si PR. 3.5 for

i norganic fluorine doped SiIQ2 (FSG, 2:7 - 3.0 for - Organic

" Pol ysiilnseguwiexane (Si polyner), 2.7 for organic Benzocycl obutene (BCB), etc
15 Over the surface of layer 40 of dielectric, Fig. 2, ahs been deposited
a layer 92 of photoresist. Conventional methods of photolithographic
exposure and photoresi st devel opnent have been applied to create opening 41

in layer 4Zigk.photRs&st st1 Jnide a3pehouss a £1a8S :$86hLE9AL 0k L he, St ructure
of Fig. 3 during the process of etching layer 40 of dielectric In

accor danee 1wl Bl Boe PAYLRI N BlerLheroPRRL Ao dhal 13S Beepopigated 0 the
| ayer 42 of photoresist. This processing step is a key processing step of
the invention, since during the processing steps an opening having sl oping
sidewal | s is created in the layer 40 of dielectric. As etching gas for the
creation ofrigpesi Biodd iy uafd axer 4R be dseth (bt fF4st: (e appl i ed
under medi um-pressure and a tenperature in excess 6? ff degrees C.” The
processi ft tihgeet ch h§é£€ﬁ€¥ﬂ@|H£SC9@EEOEQ§5E£¥%& ert%%%afluorlde (Cr4)
serves as the etchant gas, creating the opening through the | ayer 40 of

di el ecddniicoMaiulg okheu et sbhante.gas crenReRsat 4xiflugnouethage (CHES) provides
for the deposition of polyner that is fornmed during the etch process on the

si dewaddemtafd tihe tapeni Ag: thaled $bakBgcetehed; by, dhe Ghd. Thenrasult is the
.. step wise progression of the etching of the opening through [ayer 90 that

i s showirditi®nQss section in Fig. 3, specifically the depth is created by

t he CF4 conponent of the etchant gas while, during the creation of -the
opening and as a continuing process, polyner 16 46 i s deposited overlying
the sidewalls of the created opening. This-deposited polynmer 46 protects,
during the pigceedhgsand. NS AdoRlG gkeb; ofnd N onening Lprguh | aver 40,

ed-

the sidewal | s of the opening frombeing attac y the etch Speci es,

syl teamdd theshepkag ol ihe o dawallseals Lhe: apening Lbgh | cf eat o

- through layer 40. By controlling the polyner sition raté on the sidewal

- koof thecopeni ngs bEnSLOPSOF &if Ghot anek.pLofil 6,07 dNg LRENLAY, £an be
controlled. It nust be appreciated that the - '

dielectric.
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



etch of layer 40 essentially proceeds gradually into and through the | ayer
40, . neani ng that the deposition of the polyner 46 on the sidewalis of the
opening that is being created is also a continuous process, finally
resulting in a continuous |ayer of polyner being created on the sidewalls
of "t he opening. This continuous |ayer of polyner acts as a retardant of the
et ch wher eed¢dred palyprepfi aidepostiedn tdratordantbewi i dewaldeenabgthe openi ng.
It is clear fromthis that, as a result of this retarding action, the
si dewahkt ofiztdhecaperirag ted| Lnshopere 4y ioigdeevedDopedi B m ol ope of about 45
. degrees, a very high flowrate of the CHF3 is required since this high flow
rate pastbtssista high deposition rate of the polyner on the sidewalls of

t he opening while this opening is being etched The preferred for |ayer 40
of dielectric are as - follows: process applied: anisotropic, R E processing,
etchant gas: CFa + 17 CHFs + Oz, at a flow rate of about 15 scan whereby
‘the flow ratie.of dthevsCHF3rossvaetetomnfiamy the dHBvexeess ofye20@fsccm
tenperature in excess of 120 degrees C. and preferably in the range between
120 apto20Qecdegt eess GeecaNdeciBiedpr ef eiahlar abgut A0 Wegt et dsited.gas
pressure between about 200 and 800 mflorr and nore preferably about 500
mlrorr, rf power density about 400 Watts, no magnetic field applied, tinme of
the etch between about 5 and 50 seconds and more pref erably about 25
seconds. Thegvarbasnauns of dheesf bewciaheapfed he 16HEs ammbeaused to adj ust
the sl ope of the opening 41 that is created in layer 42 of dielectric.
Wher e ddenl Slepbal €6k abaue drkatsuk-hgck! oW fid exdmy eRe1kpeexcess of 200 sccm
it is not unreasonable to expect to vary this flow rate dependent on the
sl ope of the opening 41 that is created in |layer 42. The slopes are
- suggested, whereby the angle that the sidewalls of opening 41 nake with the
surface of mikke underdyd nY SeIHsCeRAUEHAr aStdStdAL Rl sk 8etihea yadeendent
parameter. The follow ng table can be used for this purpose: angle CHF3

f1 ow rmadien 16 hadegeer Sphet sween abeutol@nhansudfh Scem 4hedeyl ee st Hpd sveem about
90 and 170 sccm 30 degrees between about 170 and 250 sccm 18

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 & plane that is perpendicular to the'longitudinai

direction of the interconnect line.
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A conductive plug can be created in the opening 42 of Fig. 9 by depositing
a layer (not shown in Fig. 4) of conductive nmaterial over the surface of-
dielectric layer 90 and polishing the surface of the deposited |ayer of
conductive material essentially down to the surface of |ayer 40 of

di él ectric. The deposition of a |layer of netal can be preceded by the
deposition of a bayadcrprayer ofnokc SOYWERRS eBepsutfface of the |ayer of
dielectric, this deposition of a layer of barrier material can be foll owed
by the deposition (not shown) of a seed |ayer over the surface of the
barrier layer prior to the deposition of a |layer of netal. Figures 5 though

11 further cagdeassotdie AP GAlieR 9hnbbhewinyent aRnReGREL: NG AAW: 1
specifically to Fig. 5, there is shown a cross sectioh of a sem conductor

surfacerckl, ta bbesbilayer Jdinf o ekestbhse has,baen JepasiiethPugs, the

sem conductor surface 10, two conductive contact plugs |3 have been created
in thesgddisti daayer t6f rdj el £t rifeden 18cepbdANE & ML sthe s bAveptd.Qn.
Processing conditions and naterials selected for the deposition of |layer 11

- of di etqgiddtGchave: previousd & heel shighl Lght g8 unders Figse -dotiwqugh 4 and
can be equally applied to create the structure that is shown 1 n cross

sect i oniddk FaGre BeedherPiederd LA HALRLIFGL0br 1D 1401 loRveALLQN that is
used for the creation of contact plugs 13 is coppéer. The points 13 of

el ect rigalc0ant a6t thaveupr££0Ssr SeQRhBAt LS gwﬁ;strr%%}eéngyééérﬁ%e Cross

.. section that is showm in Fig. 5 of contact points clearly neets

obj ectpyenf dihedhnxeption ofqretuging LEBg 50,4108 Rar agi Li,c.gapaci tance.

‘I'nterconnect points 13, Fig. 5, are created using the process that has

previ oyslyz et deseri bed kNG Figse, 1bhr Qy%éecmcdhs'segééﬂc I is

etched to formthe triangular shape of interconnect points 13, the openings
are fibégsskiidd wRRPEhcabl BEa M Eh 12 R0§ESS Of e QMR Al 'o_%h%§e1:9§i%‘.l}[lf ace of
e

t he deposited | ayer of copper. Fig. shows a cross section after

deposi topta®f @’sesandstayes, 12, ofndigloet theri &n Patdennedybayel, 14 of etch
stop material. has been created on the surface of the second | ayer of

diel ectigc. 1¥r eapssiiea eandhéi pnssand it ok gl s14bat; canrhe usgedsfoF the
creation of second layer 12 of dielectric are as have previously been
indiCaE@chﬁHcéﬂ“&dﬂH@%kom30faﬁ@elﬁjrégn|a@$%rbéleﬁﬁe&ﬁéﬂ‘%H'EE%'
surface.of layer 10’ in which case holes arércfeated fhrough
| layer 127, the surface of layer 107 and therewith the pointé of
electrical contact 13' and 15 can then be accessed through these
'ho;eéﬁ Aflayer_il’ of etch stop material, such as SiN, is
deposited cowver the surfacé of the first laye# 12’.of dielectric
and patterned and etched. Using this patterned layer 11’ of etch.
stop thé cpenings 17 and 19%' are etched into the surface aof the
first layer 127 of dielectric. The points 13’ and 15’ of

electrical_contact can be accessed by means of these openings 177

and 18", After holes 17’ and 1%’ have been created in the first

11



20 Layer 14 has been created as an etch stop | ayer for subsequent steps
of -etching of the first and second | ayers of dielectric. Silicon nitride is
frequently used as a passivation |layer due to its ability to provide an

i npermeabl e barrier to noisture and nobile inpurities (e. g. sodiumions).
Silicon nitride also fornms a tough coating that protects an underlying

i nt eglayed TR cuf tdiagaidtsticneehant capertiarpgareThell ayeridd 0f silicon
nitride (SisNia) can be deposited using PECVD procedures at a pressure .
bet weennabhoui va 0tk t8kOrd1 ,arte408p8¥ Ot éd @indudterpenat df 8a betavearhabout 350
and 450 degrees C., to a thickness of about 1000 to 5000 Angstrom usi ng NH3
and SiddanokoStkk z&A fale oF lkheopabtérhale dmyerstbd canenl s be deposited
usi ng LPCVD or PECVD procedures using a reactant gas m xture such as

di chlorosilane (SiClzHz) as a silicon source material and anonia (NH3) as a
nitrogen source, at a tenperature between about 600 and 800 degrees C., at

a pressur ethet seetn@biiite 3QQ  MEEr A1 ane- 4O MOMextt Aepotht €kness bet ween
about 200 and 300 Angstrom The stop layer |14 of silicon nitride can be

et chednésisngcacsi 6N e SN eRyat apeoCeESS, WHdt @i, Chabl ugassesmLHIF/ Ar/ Oz
at a tenperature between about 10 and 20 degrees C., a pressure of between

about i rard 68 aHerspaidysanet ghat ioe edabeimeen ahouttZde £4d0.aand 60
- seconds. Openings in the layer of nitride can be ahisotropically etched
W th aidmfsMogasceond ahdd g 1l . UeheCaEbend layer 14’ of dielectric is
patterned and etched, c¢reating openings 16’ and 18’ in the second
layer 14’ of dielectric. These openings are next filled with a
conductive material, which in turn is polished down to the
surface of the second layer 14’ of dielectric. The electrical

contact plugs 137/177/16’ and 15'/19'/18’ are at this time

complete.

It is clear from_the Cross secﬁion that is shown in Fig. 13
that.the cross sections of the sections that make up the
elec;;ical gontéct plugs are all either a rectangle or a square.
Significant is that the sides of adjaceﬁt séctions of the
.electrical contact plﬁgs? such as sections 13 and 15’, sections
17" and 197, secticns 16" and 18', are parallel with each ather.
This results in maximum eieétromagnetic exposure of thesé sides
to their adjacent counterparts such as section 16’ ‘having maximum

electromagnetic exposure to section 187, section 17 to section

12



gases such as CFa/ CHF3 or SFs-QZ chem stry or Co/ CaFe chem stry, in a
comercial RIE etcher or an el ectron cyclotron resonance (ECR) plasma
reactor. A frequently applied method of renoving silicon nitride is an
~isotropic wet etch process using hot phosphoric acid. The silicon nitride
| ayer 14 can al so be di pped into phosphoric acid (HsPGa) to be renoved. It
is inportant Lecpahnisoutsidedich nespeehithatedny etchilng, isuchoas pl asma
etching and reactive ion etching, has becone the technol ogy of choice in

pat tefni g yardQus | ayess: dhatedl:f @haed ovetichsiddeanivglen aseit is’
processed to formtherein high density integrated circuit devices. This is

becauge. id. 1S %fp'hgﬁﬁsﬁaEQ%itf@tcéﬂyd&t@:ﬁ@egeb@ﬂ%@ﬂ §RleCkk¥eibRs I he

materrals it etches, but also highly anisotropic. It nust_be noted fromthe

Cross tion that. is shownnid Hg £ thatithel enenings Batthat. have been
creatTelgflgnﬁt eletcthF_op !a?/_er 19 ali g_tr?r}\?ﬁ_th thg underlying points 13 of

el ectfigal; $ONtAGlee TR SebSckMPOF 3Hadd: Wh8WmaE ¢ t Hige comniuchieve

i nterconnects that will be created to these points 13 of electrical

contact. . Flg...4:SRQws a cross section after a third layer 16 of

di el e% Ir'lll%g.%% Igean Oojfeposi ted, a patterned | ayer 18 of photoresist has been
created on the surface of the third |layer of dielectric. Processing
conditions and naterials that can be used for the creation of third | ayer
16 of dieleetri reyiousd Yo peemdndicai gde f 0ot hamseneation of
the first F%érfiif%é%i%%égwrgi C. T‘Ee I%yer Ia8 of pho %r esi st ils spin
coated over the _sur t he t.hiLd; .6, of sdi-glectrhg-angd patterned
as -sh&ﬁm%réﬁgﬁfl%g}é %jclgire(e%ic groeglféghlénl%ﬁ%ﬁca%%rn f8 of photorces_j st that align
with the openings 15 ve heen: created  nihhe cghchisbop |ayer 14 and
W th tnﬁgceﬁéta?érgg%? ?%E@gﬁpg%'rit?gl f)oi nts of c&nt act 1?). é[fhe | ayer 18 of

phot or,esi st Gag, ben gtehed, by-apbl yiea Cro PLASTAAAS! Hodyvet LT pping by

usi ng H sol ution. A photoresist "devel oper often used

- duri ngrhdig'%!a%gggt }9§e£%rmq;pqrc%§il§f_t ciﬁ%}@éé@@my|SO%@TQB£yméWidfr%Xi de

(TMAH)". her el opers such "as sodi um hydr oxi de, sodi um netasillicide or
pot assy r[@édr ey also e used sHeweNSfanNeRpethendd sndoperties
.of TMAH r el at !d\%gotgotot hsé_r devge)ylee_opz(rs_ is that ﬁ is dgpr?ét aln-i 0?1 free

devel oper, Mhi qhy.-eddcgs el alsdon ., dibiusi 98- and order to enhance

‘adhesion between the conductive material deposited in plugs

137 /17 /16"’ and 157/19’/18' and the surrounding dielectric.

. Figs. 1 thr.ough 12 address the creatio_ﬁ 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-



contam nation in other parts of the |IC Photoresist stripping frequently
applies sulfuric acid (HzSGa) and m xtures of HzSO4 wi th ot her oxi di zing
agents such as hydrogen peroxide (HzOz). For instance, a frequently used
m xture is seven parts HzSOa to three parts of 300 HzOz or a m xture of 880
sulfuric acid and 12s nitric acid. Wafers to be stripped can be imersed in

the mhxtyre &n @ikQAREN At HE e-beimeen ;aboul, 100ndegiees C. and about 150
. degrees C. for 5 to 10 m nutes and t hen subj ected to a thorough cl eaning

wi th deiopized yat et and dei egs By; drde NickogeByn y NS GaN-Giheshst strippers,
such as the sulfuric acid mxtures, are very effective in the residual free

renovakz@§) hi ahly o@c@.%l‘ég?-ktgﬁr&eélim§§pha%%éii%g_ga99181gg egldseg ,t han organic

strippers and the | onger e i nmersion t he cl eaner and nore residue

free waf f & obbag ned,oFdgs; A Cr seghign-after the
third£?a§%¥§ﬁ%%€3§%§%g%éggfi?bg%Q ?ﬁgﬁtgggﬁgﬁﬁgﬁé%gﬁﬁ g$§ﬁieteétric have

been gtchedolf ARCOrARNCE M LD &he) apeningsnlfahhah, have beangrgated in
the patterned | ayer |8 of photoresist and the openings |5 that have been

cr eat i e. et 1. ¢ y 1 gpgﬂi 9. rat 4  through both
‘the tﬁg958?§€e?ﬁﬁﬁﬂ% 1§%§Fgcgéﬁcé%% t é@§'§o§8953§%r§%§§é§ dielectric and
parti &l 0. surface he points 13 of electrical contact. The
-proceggkﬁégégn§§§%%§§§tCgﬁgaggggﬁblied for the etch of the third and the
second |l ayers of dielectric that is shown in cross section in_Fig. 8 are as
previ ously have been applied for the cross section of Fig. 3, that is:
_process applied: anisotropic, R E processing, etchant gas: CFa + CHF3 + Qg,
at a flowrate of about éS sccg1mhgreq%rt e fIOM/rat% of the CHF, can be
“varied and TfEy™ PRt i s USP 420D sbRFE St fp&rat BF8TPRE®%cess of 120
degrees C. and'greferabl in the range between 120 and, 200 degrees-C. and
more pPrér&rabry aﬂﬁﬁi‘Fﬁ%kﬁéﬁpégstF,t%Fdﬁ%*ﬁ?é&?ﬂr@fb%?%%ﬁﬁ 6dt 200 and

- 800 niorr, and nore preferaply abqout 500 mrQrr, rf power density about 400
Vatt o RROATPF Eaf ] st S000PrRD of LHE e PR RBE Wler HOIK S And 80
seconds_and nore preferably about 25 seconds. Thg g@ﬁcesséng ondi tions
that can HeYappPFed Ty e €5PheP§8FF%r%% arfd ¢EVEPopEU T ayEt® 1 8 of
photorestét h%ygigievious

I : . e
preferre ectric ﬁ%terlal to be used for the invention is

Si02. -

The depcsition of the layers 40 of dielectric uses
conveﬁtionai deposition technology and can, for instance, be
: depog}ted using LPCVD, PECVD, or APCVD'procedures at a
temperatpre of between about 350 and 450_degreeélc. tc a
thickness between about 5000 and l0,000_Angstrbm using TEOS as a

SCcurce.
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been hi ghlighted and can be equally applied at this tinme formthe renoval

of |layer 18. ' 25 It nust further be observer that an etch stop |ayer,

not shown in Fig. 8, can further be deposited over the surface of'~ |ayer
16 of dielectric, this prior to the deposition and devel opnent of |ayer 18
of . photoresist. This etch stop |ayer can be patterned and etched, creating
an openi ngThhr bugha-tdi sl ettefi cStapekayer chdati Aldygnsawi thutbe ont act pl ugs
13." This etch stop | ayer provides further control over the etching of the
openi agoflbreugbndayeing 6 iofesdifebactais. ogher dianeteroaf atbei@pening that is
created through this etch stop | ayer can be selected and further provides a

cont r efhigar ares ethéomathe miopaeat ckbey opeiing r:hatribs . cesat gehddrr ough

| ayer 16 of dielectric. Fig. 9 shows a cross section after the patterned

| ayer de8reEegng 8y £ ofhphoimresitatl hasehebdhs ey \rehilbaauther sawface and a
barrier layer 20 has been deposited into the openings created by the etch
of t héekkisr doahdysesont] deyedr shak derbetd e Medtasapr avihensi 3 peen
pointed out that a barrier layer is frequently deposited to avoid

I Nt er adiziton rbehwe eme cappari ihate dusedsedc @sd 1hel yrateiiiah nk 0f o4 Nt er connect
| ines and the surrounding |ayers of dielectric. Wile copper offers a
nunberirsftaadeantagestdor dde wise opbnifger cnacivd iaN8S ghCRPPESL
unfortunately suffers fromhigh diffusivity in conmon insulating materials
such asitdiol.i Convenxt fienaN baxLg @t chORyap P &g N IR hatELal fsiance,
. however available.for such.high aspect .ratio contact and via

openings. Consideration must be gi;en to the dielectric co;stant

of the dielectrics that are used to isoclate cecnducting lines. The
.dielectric constant of dense silicon oxide that is grown by

thermal oxidaticn or by chemicalryapor deposition is in ﬁhe crder

of 3.8, CVD oxide has a relative dielectric constant of about

4.6. The lowest possible énd.therefore the ideal dielectric

constant is 1.0, this is the dielectric constant cof a vacuum

whereas air has a dielectric constant of slightly larger than
1.0, ?ielec@ric-constants of.dielectric materials that can be

used for intra~;evel or inter leﬁel dielectric material vary,

ty@ical values are for insfance 4.; - 4.5'for inorganic Plasma

SiOz, 3.5 for inorganic filuorine doped Si02 (FSG), 2.7 - 3.0 for
:Orgaﬁic Polysilsequioxaﬁe (Si polymer), 2.7 for organic

Benzocyclobutene (BCB), etc.
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26. copper tends to diffuse into polyimde during high tenperature )
‘processing of the polyimde. This causes severe corrosion of the copper and
t he polyi mi de due to the copper conbining with oxygen in the polyimde.
This corrosion may result in | oss of adhesion, delamnation, voids, and
ultimately a catastrophic failure of the conponent. Copper interconnects

shoul d t hepel ore,be.encapsykat g by, atoJ eash .ape; di f4us! on bgcrheL, o

prevent diffusion i'ntd the si on di oxide Tayer. SilTicon'nitridée’is a

di 1 usiog. barki £r 10 COBPEL ohUL Lhe, T or, act.f saches. sihat, Lhe

i nt erconnects shou not e on a silicon nitri ayer because it has a

hi oh digleot L gocanstant canpar eds Wil Slldcon.dioxi de.. The i g di el ectric

const ant causés®amn undesrréd Increase in capacrtanc ween t he

i nter . d.the s rate,. A typical Jbarri er. 1.s deposited using
Tt s%gp ? g%?nggo?*%aﬁea%%%&ﬁlﬁl t% %d%%l ?%?raﬁ%mmt ﬁnaé%%?lsnﬁ ‘obi um :

~mol ybdenum Ti/TiNor 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 Fovergy%k%%I copper | ayer Acl)) ryier Ir%g% s, pr f er %bly about 100

and 500 ang3from Thick and oRor 8- pref &rabl Y alSarc500° afigst rom =t hi ck. The

~ barriep layer that is present. at the got%é)m f .Oﬁgn%nﬂs 24 is renoved prior
to copper “deposi TTon"27" 9 hAg prévto slcﬂﬁotgiég pof At et out that, in
order to further enhance tt{[ adhesi of a cc r 'n{derco nect line to the
sur r odndi g aPﬁ?e‘F’l@? at:}?eelpea‘cecrelré1 8? ?E%u?%ﬁl&rﬂpgg %585 ]P%@g?ee(nnot shown) can
be depgsited ove thﬁ barr erag ayer. A seed J.ayer can be deposited using a
oput t P ATE o gP P b e VoAl PEPRRRAS LT P b eroat L (i Re i Gr o of
bet ween about 0 _and 300 degrt%%s .C. _and a pressure of b‘gt ween abaqut 1 and
100 nirory PROSERGTBBpPEr? ot & "CoppdrPaiPiy ' The ot cE atPE T 6w Fat e of
bet ween about 10 and 4r(1)0v;sccm and usi n% argon as an an‘gi ent 9as. The

mi ni T CRne8E o9 A SEHF |y 1s Sabotit GRS thi §7F Hitittess i s
Tequir (g hj.eve reliable gap fill. Fig, 10 shows a cross sectjon after a
layer 9 G CSIBETTHAs boen apssited ‘Brer it i S Ac8 oPThE bat i er | ayer
20, the layer 22 of ,gopper can.he depgsited after a layer of ,copper seed
bressure and a temperature in excess of 120 degrees C. The

process oI the etch is carefully controlled so that tetrafiuvoride

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

layer 40 of dielectric while the etchant gas component

trif;uoromethahe (CHF3) provides for the deposition of polymer

that is formed during the etch process on'§he sidewalls cf the

opening that is being etched by the CFz. The resﬁlt is the step

wise progression of the etching of the opening th:ough'layer 40

that is shown in cross section in Fig. 3, specifitally 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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has beer. deposited over the surface of barrier layer 20. The |ayer 22 of
copper fills the openings 19 that previously have been created in the third
and second | ayers of dielectric and contacts the partially exposed surface
of the points of electrical contact 13. The |l ayer 18 of copper can be
deposi ted using conventional nethods of Electro Chemcal Plating (ECP.). As
a finak psocesssitgestepslyinyhenereaddwan 16f dthehgoppestd®tcdenghiguct ure of
the invention, a cross section after the | ayer 28 22 of copper has been
pol i skedsi Sesboived mdEivererlls Cooventd onalrinet Radspobc&hercalnavechani cal
Pol ishing (CWP) can be used for this purpose, the copper is renmoved from
aboveatheosuopace=tofh tdfe tsecopdniayernddhf 1diveleetriene idiadditison the
| ayer 26 of barrier material is also renoved from above the surface of the
secondfl ager opén el i einGeuetatké@ i} tthehavenbepsc b4 aimediiushyg the
met hod to create copper interconnect structure of the invention, as
fol | ows: thei sleptonnectcy wiseddl haver stropici@nSndeshaf aci ngrsirdas of
adj acent interconnect plugs 13 are further renoved from each other and
t her eftareubaveayedused Rarasitt-btl Capacid atae et weebst bese adjsaegnt cont act
plugs 13 - the | ower sections of the interconnects 22, Fig. 11, that is the
secti ahe thatwal ks soff riundgdnhygt hensesonsk layerch2topedi @t Sotid ¢ are
essentially interconnect vias and have a smalle r dianeter.and are
t her efttiee cbant hgr cae ey etbfuremeachrothests pEhisppiresibhtsdi thdedweed
el ectromagneti c coupling between these |lowe r sections, and - the upper
secti ensnobit hayent €0 cayuiendi®las, pkbgeedd  giddtala1ng theoSELd AN Ighat are
surrounded by the third layer 16 of dielectric, have sl oping sides
resul tdheg 1bReer ea} i Aganmie WHat aReeabst yeenadiracert psurfaces; Qfy t hese
upper sections which o

the sidewalls of the opening that is being created is also a

continucus process, finally resulting in a continuous layer of
polymér being created on the sidewalis of the opening. This
continuous layer of polymer acts as a retardant of the etch where
the polymer is deposited, that is thg-sidewalls of the openiﬁg.
It is clgar f;om this that, as a result of this retarding action,
"the sidewallé;gf the opening will slope. In Qrder to achieve. a
 slopeﬂof abqut.és degrees, a'very high fiow rate of the CHF: is
';equired since this high floﬁ rate reéults 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 followsﬁ

process applied: anisotropic, RIE processing, etchant gas: CFy +
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29 in turn results in reduced el ectromagnetic interaction (and the
therefromresulting creation of eddy currents) between adjacent

i nterconnections 28. The three indicated aspects of the vertical

i nterconnects 22/13 of Fig. 11 result in a reduction of the parasitic
capaci tance between adjacent interconnect lines which results in inproved
devi cefpert denmafee? Howt Fidtcaily 2BPuhi bhetcopetwirieny Fhreqbbtreiteseof t he
devices in which these interconnect lines are applied. An application of

t he ‘| AfeRP? oRisi8HoMW ¢ ArbFeyseet tancises ¢f £20 KBSE- of the el ements
that are shown in Fig. |2, have previously been highlighted and renmain valid
for tREMEFHITUSRCHT GFSFSL Oifslggoﬂ?\hgﬁﬁflzi%. gng pAgéesael ergntdiet hat are
shown in Fig. 12 are: 24, a layer of dielectric that has been deposited
over FRBISUPREERSD ¥2&emdceRQueesresnlist raacde mpge peefaripperabsmtdi el ectric
t hat has been deposited over the surface of |layer 24; the two | ayers

conbi A8d FBERFHRAE- 1 & 9IRS PARPYUEefkeierER Ghagitt RBOpred Nt AImMTEiLEl ectri c
(PMD) 34 ,regions of Shallow Trench Isolation that have been created in

t he s@FfaPersfPEpEezaiist rdrat180Pnmberer o Rgekirndenhaty adtdure 490r f ace

regions of substrate 10 30 - 30, a typical gate electrode that has been
~creat ¥3°6f-t Rg magnetic field applied, time of the etch between about

5 and 50 seconds and more preferably about 25 seconds.

The variation of the flow rate of the CHF3 can ﬂe ﬁse&-to
adjust the slope of the opening 41 that is created in layer 42 of
dielectric. Where it is stated above tﬁat 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 suggesfed, whereby the angle
that the sidewalls of oéening 41 make with the surface of thé
undeﬁlying semiconductor substrate 10 is the independent

parameter. The 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 scem
30 degrees between about 170 and 250 scém.
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surface cf substrate 10 31, the body of the gate electrode 30, tipically
conprising polysilicon 32, the gate el ectrode 30 has been provided with
self-aligned inpurity inplants into the surface of substrate 10 for source
and drain regions of the gate electrode 34, gate spacers fornmed on the
sidewal k of gate electrode 30 36, a salicided |ayer provided on the
surface"' df FOIVSTLVEORLGat &2 tT55de 30 1n2Bhe oramitracd 2pPlgFitir cugh | ayer
26 of dieelctric'that is in electrical contact with the salicided surface
36 of PYABP B EEtPode 80T TheP StFRturid &verl §i nef | eypetuczévef diel ectric is
the now fam |iar interconnect structure of the invention. It is clear from
t he cPRSILSECtIGT that SPEL3RRWAE i HFigEtriz LhAREr t He arst icéakhinger connect
22/ 13/ 28 provides a | ow capacitance interconnect on the sursace of the
| ayer th® DHrERE &t tPe APPRSHRRA ubsd ywWingosdutatee 3G tefrivhe gate el ectrode
30. The | ow capacitance interconnect |3/33 that overlies contact plug 28,
in vi BAFRRTIHeLY £t KAt TPAI BuTSaee relddcedrcdpaef t dFriedtrtier cBhfect ,
~provi des the means of inproving device performance. 31 Al t hough the
i nvenffBRS hakChedn sddderrbed BaeRt |tastrcaredcrief Pefidremepcsétspecific
illustrative enbodi nents thereof, it is not intended that the invention be
limit8d oPeRosT i1a¥est rlapFvenewboeiverithe sThdgeeski | tiead liayerhefart will
recogni ze that variations and nodifications can be made without departing
from ERELEPFEIE. ditithelepavéhtPbnot|a Jayarherdebeoreifntmued atlo cenchbade
within the invention all such-variations and nodifications which fall
wi t hi Acthewseope Wie tdepogppéndednet aswmandiequisvatiebt set heregofthe32  What
is clained is:

surface of the barrier layer prior to the depositioﬁ-of a laver

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 firgt layer 11 of
dielectric Eas,béen deposited over the semiconductof surface 10,
two éenductive contact plugs 13 have béen created in the first
 layer of dielectric ih“acéoraanée 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 structﬁre that

is shown in cross section in Fig. 5. The preferred material of
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1. A method of etching an opening through a layer of dielectric, conprising
the steps of: providing a seri conductor substrate, said substrate having
beén provided with points of electrical contact in or on the surface

t hereof; depositing a |ayer of dielectric over the surface of the
substrate; creating a patterned and devel oped | ayer of photoresi st over the
- sur f age,of; nsaid; Lay f. di ric,,creating an opening through said |ayer
of phot or es?g??lle)gpgé?ﬁgls?ﬁgsle?ﬁ}fﬁgcghgf “53 %lgcfréfefr C(S’f“tﬂgél BE1%9 & hr ough
‘sai d gpenifpgeretching said exposed surface of said layer of dielectric in
accordance wth said opening created in said | ayer of photoresist, by

appl yi ng ani sotropic, RIE processing, using as etchant gas a m xture of CF9
+ CHF3 + Oz, whereby said CFa + QZ is provided at a flow rate of about 15

sccm wher ey pthenflow rat e qf..th Fs_i1s between about 10 and 200 sccm a
t enper at ur e inE)exréess of 1201% écgﬁgggﬁ?n%%c g’raé’feelaaEF?SFns?‘Fl%“f’hnge bet ween

+ 120 ang,520Q <degke n r.e _pr aEt;)lIe iabno 50 degrees C., a gas
pressure bet vvee% g%%% %%fgﬁ(}%goﬁgg’q%ﬂ ée(l% n%&‘é?‘%pf‘éf éga\ﬁqu“}ib%lﬂ' 500

- mrOrr ;s rfs pRWekcHePsi Lys abqut, 1400 Wt t ng mmagnetic field applied, tine of
the etch between agout 5 and 'S glgé\g%dgh%no jr?ocrgcé‘vﬁr &feFaDI ¥ S5

secondsy r&eath "glggeq&@rﬂ.% I .33 said | ayer of dielectric having
si dewal | s intergecti ng with t:?tearglgr9 ace O s Substrareerifer an angl e of

| - about fH3rdegneesy; @nds I eymving _sai.d tterned and devel oped | ayer of
phot oresi st fromthe surface ofa%ggi HQ?% et O REPEctPRE. P35 The method of

cl ai mghe o} t 1 FS_being between about 90 and 170 sccm
creat |pr11£g§e a%%g%gn}yﬁéﬁt%%Jrglﬁ%gia?glpgye%g%f i BIEEHER & - hEUT nl et rddic K

i ntersectisng whth the f.ace of said substrate under an angl'e of about 95
degrees 3. The rre'tfﬁ dfégf*{ cﬁ%:fl T APPREF | RGPS ftfe G CERENERES BRinig bet ween

about 1170 gnd - ~Cr i_ng_an,openi ng through said |ayer of
di el ectric ha\?gggliggdergmﬁ Ifg“q‘:lﬁ{ae?%&t E‘ﬁ@p t9F Herfe "t FRag ePBFCeH bfsubstrat e

under «p apgle,of degrees. 4. The nethod of claim1l, the flowrate
of the CH%S l%anQ glg(fg\?\éeue%%a eog’tjE %geaﬁﬁp%ﬁbt@s%éﬁyer of copper. |

Fig. © 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 seccnd layer 12 of dielectric are as have previcusly
been indicated for the creation of thé first layer 11 of

dielectric.
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5. The method of claim1l with additional steps of: depositing a |ayer of
nmetal over the surface of said |layer of dielectric, including the opening
~created in said layer.of dielectric; and " 34 renovi ng excess netal from
the surface of the layer of dielectric, leaving a netal plug in place
filing said opening created in said | ayer. of dielectric. 6. The nethod of
claim5 widyean 1addiati baah sStep-ditiadg apeetornnetopriprert @ogai d depositing a
| ayer of netal over the surface of said |ayer of dielectric, said

addi t sansd qstrep sceppr bSi agedeppsid it Zilkkayeanofsbagnd erayeakepEal or a
‘layer of seed material over the surface of the layer of dielectric. 7. A
met hodiébecpriovi diiigcanphital d4 yioff reendnel iyvese@tad |d zatsisarrapabher ns,
separated by insulating |ayers, on the surface of an integrated circuit,
conpr isyeag die tst 6ps ebilprovidipgha dkerinc angduchedb salbsinrdtee Ravi ng a
surface, conductive points of electrical contact having been provided in or
on t hecsstfacamf maidestubstratss depesi sioagum fo#nst. |aydrcoaf diel ectric
over the surface of said substrate, including the surface of said

conduot tyedpoa s fwfrmal ectbughl cenntractchafti psbrpats exmivigieandiaychi ng sai d
first layer of dielectric, creating a first openings in said first |ayer of
di el e¢chtegratsdidifduist agpehstgsechmisdy] slaepgag sidewal |'s, said first
patterning o _

The 1ayer 14 of silicon nitride (SiiNi4) can be _deposi,ted
using PECVD procedures at a pressure between about 200 mforr and
400 mTorr, at a temperature between about 350 and 450 degrees C.,

_Fo a thickness of about 1000 to 5000 Angstrom.using NH3 and SiHa
or SiClﬂh.'Tﬁe silicon nitride layer 14 can also be deposited
using LPCVD or PECVD procedures using a reactant gas-mixture such
as dichlorosilane (SiClzHz) 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 abéut 300 mTorr and

4QO'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/C: at a
tempgrature 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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~and etching conprising applying anisotropic RIE etch using a m xture of CFQ
+ CHFs + Oz as etchant gasses; 35 filling said first openings created in
said first layer of dielectric with a first metal, renoving excess netal
fromthe surface of said first layer of dielectric, creating first netal
plugs in said first |ayer of dielectric, said first nmetal plugs having a
first ‘YuPPdc&lareserdepdSiiiRgsaisetbndl 4 varerofohidirelectan coover t he
surface of said first layer of dielectric, including the surface of said
first SPECACTAPUGE tY Rt EPT Widhi d Piasma | gaercofradnéhectliar «cepesi ting an
etch stop layer of the surface of said second |ayer of dielectric;
pat t erHi®tg &Haedht g SS&p doetTH~St ophdraypdry ore@t i B sopeeriingseyi,nisai d et ch
stop layer that align with said first nmetal plugs created in said first

| ayer fCdEFedeti RIE SG@Eim@Grt he sbetbren of yslaitd osecondnamyer (HnR)
dielectric, said openings in said etch stop |ayer having a surface area
that F&3SHEl FERCERAN RafkPqiendiysapphted anethwf ofairdmbiisg setialonpl ugs by a
measur abl e ampunt; depositing a third |layer of dielectric over the surface
of saitetCR 4o BRFLORIFCMedi ACE her expos ethiswr hatepbbssimiricsecond | ayer
of dielectric; depositing a |ayer of photoresist over the surface of.said

t hird 3%yer T6f ai’—gF%@f ST 5%t LerRFnd andn debard Gyl Hgppadiditiayer of

phot oresi st, creating openings in said |ayer of. photoresist that align with
sai d TSP SIrFateldr €HE6F) s P iesovedtal pl ugs 36

It ié important to point out in this resp;ctA that dry
etching, such aé plasma etching and reactive idn etching, has
beccme 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 1Is 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 in
Fig. 6 that the openiags 15 that -have been created in the etch
.stop layer 14 align with the underlying points 13 of electrical
conductive

contact. This is important in view of the

interconnects that will be created to these points 13 of

electrical contact.
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created in said first |layer of dielectric, said openings in said |ayer of
phot oresi st having a surface area that is about equal to said first surface
area; second etching said third |ayer of dielectric in accordance with said
openings created in said | ayer of photoresist, said second etch further
extendi ng through said second | ayer of dielectric in accordance with said
openi ngs created snowdid ikl skepibAYeFteSal Enseeondy&t chs eanpri sing

appl ying anisotropic RIE etch to said third and said second | ayer of

di el ectirdiectigiBghas MedirRfs :1€ka, +a CGhldr Jr & asyetchants gasses, creating a
second opening in said third layer of dielectric having sloping sidewalk in
addi t ipretor=creat hag Wedhidtk0RaNLAGE hAT Sugh: Saict $860PKL Fayely«@f of

di el'ectric having sloping sidewalls, exposing the surface of said first
met al qlalgsstienovi ng said patterned | ayer of photoresist fromthe surface
of said third |ayer of dielectric, exposing the surface of said third |ayer
of dielectric; depositing a barrier |ayer over sidewalls of said second
openings in said third | ayer of dielectric, including over sidewal k of

-sai d third operisagsgceent £th diy Saiddraesons 4 ayer: @fandbel @64d i for ichel udi ng
over said exposed surface of said first metal plugs, =~ncluding over said
exposedrsanfacefothsaddldfir dd aferieflcdiel€cird Gs 3éve PEPOSIIIING a | ayer
of "conduct.ive material over the surface of said barrier |ayer; and renoving
excessbegnductiice¢ennter i ate fenmtdbovert bRe sSErfaca Bfersaidothird | ayer of
dielectric, further renoving said barrier layer from above the surface of
said thiededayer. of dielectric, |leaving said barrier |ayer and said
conductive material in said second openings in said third [ayer of
dielectric and in said T

The laver 18 of photoresist is spin coated over the sutface
of the third layer .16 of dielectric and patterned 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 laygr 14 and with.the pattern cf the electfical points of
¢ontact 13. The layer 18 ¢f photoresist can be etched by
applying Oz piasma and then wet étripping.by using HzSQ4, Hz0Oz and

NH4OH'solutionf

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

potassium hydroxide may als¢ be used. However, one of the
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third openings in said second | ayer of dielectric. 8 The nmethod of claim?7
Wi th an additional step of depositing a seed |ayer over the surface of said
barrier layer, said additional step being perfornmed after said depositing a
barrier layer, said additional step being followed by steps of: .depositing
a layer of conductive material over the surface of said seed Iayer and

r enoviblFPPEXEEss edntliitl i XAl atfeitver ital ofhem abovlendre sgrthee of said third
layer of dielectric, further renoving said barrier |ayer and said seed from
above H4@ lsarRageeof dees brdi r dhligperedbce’ eheptlHion Héaviagosaind barrier

| ayer and said seed |ayer and said conductive material in said second

openi rfFEamigatrdonrhir dotegerrasftsdiodl eberi€- and in sai d second openings in
sai d second | ayer of dielectric. .n ..... 38 9. The nethod of claim?7,
said first etch stop |ayer conprising silicon nitride. 10. The net hod of
~claim7, said first netal plugs conprising copper. 11. The method of claim

7, d | osited aver _the.surface of said
barf?;r |Ziﬁrt%%ﬁ%??ﬁf%%*ﬁg?qgi%&fﬁue?ﬁgy é%) o UHEATAT82CERi d | ayer of

d I f f d d |
conpr i B ag" ”J‘Sgp%fe'rﬁ%g?@ e rEi o b cr e %%%sﬁ.zaﬁ‘é‘éaagfﬁwua%ﬁ%aﬁ Si ng

copper - e al L5 S é% %arrl rising titanium
nitri e(%%§l %egﬁggﬁ ?gcla?] 7 §é| deﬁogf? %% é&%@'@ﬁxgﬁﬁﬂuctive
nater'fg SR %Q§F%{§%§B% tgftﬁgee af%%ld%y%5%cg zrhglngmggéyggs pf Hectro

Chenlcal Pl atin

88% sulfuric ac;d and 12% nitric acid. Wafers to be stripped can
be immersed.iﬁ the mixture at a temperature between.ébéut 100
degrees C. and about 130 degrees C. for 5 to 10 minutes and then
subjected to a thorough cleaning with deionized water and dried
by dry nitrogen. Inorganic resist strippérs, 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 lbnger the immersion time, the éleaner and more

residue free wafer surface can be obtained.

-Fig. 8’shoys a créss'section after the third iayer 18 of
dielectric aﬁd the second.layer 12 of dielectric have bheen eﬁched
in accordance with the Qpenings 19 that havé been created in the
patterned layer 18 of photoresist ahd the opeﬁings'lS that have

been created in the etch stop layer 14. Openings ‘19 penetrate
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39 16. The nmethod of claim@8, said depositing a |ayer of conductive

mat eri al over the surface of said seed | ayer conprising nmethods of Electro
Chem cal Plating (ECP). 17. The nmethod of claim7 wherein said first
patterning and etching said first layer of dielectric is applying

ani sotropic, R E processing, using as etchant gas CFn + CHF3 + Oz, a flow
rate 6RrOHHS peimghsettheed abpet 10 andii20@csecH) amd #hd ey@erature in
excess of 120 degrees C. and preferably in the range between 120 and 200
degr eésy€r hhdhuirelpcefrécabhy pdoouta1l50 cdegseeshE. subfack QIS tpeessure

bet ween about 200 and 800 mfOrr and nore preferably about 500 mlfOr, with
-an rf ppowes Hensi tel catoutad00chbatts, with no magnetic field applied, with a
time of the first etch between about 5 and 50 seconds and nore preferably
about 25 seconds. 18. The nethod-of claim7 wherein said second etching
said third |l ayer of dielectric extending through said second |ayer of

di el ectri cThe mppledsiguaniosdi tophe, tHIE fc0cepSiog, tosi e as gt ghant gas
CFa + CHF3 + Oz, a flow rate of CHF3 being between about 10 and 200 sccm
at- a Féﬁ’péhar@r@nd trexcesendf 1426rdegf erselecrand phet erabjnbunn ithhe range
bet'ween 120 and 200 degrees.C. and nore preferably about 150 degrees C., at
a gasCpPesssaeetbat igeFighoat a260zansk SBOGULYr haaddp8®K e fyafer abky about

500 mforr, with an rf power density about 400 Watts, with no magnetic field
90 the cross sectlon of Fig. 3, that is:

process applied: anisotropic, RIE processing, etchant gas:

CFe + CHFs + Oz, at a flow rate of about 15 scem wheféby ths‘flow
rate of the CHFs; can be varied and may be in excess of 200 sccm,
temperature in excess of 120 degrees C. and preferably in the
range between }20 and 200‘degreesﬂC.-and more preferably abouf
150 degrees Chﬁksaggs pressure between about 200 and 8060 mTorr
and more preferably about 500 mTorr, rf power density about 400
Watts, no magnetic field applied, time of the etch bstween 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 Fform the

removal of layer 18.
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applied, with a time of the first etch between about 5 and 50 seconds and
nore preferably about 25 seconds. 19. A nultilayer integrated circuit
structure, conprising: a sem conductor substrate having a surface, a
plurality of sem conductor devices having been provided in or on the
surface of said substrate, further conductive points of electrical contact
havi ng beedtpfod dédrirrinorbophsikevegr fhee of oa@ild sswpstepte; ddur st netal
pl ugs being provided on the surface of the substrate, said first netal
pl ugs Beivmg innbédded. | pra Funtdrer] dpedepbsdied entari chedeposised @ver the
surface of said substrate, said first netal plugs being aligned with said
conductdveg péi pfsdbfletiecta i ddliscomtiact thavhegideeritpooveded in or on the
surface of said substrate, said first netal plugs having a surface
conpr igsivieg carentsef slrfer el farefa pwed oge s het ei Thicenttradl Isyopotayed sacond
surface area, said second surface being snaller than said first surface by
a neasifr e carsdnend aeserashd drpparingf adi eberind o ldepesi teis oxverh t he
surface of said first |layer of dielectric, including the surface of said
first SEFallapleggshaanabiwts stich IthyercodeposipayoflX.h&hsuar éace oforsai d
second | ayer of dielectric, said etch stop |ayer having been patterned and
et chedia ¥ ®TONG depefinngeet rudirdlerehrstbp ¢ugteind ket taki gpeding with said
second surface area of said first netal plugs, exposing the surface of said
first thgmgroflages| éétof cdiskdiar dpenThgsdiansted «f chesbppniayetrhdtavi ng a
‘surface area that is about equal to

15 created through this etch stop layer can be selected and

. further provides a control parameter for the slope of the opening

that is created through layer 16 of dieléctric.

Fig. S shows a cross section after the pétterned layer 18
(Fig. 8) of photoresist has been removed.from the surface and a
barrier layer 20 has been depocsited into the openings created by
the etch of the fhird‘and second layers of dielectric.

It hgs prefiously been pointed out-that a bérrier layer is
freqﬁently deposited to avoid interaction betweén copper that is
used as thé mgterial for inﬁercdnnect lines and the surrounding
layers of dielectric. While copper offers a number of advantages
for the use of.interconnect'lines, copper unfortunately sufférs

from high diffusivity in common insulating méterials such as

silicon oxide and oxygen-containing polymers. For instance,
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sai d second surface area of said first netal plugs; a third | ayer of
dielectric deposited over the surface of said etch stop |ayer, including

t he exposed surface of said second | ayer of dielectric; first openings
created in said third layer of dielectric, said first openings having
stoping sidewal |l s, said first openings in said third |ayer of dielectric
havi nGCBPSTIr Fe® dreditthase §napopel viquiale dorsapdhfgh stemmuenfaaceear ea of
said first metal plugs, said first openings in said third | ayer of

di el eBFPFES&XREMHA g et @osailndidpenThs oreaisedeivarsatadrt@yiem aff eheh stop;
second openings created in said second | ayer of dielectric, said second
openi REEPRAVERY Blopicdgigiidewdhekte e dapgesndonpeni mgs«ith saiydeaecond

| ayer of dielectric extending fromsaid openings created in said |ayer of
et ch $fopleoPshiigkcotisucbacesobn seiyd Adsudt tet abs plegysidrashangi er | ayer
deposited over sidewalls of said first openings in said third | ayer of

di el efELpRinavErn salcddsecand openinagsly ra sdiadtsepond tayerrcofofdicekectric,
over said second surface or said first nmetal plugs; and a | ayer of '
condu&rMpenfRt erferadepogierednovet s t fieo sy fraceedbrsabe dharad=er altayer,
excess conductive material having, been 42 removed from above the surface
of saPd £hitEasayere ofi ifiuslieot bheriturthenmoretsai drbatsn emdayee havi ng
been renoved from above the surface of said second | ayer of dielectric. 20.
The strtiéfafeddpxkdailnved,. Wwillhcohenhddidd o of dafseetoh ayarridepasi t ed over
the surface of said barrier |layer, said seed | ayer equally having been

- renovERPPEEmM abbvidiq iy isur Rate tofichas dilsacame Layercofnekied etiouia. - . 21.
The structure of claim 19, said conductive points of electrical contact

havi n§°beéhcpPové deidiigqeromisnithelsyef duewfsesakdhssbstisaje conpri sing
copper . .
PP dielectric constant compared with silicon dioxide. The high

dielectric constéﬁt causes an undesired increase in capacitance
. between the interconnect and the substrate. A typical barrier
layer is deposited using rf. spdttering of titanium nitride,
tantalum, tungsten, niobium; molybdenum, Ti/TiN or Ti/W and is
more preferébif formed from.TiN or TaN. The barrier layer can
_also be used o improve the-adhesion of the subsequent overlying
coppe? laye;: A.barrier layer is.preferably about 100 and 500
-angstrom.thick and more ﬁreferably about 300 angstrom ﬁhick. The
'.bariier layer that is preseﬁt at ﬁhe bottom of openings 24 is

removed prior to copper deposition.
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22. The structure of claiml|9, said |ayer of conductive material deposited
over the surface of said barrier |ayer conprising copper. 23. The structure
of claim 20, said-seed |ayer conprising copper. 24. A nmethod for providing
a plurality of conductive netallization patterns separated by insulating

| ayers on t.he. surface cf an integrated circuit, conprising the steps of:
43 provi ditngaa seavconductterens poshtatechaving: a isukkase, tsafdhsistrate
havi ng been provided with a nmultiplicity of sem conductor devices in or on
t he swriteceet lierestihefisstoimet aoppkugsnbeifghfaviided e the surface of the
substrate, said first nmetal plugs being inbedded in a first |ayer of

di el ectwimougepogi Ledeover diha esitrfiace -0f nsai k SUPSL akeq §§§€I figst netal

pl ugs being aligned with said conductive points of electrical contact

- havi ngtiseen provbdedepds Dieddudie taur bace: 0f Sl SUPSLEAL €.,SA1 L first

metal plugs having a surface . conprising a first surface area and a

t her eitre cemosakey botag ed gecard suahdee 8fean 1Hl 438208, SH f aGH bei ng
smal ler than said first surface by a neasurable anount, said first netal

pl ugs devioeg béen tematettusi RE oefteeh EHERE SE Ik L3eat hBG SLORE NG
sidewal I s of -said first netal plugs; depositing a second | ayer of

di el ectrd @ owvessthe sfirfanecf waud i 68 1ayeirdfr,diuehggt £iGpef Q) Oved by
depositing an etch stop |layer over the surface of said second |ayer of

di el ect rdappefrokLoveda by:ldepusirtdengtaat biLod +ayeroOhediveLeCLEdc- OMer the
surface of said etch stop layer; patterning and etching said third | ayer of

di el ecad ¢00saicdmetnt) s¢iom layen adaﬁahﬂbﬁéc@gﬁsl_awﬁ@_ Ringhehectric,
creating openings through said third |ayer of dielectric, said etch stop
| ayer Wnidioaisd séconseddyleryen§ idi abeatr 56, ASgH d-RERhAGS Al LGN ND ; o

required achieve a reliable gap £ill.

Fig. 10 shows a cross section after a layer 22 of copper has
?een deposited over the surface of the Earrier layer 20, the
layér'22 of copper can be deposited after a layer of copper seed
has been debosited over the surface of barrier layer 20. The
layer 22 of copper £ills the openings 19 that previéusly have
been ?reateq in fhe third and second layers of dielectric-and

contacts the partially exposed surface of the pbints of

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

-using conventional methods of Electro Chemical Plating (ECR).

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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with said first netal plugs being provided on the surface of the 44
substrate, said etching using control chem stry creating sloping sidewalls
of said openings created in said third layer of dielectric, said etch stop
| ayer and said second |ayer of dielectric; depositing a barrier |ayer over

i nside surfaces of said openings created in said third | ayer of dielectric,
sai d @Echistopré¢ayers dvgrnsabdiskednds |syem oh d@igl etlriGymienclivdehg t he
surface of said third layer of dielectric; depositing a seed |ayer over: the
surf agetbbdsarll Pmmicerl MeybenidepoBelisigng l(@yer oénconductid vermat eri al
over the surface of said seed | ayer; and renovi ng excess conductive

mat er itéli sf poppaboyectchegyrefrace obénsaddl Secortolyayehe ofurifadeettricae 25. The
nmet hod of claim 24, said conductive points of electrical contact having
been. provndedzaiarord ot tdielsgtirdce Of s@ditionsuhet Layer cosrpsd si ng copper.
26. The nmethod of claim 24, said |ayer of conductive material deposited
over therserfagtcnfakbalgd adeed reapeedcdnpi isdovg cappenrf2de dihehret hod of
- claim 24, said seed | ayer conprising copper. 45 28. The nethod of claim

- 24, sdetdpdr Aeeer| ayedi€lonprdisi.ng titaniumnitride. 29. The method of claim
24, said first metal plugs conprising copper. 30..The nethod of claim 24,
said control chem stry used in creating sloping sidewalls of said first
met al plugs conprising applying anisotropic RIE etch using a m xture of CFa

+ CHFs + Ofeggretchamtligasses bédtn Fheaimedédoadiimf tekamdtR4d @i d using
control chemstry creating sloping sidewalls of said openings created in
sai-d tdngatd apgpeof idieteoindd, ssaivdtetehostor liayenhtand, sasd second | ayer
of dielectric conprising applying anisotropic R E etch using a mxture of
CFn + LHE3ws:0z as et chant gasses. 46 '

—- interconnect plugs 13 have sloping sides, facing sides of

adjacent interconnect plugs 13 are further remoﬁed from each

other and therefore have reduced parasitic capacitance between

these adjacent contact plugs 13
- the lower sections of the interconnects 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.ang aré fherefore further removed from each other. This
results in reduced electromagnetic coupling between these lower
sections, and
_F the upper sections of the interconnects 22, Fig. 11, that is
the sections that are surrounded by the third iayer 16 of
dielectric, have sloping sides resulting in creating more

distance between adjacent surfaces of these upper sections which
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ABSTRACT A NOVEL COPPER METAL STRUCTURE FOR THE REDUCTI ON OF | NTRA- METAL
CAPACI TANCE A new nethod and structure is provided for the creation of

i nterconnect lines. The cross section of the interconnect |ines of the

i nvention, taken in a plane that is perpendicular to the |ongitudinal
dirrection of the interconnect lines, is a triangle as opposed to the
convent GidIn $§EEEES ok re’R EIRGUICAL CEFBBRIRREYSG ol (G At BR c 6BMECENY | nes.
FI-GURE 7 . A(0/.A2 .A(.A AO. Al . A AL. A90. Au0. AKL. AhOi . A; L. A<i . A. A@u. AO. A2
A@ AIRIREIRR rASXOUing cyeetAen AT AdAy. pwrrengs)APAROWEAD, AlDa PR | AKL. A
Al _A(O.A .ASL.Ak .A A

interconnections 28.

The three indicated aspects of the vertical intercennects .

- 22/13 of Fig. 11 result in a reduction of the parasitic
capacitance between adjacent interconnect lines which results in
improved device performance,'most netably at higher operating
frequencies of the devices in which these interconnect lines are

applied.

An application of the invention is shown in cross section_iﬁ
Eig. 12. Most of the elements that are shown in Fig. 12 have
previously been highlighted and remain valid ﬁor‘thercross
section that 1s shown in Fig. 12. Added elements that are shown
in Fig. 12 are:

* 24, a laver of dielectric that has been deposited over the

sg;face f semiconductor substrate 10
. 26, a layer of dieleccric that has béen deposited over the
surface of layer 24; the two laycrs combined form what is
.typically referred to as the pre-metal dielectric (PMD)
34 ,regions of Shallow chnch Isolation chat have been created
in the surface of the substrate 10 in order to define that

active surface regions of substrate 10
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- AuO0. A9|<(@vG sD45 CstD(Ds@@)OD8AO OA ~ @ @@ @ |
@@go@l@@uo@@ @O oo @D @D @ @ @@@@ @@ @ @hOQRVM

abc >
zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caD6] ca] ca] ca] ca] ca] cal ] 1 cal ca] cal
C} 6nos K 2Z calca)lca]ca]c
a] cg])chlc()a] Iga]égg]ga] ]c%]l%g] %l?]%gf]ogg] gg%ggﬁg] %%Jrgad&%]t%él\/ﬁlgsgﬁ xsni d_Z] c] ca]
ca] ca] ca}gal-cal e&] gg],g@]g@,] c@l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] calcalca]cal*

re #OHHH#]L % %&&l s Z] ¢ a ca] ca] ca] ca]
ca] ca] ca ca]gﬁg] ca%ga])ca 3] bE] %’]1(9 Egjyi(e,a ga] ‘]chF}Jc%%@a% €8 Ba%ila‘]%a] ca] cal *>*
*+t 7/// 33r 5x555, 6f 6f 888V99:

<<} x? d’ c]cca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
]ca]ca]c ca ca]ca]ca ca] ca] ca] ca] ca] cal <<<=>| >>>' ?h?n?;
@ @a B) é" FEEE L}%ﬁ@é& I-]}OI—@RFI RER Hrﬂc]%%]%ld]%aFéa]éa]%raﬂ%a] calcalc
a] ca] ca] ca] cal cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! HH
I ]GJ I } I s] P%]WL '8 ER/}?/R/I\JW‘NL e GIQQF]RRE]Sﬁ‘S}]}?&%I]Fﬁ"{FJ Z]Oc]féa] ea}eed cal ca) ca]
ca) calc cal.ca ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
ca} ca¥ Sgﬂfﬁ] ; % }'f’]‘%tf%ﬁ q rﬂ]a]t]e]] ]el]E%]aaa% b]rrbbl&cT]c} x]snl d_Z]c]ca]calcalc
a] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal-ca]ca]c
a] ca] Ca]%éa] GHCRcCBREBEFT formed on the sidewalls of gate electrode 30
gNgg@hhh' i di i Tj kkQ mmoopFpnpp(ghqqg) r} xsnid_Z] c] ca] ca] ca] calca]ca]ca]lcalcalc

a] ca] €a) %] cajsealicafed] tayea]walwwaleca] ca] cakcalctd calampealeal cadeal cal ) r+s.... -

nmest tt uvuuWxxyFy]ycyyyzzzV{{|>| ~| | r}}} p~~~}xsni d_Z] c] ca]ca] ca] ca] ca] ca] ca]
ca] ca] cad«a cdlecdredkcadPcal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ~sEJI o*hXt @ xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ¢ ca] calealeabeaycal calqalicalcabeabeakcal LIMGER- e ~YLoi g Ynid_Z] ] ¢

- alUca] caU] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] cal] ca]ca] ca]ca]c

a] ca] Ca]@:a—:]d:tac]lﬁﬁ]lCa:bﬁa]aﬁﬂ wisi®0he salicided surface

4uP[s239%d" (_| wnhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
a] ca] ca] €bd €alcer] Gal.ca] ca] ca] ca] ca] ca] caU] ca] ca! A-| 4F2

| K% ! " h} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcal’
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =xUb6<w@xDA4yx}w nmhc”Y]] ca] ca] ca]

- ca]ca]cal] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]lcalca]lca]lcalcalca
ca] ca] caj€ ad &l o ARMR ] al.cal] ca] ca] ca] ca]

]ca] ]ca] ]car]m}caﬁa] ca] ca] ca]Bg}a]@ﬁ?g]az]%]céal] ?Zd] ca gg]kgg gg%(ga% h% ]fn%%P*A} 31s" (cF} x

sni d Zﬂa]xdlqa]acahﬁabga&&;@d&@]s%]u%heél gl Eﬁi cal falGal alz%alsaclfa ca] ca] ca] cal

- ca]caJca] ca] ca] ca] ca] ca] ca] ca] cal

6<}XSmxdo_rrZ}c]n]ecalccakCa&@@&alt@ékCQLC@LS@LCﬂCﬁ:lgig]}:ga] %@}g@]&«ﬂg galcal cal ca

] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca@-hi eEl

| =. 109%%& eldeobhes cL0Y8y {3 7 &4 cb’]iQ)’éh&e(s) ap%gv@ ;%QC:L %l%tg}.'c% AWM K10% & () -

© P10% & ()- 10, 10, 10, <% 710% & ()-v ) 910% &

.' | =. 10%&d )susvkeCl Kk| #11@%13%& 1(6) o'\ @lgf)(@@&: (It Qe ugl):ierlylng
Ilo%& ()-P'10% & ()- 10% & () -

; abGi Kd’uxlfakié%&s(bff Y8998 €9 -o FEEO%o8c( ko)., I@Q@ﬁb‘()caia%q_%@ﬁ‘cg) 310%& ()-U

">11%10%, & ()-3"10% & ()- 10d 10d 10d610%l &’ () 10%-~& () -, +!'10% & () -
interconnect 13/33 that overlies contact plug 28, in view of the

fact that this is a reduced capacitance interconnect, provides

the means of improving device performance.
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ClaB >!'110% & ()-Hf 109%&' ()-Z10% & ()-!'ky 1090 O & () - |
*10% & -& 10%& -6} [ <1>
10;61095£f()-V!i3&£%@b?gf()-!H"10@@Eﬁf()4!!'1096,&f()-!1096§f()-f)10%&'()-
Km\> 10, 610% 10%& ()-|"10%& ()-v !'10%& ()-109%& ()-\10%& ()- 10,
10, : | yaBN> 10, ##10% & () - C3" @O0%& () - | .
T109R& () - YI0%&' ()-S"109%®& ()-! c#109%?& ()-y0"$%& i bC
10, 6#109%&' ()-0"10% & ()- 10? 10? 10?v7109%®& () -,
 P"10%?&'(ﬁlyb©Q£@6ﬁh4)LﬂvquBb@ 18s ﬂé@ﬁéﬁdéoﬂfbﬂ%%ﬁn&'i?l&St;ated .
10% & ()-10% & ()-310% & ()-& 10%&' ()-,${\= 10,cp!10% & ()-Fi 10% & ()- 10
10 10&@$@@@E@§r¢@6é]iﬁ%ﬂnéqﬁﬁib!d@lG%@Z£&iQe éﬂﬁbdﬁhbhﬁkzthere?f, it
10,'% $10% , & ()-C10% & ()-'6 "10%,& ()- F'10% & ()-10% & ()-!Tv

. is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will recognize
that wvariations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the inventidn all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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. ! LR TR TR TR TR T] | ! -1 & ()- 10, 10,
&1098, 8, & -1 Jj""_>10,! g !1096&.()"'}h&10%ﬁ,a, - . ]
10,7810@6&5%)-f34"109@&f()-I .@Rlo%k&:()b; .gs?f#R$}A:_> 10,! *& +109%& ()
#10% &' -1 109K -C3610% & ()-'G110%, - . .
gpﬁo% & 8 RS! JHoBO60ETRS qrRO! 1 10% , & () - ;:)193’/3 AN VR Pt (12);/&.1?5’
7 - *& +10% & ()- "' W) oMD!'I 9, ! ! -
T, 107 18 rodaods s )-Z 1, 10%, & ()-!  109%& ()-)*>**+t,, zX7MD!
% . 1L0Y& 19 . . .
% AL QL8 o et ciesoceree
I * $1Q gl 109& % IP $109%& () - nO'lO%z&f()-I10 10
10Y710f§§“’?)1 ?E/F‘% ?95‘% I H 109RR& () -p, L 10% & () -
| providing & 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;
Ccreating a patterned and aeveloped layer of photoresist over
the surface of said layer of dielectric, creating an opeﬁiﬁg
through said layer of photoresist, exposing the surface of said
layer of dielectric through said opening;
etching said exposed surface of said layer of dieléctric in
accordance with said opening created in said layer of
- photoresist, by applying anisotropic, RIE processing, using as
etchant gas a mixture of CFy4 + CHF3: + Oz, whereby said CF; + 0z is
prov1ded at a flow rate of about 15 sccm,

whereby the flow rate

cf the CHF3 is between_about 10 and 200 sccm, a temperature in

- excess of 120 degrees C. and pPreferably in the range between 120
and 200 degrees C. and more preferabiy'about 150 degrees cC., a

gas pressure'between about 200 and 800 mTorr and more preferably
"about 500 mTorr, rf power deénsity 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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10, 10, 10,<710% & ()-!''10%, & ()-!y! #10%, & ()- r5u5v5w5x555, 6f 6bC!

IH }10% & ()-< 10% & ()-6P"10% & ()-0}10% & ()- 10, 10,

10, 3/710% &'(%)-fo 888v99: }[<bCl If-&I0%& ()-1)<+]&10%, _
L& ()-1B mr1098\ &\ & () -1 4&#10% , & () - HS#10% & ()-3"10% & ()-:::::: d:
UV @0% & ()-C 10% & ()-64"10% & ()- L"10% & ()- 10),), 10),),

s EPB 30, o f&diplvestric having sidewalls intersecting with the
.0 ?}[9%!?0. #18?’2 & () -1 (#10%, & ()-1k"1 1090 O & ()-! ' 10%, & ()-F
10% & Y- f@ONE (Spid?hekot 2aPa A@BREC o7l bhs$z&A %R 4yt 603 dé@g@e£% “and
i 3"109%& ()- 10 10 10Y710% ()-4!10% & () - TCWCXCYCZCCEF@bC!'! 1 10% & () -
"10%& () - #800%EnQ) 532809 & €Ired ind developed layer of photoresist

from the surface of said layer of dielectric.

2. The method of claim 1, the flow rate of the CHF3 being between
abcut 90 and 170 sccm, creating an opening thrbugh 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 CHF; 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:
dépositing & layer of metal ovér the surface of said layer

of dielectric, including the opening created in saig layer of

dielectric; and
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10 10cv7109%& () - @WGGSHHHHHz[ <1C! 10, F 710% & ()-, 110% & ()-,/2z10% & () -

| H\ P+$10%& ()-]!'110%, & ()-Cl0*10% ' ()-9HHH IG 111jHC 10, F

110% {& ()- 10%& ()-vv 3"10% ()-!!10% ()-1 10% ()- 10,

10, I sK/ Li Nl NmNnNoNnPzodY: ! 10, 0" 1098& ()- 10 10 _

107100 () - @/3' 109 ()- 12" v’ 109HH& ()-1CSUL0% ()- nPP+Q QUQ RH[ 9dY: ! |
10! K * 10%EBERSS (s 2ASEQERE () £ LOHBE.L )l FAUBECE) the LOIRREILD) - | N#10%DBDBS
()-) RRNSSSSSS} 224 |

10BF<218¥Bé&tf)e, 31&%@ @) mbtdl 10MBRE A Jpr¥ice F0YBEy(3aid 1PMBELG) - ! YH#10YEBS
B& () - SSTUX2XXXXgH=! 1 10B 10dc610%l& () -

+10%0 &repebd 1006 92 ip8 WayerpB 0@ Ub & £ )c " 10%6& () - 10B
10BXXXXcZ% /[j [t mV 109& ()-109%& ()-10%& ()-"10%& ()-P"10%& () -

6. The method of claim 5 with an additional step being performed

prior to said depoéiting a layer of metal over the surface of.

said layer of dielectric, said additional step comprising
deposition a layer of barrier material or & layer of seed -
ﬁaterial over the surface of the layer of dielectric.

f. A methéd for providing a plﬁrality 0f conductive metallization
patterns, separated by insulating layers, on the surface of an
integ ated 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 séid substrate;

depositing a first layer of dieiectrigjpver the surface of
said fubstraﬁe, including £he surface cf gaid.condpctive points
cf electrical céntact; |

.first patterning and etching salid first layer of dielectric,
Ccreating a first openings in said first layer_of dielectric, said
first openingS'haviﬁg sloping sidewalls, said first patterning
and etching comprising applying anisotropic RIE étch using a -

mixture of CFy + CHF3 + 02 as etchant gasses;
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3 10%&' ()- 10d 10dt[[\\+] ni]aBn\ 10% 3! 109%&' ()-, 1"10%& ()-,y/ \

1098 ()-,-4"10%& ()-! @w9A0%& ()-#10%&' ()-1111111. " _=t")10%& ()-! $10%, &
()-6,10% & ()-i!10% & ()-= 10 10 10c610%&' ()- paaaaaaa-b~ @

10% & ()-HPV10% & ()-v 10, 10,

10, 710% & %) -010% & ()-!,$10% ] & ()- -bnbb&TccddE~_@"10% & ()-'10% & ()-1
0% & ()-0! 169489 )32 RIEsE) oPeLBOg R ¢IeaiRseéf FRIC=Di@I0e rYEr of

10%8& ()-',24"10% & ()-!,=940%,& ()-,(g 10% & ()- & 10% & ()-!
4+109E1LEL SFEF LGNGO HEFGE PEtalioenaring Iekg®sg rptaloig@ (Yhe 3" 10% & () -
10% & ()-10c10chh'idii Tj ka?H@0c !9''10% ,& ()-@,

' 10% CETERCE" 1095 ) LiFet1 Aoy ( PI =6 abes @ i(Or- £5e2004 8 {3 rkklaEc@imof{ Y710! 1
H 9-$109%& ()-!*1"10%& ()-!,"10%& ()-!0"10%& ()- 10, 10,
10, ) 6 FANEE £3- 8dBOoPFPHpPIECE! P Jtelaousie ()said first metal plugs
\10%)&'()-!lO%)&f(%-!lO%)&'()- 10 10 . .
107109 Ve SpEqRyET ¥ +SHEFESCRORRH 91 9$"10% & () -, <"10% & ()-4,S4"10% & ()-, F
4"10% & ()-  @10% & ()-MI"10% & ()-nmesttttttu}rg\=10!'1- 10%& ()- 10,
depositing a second layer of dielectric over the surface of
said first layer of dielectric, 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:
patterning 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 layer 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;
depositing a third layer of dielectric over the surface of
said etch stop.layer, including the exposed surface of said
second layer of dielectric;
depositing 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 photeoresist

that align with said first surface area of said first metal plugs
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10, 10,c710% & ()-103 10% & ()- !;
L*' 10%

0%ld& ()-p!v: @10% 9: 9& () - |

10%&' ()-0! 109 ()-yFy]ly yaybycyyybC10!!0!10% & ()-10% & () -
10%&' ()-/010%&' ()--"109& () -

. yZZZVk&b@EEGJQh!séﬂ&%&iﬁgu'1%@%B&oé)a§@ d0% & (dsaid o enlngs in said
3"10% & ()-#10%' ()-10% & ()-| > ~||r}}}~\=bC10! | - %

0% & () -

|V+V%ﬁ&%ﬁx&o¢)photore51st having a surface area that is about equal

4= 109% ()-)!19% " 10%,& ()-|fj!10%& ()- 10% & ()-}p~~—~~ s @or " 10% ug
P'shQ% €&'r6) - sdPfadd,akd c710% & ()-13M 10%& ()- ! u/ 9%d0%y,Y, & () -

() -

10- u710% u& ()-!F "10%u& ()-:"10% & ()-V! " 10%EuEu& ()-3"10% u& () -
"10% u& () sBEbnty 10808y (9253 10%r8 (hyer 10K (et r3c10%0 o ddrdnk@ & () -

10% & ()- 10-u 10-ul 0*h 2N/ " 101} 10% & () - Z! +$&10% , & () - 9% 10% & () -

10% & WDei=!sei@%p&n{dgd 1%L dd inXBE1401 410K (Prrot'ol0%a & ( )sB'dl0% & () -

10, 10,

second etch further extending through said second layer of

dielectric in accordance with said openings created in said etch
stop layer, said second etch ;omprising applying énisotropic RIE
etcﬁ to said third and said second layer of dielectric using a
mixture of CFy + CHF3; + O2 as etchant gasses, creatiﬂg a seéondr
cpening in said third layer of dielectric having slopinq

sidewalls in addition to creating a third opening thrbugh said

‘second layer of dielectric having sloping sidewalls, exposing the

surface of said first metal plugs;

removing said patterned layer of photoresist from the

surface of said third layer of dielectric, exposing the surface

- of said third layer of dielectric;

fdeposi;ihg a barrier layer over sideﬁalls of said second

~opénings 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 first

metal plugs, including over said ekposed surface of sald third

- layer of dielectric;
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10, <710% & () -3"10% & ()- YXt @EbC' 10, ! j ! 10% & ()- C10% & ()- 0! 109& ()-) 10% &
"()-10% & ()-f10% & ()-@aVK@ 10 10_ 10_ 10_
710% & ()-3"10% & ()-f1}10% & ()-!'-""109& () -
| % 0% & ()-LV Y7VK@ c6#10% ~& O)-CYIj10%8& () - j 8c(10909& ()- S
Y1099 1 & ()-' ! N#10%%-9%& () -! 10%8& () - {\=VK@ - $10%& ()-+ 1098& ()-!X
# (10%b- 5- &eppsififd OI& v odf ¥bnductive material over the surface
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leaving said barrler layer and said conductlve material in said
second openings in said third layer of dielectric and in said

third cpenings in said second layer of dielectric.

8..The method of claim 7 with an additional sfep of.deposifing a
seed layer over the surface of saild barrier layer, said
additional step being performed after said depositing a barrier
layer, said additional step being ;ollowed by steps of:

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

removing excess conducfive material from above the surface

of said thiﬁd layer of dielectric, further removiﬁg said barrier
layer aﬁq s?id éeed_from above the surface of said third layer of
_dieléctric, leaving said barrier layer and said seed layer and
said conductive material in said second openings in said third
layer of_dielectric and in said second openings in Said second

layer of dielectric..
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A agH %Qé method of c¢laim 7, said first etch stop layer comprising

silicon nitride.

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

copper.

11. The method of claim 7, said layer of conductive material’

deposited over the surface of said barrier layer comprising

copper.

12. The method of c¢laim 8, said layer of conductive material

deposited over the surface of said seed layer comprising copper.

13. The method of claim 8, said 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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. The method of <¢laim 8, said depositing a layér of conductive

material over the surface of said seed layer comprising methods

of Electro Chemical Plating {ECP).'

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 CFs + CHF: + 02, 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 between about 200 and 800 mTorr and more preferably
about 500 mTorr, with an rf power density abeout 400 Wetts, with
no magnetic field applied, with a time of the first etch between

about 5 and 50 seconds and 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 CFs + CHEF3z + Oz, a flow rate of_CHF3being betwéen
_about 10 and 200 sccm, at a temperature in excess of 120 degrees
C. and preferably in the-rangerbetween 120 and ZOOIdegrées.C. and
more.preferably about 150 dégrees C;,.at a gas pressure between

about 200 and B00 mTorr and more preferably about 500 mTorr, with

an rf power density about 400 Watts, with no magnetic field
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seconds and meore preferably about 25 seconds.

19, A multilayer integrated circuit structure, comprising:

a semiconductor substrate having a surface, a plurality of
semiconductor devices haﬁing been profided in or on the surface
of said substrate, further conductiye points of electrical
contact having been provided in or on the surface of said
substrate;

first metal plugs being provided on the surface of tﬁe
substrate, said first metal plugs being imbedded in a first layer
of dielectﬁic 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

ébmprising a first surface area and a.therein centrally located
second surface area, sald second surface being smaller than said
~first surface b& a measurable amount;

a second layer of dielectric deposited over the surface of
said first layer of dielectric, including the surféce 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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the surface of said first layer of dielectric, said openings in
said etch stop layver 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 lavyer of dielectric;

- first copenings created in said third layer of dielectric,
said first openings having sloping sidewalls, said firét openings
in said third layer of d;electric 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 openiﬁgs having sloping sidewalls, said second
openings in said second layer of dielectric extending from said

. openings created in sald layer of etch stop to said second
surf?ce of_said first metal plugs;

. a barrier layer deposited over §idewalls of said first
queﬁings in-said third layer of dielectric; over sald second
openiﬁgs in said second layg;‘ofrdieletﬁrié, over said secgond
surface of said first metai-piugs; and

" a layer of conductive material deposited over the surface of

said barrier layer, excess conductive material having been
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surface of said second layer of dielectric.

- 20. The struétﬁre of claim 19, with the addition of a seed layer
deposited over the surface of said barrier layer, sald seed layer

equally having been removed from above the surfate of said second

layer of dielectric.

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

- electrical contact having been provided in or on the surface of

said substrate comprising copper.

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

deposited owver the surface of said barrier layer comprising

copper.
23. The structure of claim 20, said seed layer comprising copper.

24. A methed for providing a plurality of conductive
: metallization'éatterns séparated by insulating layers on the.

~surface of an integrated cfrcuit, comprising the steps of:
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substrate having been provided with a multiplicity of
semiconductor devices in or on the surface thereof;

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
said substrate, said first metal plugs having a surface
comprising a first surface area and a therein centrélly located
Second surface area, saild second surface being smaller than said
first surface by a measurable amount, said fifﬁt.metal_plugs.
having been created using control chemistry creatiﬁg sloping
'sidewéll§_0ﬁ¥said first metal plugs;

deposiﬁiﬁé a second layer of dielectric over the surface of
said first layer of dielectric, followed by depositing an etch
étop.layer éver the surface of said secdond layef of dielectric,
fqllqwed_by‘depésiting_a third laYef of dielectric.0ver the
.éurface 0of sald etch stop layer:

patterning ahd'etching said third layer of dielectric, said
etch stop layer and Said_second layer of dielectric, creating
openings through said 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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depositing a barrier layer over inside surfaces of said
openings created in said third layer of dielectric, said etch
stop layer and said second laver 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 sald seed layer; and

_removing excess conductive material from above the surface

of 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, sald seed layer comprising copper.
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28. The method of claim 24, said barrier layer comprising

titanium nitride.

2%. The method of claim 24, said first metal plugs comprising

copper.

30.. The method of cilaim 24, said control chemistry used in
creating sloping sidewalls ¢f said first metal plugs comprising

applying anisotropic RIE etch uéing a mixture of CFs + CHF3 + Oz

as etchant gasses.

31. The method of claim 24, said using cqhtrol chemistry creating
sloping sidewalls of said opgniﬁgs created in said third layer of
dielectric, said etch stop.layer and said second layer of
dielectric comprising applying aniscotropic RIE etch using a

mixture of CFy + CHF3 + 0Oz as etchant gasses.
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ABSTRACT
A NOVEL COPPER METAL STRUCTURE FOR THE REDUCTION OF INTRA-METAL CAPACITANCE

A new methed and structure is provided for the creation of
interconnect lines. The cross . secticn of the interconnect lines

of the inﬁention, taken in a plane ‘that is perpendicular to the

iongitudinal direction of the interconnect lines, is a triangle
as opposed to the conventional square or rectangular cross

section of interconnect lines.

FIGURE 7



