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or vias by a process, such as ECP (el ectro-copper
deposifion),.and fills the trench and via. The.
excess-Cu. material is then renoved by using a
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on the barrier layer and filling the openmg, and polishing the conductive layer to form

the interconnection structure having a convex-shaped top surface, such that a
peripheral edge of a top surface of the interconnection structure is no lower than a top
surface of the barrier layer, wherein a first vertical length measured from the highest
point of the convex-shaped top surface of the interconnection structure to the top
surface of the dielectric layer is at least one percent of a second vertical length
measured from the top surface of the dielectric layer to an interface between the

barrier layer and the bottom wall.

[007b]In a second aspect, there is provided a method for forming an
interconnection structure in an integrated circuit, the method comprising:
forming a dielectric layer with a top surface on a semiconductor substrate ;
forming an opening in the dielectric layer; forming a barrier layer over the dielectric
layer and over inner walls of the opening including a bottom wall of the opening;

depositing a conductive layer on the barrier layer end filling the opening; and




i nterconnection structure in an integrated circuit,
the method conprising: formng a dielectric |ayer
with a top surface on a sem conductor substrate,
form ng an opening in the dielectric layer; formng a
barrier |layer over inner walls of the opening

i ncluding over a bottomwall thereof, and over the

di el ectric layer; depositing a conductive |ayer on
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conprising: formng a dielectric layer with a top

surface on a sem conductor substrate ; form ng an
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ttl(?rrng Itheermlte%cc?r{nect\qgg rsg"lllc?tufae lza{vruié a\(/:gtrnt/éxc s?haped top surface, such that a
peripheral edge of a top surface of the interconnection structure is no lower than a top
surface of the barrier layer, wherein a first vertical length measured from the highest
point of the convex-shaped top surface of the interconnection structure to the top
surface of the dielectric layer is at least ten percent of a second vertical length
- measured from the top surface of the dielectric layer to an interface between the
barrier layer and the bottom wall, when a spacing distance between the interconnect
structure and a neighboring interconnection structure is no greater than a width of the
interconnection structure.

[0008] Disclosed herein is a structure and method for forming an
interconnection structure in an integrated circuit. In one embodiment, a dielectric layer

is formed on a semiconductor substrate. An opening can be formed on the dielectric

layer. A barrier layer can be formed over inner walls of the opening
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| engt h neasured fromthe highest point of the
convex-shaped top surface of the interconnection
structure to the top surface of the dielectric |ayer
is at least two percent of a second vertical |ength
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i nterconnection structure in an integrated circuit. In

one enbodinent, a dielectric layer 1is fornmed on a
sem conduct or substrate. An opening can be fornmed on
the dielectric layer. A barrier |layer can be forned
over inner walls of the opening 4a and the dielectric
| ayer. A conductive |ayer can be deposited on the
barrier layer and filling the opening. Then, a step
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cture and associated process to
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bf rmng an interconnection structur |n an in
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illustrates
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acr os’s:
etds bildEowPihrough a portion of the IMD Iayer 112. The phetoresist layer isthen

stripped, leaving the- @pEﬂmrr n the IMD layer 112. The-opeming 110 can be a trench
oravia A french is created to form a wiring pattern for each smstal layel, while a
via (hales from @ne Jayer to another) forms the plugsbetween layers A thm barrier
Iayer‘114 is'applied as a-coating on the inner and bottemn walls Gf the opening 110, A
- seed layer followed by the deposmon of a conductive Iayer 116 is then applied: mto
and {ills the vpentng 110, Aqy excess conductive material is then remioved by using
@ chenuca]ly active slurry in a CMP process to a point appmnmately -equal to or
" lower than the:surface of the opering 110. The variation of the condugtive material
level is due {o the fact that the conductive layer116 being Termeved has afaster
pohshmg rate than the IMB layer 112. . 85 shown in FIG, 1B, the pmcess step 104
shows the height 118 of the conductive layer 166 js Jow then the-top surface of
bartier layer 114. . '



according to the enbodi nent of the present invention
DESCRI PTION [0013] FIGS. 1A through ID present a
conventional fabrication process 100 enconpassing

process steps 102 through 108 for form ng an
i nterconnection structure. The first process step 102
starts with an opening 110 forned in the silicon based
inter-rnetal, dielectric (IMD) layer 112. The opening
. 1 180F4 @Mmhem BIChd Qi procebssiepaneths CRRprocess. contmues to
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110 The variation of the conductive material | evel
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bei ng renoved has,a faster polishing rate than . the
strpqypre la%Qeamdl_nhqbarAgr Eyewitld miEj@at Be fillkel by anesch stopayer (ESLY

sho the height 11.$ of the conductive |ayer 166
1?-@1 éér' %‘fﬁ%ﬂ% %@%ﬁ?ﬁé&@ 418, pashpum nggls. 10| Thege voids

1241914 10 proc ep,-106
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inteprated cirenit electro-migration/ stress-migraton (EM/SM) reliability. EM/SM
testing ntilizes pre-existing voids at the interface of the. inf:erconnecﬁan.sfrﬂcmre

and the barrier layer as a preferred void growth site, which provides fast diffusion

" path because only a low activation energy is required here.

[B0LEEIGs. 2A threugh 2D present the new: convex-shaped inferconnectiori
structure fabgiéaﬁon process 128, in accordance with one embodiment of the present .
invention. The procession process 128 encomyiasses process:steps 102, 104, 130, and
132 It is noteworthy that tfte process steps 102 and 104 are idenﬁcél’ta-ﬂw:e:ﬁmt"‘fwﬁ
steps inF__IGs. 1A and 1B, whereir like numerals denote like structures through out
" the Figures. The process-steps 130 and 132 incapporate the new process changes to
form the new convex-shaped intgrconirecti’cm stracture. These steps will be

described below in detail. -



partially renove the barrier layer 114 until the top
surface of the IMJayer 112 is expos, ed. The fina
shape of the top surface of the interconnection
structure 122 constituted by the polished conductive
| ayer 116, is dom nated by the Iand of chem ca
active slurry used in the CVMP process. This creates a
chemi cal potential at. the interface of the
corftuir] Avehbayen FIG62apth tHehmrobassistqy 13@ yiardidAlayied 114 deposited
this__embodi ment, the BEER effect creates voids 124 at
R fRiglecinig éa}’@r 1i%is pastally gemoged nh p MMPaROgtfsdetexposed the top’
e f-ec t ch _faster
fect B Mo AR Sl A8 el IO Bl AR g e qgretuctive

lta TeRaaiiing ih 8eesp e}ﬁﬁ§ 190EER el 85 &ﬁiﬁ&h&:ﬁé@nbﬁ%&&&re 134,
I MD |l ayer 1,12. TOR151 The tiny voids 1241 | ocated
.H!E fined shapyccpft @'@eﬂﬂﬂﬁmﬁm etmnituze d &4 nedoingmted by the polishing
yer 114 not

F %}{” et an il’a@ ffﬂs éFﬂEE Eyer ]112%&“ 1%@81@& layer. Itis
r@%wéﬂtﬁ nmttﬂﬁ tt%@t&%g g&%m s MBructure T34
ak "~ sSp Yot 1N

1D. These v0| ds 124 corre a
eixhibits ednomet:t smpst ﬂumtpieeeﬁte s\ﬂkffcté@ldxﬂeﬁ Rsidg ﬁﬂan interface
integrated circuit electro- -ration/stress-mgration

lguagpe) 456 @l thg interqopreshpropruciuse {3y andithe bagier layer 114 on eather
< B B ety 1 TR e i) nelimned G fagehange gf the

. |nterco

cREREST {8 e ‘éﬁhg AEQN Bk ?Tﬂ:"fﬁb%} <P él sgzgfrlygarl]fogzﬁée pgt orly for a

di ffusion. pat because
nms:hlfm;m patshhetefor faOhadfer &yer 124 thﬁl[li ﬁ@t@iﬁl«g&@r@h@ﬁe@ tayer 116

new convex - shaped_infercouneciiori structure
azp

iEEerisl Jar %43?@2@0 fora sedwetizm @éﬂﬂbtaﬁﬂfoﬁféect In addition,

ﬂj%cess BB T Ao e B8 Mg (T e G5p PR35S comatctive

?&dﬂﬁ 3@@5 &dmpélsﬁ%%i@ Eﬁémﬁah?&térﬁﬁl BE BE5RE i #%S%cmductfve

"~ and 104 are identical to thetfirst two steps
layex T dnitharvibelagen] 14. Kbusy ﬂﬁ{&kﬁpl&eéﬂ)ﬁﬁefﬂohﬁectmn strmctz:rz'e 1534

str ctures through out
ve an outer edge no lower than a top edge of the opening 116

[0018] In this embodiment, the opemng 110 can be elther a trench or-a via. 'I'he
dielectric layer 112 is made of a low-k dielectric based materlal which hais a
dielectric canstant lower than 4.0, prefezably less than 3.5. The barriér layer 114.is
made-¢f a material based an refractory metdl, having a melting tempenﬁtmse higher
than 1200C, er its nhitrogen-containing compound such as m'&Ogen{ﬁrtainirrg '
iy, ﬂtamumortaniaa]mn. To-compromise the chemical

) 'tantaium_,'ni-&ogert-cen Z25i3h
~ potential between.the bazrier layer 114 and the condnuetive layer 116, a trace of
exygen may be implarited in the-barsier layer 114, The interconnection stricture 134

is made of Cu based material. Given a prede 21T ined-kind of slurrym a CMP




the figures. The .process steps 130 and 132
i ncorporate the new process changes to formthe new
convex shaped interconnection structure, These steps

will. be described .belowin detail. 6 [001-71 As
shown in FIG: 2C, in the process step 130, a barrier
112 is

| ayer 114 deposited on a. dielectric |ayer
partially renmoved in a. CMP process to exposed thetop
HrdaGe Lelectric |ayer 112. After the CWP .
_Hctpr G ?{"%ﬂ% Ta® bt COMHBTT R gy St lrgn Bt ghrngpritaining
itanitheoORERdINeh babdd HmAYRS 198 BhediitBhA POLL I RB.Cy based
structure 134. The final shap& of the interconnection

rggteyilandeloyek dideduicimatesial, byidithe pptibhisiginage of fiedswek dielectric
t he.conducti v ayer 116, the barrier |ayer 114. and
iR A e hh%bé‘af P? 'ﬂ?f's&# sechBEEaAlt hat, in this

)

the di
enbodj ment, the .top: of the interconnection structure

13407, ‘Mﬁbﬁé‘ﬁs@’c’{?h MR SHAREhel REEYEPHS (AMation of voids ata
. Creatiiqon of Woi d¢ at argsi nt er?lg[:}gre ocat | gihléf@%%‘?h%?dv@lds atan
interdaded oeatioripaivipin theintabnnheciddstandutd 1 and the barrier layer

arrierslayer 114. on either side of the opening 110.
/i e frfpie - Sheped inica-nection sixuctin g3t liovietor a
Aliea iye sl for. the, CMP process. Thi
AR DEHE B bl 401 08 RS8P 13

slurry™a not .~
suchas thetdiagiop Siyer Atethohd i ) Or e @fﬁﬁ L8 ¥6- the caprine
| ayer 116 airgﬂdjihe di el ecﬁii:%yl‘zge?}él%g%ggt a S%&f%e_.cammo
layerrl@f gee ndrogsh-cCalainitigdieldoedt materias (g, 54, SIONTBION) or -
Rolishing.rate of the giél ectric layer 112 is no
catlioreait & PRI (GghelCdo fifiRichy BO Vpigserre fogmetiint éhe interface
o ER: i85S4 hesghercal potential .at the int, .
ToGeBRETIS b Bithbiql Sﬁ&&gé&%gﬁ@, Frifthe rRfutlihaped o,

interfface.of tine con

" inferpainedtidi s&rﬁut&te.ﬁxk;ﬁ@&@.ﬁmeefeggbm@_er connecti on

structure 134 would have an outer edge no | ower than
op- edge of the opening 110 [0018] In this _
: 25‘?%%‘5 iHiend presreisepemisgndader davise 200 Gilrivatechby thachove
meﬁ{ed ﬁ’l é’é;%tdaLEE with one emibodiment of the present imvention. A low-k
diglectric layer 202 with an opening 204 formed therein is deposited en.a

: s_é:nﬁ;onduntar substrate (not shiown). The @perung 204 is-coated with a barrier layer -
: 206 (approxirately 158 Angstrom orless on each s%'dé)‘ to revent-anﬁﬁerecmect{on
structure 208 from migrating into the dielectric layer 202 and poisoriing the same.

The part of the intercennection structure 212 exiruding from the diclectric ayer 202

has dimensional constraints to produce the ideal convex structure sach as:

given that His hietween 0.1 and 1.0 um, Wis lazger than 0.05 pm, and

exirusion height (h) betwaen 100 and 1000 Angstroms,

his larger than-0.01H; or



dielectric layer 112 is nmade of a |l ow dielectric based
material, which has a dielectric constant |ower than
4,Q preferably less titian 3.5. The bather |ayer
114-is made of a material based on refractory netal,
having a nelting tenperature higher than 12000, or
its nitrogen-contai ning conpound such. as nitrogen

capt ah i ngghtpN VAT UfMthabidr@ge @)@éﬂﬁaﬂéﬁ&[ﬂwﬂi@@emg
tantalilm To conprom se the chem ca pot ent i al
whdi neT t he barrier layer 114 and the conductive

| ayer 116, a trace of oxygen nay be

i npl ap t-he @ g gL dhld wwhe interconnection

structureéf IS ma %%&base material. Gven a

predet erm ned -kind of slurry in a CVMP 7 process, the
Irpaldigtn, e gedroelnf ahtidhahtipghg ehdeenaisivngrd A depmdent on a -
nj tro encntalnln titani umor tantalumbased -

P#F e ﬁl%aﬁﬂqqﬁdﬂﬁéﬁ@;f I% fe

I the -
poI i gﬁ?ﬁg@%ﬁég&aﬁl&aé @ﬁ%ﬁé %ﬂn erra Ple%a‘nda
- noipattarabd esgioh fthe Rbatopahindegiday fbﬁ@%tpﬁy Giﬂe Qﬂaﬁem density is -
0019) This ad usted. polishi’ ng rates help

{
ﬁle P?ﬁ?ﬁﬁ‘&#é‘egiﬁe e e b ﬁgb‘fewre@téft@t'- ARET -;maémaat’amts of the -
tur 134'

AR N A B TR ot g ne
| beBRBMEXr9REReM HiRke m@@% cﬁleféqu ‘Slbv%%h S--gsunacetahd

for a pgrfect ste age I The subsequeht

. alBPontadline de&mspetnpm@:ﬂ ecigp it ghdreyedediZ6s. iy mwsmd that
etch stop |ayer, as shown in FIG 2D. Typical

- ThigatTEs Oa}esof}t hen&els@dﬁ@ﬂmcawpm ormange by managing
leig gant a ctric materials .(eg, SiNN
thé; Q%F ' car%gn- ﬁ'f”ﬁ?m ng materi al's :

(eg.'Sic). As such, no voids are formed at the.

i ﬁﬂnﬂwﬁpm@h@a @fish 436n @fﬂl%ltéﬂ" 81206 ol AR DHRSIN) G CN,

. the convex-shaped "in rconnectlon
SiAN @ BiGris depagitesvas therrirfage phtid intqpconnection structure 208,

 thereby allowing subsequent layersto be applied. As such, no void would be

ring: fora

formed at an interface location of the miercomechon structre 208 and f’he bamer

layer 206.

[0022] The above illnstration provides manydtﬁferent embodiments, GI.'
emhodimentsfbr -mPlemenfsi!ng different features of the irwenﬁ@ﬁ. Specific
embodiments of compongnts and processes are described te help cla:mfy the-

: 'mvenﬂon These are, of course; merely embodimerits and are not mtended to lumt

" the invention from that described in #he claims.



(0020) FIG .3 presents a sem conductor device 20.0
fabricated by the-above nethod in accordance with one
enbodi ment of the present invention. A |lowKk
dielectric |layer 202 with an opening 204 forned
therein is deposited, on. a sem conductor substrate
(not shown). The opening 204 is coated. with a barrier

1 a FOXI tel 150 stromaor |ess on
ea%ﬁ gfg%? preve “%HPﬁFﬁéﬂg%Eﬁ degibed Pgetin e cmbodied in
oBesr tromasmc@f@&xaﬁ@pleﬁt@ﬁ RS HHRIAE hbt b AN 1 £B2 RN d o fhe

poiLsoni ng the sane. the part of the interconnection
il 3211@ wrausdnadifivations hed dhrekeott dled yeﬁaeaa_ made

tﬂ%%%vg‘xﬁﬁ e S e ‘iﬁﬁé?uch?%' L T p——
sl i ange 4 ‘id'%g SErp Bt g ppanded

ei ght (h) between 100 and
’ﬁ%ﬁ% egbreadly laadrmwhiaymes cﬂﬂislmlténttvhﬁh TREBESUE of the

r tha the opening wdth (W,

, 1n§g%ﬁhpgs %ﬁ%ﬁ%?n?£?$9 Iarger than W In

addi tion, -the geonetry and the hei ght of the extrusion
are al so dependent on a pattern density of opening,
where the pattern density. is defined as.follow ng for
a given area conprises a patterned region (the
openi ng region, for exanple) and a non-patterned
regi on (the non-opening region, for exanple); the
pattern density is the patterned region. divided by
the given area. The di nensional constraints of the
extusion include an opening pattern density |arger
~than 20% and an angle 214 between a tangentia
l.ine:at the peripheral .edge, of is convex shaped
.top- surface and

10



a. horizontal line. at the:. peripheral edge |ess
than: 75 degree .It is understood that this is just
one of many exanples detailing to optimnize perfornance
by managi ng the convexity and di nensi ons of the
structure. [00211 A capping |ayer, such as an etch
stop layer; 210 conposed.of SIN, SKIS SION, or SiC
§€$S§Q§Sited on_the surface of the interconnection

o -AYED 1 her eby all owi ng subsequent |ayers to
be applied. As such, no void would be fornmed at an
ilnt er Aapethedfosferanngdn intrscinmeetianommetote ioan &ttegrated cizcuit, the
208. and the barrier |ayer 206 (0022) The. above
niethedtcomiprisingr avi des many di fferent enbodi nents --or
enbodi nents-for inplenenting different features of the

i nventormingSpdieletiric layerhadiIwpbe ek of QRRAREAMR R REbstrate,
processes are described t help clarify the invention.

These f@rfing ﬁfoﬁéﬁiﬁfggz@thertﬁ&@étﬁcﬁﬁgpdi ments. and are not
.intender to limt the invention fromthat described in

thec&hﬁ@ : ; e.l.nvention -is

il ustk r at edal bzgﬁ légeggr%%%@héﬁéigi%ﬁ%sdpgn %%éﬂ%!eu L Y (lemttom
WA X . e it 1s neverthel ess not

%%lgﬁégo’@?%‘%@%%%eg%&n? %y?rhe details shown, since

varioys mdi fi catians. and SH& ctural changes may be

rade  AERAARIBER SGRHEHNE layeron #?@HFF Brerand bng the oggnipg;and

invention.. and within the scope and range of ,

equi v EHOE‘E&ng cop@nchy e laygr toferp thei ipigrepnnection giructure having a

appropriate- that the appended clains be construed

sPeseshapgddop sirficersnelethatoperinbesh edgeiof b tefherfacoptheof

the invenion, as set forth in the follow ng cl ai ns.

~ igrerconnection structure is no lower than a top surface of the barrier layer,

wherein a first vertical length measured from the highest point of the convex-
shaped top surface of the interconnection structure to the top surface of the dielectric
- layer is at least one percent of a second vertical length measured from the top surface of

the dielectric layer to an interface between the barrier layer and the bottom wall.

2. ‘The method of claim 1 wherein the dielectric layer is made of a low-k material

having a dielectric constant lower than 4.0.

3. The method of claim 1 wherein the barrier layer comprises refractory metal

having a melting temperature higher than 1200 degrees Celsius.

4, The method of claim 3 wherein the refractory metal comprises tantalum.

11



WHAT IS CLAIMED IS: 1. A nmethod for formng an

i nterconnection structure in an integrated circuit,

the method conprising: formng a dielectric |ayer

with a top surface on a sem conductor substrate,

form ng an opening in the dielectric layer; formng a
barrier |ayer over inner walls of the opening

including over a bottom wall thereof, and over the

di el edbr ethognl claimd ydrein thy bardeiee compriseayignoganrcantaning
barrier layer and filling the opening; and polishing
tangalemnduct i ve | ayer to formthe interconnection

- structure having a convex-shaped top surface, such

that a peripheral edge of a top surface of the

i nterconnection structure is no lower than a top

sur f adc afettiddeoflmihilavhdréi Be bath 18R c&n§ﬁ§e§ hitMg&d-bdifdining
| engt h neasured fromthe hi ghest point of the convex-
sbapes top surface of the interconnection structure to
the top surface of the dielectric layer is at |east

one percent of a second vertical |ength neasured from
the top surface of the dielectric layer to an

RNt er et ) -t he bar.ri.er | r and the bott

Tai v TE SRSl 1SRRGk i condiGive v lsaadb of & Einmpged

%%%sg_is made of a lowk material having a dielectric
A4%nt | ower than 4.0, 3. The nethod of claim!l

wherein the barrier layer conprises refractory netal

having a nelting tenperature higher than 1200 degrees

Cel sius. 4. The nethod of claim3 wherein the

Sef r adhe methasoficlabm iprhaes theapolishing comptisés peffoaning tatvhmical

of claim1 wherein the barrier layer conprises

mechagen pobisttiag (GMB) on the conductive layer with a predetermined kind of slurry,

whereby the CMP has a higher polishing rate for the dielectric layer than that of the

conductive layer.

9. The method of claim 8 wherein the sturry provides the CMP with a higher

polishing rate for the barrier layer than those of the dielectric layer and the conductive

layer.

10.  The method of claim 1 further comprising forming a capping layer over the

interconnection structure and the dielectric layer after the polishing, wherein no void is

12



tantalum 6. The nethod of claim| wherein the barrier
| ayer conprises nitrogen-containing titanium 7. The
nmet hod of claim 1 wherein the conductive |ayer is nmade
of a Cu based material. 8 The nethod of claiml
wherein the polishing conprises performng a chem ca
mechani cal polishing (CMP) on the conductive | ayer
MAth a deterntned kind of slurry, whereby the CW
| &gq%t hesppiggilaygr aud the inpropmnecdonettacturd. ¢ | ayer
than that of the conductive layer. 9. The method of
claim8 wherein the slurry provides the CMP with a

hi gher polishing rate for the barrier |ayer than

tihos e Tof ntetl@ddifelamtlOivcheraly dfe capping fecantbiistd a/itrogen-

| ayer. 10. The nmethod of claim 1 further conprising
fcontainitgy Aatedglpi Nng | ayer over the interconnection
structure and the dielectric layer after the
pol i shing, wherein no void is 12 forned between the
cappi ng layer and the interconnection structure. 11.

1he maibadapid (?flc"f)dnm it %P(@P?ﬁ ﬁ{cr}u{rg engc%g%r}r}gg Tiat%na]ll,]ls made of

conprises a nit rogen- con

%Qggﬂﬁ&eg&gﬁnt erein the n|trogen cont ai ni ng

erial s Hade of > silicon nitride based materials.

-13. The nethod of claim 10 wherein the capping |ayer
conprises a carbon-containing material.

13. The method of claim 10 wherein the capping layer comprises a carbon-containing

material.

14.  The method of claim 13 wherein the carbon-containing material is made of silicon

carbon based materials.

13



14. The method of claim 13 wherein the
carbon-containing material is nmade of silicon carbon
based materials. 13 15. A nethod for form ng an

i nterconnection structure in an integrated circuit,
the nethod conprising: formng a dielectric |ayer
Wth a top surface on a sem conductor substrate
formng ap opening in the dielectric layer; formng a
631 ri Srmeodfor dQEHng ppinderepnnse iquostiugiies in an dntegrated ciypiat; the
wal I's of the opening including a bottomwall of the
dpdiidsgmpesinesi t i ng a conductive |ayer on the barrier

| ayer end filling the opening; and polishing the
conduéerinisg 4 digkctricdayeo mitht hep isaifee 0o aRESIcoAducEdrTsUbdttafes
having a convex-shaped top surface, such that a

peri plientihg atgenip if tHeafelsttrit a50r;0f the

i nterconnection structure is no lower than a top

sur f aggmffg 4 BArLARYervel Y BlelecHiERSirAng o?c—i:rtriﬁxﬁer VA1 bERE

| engt h neasured fromthe highest point o e convex-

aﬁﬁgil{cgﬂ%%@%& \?%111 P& E%lﬁ{lg,gnnect ion structure to

the top su e diel | ayer is at |east

Rl SR R
o SN ESR RS B e B e SR

interggnnect structure and a.negghboring

AR COARRIdeR SHTacesugk that & periphsenl gdseanfertop sifaca ofihgt h

of the interconnection structure. 16. A nmethod for
IYEFFPRRECHEN $tRickHe rivdewenihas & tepctuniaee ofithabariint legerat ed
circuit, the method conprising: formng a dielectric

| ayer whetdin a fitst persioaiflamgh orasurakiibm chechighicar panfasfithatoRivex-
shaped top surface of the interconnection structure to the top surface of the dielectric
layer is at least two percent of a second vertical length measured from the top surface of
the dielectric layer to an interface between the barrier layer and the bottom wall, when a

- spacing distance between the interconnect structure and a neighboring interconnection

structure is no greater than a width of the interconnection structure.

16. A method for forming an interconnection structure in an integrated circuit, the

method comprising:
forming a dielectric layer with a top surface on a semiconductor substrate;
forming an opening in the diclectric layer;
forming a barrier layer over the diclectric layer and over inner walls of the

opening including a bottom well of the opening ;

14



form ng an opening in the dielectric layer; formng a
barrier |ayer over the dielectric |ayer and over inner
wal | s of the opening including a bottomwell of the
opening ; 14 depositing a conductive |layer on the
barrier layer end filling the opening; and polishing
the conductive layer to formthe interconnection
structure having a convex-shaped top surface, such

that SeRssitinggepaductivgteyer omthe Spn@u lafrerceand ditlingtibe opening; and
interconnection structure is no |ower than a top

sur f apelishingtthectndpetiverlayaye formthe imgérconaedtionstrusterctliagig a
| engt h neasured fromthe highest point of the convex-
strassahipg tepusuiface soth thiaea peripheed adpeof b top sitfateofithe t o
the top surface of the dielectric layer is at |east

irercpetectnt stattute SeodoReMBAR A G sulBRAithdBass 18 f rom
the top surface of the dielectric layer to an

i nt er eRiPLENERRHiL ?ex%ﬁ{ e&furd PY&h 4R t%gtei)olﬂﬁtoﬂl{pconvex—

wal |, when a spacing distance between

- kRdRA &P ReGte @ﬁtﬁé"ﬁﬁéf&ﬁm@&gonasﬁg{.u%%%% l%ﬁ s rﬁace of the dielectric
InterCO_nneCtlon St.rUCture IS NO greate 'tl an aV\Ad%F]
S 5 P gk TS Pt

thod f.or formng. .an nterco ction :structure. in
e ‘ﬂ%‘f’%‘ﬂ? lavgiio P it igee Reiiesadbe baFe Invar epdhhsdottpryeall, when a
dielectric lLayer is fornmed on a sem conduct or
SPAsYE distance RRtvEga theigterconpent guctens and a neighboring interconnection
dielectric-layer. A barrier layer is formed over
iSHidpreizne greger thae a gidthi of gheainttreoneectidi efreturei ¢ . | ayer .
A.,conductive layer is deposited on the barrier
| ayer and filling the-opening. Then, a step of
pl anari zation

15



i nt erconnection structure,

is perfornmed to formthe-
top surface of the

such that a peripheral edge of. a
i nterconnection structure is no lower than a tap

surface of the barrierl ayer (FIG 2A) 16
INTERCONNECTION STRUCTURE FOR IC METALLLZATION

- ABSTRACT

. [0024] A-method for forming an intercorirection strichure.in an sntegrated circuit
includes the following steps. A ﬂi‘elﬂatrit: layer is-formed on a semiconductor
substrate, An opening-is formed.on the dielectric- layer A barrier layer is formed
over inner walls of the o opening and the dielectric layer. A .conductive fayeris

deposited on the barrier layer and ﬁllmcr theropening. Then, a step of planatization
:rsp\_rfm;mnd to form fhie. interconnection structure, such that a peripheral edge of &

.t@p surface of the mmrconnechon siructuze is no lewer than a top-surface of the

bam& layer.

(FIG. 2A)
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