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internal devices. in a large chip operating at a
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[ 0006] The interconnectionstructure is susceptible
to:a:barr'i.er edge enbannd recess (BEER) problem
Due.-to the Glvanic effectby a different jzhem ca
potential between the interconnection structure and
Its surrounding barrier layer; the part of. the
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is needed is an inproved interconnection structure

that is free fromvoids forned at an interface
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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




on the barrier layer and filling the opening; and
polishing the conductive |layer to form the
i nterconnection structure having a convex-shaped top
surface, such that a peripheral edge of a top surface
of the interconnection structure is no |ower than a
top surface of the barrier |layer, wherein a first
vertical length measured fromthe highest point of
surface of the interconnectjon
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APt R 5 ] eSSl prisng: rorming o
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top surface of the interconnection structure to the
tlapdislacirie lyer; formingjabastier layer ayerthe dickecttie deyter amb over inner
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e G M o L e
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ofin theategrpmIcchen swretpechnyies k éanvex-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 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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structure is no greater than a wdth of the

i nterconnection structure. [007b] In a third aspect,
there is provided a nmethod for form ng an

i nterconnection structure in an integrated circuit,
the method conprising: formng a dielectric |ayer
Wth a top surface on a sem conductor substrate;

form ng an opening in the dielectric layer; formng a
barrier %gr over the dielectric |ayer and over inner
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i nterconnection structure Is no greater than a width
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i nterconnection structure in an integrated circuit. In
one e [ , {:
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barrier layer and filling the opening. Then, a step

of planarization can be perfornmed to formthe
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i nterconnection structure, such that a peripheral edge
of a top surface of the interconnection structure is
no lower than a top surface of the barrier |ayer

[ 0009] Although the invention is illustrated and
descri bed herein as enbodied in a convex shaped

i nterconnect structure and associ ated process to

i nprove semi conductor device copper interconnect
el.ess not intended to be
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[0011] FIGs. 2A

- acsbidiag ts thel einBaih MR G 3hE br&etE Hidendh,
through 2D illustrate a. Series ofenprocess steps for
formng an interconnection structure in an integrated

DESEBWPTIONCOr di ng to one enbodi ment of the present

i nventi on. [O. 012] FIG .3 illustrates
w of an interconrnection
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an .i nterconnection tructure. The ThLpis ﬁlrlggégél éi{nmpn@le siticon

baseg juiarangigl. @ﬁel&ﬁffhlarygr 11D Thd apehing it Be:rfibH 56R8: the wafer
ter net di ctrlc(II\/D | ayer 112. The
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~ pattened, and‘%ﬁf t%ﬂé%{b?%%?@ﬂ?? el 112 The photoresist layer is then
stripped, Iea:vm,cr the- ‘E’P‘i"l‘-‘ﬂn‘r in the IMD layer 112. The- opening 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 laye.r 166 js Jow then the-top surface of
bartier layer 114. . '



etch cuts.. down through a portion of the DAD | ayer
112. The photoresist 'layer is then stripped, |eaving
the-opening in n the IMD layer 11.2. The . opening

1.1:0 can be a trench or avia Atrench is created to
forma wiring pattern for earn netal layer, while a

via (holes fromone: |ayer to another) forns the plugs
between | ayers. A thin barrier layer-114 is applied
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104 shows the hei ght 11. % of the conductive
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14] As shown in IC, in.process step t he
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. r 114 until the top surface of the
ﬂnkf)%gbal% IJ% expos, ed. The final shape of the top
surface of the i nterconnection structure 122

clanzs]iThattad, byids hes mat@:hﬁokh@ AMdpGhe: E@nb@é&?ﬂlé&@mbﬁnecmn
dom nat ed by the land of chem cal active slurry used
strpgfurab22ewRl ﬁ:edwgsr laper $1tmregtred te fihehby ah qdi stipilayer (BSLY
126{;\ the. i nteré of the conductive |ayer_ 116 and .
. Wiiclhi5 GRS d i fhe mpcessiamide, aéﬁ%@w 1R ‘BEprvoids.

\/ elth SI de_of
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mt@gadteﬁhﬁcmmeatasﬁagramm shtROmiALE-ATEM %Eélﬁ&ﬂr EM/SM
| ayer 114 than that of the condlcti ve I ayer 116 i ch
testing ﬂ%@@WOId$ at the interface of the. mf:erconnecnan structure

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

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

[0016] FIGs. 2A through 2D present the new. convéx;shape.m%ercpmlecﬁoﬁ
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.



the IMD layer 1,12. [OR151 The tiny voids 1241 | ocated

at the interface between the interconnection

structure 122 and the barrier |ayer 114 nmay not be

filled by an. etch stop layer ESL) 126, which is

deposited in the process step 108, as. shown:in. MG

1D. These voids 124- becone a weak spot in the

i nterconnection.structure resulting in reduced
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gliélectric Iayer 112 is made of a low-k dielectric baseﬁ materlal, W}uchhas a- -
dielectric canstant lower than 4.0, prefezably less than 3.5. The barier layer 114.is
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is made of Cu based material. Given a prede 21T ined-kind of slurrym a CMP




rates of the conductive |ayer 116, the barrier |ayer
114. and the dielectric layer. It is noteworthy that,
in this enbodinent, the top: of the interconnection
structure 134 exhibits a"convex shape" that prevents
any creation of voids at an interface |ocations 136.
of the interconnection structure 134 and the
barrier-1ayer 114 on either side of the opening 110.
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titaniumor tantal um based material is far greater

than those of theCu based material and 'lowa

dielectric. material, and the polishing rate of the

.low -k dielectric material is no. snaller than That

of the :Cu based material. {0019) This adjusted.
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[0022] The above illustration provides manydtﬁferent embots. GI.'
embodiments-for melementmg different featirres-of the irwenﬁ@ﬁ. Specific
'embodiments:(}f components and procesé-gs are desdibed to-help danfy the-

- invention. These are, of course; merely embodimerits and are not ntended to Linit

" the invention from that described in #he claims.



8 h is roughly 0.02H if the opening spacing: (S) is
smal l er than the opening width (W, or his snaller
than OBH IFS is larger than W In addition, the
geonetry and the height of the extrusion are also
dependent on a pattern density of opening, where the
pattern density. is defined as. follomﬁng for a given

o RO e iR proh Birein s extbodied in
One R trmﬂ sp@ﬂ’@@ia@@ple& oi3 W&@%s hB?nﬁéﬁé@d B QSﬁﬁlu&yd to fhe
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e I 1o opt|n1ze per formance by
,'H%nnéﬁ éQWB;ﬁéﬁ, %@%ﬁﬂf Y@ensi ons of the -
structure. [00211 A capping |ayer, such as an etch
stop layer; 210 conposed.of SIiN, SKIS, SION, or SiC
is deposited on the surface of the interconnection
structure 208, thereby allow ng subsequent |ayers to
be applied. As such, no void would be forned at an
interface | ocation of the interconnection structure.
208.and the barrier |ayer 206 (0022) The. above
illustrationpravides many different enbodi nents --or -
enbodi ments-for inplenenting different features of the-
~invention Specific enbodiments of conponents and
processes are described t help clarify the invention.
These are, of course; nerely enbodi nents. and are not °
intender to limt
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the invention fromthat described in the clains. . 9
[ 00231 Al though the, invention -is illustrated -and
descri bed herein.as enbodied in one or nore specific
exanples, it is nevertheless not intended to
belimted, to the details shown, since various

nmodi fi cations and structural changes may be nmade
tvﬂgrﬁig wi t hout departing fromthe spirit of the

Reh P GEANHP Wt hin the scope and range of
equi val ents of the clainms. Accordingly, it is.

dppr opringthed for fermingan mpprerrdedtioncitmetos: iben o ated eitcuit, the
broadly.and in a manner consistent with the scope, of
methodicowpnising, as set forth in the follow ng claimns.
10 WHAT IS CLAIMED IS: 1. A nethod for form ng an

i nt er Carmivecd dielectsic lajek Wil d tBp SificB bR dlsahREndictdr Whbstrate,
the method conprising: formng a dielectric |ayer

Wi th fortidfl &6 Teatme iR hedidBHLERRAMCt Or substrate,
.formng an opening in the dieléctric layer; formng a

bar ri @i gy z?EarHXﬁEyér RRES inhe)] 4/5%5%&" tﬁehcﬁaeﬁgg glcﬂgln}g oyera bottom

i ncl udi ng over a bottom wal hereot, ove

di-flieGLds §h§¥gﬁgd%$%$%%%5%g a conductive |layer on the

barrier layer ‘ he opening; and polishing
the c ndunit ive Ig‘%/??r [58{ f orgﬁ;he_ i Ft ercaonnection .
st r ucFEHE"HEFREEVE GhTesn Of Spatsr layp ad fvlipgethe pesHng; and
t hat gﬁﬁgni QEral edge of a top surface of the ]
i nt er RONMERE g Foaductive liver fodomm thednierconteshiomstrusiure having a
surface of the barrier |layer, wherein a first vertical
certsrshareddop auface.ouch et fipginbstal pdgernf addp sunface ofithex -
shaped top surface of the interconnection structure to
- tudercemEclon ftacturdfs noHewe thhw e 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.
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| ayer is at |east one percent of a second vertica

| ength neasured fromthe top surface of the
dielectric layer to an interface between the barrier

| ayer and the bottomwall. 2. The nmethod of claiml
wherein the dielectric layer is made of a | owKk
material having a dielectric constant | ower than 4.0.

. The method of claiml wherein the barrier |ayer

onpr it8gwethodof clagp wherein therhapmiordayer perhprisegnitrogen-containing
tenperature higher than 1200 degrees Cel sius. 4. The
HOtAWE- of claim 3 wherein the refractory neta
. conprises tantalum 11 5. The nethod of claim1l
wherein the barrier |ayer conprises
nitrogen-containing tantalum 6.. The nethod of claim

6. wheTae methve dialdim & rwihedif theXsamRE l%%? comprises nitrogen-containing
nitrogen-containing titanium 7. The ne?hod of “cl ai m
fitanigrei n the conductive layer is made of a Cu based
material. 8. The method of claim1l wherein the
pol i shing conprises performng a chem cal nechanica
polishing (CVMP) on the conductive layer with a

d | ind qf sl , th h
R Gher T IoRER s itnd ish i opfii et Syt 6 hased

that. of the conductive |layer. 9. The nethod of claim

‘ein the slurry provides the CVP with a higher
polishing rate for the barrier |ayer than those of the
dielectric |ayer and the conductive |ayer. 10. The
method of claim1 further conprising form ng a capping
Bayer Tho arcthadeof claimd rvoamein de polishing omprisesgretfotrieg a chemical
dielectric |ayer after the polishing, wherein no void
imchanical polishing (CMP) 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



12 formed between the capping |ayer and the
i nterconnection structure. 11. The nethod of claim 10
wherei n the capping |ayer conprises a nitrogen-
containing material. 12. The nmethod of claim 11
wherein the nitrogen-containing material is nmade of
silicon nitride based materials. 13. The nethod of
| aim 10 wherein the capping | ayer conprises a
 AMSE PeEssh A FaRping Aayer prchihe intarcomestionestiveliraf ¢l ai m
13 wherein the carbon-containing material is nmade of
silicon carbon based materials. 13 15. A nethod for
form ng an interconnection structure in an integrated
dilr cuilhg ntetterd ofetdod Oodrepsin tergppibg i4ven@niprideed Habgdnc
| ayer with a top surface on a sem conductor substrate
conthininy mgedsl. opening in the dielectric layer; formng
a barrier layer over the dielectric |ayer and over
inner walls of the opening including a bottomwall of
t he opening; depositing a conductive |ayer on the
rri gl . I_.ng. . and l.i,shin
(he. cansnrr S 11 R N, ARG oo RS e of
A kng. a . convex-shaped top surface, such
?ﬂ%@ﬁgﬂ{ﬁ%?&% eP%fenéﬂcfge of a top surface of the
‘interconnection structure is no lower than a top
surface of the barrier layer, wherein a first vertical
Iﬁngth measur ed from the highest point of the convex-
dRapedbe gpthash efcbaimd0 whesein thecsepping daver epnmisesie earben-gantaining

the top surface of the dielectric
material.

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

carbon based materials.
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| ayer is at least two percent of a second vertical
| ength neasured fromthe top surface of the
dielectric layer to an interface between the barrier
| ayer and the bottomwall, when a spacing distance
between the interconnect structure and a nei ghboring
i nterconnection structure is no greater than a width
gf the interconnection structure. 16. A method for
or i AgPEtfod Fr doraHng at inteypones i ietuteringn intpgratgd airewt, the
circuit, the nmethod conprising: formng a dielectric
SRIMPRSIAZE op surface on a sem conductor substrate;
form ng an opening in the dielectric layer; formng a
bar ri émmiizg/adiclrewic loyee wdibel ©p buifacloaeemiodd@v@subsines;
wal | s of the opening including a bottomwell of the
openi figminglh eiepdgiih tigdisleeib ek, ve | ayer on the
barrier layer end filling the opening; and polishing

0o er e . :
ec %’kﬂﬂﬁ%ﬁ V&rikAMSEr dver fhe rd‘i@léciﬁgc I GhéE B?égggﬁér Qs}?iuﬁ of the

structure having a convex-shaped top sur suc

ToB@ﬂingilﬁﬁ{dhjghe&ﬁldome‘gg?Opﬁwggélﬁgg;surf ace of the

i nterconnecti on structure | | ower than a top
surfagg st .verti.cal

.t he (L | ayer,, ,wherein a fir. !
" ongt LendBlirk AcoRACt oy P lic bARRE B R i GhphifE and
shaped 1 surface of the interconnection structure to
t he tBBfISg\?ﬂg‘tﬁE sonluciiyglayerdp g‘l‘,‘ﬂ‘i Intereonpectiag uciugelagving a
ten percent of a second .vertical |ength nmeasured from
ARV pPaRed e s tase, suph thagia perinheral edgeafartop sage of the
interface between the barrier layer and the bottom
VRlFTconggeton sfructpe is nedowesthams topoer faceof thdbarrier layer,
i nt erconnect structure and a nei ghbori ng

i nt er odwreeee o versitaluengih exchsirabfrgn eat i ghdshpaineofwWheédnvex-
of the interconnection structure. 15 | NTERCONNECTI ON

Shapdd Tefurfachof the Mitdrbbidelfid éhicture 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 ;
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ABSTRACT [00241 4 method for formng. an

ntercornection :structure. in an integrated circuit
includes the following steps. A dielectric layer is
fornmed on a sem conductor substrate. An opening is
formed on the dielectric-layer. A barrier layer is
formed over inner vval I s of the opening and the.
dielegtric .layer. .. conductive | ayer is deposited
on t heen9sitpg acondyptiye liwar o1 fhe bagier lgeropd filling th ppening and
step of planarization is perforned to formthe-

inter® tthoepndustinstlayas fo furaithe hidreannpeionirectate edipe a
of. a top surface of the interconnection structure is
penveswhaper hesuafat @ pusithboa periphetabh edgelod b tdpesukfasy 6f the

(FIG 2A) 16

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 interconmection

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