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REDUCTI ON OF | NTRA- METAL CAPACI TANCE BACKGROUND OF THE I'NVENTION (1) Field
of the Invention The invention relates to the fabrication of integrated
ci-rcuit devices, and nore particularly, to a nethod and structure for the
creation of interconnect patterns that reduce internetal capaci-tance for

sub- m cromotey coHes WAL (P)RUESHE HOPMTHE REBUErioN éF t INTRAVEETAL
creation of nonolithic integrated circuit numerous interacting electrical

device elenents are typically creaigshdfrQic®n the surface of

sem conductor substvate, arang thesd U CLSlerene s ar e o NN

c]tlar actﬁri stidcs, Fi e: d Effect Transistors of either N ?)r P channel*lf)‘i’ysﬁ‘e.

A .

't or connect ea i n-order t &GN TR i SO RERHOLC or Gevi cmmon
analog or digital circuits, flip-flop circuits and nenory ci rcmm""ﬂwmm

there, the interconnected device elenents are further connected t Ougyors

surrounding circuitry, circuit substrates, printed circuit boards and the
like. 11) Sépicdchdicttare W358t f or mance | nprovenents are typically

achi eved by a continuing reduction in the dinensions of the device

el ements. THihe resiantsidm diaress b ddve caliehsi tiomnelf | ek easeteproxi mty
of device elenents that belong to one device or to several, adjacent

devi cesidauidr dmviae achievendumcgaonatubperwbitoty néthbe sedi sbndottoe
devi ce, none-interactive or interconnected device el enents nust be

i nsul atfed fumimeaedt idhest idtéscoawhécknoant éfng hehat t rboucE oihbéenevanect
device elenents that reside in or on a single level. As part of the

creati Qyffcitance for sub-micron device features.

(2) Description of the Prior Art

In the creation of monolithic integrated circuits numerous
interacting electrical device elements are typically created in
or on the surface of a semiconductor substrate. Among these
device elements are transistors, diodes, bipclar transistors of
either NPN or PNP conducting characteristics, Field Effect
Transistors of either N or P channel type. After these device
elements have been created, these elements must be interconnected
in order to form functional semiconductor devices such as analog
or digital circuits, flip-flop circuits and memory circuits. From
there, the interconnected device elements are further connected
to surrounding circuitry, circuit substrates, printed circuit

boards and the like.



sem conduct or devices on one |evel, these devices are electrically

i nsul ated and electrically connected to surroundi ng el ectroni c conponents
by neans of holes that are created in the layer of insulation that
surrounds the devices and the device elenents. The devices or the device

el ements are accessed through these holes and further interconnected by
(first) coRBMEEPVINGHRCEIHRECPRAFOFTHEES t1Rr cYPReRE8aR B P97 Wur f ace of
a (first) layer of insulating material. In view of the continuing increase
in ci PEBLEVEGNRY t ¥, CIRAUNYING Fagjersieor Hevitesiigengaoneectl Eifents are
frequently superinposed over each other by first depositing a second |ayer
of insleivacenglemerts alThoverresha tenier toprridhgavilgesdenat t haamd been
created on the surface of the first layer of insulation. Holes are created
i n thenseeendd| pyeximity sfuldaviion €bements cormiedcilons to ohe d4viste net work
of interconnecting lines, which can then be followed by creating a (second)
net wock 6b cemdusaii vadjanartcoenécesl i hesontet Heo aphfiaye dtntheorsElcond | ayer
of insulation. It is clear that this process can be repeated a nunber of

ti mes cprdabs Litm ¢€dtimotsdmi domgupabur éevice hewqgreodessrbat1by ¢he el ectri cal
performance characteristics that are i nposed as a consequence of the nethod
of i ntierteowrectrhngd seay condicientdeniigeshbe | 1ngslagasy firomvesaal ¢tzeet hat
wi t h decreased device di nensions, interconnect |ines and networks can

qui ckIBt det eeilédr ahewi nt they yarsomplkekosintiet e ctThieyigayehetebes a

di sadvantage in and of itself but this may, in practical terns, inpose
sever elragstreisctieons on ¢hes eliectlel dakveper Aorpance Dfthicherasseobl @l package.
This limtation beconmes even nore stringent as the operational frequency of
t he packagenducteasdsvidde omtaerd dlevef, chbese doriddwe acreeati on of

i nterconnect lines has for many years been al um num Wil e doped

pol ycrejistcaldiicae 1gi Eheobhatad dred udedtirdra3dpeconmettidd 'to 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.

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

Holes are created in the second layer of insulation for



i nterconnections, virtually all sem conductor circuits use at |east one
| ayer of netal interconnection lines. Such netal interconnection |lines are
typically formed by depositing a thin filmof alumnum or al um num copper
alloy on the wafer, masking 3 the aluminumlayer with resist to define a
set of metal interconnection lines, and then anisotropically etching the
porti crenrofcttimmsnetcalt heaférshote vover e byteespshecReaxtliivesi,onhétlthi ng
(plasma etching) of netal thin filnms is usually performed using a plasma in
whi ch ¢dre wafretbd £dpbadded srd¢dtimagns tsatondachewidtk and coenoeeivhe
exposed regions of netal. Plasma etching is perfornmed in a vacuum chanber,
and t heneded@inestvadues panphagssysiamaofenrbeesegosd, lowr it all, of the
reaction products. Advantages of plasnma ion etching over conventional wet
et chi ngh pEocesses inalsudechherpossithid igressef cphopessepddtymtai on, | ess
undercutting of wall profiles and higher packing density. Copper has in
recent nbiw®s douwithdsnenaasedlappté€aldtombyl rnkhaatdsee 0t Mialprticees due to
its lowresistivity, high electrom gration resistance and stress voi di ng
resi stheepy Gappeli Jrawevan p¥htdihsndderndirsadwantages ofndd giredi ffusivity in
comon insulating materials such as silicon dioxide and oxygen contai ni ng
pol ynetfspoddid Sad eadsrisequkakei 85t @€ ane dHtRl @iff iuskoBohie €ORRLr i Nt O
pol yi mi de during high tenperature processing of the polyimde, resulting in
sever esenosoiueiod himvaeeper aid the polyimde due to the copper conbining
wi th oxygen in the polyimde. The erosion may result in | oss of adhesion,
del am nation, voids and ultimately a catastrophic failure 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 into very complex structures. This may not be a
disadvantage in and of itself but this may, in practical terms,
impose severe restrictions on the electrical performance of the
assembled package. This limitation becomes even more stringent as

the operational frequency of the package increases.

The material of choice for the creation of interconnect
lines has for many years been aluminum. While doped

.nh 'l.: -, . , T

. poLyE!ystalllne silicon can be used .for some circuif
interconnections, virtually all semiconductor circuits use at
least one layer of metal interconnection lines. Such metal

interconnection lines are typically formed by depositing a thin

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



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 diel-ectric constant that is high conpared with silicon dioxide thereby
limti 156,01 s silican, niddside cisnggreapsyl atd ng ¢RRRer interconnect

i nes.g}%n%gglail&t I I(r)ln, ague {0t he 1 asgt tt hat éoppergél s very difficult to

proces I . ] cal i . L. shi et hpd may need to
be uszl}’%h\égrggﬁggggg?qlg%i’eciargégqa&%\% %?%SE%%%?%%QI}(%%%&H?SE copper at a
high r Wit _haut r j i or .t h e .bury AL

for natsﬁ%rﬁt,l tnﬁe%goﬁggrrﬂéegg%n%ﬁ% qnﬁbgt cggg(rfgld\;\%% ]E)%/&isnégr 55??53‘"% hgcg%m)unt of
the co nent r nsj for ¢ r_.etching. tai ned i,q t i.shing
slurrygg% 1q%1(p§§%%a ep%ﬁﬁé ) oé”%%%al E%lh g; £ fgrhéﬁilthggé?gkﬁgg

e onént 'Ts’used 1 n an increased anoun rng wll

oceur | saby opicalby. ; Conseauentd v, buriied, copper ) s, £hehed aggy, causing

di shi ng” 11 tth& W rings 118, ~When for mi'ng IRt er contiect 17 nes uUsi ng copper,
desi rab@[ e fo.use thgdsvt h%tE deo no%tedd%penidnonoPa&étearlni q,qlatspn% copper lines
usi ng & Theri'cal *8chFig’ protessi&i%ce "eCehl Rg° of “copper 1°S Very difficult
and is_a process that is only recently being further investigated. The use
of CopBRT A 52 RS ARFRRCTLP T rier BONECT Y | AT 6 (TTEE  NASHER by the
suscept i biirilty ofte(I:no Rer Lo ogigatgu n. o%‘og\ﬁntiogn Ieppeoatcocr.leosni st processing
cannot P B USETWhen ¢opper®it iy ve' pattefned Pht o' Varitus Wi re shapes. The
phot oresi st _.needs, to, be renpved at the end,of the process hy heating it in
B O s TR R SR nBnt ST 2h D ST BTy Gery BF aSie HTHeraty “Ebaver ti ng
it to an _easil rermved.asg.dThggabove .t?ogghl i,ghti ng of sone of the

advant 3588 Mh P CEFT ANt HGERAB SR L U lé&gﬁe? i AP Etes that copper has
been receiving a relatively | arge anpunt. of attention as a material to be
ised OFOTE EFEaticn SFOEBRULELIT ] Mo GRRELESS T S 1D ThESEAE her e

in sub-mcron technolo copper i s extensively used
dens{ty. gy PP y

Copper has in recent times found increased application in
the use of metal wires due to its low resistivity, high
electromigration resistance and stress voiding resistance. Copper
however exhibits the disadvantage of high diffusivity in common
insulating materials such as silicon dioxide and oxygen-

" containing polymers. This leads>to, for instance, the diffusion
of copper intc pelyimide during high temperature processing of
the polyimide, resulting in severe erosion of the copper and the
polyimide due to the copper ‘combining with oxygen in the
polyimide. The erosion may result in loss of adhesion,

delamination, voids and ultimately a catastrophic failure of the



in the fabrication of sem conductor devices. For the vast majority of these
applications, interconnect |lines are created whereby the cross section of
the interconnect |ines has a rectangul ar or square shape. Wth the sharp
decrease in the distance between adjacent copper interconnect lines (the
metal -pitch), the interconnect |ines which typically have a square or

r ect angapamegytos §hsecoppar i Nt e shivgledi atir ar nit ad r parasitt meycdpatisances
which is detrinmental to optinmum devi ce performance, especially for higher
frequenyy deel celapenatiionidd hisyeary ertisdngadie edsselsedthiis aspeetoné creati ng
i nterconnect lines and provides a nethod whereby the parasitic intra-1line
capacidatietisrer @addcallsobdectreddS iy 1R, 26€1¢Kobl ¢ ngererefthalof) tahows a

sl oped netallization (See Fig. 5). US 4,888,087 (Mslehi et al.), US

6, 119, 243 ddptidxedeall ayeanth Ungpek0318EAs( bal betrbdr )isShowriedibeeconnect
shapes and processes. US 5, 821, 141 (Huang) shows a capacitor with a rounded

top opefidiy.rUNMRRY O 1TEEn | NMENHON sAoFiteAChphbei 6B) £Ctd W felust bR
invention is to reduce intra netal parasitic coupling between adjacent

i nt er conecdd "G |dopesr . ABoL esn abj estde etk vbhenhvendi Ondisitlco achi eve
hi gh performance netal interconnect |ines wthout the use of cost intensive

processbmdr HlteRhatYels ﬁﬂ@hhéémiﬁﬁ&fvtwl\/&x Qfiitibheni AYSRLAONH oy provide a
met hod for the creation of high performance interconnect lines that can

readi | yiheridd egHated bt 0icoByentivnale SeMeaengdycl of i mpnidmedur i ng
procedures. 7

interconnect lines.

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
component is used in an increased amount, the etching will occur
isotropically. Consequently, buried copper is etched away,
causing dishing in the wiring. It is, when forming interconnect
lines using copper, desirable to use methods that do not depend
on patterning the copper lirdes using a chemical etching process
since etching of copper is very difficult and is a process that

1s only recently being further investigated. The use of copper as



In accordance with the objectives of the invention a new nethod and
structure is provided for the creation of interconnect |ines. The cross
section of the interconnect lines of the invention, taken in a plane that

i s perpendicular to the longitudinal direction of the interconnect |ines,
is a triangle as opposed to the conventional square or rectangular cross
sect | %ﬂn%fta'lnff%&@ﬂ@@ﬁéoﬁ&e@-wﬁalnléFiQEMEJﬁ ON e rEAELPRAMENGS Figs. 1

t hrough 4 shows the creation of an opening of the invention, as follows:
Fig. L.3howsigi¢ie5Sopecd bt Ao thE g3k bACec Ot véh SRIAA0RHUELOL s Sutbst rat e
over %%e sggfaée 0 %hiéﬁ“ﬁ%% Sgen deposited aYIayerEBfebielec?ric. Fig. 2
shows egt| t06 PLIHGE WS 0E Tl 0o ol el Ankat tgHed and
develé%gﬁkgﬁégé %%hgﬁ%?%ﬁégﬁit‘ﬁas beeh creat%ﬁ onE%héxéar ace of the |layer
of dielectric. .Fig o] Lop.dyrin 6 Re8Ss+of gt ching

t he |§§%f‘b Eﬁéﬁeg?%Pégiﬁngégg} aﬁ%%gkktﬁetﬁ% d%é%?nﬁﬂkha? agsé%een
created |n overlying | aver. .of di.el.ectr]i Fi . shows a cross
sectiéﬁu%f) &%eoséﬁfﬁast %ﬁ*ﬁ%?gﬁbgﬁ éseétégg?ikt?éf %%%#-of dielectric in

accordance with the igvention. Fkﬁf']ﬁ t hou Q 11?shom1a13;oces§ 92 t he
i nventTOR-FOF e P8t Fon®'df T ﬁ?ﬁﬁmﬁayg STo1Y i Aterconfidct “I rhes, as
fol | ows: Héﬁ15 shomsdthe cross section of a sem conductor surface, a first
| ayer Bt Hierect e Ras® been deposited over the sem conductor surface, two
conductive contact plugs have been created in the first layer of dielectric

in accordance with the invention.

8]

The above highlighting of some of the advantages and
disadvantages of the use of copper indicates that coﬁper has been
receiving a relatively large amount of attention as a material to
be used for the creation of conductive interconnects. This to the
point where in sub-micron technology copper is extensively used
in the fabrication of semicenductor devices. For the vast
majority of these applications, interconnect lines are created
whereby the cross section of the interconnect lines has a
rectangular or square shape. With the sharp decrease in the
distance between adjacent copper interconnect lines (the metal
pitch), the interconnect lines which typically have a square or
rectangular cross section induce high intra-metal parasitic
capacitances which 1s detrimental to optimum device performance,
especially for higher frequency device operation. The invention
addresses this aspect of creating interconnect lines and provides

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



Fig. 6 shows a cross section after the deposition of a second | ayer of
dielectric, a patterned |ayer of etch stop nmaterial has been created on the
surface of the second |ayer of dielectric. Fig. 7 shows a cross section
after a third |ayer of dielectric has been deposited, a patterned |ayer of
phot orgsi st has been created on the surface of the third |ayer of

di el ectric.uFi 9.1 ,sht0ws Kabdiogsr sectdlon afhtors epehbpgs have been et ched
through the third |layer of dielectric, the etch stop layer and 9 s the
secondméeyerioftidirel @eter iFdgi.n5accor dance with the openi ngs that have been
created in an overlying devel oped | ayer of photoresist. Fig. 9 shows a
cross section after the devel oped | ayer of photoresist has been renoved, a
barrier |layer has been deposited. Fig. 10 shows a cross section after a

| ayer of netal s heess men @eposhtedt oyer) t s synfiacesof (Ghecdarri er |ayer.
Fig. 11 shows a cross section after the deposited | ayer of nmetal has been
pol i shed down 4 tde surdgeesofiLhheet MY d |y iokedehett i shaddsy. 12
shows a cross section of a typical application of the invention. Fig. 13
shows angrgsscsesdd on of a conventional interconnect |ine taken in a plane
that is perpendicular to the longitudinal direction of the interconnect
l'ine. 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Conventi onal
interconnect lines will be highlighted first in order to establish a point
of referencgs Fog21hisr (iRf8lgH 1 BHoNOVE SPEEA it [ thoaFk8unddy ddjere is
shown a cross section of two conventional interconnect |ines 16' and 18'.
These iptgrggnnect lines have been created on the surface of a layer 10
which typically is the surface of a sem conductor substrate, electrical

poi nts of contact 13' and 15 have been provided in or on the surface of

| ayer 10. A first layer 12' of dielectric has been deposited over the
surface of layer 10', the poumhRyOhret@CtNGRMTIORNt act 13" and 15" are, in
the cross section that is showm in Fig. 13, enbedded in the first |ayer of
dielectric. The points of electrical contact 13" and 15 can also be
enbedded in the surface of layer 10" in which case holes are created
through | ayg p12heifhie Sbydace sl KEr s 10en eiuh Lhengwihyubbe,poigu s of

el ectrical contact 13" and 15 can then be accessed through these holes. A
| ayer Tkcadf pekal, 8LOP-OBS £l Ploe e 23; Rbhe | Sdaposibediayer e sur face
of the first layer 12' of dielectric and patterned and etched. Using this
patterned | ayer 11' of etch stop the openings 17° and 19' are etched into
the surface of the first layer 12' of dielectric. The points 13" and 15 of

el ectrical gantagt c1.besarcessed by ORRNS,Of LESE. AReA AYY,17 and 19

After hol es and ave been created In irst 11

performance metal interconnect lines without the use of cost

intensive processing steps.

Yet ancother objective of the invention is to provide a
method for the creation of high performance interconnect lines
that can readily be integrated into conventional semiconductor

manufacturing procedures.



| ayer 12' of dielectric, these openings are filled with a conductive
material, the deposited conductive material is etched dowmn to the surface
of the patterned etch stop layer 11'. The second | ayer 14' of dielectric is
next deposited over the surface of the etch stop layer 11', thereby

i ncluding the surface of the openings 17° and 19' that are at this tine
filled wthma cerddehiceewtiiahethal objldte isecond ktayetnddintiodn i elegctric is
patterned and etched, creating openings 16' and 18 in the second | ayer 14
of di ehethdd Candlhes@capesi ngspaseidextfdd ldhed cwetbian cohductdnomnmatceri al |
which in turn is polished down to the surface of the second |ayer 14' of

di el ectihés. The: &)@l iseakieanbacthdl s rbdnhkét/ 16neands 1thd 19' /18" are at
this time conplete. It is clear fromthe cross section that is shown in

Fig. 13ntomtidde «1Qss iseat beBfe Othd el Serddpengithatrmeketip the el ectri cal
contact plugs are all either a rectangle or a square. Significant is that

the sigdsg péuétﬁdﬂcemre%%%hoe% eﬁetbﬁt@é%ﬁé&alhagat agt plugianguch as
sections i and 15', sections 17' and 19', sections 16' and 18, are

paral | gl whtHs &aGH, AeloonTRhs 1bESY! §ud S TXi BuR.aLEELE OBBGNSL i C exposur e
of these sides to their adjacent counterparts such as section 16" having

HBX|nuggg{gg&rggnggggfé5dﬁéggsg&gego section 18', section 17" to section 12

19 section 13" to section 15". This cIearIy results in close
el ectromagneti c coupling between these sections resulting in the existence
of high parasitic capacitances between these sections. This parasitic

capacitance has, as prgvPssipsdReiped Rt R Megatidse | npact on device
performance and nust therefore be mnimzed or avoi ded. Flg 13 further

shows the use of a barrier |ayer 20" which

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

invention, as follows:

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

deposited a layer of dielectric.

Fig. 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 the opening that has

been creafed in the overlying layer of dielectric.



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 surrounding dielectric. This barrier |ayer 20" typically conprises
TaN. Some applications further deposit a seed |layer (of for instance
coppet, not shown) over the surface of the barrier layer 20" in order to
enhance adh&si.of bébweea thessosehicitdnve fmaher baéndepodidtedasn bpkogs

13'/17' /16" and 15'/19'/18" and the surrounding dielectric. Figs. 1 through
12 addessstddercreat lageof of nda¢ tarindet ilni nesooflatbe winkerntheon.
Specifically, Fig. 1 shows a cross section of a surface 10 over which a

| ayer #Abveaitidirel ectric 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 or silicon nitride
("nitride"), silicon oxynitride, fluoropolyner, parylene, polyimde,

tetra- et hylrifd ha shldugat €1 ( IFED) a stk soXicdeshe invention for the

bor o- phosphat e-si l i cate-gl ass (BPSG, phospho-silicate-glass (PSG,

bor o- s¢téged &n RS BSGhg 0Xy8es bt rifier@vhdect ONGhes o dOWdilRectri c
constant material, such as hydrogen sil sesqui oxane and HDP- FSG

(hi gh-density-plasma fluorine-doped silicate glass. The nost commonly used
and therefore the preferred dielectrics that can be used for the deposition
of layers 49;@r & sidueorndi exbds §dopasth oyt WndepedbnasttdL£ o ey, t ki de,
paryl ene or polyimde, spin-on-glass, plasnma oxide or LPCVD oxide. The
prefergedsdi el @Ot rd€ grateticak ot Rabevdsedidysitha Loyenthon is SiQz. The
deposition of the layers 40 of dielectric uses conventional deposition

t echnokegycandh €@y udiraichst apeecohuatensided aksi BaubkPGYRye RRRWD, or APCVD
procedures at a tenperature of between about 350 and 450 degrees C. to a

t hi ckngggsabet Ween: b Gty s200@ yardo 2 Og D00 ANGSE H@MadsbREadEOS B8 & he

invention.

Fig. 6 shows a cross section after the deposition of a
second layer of dielectric, a patterned layer of etch stop
material has been created on the surface of the second layer of

1

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



source. 14 The intra-dielectric material that is typically used to
i solate conducting lines fromeach other is silicon dioxide, whichis a
thermalty and chemically stable naterial. Continued decreasing of the
hori zontal di nensions of sem conductor devices |leads to |ayers of netal
that tend to have vertical dinensions that are not necessarily reduced
accor dilrgylseqoagiufleyay ¢6rdigkstcncie iim esaradeneddiviita thsewrsgsnghat have a
hi gh aspect ratio. Conventional oxide etching processes and materials are
howevethay didvabbechorrsateéd higrraspeatl yiayi decohtred lawkiviod openi ngs.
Consi deration nust be given to the dielectric constant of the dielectrics
t hat arleotsmdsitsg.i sol ate conducting lines. The dielectric constant of dense
silicon oxide that is grown by thermal oxidation or by chem cal vapor
deposition is in the order of 3.9, CVD oxide has a relative dielectric
constant of about 4.6. The | owest possible and therefore the ideal
di el ectri c Kignstiashows a. Oroshi sedtsidrhe fdieel ebérdevebnsiditayvefr afvacuum
whereas air has a dielectric constant of slightly larger than 1.0.
Di el ecptidttoamisitanias dbefli ebretdd C draiaardirlrs l1hhat Kasn Weerusegosated.
intra-level or inter level dielectric material vary, typical values are for
instance 4.1 - 4.5 for inorganic Plasma SiOz, 3.5 for inorganic fluorine
doped Si02 (FSG, 2.7 - 3.0 for Organic Polysilsequioxane (Si polymer}, 2.7
for organi crfBenziacytloaubenec BB et &€ .afker aOveyet her siudaiceaef | ayer 40
of dielectric, Fig. 2, ahs been deposited a | ayer 42 of photoresist.
Convenpéonakepmtiteds ook rphatokit Nogs aphitheexpes e aagk phot or esi st
devel opnent have been applied to create opening 41 in | ayer 42 of
photoresist. Fig. 3 shows a cross section of the structure of Fig. 3 during
the process of etching layer 40 of dielectric in accordance with the
pattern of the. openyn@s4:k thakshascbesen LAt @del Repbheitayeraed ot
photoresi st. This processing step is a

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

dielectric.

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

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

line taken in a plane that is perpendicular to the longitudinal

direction of the interconnect line.

10



key processing step of the invention, since during the processing steps an
openi ng having sloping sidewalls is created in the |layer 40 of dielectric.
As etching gas for the creation of opening 41 through |ayer 40 is used CHFs
+ CFa + Oz, applied under nmedi um pressure and a tenperature in excess of

| 20 degrees C. The process of the etch is carefully controlled so that
tetrafluori de (CFaPESERVRBIGN QEhgHEt CRERERDES , ENFEAMENT St he openi ng t hrough
the layer 40 of dielectric while the etchant gas conponent trifl uoronethane
(CHF3) provides for the deposition of polyner that is formed during the
etch process -on the sidewalls of the opening that is being etched by the
CFa. The re3rventsonhé $heprepwseeqr ogimessiwanlobet higlet odfitreg dfirsheivpeni ng
through | ayer 90 that is shown in cross section in Fig. 3, specifically the
dept h osder eat edstdapliibe €FPotonpoherdfegfertdee €bchants gasefdhidieg dawi ng t he
creation of the opening and as a continuing process, polynmer 16 46 i s
deposi seekcofierd Miyng ot Megsi de@wathsrofid hehcomeat edoopene eyl orThifs tédeposi t ed

pol ymer 46 protects, during the proceedi ng and ani sotropic etch of the
openi ngotheotiphdlayiere4@pnhbetsideswl 1& aind he’ opehnesg fnomdesinegtat t acked
by the etch species, resulting in the sloping of the sidewalls of the

openi ngifdathd e el edebicaugh tayesudhceByrcantiagbki ng twreiqaol ymer
deposition rate on the sidewalls of the opening, the slope or etch taper
profil eypfcihey openineg seaabe 6eniroéhathnddctBustubet apps ecddadithat the
etch of |ayer 40 essentially proceeds gradually into and through the | ayer
40, megpingstiatcdhadenasi khan1of hhee plaHrodéden theosigtewald s of the
opening that is being created is also a continuous process, finally

resul t sQgrhBe o £ jdIQWS hayersef 1p@éyNEr kel Bgetkeated Wik tdrsi dewal |'s
of the opening. This continuous |ayer of polyner acts as a retardant of the
et ch whepesibed poéymathd sudgpesi bediafdnatid’s tdne podaval bs Ofedtha capeni ng.
It is clear fromthis that, as a result of this retarding action, the

si dewakbgstettther openivey wirkl, shopre ¢ro€d descttionachkevesasisdwapeaof about
45 degrees, a very high flowrate of the CHFs is required since this high
flow ratg.resylémoddiet Hinghhdepaskti paysater ofi diketpakymere oo idies sirdewal |'s
of the opening while this

electrical contact 13’ and 15’ can also be embedded in the
surface of layer 10’ in which case holes are created through
layer 12’, the surface of layer 10’ and therewith the points of
electrical contact 13’ and 15’ can then be accessed through these
holes. A layer 11’ of etch stop material, such as SiN, is
deposited over the surface of the first layer 12’ of dielectric
and patterned and etched. Using this patterned layer 11’ of etch
stop the openings 17’ and 19’ are etched into the surface af the
first layer 12’ of dielectric. The points 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 in the first
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opening is being etched. The preferred for |layer 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 sccm whereby the flow rate of
the CHF3 is varied and may be in excess of 200 sccm tenperature in excess
of 120 degrees C. and preferably in the range between 120 and 200 degrees
C. and lmyeg pRéf efabiyledouic, 1530 cdegreesitss argasi prasssuté bet ween about
200 and 800 mTorr and nore preferably about 500 mforr, rf power density
about 4Q0NMatttive moteangakbl i thd idHpdsdppldi edpdu¢nivofmdter iatichsbetaees about
5 and 50 seconds and nore preferably about 25 seconds. The variation of the
fl ow r atroftat heeChiE3faan b tsedatdeadiedsttthes sépperyar tlié .openi ng 41
that is created in |layer 42 of dielectric. Wiere it is stated above that
the flowrate 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 iThd apgepbnd2laféie B4'opeSs dHred estggest ednexheiadnsittleel angke t hat
the sidewalls of opening 41 nake with the surface of the underlying

sem congductarr fadesbratre 10t tls dthep idependent tpatavet aiclubied ahkow ng
tabl e can be used for this purpose: angle CHF3fl ow rate 60 degrees between
about 1uEfHEORSeam 4befegyeesy bainears/abodt 90e amel divis sciem 3FQ1degr ees
bet ween about 170 and 250 sccm 18 A conductive plug can be created in

the opemitly AZwfdukcitgvedmbye dePDSitHG ek dnay ebyERAOL 4 ShefWHidl dotgic4) s of
conductive material over the surface of dielectric layer 40 and polishing
the surpacehfed RaqdepesklpdctayeinPlogeandyet hye srbefdalin 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 137/17'/16’ and 15’/19’/18’ are at this time

complete.

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

electromagnetic exposure to section 18’, section 17’ to section

12



essentially down to the surface of layer 40 of dielectric. The deposition
of a layer of netal can be preceded by the deposition of a barrier |ayer
(not show) over the surface of the layer of dielectric, this deposition of
a layer of barrier material can be followed by the deposition (not shown)
of a seed | ayer over the surface of the barrier layer prior to the

deposi tbonand sedty@mr 107 met akctEbgures. Sriiwugkatlyf neshets addrdsset he
application of the invention. Referring now specifically to Fig. 5, there
i s showneatesnssnsent icwupafing sesweondticd oy sutfiaee tOsuntfig sin ltapger 11 of
di el ectric has been deposited over the sem conductor surface 10, two
conductikvetennt ast pldgpakdshave bephcctoated datweha thesé $ayeroms.
dielectric in accordance with the invention. Processing conditions and

mat eri ahs ssghest edi § (fagddre tdepreshhibpnaof ptayieyustly ebidieliesttj ca have

previ ously been highlighted under Figs. 1 through 4 and can be equally
appl i edelareieat @pdde St rdestiwee pbRabringn SHMY infhstr @58 r8€6té0bein Fig. 5.
The preferred material of 19 the invention that is used for the creation
of contael mRLUEScL3atSiL&pper. The points 13 of electrical contact have a
cross section that is not rectangular, the cross section that is shown in
Fig. 5 of contact points clearly neets the objective of the invention of
reducing line to line parasitic capacitance. |Interconnect points 13, Fig.
5, are creaied ushng,i{i& ProcRss chRalshas: pf avdqusly 1Reen desciifad using
Figs. 1 through 9. The dielectric 11 is etched to formthe triangular shape
of interc ,n t i,n j h-t.h .after which
a procgggq%%%%kgeggl%s %%a%ﬁ%ﬁgﬁ%ﬁ%&eggfégﬁ%éﬁgtgg%ﬁ%. Fgggggg_@%opper

Fig. 6 C cti fter, th si & i.an of Y d layer 12 of
dielecf%F%%§§§ba%?§$n%§ +%§%?§1%%8% égcﬂgggo%éﬁgggﬁfg% %ggBEeen created on
the surice .ol khe,zecond, i ayars.of gl ehbric - Siacessing capditions and

materials that can be used for the creation of second |ayer
d'eleCLfHﬂ% %%%r%%rhggﬁeprfﬁm(¥§aﬂéally comprises TaN. Some applications

further deposit a seed layer (of for instance copper, not shown)
over the surface of the barrier layer 20’ in order to enhance
adhesion between the conductive material deposited in plugs

137/17"/16" and 15'/19’/18' and the surrounding dielectric.

Figs. 1 through 12 address the creation of interconnect

lines of the invention.

Specifically, Fig. 1 shows a cross section of a surface 10
over which a layer 40 of diélectric has been deposited. Layers 40
0of Intra Metal Dielectric can contain any suitable dielectric

such as for instance silicon dioxide (“oxide”, doped cor undoped)
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been indicated for the creation of the first layer 11 of dielectric. 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 nper-meabl e barrier to noisture and nobile inpurities (e. g. sodiumions).
Silicosr giriids aliseitier nsnattodgh cadtliirgnt baynptoiaect s an underl yi ng
integrated circuit agai nst nechani cal danage. The layer 14 of silicon

ni tri derdsSteNigmeegnpheydenesi perl isidrg ReCYR-ptRepdirato-alild caressure
bet ween about 200 niforr and 400 mforr, at a tenperature between about 350
and 450rgtegr eesde oxtiged, t Bbeknesss fa abeul 12000-§0a 590BMARYSt rom usi ng NH3
and SiHa or SiClzHz. The silicon nitride |ayer 14 can al so be deposited
usi ng kAN Brs IRECYRPHREEIUL BSG USi vt & di@aehaBt g 0ass Medair,e cxuek-as

di chlorosilane (SiClaH2) as a silicon source material and anonia (NHs) as|a

Ni trogelt SO CskicRl (@NLENPEr abNr &1 drivean abadtafflnans- 800 degneas C., at
a pressure between about 300 niforr and 400 nmTorr, to a thickness between

about 200 awh 300 ARGSELREhe THEA SHOR FY & 144 -aEnSL L COM A ri de can be
et ched 8si ng a Si ON glr%lSi N ?ermval process lvlav‘ifllth gtchgnt gasses CH3F/ Ar/ Oz

at a teiperatdu e, et ween akaul1dPsand 20 degrees C., a pressure of between
about 50 and 60 mrforr with an"etch tine of between about 21 40 and 60

seconds. Openings in the layer of nitride can be anisotropicaily etched
with a plasma gas containing fluor carbon gases such as CF9/ CHFs or SFs-QZ
chem stry or Co/ CaFa chem stry, in a comrercial R E etcher or an electron

cyclotron resonance (ECR) .pl as react.or. frequently a i ed nmet hod of
i ng. st TRCOIE S (ST ARoRsBhs P st cor o BFoLectstis: ng ot
hosphqri¢c acid. The silicon nitride |layer 14 can alsgo be dipped into
Bhosghgi?ie%ﬁh‘:i I—E%)C&Pogﬁequ%g%’a.t % 95P95Aportant taY Ir[1)4t0 G in this
respect .that dry etching, such as plasma etching and . reactive iaon etching,
has beEbhbPhesIRtHITl GUPoGT CehBREEP T D Lo G RVAL FOIS™1 SEHe That ar o
formed ogver.a. sjlicon wafer is it if gr ocessed toLf 8rB1ther ei N, hi gh density
i nt egr 8fg8°%¥+r(% T FRACESTITRPS i B BELASEE 1T Vs BCBPoReseey h;ﬂe not only
can be hi ?gl;]\_[egecliecfl ve .in _the ma&e%akl)s it detf%k%e%hebut al so rtu,lgshl y

aniSOtPaﬁ lelectric materia e use inventio

Si02.

The deposition of the layers 40 of dielectric uses
conventional deposition technology and can, for instance, be
deposited using LPCVD, PECVD, or APCVD procedures at a
temperature of between about 350 and 450 degrees C. to a
thickness between about 5000 and 10,000 Angstrom using TEOS as a

sSgource.
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It nust be noted fromthe cross section that is shown in Fig. 6 that the
openings 15 that. have been created in the etch stop layer 14 align with
the underlying points 13 of electrical contact. This is inportant in view
of the conductive interconnects that will be created to these points 13 of
el ectrical contact. 22 Fig. 7 shows a cross section after a third |ayer
16 of di el &¢fr 8 tHasbreRCHeoSiateF iaad pattet AeblYPEGErl Y1868 BRot or esi st
has been created on the surface of the third |ayer of dielectric.

Pr ocesisitg ‘Coferesasnanti met efid $acharthan be tskerFodikedgr eati on of
third | ayer 16 of dielectric are as have previously been indicated for the
creat ("R GF ishé fiheshal hyepnd Ichnigiadlecesitpble Thet ¢zl PONGENPABE or esi st
is spin coated over the surface of the third |layer 16 of dielectric and
pat t erdRstr s iSi9owd. tpehPhyzoIR arddmensdred Ph SeRITBBICTPE ERVHABT Or esi st
that align with the openings 15 that have been created in the etch stop

| ayer derdmdonilttlyerBecpaneerh Gfat Hend ot hpral vpotinal sfimepstiant 13. The

| ayer 18 of photoresist can be etched by applying Oz plasna and then wet

st ri ppiimaf Byreausiotg nelzS€aar Hayzr et ddHaOdosdh ou il pnrefulphiotorfesi st devel oper
of ten used during devel opnent.of the photoresist is tetranmethyl anmonium
hydr oxd et grivAHR. conhiertdenel vperepesuatysashsddhane hy drioxi depestdi um
nmetasillicide or potassium hydroxide nay al so be used. However, one of the
23 pr otpiey ¢ | Esven tTVARLr ekdde vet ¢loimt perocdesek oped smatsertikdts iatrei s a

netal -ion free devel oper, which reduces netal -ion diffusion and

cont anhovdvean dvaidiabée ffart such Hiwh |dSpelhotratesi sbnsdct ppidgifr equent |y
applies sulfuric acid (H2S04) and m xtures of H2504 wi th other oxidizing
agent sopsercings. [tuirsagenapeonxnder (4R venFak thst aDebectar fd eguerbhy used

m xture is seven parts H2S0q to three parts of 30% H202 or a m xture of 88%
sul furot @ed ddiasichck2acBi thiae aceé dusdbhfey S slboahe sbhépperthgannes.i maersed in
the m xture at a tenperature between about 100 degrees C. and about 150
degr eesiéledtarid domst@nmi nlt @snadds 1 hierors whjicet edatoia ghosrowgh cl eani ng

wi th deionized water and dried by dry nitrogen. Inorganic resist strippers,
such ashé¢heasuwfiddtdcaciod ByxtheeScaArpmar eebkeetioneis nid hehd esidduwal free
renoval of highly postbaked resist. They are nore effective than organic
stri ppefs3and Qe dxdrigehakhe rahetsroidlmetrtibe cohsaaet ahhbmite

4.6. The lowest possible and therefore the ideal dielectric
constant is 1.0, this is the dielectric constant of a vacuum
whereas air has a dielectric constant of slightly larger than
1.0. Dielectric constants of dielectric materials that can be
used for intra-level or inter level dielectric material vary,
typical values are for instance 4.1 - 4.5 for inorganic Plasma
Si02, 3.5 for inorganic fluorine doped Si02 (FSG), 2.7 - 3.0 for
Organic Polysilsequioxane (Si polymer), 2.7 for organic

Benzocyclobutene (BCB), etc.
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residue free wafer surface can be obtained. Fig. 8 shows a cross section
after the third layer 18 of dielectric and the second | ayer 12 of

di el ectric have been etched in accordance with the openings 19 that have
been created in the patterned |ayer 18 of photoresist and the openings 15
t hat -have been created in the etch stop |layer 14. Openings 19 penetrate 24

t hrough botdydrhenthishdrhayess 16, Qfr dielgctiibeanfli t herigecond ahaygeed2 of
dielectric and partially expose the surface of the points 13 of electrical

CoptaC&epé@E%le%PQ§3E994§OQgiéﬁéHE%éQY%%”a@%n@QHLléﬂ%f(Heﬁﬂyasebqh of the
third and the second |ayers of dielectric that is shown in cross section in

Fi g. Bp%@ofisc%ger‘éip%:i)%' «PBYErDeety ARl Rl sF At LDGe £ 958 SeGl0Beh Fi g. 3,

that is: process applied: anisotropic, R E processing, etchant gas: CF9 +
TS *afBs A b [dlckabBeningbotsdS Spemisheeehiothg ddqw rate of the
CHF3 can % varieégﬁnd ng§ b%ein é&ceéﬁng 200 sgc%] teﬁ%erature i n excess
of 120 degrees C. and preferably in the range between 120 and 200 degrees
C. and nore preferably about 150 degrees C., a gas pressure between about
200 and 800 or r f 5 rr r, density
about 400 V@f%g,gré?Q$§g%e§f§E$ig%gp%%bﬁggg%etggégg 1 égétc 'bgtween about
5 and 50 _seconds and nore_preferably about, 2 econds. . The processi ng
condit?%ﬁ%n?h%eaéﬁﬁxﬁgsaﬁglFg i %grgé %%q¥%§ép§%?g?ﬁgﬁl%ﬁﬁxdeveloped | ayer
18 of photoresist .have.previously been highl.ighted_and can .be equally
2pp! | eBo QP TERTES (T FOREERe i FRnRbar oy el 1o, <380 Rt hr ther be

t ha

ate

observe T f%]égéﬂléyg%p45a¥%rphgggresist. This processing step is a

Q

Eke
key processing step of the invention, since during ﬁhe processing
steps an opening having sloping sidewalls is created in the layer
40 of dielectric. As etching gas for the creation of opening 41
through layer 40 is used CHF3 + CF4 + 02, applied under medium
pressure and a temperature in excess of 120 degrees C. The
process of the etch is carefully controlled so that tetrafluoride
(CF4) serves as the etchant gas, creating the opening through the
layer 40 of dielectric while the etchant gas component
trifluoromethane (CHFi) provides for the deposition of polymer
that is formed during the etch process on Ehe sidewalls of the
opening that is being etched by the CFs. The result is the step
wise progression of the etching of the opening through layer 40
that is shown in cross section in Fig. 3, specifically the depth
is created by the CFs component of the etchant gas while, during

the creation of the opening and as a continuing process, polymer
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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
opening through this etch stop layer that aligns with the contact plugs 13.
Thi s.etch stop | ayer provides further control over the etching of the

openi nG tikr qegBskayerodérofind eheckibiewalbe 6f aimd ejreaketihepopemyng that is
created through this etch stop layer can be selected and further provides a
cont r alhjRARPBLEEHOpol P S| 0P Ot cthe, Opeping diatpiczeetgabednd hr ough
layer 16 of dielectric. Fig. 9 shows a cross section after the patterned

| ayer 18 dfir@pi8) c@bnPhot ©fEdpidnil gs theslghenmyed 40,0mnkheiganfiace and a
barrier layer 20 has been deposited into the openings created by the etch
of thed Hiyd RRdis6CeRen! B¥Els Aftadikebesy the dtchaspdiilyi ouskyl baep
pointed out that a barrier layer is frequently deposited to avoid
interagtiiQp Retyean ceppee $hal.digsusedcas bhenim el 1f0krkRt &4 connect
lines and the surrounding |ayers of dielectric. ile copper offers a

nunberof, advantagegof 0, t B8 1SH 1ah g RLET Fempﬁgﬁ dd85 ciGAPRREe on
unfortunately suffers fromhigh diffusivity in comon insulating materials

such as,SidiL0R19% de and Sxyealy, cankaisnbpe B8P ¥ABX ScaJedr Jrast 2BCss 26

copper tends to diffuse Into polyimde during high tenperature processing

of th | vim: i §.C VEer & .Caf.Lesion I +a t he
ol i R o B A O P R e i s

e copper (TR oxygen in the pol
i ey oy Y R o Ree O P L R SERATAREY s, S R Pl

ultima astr the ¢ onent- pper | nterconnects

o AL SR ol ALY

preveh% usi on ‘i I con X1 ayer nitride is a

di ffusion batrian Lo copger, but, the priop.att Leaches that the
I nter connecjts shou not 11 on stircon ni | de

_ _ _ _ n- _e ayer because it has a
hi gh diel ectric canstant ogg?{n\{e:(rj%vglltlhc& | i.con di 9 d

t
n% 1ous ocess,. £1 e ing iRk _a. €Q %ine' QWY% %&ggfd|e|eCtr|C
const ant " cHUEEY &FUnd8si ré ase 1N capali fanc

e pethedn the
Inter ngfgn(l:etr %nedir}ghec:r%%lgghr ggethéa\ Stly eiwcaq.llsbaorfr Itgre opening. This

continuous layer of polymer acts as a retardant of the etch where
the polymer is deposited, that is the sidewalls of the opening.
It is clear from this that, as a result of this retarding action,
the sidewalls'éf the opening will slope. In order to achieve a
slope of about 45 degrees, a very high flow rate of the CHF3 is
required since this high flow rate results in a high deposition

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

opening is being etched.

The preferred for layer 40 of dielectric are as follows:

process applied: anisotropic, RIE processing, etchant gas: CFq +
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| ayer is deposited using rf. sputtering of titaniumnitride, tantal um
tungsten, niobium nolybdenum Ti/TiNor Ti/Wand is nore preferably forned
fromTi N or TaN. The barrier layer can also be used to inprove the adhesion
of the subsequent overlying copper layer. A barrier layer is preferably
about 100 and 500 angstromthick and nore preferably about 300 angstrom

t hi ck CHFhe+bad,r iagr al dyew thoe o5 gresentdS acctmhehbotbomiof Wpenirags 24 i s
renoved prior to copper deposition. 27 It has previously been pointed out
t hat, dfn tbedelFt dsf warhed enhiange dderadixesisoncdf 2@0 copper i nterconnect
line to the surrounding |ayer of dielectric or insulation, a seed |ayer
(not slempre)yacamebéndepossd esff Azer dekyeebar Ci eand qymyferAkdgedn| ager can be
deposited using a sputter chanber or an lon Metal Plasma (I MP) chanber at a
t enpermingree beftwbehweet abduw0® daytred@0Cdegnéeasore pmfdrabjyesbone of

bet ween about 1 and | 00 mflorr, using copper or a copper alloy as the source
at a filsowdeatreecef cbhet segns afudsud ardwéB0 socut alah usidngoar gdnras an

anbi ent gas. The m ni numthi ckness of a seed |ayer is about 50 Angstrom
thi s tdiidkress pirg feequi v esbacthi ¥ve narorel, i abl pogap déddityFiapoutO48hows a
cross section after a layer 22 of copper has been deposited over the
surfaceatds,t he hagheeicl ayerd 2hptikel,| ayee 32 ohe coppernaarebeadeposit ed
after a |l ayer of copper seed has been deposited over the surface of barrier
| ayer 2Gndlh® Isayehdd2anl eepPesrdiddapiyhavepent ngsedshdat 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 | ayer
18 of copper can be deposited using conventional nethods of Electro

Cheni cal Platd RGr(ECPoh- oAStRe 10} RIQCEFSERAE ShiEPSahNobhgs&iaagion of the
copper metal structure of the invention, a cross section after the |ayer 28

adjust the slope of the opening 41 that 1s created in layer 42 of
dielectric. Where it is stated above that the flow rate may be in
excess of 200 sccm, it is not unreasonable to expect to vary this
flow rate dependent on the slope of the opening 41 that is
created in layer 42. The slopes are suggested, whereby the angle
that the sidewalls of opening 41 make with the surface of the

underlying semiconductor substrate 10 is the independent

parameter. 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 sccm
30 degrees between about 170 and 250 sccm.
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22 of copper has been polished is shown in Fig. 11. Conventional nethods of
Chem cal Mechanical Polishing (CW) can be used for this purpose, the
copper 'i s renoved from above the surface of the second |ayer 14 of
dielectric, in addition the layer 26 of barrier material is also renoved
from-above the surface of the second | ayer of dielectric. Several results
have been abtandedtirst ngucheamebhodreated eqt elcoppeningt €2 cohngict- st ructure
of the invention, as follows: - interconnect plugs 13 have sl oping sides,
faci npysiddessoftiadj ackten ninertcehoect ipl BYs. 1B arfe couwdubeive enoved from
each other and therefore have reduced parasitic capacitance between these
adj acemnttecdnflactepl tigs hix fadehefl owelesecic osyenf 4t0hendnpettomiverts 22,
Fig. 11, that is the sections that are surrounded by the second | ayer 12 of
di el eattrd curdnecessetiie aldposinteer Cagrectdf veasdwad vieawa tarsanl | er di aneter
and are therefore further renoved fromeach other. This results in reduced
el ect recmmgnekile ycaophi g tred eerfaichese Loawer skcif enieleandie. thiee upper
sections of the interconnects 22, Fig. 11, that is the sections that are
surrowgded iy ohheft i ralydayet nkl a0f cdhebechreceddary shephagosi disn
resulting in creating nore di stance between adjacent surfaces of these
upper &R ivansiehi Chy@9 (néth dHow) eeul tiei surediced ehectlhgergoetic
interaction (and the therefromresulting creation of eddy currents) between
adj acefite ligdterieQnAgrts i @S L& ioctheft Ar eayepdb e at £k aspacierohl1t Benvies ti cal

i nterconnects 22/13 of Fig. 11 result in a reduction of the parasitic
capaci tancs e tieeneadepeent i it @IonRAeGh) | bnes MuLh Jesublsri Bné nproved
devi ce performance, nost notably at higher operating frequencies of the

devi cesudhMhigEh chResgri Nt £rcopeddrildN@s 8Rh€ deposition of a layer

of metal.

Figures 5 though 11 further address the application of the

invention.

Referring now specifically to Fig. 5, there is shown a cross
section of a semiconductor surface 10, a first layer 11 of
dielectric has been deposited over the semiconductor surface 10,
two conductive contact plugs 13 have been created in the first
layer of dielectric in accordance with the invention. Processing
conditions and materials selected for the deposition of layer 11
of dielectric have previously been highlighted under Figs. 1
through 4 and can be equally applied to create the structure that

is shown in cross section in Fig. 5. The preferred material of
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applied. An application of the invention is shown in cross section in Fig.
12. Most of the elenents that are shown in Fig. 12 have previously been

hi ghli'ghted and renmain valid for the cross section that is shown in Fig.

12. Added el enents that are shown in Fig. 12 are: 24, a layer of dielectric
t hat- has been deposited over the surface of sem conductor substrate 10 26,
a | ayaerheoofiidic@lt@ehr tgat had asi reen tdepesthedo®Vver ddwdasur bacgsofsl ayer 24,
the two | ayers conbined formwhat is typically referred to as the pre-netal
di el ectd i RMD) 34 ,regions of Shallow Trench Isolation that have been
created in the surface of the substrate 10 in order to define that active
surface regions of substrate 10 30 30, a typical gate electrode that has
been created on the surface of substrate 10 31, the body of the gate

el ectrode 3Qe tHoBheal by §0MPId S NGEaNOlYsichieORavaZa dhg0akerebgctrode 30
has been provided with self-aligned inpurity inplants into the surface of

subst raf s LG iRk seuEeRgaNg: driid dre@isoRscefiohhengates elrRehr 9deri g4, gate
spacers formed on the sidewalls of gate el ectrode 30 36, a salicided | ayer

provi ded; On-dhe RULbaRes 081 POt VS idd £QN +Gal ek el 10dSr 3Qe 28wveAr§OAT ACt
plug through |layer 26 of dieelctric that is in electrical contact wth the

sal i ci ded-sudiage 1360t o081 £ e;&a?xl%té’lqg% 3Qpaclbgnst! Uﬁﬂg&o(?i\ﬁ%rcltyihng | ayer

26 of dielectric is the now famliar interconnect structure of the

i nventjomed t13,5 )algeas, f hom LhS (PSS 1SR HheNpLhALsd Sushowas n Fig. 12 that
the vertical i1 nterconnect 22/13/28 provides a | ow capacitance interconnect

on previously been described using Figs. 1 through 4. The dielectric

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

CMP polishes the surface of the deposited layer of copper.

Fig. 6 shows a cross section after the deposition of a
second layer 12 of dielectric, a patterned layer 14 of etch stop
material has been created on the surface of the second layer of

dielectric.

Processing conditions and materials that can be used for the
creation of second layer 12 of dielectric are as have previously
been indicated for the creation of the first layer 11 of

dielectric.
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the surface of the layer 16 of dielectric with the underlying surface 36 of
the gate electrode 30. The | ow capacitance interconnect 13/33 that overlies
contact plug 28, in view of the fact that this is a reduced capacitance

i nt erconnect, provides the neans of inproving device performance. 31

Al t hough the invention has been described and illustrated with reference to
speci fic i lUaystr ati kes epdodi gmnttsdt her eof et¢h $omdtaviemt érded t hat t he
invention be limted to those illustrative enbodi ments. Those skilled in

t he argubsidduengécegrpgeot hettchiard atfi che 4Ads hoakid | Tatdnend agygnsbef nade

w t hout departing fromthe spirit of the invention. It is therefore

i nt encheick e timicl.udélncohi mi thiedd nedftriegneat Ly susdd \ear icatriagisd vahidon

nodi fications which fall within the scope of the appended cl ai ns and

equi valayds durerteofit s 32bilhatta pralvaideedni $mpdrmefelyiet hea rakretehi ng an
opening through a layer of dielectric, conprising the steps of: providing a
sem caongligttuore sndsteat te Sapwle stulkst r@t.g . havilhgm biems )pr Gdildednwi t h poi nts of
el ectrical contact in or on the surface thereof; depositing a | ayer of

di el ectiitcidver stheosusf acecwdh tdmtsigstthateproteats gy aing&rteined and
devel oped | ayer of photoresist over the surface of said | ayer of

di el ecititegratentdinguan epeinsg mdutaudghradaddmbayer of photoresist, exposing
the surface of said |layer of dielectric through said opening; etching said
exposed surface of said |layer of dielectric in accordance with said opening
created in said | ayer of

The layer 14 of silicon nitride (Si3Ni4) can be‘deposited
using PECVD procedures at a pressure between about 200 mTorr and
400 mTorr, at a temperature between about 350 and 450 degrees C.,
to a thickness of about 1000 to 5000 Angstrom using NHi and SiHa
or SiClzHz. The silicon nitride layer 14 can also be deposited
using LPCVD or PECVD procedures using a reactant gas mixture such
as dichlorosilane (SiClzH2) as a silicon source material and
amonia (NHa) as a nitrogen source, at a temperature between about
600 and 800 degrees C., at a pressure between about 300 mTorr and

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

The stop layer 14 of silicon nitride can be etched using a
SiON or SiN removal process with etchant gasses CH3F/Ar/0:2 at a
temperature 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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phot oresi st, by applying anisotropic, R E processing, using as etchant gas
a mxture of CFa + CHF3 + Oz, whereby said CF9 + OZ is provided at a flow
rate of about 15 sccm whereby the flow rate of the CHFs is between about
10 and 200 sccm a tenperature in excess of |20 degrees C. and preferably
in the range between 120 and 200 degrees C. and nore preferably about 150
degr eeld @nd &0gascpressuPrebigtasedm gbesutagen ahdigoddererr RAd nore

pref erably about 500 mTorr, rf power density about 400 Watts, no magnetic
fieldappdtedpicteibyoét tined etichh Betieenaabast co anichiB@ fdeondsaapel nore
preferably about 25 seconds, creating an opening through 33 said | ayer of
di el ecdases Wanvdhngssc@el®Bssorns Besectheyl sih dath€odGrfachepfissavd Substrate
under an angl e of about 60 degrees; and renoving said patterned and

devel agperbnimyrer adf RpAoebeesr sér faromlele reur £ ackoofors aieddnayee ¢dECR)
dielectric. 2. The nethod of claim1, the flow rate of the CHF3being

bet weerl edmrutre@@tamd A70rsgeent ky eaddligdanebpedi of tdwaugly saildcbayer of
dielectric having sidewalls intersecting with the surface of said substrate
under micm@indHd e sofanabeutrdpidegetees.ch3 prbkesaethdog diotcl@iawphortihe fl ow rate
of the CHF3 being between about 170 and 250 sccm creating an opening

t hr ougdcisdi diHeaysenl icbndhétecde | tatravildg caindenabl| ise | airesedintog Wit h t he
surface of said substrate under an angle of about 30 degrees. 4. The net hod
of cl aphedphdihie faldcow HEEBOOf tbheeCHEBobei Nng bet ween about 10 and 300 sccm
5. The nmethod 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 |ayer.of dielectric; and 34 renovi ng excess netal from
the surface of the |ayer of dielectric, |eavi n% a metal plug in place
filing sai d PperfngEEEEE TP sBPHTF aPdt ofD di-BFEct¥9Pe6. T nBfHod of

claim5 with an additional step being perforned _ '
etching, such as plasma etching and reactive ion etching, has

become the technology of choice in patterning various layers
that are formed over a silicon wafer as it is processed to form
therein high density integrated circuit devices. This 1s 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 openings 15 that .-have been created in the etch
stop layer 14 align with the underlying points 13 of electrical
contact. This is important in view of the conductive
interconnects that will ge created to <these points 13 of

electrical contact.
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prior to said depositing a | ayer of netal over the surface of said | ayer of
dielectric, said additional step conprising deposition a |ayer of barrier
material or a layer of seed material over the surface of the |ayer of
dielectric. 7. A nmethod for providing a plurality of conductive
nmetallization patterns, separated by insulating |ayers, on the surface of
an integrated, Cirr Gblis §08PsS S1dikR stteps 9f thProvVidierg18 sem conduct or
substrate having a surface, conductive points of electrical contact having
been pjoyided i Qs 8Behhgesiuface of p3akd-aplstipdeiigdepositing a first

| ayer of dielectric over the surface of said substrate, including the

surf acgn Of o sad shcondughib¥ec-PoL S O BleeGlivicgal sontrdCtshifdar shypatéer ni ng
and etching said first layer of dielectric, creating a first openings in
said fiistedayes. of dielectric., said first openings having sl oping
sidewal | s, said first patterning and etching conprising applying
anisotropic RIE etch using a m xture of CF9 + CHF3 + Oz as etchant gasses;
35 filling said first openings created in said first |ayer of dielectric
Wi th a firsp-o@iading @UBMERIcRXCESS Bl sommbbecsurdacaRf @i dnbirst

| ayer of dielectric, creating first netal plugs in said first |ayer of

di el ecbibgri &A1 &e fidista maLak PEUgS favidg 8 Jf ket a8UREAC & @ RRusEgPOosi ting
a second | ayer of dielectric over the surface of said first |ayer of

di el echekg, 1hactsdidgdhensuchagei oh saihd ifriitstr@ﬁ?‘érpillgﬁ" created in said
first layer of dielectric; depositing an etch stop lTayer of the surface of

sai d sgecand.layer of dielectric; patterning and etching said etch stop
| ayer, creating openings in said etch stop layer that align with said first
metal plugs created in said first layer of dielectric, exposing the

The layer 18 of photoresist is spin coated over the surface
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 135 that have been created in the etch
stop layer 14 and with the pattern of the electrical points of
contact 13. The layer 18 of photoresist can be etched by
applying O2 plasma and then wet stripping by using H25C4, H20: and

NH4OH solution.

A photoresist developer often used during development .0of the
photoresist is tetramethyl ammonium hydroxide (TMAH). Other
developers such as sodium hydroxide, sodium metasillicide or

potassium hydroxide may also be used. However, one of the
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surface of said second |ayer of dielectric, said openings in said etch stop
| ayer having a surface area that is smaller than said first surface area of
said first metal plugs by a neasurable anount; depositing a third | ayer of
dielectric over the surface of said etch stop layer, including the exposed
surface of said second |ayer of dielectric; depositing a |ayer of

phot opespsttoeer of NBMAUrfealee iofe, $ai dthhFrdevalarersf igi éhett kEcispatt erni ng
and devel opi ng said | ayer of photoresist, creating openings in said |ayer
of photegésiist that &veirmn h whdict fredstesundacle iamealidffusapd &ndst net al
pl ugs 36 created in said first layer of dielectric, said openings in said
| ayer cintplmihareshsin havihary maur fodicehar @a-that is about equal to said
first surface area; second etching said third layer of dielectric in
accordance with said openings created in said | ayer of photoresist, said
second etch further extending t hrough said second |ayer of dielectric in
accordance with said openjngs created in said etch | ayer, said second
etch conprlépﬁﬁrﬁﬁbF§l or %Qﬂr@ﬁﬁ99eRFEYePBB 1S S Sﬁgﬁf % @4fd sai d second
| ayer of dielectric using a m xture of CFA + CHFs + Oz as etchant gasses,
creat i S 84ééﬁ&h&uﬁﬁéﬁﬁﬁg°Fn“§5%dwﬁﬁprHtW%§fﬁx%ﬂlaﬁﬂglQQFPFE ﬁ%ﬁ?ﬁﬁgsloping
sidewalls in addition to creating a third opening through said second | ayer
of di EPEEIIIE REFPHGIEI oY - sFHBWAT T $27SepGsiTRGILRRE SUr # RE B SHicd fi r st
metal plugs; renoving said patterned | ayer of photoresist fromthe surface
of sailf t¥ed PAyER gﬁxﬂléPeEFF?% p%¥5%§ﬁh§0thézghfﬁhéembﬁtgé?dofhlrd | ayer
of dielectric; depositing a barrler | ayer over sidewalls of said second
openi rifE® | TH1sHiTd <t RE PRy et 2B i, "RRRT BdF N OV LOPEEWEPs of

said third openings created in said second | ayer of
be immersed in the mixture at a temperature between about 100

degrees C. and about 150 degrees C. for 5 to 10 minutes and then
subjected to a thorough cleaning with deionized water and dried
by dry nitrogen. Inorganic resist strippers, such as the sulfuric
acid mixtures, are very effective in the residual free removal of
highly postbaked resist. They are more effective than organic
strippers and the longer the immersion time, the cleaner and more

residue free wafer surface can be obtained.

Fig. 8 shows a cross section after the third layer 18 of
dielectric and the second layer 12 of dielectric have been'etched
in accordance with the openings 19 that have been created in the
patterned layer 18 of photoresist and the openings 15 that have

been created in the etch stop layer 14. Openings 19 penetrate

24



dielectric, including over said exposed surface of said first nmetal plugs,
-including over said exposed surface of said third |layer of dielectric; 37
depositting a |l ayer of conductive material over the surface of said barrier
| ayer; and renovi ng excess conductive material from above the surface of
said third |ayer of dielectric, further renoving said barrier |ayer from
above thiteugtr baer oiie Steiid-d hiaved l agepfodidiettecta iaed kravsagosai d barrier
| ayer and said conductive nmaterial in said second openings in said third
| ayer 1Gfyedi @ebeeEr dCeBdick it SR plaltiti €1 0pedkm@se itheSsaiudfaeeoad tiwyer of
dielectric. 8. The nethod of claim7 with an additional step-of depositing
a seeghdidyer 10ver thecstidaceHfcasali.d barrier layer, said additional step
bei ng perfornmed after said depositing a barrier |ayer, said additional step
being foll owed by steps of: depositing a |ayer of conductive material over
the surface of said seed |ayer; and renoving excess conductive materi al
from above mhke pgyetasen®fcaaditt itdvsr @nhayete Odpsli Rl Eor ehef HEERESE I €MDVI NG
said barrier layer and said seed from above the surface of said third |ayer
of di eliRCthiGd Lkeaving satshdardyedis bayahcaad: sad drsred sl ayewnang said
conductive material in said second openings in said third | ayer of
di el ecdrd<s aR@tiiBnSahdrsgcond Qpen pEsvhiBusa) dhsrcandd ayenieh deel ectric.
38 9. The nethod of claim7, said first etch stop | ayer conpri sing
Si l'i cophdidddsde set@iodher nBLHods ofcrglaii: 7, said first netal plugs
conpri sing copper.

process applied: anisotropic, RIE processing, etchant gas:

CFq + CHF3 + 0Oz, at a flow rate of about 15 sccm whefeby the flow
rate of the CHF3 can be varied and may be in excess of 200 sccm,
temperature in excess of 120 degrees C. and preferably in the
range between 120 and 200 degrees C. and more preferably about
150 degrees C., a gas pressure between about 200 and 800 mTorr
and more preferably about 500 mTorr, rf power density about 400
Watts, no magnetic field applied, time of the etch between about

5 and 50 seconds and more preferably about 25 seconds.

The processing conditions that can be applied to remove the
patterned and developed layer 18 of photoresist have previously
been highlighted and can be equally applied at this time form the

removal of layer 18.
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11. The method of claim7, said |ayer of conductive material deposited over
the surface of said barrier |ayer conprising copper. 12. The nethod of
claim8, said |ayer of conductive material deposited over the surface of
said seed | ayer conprising copper. 13. The nethod of claim8, said seed

| ayer conprising copper. 14. The nethod of claim7, said barrier |ayer
conpri si ng It tewsitufumicherdee ddserftesr rbkliodnoétch astrey,lay@ird depositing a

| ayer of conductive material over the surface of said seed |ayer conprising
met hodsh®én Elrectina €heabcafuPtiads nge (dePRkitd8 oved6thelhmunfetckodfof cl ai m 8,
said depositing a |l ayer of conductive material over the surface of said
seed | ay@dr codue siiegemethodsciof s B weictn @ cChesl dapoflatdmandECP) . 17. The
met hod of claim'7 wherein said first patterning and etching said first

| ayer @éveli@deaiy icd ilayapphyi 6g pibisaidsapitc, TRLE ptocessimd.ayesi pgnas
etchant gas CFa + CHF3 + Oz, a flow rate of CHF3 being between about 10 and
200 sceé pattardenperdaticietn exeesingfan 2pedegyeesr&ugrancthipr eftehabl y in

t he range between 120 and 200 degrees C. and nore preferably about 150

degr eestép ,1afern a3 ANESRHI @ibet vieencahoudt 2QQgant3 80th il artchasdopor e
preferably about 5G mlorr, with an rf power density about 400 Watts, with
no magnevée pieliiapphiretderWebhtfol i se0ftHehetbhiay et cthdeipweamgabout 5
and 50 seconds and nore preferably about 25 seconds. 18. The net hod of

cl ai m ¥nwbedel Na v d ssegondeebebiNg. SEid diinkedelrayer tpé shealient hat
extendi ng through said second | ayer of dielectric is applying anisotropic,
Rl E progesséfed Usinhigds t@lichanth 9asoFh ve :Cidad beOCgeldcté®dWdat e of CHF3
bei ng between about 10 and 200 sccm at a tenperature in excess of 120

degr eegyEena@ndoef@raAbl Yol rbieps ange: hetarennt2@iapd O ledReSnG and
nore preferably about |50 degrees C., at a gas pressure between

that is created through layer 16 of dielectric.

Fig. 9 shows a cross section after the patterned layexr 18
(Fig. 8) of photoresist has been removed from the surface and a
barrier layer 20 has been deposited into the openings created by

the etch of the third and second layers of dielectric.

It has previously been pointed out that a barrier layer is
frequently deposited to avoid interaction between copper that is
used as the material for interconnect lines and the surrounding
layers of dielectric. While copper offers a number of advantages
for the use of interconnect 'lines, copper unfortunately suffers
from high diffusivity in common insulating materials such as

silicon oxide and oxygen-containing polymers. For instance,
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about 200 and 800 mflorr and nore preferably about 500 nfTorr, with an rf
power density about 400 Watts, with no magnetic field 40 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 comdpetroteddsi tesdhibfigry dnden podovingddd dwriorg digbhéeggefaterdsf said
substrate, further conductive points of electrical contact having been
provi gebdes sangonft hiee spo ¥ vigeidy. Shild sabses atevedd rsirrgstiah pf ugse bei ng
provi ded on the surface of the substrate, said first netal plugs being

i theddegbper antli tbe payeimidde dived ect the deppsr t@unkovemgt We tsupkagen of sai d
substrate, said first metal plugs being aligned with said conductive points
of el eict rihzalpod@aimade . RV :1gcdxesys ipmoviage de snl Orironiddse cfurbiaceioh, sai d
substrate, said first nmetal plugs having a surface conprising a first

sur f ackelamdaaaidna vbhede) naeeniralnatelgcat edt seconghisurffadderar e, tisai d
second surface being smaller than said first surface by a neasurable
anmountconpEreandcbaper Ohtet@modidic sthepasi trdrofe@re tHe esiwnbactavédsai d
first layer of dielectric, including the surface of said first netal plugs;
an et ity dtopa daaeondep0stt etowfbd e surtfoagee0én s ad Of Seciand ihayerhof
dielectric, said etch stop | ayer having been patterned and etched, creating
openi ngslidorsaiidxetieh1ayep. | ayeicdrhaii talidgnidla diffddisaivdreeeandosurface
area of said first netal plugs, exposing the surface of said first |ayer of
die|eC&6ﬁ§ér;%Hdi Qﬂ%anQSri@rt teaches that the interconnects should

nct lie on a silicon nitride layer because it has a‘high
dielectric constant compared with silicon dioxide. The high
dielectric constant causes an undesired increase in capacitance
pbetween the interconnect and the substrate. A typical barrier
layer is deposited using rf. sputtering of titanium nitride,
tantalum, tungsten, niobium, molybdenum, Ti/TiN or Ti/W and is
more preferably formed from TiN or TaN. The barrier layer can
also be used to improve the adhesion of the subsequent overlying
copper layer. A barrier layer is preferably about 100 and 500
angstrom thick and more preferably about 300 angstrom thick. The
barrier layer that is present at the bottom of openings 24 is

removed prior to copper deposition.
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said etch stop layer having a surface area that is about equal to said
second surface area of said first netal plugs; a third layer of dielectric
deposited over the surface of said etch stop |ayer, including the exposed
surface of said second |ayer of dielectric; first openings created in said
third layer of dielectric, said first openings having sloping sidewalls,
sai d first Ispaapngseyhowsly R9ey doiafed eRtdiktectit ©WE¥ R§ AustiR®Ace area
that is about equal to said first surface area of said first netal plugs,
sai d fantsimcepshiengdhepiemiaf tehiqoppeayéntefcdir¢eetine det &hding to said
openings created in said | ayer of etch stop; second openings created in
sai d seromdhndayer lefedi ef ettalastsial drsecentabpeni myssderavilages!| 6pphg
sidewal I s, said second openings in said second | ayer of dielectric
ext enditmgy)r erns deddepesi teyd avesattded barsaed Layer. &f sstech lstvep tansai d
second surface of said first netal plugs; a barrier |ayer deposited over
si dewdtd Slaffossgied Lisisg @peyuiigs: ighagdied bhi pd Taydfetfl dilalseet (L¥F) over
sai d second openings in said second | ayer of dielectric, over said second
sur f acghagfbegaiad ki tsipardthrplafde taredna abayer 0 odnd odfuctdareesater ral
deposited over the surface of said barrier |ayer, excess conductive
mat er i &id b aeg shgen o4 2be t yegm vazb Uty dmaablov @0t heosur fekimofcopried thi rd
| ayer of dielectric, furthernore said barrier |ayer having been renoved
from abosappdre adudofface bhe saddraseconad |faper refedp el leetwdan ROULTHE
structure of claim19, with the addition of a seed | ayer deposited over the
sur f acendf4FHaistdrarndensiayedrgsaiabs seedmroager ggsal Tiye haviimgmbeen renoved
from above the surface of said second |ayer of dielectric. 21, The
st ruct titclafesd aifimal 8egedaldyennikicdbos B0 Ahgsotor) eclits cali ckowrisactishavi ng
been provided in or on the surface of

required achieve a reliable gap fill.

Fig. 10 shows a cross section after a layer 22 of copper has
been deposited over the surface of the barrier layer 20, the
layer 22 of copper can be deposited after a layer of copper seed
has been deposited over the surface of barrier layer 20. The
layer 22 of copper fills the openings 19 that previously have
been created in the third and second layers of dielectric and
contacts the partially exposed surface of the points of
electrical contact 13. The layer 18 of copper can be deposited

using conventional methods of Electro Chemical Plating (ECP).

As a final processing steps in the creation of the copper

metal structure of the invention, a cross section after the layer
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said substrate conprising copper. 22. The structure of claim19, said |ayer
of conductive material deposited over the surface of said barrier |ayer
conpri‘si ng copper. 23. The structure of claim 20, said seed | ayer
conprising copper. 24. A nethod for providing a plurality of conductive
nmetal lization patterns separated by insulating |layers on the surface of an
i Nt egr 22 edf ctapmdrt hacobpenspoyisined stephoohn: 143Figprbii dianyeatsenatonduct or
substrate having a surface, said substrate having been provided with a
mul ti phéchdys off sSErmdeadudtohadeva CeBlirshdmgonCrlhe sam flaceadehierfeof ; fir st
nmetal plugs being provided on the surface of the substrate, said first
met al phigspbebdrs:,i heddedpen asfrémdvday@omobbdirel eré riwr fieposift edeover
the surface of said substrate, said first nmetal plugs being aligned with
sai d cesducdi V&/dwilt robieleetrical ircarddeti ohavheglheen 5 @A ded in or on
the surface of said substrate, said first netal plugs having a surface
conpri phAgi @r fhdisdrislr fiacalabeaeadted el ebdveenheablyrd@caiedhgecond
surface area, said second surface being smaller than said first surface by
a nmeasyeabhe pantor saledekhist.metal plugs having been created using
control chemstry creating sloping sidewalls of said first netal plugs;
depositing a second | ayer of dielectric over the surface of said first
| ayer of dielectric, followed by depositing an etch stop | ayer over the
surface of saiérsecandiltayeavel bdeg! @stdined f@lingwedebyceieposiding a third
| ayer of dielectric over the surface of said etch stop layer; patterning
and et ehiBgeSabghbdhifmtdray@heot dielechrd Gr S iateRe8bQp daayer and said
second | ayer of dielectric, creating openings through said third | ayer of
di el ectrhhgowsai d etch stop | ayer and said second | ayer of dielectric, said
openi ngs aligning

- interconnect plugs 13 have sloping sides, facing sides of

adjacent interconnect plugs 13 are further removed from each
other and therefore have reduced parasitic capacitance between
these adjacent contact plugs 13

- the lower sections of the 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
diameter and are therefore further removed from each other. This
results in reduced electromagnetic coupling between these lower
sections, and

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

distance between adjacent surfaces of these upper sections which
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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 etzhtwtroprdsmids andrsdildedeerrtiaipamnesiicdier@E2eteon i (deidudibRg t he
surface of said third |layer of dielectric; depositing a seed | ayer over the
sur f acehefe Saim dyauliténgl gyeat1deposigddy carirapes) ofewriuctdaeemat eri al
over the surface of said seed | ayer; and renovi ng excess conductive

mat er i ahtéromrabovientshe8sur f ace of said second | ayer of dielectric. 25. The
nmet hod of claim 24, said conductive points of electrical contact having
been provided in or on the surface of said substrate conprising copper. 26.
The nethod of claim 24, said |layer of conductive material deposited over,

t he surf ace ahreai dnstedtédyespaorprifsichg coeppietal 2Zhtekoennethsed of. claim
24, said seed | ayer conprising copper. 45 28. The nethod of claim 29,
sai d baeyigrof ayey. Qanpfeissilingihi hanéduetidr icde th29pafhsitet hod of cl ai m 24,
said first nmetal plugs conprising copper. 30. The nethod of claim 24, said
cont rokapghentsicy nswkdn ag@aathngisteptdithasitdawakkswhicsatreksdlitstinmet al

pl ugs conprising applying anisotropic RIE etch using a m xture of CFq +
CHF3 +ifdproved device performance, most notably at higher operating

frequencies of the devices in which these interconnect lines are

applied.

An application of the invention is shown in cross section in
Fig. 12. Most of the elements that are shown in Fig. 12 have
previously been highlighted and remain valid for the cross
section that is shown in Fig. 12. Added elements that are shown
in Fig. 12 are:
¢ 24, a layer of dielectric that has been deposited over the

surface of semiconductor substrate 10
® 26, a layer of dielectric that has been deposited over the

surface of layer 24; the two layers combined form what is

typically referred to as the pre-metal dielectric (PMD)
¢ 34 ,regions of Shallow T£ench Isolation that 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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as etchant gasses. 31. The nethod of claim 24, said using control chem stry
creating sloping sidewalls of said openings created in said third | ayer of
dielectric, said etch stop |ayer and said second | ayer of dielectric
conprising applying anisotropic RIE etch using a m xture of CFv + CHF3 + Oz
as etchant gasses . 46 .A@A .A;y.ANsr. A A "r. A y. Au& A . A(. A ;

. A{S. A A0 Aua Alypitta)l. Ad&eAdlActrdfe AlaAlhA( HANE. AB&afed. AuthA
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illustrative embodiments. Those skilled in the art will recognize

that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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U& ()-fl14"10% U& ()-ff2"10% U& ()-fLOI10% U& ()-fF. "10% U& ()-SS, 10%

U ()-1." @ meyhgd" BExyt¢hili@y an opening through a layer of dielectric,

USYY10%&' ()- @' 109%&' ()-910%& ()-, @10%& ()-&10%& ()-,yt10%& () -
comprising the steps of:

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

surface thereof;

depositing a layer of dielectric over the surface of the
substrate;

creating a patterned and developed layer of photoresist over
the surface ¢f said layer of dielectric, creating an opening
through said layer of photoresist, exposing the surface of said
layer of dielectric through said opening;

etching said exposed surface of said layer of dielectric in
accordance with said opening created in said layer of
photoresist, by applying anisotropic, RIE processing, using as
etchant gas a mixture of CFy + CHF3 + Q2, whereby said CF; + 02 is
provided at a flow rate of about 15 sccm, whereby the flow rate
of the CHF3 is between about 10 and 200 sccm, a temperature in
excess of 120 degrees C. and preferably in the range between 120
and 200 degrees C. and more preferably about 150 degrees C., a
gas pressure between about 200 and 800 mTorr and more preferably
about 500 mTorr, rf power 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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2. The method of claim 1, the flow rate of the CHFj; being between
about 80 and 170 sccm, creating an opening through said layer of
dielectric having sidewalls intersecting with the surface of said

substrate under an angle of about 45 degrees.

3. The method of claim 1, the flow rate of the 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:
depositing a layer of metal over the surface of said layer
of dielectric, including the opening created in said layer .of

dielectric; and
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10%Z&' ¢)edHA jin saiddYBIghr 10f 1dildlAck3ic.
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10%2 &' § ) -hel QRe&idd) ofFE18%@m &5 (Y i ® P @&c(x1bXal1l08E& (Yeiry performed

10% & () -==, >d>| >>>dEYNC5 10 &0"10%& ()-y3.

10
said layer of dielectric, said additional step comprising

deposition a layer of barrier material or a layer of seed .

material over the surface of the layer of dielectric.

7. A method for providing a plurality of conductive metallization
patterns, separated by insulating layers, on the surface of an
integrated circuit, comprising the steps of:

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

depositing a first layer of dielectric over the surface of
sald substrate, including the surface of said conductive points
of electrical contact;

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

mixture of CFy + CHF3 + 02 as etchant gasses;
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10/ DEVEEERSFUE: G wiQOh1 8% UBS t ) me 1@l ULty 0% €8S (Jeta@ 10%U&ETE) - 10%
U& ()- @ 10% U& ()- SFFFGLGGGIE: / 10/ @ 10% U& ()-, % 10% U& () -, #T 10%
U&' () - su@aodoask gaid favstRléyet 1@8pdielectric, creating first metal
plugs in said first layer of dielectric, said first metal plugs
having a first surface area:;
depositing a second layer of dielectric over the surface of
sald 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 i1n said first layver 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 1layer of dielectric over the surface of
sald 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 photoresist

that align with said first surface area of said first metal plugs
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10% & {dyét 1024 R d)orRBRERROE@XH EahE 40 MadelQ%e& that-1s about equal to

10% & ()- M10%A & ()-YZ"10% & ()- @M 10% & ()-LY"10% & () - QQR=RRRRIENDC

10/ @ (sh10% B 4D - OPICEOUE-&at) - F, LS" 109 & () -, F'110% & ()-S

"10% & ()-" 10% & ()-R>S} SSSTTTTAE: / 10(

10( 710% & (e ShAB" Mo sa@10% 84 ()ay@r K& el pc@ 9! 10% L dnta@e! 10% & (
) - TTWITTUKUUXY: /  10(! 10% h&' ()- M 10% h&’ ()-M 10% h& ()-  10% h&' () - 10%

h& () - &110% b8 (Jper{ddUNEVEYREEL A 49{@"1D%N&f( phdtd0&h&t [ )sd@d10%
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stop layer, said second etch comprising applying anisotropic RIE
etch to said third and said second layer of dielectric wusing a
mixture of CFs + CHF3 + O2 as etchant gasses, creatiﬁg a second
opening in said third layer of dielectric having sloping:
sidewalls in addition to creating a third opening through said
second layer of dielectric having sloping sidewalls, exposing the
surface of said first metal plugs;

removing said patterned layer of photoresist from the
surface of said third layer of dielectric, exposing the surface
of said third layer of dielectric;

depositing a barrier layer over sidewalls of said second
openings in said third layer of dielectric, including over
sidewalls of said third openings created in said second layer of
dielectric, including over said exposed surface of said first

metal plugs, including over said exposed surface of said third

layer of dielectric;
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10988 (hyyt" 1OMBEAHGve BhEOMBRE L pe SH1 09ER (DriSK' 109BE’ ¢ - #f e¥ddHirfifdf, #gxnb @
10G Oy- 109%6b5b& ()-Z 10B 10B 10B37109%B& () -y3nt 1098& () - 0

109B& (patihd 0B (DarigghhhyedEab@ 4403 Sonductive material in said

10b 10b3Zd0&b&£niryds LPwE'id) thitd0¥bge L )of *dikQM&ri)r- énd in said

109%& () - @" 10%& () - kkkgl m) mmus4/
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10bnnoooooopuj = 10! 0"10%<& ()-m 10G 10G
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109%<&' B).- rhe¥%w&thod OSIE HUJi%0E wFthOhn additional step of depositing a

"109%<& () -#10%& ()-,!10%& ()-m 10%& () -

10%&' kel 1Q%E& (Ve SAISS Sireladl] oF said barrier layer, said
additicnal step being performed 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 layer; and

removing excess conductive material from above the surface
of said third layer of dielectric, further removing said barrier
layer and said seed from above the surface of sald third layer of
dielectric, 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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deposited over the surface of said barrier layer comprising

copper.

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

deposited over the surface of said seed layer comprising copper.

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

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

nitride.

15. The method of claim 7, said depositing a layer of conductive
material over the surface of said seed layer comprising methods

of Electro Chemical Plating (ECP).
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17. The method of claim 7 wherein said first patterning and
etching said first layer of dielectric 1s applying anisotropic,
RIE processing, using as etchant gas CFq + CHF3 + 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 about 400 Watts, 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 1s applying anilsotropic, RIE processing, using as
etchant gas CFs4 + CHF3 + 02, a2 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 about 400 Watts, with no magnetic field
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a semiconductor substrate having a surface, a plurality of
semiconductor devices having been provided in or on the surface
of said substrate, further conductive points of electrical
contact having been provided in or on the surface of said
substrate;
first metal plugs being provided on the surface of the
substrate, saild first metal plugs being imbedded in a first layer
of dielectric deposited over the surface of sald 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 centrally located
second surface area, said second surface being smaller than saild
first surface by a measurable amount;
a second layer of dielectric deposited over the surface of
said first layer of dielectric, including the surface of said
first metal plugs:;
an etch stop layer deposited of the surface of said second

layer of dielectric, said etch stop layer having been patterned

and etched, creating openings in said etch stop layer that align
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second layer of dielectric;
first openings created in said third layer of dielectric,
said first openings having sloping sidewalls, said first openings
in said third layer of dielectric having a surface area that is
about equal to said first surface area of said first metal plugs,
said first openings in said third layer of dielectric extending
to said openings created in said layer of etch stop;
second openings created in said second layer of dielectric,
said second openings having sloping sidewalls, said second
openings in sald second layer of dielectric extending from said
openings created in said layer of etch stop to said second
surface of said first metal plugs;
a barrier layer deposited over sidewalls of said first
openings in said third layer of dielectric, over said second
openings in said second layer of dielectric, over said secgond
surface of said first metal plugs; and

a layer of conductive material deposited over the surface of

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

21. The structure of claim 19, said conductive points of
electrical contact having been provided in or on the surface of

sald substrate comprising copper.

22. The structure of claim 19, said layer of conductive material
deposited over the surface of said barrier layer comprising
copper.

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

metallization patterns separated by insulating layers on the

surface of an integrated circuit, comprising the steps of:
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said substrate, said first metal plugs having a surface
comprising a first surface area and a therein centrally located
second surface area, said second surface being smaller than said
first surface by a measurable amount, said first metal plugs
having been created using control chemistry creating sloping
sidewalls of said first metal plugs;

deposifing a second layer of dielectric over the surface of
said first layer of dielectric, followed by depositing an etch
stop layer over the surface of said second layer of dielectric,
followed by depositing a third layer of dielectric over the
surface of said etch stop layer:

patterning and 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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surface of said third layer of dielectric;

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

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

removing excess conductive material from above the surface

0of said second layer of dielectric.
25. The method of claim 24, said conductive points of electrical
contact having been provided in or on the surface of said

substrate comprising copper.

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

deposited over the surface of said seed layer comprising copper.

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

titanium nitraide.

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

copper.

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

applying anisotropic RIE etch using a mixture of CF4 + CHF3 + 02

as etchant gasses.

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

mixture of CF4 + CHF3 + Oz as etchant gasses.
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