11 JUL 2005 WD 02/ 056337 PCT/USQ /47815 Chrom um Adhesi on Layer for Copper
Vias in Low K Technology 5 Technical Field The field of the invenqrpgmL%m
that of formng integrated circuits with copper netallization and |.ow

di el ectri c¥ORAB3tkground Art In the field of copper w PRT®%014ES15t he 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 electromgration. 15 Conventionally, in oxide
dielectric circuits, a dual damascene structure conbining a via connected

to a lower level w | L0t ' r includes an
adhesi on | ayer of TW&W&%%‘PBrE%gggrggh%mgr event diffusion
of the copper and a top |ayer jpf Jor | to Cu seed 20 deposition.
As the dinmension of sem condu<|: o%a@egilée-gwé@m nues to shrink, the RC

delay of its nmetal interconnects becones a major |imting factor of the
device speed. In order to resolve this issue, inplenentation of copper 25
i nterconnects (which reduces resistance, R) in a lowk dielectric nmateri al

(whi ¢h rw&t ance, C, between the netal |ines) beconmes a key

i ssue for _ : ductor industry to shrink the device to deep sub-

m croneter di resfiell of the invention is that of forming integrated circuits with
copper metallization and low-k dielectrics.

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.
15
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 jayer 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-
micrometer dimension.
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WO 02/ 056337 11 JUL 2005 PCT/USOL/ 47815 The nost econom cal way to

inpl ement Cu lowk netallization process is to use a dual -damascerle! JUL 2005
structure with netal via and netal lines being etched and filled with Cu
nmetal in oN® BPBEEs step. The excess Cu Is renoved by BSPUBGHE S Ccal
mechani cal polishing). In a dual-damascene 5 structure, a barrier layer (or
mul tiple |layers) between the Cu netal and the dielectric material is

required for BDRHenivst @conomscal why®! imipleni@tCul Iuw*s-k metalligatibmyer is known
as- a liner. The liner has two functions: as a di ffusion barrler to

prevent RFoOCesHisite useitdual-damescens srucire avlﬂhmatalawaam megalalieemt act

of "o or iine ol s, A jith EGACtaY 1 BudhBéeqs &Bpi HbRhecls Cllelr o7l

S102 di eleméved-by GMP {chemival ntectindealgsbl Ehingwik adluall elainiastemet eri al ) ,
the prior art has devel oped a set of conpatible materials for éhe l i ner,

such3as THruGtiKe, a bagrigr mrﬁmwlflpiﬁd@YBéﬁrinW%H\ﬁbﬁ&i‘ metal fBe good
adhes'on e e Bty Yo TodbORPRRA s S oL i doval | of

the line and v especi al as ec |o S ruc ures. However, in
the fiel charrigrdayenis lmowntaesla lmeleermnhnelt has twb fumdtichs: dised €at ri c

t |, , bl h d t in th
G et ol iRGSIER RREASEt Breyenbty Hamaltiueerpto Mk fistecivicomateriat and | o i
di el ectrigs §tohtaét IﬁyéKbBWee'iﬁ!ﬁrrﬁétaWia%h@hnHéﬂ?ﬁ{gt metall iy (WRickO!

10 can be made of Cu or W).

in the field of Cu dual-damascene metallization structures in Si02
dielectric (which is not considered as low-k dielectric material), the prior art
has developed a set of compatible materials for the liner, such as Ta, TaN,
15 and CVD TiN. It has been discovered that Ta has good adhesion with Cu
metal and CVD TiN has better coverage on the sidewall of the line and via,
especially for high 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 Si02 dielectric
material.

30



exist in Si02. SILKis polyner material, and is |argely nade of g SILK is
al so a soft material with a very high thermal expansion coeffici nk JUL 2005
Because 25 of these unique properties of SILK naterial, the requirenents
for Cu nmetal interconnects in that materYal, such as coverage of the
sidewal | of via and adhesion between liner and underlying netal (Cu or W

tal), is differ . b : i j on
T e SR B R e o S T L

t he di mensi enth oforvdspendumglineesiasd inl theespeatrretid e rieasiddg addivibndl requirements on

correspondi nlgeli' ncr, e,as(f Lg the as ecgII ratio of vias, adds additional

r equi renment & ohnertf?‘nlea YReP RS S a8 ¢ damascene structure. 5 Summary
According to a first aspect of the present disclosure, there is provided a
met hod of form ng copper interconnections in an intergrated circuit

conpri si Ag I¥ps of: (a) depositing and patterning a first |ayer of

copper interconne%‘coﬁg?g BePes agfg&(og)tﬁéf fon%gcdtfayseros&fe, {HRW Sﬁ&t‘%ﬁédh ethod

constant interlayer dielectric; 10 (c) formng a set of vi rough said
first |ayer obforinang elippkeintar¢anedions aman injengretel] aireuit chingpresing the steps ofpi ng on

said first layer of copper interconnect; ( depasiting. a first liner |ayer
of & within sai d?as)et ogepvolsglélfg agnHageéﬁungélglc‘%gstilﬂegﬁ%%or? e‘%‘é‘?"tf%‘%"rﬁeﬁtg a second

| ayer of copper i B)er codgrsiting@Tistdnjaedt endicttrichenfiigseefiaybr dtd@stid; e
relates to a conbinati qu of materials 15 ﬁnd, sfructure_ for copper

i ntercortfect circlfifts udiAgs BRI BEquen caidiiat layerodd lawsdielretricreogdirnied
adhesi on betwegiyct BRIRAE 9BpAhg 8n VAid 2N dhyleh S dPYEY in&PIYRREC! Nt €r connecti on

(d) depositing a first liner layer of Cr within said set of vias; and
(e). depositing and patterning a second layer of copper interconnect.
One embodiment of the present disclosure relates to a combination of materials
ts  and structure for copper interconnect circuits using low-k dielectrics that provides the
required adhesion between the bottom of a via and the lower copper interconnection
member, together with adequately low resistance.
A feature of an embodiment disclosed herein is that the adhesion between the Cr
liner layer at the bottom of a via and the underlying interconnect is sufficient to withstand
20  the stress caused by thermal cycling.
Another feature of an embodiment disclosed herein is that carbon contamination

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

Brief Description of Drawings

25 Figure 1 shows a portion of interconnect according to the invention.

Figure 2 shows a portion of interconnect according to the prior art.

Best Mode for Carrying Qut the Invention

In testing integrated circuits combining copper metallization with low-k

e dielectric (e.g. SiLK from Dow) an unexpected problem was identified.

[RALIBQ]2599.doc:MIC



menber, together with adequately |ow resistance. A feature of an enbodi nent
di scl osed herein is that the adhesion between the Cr liner |ayer at D
bottom of a via and the underlying interconnect is sufficient to w ?13’ b A5
20 the str¥9)20d¥ed by thermal cycling. Another featur ePEFUEH4&HodI ment
di scl osed herein is that carbon contam nation on the bottomof a via is
reduced by the gettering action of a layer of C. Brief Description of

Drawi ngs 25 Fllulcmtﬂasilwmhe pri@olaﬂ worloin coppecimermonnectsowithnaxide t he
i nventi on. gure 2 shows portion, of, i ni erconnect, according to the prior

art . Bestmwmqrcﬂ'el%ﬁtf'?v Al tmscenfabbhbm adhyre ate-af opa viasaltel: ed

circuits tallization with lowk 30 dielectric (e.qg.
Si LK fro&ﬁ%o%?hgg"ﬁ )@Bg{!{rgg. problemwas identified. [R\LIBQ 2599.doc:MC

11 JUL 2005 WO 02/ 056337 PCT/ US01/ 47815 In contrast to the prior art work
in copper interconnects wth oxide nterlayer dielectric, an unaccept ably

hi gh3failure rdt%cﬂﬂs%ﬂfewwp@l%t‘ﬁs' eftifigd as mechagic] SePREMIOE The cause
of the pr | Fﬂ;e\pgen t he bottom
of the 5ll§§ and e un@In f)}ﬁ%fazsogﬁ?ﬁ@hﬁgbr@ﬁ%@@ pr og m can only

I ncrease as the transverse di nensi ons of vias shrlnk (and their aspect
rati o i ncreas i ferrln now shawn a.t gagsical Vi a

i,S
according to t P & o M%#%Pé%? ansgyge EU“?'%“HP&%%’ on a.
silicon syfipiK ediid il?elr'ﬁs bt MlticCineP&dsdsgyer 30 extends fromleft to right.
A conventional "barrier gyer
10
Referring now to Fig. 2, there is shown a typical via according to the

prior art. Lower dielectric layer 20 is disposed on a silicon substrate 10. A

first copper layer 30 extends from left to right. A conventional barrier layer

32, referred to as a capping layer, e.g. SiN, has been deposited on copper

15 layer 30.

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



32, referred to as a capping layer, e.g. SIN, has been deposited on copper

15 layer 30. In the center of the Figure, a via extends down from cpq)pﬁ[‘ 2005
| ayer 50 to nmke contact with | ayer 30. The copper is lined with a- '
convent i on¥O V2408¢87 nati on of a CVD TIN liner 62 and a TaPCEW&Y1&81FaN) | i ner
64. In an 20 illustrative enbodinent, for a process having a nom nal ground
rule of 200nm the thickness of layer 40 is nomnally 300nm the

di mensi orgotédmtdicthewia wiieh fiiecinedit Yerdperatuby rid@8nm and the aspect ratio is
nomnally 3.5. As dinensions shrink, the aspect ratio (and thus the strain

on the bond at the bottomof the via) will increase. 25 It has been found

that this conhi ' ' I : f p . ess, results
in an unacce@@?&hﬁpaﬁ%ﬁ%@@%@g%@?ép qrgetgégfi'@bnt%géjﬁn%ﬁd;ycl es between
-65C and @Uegasseth)dromuhe lolv-k disleé®rid dudng 2he previoubsteps dbetchingd as
mechani cal separation at the bottomof the via. The 30 thernal_-expansion

coef Bi ci edd gieaning the via., This earbon is ok entirely remnuedrby conyentional ( hat t he
interl aye ' ' r t : L ¥ PR WO 02/ 056337
bot t om of CIPAHE BRgcsBE Buich 4¥ Gt CIERAIE wdd nteflRls TR, ) L7572 0o
suspect ctapmtizh oha gosd hamed: hetween thbaop carfawe dftherdoppet anddbe gassed)

fromthe Jowk dielectric during th revi ous steps o tching 5 and
cl eani ng *’?@Gm %1'."?@%’ QF h?:ﬁ' ﬂﬂﬁr'i E" ﬂ%&tﬁﬂt PXygen F%§9@d{sﬂa’%€ﬂvgmi onal
cl eani ng g BELSHES the ViR WiiaH thiel Rafdre éxplsédi@hfre Tie Wi th the
formati on of a good g‘;nd between the to sur??gce of the copper and the
10 combination of these effects weakens the bond between the Ta and/or TaN
and the copper and gives rise to the phenomenon of creating open circuits
under thermal stress. This has created a difficult problem in combining the

beneficial features of copper interconnect and low-k dielectric.

15 Referring now to Fig. 1, there is shown an embodiment of the
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.



bottom surface of the liner. In addition, oxygen can be adsorbed on the
exposed bottom of the via when the wafer is exposed to air. The 10 1 ‘
conmbi nation of these effects weakens the bond between the Ta and/oJ'T%HLI 2005
and the colQR3R gi ves rise to the phenonmenon of creat PREUSPEMIE rcuits
under thermal stress. This has created a difficult problemin conbining the
beneficial features of copper interconnect and |lowk dielectric. 15
Referring nowThe fihal layer ofiehe liner $aWa IaweeHBden'ﬁnallpEStlhethlckl,vmat| on, in

which the liners 62 and 64 have been replaced with a fir liner 42 of
sput t er ecS&EVES K@ HMPLPYE th@ bD“ngrhﬁtWﬁPB kthatTlNhlén%@ﬁdﬁh% utlnt@rs%nect
Cover age m{e eronﬁ,@q“ ea)e | ess than at the bottom as sputtered
Cr  does cover ver sur aces well. It has been found that Cr

adher es mell 20 to organlc materials, such as SiLK. Cr has been used as an
adhesion | ayer on copper in the past in the field of integrated circuit
packdgi ng, where organic materials are not used and where the di nensions

and stresses f | ircuit
s, 25 next Dpefieliafenlits SigRtst atkids ke abORMEIS ) TEU 1o
nomi nal | ylrﬁentlenmwmmldlucéd thafaibhgerratedearhatidaliy. st andard condi ti ons.

Thi s Iaye IS C nfor ensates for the | ack of, coverage of the
first qper? tﬁgéﬂrgﬁ aé(&ﬁgp EQPRE qntgrgopﬁgcgqs,_ p%s&tep}ﬂl[d’l f there are
any open pattéthettad asas) ﬂﬂ-e?éﬁb%n'éd@%a%@né's&ud € THe!firs¢ laydr gfe _good
adhesi on on the 30 wal JUL 2815 WD 02/056337 PCT/USOI/ 47815 The
fi nalo | aydielesgtrichis alsndenosutadm usaipbr Nest, vset obving isstehedntherugh hat

Ser ves Oyl TRl MGyl Gie1 B BRI In'a fudil B b BEdnd BrboslE, Rséiber connect

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.



menber. TaN may al so be used. 5 Experinental results suggest that vias
constructed according to the invention have reduced the failure rqquUL 2005
dramatically. In operation, the first |ayer of copper interconnect s
deposi t ed WOP2VHA% er ned as usual (preferably in a damasBPEeHESHETEIEt ure) .
The first layer of 10 dielectric is also deposited as usual. Next, a set
of vias is etched through the interlayer dielectric, preferably in a
dual - damascengepanotifer- lafes dispenses Wwitietlid TN laysret6 and retainsitheTand, i f
preferred, renoved outside the channels for pé\gﬁ tEecpnd&b‘a*\@l: of . copper by
i

convent i detiTalytayas48,dhis wgHdpe tess copforsal edirst IM§bat t er ned.
The process .. e S t as required until all the layers of
copper aﬁ%‘ﬁpqlgp%l%%s 6]Jiﬁdg'r%n%?f)vsgg%rrbodi ments: 20 The precedi ng di scussion

has referred to a three-layer liner. Oher enbodinments of the invention
can al so be used. For exanple, a sin

| |e Cr |ayer 42 can b useig i t hout
the i N or Talnmach embediment; t'!%fﬁg‘ﬁﬂ!soiqiﬁar'yoﬁ? Gr?Pd\"eEB%?aﬂH‘ ?re\fqlhe Ti N
and its Mﬁeltrlgeé%dgéger %hi&;ﬁg@amsribﬁr. This 25 enbodi nent has the

advant ag SS ess conformal than the CVD TIN. Anot her
enbodi nent is the replacenent of Ta top liner [ayer 48 by another
sputtered | ayer

of Cr. This ovides ,good, adhesion to th p copper
| ayer of int ervmﬁﬂél‘,? 'ﬁ\‘ﬁi’tb@gga? bggn HEPEF'PE\& n senpgp Bgfﬁéﬁﬁ?irrggL 1005
embodiment, those skilled in the art will recognize that the invention can be
10 practiced in various versions within the spirit and scope of the following

claims.

Industrial Applicability
15 ' The invention is useful in the field of integrated circuit fabrication,

particularly in integrated circuits with copper metallization and low-k

dielectrics.



PCT/ USOL/ 47815 Yet another |ayer dispenses with the Ti N |ayer 46 aﬂ?i
retains the Ta (or TaN) layer 48. This will be |l ess conformal tha tJHEZWj
first enmbodi nent but di spenses with the CVD step. 5 In each enbodi nent,
there wil | W8%%335 I'y be a conventional sputtered coppePCHE¥A4I8§er to
pronot e adhesion. Wile the invention has been described in terns of a
single preferred enbodinent, those skilled in the art will recognize that
the i nverglafifiscan be 10 practiced in various versions within the spirit and
scope of the followng clainms. Industrial Applicability 15 The invention
is useful in the field of integrated circuit fabrication, particularly in

3L 2005 o 02 Blethsd ol o ofEy Shtare MR In A g B RIS per
i nterconnect i gomprising thetstgpstofd circuit conprising the steps of: 5 (a)

depositing and patterning a first |ayer of copper interconnect (30); (b)
depoSiting a first layer of low dielectric constant interlayer 10

dielectric (4Q)y  gepositing 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



(c) formng a set of Was through said first layer of |ow dielectric
constant interlayer dielectric, stopping on said first |ayer of copper 005
i nterconnect; 15 (d) depositing a first liner layer of Cr (42) within sjyil‘(?
set of vi a¥¥002iep37e) depositing and patterning a secondPCEYSEI/43§1Scopper

I nterconnect 20 (50). 2. A method of form ng copper interconnections in an
Integrated circuit according to claiml, conprising the additional step
of : 25 (d3l) depaethiodns f@r:ﬁﬁf%@é'pzéérﬁﬁterhﬁﬁﬁécﬁﬁn%ﬁ liftegffted dir@dt d set of
vias. 30 8 11 JUL 2005 WO 02/056337 PCT/US01/47815 3. A nethod of formng
copper i nt er canesrdingto ¢laim2,iconappisingdheiadditionaldepofi ng to clai m 2,
conprising the additional step of: (d-2) depositing a third liner |ayer
(48) selected fromthe group 5 consisting of Ta and TaN. 4. A nethod of
form ng copper(d-2) eieposiking athird Imarlayert (a8)aletdctedr feoni theagoapdi ng to
claim2, conprising the additional step of: 10 (d-2) depositing a third
linerS | ayer of Cr (comsisting of fa@RddaN. f or ni ng copper interconnections in
an integrated circuit

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



15 according to claim1, conprising the additional step of: (d-1)
depositing a second liner |ayer (46) selected fromthe group conjiTsti nﬂ] of
Ta and TaN. 20 6. A nethod of form ng copper interconnections in - JUL 700

i nt egr at edWOi028BY7 according to claim 1, conprising thePeritisuidzmal 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 |ayer (48) selected fromthe
group consis §a¥d/steps

BT bsor /47618 B e O e e e e R P maP epeat f ng
sai d steps (b)b}through (g)nt beastense. once. s8. A nethod according to claim®6,
in which said low dielectric constant interlayer dielectric conprises SlILK
9. A method according to claim7, in which said |ow dielectric constant

10i nterl ayer dielectric conprises Si4K. 10

5 8. A method according to claim 6, in which said low dielectric constant
interlayer dielectric comprises SiLK.

9. A method according to claim 7, in which said low dielectric constant
10 interlayer dielectric comprises SiLK. '

10



