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BACKGROUND j 00911 The present-invention
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particularly to a convex-shaped i nterconnection '
structure for sem conductor -devices. [0002} As CMOS
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_ ]IleEICOHIlECtlﬂH between the mtemal devices, global wires, and systems The. tai:al ‘
' delay time is given by the equahon t wit = t gate + RC delay. The mterc@mecﬁﬂn
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- internal devicesin a lazge chip operahng at a high cleck frequency the1C deia*y

. (Where L is the line inductance and C is the interconnection capat:;tance) bﬁeomes _




desi gn ié to educe the IBC. delay. in addtition, if

there is along di stance between internal devices in a
| arge chip operating at a high clock frequency, the LC
day (where L is the line induce nee and Cis the
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1nakes it more resistant to migration failures. than Al The EM (elecm-o-nuaraﬁan) of
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Cuis approximately two orders of maomtude hiﬂh&r than that of Al, As an exampL '
. of t}:us effect, consider the wiring capacitances of parallel wites 8000w and 468hm

* thick as afunction of Wiﬁng pitch _(.Width of W1res and spaces). The wiritg
capeicitanc&imcrga&es as*-the- wiring pitch is reduced because the .capécitémcé
increaseé-as the wires come closer together. 'Ihémﬁa:m,‘:-g'-capacitance can be lowered
" without incre_asiﬁg the sheet resistance by changing the metal from. Al o Cu and

. chamgng the ﬂ'udmess from 800nm to 400nm. This is because the resistivity-af a Cu
wire is iéwer than that of an Al wire. Thus, the use of Cut iriterconniection 'strﬁcmres
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consi der the wiring capacitances -of
parallel wres 800nm and 400nm thick as a function of
wiring pitch (wwdth of wires and spaces).. The wring
capaci tance increases as-the wiring pitch is reduced
because the capacitance increases as the wires: cone.
cl oser together. The wiring capacitance can bye
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can ]tafr: teIQe(E:P o? ﬂfteoé.!;ff?lgl%rl’]l hrra%grl, such as Htanium nitride (HN), tantalum {Ta),

tantalumn nitride (TaN), or tantatum (Ta) alloys. Cu is then. applied info the trenches

or vias by a process, such as BCP (electro-copper depasition), and fills #he trench and

Via, The excess: Cu material is then removed by using:a dlemir*aﬂy active shury ina
chemxcal mechamcal pohshmg (CMP) process. '
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- the mtarconnecﬂon structuze interfacing with the barrier Iayer wonld have a }ugher
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farmed at the interface of the barrier layer and the intercommection sfructure af%er'ﬂié

.CMP process completes. Conventmnaﬂy, a cappmg layer, such as.an étch stop layer,

] would be formed atop the interconnection structure in- order for construckng a

. damascene structure or multiple inferconnection layers.. Because of the recess,

B velél Wﬂﬂld be formed between the capping layer and the initerfae of the




filled wwth Cu formthe plugs between the
i nterconnection | ayers. Disadvantages to the use of
the Cu based interconnection structures are the
adverse interaction between the silicon and copper
materials. Cu can contam nate the silicon wafer. -
Therefore, to keep Cu frommgrating into the silicon,
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[DOU?] Alfh@ugh the invention is illustrated:-aid described herﬁm &S, emb&)dled in
a convex shape interconnect structure and associated process'to improve -
'Senucqnductor device copper interconnect reliability, itis nevertheless not-intended
to be Iim:lted to the détaﬂs shown, since various modifications and structural
chges zﬁ-ay be made therein without departing from the spirit of the inveﬁﬁog arid

. Wwithin the scope and range of equivalents of the claims.

" BRIEFDESCRIPTION OF THE DRAWINGS

[01110] FiGs. 1A through iD 1Hustrate a canventlonal process £@r forming an

interconmection stmctm:e in an mtegrated circuft.




I nterconnection structure and the diffusion barrier

| ayer.. The void is weak point to. electro mgration

and stress mgration, and therefore , paces a potenti al
reliability problem 00071 As-such, what is needed is
an inproved interconnection structure that is free

fromvoids forned at an interface location with its
I a\éfr. SUMVARY [ 0008]
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circuit. In one enbodinent; a dielectric® Tayer is -

thef reprsd iferdiogen conduct or substrate. Are opening is
‘formed on the dielectric layer. A barrier layer is

- farned. over inner walls of the opeping. a .
PR ol = et Gevhgbr fcaopaertenseneture,

 acchRBn P8 fHeVmBANRENRICHM esd jveRezn! - OPENi ng. Then,

aatep of planarization i's per orm‘aémto formthe

i nterconnection structure; such that a peripheral

DESOREPTION top surface of the interconnection
structure is.-no lower than :a top surface of the
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' sta'ugﬁlt; ?%w”fﬁleﬁprdt@ési A 102 Sarth briltbah 8¥hTRENI8FSDRY in the sificon
intended to be halted to the. deters Shown, since
based apiesumstalntidietitie BN dayard 12t The bpeaing is famged wissn fhe wafer
i co S Sl 85, HERAE Ry ISR L, S ary
etch cuts:down through a pertion of the IMD layer 112. The phetoresist layer isthen -
“stripped, leaving the @pﬁ*ﬂmg in the IMD layer 112, The-epening 110 can be a tiench
oravia. A french.is created fo form a wiring pattern-for gach Inetallayer, whﬂe a
via (holes from ene.layer to anather) forms the plugsbatween layers. A thin barrier
layer114 is-applied asa coating on the inner and bottem walls Gf ’chfé -@peﬁng 110, A
- seed layer followed by the déposition of a conductive ia;re;* 116 is then applied-into |
and fills the spening 110. Any excess conductive material is then removed I:;y nsmg
. achemically acfive:sturry in a CMP process to a point appnoadm&téiy-:equal to or
 lower tha.n the:surface of the opening _-110. The variation of the cqndue-;zé material
level is due to the fact that the conductive layer 116 being rerhoved has a faster
pdﬁshiﬁg- rate than the Iayer 112. As éha&m mFIGIB, the preocess g’ti-—:w_p 10;1
shows-the height 118 of the conductive .I:rztyer 166 is Jow thanfheﬁ surface of

bartier layer 114. .




Wthin the scope and range- of equivalents of the

clainms. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] d Gs.

1A through IT) illustrate a conventional process for
formng an interconnection structure. in an

integrated circuit [0.0-111 FIGS, 2A through 2D
illustrate -a. series of process steps: for formng a-
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Cl rcwt according to one enbodi nent of the present '

 pattinligntivone GOREPPT Fye TBE uhlikbe tap eurfacconfdbs TWE2 Lavondi2 is
Vi ew of an i-nter C nect ion, str ure,
expredeibod P%P HeOpisEEBRt @F ﬁi\?éﬂﬁfﬁ??ﬂ | 3%#%122
| L -
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chekfi2alt 08 gl fs0@etan tﬁ@@ﬂhgrc&ﬁsﬂ rElds ecsapect dlosmical potential at
102 starts with an

‘structure. The first process ste
thedpkngoiito condvesy v erido 6amrlthe hamrdanen Hiteln #8% al

di el 1 : _
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etch cuts-down through a portion of the AM I ayer
the barrger Jaylird 19 otothiet ithelcapdnctive Iayeralhlt, sthicippefdster- than that of
., Lkeaving the opening in the ) DI ayer 112. The -open g
the P4l axer B a trench or a via. A french :is created t
forma wiring pattern for each netal Iayer while a
geo?ggeﬂle%%@&% 9021 B4R k. BROINR Jorl LB HReRbHEScHON
e en ers: arrier- layer 114 -applied as a
strue@ab [ IHed Hidterribnhger Hidnhphbobe flbd Hyoi dthke stpelaag(ESLy
110. A seed |layer. ‘followed by the dep05|t|on %{1 a ids .
238 MO

126,k it dapesited i theygoress skeprl 08pat sl g Fi=. 1D

124 become a weak spot in the interconnection structure Iesulhng in reduaced

intearated cireuit electro-migration/ stress-migration (EM/SM) reliability. ENM/SM
testing utilizes pre-existing voids at the interface of the. intercanmcﬁonﬁﬁ*ucbue
and the barrier layer asa preﬁerred void growih site, which provides d fast diffusion

- path because only a low ar:tzvaﬁon energy is required. here.

[0016] FIGs. 2A through 2D present the new. convex-shaped interconnection
structire fabriéatiom proeess 128, in accordance ‘with oneembediment of the present .
invention. The procession process 128 encompasses pracesssteps 102, 104, 130, asad

132 Itis noteworthy that the process steps 102 and 104 are idenitical to the:first two
~ steps mE_I_Gs. 1A and 1B, wherein like numerals denote like structures through out
. ‘ _ ﬂneflgures The process-steps 130 and 132 incarporate the new process changes to

form the new corvex-shaped intercormection structure. These st‘eps will be '

- described below in detail. -




-and fills the opening-110. Any excess conductive
material is then renoved by using a chemcally
active: slurry in a CWP process to a point
approximately equal to or |ower than the surface of
t he opening 7.10. The variation of the conductive
material level is due to the fact that the conductive
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“Interconnection structure. 122, exposed

Iasdsaqbﬁtecﬁondunfsta Iayexéﬂtﬁbshetﬂmnpnlagfehw aehtheodicleetrid kyer. Itis
chem cal actlvg e T34

d ted_ by the l.dnd f
nﬂéw?lit 5’ ﬁ@g«?n.rt'ﬁrs gﬂ@c’éwegﬁ« 5%"2@@ befﬁ? ndgicpppedion;s!

E ﬂﬁ{bgt)g/"gr Jﬂ6 gf) : a‘%l @Elé?‘{e?gsrél{yayer ﬁ ?189%38%fahé{e

Ia@ﬁbﬁﬂwﬂaﬁtthe hﬂ@:c&ﬁE&t@hfs&Qicnﬁe 43t andhé Harrlddapér 114 on either
either side of the opening 110. This_ BEER effect |s i

sicgas fhamﬁme‘n@m/ ki “estrives ﬁh@}?ﬂf It3 ﬁ@'nw’eﬂwﬁﬁ@,a@%ﬂnge of

h| n ar 14 .t han .t hat
e P e 1 B T by %%{w{;?nﬂ'efora
'mﬁcﬂ?aét%él%ﬁ &hite !Eé':r fhfe barrier layer 114 than for the conductive layer 116
and ‘the dielectric layer 112 but alsp for a reduction of Galvanic effect. Inaddition,

‘the -peli-sixingr—.a’te of the dielectric layer 112 is no slower than that of the conductive
' layer 176, This compensates the chemical potential at the interface of the e@nductrve
layer 116 and bazrier layer 114. Thas, the --cpmpléted’~ interconnection stractme 134
- would have an outer edge no lower thai a top-edge of #he opening 130. _

[0018] In this embodiment, the opemng 110 can be, elther a trench ara Vla 'Ihe
dlelectnc layer 112 is made of a low-k dielectric based materlal which hais a
dielectric constant lower ﬂlan 4.0, preferably less than 3.5. The bamiér layer 114 is
made of a material based on refractory metal, having a melting: tempeﬁtmse higher
than 1200C, orits rdn'ogen-éoﬁtainm(g compound such as rti‘t;:t)gen-conte_ﬁmﬂg '

" tantatum, nitrogen-containing ﬂtamumortantalu To compromise the chemieal
_ - potential bet;vsaen the barrier layer 114 and the conductive layer 116, a trace of
&xygen may. be-implaﬁfed ‘in -thé-’Eéﬁiér lager 114, The %emem@@ﬂ structure 134
is made of Cu based matérial. Givena predete;’minefi--kind -of slurry ina P




[0015] The tiny voids 124 |ocated -at the interface

bet ween the interconnection structure 122 and the

barrier layer 114 may not be filled by an etch stop

| ayer (ESL) 126, which is deposited in the process

step 108, as.shown in FIG 1D. These voids 124 becone

a weak spot in the interconnection structure resulting
|nteg ted circuit
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gromﬁh site, which provides. fast diffusion path
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her e. [ 01 FI Gs. 2A thriough: 2D pr esent the new
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steps will be described below.in detail. 6 ['001 As
carlfomtaiRing Baterzl, (eBrSithe Ap pod 88 @1@@@9@1@@%@? interface

- rocifEad ] PERSTAL S ne PR GRS SiSkaliofe o
| m@é&&@%@éhﬁ@r&h&ﬂr%@&@ ek, 112_ After the CWP

-'L‘ o
process is. done, "the conduct i v&' | ayer 116 remai ni ng

i n.the opening 110. serves as- an. interconnection
0PYIAUIGr 3 pie3dnts a semiconductoer device 200 fabricated by theabove

methed in accardance with one embodiment of the present invention. A low-k

-dﬁ&aﬂﬂﬁl&yerEHZVﬁﬂmanquﬂdngEQéfaﬂﬁsdthenﬁnisdﬂposﬁadcuLa

-semlconductor substrate (not shiowny). The: opening 204 is coated with a bartier layer -
. 206 {approximately 150 Angstrom or Tess on éach side) to prevent anintercommection
A:ﬁmﬁmeﬂﬁﬁmmmgﬁmgmmﬂm&dmﬂmhyfﬂmmﬁpm&mmg&mﬁmm 41
The part of the intercannection structare 212 extruding from thé dielectric layer 202
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_ given that H is between 0.1 and 1.0 yzn, W Isla:qger than 0.05.pm, and
-exirosion hﬂght ) between 100 and 1000 Angstroms, :

his lar_igerﬂlgn-{).ﬂlﬂ; or




The final shape of the interconnection structure 134
is dom nated by the polishing rates of the conductive
| ayer 116, the b=ier layer 114 and the-dielectric

| ayer. H's noteworthy that, in this enbodi nent, the
top of the interconnection structure 134. exbibits a

‘conyex_s revents_an ation- -of Moids .
of b R e B SR R B Rl R R Pomime
wilth pet;w-e 134 and the barrier Iayer 114 on either

side . of the opening 110_ This "convex shape" is

fornmed due to a chggge of the chenical active slurry

us ed hfippmelie tep? eislargertian Wi urry al l ows notonly

for a nuch faster polish rate for the bather |ayer

& tiblaRe fg‘l%mgw‘_ti‘f ﬂg 'ﬁgé‘gél teofl o r@%m%%gr& g??%lﬁB < endentona

el'ecric®ayer
paftainyduiisey of fgelng, kwhead dtetpﬁt@bm dbhstyde |deﬁhleﬂ@srfaﬂﬂwﬁxﬁo" fora
t he dlelectrlc Iayer 112 is no slower than that Of&%ﬁ&
a

sﬂf@aﬁa@@tomwrsemy@ﬁamé Tegipn fthe oREERSIEsTY, FEr @REAPE; _
off Bofi e e b [ A8 iR T B4 £l BB Brtse Rttty s
thel pattefredegvhidndsd by@h@gﬁeﬁ%ﬂea mgltsﬁnbﬂﬁ@nﬂrh@ﬁhams of the -
edge no | ower than a top- edge of the openln 110.

éxtf@?iﬁ@pﬂﬁdf hn@pem;gmaﬂem dlensiy Taygentheg g 2 mba%lfzﬂ

el er a el ecliri er

 betjigeng ipnagptis) g ﬁ?ﬁ%e@fp&@ﬁiﬂ TN A C —_

- 0; o
a3 B LB L ORaLARL L OUER 6O ROELREARH that

] ﬂu&ﬂﬁ@bﬁﬁm&ﬂiﬂm&@&ﬂﬁﬁqﬂéfﬁéﬁﬁﬁhgﬁvopﬁﬁﬁie Sifvimngnee behtimging
nper ature_higher than 1200C, or its nitrogen

' g
&wé@ﬁﬁﬁﬁﬁﬁﬁédéﬁﬁﬁﬁﬂﬁﬂ3§ %EEICTEE- ni t r ogen- cont ai ni ng -

tant al um nitrogen- COI’]t aining titani um or tant alum To

(OB Sl 6 P RO bER R 2R BEP el SN SICN,
Si ONT or BKYB@lephsikd mﬂhe @Birfaﬂi &0hk intehenbarddestrheyes 2084.

. The interconnection strucutre 134
thereby allowing subsequent layers to be applied. As such nio void would be

* formed aban interface Jocation of the interconmection structure 208 and thie barrier
layer 206, | | R
j0022] The above iﬂustraﬁon provides many diffélénf embodiments or
embodjmenmfer aniemenhug different features of {:he mventtcm. Bpeaﬁc
- embodimerts of compenents and processes are described o help cla:rlfy the-
-'mwmnhan.31wseaﬂzc&coun&;Hmnﬂyen&mﬂnnamsandarenﬁfnﬁendaitaﬁﬂﬁi

" the invention from that described in the claims.




Is made of Cu based material, Gven a predeterm ned

kind of slurry in a CW process, the polishing rate of

the nitrogen-containing tantalum nitrogen-containing

titer run or-tantalum based material is far

greater-than those of the -Cu based material and

l ow=k dielectric. material, and the polishing rate of

t He023] Slthiugh Slcdurariton imdllwtiastd and deseibeilibercitharmbodied i

hat . of the_.Cu based.materi 191 Thi Ist.ed
oo e s Bty i B 1By I R IR P PR o the
détﬁ]s%ﬁo% &ce VARSI IAQGRLI A1 Qfﬁéﬁﬁﬂ chd¥res m?y be made

i nterconnection structure 134 acrd the barr
&ﬂﬂﬂlWﬂbﬂ@&ﬂhﬁﬂMngfﬂﬂnﬁhe&pnﬁ&ﬁ{ﬁhﬁpedhbﬂhﬁﬁ@@ﬂhﬁﬂﬂ&Qﬁ@peand
-structur [ 1 for a, _perfect step coverage
rapge Afrat &g%fléﬁﬁfeffaﬂ’- C@P@& fgoordinglE s aeaarﬁgnafectbpbﬂwgappended
cldiy BE cdrfru
R B kP MGG Snlin th bt Ot B4l O 83%“1&%—
ﬂmanﬁomuﬁmegkm&nnmhaﬁﬂkmgngtahagtric naterlals (eg. SIN
Si CN Si ON) -or carbon-containing materials (eg. SK). As
such, no -voids are f interface |ocations 136 on
-either side of the.opening 110, and the convex-shaped
i nterconnection structure inproves the reliability.
[0020] FIG 3 presents a sem conductor device 200
fabricated by the above nethod-in accordance with one
enbodi nent of lie present invent n:. A |leave--k
dielectric layer 202 with an openlng 204 formed
therein is deposited on a sem conductor substrate
- (not shown). The -opening 204 is =coated. with -a
- barrier layer -- - 206 (Approximately 150 Angstrom or
| ess on each side) to prevent an interconnection
structure 208 frommgrating into the dielectric |ayer
202 and poisoning die sanme. part of the
i nterconnection structure 212 extrudi ng fromthe
dlelectrlc Iayer 2.02
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has di nensi onal constraints to produce the ideal
convex structure-such as: . given- that His between
0.1 and 1.0, Wis larger than. 0.05. pm and

extrusi on height -(h) between 100 and-1400 Angstrons,
his larger than 0.01H, or 8 h is roughly 0.02H if the

S aLi ng-, (S) issmller than the
Wﬁ%ggﬁl‘n dth' fM; or his smaller than 0.1Hif Sis
| arger than W In addition, the geonetry and the .
hei ght of the extrusion are also dependent on a pat

ern density of openi ng where the patter-n density is -
ri.ses.a.

def | ned. a | 1 ow n .ven area.co
L pat ért%t%a&#gﬁ PR He B oF BaPEe for BB g clreuis
thqu&hgdc ngﬁ(%t erned region (the non-opening region,
for exanp the pattern- density is the patterned
regi on. d| VI ded by the given area.. The di nensi onal
C o thettaLmigH @lebﬁﬁ:mﬂeyeremaﬁsﬂmndwﬁm@@ﬁm&opem ng:
~pattern.density -|I arger than 20% and an angle 214
-bet ween a tangenti Line .a the peri pheral edge of
it CEORGER: fﬁﬂ%‘@c}nttg%ds&? ac}e YaHd a horiznntal line a
t the peripheral edge |less than 75 degrees It is
UN@eighe adbahddr lajdt Gvel SnhidistalBRe thé opaiig axdriht efeleciric -
detailing to optimze performance by Oﬁg ng :
layery he- convexity and dinensions of the structure. jO0!31
A capp| ng | ayer, such-as an etch stop |ayer 210
Si [
Rifrace oSt Hes Ruibbadles Bl R hE et and
ther eby all owi ng subsequent |ayers to be appli ed.
AsplHghzing hy @rdiuttnk thyke to form the intersennection strachure, such

that 4 peripheral edge of a top surface of the interconneciion struckure isme lower

- than a top-surface of the barrier layer.

2 " Themethod of claim 1 wherein the dielectric layer:is made of a low-k matenal

havmg a G_leIE‘.Ct['IC eonstant lﬂwe;r than 4.0,

3. .'I"h‘e méthod ef clam 1 wherein the barrier layer comprisés refractory metal
havmg a.melting temperature higher than 1260 de'grges-ﬁelsms,. '

4 The method.of clarm 3 wherein the refractory metil compises tantalum.

11




"fornmed at an interface |location of the interconnection
structure 208 and die, barrier |ayer 20.6. [0022] The
above illustration provides many different
enbodi nents-: car enbodi nents for inplenenting.

di fferent features-of the invention. Specific
enbodi nents- of conponents and processes are descri bed
to -help- clarify the invention. These are, of course;

: merely embodi ments. and e not intended to Bniit the

i nv n; b WAESCL 3]
B Al t ﬁ%}hég Qg%lpﬁf\?%ﬁ%f@ﬁélg% @F?’us}‘rtg%ge escrﬁhg%%@
colnediigihy tagalemnodi ed in one or nore speC|f|c exanpl es,
it .is nevertheless not intended to be limted to the
detail s shown, since various nodifications and .
structural changes nmay be nade therein w thout
departing fromthe spirit -of .the invention .and

6. W Phélrelifod HCRRE 19PRereliig VR s ok Bs
clainms. Accordingly, it is 3?%%??? ate that %ﬂ&gggg

ppengliednigham he construed broadly and in a ' manner

consi stent with the scope o-f the invention, as set
forth in the following clainms. 10 WHAT IS CLAIMED | S:

1. A nmethod for formng an interconnection structure -
in an integrated circuit, the nmethod conprising:
7. f orThenfeiodice bRGh i Wwhé ¥ e heQbndnsSitie BQRN ¢hile. of a Cr'based
suglstrate; form ng an opening in the dielectric |ayer
material. : '

8. Themefhod of claim 1 wherein the planarizing comprises performing a -
chemical mechanical palishing (CMP)on thé‘ conductive layer with a 'iaredetemﬁned‘
‘kind of slurry, whereby the CMP bas a higher polishing rate for the dielectic Iayer
 than thatof the conductive layet.

9.  The method.of clalm 8 whegein the shuaty provides the with a higher
. p"éﬁshing rate tor the barrier Tayer than those of the dielectric layer and the
- conductive layer.

10.  The method of claim 1 further démprismg forming-a capping layer ever the

intercenmection structure and the dielectrit lajrer, wherein ne void is fermed

12




.formng a barrier. layer over inner walls of the
openi ng and-the :dielectric |ayer; depositing a
conductive layer on the barrier layer. and filling the
openi ng; and pl anarizing the conductive layer to form
the interconnection structure, such that a periphera

edge of a tpp surface of the interconnection structure
betvara thoweping haer op tisuintacenekctivhezbawe.er | ayer. 2.
. The nmethod of claiml1l wherein the dielectric |ayer
is made of a lowk material having a dielectric '
constant [ ower than 4.4: 3. The nethod of claim1
wherein the barrier |ayer conprises r actry netal
1havi Tig: BefPUtdf R SURehalki Biek: SEheOiRe
Cel sius. 4. The-nethod-of clam mhereln the ,
corétinlE HEEriEbt al conpri ses tanalun1 11 The net hod of

clam .1 Wherein the barrier |layer conpri'ses nitrogen
containing tantalum 6. The. nethod of clan 1 wherein

the barrier |ayer conprises nitrogen- containing
© titanium 7. The nethod of claim1l wherein the

1 ondihetmhathed ay daich 31 nddeenftha nBmdemsenhtair ‘,_@Mal&s miade.of
The method of claim 1 wherein the planar|21ng ‘
silcomprirglesbaref e TiAls: a  chemi cal nechani cal pol i shing

(CVMP) on the conductive |layer with a predeterm ned

kind of slurry, -whereby the CM ? has a higher

polishing =gate for fhe he%lielectric |ayer

13 ‘ The'meﬂiad of claim 10 wherein the capping layer comprises.a carbion-
containing material.

14. The :method of claim 13 wherein fhe carb@mcom‘anme mate«'xal is made Gf

silicon carban 'based materials.

.15, A semiconductor device in an integrated circuitf, eomprising: -
a semicenductor substrate;

-~ adielectric layer formed atop the serticonductor substrate, having an
 apening therein; ' ' |

a barrier layer, over the opening, on the dielectrie layer; and .

13



than that of the :conductive layer. 9. The nethod of
claim8 wherein the slurry provides the CVP a hi gher
polishing rate for the barrier |ayer than those of fhe
dielectric layer and the conductive |ayer, 10. The
method of Caiml further conprising formng a capping

| ayer over the interconnection structure and the =

di el adeadgtont ayterconnkmsion) srusbuedpanedpntle hartiss dagesdn the

t he. cappi ng Tager and the interconnectjion structure, ..
o Bt fE g e R PR R G o SRS Ry pstace,
WARBPHESERerl dIRIL AL 1608 Bk iaRep BBEEbE Ble.balder THyer,
nethggﬁgﬁﬁblaﬁﬁgﬁ-l wherein th% n?trogen-conta?ﬁing
.material is made of silicon nitride based materials.
13. The nmethod of clan 10 wherein the capping | ayer
-conpri-ses a carbion -containing material 14 The
16et hﬂqes?z];nxgérﬂi ot 3%e%rq?%%&@égﬂg&%%MEPn glructure
material 1S made of  silicon carbon based materials.
hisld arfl S REEHREA TSI RETae beBfed b RiRgbmid glated-tbbpediphieral edge
conprising:.- a sem conductor. substrate; a dielectric
withyegperiole afep sutlepe ehibesbelpetvadareror substrate,
having an opening therein; a barrier layers over .the
openi ng, on the dielectric layer; and

17.  The semiconductor device of claim 16 wherein a first vertical length

" measured from the highest point of the convex-shaped top surface of the
interconnection structure to fhe top surface of the dielectric layer is no shorterthan
one pereent ofa second vertical length measured from the topsurface of the

dielectric layerto an interface between thebarrrerlayerand the:dielectric layer.

18. - The semiconductor device of claim 17 whezein the first verfical length is

> between 100 and 1000 angstroms. . S

19. The semiconducter-device of claim 18 wherein the second vertical lengthis

betwean 01 and 1 pri.

‘20, The semicondnctor device of claim 19 wherein the interconriection structure

has.a width greater ﬂaanQ,DE .

14




13 at least one interconnection structure forned on
the barrier layer in the opening, wherein the
i nterconnection structure -has a convex-shaped top
-surface, whose peripheral edge is no | ower than.
atop, edge of the barrier Dyer. 16. The sem conductor
device of claim 15 wherein the interconnection
structure has an angle |less than 75 degrees between
a. tangential pie at the peripheral edge wth respect
~ 210 aflesepticdideetcdiiette of diatth @Othdteinl diy st Vet tcdlNengthis no.
sem conductor device of claim16 wherein a first
shyafarithan tyagpryeent offieserey] vedivk Inucth whesia specing distance
. : - . surf.ace:of the | . , et i
e O B e BS i s e g e wideh of
one percent of a

- thdiiRdepbhbgionay@ttdrs. NO shorter than
.second vertical length neasured fromthe top; surface

oft e dielectric layer to an interface between the
- barrier layer and the dielectric layer. 18 - The
- sem conductor device of claim17 wherein the first
sV er tr e8RS € SRRl 4 OllBy =
2?19’q#%§ﬁgtﬁ]Cg%od%?ggxgeVICéﬂ%@%gﬁ%?ﬁ%ﬁ%%tv ér%é%a gs o
gresercthen wevidrealt of frgbboridvedieiMeefthDwhen ahakindMilsrARe
The sem conductor device of claim19 wherein:. the
befwiteg tworskatioshg StletrenopeiontitIcing di o sgabeat-Grant tharwidth of
4.21.. The sem conductor device of -claim20
ﬂmp.g%%%%%??%?§QQA§%EVertical Is no shorter than two
percent of the. second vertical |ength, when a spacing -
di st ance ' _

‘23, The sémiconductor device of claim 15 whepein the: dielectric layer has a

dielectric constant lower than 4.0.

‘ ‘_24. The semiconductor device of clam 15 wherein the bamer Ié‘yer comprises

‘re&acteryhmetai having a.mélﬁng ternperature higher than 1200 degrees Celsius. |

25 Thesemiconductar device of clam 24 wherein the refractory metal comprises

R “The semiconductor device of clam 15 :Whereﬁi the barrier Iayer canipﬁs'es .
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nei ghboring i nterconnection structures

is no greater than the wwdth the interconnection
structure. 22. The sem conductor -device of claim20
wherein the first vertical length-is-no greater than
ten percent of the -second vertical |ength, when a
sparing. di stance between two nei ghboring
Qhisitictures is no smaller than the

- nitfdRhGo {A%EL
mﬁé%h ? e |nterconnect|on structure. 23. The

éeniconductor device of claim 15 wherein the
dielectric layer has a -dielectric consent |ower than

4.0. 2A. The sem conductor devi ce of clan115 wher ei n
met -ham a

2 A A BB B T 300 o s

el ting
niko ic@mdughor device of clam 24 wherein the
t ant al um The- seni conduct or

regractory mein conprises

device of clam 15 .wherein. the barrier |ayer
conprises 15 nitrogen-containing tantalum 27. The
sem conduct or device of clam 15 wherein the barrier

25 21 e OB A OUPRC PR B0 4 B BT

sem con
of .a -Cu .based nmateri al .

of adustd watdrifer is made
29. The sem conductor device of claim..15 further

conprising a capping |layer formed over the
i nterconnection structure and -the dielectric layer,

where -no- void
29.  The sarmcondu‘ct@r device of claim 15 further comprising a capping layer

, between two :

formed over the intercormectiori structure and ‘the dielectric layer, wherein nevoid

" is formed therebetween.

30.  The semiconductor device of claim 29 wherein the capping layer compmses a

nﬁnﬁwnﬂwnkmmnvnﬁmamﬂ

31.. The semiconductar device of claim 30 Wherem the nifrogen-—containing

material is made of silicon Iﬁtride based materials.

32.  The serniconductor device of dan:n 29 whe:rem the capping layer cempnses

cmbm}umﬁmumgBEMEml
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is forned therebetween. $9. The sear conductor device

of claim 29 wherein the capping | ayer conprises a

ni trogen-containing material. 31.. The seni conductor
devi ce of claim 30 wherein the n|trogen cont ai ni ng
material is made of s .eon nitride based material s.
32. The sem conduct or device of claret 29 wherein the
Capp: -n layer coin prises carbon-containing
material. 16 n 3.3. The sei m conductor -device

540f AL DO & a0k D] £

rmdgho éﬂuéﬁ%%%ﬁ%gﬁ% ﬁf"%aseg material s 34 A met og‘:ﬁatenal
- isthede dicxilidomg-aslror basetienstasslsi on structure in an

integrated circuit, the nethod conprising: formng a

lowI< dielectric |layer, on a sem conductor substrate;

- formng an opening in the. low-k dielectric |ayer;

fox ruing a barrier layer over inner walls of the

34 OPER kMG G Ebr AR OW: terBhBleREbA bEnkB¥LIn an Stk ed circuit,
copper -based conduce | ayer on the barrier Iaye “and

&Eﬁnt%&tofﬂlgﬂmpesm@en g; planarizing the. copper-based
conductive layer to formthe interconnecti on _

f;g&%&%&%u%éqgﬁnc lay et ! Q%E&J%LCOII %Sto(lj‘fsu Stra e surface
forming an opening in the, low-k dieleeﬁfic-lé_yfar;
© forming a basrier layer overinner walls of the opening.and the low-k
dielectric fayes;
~ depusiting a ecopper-based coniductive layer on the barrier Ieye-r and filling the
- openimg; |
‘planarizing the copper-based condnctive layer to f@rm'*ﬁh'e inferconnection
_ structure; such that a peripheral edge of a top surface of the interconmedtion
- sh'uctqre'is:ﬁb lower than a top surface of the barrier Jayer; and
ferming a capping layer over the interconnection structure and the dielectric

 layer, wherein fio void is formed therebetween.

35. The method of claim 34 wherem the Tow-k @ielectric layer hias adiglectzic
corstant lower fham 40,
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structure is no lower than a top surface of the
barrier layer; and form ng a capping | ayer over the
i nterconnection structure .and the dielectric |ayer.,
wherein Rio void -is forned therebetween. 35. The
met hod of claim 34 wherein the low -k dielectric layer
has a dielectric constant lower. ffian 4.0. 17 -36.
3the e hedhod ctdam Bavibeneitis baGedIatt @mpRS@efractory mf,tal
-conprlsggégefractory netal having a melt’ing
erghariben d &gt @%E@eﬂgisu@ 37 The.
-nethod of clan1 36 wherein -the refractory netal
conprises taxi um 3& The nethod of clam 34 wherein
the-barrier |ayer conprises nitrogen= containing
tantalum 39. The suet-hod of clam 34 wherein--the
* 3bar r They miedhpetrof cbmpBb séwreintthegeactorgantal féragrises tantdinm.
titanium 40. The nmeted of claim 34 wherein the
pl anarizing conprises: performng a chem cal-
-mechani cal polishing (CMP) on the .copper-based
conductive layer with a predeterm ned kind of -Tory,
38aher Bhy sl dlaf W41 34 aviiir&iRehe B el LG
low k dielectric layer than tﬁg%éﬁgﬁgcbghﬁﬁ%gﬁﬂ&%%n
copbppieg-awaled, conductive |ayer 41. The nethod of
claim40 -wherein the shin- provides a Cp-with a
-hi gher-- polishing rate for the harrier |ayer than
those of the lowk dielectric layer and the
copper - based conductive. layer.

39.  Theanethod of clam 34 wherein the barrer layer. cprzsesmm:@gﬂn-
corttaiming; fitanium.

40.  The methed of claim 34 wherein the planarizing comprises Iaerfammo a
'dhﬂnmalnmdmuuaﬂpohﬂnng@i&ﬂﬁanihecopperh%mdcpnducavekqmmﬁﬁﬂla
- predetermined kind of shiry, whereby the CMP has a higher polishing rate for the
Jlow-k dié[ettric_layer than that of the copper-based ;coﬁducﬁvé‘lay&t,

4. Themethod of claim 40 wherein the slurry provides a CMP with a higher
polishing rate for the barrier layer than those Gf the low-k dielectric Iayer and the
capper—based conductive layer ‘

2 The method bfd_aim?eée wherein the capping layer campnses amifrogen-
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4 The nethod. of-claim34 wherein the capping l|ayer co

uprises a nitrogen 18 containing material. 43. The

nmet hod of claim42 wherein the nitrogen-containing

material is: made of silicon nitride based materi al s.

44. Theme hod of claim4 wherein the-capping |ayer

conprises a carbon containg material. 45. The. nethod
confainingimmtddalvher ei n 't he carbon-containing material is
"ode of silicon carbon based materials, 19

43. . The method of claim 42 wherein the nitrogen-containing material isthade of

SﬂlCOD_ nitride based materials.

- 4. Themethod of claim 34 wherein the capping layer comprises.a carbon-

containing material,

45.  The method of daim 44 wherein the cr:rrbtmwccmtzunuvEr materisl is made of

silicon carbon hased mate,rlals
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