A Damascene Interconnect Structure With Cap Layer TECHNICAL FIELD
[0001] This invention relates generally to metallization of the integrated
circuit, and more specifically to damascene process. BACKGROUND
[0002] Conventional integrated circuit contains a plurality of patterns of
metal lines separated by inter-wiring spacings, and a plurality of
interconnect lines, such as bus lines, bit lines, word lines and logic
interconnect lines. Typically, the metal patterns of vertically spaced

metallization ipyers akeRlegiicAlyinerqaonacsed: Ry wWighMekal Ingser

formed in trench-like openings typically extend substantially parallel to the
rs(gmi(:onductor substrate. Semiconductor devices of such type according
TJ%M%IOW may comprise eight or more levels of metallization

to satisfy device geometry and micro miniaturization requirements. [0003]
[00# commpsignethod foefarming nétatdines-dfipltigs 6 krowreasted circuit, and more
"damascene". Generally, this process involves forming an opening in the

spedligleclininiariayer: whiehsseparates the vertically spaced metallization
layers. The opening is typically formed using conventional lithographic

and etching techniques. After an opening is formed, the opening is filled
BAGEKICOPPED or copper alloys to form a via. Excess metal material on the
surface of the dielectric interlayer is then typically removed by chemical

chanical planarization (CMP), RPerhas. ! ced alyminym ;;
w0@fcaus%%%‘ifﬁg\i}vaérn}é’s“i{sat%\ellt?g\%lé?g%#g%geI%%ilit’y,%wh ch wafs expectedmes

sepa28 BEURLDSGaUSE QLIS igher AGHYRHD ST IR AN H AW BUE fines. bit
lines, word lines and logic interconnect lines. Typically, the metal patterns of vertically space
metallization layers are electrically interconnected by vias. Metal lines formed In trench-like
openings typically extend substantially parallel to the semiconducior substrate. Semiconductor

devices of such type according to current technology may comprise eight or more Jevels of

metallization to satisfy device geometry and micro miniaturization requirements.

{ 0003}‘ A common method for forming metal lines or plugs 1s known as "damascene”,
Generally, this process involves forming an opening in the dielectric interlayer, which separates
the verticaﬂy spaced metallization layers. The opem’ng is typically formed using conventional
lithographic and etching technigues. After an opening is formed, the opening 1s ﬁlled with
copper or copper alloys to form a via. Excess metal material on the surface of the dielectric
mterlayer is then typically removed bjf chemical mechanical planarization (CMP).

[0004] | Copper has replaced aluminum because of ifs lower resisﬁvity and higher reliability,
which was expected to be better because of its Ihigher activation energy for diffusion. However,
copper still suffers from electro migration (EM) and stress migration (SM) reiiability 1552 as

geometries continue to shrink, and current densities 1ncrease.



!

Lmiohration. With the cap layer 16 formed, the stress induced void formaﬁon 1

copper still suffers fromelectro migration (EM) and stress migration (SM)

reliability issues as geometries continue to shrink, and current densities

increase. 1 [0005] Figure 1 illustrates a cross sectional view of a

conventional interconnection structure | formed using damascene

process. Metal lines 2 and 4, which are typically formed of copper or

copper alloys, are interconnected by via 10. Inter-metal-djelectric IIé/Ic%%g
:

[0005] SEPaTAles TWoayers thatsnet trds Ea 4 FEEHRE1E L5h

(ESL) 5 is formed on lower layer copper line 2. Diffgsion ti}arrier Ia%/%f?]i%med of
strucu@NOi ARt formeshiaspreyernteopphiadingtiadhiy Hind sthiSuRding
materials. The interconnection structure 1 in Figure 1 suffers fr%ﬁigt&ggpames
copper BNGFRON-A0sstress migratiorpiublmy)- SIHEETHEEADET fitfe
direct contact with a dielectric ESL 5, the character difference bet een | o
two layetPPar 2 and;dielectic Ei5tat. cRidesthighaet &fetio mgraiui SRd WesdY®
migration; therefore device reliability is degraded. [0006] Figure 2
copper Hlystates e i proN eney middedolther eéﬁ%?@i%aﬁﬁfé’?q‘b?ﬂ?&&%?fn
structure | by forming a metal cap_layer 16 on the copper line % Cap Iayf?rcm
into suGuS yRigAlly: fornTeek of erateriatsi suffaring e s b B b G ratith:
his layer greatly improved the reliability of the interconnections structure.
ierari}E B TEMIQVing- R interfaceshetmeefcoperiifies it dIERSERROMAGRE” @
~  The copper surface migration of structure 15 is reduced. It has been fouﬂ dmoh»r
dieiecriRatanden stepssee-canditions ihermeantipre G TAIRIRQNPTE) oPtRgeee e
interconnection structure 3 is_ten times longer than that of the
intercAnNestion S st ubstoftive redirstivhBfbledad-Eifgation. With
the cap layer 16 formed, the stress induced void formation is also
significantly i
{0006} Figure 2 iliugtrates an Improvem

diffesing

alectro
ent made to the conventi onal interconnechion

structure 1 by forming a metal cap layer 16 on the copper iix;e 2. Cap layer 16 is typically

formed of mateﬁals sufféring less from electro migration. T his layer greatiy mmproved the

1 ntet: atwesn ¢ ine 2
reliability of the nterconnections structure 15 by removing the intefface between copper lin

and dielectric layer 5. The copper surface migration of structure 15 is reduced. It has been found

: iti ime to failure (i f the intexc jon structure 3
fhat under streéssed conditions, the mean time to failure (MTTF) of the interconnechio ure

ié ten ﬁmes lonoer than that of +he interconnection structure 1 due to the reduction of electro
- janl B - ] .

s also significantly

reduced.

[ooo7 - Héwevar, the introduction of the cap layer 16 generaies another problem. IMD § 1s

etched in order to form an dpe'ning for viz and then ESL 5 is etched. Metal cap layer 16 is‘

typically etched through due to over etching when ESL 515 etched. Ir‘z'co'n.ventional formation of

the interconnect structure, the process.is only controlled so that the over etching stops at 2 ime

after the ESL 5 has been etched out. Typically, over etching may stop in cap layer 6 or

Cobo



reduced. [0007] However, the introduction of the cap layer 16 generates
another problem. IMD 8 is etched in order to form an opening for via and
then ESL 5 is etched. Metal cap layer 16 is typically etched through due
to over etching when ESL 5 is etched. In conventional formation of the
interconnect structure, the process is only controlled so that the over
etching stops at a time after the ESL 5 has been.etched out. Typically,
-over etching may stop in cap layer 16 or copper 2. If over etching lands in
cap layer 16, since metal cap 16 normally has a higher resistance than
: copper 2, the resistance of the remaining ca er.16 contrbufes 1q.the
Gappe"rgsi&é?ﬁ@éﬁglf%i b”oﬁ%é%h?ﬁi% 8(1? Ir%%%%k?a%pce of t%% interconnection
.__causes higher R%Cdela of the, integrated circuits; ifr ver etching. stons dn.q;q;
resistapet NaP fREPST the cfﬁfégéﬂé‘s?sﬁ[gnﬁcte%%a%ut?d% %Flfgrolt an the contact e
resistance havi remaining cap layer 16. Therefore, contact resistance s e
o &1 - 15E VT B .ﬂlw
of the ARy \ggrfgfrfrr(%?%?%?oéeogg%}ﬁ%rcglslgf?a%gl}sc Laré)er to predict. for d
. 10008] In order to reduce contact resistance and RC delay, and.reduce. ...y
imtegraiel CHLE A AN g’ﬁ%\ftﬁijﬁtﬁlo(dpgf’fbijtr%?nﬁ i‘%it‘”e?{c)%haﬁé%%g%. structures is
needed. 3 SUMMARY OF THE INVENTION,[0009] The preferred . .o 204
than th&r?ﬂf%‘ﬁﬁ%?%‘?%lg@é’ﬁ‘%ﬂgfﬁa@%ﬁg %&%fi drr?w?r%eg%r%fegrateé “Greait
interconnect structure havin%s a rEet I cap g{)n a %cl)cr%ductive line. [009a] In
RC delgin a3 dEATHRENESTS Hrmded AR‘intedrate

C‘%JIS - .
rcuit interconnection
structure comprising:

J0068] I order to reduce contact resistance and RC delay, and reduce process variation, a

new method of forming interconnection structures is needed.

[O 8]



a first conductor extending from a surface of a base material into the base
material; a conductive cap layer on the first conductor; a first dielectric on
the conductive cap layer and the base material; a second dielectric on the

SUMM Wﬂh |n the first dielectric, second dielectric, and
conductive cap layer wherein the opening extends into the first conductor
and forms a recess; and wherein the recess has a depth of greater than

[0009] about iFan parfarsd conbriiieriudissiosodhmeindea metetefderangimmigtegrated
.the openin an(ﬁ’hr recess. i(dlo In accor ance ith one embodiment
creuit S AT L B AU EAL FESTEH G & 8 sermiconductor
substrate. A conductive cap layer can be formed on the first conductive
[009a] line. Atnatoh astpeetatierd ESirp viadom fiotemat sheieudonguetiveegam slyesture
. An inter- metal-dielectric (IMD) can be formed on the ESL. A via opening

COMPrISHE a trench can be formed in the ESL, IMD and conductive cap layer. A
recess can be formed in the first conductive line. The recess can be
folitiberpyusier etmdigaviien thaufiescdirobase maseslabinte iy bassapareial;
process such as argon sputtering. A second conductive line can be
formdddillingdh éatrench thidiopenmipand recess. [0011] With a
conductive cap on the first conductive line, the reliability and performance

affthe diRGAD ARGt SHURHINE fApYher Siemifteanity mpsaved. The
preferred embodiment disclosed herein eliminates the possibility that the

secondicondugiveling ¢an Bf‘el%@&fﬂecj to the first conductive line through

the cap layer, which causes higher contact resistance and thus higher

an opening in the first dielectric, second dielectric, and conductive cap layer wherein the

opening extends into the first conductor and forms a recess; and wherein the recess has
a depth of greater than about Inm; and
a second conductor over the second dielectric and filling the opening and the recess.

[0010] In accordance with one embodiment disclosed herein, a first conductive line is
formed over a semiconductor substrate. A conductive cap layer can be formed on the first
conductive line. An etch stop layer (ESL) can be formed on the conductive cap layer. An inter-
metal-dielectric (IMD) can be formed on the ESL. A via opening and a trench can be formed in the
ESL, IMD and conductive cap layer. A recess can be formed in the first conductive line. The recess
can be formed by over etching when the first dielectric is etched, or by a separate process such as

argon sputtering. A second conductive line can be formed filling the trench, via opening and

recess.

[0011} With a conductive cap on the first conductive line, the reliability and performance
of the interconnection structure may be significantly improved. The preferred embodiment
disclosed herein eliminates the possibility that the second conductive line can be coupled to the

first conductive line through the cap layer, which causes higher contact resistance and thus higher

RC delay.



RC delay. 4 BRIEF DESCRIPTION OF THE DRAWINGS [0012] For a
more complete understanding of the present invention, and the
advantages thereof, reference is now made to the following descriptions
taken in conjunction with the accompanying drawings, in which: [0013]
Figure 1 illustrates a conventional interconnection structure with no metal
cap formed; [0014] Figure 2 illustrates a conventional interconnection
structure with a metal cap formed; and [00151 Figures 3 through 10 art
cross-sectional views of intermediate stages in the making of a preferred
embodiment of the present invention. 5 DETAILED DESCRIPTION OF

BRIEFDRFSRRATNEEVBEBIRMENTSj6016] The making and using of the

- presently preferred embodiments are discussed in detail below. It should

j00121Pe appraciated, iowaver thatthepresent fventionprevidemtanyadvantages

applicable inventive concepts that can be embodied in a wide variety of

heraoSPEEHig contexts e specific embadirenth siscussed anemetely with the
illustrative of specific ways to matte and use the invention, and do not

accomgglgﬂi%mgspﬂg&je}@ntion. [0017] Figures 3 through 10 are
cross-sectional views of intermediate stages in the making

[00135] Figure ! illusirates a conventional interconnection structure with no metal cap
formead;

[0614] Figure 2 illustrates a conventional interconnection structure with a metal cap formed;
and

[0015] Figures 3 through 10 are cross-sectional views of intermediate stages in the making

of a preferred embodiment of the present invention.



of a preferred embodiment of the present invention. A via connecting two
conductive lines are formed. Figure 3 illustrates formation of a trench 26
in a base material 20. In the preferred embodiment, base material. 20 is
an IMD preferably comprising a material having a dielectric constant (li
value) lower than about 3.3 and contains nitrogen, carbon, hydrogen,
oxygen, fluorine and their combinations. in alternative embodiments, base
naterial 20.¢an iligan jsybstrate oERIBEIDDViaSHuUCctive material.
DET%@?ﬁlgure 4]il ustrates a diffusion barrier layer 30 and a conductive line
32 formed in trench 26. Barrier layer 30 is preferably formed of a;material i,y detait
[0016] comibrisimg ateriaf et e AT GE g t%lnq%l}%urrl%]L ﬁﬁr? e, or other
alternatives: The material of the conductive line 32 is_preferably a.copperi: . b
below. dit coppébanpysesiprivmGg 4 Idaet T&Bé’ﬁﬁf&%?é’r%’%%e?éggr??%g coﬁgpger%
‘Through out the description, conductive line 32 may alternativel refer duific
inventins coppEs SRMJUGHIIOHAS BompBise Brer 8%?1%&: Ve ?Tl‘llafél%B. In (?ne
embodiment, conductive line 32 comprises.at_least 50 atomic Percentof,.vion.
embodatmintisru s erother BrHbSHMEAE. FHHEHR ﬁ%\% Cé“oarﬂ%%gés silver
or gold. Conductive line 32 preferably has a good conductivity with
and do tesiBthvitihlowepald i aBFatdehm-cm and is typically formed by depositing
a thin layer of seed copper or copper alloy, 6 then plating to fill the trench

o017 28 Axghemical meshanical planacization (@MP)fisupertorined so:deve the making

surface of copper 32. [0019] Figure 5 illustrates a metal cap 33 formed on
cond

of o preQGUEive JnG. A2 aack optionaliwenr barrexiayenae:iTe wietandap 38 lines are
preféra%iy comprises materials such as cobalt, nickel,

formed. Fieure 3 illustrates formation of 2 trench 26 in & hase material 20. In the preferred

_ _ .. L . - laprrio
1 base material 2 ] srably comprising a material having a dielects
embodiment, base material 20 is an IMD prei: 3 p

constant (K value) lower than about 3.3 and contains nitrogen, carbon, hydrogen, oxygen,

i " binati I ve embod e ial 20 can be asilicon
fluorine and their combinations. In alternative embodiments, base matert

subgtrate or other non-conductive material

[06018] Figure 4 illustrates a diffusion barrier layer 30 and a conductive Einé‘32 formed in

trench 26. Barner léyer 30 is preferably formed of 2 material gomprising titanium, titanium

nitride, tantalum, tantalunﬁ nitride, or other alternatives. "The material of the conductive line 321s

preferably a coppér or copper alloys comprising at least about 1A0 atomic percent of copper.

Through dut the description, conductive line 32 may alternatively referred as copper 32 although _‘

V ¢- - - - - . ~ ,7 . - .
it may comprise other conductive materials. Tn one embodiment, conductive line 32 compgses at

least 50 atomic percent of aluminum. In yet other embodiments, conduoctive line 32 cOmprises

silver or gold Conducéive line 32 preferably has a good conductivity with resistivity lower than
S, f=] " e ) . .

about 4ohm-cm and is typically formed by depositing a thin layer of seed copper or copper alloy,



tungsten, molybdenum, tantalum, boron, and phosphorus- These
materials may exist in the form of CoP, CoB. CoWwP, CoWB, NiWP,
CoSnP, NiWB, CusSi, ZrN, NiMoP and their combinations. Metal cap 33
has a preferred thickness of about 211111 to 20nm. Since metal cap 33
has a better characteristic match vT th conductive line 32 than a
dielectric, electro migration and stress migration are reduced and thus
“device reliability is improved. In the preferred embodiment, conductor line
32 is a copper or copper alloys so that metal cap 33 can be formed agr?ome Q1o
then (E9RRER Sficide:Grawt) of coppimsiicide Betali b perdhited by ar '
chemical vapor reaction (CVR) process that involves introducing a
level Shemicat vapepiSik-1a gas into a chamber at a temperature from about
200C to about 420C to react with copper. In other embodiments, metal

cap 33.can bg formedab%‘gclﬁctgolessfﬂﬁg@gnI&Mgggqh@qmm@iﬂiﬁemﬁomﬁy on

32

[0019}”9'[3'%%?3% gﬁtﬁ%eaepos&e sing common techniques such as

_ sputtering and CVD and then.etched. Leap 33 preferably hasia nickel,
bﬂm@ﬂ?@[ﬁﬁé& 8?‘5&?\?\%2%3366@{ ﬁ?ﬁcb?c? %ﬁ%l?t}%mm, more preferably about

10nm. [0020] In the preferred embodi 1-piterthe.cangugtive-hne-3i2t in the form
mgstgﬁdﬂﬁﬁéﬁfﬂ%ﬁﬁﬂg?ﬁ?g%%ﬁé%?fﬁﬂl?é{ r%’[Jllgr}%ascene process is preferably

erformed to form a via, -gAPReLdine {nalierIatiMe their combinations.
of Cogrﬁﬁ%iﬁfé\%@, %&%a&ﬁlr%ﬂge%g?%%}%g%{ﬁne can be formed by single

. damascene process, Figure 6 shows.a via etghing siap.layer(EpLI34as o better
Metalfermatitsh S 17 gﬁcgﬂds%gsegb ?ﬁlgfmn%I 20. Via ESL 34 is preferably a

dielectric material comprising cathan, siligon, Ditrogen, and axygekandiress
charadignig BRI FREERE Bbodt gaurégi)t ickn@ss of the ESL 34 is

ferabl ller th £ 80nMm. A via B.\AD: 36.is: e
mgaﬁgigféﬁ@%%%%m%rﬁggg Igla%gﬂty e Jlg‘lpré%pd. eisformed-an thavadiment,

is a copper or copper alloys 50 that metal cap 33 can be formed as a copper

conductor line 32

silicide. Growth of copper silicide 33 can be performed by & ch_emic_:ai vapor reaction (CVR)

] ini ] herns £ 8iF, eas into a chamber at a temperature
process that mvolves introducing a chemical vapor o1 SiHy gas

from about 200°C 1o about 420°C to react with copper. In other embodiments, metal cap 33 can

be formed by electroless plating. In yet other embodiments, metal cap 33 can be deposited using

common techniques such as sputtering and OV and then etched. Metal cap 33 preferably has a

tﬁickness of between about ?,mii t0 about 20nm, more preferably about 10nm.

[0020] In the preférred embodiment, after the conductive line 32 and matal cap 33 are

formed. a dual damascene process is preferably erformed to form a via and a second copper line.
iy : I . .

In alternative embodiments, the via and second copper line can be formed by single damascene

process. Figure 6 shows a via etching stop layer (ESL) 54 formed on cap layer 32 and base

material 20. Via ESL 34 is preferably 2 dielectric material comprising carbon, mhcpn, nitrogen, . |

' 50T ickness of the ESL 34 is preferabl
and oxygen and having a k value of less than about 5. The ﬂl]CLIl»—.S.% of the ESL 54 15 ps v

smaller than about 80nm. A via IMD layer 36 is formed on the via ESL layer 34 providing -



insulation between copper line 32 and a second copper line that will be
formed subsequently. The via IMD 36 preferably has a k value less than
about 3.4 and comprises carbon-doped silicon oxide, fluorine-doped

silicon oxide, organic low-k material and porous low-k material. It is
preferably formed by a spin-on, a chemical vapor deposition (CVD) or

other known methods. A trench INID 40 is then formed, as also shown. in
Figure. 6. The trench IMD 40 is preferably formed by similar methods and
using similar materials as [MD 36. The materials and methods of forming

Y8 E5k: 34,19 MB35 ApLiteRaRAP-AR @ e knadrtintheiads{008dhently

msu}aulg%}ﬁere 71 ug tes formation of a via opening 44. A photo resist material

The viAPOkShOWN) isfArmed andipatiemes:ovesihe Arent bohdBriges abon-doped silicon
anisotropic etch, preterably using fluorine containing etching gases, cuts
+qe. Hrough the trench, IMD:40, via JEvil) 86:andistops pbihes VienESinagajal. It is
oxide, %Elé}?g%)fdeo?GI&rr%rg?naa via’opening 44. The via ESL, 34 protects the
e nderlying first conductive. line 32 fiambeingaictat e leagtinawd methods. A
meﬂr&%d%ﬂr%fo %/igs gnin’g 44 are prefgrably smaller than about 500nm.

Figure 8 illustratesthe formation.et & tremehrepening #60 Anpreferably
french %\O\#gtbré%?ge&c ' cuts through the trench Ev1D 40 and thus forming the

. _.trench.open; Trench apening,46.ilk ke TuSed 4o Tormiseiainand methods of
Jform‘“cﬁ:{’é'ns uc%?/g]ﬁ%%%gﬁ{ illed. [0023] In the preferred embodiment, exposed

.. portion,of yia E3L-34 s eiehed prejerablyvRy-usingieiehant comprising
lom:%&%gg% %{ oro.. if;%?re 9 shows the structure after ESL 34 is etched.

Because via ESL 34 is quite thin relative tg the M% rs 36 and 40. .
Y | 7 3 i T” H o i 3 e 25 ¥ I t h

[0021] prodgsrechiflobanidschempeift et aetioR g itch %@c G ratertal (not shown)

controlled, thus limiting the likelihood of over-etching n- asine fluorine

is formed and patterned over the trench IMD 40, An amsotropic etch, preferably using fluorne

; 3 : 2% Toe .- Tar
containing etchine gases, cuts through the trench IMD 40, via IMD 36 and stops at the via ESL
= = H =

3 M =yt o 3 C+' 1
- 34, therefore forming a via opening 44. The via ESL 34 protects the underlying frst conductive
b [

line 32 from being eiched. The length and width W of via opening 44 are preferably smgller than

about 500nm.

{0622} Figure § illustrates the formation of a trench opening 46. An gnisotropi; etch cuts

through the trench IMD 40 and thus forming the trench opening 46. Trench opening 46 will be
used to form a second condiictive line when filled.

00231 | Tn the preferred embodiment, exposed portion of via ESL 34 is etched, preferably by
using etéhaut comprising CF4, CaFs, or Oa. Figure 9 sﬁows the structure after ESL 34 is etched.

- Because via ESL 34 is quite thin relative to the IMD layers 36 and 40, process confrol and end-

ﬁoiﬁt detaction are much more closely controlled, thus limiting the likelihood of gver-etching

through the underlying first copper line 32. Etching continues into the metal cap 33 after ESL 54

is etched away. In one preferred embodiment, process is controlled so that the metal cap 3318

etched away, and its underlying copper 32 is also over etched to form a recess 48 in conductive



i

R

through the underlying first copper line 32. Etching continues into the

metal cap 33 after ESL 34 is etched away. In one preferred embodiment,

process is controlled so that the metal. cap 33 is etched away, and its

underlying copper i2 is also over etched to form a recess 48 in conductive

8 line 32. In other embodiments, after over etching has reached into metal

cap 33 or conductive line 32, a sputtering is performed to sputter out the

remaining metal can 33 and into underlying conductive line 32 to form a

recess 48. The sputtering typically uses inert species such as argon or
. heligm. F:.rrefe ably, recess 48 nas ¢ de%thp 954%%&"1%%&9&‘&& MAQr conductive
line 3ot LB ﬁ%&éﬁltb%ﬁe%g@egﬁggﬁ“ fan to about 100nm. [0%24]
. Figure 10 illustrates formation of a nd.condyctive line 20 and viao3.Mierlying
ine g &GS ARER ﬁg)glﬁ?r’jg?gcs é%%S&ﬁ%%\?i\é opening 44 and trench T

opening 46 are filled with ¢ tive materials.:Preferably, conductording as aroon
cond3 A A L BT Loper B e ass :

copper or copper “alloys. Similar to the first

or hfoEe S Mo IR oL e YL PR RndacRand FORCMANRIBAL, more

. PSS as
Prisés a Ié4st about 10 atomic percent of copper. In

_alternative. embodimen onductive line 50 may comprises at least 50
Pr‘ﬂ’feézf%lﬁ\%?)lgré@ﬁ{iﬂ&? - Orhﬁlntfl{}grf%ilver and -old. The resistivity of via 52 and

conductive line 50 is preferably lower than about 4ohm-cm. A CHIP is
10024jerformgnt4a (eiliplsthecs dnacaion basrker tayerBISHEWRY MAJISE fériet

before the second conductive line 50 is formed. The barrier layer is .
openipeefetally formedeota 4hatiriaricomprisingtitadimmitanmmaitfidges filled with

tantalum, tantalum nitride, and other layers as well. The thickness of the
conddairrieniayenis preferatily betiveem BboGf 2nh s aBeue 4gmss of copper or copper

alloys. Similar to the first conductive line, the matertal of the via 32 and second conductive

line 50 preferably comprises at least about 10 atomic percent of copper. In alternative

L

embodiments, conductive line 50 may comprises at least 50 atomic percent of alurminum, silve
aﬁd oold.- The resistivity of via 52 and conductive line 50 is preferably lower than about
4oﬁ1n—cm. A CMP is performed to level the sarface. A barrier laver (not shown) may be formed
before the second conductive Jine 50 is formed. The barrier layer is preferably formed of a

material comprising titanium, titanium nitride, tantalurn, tantalum nitride, and other layers as

well. The thickness of the barrier layer is preferably between about 2nm to about 40nm.

[0025] | In a,notﬁer preferred embodiment,‘ after the stfucmre in Figure 8 Is formed, a bgrrier ‘
layer (not shown) is formed on the sidswall-s of via opening 44, trench opening 46 and e};posedr
portion of via ESL 34. An anisotropic etbhing or spuﬁering 1s then ﬁerformad 10 femove
ﬁateriais at the bottom of the via opening 44, including barrier -layer: via ESL 34, and metal

cap 33, Recess 48 is then formed. The process in this embodiment remeves the barrier layer

formed between via 52 and conductive line 32. Therefore better contact is formed through a

direct contact between copper and copper.



[00251 In another preferred embodiment, after the structure in Figure 8 is
formed, a barrier layer (not shown) is formed on the sidewalls of via
opening 44, trench opening 46 and exposed portion of via ESL 34. An
anisotropic etching or sputtering is then performed to remove materials at
the bottom of the via opening 44, including barrier layer, via ESL 34, and
metal cap 33. Recess 48 is then. formed. The process in this embodiment
removes the. barrier layer formed between via 52 and conductive line 32.
Therefore better contact is formed through a direct contact between

wuzsf"pp&’é And,onpar 21002610 therpretenedembbilimentytheebess dgine 32

ormed in the first conductive line 32 ensures that there is substantially no

ensurdDAlSralof can laver48 Ieftinexpasedpatianafiviaiopeningi4hriibe of via

contact resistance is greatly reduced and RC delay reduced. The contact

openilﬁﬁiit ce s more predictable-and proeessivanatidniiy reduced. [0g2@ntact
though the present invention and its advantages have been described in

resistdS1al it ShoteL Be;unde dthatrariousehaages, substitutions and

alterations can be made herein without departing from the spirit and

scope of the invention as defined by the appended. claims. More ver: tﬁ%tail it

[00276copé Bhenehyihs SERT AP BIEATLH @‘%&Siﬁ?é)ﬁ%a‘i&% ¢ Ffimﬁ’l‘t“é*’ldﬁt{lioS %ﬁlg i o
particular embodiments of the process, maching, Egarglggcgurebg%ja de herein

shouldchmpdeisionoh i AREP i ERRE ItRTUEUARY Tid pLGathB s n e ¢
specification. As one of ordinary skill in the art will a%adn% %‘8%%%%5%3@{8(@%@3.

withouthéepisthestivs Shalte p eS8 CIITEHOR PFoRERREE Hr4tHings,

manufacture, compositions of matter, means, ﬁ%%g;ﬁtg%%sthe particular

Moreopragbatigopsistitiy prasreraprbetatefopdd i

embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from tﬁe disclosure of the present invention, processes, machines, manufacture, gompbsiﬁons of
matier, means, methods, or steps, presently existing or lgter to be developed, that perform
substantially the same fimetion or achieve substantially the same result as the corresponding
eﬁxbodiments described herein Hiay be utilized according to the present invention. Acoordjngijg
the éppe-nded claims are intended to incjude within their scope such procgsses, machines,

manufacture, compositions of matter, means, methods, or steps.

10



substantially the same function or achieve substantially the same result as
the corresponding embodiments described herein may be utilized
according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines,
. C ompositions of matter, means, methods, or steps. . 10
“Wﬁ%@ D IS: L An integrated circuit interconnection structure
comprising: a first conductor extending from a surface of a base Material
. intethetbasemmatendlirarcomistire tap Iy BrPthe st conductor, - a
first dielectric on the conductive cap layer and the.base material; a second . .
dieléticanthefiestdisiefioransopeanglin temstaaloaRd s deshFacra
dielectric, and conductive cap layer wherein the opening extends into the
fast goniutterapdaforms hedcessraigiWwherein the recess has a depth of
greater than about | nm; and a second conductor over the second
dielgctidiandtfiting the apaniiyant e resaddhebaRanfEionnection
structure of claim 1 wherein the first and second conductors comprise a
matesiahseledted it om treegsodisiednisisting essentially of an alloy
containing more than about 10 atomic percent of copper, an alloy ..
comalpingnaer xthan-aliolt 5. atamic perbertiof safpmplin givap lgurg woorem the
and combinations thereof. .
opening extznds 1nio the first conductor and forms a recess; and wherem the recess has

a depth of greater than about 1 nm; and
a second conductor over the second dielectric and filling the opening and the recess.

ection structure of claim 1 wherein the first and second conductors

2. The iuferconn
. . RSN
comprise a material selected from the group consisting essentially of an alloy containing mors

" : . bout 50 atomic percernt of
+than about 10 atomic percent of copper, an alloy containing more than about 50 afommuc p

aluminum, silver, gold, and combinations thereof.

3 "The interconnection .stmci‘m‘c of claim 2 wherein the first and sc_cond conductors have a

resistiﬁiy of lower than about 4ohm-cr.

4, The interconnection siracture of claim 1 wherein the conductive cap iayer coraprises a
material selected from the group consisting essentially of cobalt, nickel, tungsten, molybdenum,

tantalum, bororn, phosphorous, and combinations thereof.

-11
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3. The interconnection structure of claim 2 wherein the first and second

conductors have a resistivity of lower than about 40hm-cm. -A, 4. The

interconnection structure of claim | wherein the conductive cap layer

comprises a material selected from the group consisting essentially of

cobalt, nickel, tungsten, molybdenum, tantalum, boron, phosphorous, and

combinations thereof. -11 S. The interconnection structure of claim |

wherein the conductive cap layer comprises a material selected from the

group consisting essentially of CoP,CoB, CoVdP, CoV , NiWP, CoSnP,

NiWB, CusSi, ZrN, NiMoP and combinations.thereof. . Th o jces g
. inmechnmection SRS SRTHP ARG B LT SG S (o o™

a thickness of between about 2nm and apou Y
materileEpORRER N StrErcn s O HHRS FWﬁ’éﬁ‘éﬁ}’ tﬁ%e%g}gf@r?é ’ﬁ;{ieggﬁ OB RV,

~ comprises a material selected from the group copsisting essentially of

CoSnPaliwvEdopsd Ewibm@mwm@%%%ﬁf%ﬁ oxide, organic low-k
material, porous low-k material and combinations thereof. 8. The
interconnection structure of claim | wherein _the recess has a depth of fickness
bepiegr. ARghl-dopsaadabout danm ohThmititereodHetipABIARRIADF Tickne

6. claim 1 wherein the recess has a depth of between about 10nm
of bet%%%ﬂaa out 1008k Aigout 20nm.

1 m c ielectric cOmMPrIses a
7 The intercommection. structure of claim 1 wherein the second dielectric comp

faterial selected from the group consisting essentially of carbon-doped silicon oxide, fluorine-

0 o ~ a1 Qr 1
5 S1i 113 p:al 3 Ol'bam 1 1\ 1 L 5 p £

| ion struct 1 ein the recess has a depth of between about
8 The interconnection structure of claim 1 wherein the recess T

inm and about 10nm.

9 The interconnection smictu}e of claim 1 wherein the recess has 2 depth of between about

10rmm and.about 100nm.



e

A Damascene Interconnect Structure With Cap Layer ABSTRACT OF

THE DISCLOSURE A method of forming an integrated circuit interconnect
structure is presented. A first conductive line is formed over a
semiconductor substrate. A conductive cap layer is formed on the first
conductive line to improve device reliability. An etch stop layer (ESL) is

for i I ntek, i G (] IS
forme e SR ek aver
IMD, and conductive cap layer. A recess is formed in the first conductive

‘%@g@ he recess can be formed by over etching when the first dielectric is
{ A‘ a@gp]g@@ Wé@gsuch as argon sputtering. A second

conductive line is formed filling the trench, opening and recess. (FIG. 3) .
13 A method of forming an integrated circuit inferconnect structure is presented. A

frrst conductive line is formed over a semiconductor substrate. A conductive cap layer is
formed on the first conducﬁ.vé Line.to tmprove device reliability. An etch stop layer (ESL)
1s formed on the conductive cap layer. An inier-level dielectric (IMD) is formed on the
ESL. A via opening and a trench are formed in the ESL, IMD, and conductive cap layer.
A recess is formed in the first conductive line. The recess can be forr;n"ed by over etching
when the first dielectric 15 etched, or by a separaié process such as argon sputtering. A

second conductive line is formed filiing the trench, opening and recess.

(FIG. 3) |



