Technical Field PCT/USIII1/-19138 The field of the invention is that of
formng i wiegr@atad circuits with O copper netallization ang,08 K913

di el ectrics. Background Art In the field of copper with oxide, the art has
devel oped a set of s conpatible materials to |ine the trenches and vias
that contain the copper. The |lining nust adhere to the dielectric and bl ock
di ffusion. Conventionally, in oxide dielectric circuits, a dual damascene
structure 'o conbining a via connected to a |l ower level with a horizontal

i nterconnection nenber iCoppessVias antsoweK Tephnalogy or TaN, a barrier

| ayer of TaN to prevent diffusion of the copper and a top |ayer of Ta or
.TaN prior to Cu seed deposition. As the dinmension of sem conductor devices
continues to shrink) the RC 's 30 del tal interconnects becones
a mpjor limting factor of the deV|ce|m%mmmmm |mmﬁder to resolve this

ssue, | [ pidign of copper interconng Shider reduces resistance, R)
in a | oW relectric material (which reduces capaC|tance C, between the
nmet&l |ines) becomes a key issue for the sem conductor industry to shrink
t he device tq_de - Qrorreter di pensj on. WO 112/Q513-12
PCT/ US01/ ~913 ﬁ%i&? gdpyentien is that 9t?qrw|ngn-mg@}eﬁcﬁmwm§wm. zati on
process | re with metal via and netal |ines
bei ng et({@e&a&a”%%?ngw% W%QEQFEmé%ne process step. The excess Cu is
renoved by CWP (chem cal nechanical polishing). In a dual-damscene s
structure, a barrier layer (or nultiple | ayers) netal and
the dielectric material is required for both mnet ﬁmﬂﬂﬁmmw 9 tal |ines.
Thl@ ba[ég_@&g.ggﬁgéhs known as a liner. The Ilner ctions: as a

i f to prevent Cu fromdiffusing int'®%5ke dielectric
material and as a contact |ayer between Cu netal via and underlying netal
line (which to can be nade of Cu or YIN In the field of Cu dual -danmascene

met al | i zat i orinstheufield efscbpps'r Withlorides tthe art Wasadeveloped acsetofier ed as

| ow-k dielectrjc materj rt
compatlbfe materlals to Ime trPe trencﬁes and vias that contain the copper.
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The lining must adhere to the dielectric and block diffusion.

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

0 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, impleméntation of copper interconnects

'5 (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.



has devel oped a set of conpatible materials for the liner, such as Ta, TaN,
15 and CVD TiN. It has been discovered that Ta has good adhesion with Cu
met al andwoMksi¥2has better coverage on the sidewal |l of the/ldcigeagd Vi a,
especially for high aspect ratio structures. However, in the field of
formng Cu nmetal interconnects in lowk 20 dielectric material) new

probl ems have. ﬁrl sen that do aﬂOt have a counte p rt in the Cu, netal

i nt er connect s N MpsHegongmical; way tg implemantHu ‘@"bf“?‘ﬁéll?-mn Precessric

uch as Sl [

SITK 1o Bl heda dprtigmatefe dhy Ry h Hekd Via dhd et lips Hhink 7
nat eri al ethield #nd ¢illed wdth chemmﬂ wmyrcaegs)eiép CTikéexcB6s Bisis of these
«2s unique properties of SILK material, the requirenents for Cu netal

i nt er convespoved by GMP tehemical mechanical polishiag). dn a duakdamascener vi a and

-1? (rjg cor?@géﬁﬁg?ﬁgbéjﬁﬁfaﬁgﬁgzgg%% engygﬁlﬁ)(%@e:ﬁpwfl}?gﬁoéeﬁ yg@ E‘Erent

mat er i al diet€cttic miftetibd/is Ir ﬁirba B?Bdtﬁ(rﬁéfﬂg\ﬂi%'ahﬂ Aetal | lifes. This fact that
vias and

t he di mensions o i nes are decreasing, wth a correspondi ng
i ncr easebarriethiayesgesdnoven as anlmer.a‘ﬁheelme:r mmtwoduactlonquasemﬁut s on the
| iner for

i nvent i ofif ﬁtﬂ'ggl@é‘?ﬁg ;gfﬂr}emghg o 09? dpﬁl?g?l%;f °z§ & ‘L?iﬁfzﬁg@g?‘%ﬁ' hﬁeﬂﬂer ;
nhes ondbacaHtaEY Javer Fetieer Cy mtat (' 4nd anbieptyih Mettind fuher 200 €

menber, ¢aybehwmade 6hiCadeoWptel y | ow resistance. A feat ure of the invention

is that the adhesion between the bottom of a via and the underlying
i nterconnect is sufficient to withstand the stress 15 caused by thernal

The bort om of ioths fi&dof i ahiafgaMaztenBiinelafifalion {RBEMASS RIS °F, °",
Yet anotgrile¢®id (WRicH id hi6t Lonsidered asslowik &i@léﬁfricoﬁla%nﬁli“tﬁé -priéeaet h,

relatively high resistance Ti-Cu alloy only in the snmall region at the base
of the vhas deneloped hisedttafrapmpatible matevials dai thenlioer snucllnasu ,cfaNpnect .

2odsr o e SUD il Tt Ras Beendiacouetsd faalsTa has dockadhesionwii uc -
accor di ng,tQ) AHE CVDFiNhhs batte? 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
SiO2. SiLK is polymer material, and is largely made of C. SiLK is also a soft
material with a very high thermal expansion coefficient. Because of these

25 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.
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WO (12/11C3-12 PCT/US(11/-t9138 Best Mdde for Carrying Qut the Invention In
testing integrated circuits conbi ning copper netallization with | ow k

di el ectriwo(®/0§634&i LK from Dow) an unexpected probl em was pcdeidorfiogg. S I n

contrast to the prior art work in copper interconnects wth oxide

I nterlayer dielectric, an unacceptably high failure rate of open vias after

thermal cyclifg u . robl emwas . i dentified as
nechani cal selgaargﬁ@;lnr’gg?&gkgﬁéﬁgﬁﬁﬁ%‘?ngt@‘U ﬁlangn'a'eﬁﬂ'gﬁﬂﬁﬁérpyi ng
copper rdedreasing; withi _@bi’l‘é%b@ﬁﬂilfg“h_}’cr'daﬁéEIﬁStﬁea?sﬁéﬁ rat Fias® allygensi ons
of vias shrink (and their aspect ratio increases). Is Referring nowto Fig.
2, ther caddjtionghwmequirgments on theitiner fong dual:damastcene sttuctupseer
dielectric layer 20 is disposed on a silicon substrate 10. A first copper

| ayer 30 extends fromleft to right. A conventional barrier |ayer 32)
referred to as a capping layer) e.g. SiN, has been deposited on copper 20
|l ayer 30. In the center of the Figure, a via extends down from copper |ayer
50 to ndRisctesurecef lnveintionyer 30. The copper is lined with a conventi onal
conbination of a CVD TiNliner 62 and a Ta liner 64. In an illustrative 2s
enbodi nent, for a process having a nom nal ground rule of 200nm the

t hi ckness of -l ' i ] ' i of the
via are nom n@?;ﬁ%ﬁﬁlﬁ' t@)é%%ﬁ%aa%odﬂpmﬁgi%ég?'%ﬂ%g Pg'dﬁ%ﬁﬁﬁﬁfr% As

di nensi wuppErintérconmect Thedits asing lowit didtectrits BiatProviies fife bond at the
bottomof the via) will increase. 30 4 WO U2/ (15C3~2 PCT/USUI/-t19138 It
ha$0 beerrequined adaesion between the bottoniof lacviszand: the {lawer coppee any heat
stress, . lts ipn an unaccept ab hi failure rate after 100 m nutes at
300C. A'hg‘?' "Fﬁﬁpndrenihrgﬁ?se{fés \tﬂBcﬁfPﬂ}@t@! OW&eEitaBCRT this failure
rate has been identified as mechani cal separation at the bottomof the s
via. The thermal expansion coefficient of SILKis five tinmes greater than

t hat of coppdh featureloftthetinventienlisithat thebhdhesion batwéen she Hottsmasfsa on
the joint at e bottomof the via when the circuit tenperature rises. At

{ . | e, L
| east or¥dd @&'&'sa'eoﬂ"@ﬁr'yl"£eﬂaﬁaﬁqmqts!StMtlcmtti@nwnbsaﬂd the stress
15 caused by thermal cycling.

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 Ti.

20 Yet another feature of the invention is the formation of a high-strength,

relatively high resistance Ti-Cu alloy only in the small region at the base of
the via, thereby limiting the amount of resistance in the interconnect.

25 Brief Description of Drawings

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

Figure 2 shows a portion of interconnect according to the prior art.
30



to (outgassed) fromthe lowk dielectric during the previous steps of
etching the via. This carbon is not entirely renoved by conventi onal

cl eani ng WEeaksns such as sputter cleaning and interferespi/iidhibts
formati on 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
exposed bottom of the via when the Is wafer is exposed to air. The

conbi nat Best Mode for-Casrying Q --.-i‘e?xoilready | ow strength bond between
the TaN and the copper and gives rise to the phenomenon of creating open
circuits under thermal stress. This has created a difficult problemin

combi ni ng t hejrbaing itegh#RId/éREuits combiming topperinetdlliaatiohawith low-
dielectric. 20 Referri n?.l nowto Fig. 1, there is shown an enbodi ment of the
i

i nvent i ok dieleckricde.g.nSiLK from Dmv)aau unexpested problem was identified. i r st
Iln%\r 42 of sputtered Ti, nomnally IOonm- 20nmthick at the bottom of the
via’ Coverage of Ti on the sides will be I ess than at the bottom as
sputtered Ti Vit h xpl ai ned
bel ow, this di R the fitior &t “l'gﬂdn'onts%ﬁgépﬁ’tgﬁéwﬁ?ﬁ\émbtgt%gnéof t he
via, a pmtei'layeofdiehzthowan uhadcaptablydeight failure trate ohepennvinslafter,
represents a - allog % has a significantly higher 30 resistivity

t han Cu. t'@f@‘%‘kﬂ‘?é‘!ﬁpﬁ ¥H&dart woul d therefore not think to use Ti as the
bottom |iner |ayer because it increases the total resistance of the via 5
WO (12/115132 PCT/USOL/ ~9138 chain. As will be discussed below, this

di ggdvant age Thecuaargeomﬁe/f;mmm heaseidentifidd s mechafiical Nepdeadont ed by
chem cal vapor deposition) liner 46, s nomnally 5nm- | Onmthick, has been
deposi t ehetween 2hehattorprof theovias and the upderlying cappersmembersonpensat es
for the | ack of coverage of the first |ayer. Advantageously, the CVD Ti N
adheres well to the SILK, so that the | esser coverage on the walls of the
via of the TirThid probrffcansolintrédsasithe tharsvilrse tineifsiohs of ypaer s ! he
Ti first layer o hor 1 zont aces of the upper i1nterconnect. This
has t he sghrinki(apd tifeipaspect ratio imereasesyontal portion of Ti layer 42 from
reacting with the copper to forman alloy having a relatively high

residst ance. The only | ocation where the Ti can react with the Cuis at the

bot t om of_t hepirg, 'F'i%%? {§ P2, dieek 3¢' sholh b RFpRATVIF actdrding Yo the

hi gh- re5|stanc a sna area an

si gni fi cpriorartf fL%WertdI@Imt@IdyerrGEU ¥ disposed oma siliconsubistedte I0e A i nal
llayer of the liner is a Ta layer 48, nominally 25nmthick, that serves to
i nprove finst mmh!;amme@mm frorn leftde right. t Asonventionat barder layer

Const r ucPRurSIEER IR a3 SERBig b BT Sy i hben kDT B ophet °°

dr aygat i cpdyey-3doreover, a thicker layer (IOnminstead of 5nm) of Ti
produces | ower total resistance through 2s the via chain than a thinner
| ayer, even though the resistance of the thicker

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 liner 64. In an illuétrative

25 embodiment, for a process having a nominal ground rule of 200nm, the
thickness of dielectric layer 40 is nominally 620nm, the dimensions of the
via are nominally 200nm by 200nm and the aspect ratio is nominally 3. As
dimensions shrink, the aspect ratio (and thus the strain on the bond at the
bottom of the via) will increase.
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Ti-Cu alloy will be greater. It is thought that this counter-intuitive
result is caused by a reduced nunber of voids at the via bottom when a

thicker | @upé@RE34di 1s used. 3o In operation, the first |gypishfogpper
i nterconnect 30 is deposited and patterned as usual. The first |ayer of

dielectric 40 is also deposited as 6 WO (12/(1S13~2 PCT/USII 1/-19138

usual . Next, a set of vias s etched through the interlayer dielectric,
preferably i n'td‘%ﬁﬁeﬂe(%BGéﬁét H’F'&d’éﬁgg'ﬂ@t&b \ghllgmaé@fpgtpgy%éiggq Yo 46

econa | BB SRSE At i of" MkaeiaphERR IR e AHE a1 SOT RIS 88 0,
50 i's pugogdegn Rpdrival ]Etﬁggmdl rdfige § 06@ € tos+200eT] dTIRe calrserfahis equired

until all the layers o opper _are put down. An alternative nethod is the
addi t i onfaituretratehasi beey igentified ast mechanigaltseparationiatrthgehodam afithel at

th d, th | ti I s T i t.h _q. di

| noeas) Wa-1 Dliathering! expanstoneodicient ot Stk 1§ Ve tufeldrEatel indh thates on
to th \ ; . . : S ;
single prbrapPel B ihatthe MubnaybrUReL i oRBriipbat stida ol e Jotm 01 @
t hat t hethienbettonoof the vie wherrthe citcuit tempexaturerisesns within the spirit

and scope of the followng clains. 20 Industrial Applicability The
invention is useful in the field of integrated circuit fabrication,

e oty ) BRSO RLRsE S St P RO TR Bl niteqnc Lo
form ng Esed) friopethe dowok dielectricidurbg the previousi stepsafretchingithe he
steps of (&?s deposi ting and P_at terning a first |ayer of copper esses
i nt er conigct Thidogarbon is not entirely removed by conventional cleaning process
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 exposed bottom of the via when the
15 wafer is exposed to air. The combination of these effects weakens an
already low-strength bond between the 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.
20
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 Ti, nominally 10nm - 20nm thick at the bottom of the via.
Coverage of Ti on the sides will be less than at the bottom, as sputtered Ti
25 does not cover vertical surfaces well. As will be explained below, this

difference in coverage is not a problem.

At the bottom of the via, a portion of the lower Cu layer, denoted with
the numeral 44, represents a Cu-Ti alloy that has a significantly higher
30 resistivity than Cu. One skilled in the art would therefore not think to use Ti
as the bottom liner layer because it increases the total resistance of the via



(b) depositing a first layer of low dielectric constant interlayer
dielectric (40); (c) formng a set of vias through said first layer of |ow
di el ectriwogeonstant interlayer dielectric, stopping on salﬁtﬁ/ﬁg@hgﬂsgyer of
~s copper interconnect; (d) depositing a fi rst liner layer of Ti (42)

Wi thin said set of vi aI (e) depositing a second liner layer of CVD Ti N

(46) in sai,d set q Vi as deposi.ti.n third, liner |ayer 8) of Ta
or TaN iGhaiB; (ﬁ%&'ho‘i’e\ﬁ"%@‘ssﬁ(q’dg% g&“'ﬂéb&‘?ﬁ"ﬁ@g%r\ﬂoﬂﬂ‘i@ﬁﬁl g’é"‘%;’econd
| ayer of é:'&?mgr i nt erconnect (50). 2 A nmet hod according to claiml,
further Thcluding repeating said steps (b) through (g) to forma set of

i nterconnection |layers above said 30 second |ayer of copper interconnect. 8
WD,112/ 05132 PCT/ U5111/~9138 3. A nethod according to claim11, in which

sal d I ow di el Next,iaC¥BnTiN (depasised hy-shemiscal vapor denmsitiony lines 46 LK. s

hod. d |
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bR K SATBES(P. -%&%Lﬂh%%&@@@&ﬁ?iﬁ%%@ IRt gy e @t sRmect ] o2
S1OY& () pidinffber.19%N May Slsolb@@isel: 10%& () - y100& ()-s 109& ()- YmLO% ()-
ss109& ()-g(),i K- Lllot% ()-Fs6MLO%& ()-Mz 10%& () -
Experimental results have shown that vias constructed according to
the invention have reduced the failure rate dramatically. Moreover, a thicker
layer (10nm instead of 5nm ) of Ti produces a lower total resistance through
25 the via chain than a thinner layer, even though the resistance of the thicker
Ti-Cu alloy will be greater. It is thought that this counter-intuitive result is
caused by a reduced number of voids at the via bottom when a thicker layer
of Ti is used.

30 In operation, the first layer of copper interconnect 30 is deposited and
patterned as usual. The first layer of dielectric 40 is also deposited as



L$" 109%&' () - Ly) 10%& ()-"
109& () - FMLOY& ()-, /i KL1109%& ()-3"s109%& ()- 109& ()-101010<MLOY& () - |
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109%& () - 92I 00/6 - 91! 1 %R ()- &S/ & 100/ateLl(1 &(f #109& 8) 8&&8&&L0Y&' () -
% j KF6104§M3l - Nexbqa §§ato vias is etched throug the i terlayer dielectric,

ié(?/:g/f&( 53 1%%('}1%%%&%@'%/% Pf@e&é‘g‘ AsetbithrsE ‘fljn%@layers 42, 46

“109%&' ()and BB pmt déwdbaKd ik Preferied)éemove@itdide the ChaRkélq Jor the
9&109& ()- 109& ()-, 109%& éé ] ~ aB7KF6

10s<’ 1o%9qqnd7!mm qf)copprearoad yosonventionad GMP) - 3/ 100& () -

. F#10%

&
) -

Y(M,109%& ()-0YOMN OMLO%& ()- S109%& ()-9 10%& ()- 3 , 10% ()- 109%& ()-

s&! 209 ()- 10 100|  dEMN 9MLO% 10% ()- F10%& ()- L 109%& ()- L$10% () -

910%& () -9 10tke GeconidNaydy dFteiPer 5O put Hownldhé patterned. The process

is repeated as often as required until all the layers of copper are put down.

An alternative method is the addition to the initially pure Ti of a

10 mixture of nitrogen gas added at the end, so that the resulting layer is Ti(N)

with a gradient of N increasing toward the top of the layer, therefore
providing better adhesion to the CVD TiN layer. |

While the invention has been described in terms of a single preferred

15 embodiment, those skilled in the art will recognize that the invention can be

practiced in various versions within the spirit and scope of the following
claims.

20 Industrial Applicability

The invention is useful in the field of integrated circuit fabrication,
particularly in integrated circuits with copper metallization and low-k
dielectrics.

25
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L* 1Dk & () - f (WP(?}G&&@%@&% 10(

(@) depositing and patterning a first layer of copper interconnect
(30);

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

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

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

(e) depositing a second liner layer of CVD TiN (46) in said set of

20 vias;

()  depositing a third liner layer (48) of Ta or TaN in said set of
vias; and

25 (g) depositing and patterning a second layer of copper interconnect
(50).

2. A method according to claim 1, further including repeating said steps
(b) through (g) to form a set of interconnection layers above said
30 second layer of copper interconnect.
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