, PQe3e30<4p@vT$, "e~, ~_), ~ WD 02/ US1337 PCT/USU1/.~7815 Chrom um Adhesion = ™
Layer for Copper Vias in Low K Technology 5 Technical Field The field of { &5
the i nveWOOM03683%1 hat of form ng integrated circuits w thPEFABFO1/A4781S
metal lization and lowk dielectrics. to Background Art In the field of
copper with oxide, the art has devel oped a set of conpatible materials to
line the trenches and vias that contain the copper. The |lining nust adhere
to the dielectric and bl ock diffusion and el ectromgration. i5
Conventionally, in _gxide,dielecirig ciycuits, a.dual d scene structure
conbining a via coliUOIBILI Al&i'l&ﬁdﬂﬂl ayer for-COpRey gg%%l

I nt erconnecti on nenber includes _an g sion |lLayer of Ta or TaN, a barrier
layer of TaN to prevent diffuldl &OwWiKihechP@egYand a top | ayer of Ta or

TaN prior to Cu seed 20 deposition. As the dinension of sem conductor

devices continues to shrink, the RC delay of its nmetal interconnects

*becones a major limting factor of the device speed. In order to resolve
this issue, inplenentation of copper 25 interconnects (which reduces

regi st areehnfdaliFieRl | ow-k dielectric material (which reduces capacitance,

C, between the netal |ines) becones a key issue for the sem ¢ondyctor

i ndustry to Theifigld: ofcthecinveation IfeﬂtatsQ%OMFgﬂﬁth*a@m%qlﬁﬁ wi VO
02/ 1 h@&337 PCT/ US01/.. 17815 Thle m&s& SSaNe i cal way to inplenment Cu | ow k

net al | | $3PPESHME ion ang low-k digleet scene structure with metal via

and netal |lines being etched and filled with Cu net ajgy cess step.
The excess Cu is renoved by CWP (chem cal nechani cal mmumnmﬂmmlﬂmm In a

dual - damascene

*G00002*
10 Background Art

In the field of copper with oxide, the art has developed a set of

compatible materials to line the trenches and vias that contain the copper.
The lining must adhere to the dielectric and block diffusion and

electromigration.

Conventionally, in oxide dielectric circuits, a dual damascene structure
combining a via connected to a lower level with a horizontal interconnection
member includes an adhesion layer of Ta or TaN, a barrier layer of TaN to
prevent diffusion of the copper and a top layer of Ta or TaN prior to Cu seed

20 deposition.

As the dimension of semiconductor devices continues to shrink, the
RC delay of its metal interconnects becomes a major limiting factor of the
device speed. In order to resolve this issue, implementation of copper
25 interconnects (which reduces resistance, R) in a low-k dielectric material
(which reduces capacitance, C, between the metal lines) becomes a key
issue for the semiconductor industry to shrink the device to deep sub-

WEUAD

*159159*

micrometer dimension.




S structure, a barrier layer (or multiple |layers) between the Cu netal and
the dielectric material is required for both netal vias and netal |ines.
Thi s barwemnAwmysr is known as a liner. The liner has twoPCEusSHi/¢nBss as a
Cu diffusion barrier to prevent Cu fromdiffusing into the dielectric
material and as a contact |ayer between Cu netal via and underlying netal

line (which f damascene
nmet al I(i zati otﬂgt%éF %F@gﬁw?g %yfﬁb c'telr'ﬁ%ﬁ?mﬂl Il((:)ﬁ) ﬂs'ﬂ%acmggﬁglhder ed as

| ow k dPﬁi(R,fstsf i§tdm§@ra all- dhhﬁs@@h@rstmttmeanﬁhmbmedaaammm|dmamt ible
materials for the liner, such as Ta, TaN) is and CVD TiN. It has heen

di scovebeihg amherhandsﬁueddvuhm:esnmtawn eneLpiasess stap. THe exqessaGust t er
t f. t d v t
Tati o stemoveddy CZohemics! msh?!?'é? efishingd i o Huipledathofe e SR eCt <
i n gl ow Et%%tﬁélfphi-h%ﬁﬁ%ﬂ’ oﬁ"myﬂ‘? r§"het\i¥en 2he TU méRl aid tifs have
i'n a er onn

‘a counterpar cts"in S102 dielectric. For

i nst ancdielestriofmateriabois reqliirdd: for bethsmetahvias an’drmetaddumalThim eri al
properties that do not exist in SiQ2. SILK is BV mer material, and is
| ar gel ybatkier hayer issknewnsasadinef. Jéﬁ"ﬂﬁf Basdwo functionss as ﬂlc‘d’h t her mal

f
et o aftagien, bt 1o RFERTCETrdh diffiS s S URISEC nator Bl din
such aSasca/eéﬁ%tQEyéhbeswéénmd n¥étal via and wedadying metmlennef(wmchand
underlying nmetal (Cu or Wnetal), is different from correspondi ng

r eiui r egantbe made of ot W)ation in Si02 dielectric material. 30 2 WO
02/ 0S(>337 PCT/USQOL/-1781s In addition, the fact that the di nensions of

vial and netal |lines are decreasing, with a corresponding increase in the
aspect rall o1qfmyifd 80€E Al ddfiscene MetatliZaion Wrictares IFSi0e a
dual - damascene structure osure o nventi on The 1 nvention rel ates

to a codieleetric(wiicheisarotadansidered asidow-k dﬁereotnpp'ﬂatemale;tlwpemr art

circuits using |lowk dielectrics_that owd he requir eslléﬁ‘?

bet ween hﬁﬁe"%'?@#ﬂcﬁ sgt of sommpatibie ma é’ﬁ el'(b“?rntsé'rcib nmenber ,
t her, t nis-t hat
e an ot GVEET Ao Elalbest, #%éé@‘rg@qﬁasﬁ'at 1188 BoBy ddrctioh BERICA", 2

under |y miéitall ARl CYDTIN Has Bettél ebeefageCoitithbsidewallnef the Hpe ardivia] by

t hermal cycli ng 15 Another feature of the invention is that carbon
cont am especialby fohbigh aspect ratio structures

However, in the field of forming Cu metal interconnects in low-k

20 dielectric material, new problems have arisen that do not have a counterpart
in the Cu metal interconnects in SiO2 dielectric. For instance, one of the
low-k dielectric such as SiLK has several material properties that do not
exist in Si02. SiLK is polymer material, and is largely made of C. SiLK is
also a soft material with a very high thermal expansion coefficient. Because

25 of these unique properties of SiLK material, the requirements for Cu metal
interconnects in that material, such as coverage of the sidewall of via and
adhesion between liner and underlying metal (Cu or W metal), is different
from corresponding requirements in Cu metallization in SiO2 dielectric
material.

30



bottomof a via is reduced by the gettering action of a layer of C. 20
Brief Description of Drawings Figure 1 shows a portion of interconnect
accor di n§veo 62/36837 nventi on. 2s Figure 2 shows a portion oPCiritset/¢8mect
according to the prior art. Best Mdde for Carrying Qut the Invention In
testing integrated circuits conbini ng copper netallization with 30 towk

dielectric ( ved. 3
WO 112/ O~GB3§’l gﬂﬂ’ﬁﬂ@oﬁ"@%@? n cont rast 6.?9 o??gﬂp?ﬁg‘r’l‘ﬁgﬁlqﬁifarﬁ copper
| nt er cogagesFsing! Witk adﬁ)rreépdﬂcﬁnﬁrmdr@hmﬁn ithe aspecbaatiowfaliay, adds
failure rate of open vias after thermal cycling occurred, s The cause of

t he probdditional nemqriremesads a9 th@clhﬁﬂ(fﬂsﬂa% mascens aHUCIMIR pot t om of
the vias and the underlying copper nenbers. This problemcan only increase
as the transverse dinensions of vias shrink (and their aspect ratio

i ngreases). to Referring nowto Fig. 2, there is shown a typical via
raccording to the prior art. Lower dielectric layer 20 is disposed on a.

si | i conDistiosuse of laventibnr st copper |ayer 30 extends fromleft to ri ght. A

has been depdhe byeamioRtiRlatests E%Mt?qﬁgt GRS Angr S Ehpiegr :a
copper FappehdttercPRREERERThi sThe 10 3. AR gV 20, e

Ta (andk@auﬁéﬂ)adhéﬁbn&fetvﬁ@:ﬁme’zboﬁbhﬂaﬁraawa\mcbolb@@bwentopper a process
having a nom nal ground rule of 200nm the thickness of layer 40 is

noH nal intesconnecting rmenthe, @Sefbﬁrtmﬁh\ﬂcbﬂ%@elblﬁvhéﬁﬂstél)%m by 200nm and
the aspect ratio is nomnally 3.5. As dinmensions shrink, the aspect ratio
(and thus the strain on the bond at the bottom of the vi a) will increase.

25 1t has begnidiie otk inbeitioRTHthat e adhiesich batweenthercr linkere any
layer at the bottom of a via and the underlying interconnect is sufficient to

withstand the stress caused by thermal cycling.
15
Another feature of the invention is that carbon contamination on the

bottom of a via is reduced by the gettering action of a layer of Cr.

20
Brief Description of Drawings

Figure 1 shows a portion of interconnect according to the invention.
25 Figure 2 shows a portion of interconnect according to the prior art.
Best Mode for Carrying Out the Invention

In testing integrated circuits combining copper metallization with
30 low-k dielectric (e.g. SiLK from Dow) an unexpected problem was identified.




heat stress, results in an unacceptably high failure rate after repeated
thermal cycl es between -65C and 200C. ~ The cause of this failure rate has
been i detWOD2/8w33s nmechani cal separation at the bottom of PCHAISViI/&81The ~0

t hermal expansion coefficient of Si LKis five tines greater tha n that of
copper, so that the interlayer dielectric exerts great stress on the joint

ot the 4V UBHHSIIEE METHSP B iR S hté Bttt Oafh bRy o

tenperature ri cause 0 Separation I's that carbon is
emtt edidtem%&ﬁé]eétrhmamenamptaﬂlph@ faiturarategof opepvéas afterst eps of
etching s and cleaning the via. This carbon is not entirely renoved by
convent theranatcyeling ocsustetdses such as sputter cleaning and interferes
with the formation of a good bond between the top surface of the copper and
the bottom surface of the liner. In addition, oxygen can be adsorbed on the

exppsed bot t Q?Peoé]alﬁﬂ? or itﬁe;ﬂ?ﬁﬂléﬁ%é@ﬁd’éniiﬁﬁ%ﬁ%ﬁﬁi@élfseﬁmtkﬂl
(0] t hese e S

“conbi nati on fec weakens the bond between the Ta and/or TaN and
t he coppetweed thievbettoirs of the vias and theamderdyingrcoppergmembers.r cui t s under
thermal stress. This has created a difficult problemin conbining the
beneficial features of copper interconnect and lowk dielectric. 15

Ref erri ng nowt ' . ' ' | cON, in
whi oh the 11 niiE AroBler 3B ibrBaSE BT HANCUERE dfinehSfors e didsy:
sput t er gHirifik (armirtiveirlaspettratio inorédsed). at the bottom of the via. Coverage
of C on the sides will be less than at the bottom as sputtered C does

noﬂ)cover vertical surfaces well. It has been found that Cr adheres wel |l 2o
on copper i n ReTErAnBingw 19,533, 2, brsts QWA BERF B aEuRing W he, 2100

or gani ¢ pipjreartal owee di‘afecﬂfiéﬁafé}dzmytﬁs?fi@ed oA i 166N %ﬂBsﬁ%@iﬂfS Aare

totally different fromthose inthe integrated circuit arts. Next, a CvVD

Ti N (defiivst coppby lapenB0xtends fratmdesi ta right! iArconventional batrigr Byer- | Onm
t hi ck, s been deposited in standard cqnditions. This | r is_conformnal
bt conpiend IR0 38 SARANGARE c-ByS 18 hasdoden deppajed onReBRRK ol so
adh§res|éy343?o the SILK, so that if there are any open SILK surfaces on

0

t he wal | he via, there will still be good adhesion on the 30 walls. 5
WO U2/ Ui 1337 PCT/ USULl/ ~7815

In the center of the Figure, a via extends down from copper layer 50 to
make contact with layer 30. The copper is lined with a conventional
combination of a CVD TiN liner 62 and a Ta (and/or TaN) liner 64. In an

20 illustrative embodiment, for a process having a nominal ground rule of
200nm, the thickness of layer 40 is nominally 300nm, the dimensions of the
via are nominally 200nm by 200nm and the aspect ratio is nominally 3.5. As
dimensions shrink, the aspect ratio (and thus the strain on the bond at the
bottom of the via) will increase.

25

It has been found that this combination, while satisfactory before any
heat stress, results in an unacceptably high failure rate after repeated
thermal cycles between -65°C and 200°C. The cause of this failure rate has
been identified as mechanical separation at the bottom of the via. The

30 thermal expansion coefficient of SiLK is five times greater than that of
copper, so that the interlayer dielectric exerts great stress on the joint at the



The final layer of the liner is a Ta |ayer 48, nomnally 25nmthick, that
serves to inprove the bonding between the TiN |liner and the Cu interconnect
menber. TaOONOSH33 so be used. s Experinental results sugg@€T/ushai7svs as
constructed according to the invention have reduced the failure rate
dramatically. In operation, the first |ayer of copper interconnect is

et | BuBREpPESAENMG the eftenbicBERatute ods (CTRM o0 U e b

vial is etched through the interlayer dielectric, preferably in a
dual - damascene process. A set of three |liner |ayers is put down and) if
preferred, rOns/suspeckcause péthisseparatios:is thatLarben isgnitted copper by

conventional CWVP _1s The secon ayer of .c r iS.: er ned.
The pro assed) fromthe] “Bﬁt‘ﬁﬁi%‘ér'ﬁe‘ﬁ'ﬂﬁ'Pgﬁf?@nﬂﬁﬁ"gﬁ’F sf‘?@pf’g%‘?@?‘g copper
areq put tyve ' ; EV tomERtiiomalhas
vreﬁerreaﬁg\g]gaﬂﬁggﬁ?g%r ﬁ@%ggrﬁ%{‘ éepog%ggigie%ﬁt S ogﬂﬁ]yg‘?i nventli on can

al so beclemringfrocesses|sucheas ispgtter ©leaning and interferesuwith the t hout t he

Ti N or Ta. This enbodi nent forgoes the confornal ggverage of "Hlﬁ‘ Ti N and

its quaformationsfa gopd honhbgiween the tap surfacs g thecoppera €dvant age

Che op PR sifface of FiS 1R ANTEARiBHE okyBelrban'biadoBpbel pridtiO T TN 1 S
This pr @\(Pd@édinttbmd&ﬁﬂie)ﬁiatwhéhethemﬂerae exqryed tegirt Dhei nt er connect

and uses less material. 6 VWO 02/0S(337 PCT/USOL/.4781 S Yet an(%;h r
| ajer dicopwhipation ohithese effrctsaywenkens the hand betwegn the Taand{Qr |ae@er 48.

he cvpatddpe E9apeLAnfl ENes b W pheBoieivol pFERkaf opEn éfERnE (| ona
sputter %de‘gqgg?ﬁla?eﬁﬂeééy?hﬁ flaB PRt adifen. r}i%'lérﬁ ih*\?bmbﬁﬁhg the has
rrped in P oail S

been desc erns of a single preferred e ment, those I1led in

the art beneficizicfezitures bhzoppee interconnect and low-kdiplentticced i n vari ous
versions within the spirit and scope of the following clains. Industrial
Applicability 1s The invention is useful in the field of integrated circuit

fapricati on, coabihih @bto Flg! 1! 8RR RSHIWA Url niBddinfaRsY et 2! | zat i on

invention, in which the liners 62 and 64 have been replaced with a first liner
42 of sputtered Cr, nominally 10 - 20 nm thick at the bottom of the via.
Coverage of Cr on the sides will be less than at the bottom, as sputtered Cr
does not cover vertical surfaces well. It has been found that Cr adheres well

20 to organic materials, such as SiLK. Cr has been used as an adhesion layer
on copper in the past in the field of integrated circuit packaging, where
organic materials are not used and where the dimensions and stresses are

totally different from those in the integrated circuit arts.

25 Next, a CVD TiN (deposited by chemical vapor deposition) liner 46,
nominally 5nm - 10nm thick, has been deposited in standard conditions.
This layer is conformal and compensates for the lack of coverage of the first
layer. The TiN also adheres well to the SiLK, so that if there are any open
SiLK surfaces on the walls of the via, there will still be good adhesion on the
30 walls.



dielectrics. 7 WD 02/0SG337 O ains PCT/US(11/-17815 1. A nethod of

form ng copper interconnections in an integrated circuit conprising the

st eps of WQ0Z/By3¥epositing and patterning a first |ayer oPCEQSPE#7815

i nterconnect (30); (b) depositing a first |layer of |low dielectric constant
interlayer 1o dielectric (40); (c) formng a set of vias through said first

Laver of | oWl errmbq'meﬁy&;ﬁa?@@rcu&' ity 250RPHARICthaR! d

first layer Of “copper “interconnect; -~ depositing a tirst liner layer

of O (4eivey tdimprove thetbording detweer the) TiN dinertamptiee Cupintersoninecta
second | ayer of copper interconnect 20 (50). 2. A nethod of form ng copper

i nt er comrrobeondaM m&yiah‘é@dﬁﬁﬂ-ci rcuit according to claim1, conprising
the additional step of: 25 (d-1) depositing a second liner |ayer of CVD Ti N
(46) in said set of vias. 30 8 WO 02/ 1151 . 337 PCTIUS01/~7815 3. A nethod
of §orming copper interconnections in an integrated circuit according to
claim2, conprising the additional step of: (d-2) depositirr;g a third |iner

| ayer (48) sExperinentalmeasuitsysuggest thatyias copstructed aseonding to.the et hod

of form,ng copper inteyconnectjons in an integrgted circuit according to
cl ai m 2 INIHD E‘@NQ ¥ %@dﬁﬁ éﬁ\ redale, d(gpl_mfigca? *2) depositing a third
l'iner | r . LY : ' . nections in
an int ezﬁipggggﬁbéﬁékfg%@)ﬁ na i?%pclc tgfénqﬂl}%éggﬁpﬂﬁ"sqﬁniga{ Iglgaaddi tional
step_ of patteraedifPasual EPr@feBeﬂﬂQrid 3 Haatascene sirabiured) adesfirst layer lof group
consisting of Ta and TaN. 20 L
10 dielectric is also deposited as usual. Next, a set of vias is etched through
the interlayer dielectric, preferably in a dual-damascene process. A set of
three liner layers is put down and, if preferred, removed outside the

channels for the second layer of copper by conventional CMP.

15 The second layer of copper is put down and patterned. The process is
repeated as often as required until all the layers of copper are put down.

Alternative Embodiments:
20
The preceding discussion has referred to a three-layer liner. Other
embodiments of the invention can also be used. For example, a single Cr
layer 42 can be used, without the TiN or Ta. This embodiment forgoes the
conformal coverage of the TiN and its qualities as a diffusion barrier. This
25 embodiment has the advantage of less cost, but is less conformal than the
CvD TiN.

Another embodiment is the replacement of Ta top liner layer 48 by
another sputtered layer of Cr. This provides good adhesion to the upper
30 copper layer of interconnect and uses less material.




6. A method of form ng copper interconnections in an integrated circuit
according to claim1, conprising the additional sets of: (d-1) depositing a
second | WeP2A®y¥r of CVD TiN (4f) in said set of 25 vi asPCERSO(/ 8P
depositing a third liner |ayer (48) selected fromthe group consisting of
Ta and TaN. 30 9 WO (12/US(i 337 PCT/USUL/ ~781s 7. A nethod according to
claim 6 fur )thed T4 east
NG R s B R A T e A A AL
const an(orl V\Llwﬂl eTieistwilt bedessiconfoshakthan the firsh embodimentyg t o
claim7, in ich said |ow dielectric constant 1o interlayer dielectric
conpri sbyt dispenses with the CVD step.
A& AU& A A& A . A& Ah. A( 9. A&&Nbdt <' t A>| vpke_YT] cTalU] caU] cal] ca] caU] cal] ca]
caU] ca] ca] cal] cal] cal] caU] ca] ca] ca] ca] cal] ca
"a] ca] c: aj ?h&@ pbafhent caldreatdiFodiharily be a conventional sputtered
‘F& <CFI NQ }wg (ﬁ‘maU] ca] ca] caU] ca] caU] caU] ca] caU] caU] ca] caU] caU] cal] cay
ca] cal] ceppernseedUpyet tafrombteddiegion] cal] ca] cal] ca] ca\ | CE] q47| ' o*/ =N<~| w
rmhc”~Ycal] | ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] c”a] ca] ca] c”a]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] c*a] caU] ca]l calU] caljca 7 -uKOR/ v8nD8y9
| wr therYal] | I Ebepl dingle prerirred cal cal
ca] ca] ca] ca] g‘g}'g%%@g]'ﬁg ﬂla]i?]ai%ai’fcalaéL ﬁﬁié}%§6l‘@ ' §n$g
39&<a&&emm§nm?w ?huawsﬁiuéaamme]m]vamequj]gmw cthiltfhs mﬂerﬂlqlt 6?? i!(ﬂi ??]( <(:?
caU] cal] ca] ca] ca] cal] ca] cal] ca cal]cal ca ' S(A(V
((19))) practiced @nvarious:yersions within UK é%&?ﬁ]"i‘é’@] g ca] ca
U] c™a] caﬂrl_‘g caU] ca] caU] ca] cal] cal] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca] cal] caU
] cay] cafidiMs. ¢ y__@c . .... 5/w'y//00HO0001) 1, 11~xsnga\ Ww ] ca] ca] cal] ca
U] caU] ca] cay caU] ca] caU] caU] cal] cal] cal] ca] cal] ca] ca] caUl ca] ca]ca]ca]ca]ca]c
aU] ca] ca] ca] ca] cal] callll1A2[ 272¢c22222Y33333/ 00HO00001) 1, 11~xsnga\ W w ] ca] ca]
cal] cal] cal] ca] caU] caU] ca] cal] calU] ca] caU] caU] ca] ] cal] ca] cal] cal] ca] cal] cay
calcalc ]l&a c cal ca&Nbt aBl 10% & ()- 10% & ()- 10% & () -
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& 0 Y &
N
1$10% & particBhrlPIh dnfogratéd Bk uids withOcoppén nietatiizetien apddoesks () - 10:

10:
dielectrics.



10: 9<MLO% & ()-S810% & ()-6 10% & ()- @
aBbC 10% & ()-z10% & ()--#10% & ()-&A0% & ()-! &YA0%\ & ()-s10% & () -
F&SaBbC& MO 0237 - $f10% & ()- !ml0% & ()- 4"10% & ()-  PCT/US01/47815
| ZY40% \ & ()-z#10% & ()- <Fl KLaB7C 10\ <s10% & ()-710% & ()-5
10% & ()-y2! 10% & ()-!1/nd0%\ 5\ & ()-Y("10%& ()-' LMW I CEnN/ 9Y
C 109448 () 1098 () - 3" 10%4& () - 3L10%H& () - ! &10%H& () - s&L0%H&' () - 10\
10\ E] - q Y " 109% 10%4& ()- 10%& ()- & 109%&' ()-!&" 10%H& () -1 mLo%& () -
10948 ()- 47| dEMNV 9Y "~ 10%( 10%4& ()- &L0%H& ()-! 10%& () -
109448 () - 109%H& () - 10%4& ()-' o*,-.dE:/ 10H 10HL< 10%& ()-!| 7&10%4& () -
5109%4& 1) - Alosstisod of fogmingicopper intsyEanpectionsiman integepted circuit
#109%414&' () -10%44& ()-110944& () - L10%& ()- "&10%& ()-10%4& ()- 10H<~7dE:/
10HL" 10948 ( §9 1%'9&83%5{31% '()-109%4& () - &10(%&' ()- G(l)O%-l& ()- -udE:/
10HLSL! 10%4& () - @F10%& ()-!g 10%4& ()- &L0%& ()-|

(a) depositing and patterning a first layer of copper interconnect

(30);

(b) depositing a first layer of low dielectric constant interlayer
10 dielectric (40);

(c) forming a set of vias through said first layer of low dielectric
constant interlayer dielectric, stopping on said first layer of
copper interconnect;

15 |

(d) depositing a first liner layer of Cr (42) within said set of vias;

and

(e) depositing and patterning a second layer of copper interconnect
20 (50).

2. A method of forming copper interconnections in an integrated circuit
according to claim 1, comprising the additional step of:
25
(d-1) depositing a second liner layer of CVD TiN (46) in said set of

vias.

30
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4. A method of forming copper interconnections in an integrated circuit
according to claim 2, comprising the additional step of:
10
(d-2) depositing a third liner layer of Cr (48).

5. A method of forming copper interconnections in an integrated circuit
15 according to claim 1, comprising the additional step of:

(d-1) depositing a second liner layer (46) selected from the group
consisting of Ta and TaN.

20
6. A method of forming copper interconnections in an integrated circuit
according to claim 1, comprising the additional sets of:

(d-1) depositing a second liner layer of CVD TiN (46) in said set of
25 vias; and

(d-2) depositing a third liner layer (48) selected from the group
consisting of Ta and TaN.

30
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