b RS LM

COPPER | NTERCONNECT W TH TOP BARRI ER LAYER BACKGROUND OF THE INVENTICN‘@¥§'
EI ELD OF THE | NVENTI ON The invention relates to the general field of
integrated circuits, nore particularly to the design and use of copper

i nterconnections therein. (2) DESCRI PTION OF THE PRIOR ART As wire w dths
in integrated circuits continue to shrink, the electrical conductivity of
the wiring nmaterial itself becones increasingly nore inportant. Thus,

in this regard, alum num which has been the naterial of choice since the
integrated circuit art began, is becomng |less attractive than other better
conductors such as copper, gold, and sillver. These materials, in addition
to their superior electrical conductivity, are also nere resistant than
alumnumto electromgration, a quality that grows in inmportance as wire

wi dt hs decr ease. - 2-

COPPER INTERCONNECT WITH TOP BARRIER LAYER

BACKGROUND QOF THE INVENTION

(1) FIELD OF THE INVENTION

The invention relates to the general field of integrated
circuits, more particularly to the design and use of copper

interconnections therein.

(2) DESCRIPTION OF THE PRIOR ART

As wire widths in integrated circuits continue to shrink,
the electrical conductivity of the wiring material itself beqomes
increasingly more important. Thus, in this regard, aluminum,
which has been the material of choice since the integrated
circuit art began, 1is becoming less attractive than other better
conductors such as copper, gold, and silver. These materials, in
addition to their superior electrical conductivity, are alsc more

resistant than aluminum to electromigration, a quality that grows

in importance as wire widths decrease.



The netals in question have not been widely used for wiring as yet because
théy also suffer froma nunber of disadvantages, including fornmation of
undesirable internmetallic alloys and/or reconbination centers in other
parts .of the integrated circuit and they often have high diffusion .
rat es. Copper has the additional disadvantage of being readily oxidized
at relatively |low tenperatures. Neverthel ess, copper is seen as an
attractive replacenent for alum num becauge_of its |ow cost and ease of
processing so that the prior and current art has tended to concentrate on
finding ways to overcone these limtations. A particular problemrelated to

copper’s high susgephieBhls tih iquedkidat have it BrlenCRDYED) | Qe RIOLALIHLS!
processi ng cannot be wused when the copper is to be patterned into
various w ras spetpdrchesausieey halsbosof fer sirareedsuiibebe 6£r@yasivaintagesend
of the process by heating it in a highly oxi di zi ng environnment, such~™as an
oxygen pl asi'l‘éﬁl\t%ewebﬁocmwmn iafg bpdesizablendinbermehalbic asdlldyesy endl/ or
solutions tg the above probl ens assocjated wth cogger processi ng have been

proposed i n- THEHNaGiog, genteng s inn8ther S RATEs 9fotheg Mabeanbmd cdzchat
the use of AﬁHVtéﬂQ%er%EHEE have high diffusion rates. Copper has the

additional disadvantage of being readily'oxidized at relatively
low temperatures. Nevertheless, copper is seen as an attractive
replacement for aluminum because of its low cost and ease of
Processing so that the prior and current art.has tené;d to

concentrate on finding ways to overcome these limitakions.

A particular problem related to copper's high susceptibility
to oxidation is that conventional photoresist processing cannot
be used when the copper is_to be patterned into various wire
shapes because the photoresist needs to be removed at the end of
the process by heating it in a highly oxidizing environment,.suéh
4SS an oxygen plasma, tﬁereby converting it to an easily removed

ash.

Several solutions to the above problems associated with
copper processing have been proposed in the prior art. Hoshino
(U.s.P. 4,910,169 Mar 1990) teaches the use of low temperature
deposition techniques, such as RF sputtering, for coating copper
layers with materials such as silicon oxide, silicon nitride, and

Phosphosilicate glass. It should be noted that the materials



deposition techniques, such as RF sputtering, for coating copper |ayers
with materials such as silicon oxide, silicon nitride, and phosphosilicate
gl ass. It should be noted that the mterials -3- nmentioned were for
t he purpose of formng inter-netal dielectric |ayers rather than for use as
barrier layers, inplying that they were relatively thick. Li et al. (U S P.
5,447,599 Sep 1995) use TiN(O as a barrier layer material for copper.
The copper is initially coated with a lager of titaniumand a
copper-titaniumalloy is formed by heating at 3-400 [err]C Unr eact ed
titanium is then renoved and the alloy is transformed to Ti N(Q), by neans
of a rapi d PRREiRRed Moz IPF BRPORUFRESE Ofyfermingkinrtsg—meatad diedegbyiqi2
Jan 1992) u¥derlays t he cgﬁgerflayer mﬂtg a nmetallic nitride .and hhgn Reats
the conbi nat?¥FFS n TAHESGEAR LT i YRF &5 PTHF&F ntBETFRinr YRR YANGs EBAC o ENeFe

ni trogen in%8r£r¥%f§¥¥¥@iy IH&EkfeSU|tS in a material having relatively

Li et al. (U.S.P. 5,447,599 Sep 1995) use TiN(O) as a
barrier layer material for copper. The copper is initially
coated with a layer of titanium and a copper-titanium alloy is
formed by heating at 3-400 °C. Unreacted titanium is then
removed and the alloy is transformed to TiN(O) by means of a

rapid thermal anneal in ammonia and oxygen.

Nakasaki (U.S.P. 5,084,412 Jan 1992) underlays the copper
layer with a metallic nitride and then heats the combination in
nitrogen to bring about grain -boundary diffusion of the nitrogen
into the copper. This results in a material having relatively
low electrical resistivity together with good  resistance to

electromigration.

Tokunaga et al. (U.S.P. 4,931,410 Jun 1990) use photoresist
for shaping their copper but first protect it with an anti-
oxidizing layer. Etching is then performed in two steps ————
first the aﬁti—oxidizing layer is etched in conventional fashion,
including photoresist removal, following which said anti-

oxidizing layer is wused as the mask for the etching of the

copper.



| ow el ectrical resistivity together with good resistance to
el ectromigration. Tokunaga et al. (U . S.P. 4,931,410 Jun 1990) use
phot oresi st for shaping their copper but first protect it with an anti -

oxi di zi ng | ayer. Etching is then perforned in two steps ---- first the
anti-oxidizing layer is etched in conventional fashion, including

phot or esi st renoval, follow ng which said anti- oxidizing |ayer is
used as the mask for the etching of the copper. -4- Filipiak et al .

(U S.P. 5,447,887 Sep 1995) wuse an internediate |ayer of copper
silicide to inpraove the adhesi on between a cogger | ayer and a silicon
nitride | ayer. HilipAakl debe rted GhdtPrones 6#7 3R abifRe- cilP88) exaf®| ean of
the prior art is hased on a d scene_process.nor_do, they incorporate, nore
than a sirﬁﬂ%fﬁﬂﬂd%azF Ig9§ T tfﬁﬁﬂpe§tfbgfﬁ}%% oﬁopﬁmﬁﬁé&$es%ge ?ﬁgé?¥99n

' damascenepetycedly Cifflet’ PiYeR I B shicon nitride layer. :

It should be noted that none of the above-cited examples of
the pfior art is based on a damascene process nor do they
incorporate more than a single barrier layer in their structures
Or processes. The term 'damascene' is derived from a form of
inlaid metal jewelery first seen in the city of Damascus. In the
context of integfated circuits it implies a patterned layer
imbedded on and in another layer such that the top surfaces of

the two layers are coplanar.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide a

copper connector in an integrated circuit.
A further object of the present invention has been to

provide means for preventing the oﬁtdiffusion of copper from said

connector into adjoining layers.

Yet another object of the present invention has been to



inlaid netal jewelery first seen in the city of Damascus. In the context

ofs integrated circuits it inplies a patterned |ayer inbedded on and in
anot her | ayer such that the top surfaces of the two | ayers are copl anar.
SUMMARY COF THE I NVENTION It has been an object of the present invention to
provi de a copper connector in an integrated circuit. A further object of
the present invention has been to provide neans for preventing the

outdi ffusion of copper fromsaid connector. i nto adjoining |ayers. Yet _
anot her object of the present invention has been to -5- provide a nethod
for manufacturing-said copper connector that does not expose the copper to
t he possi bprotydef deaiathodxi doresdanwfacipgingcessidgcoppeat i |dorfnecttoer thhkect
of the present invention has been to provide a nethod for nmanufacturing
sai d coppefloggnneitenpase kbgt copper to the possibility of being oxidized

during processing.

A still further object of the present invention has been to
provide a method for manufacturing said copper connector without
having a layer of photoresist in contact with the copper at any

time.

These objects have been achieved.by providing a damascene
copper connector whose upper surface is coplanar with the upper
surface of the insulating layer in which it is embedded. Out-
diffusion of copper from the connector is prevented by two
barrier layers. One is located at the interface between the
connector and the insulating layer while the second barrier is an
insulating layer which covers the upper surface of the connector.
The damascene process involves filling a trench in the surface of
the insulator with copper and then removing the excess by chem.-
mech. polishing. Since photoresist is never in direct contact
with the copper the problem of copper oxidation during resist

ashing has been effectively eliminated.



having a | ayer of photoresist in contact wwth the copper at any tine. These
obj ects have been achi eved by provi ding a damascene copper connector whose
upper surface is coplanar with the upper surface of the insulating |ayer
in which it is enbedded. Qut - diffusion of copper fromthe connector is
prevented by two barrier |ayers. One is located at the interface

bet ween the connector and the insulating |layer while the second barrier is
an insulating |layer which covers the uppgr._surface of the connector. The
damascene process involves filling a trench in the surface of the insulator
wi th-copper and then renoving the excess by chem - nech. polishing. Si nce
photoresist is never in diBRIGF OESCRIPTIPN PR ITEE OBJWENGBhe probl em of
copper oxidation during resist ashing has been effectively elimnated.

-6- BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows the starting point of a

process for theFIG. 1 shows the starting point of a process for the

manufacture of the present invention.

FIG. 2 shows an intermediate step in said manufacturing

process.

FIG. 3 shows a preferred embodiment of the present invention

obtained at the completion of said manufacturing process.

FIG. 4 shows additional details related to the application

of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A more detailed description of the structure that comprises
the present invention will be given below. First, however, it is
important to describe the basic nature of said structure as well
as the motives béhind its development. As already noted, cépper
is easily oxidized at relatively low temperatures and copper is

known to diffuse rapidly through certain dielectric materials,

such as silicon oxidé, that are widely used in the integrated



manuf acture of the present invention. FIG 2 shows an internmediate step in
sai'd manufacturing process. FIG 3 shows a preferred enbodi nent of the
present invention obtained at the conpletion of said nanufacturing process.
FIG 4 shows additional details related to the application of the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A nore detail ed
description of the structure that conprises the present invention wll be
given below. First, however, it is inportdnt to describe the basic nature
of said structure as well as the notives behind its devel opnent. As al ready
noted, copper is easily oxidized at relatively | ow tenperatures and copper
I's known t aididdiesareapi dhysd puabteart said dheldatiiionC pRbbLeml 6 SeuPpers
silicon oxide, that are widely used in the integrated -7- circuit art.
Al so as naotaks d&i dmpessiblerto psebconvenhticmppershing techniques for the

removal of used photoresist in the presence of copper.

To overcome the photoresist removal problem, the present
invention uses a damascene technique for formin§ the copper
interconnection pattern, thereby eliminating the need:for ashing
photoresist in the presence of copper. To overcome said
diffusion problem, the present invention provides for a second
barrier layer in addition to the barrier layer already known to
the prior art. Because the damascene process was used to shape
the copper, said second barrier layer lies on a planar surface,
making it more effective (for a given thickness) than is the case

in a conventional structure of the prior art.

Referring now to FIG. 1, the process for manufacturing the
present invention begins with the provision of silicon substrate
20. It 1is assumed that substrate 20 has already been subjected
to a variety of processes associated with the formation of
integrated circuits but this is not shown in the figure.
Insulating layer 21, consisting of silicon oxide, polyimide, or
any similar low dielectric constant material, is then deposited
to a thickness between about 0.5 and 2 microns onto substrate 20
by chemical vapor deposition (CVD), phyéical vapor deposition

(PVD) or spin coating. Layer 21 is then patterned and etched to



makes it inpossible to use conventional ashing techniques for the renoval
of "used photoresist in the presence of copper. To overcone the photoresist
renoval problem the present invention uses a danascene technique for

form ng the copper interconnection pattern, thereby elimnating the need
for ashing photoresist in the presence of copper. To overcone
said diffusion problem the present invention provides for a second barrier
| ayer in addition to the barrier layer already known to the prior art.
Because the damascene process was used-t®-shape the copper, said second
barrier layer lies on a planar surface, making it nore effective (for a

gi ven thi %?ﬁ;%%g%}ﬁ?gz%fié h}&gﬁgpgp SufRUENt | 2] pRLEUELUE Srdiindd ) (BL Of

art. Referrin _ the process for manufacturing e present
i nvention fBQﬂliﬂg WehE £ éhdH RisSbedn Of dsy |glemas ¢ishiage B ddy isimdgawned
that substrate 20 has already been subjected to a variety of processes
associ at ecetthbld, t bech casraddton edching egnay dxe cisedui t sThpicably, ithendgtepdhown

in the figure. Insulating |ayer 21, consisting of silicon oxide, polyinmde,
or any si @fl athpotreneh dias ikeesohstuaen ARQH A/ 000s apdeh2 (RO Anastrassa

hi ckn n : nd .2, mcron n r 2
thic essl%%%$gg aabggéaégéaé% %istangeobéiéééﬁ) 1%2§L0%E8m g% the trench

and the bottom surface of layer 21 of between about 4,000 and

8,000 Angstroms. !

Referring now to FIG. 2, barrier layer 31, compfising
titanium nitride, tungsten nitride, titanium tungstide, or
tantalum nitride, is now deposited over layer 21, including all
walls of trench 22, to a thickness between about 200 and 2,000
Angstroms. This is followed by ghe deposition of copper layer 30
to a depth sufficient to ensure that all parts of trench 22 are
filled with copper as well as those parts of barrier layer 31
that 1lie outside trench 22. Our preferred method for depositing
copper has been CVD, but any similar method such as PVD or
electroplating could have been used. An optional copper reflow

step may be added following copper deposition.

Referring now to FIG. 3, excess copper, above the level of
the top of the trench, is now removed ﬁogether with those parts
of barrier layer 31 that ‘lie outside the trench. This results in
the formation of damascene connector 51, as shown. Our preferred

method for removing the copper has been chemical-mechanical



by chem cal vapor deposition (CVD), physical vapor deposition (PVD) or
spin coating. Layer 21 is then patterned and etched to -8- formtrench
22 in its upper surface. Qur preferred nethod for formng the trench
has been dry plasma etching but any simlar nethod, such as wet etching,
may be used. Typically, the depth of the trench has been between about
4,000 and 12,000 Angstrons, |eaving a separation distance between the
bottom of the trench and the bottom surfece of |ayer 21 of between about
4,000 and 8,000 Angstrons. Referring nowto FIG 2, barrier layer 31
conprising titanium nitride, tungsten nitride, titanium tungstide,
or tantal upekishinge butsanpvedeposiendd mekbed| agech 245 hlankedi eycht-backl is of
trench 22, to a thickness between about 200 and 2,000 Angstrons. This is
fol l owed by tFE-QFBEsPLRASHR ofak o@D (tLRFRRTAEUFS CAUBI h ﬁrPéPéntU%d

ensure thaleall RALLS Of 1LE0ENG2 o libhhg%at! hSPRY P Ratel

as aluminum oxide, tantalum oxide, or silicon nitride is now

ilS ose
erial such

deposited. over layer 21, as well as the exposed surface of
demascene connector 51, to a thickness between about 200 and
2,000' Angstroms by CVD or PVD. This is followed by the
deposition of insulating layer 41, comprising silicon oxide,.
polyimide, or similar low dielectric constant material to a

thickness between about 0.5 and 2 microns.

FIG. 3 illustrates a preferred embodiment of the structural
aspects of the present invention. As can be seen, it comprises
damascene copper connector 51 that serves as a wiring connector,
being located at the interface betweeen two insulating layexrs 21
and 41. Outdiffusion of copper from connector 51 into either of
layers 21 or 41 is prevented by the presence of the two barrier
layers 31 and 60. The former is conventional and well known

whereas the latter is believed to be novel.

In practice, connector 51 will need to be accessed through
via holes passing through layers 41 and 60. This is illustrated
in FIG. 4 where via 23 is seen to have been etched through layers
41 and 60 down to the top surface of copper damascene connector

51. Our preferred method for etching such via holes has been



that lie outside trench 22. Qur preferred nethod for depositing copper
has been CVD, but any sinmilar nethod such as PVD or electroplating could
have been used. An optional copper reflow step may be added foll ow ng
copper deposition. Referring nowto FIG 3, excess copper, above the |eve
of the top of the trench, is now renoved together with those parts of
barrier layer 31 that |lie outside the trench. This results in the formation
of damascene connector 51, as shown. Qur ¥referred nethod for renoving the
copper has been chem cal - nechani cal -9- polishing but any equival ent

met hod such _as bl anket etch-back in a chlorine plasma at high tenperature
coul d havePBasmausésy Sdumg batr pay | similagy nethedr s¥chg am wels ghemiggl
mat eri al s§§h as al um num oxi de, tantal um oxide, or silicon nitride js now

deposi ted SYEPLPGyeRape aPShE| 28Dt H d dampsgens ofFoRpeiend! is
ConnECtOrP%épwkoﬁﬁjéf&fEf%%%ﬁﬁ?&éﬁ?QB§QBﬁqé%Q9xﬁﬁpb%rgggr DS T e Rl
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to protect both it and connector 51. This also means that layer
60 must comprise an insulating material to avoid the formation of

short circuits between the different connectors that it protects.

While the invention has been particularly shown and
described with reférence to the preferred embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made without departing from

the spirit and scope of the invention.

What is claimed is:



deposition of insulating |ayer 41, conprising silicon oxide, polyimde, or
simlar low dielectric constant material to a thickness between about 0.5
and 2 mcrons. FIG 3 illustrates a preferred enbodi ment of the structural
aspects of the present invention. As can be seen, it conprises danascene
copper connector 51 that serves as a wiring connector, being |located at the
interface betweeen two insulating |ayers 21 _and 41. Qutdiffusion of copper
fromconnector 51 into either of |ayers or 41 is prevented by the
presence of the two barrier | ayers 31 and 60. The former is
conventional and mg own wher eas t he att d 0_be nove
practice, connedfof EftW‘F? n‘é‘@d’etc °5e18c3résls% Sﬁﬁ %gﬁl\ﬂcgl o?%'gpi)’a%lﬂqu

t hrough | ayers 41 g ?ﬂ 8 g |IIustrated in FIG 4 where via 23 is
seen to have beénh etched t rou ayers 41 and 60 down to the top surface

of copper darrascaerﬁr%nngﬁgeia@hg 1294t , Ph&T £iig asbpert heehd fieweet Sl futeadich

via hol es has been -
on said substrate,

a copper connector, having upper and lower surfaces, in said
first insulating layer such that the upper surface of said copper
.connector is at the level of the upper surface of 6 said first
insulating layér and the lower surface of said copper connector
is a distance above the lower surface of said first insulating
layer;

an interface between said copper connector and said first
insulating layer;

a first barrier layer at said interface;

a second, insulating, barrier layer on the upper surface of
said copper connector and the upper surface of said first
insulating layer; ard

a second insulating layer on said second barrier layer.

2. The connector described in c¢laim 1 wherein said second
barrier layer comprises material taken from the group consisting

of aluminum oxide, tantalum oxide, and silicon nitride.

3. The connector described in claim 1 wherein the thickness of
said second barrier layer is between about 200 and 2,000

Angstroms. -
—.’_’_‘___‘_-___——'—"‘—'
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plasma-dry etching but any simlar nethod such as wet chemi cal

etching may

be used. An adj oi ning damascene connector 61 is shown in FIG 4 to

illustrate that second barrier |ayer 60 serves to protect both

it and

connector 51. This also neans that |ayer 60 nmust conprise an insulating
‘material to avoid the formation of short circuits between the different

connectors that it protects. Wile the I nvention has been

particularly shown and described with ggeference to the preferred

enbodi nents thereof, it wll be understood by those skilled in

the art that

various changes in formand details may be nmade_ without departing fromthe
spirit and*scopEh®fcammecterefeseribafhdn icdadmyj hefurkher comprising a via

I i cal ' ' d .cir.cui I ng. |1 .
Cubst 1 at o; PEEF T FlrSa e mEePRR S HAIRY aRer and TRk Bttt Bderiey
said subst§a¢&r FoiPRRFtnEORRGEL 05t é&‘é UPpRRPS(rBRGe | SVl a S I dRAGER Lok !

sai d

5. The connector described in claim 1 wherein the distance

between the 1lower surfaces of said copper connector and said

first insulating layer is between about 4,000 and 8,000
Angstroms.
6. A method for manufacturing a copper connector in an

integrated circuit comprising:

(a) providing a silicon substrate;

(b) depositing a first insulating layer on said 'silicon_

substrate; -

(c) patterning and then etching said first insulating layer

to form a trench therein;

(d) depositing a first barrier layer on said first

insulating layer and on all walls of said trench;

(e) depositing a copper layer on said first barrier layer so

as to more than £ill said trench;

(f) removing said copper layer and said first barrier layer

down to the level of said first insulating layer, thereby forming

a damascene connector having an upper surface;

(g) depositing a second barrier layer on said first

insulating layer and said upper surface of said

damascene

I



first .insulating | ayer such that the upper surface of said copper connector
is at the level of the upper surface of said first insulating |ayer
and the | ower surface of said copper connector is a distance above the
| ower surface of said first insulating layer; an interface between said
copper connector and said first insulating layer; a first barrier |ayer at
said interface; a second, insulating,_pﬁgnler | ayer on the upper surface of
sai d copper connector and the upper surface of said first insulating |ayer;
and a second insulating |layer on said second barrier |ayer. 2. The
connector described in claim 1 wherein said second barrier |ayer
conpri ses rE@MGHORaken fromthe group consisting of alum num oxi de,

The conneﬁfor described in claim

t ant al um oxi de, d g%licog,nitride. Sa . bg
1 wherein the thitkn&§8°8t 8 P s&EGHE batPPRFATERE 14YeT)) o PR SR b o3C
and 2, 000 Aﬂgégfégniayer; and .
| (i) patterning and then etching said second insulating layer
to form a via passing through said second insulating layer and

said second barrier layer to said upper surface of the damascene

connector. £

7. The method of claim 6 wherein said first insulating layer

comprises silicon oxide or polyimide.

8. The method of claim 6 wherein said first insulating layer is

deposited to a thickness between about 0.5 and 2 microms.

9. The method of c¢laim 6 wherein the depth of said trench is

between about 4,000 and 12,000 Angstroms.

10. The method of claim 6 wherein said £first barrier layer
comprises material taken from the group consisting of titanium
nitride, tungsten nitride, titanium tungstide, and tantalum

nitride.

11. The method of claim 6 wherein said first barrier layer is

deposited to a thickness between about 200 and 2,000 Angstroms.

| ANRD ) W



- 12 - 4. The connector described in claim 1 further conprising a via
hol e t hrough said second insulating |ayer and said second barrier |ayer

down to the | evel of said upper surface of said connector. 5. The
connector described in claiml1l wherein the distance between the |ower
surfaces of said copper connector and said first insulating | ayer is

bet ween about 4,000 and 8,000 Angstrofp. 6. A nmethod for

manuf act uri ng a copper connector in an integrated circuit conprising:
(a) providing a silicon substrate; (b) depositing a first insulating |ayer
on said silicon substrate; (c) patterning and then etching said first,

i nsul ati ng 1%yeTheomebhod 0% r&d7df Sheherain (3p1d gonpet lager A4S depegited
barrier |ayer on aid first insulati er._and_on all. walls. of said
trench; (e) deﬁggf“f'fz?l YERYppé eplog)}g%ogn leéﬁ? 1r°sei bé’?‘gf’gr dFB%*é’s?f‘ aP%o
more than fdldctsapdatifgch;

13. The method of claim 6 wherein said copper layer is removed

by chemical-mechanical polishing or blanket etch-back.

!

14. The method of claim 6 wherein said trench is etched by

plasma dry etching .

15. The method of claim 6 wherein said via is etched by plasma

dry etching.

16. The method of claim 6 wherein said second insulating layer

comprises silicon oxide or polyimide.

17. The method of claim 6 wherein said second insulating layer

is deposited to a thickness between about 0.5 and 2 microns.

18. The méthod of claim 6 wherein step (g) further comprises
depositing the second barrier layer by chemical vapor deposition

or physical vapor deposition.

* c L L S *



(f) renoving said copper |ayer and said first barrier |layer down to the

| evel of said first insulating |layer, thereby form ng a damascene connect or
havi ng an upper surface; (g) depositing a second barrier layer on
said first insulating |ayer and said upper surface of said danascene

-13- connector; (h) depositing a second insulating | ayer on said second
barrier layer; and (i) patterning and then etching said second insul ating

| ayer to forma via passing through saidlfetond insul ating | ayer and said

second barrier layer to said u%%er surface of Eae %p"‘” 2pe, Gognector. 7.
The nethod of claim®6 wher c ' S oryret "énprlses
silicon oxide or polyimde. 8. The nmethod of claim®6 mhereln said first

insulating layer is deposited to a th bet ween about 0.5 and 2
o rons. ASSRERS

A structure and method for making copper interconnections in
an integrated circuit are described. The structure is a
damascene copper connector whose upper surface is coplanar with
the upper surface of ﬁhe insulating 1layer in which it is
embedded. Qut-diffusion of copper from the connector is
prevented by two barrier layers. One is located at the interface
between the connector and the insulating layer while the second
barrier is an insulating layer which covers the upper surface of
the connector. The damascene process involves filling a trench
in the surface of the insulator with copper and then removing the
excess by chem.-mech. polishing- Since photoresist is never in
direct contact with the copper the problem of copper oxidation

during resist ashing has been effectively eliminated.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



9. The nethod of claim6 wherein the depth of said trench is between
about 4,000 and 12,000 Angstrons. 10. The nethod of claim6 wherein said
first barrier layer conprises nmaterial taken fromthe group consisting of
titaniumnitride, tungsten nitride, titaniumtungstide, and tantal um
nitride. 11. The method of claim6 wherein said first barrier |ayer is
deposited to a thickness between about 200 and 2,000 Angstronmns. -14- 12.
The nmet hod of claim6 wherein said copper |ayer is deposited by cheni cal
vapor deposition or physical vapor deposjjdon or electroplating. 13. The
met hod of claim6 wherein said copper |layer is renoved by

chem cal - nechani cal polishing or blanket etch-back. 14. The nethod of claim
6 wherein said trench is etched by plasma dry etching 15. The net hod of
claim6 wherein said via is etched by plasma

FIG. 1

20

FIG. 2



dry etching. 16. The nethod of claim6 wherein said second insulating |ayer
conprises silicon oxide or polyimde. 17. The nmethod of claim6 wherein
said second insulating |layer is deposited to a thickness between about 0.5
and 2 mcrons. 18. The nethod of claim6 wherein step (g) further
conprises depositing the second barrier |ayer by chem cal vapor deposition
or physical vapor deposition.
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FIG. 4



