« METHOD FOR F'wA VI A IN A DANVASCENE PROCESS 5 FIELD The resean_;L,,
cl.ai rred disclosure relates to the field of sem conductor pro

part icularl Yi the presently claimed disclosure relates to a @Bﬁ“@ﬁ‘ \me

~forming a via in a danmascene process. 10 BACKGROUND ART As or
geonetries continue to beconme smaller and smaller, newdifficul tG¥8 ari se

" in the fabrication of the correspondi ngly srraller features. As one
exanpl e, when devi ce sizes decrease in size (in 15 order to formnore

(D) whi oh TECHHOT.EDR ROBMING ZXIA TNA BAMBLERNEPROTESE Crami o,

via pas certain drawbacks associated therewth. Referring nowto Prior Art
Figulp 1A, a side sectional viewof a via formed in a damascene process

- wherein ia has a reduced CDis 20 shown. In Prior Art Figure 1A a
subst r at has a via 102 forned . therein using a damascene process. In
the structure_of Prigr Art Fi g the critical dinension (CD) is shown

as the width Thmpra%en%lhélaem?fl @ﬁclvme reifags torthe figld ohsemiconductargrodessing dept h,
D. 25 Rejibfd fda%ﬁ iy eﬂ,hy aﬁ-ﬁéd &L&igiuﬁ?l Cuffr%etlﬂah@f&ff&%}rnﬂ% 102

decreases, 'signi Cant manu uring s arrse Xanple, in a

danascerk&anpddﬂﬁé?s&enépmbesa via is typically formed using a plurali ty (e.q.
two maj or _

10 .
BACKGROUND ART
As semiconductor geometries continue to become smaller and
smaller, new difficulties arise in the fabrication of the correspbndin_gly
smaller features. As one example, when device sizes decrease in size (in
15 order to form more devices on each wafer), features su;:h as vias have |
critical d1mensxons (CDs) which become considerably smaller. The
reduced CD of, for example a via has certain drawbacks associated
therewith. Referring now to Prior Art Figure 1A, a side sectional view of a
via formed in a damascene process wherein the via has a reduced CD is
20 shown. In Prior Art Figure 1A, a substrate 100 has a via 102 formed
therein using a damascene process. In the structure of Prior Art Figure
1A, the critical dimension (CD) 1s shown as the width, W, at the top of via
102. Furthermore, via 102 has a .depth, D.

25 Referring still to Prior Art Figure 1A, as the CD of via 102 decreases,
significant .-l'nanufacturin'g difficulties arise. For example, in a damascene
process, such a v_ia is typically formed using a plurality (e.g. two major
etches for the formation of via 102) of énisotropic etches in order to etch a

sufficient depth into substrate 100 while still maintaining the desired CD
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et ches for tﬁﬁﬂlﬂén&tion of via 102) of anisotropic etches _in order to etch
a ., sufficient depth into substrate 100 while still maintaining the desired
CD'1 200300493-4 for via 102. As a result, sharp corners, typically shown
~as 104a and 104b and. 106a and 106b, are forned at the top edges present

wi-thin via 102. Sharp corners 104a and 104b induce stress in subsequently

deposi t ov yi,ng | ayers_. and :educe adherence. of the overlying |layer to
under | yﬁd%"?? g%stb‘lseﬁﬁe b sherp cornsrs; briealipshownms W4aendrl@dh e 1B a

si de sectip. Vi via. 102 of Prior Art Figure 1A is,shown having an
over | yi ﬁ@ﬂ%%ﬁﬂg{’eﬂ%ﬁwm& Aidhetopiedges present srighin vie B2or Art Figure

1B, due Q. .the pres e of shgrp cprnets .g. corners 104a, 104b, 106a,
and 1066§$haéRcF°fﬁ%rspﬁg‘ﬁ ?%é&%)%i‘ﬁgug?)i&e§%?%§&€§%%9@3iﬂ aeR‘Pﬁi as 10?3) are

f ed i | yi lLayer of;, materjpal. These vpids del eteripusly

a19 1E g"cat It ghﬁ?égaﬁfetré'agﬁ t%ucﬁe‘vilteé?n%ﬁf ﬁ?‘r“a?" ‘iﬂqgafag[ey toundedymg | ur e of
t he gevisﬁss' thGh the void-containing via is used. 15 As critical

di mensi ons f(:)r? vies forned using the damascene process . continue to decrease

in size, it is expected that the above-described problens w Il be further
exacerbated. Additionally, any attenpts to elimnate or reduce the

probl ens ass otk RdeMinich HAFES PRR At e 19, e q¥! Retiolat Y94tk SR%a
conpatible with existing sem conductor fabricdtion processes
102 of Prior Art Figure 1A is shown having an overlying layer of material
disposed thereon. As shown in Prior Art Figure 1B, due to the presence of
- 10 'sharp corners (e.g. corners 104a, 104b, 106a, and 106b) and the profile of via
102, voids (typically shown as 108) are formed in the overlying layer of
material. These voids deleteriously affect the integrity of the device, and

may ultimately lead to failure of the device in which the void-containing Vié.

- is used.

As critical dimensions of vias formed using the damascene process
continue to decrease in size, it is expected that the a.lbov,e-described problems
will be further exacerbated. Additionally, any attempts to eliminate or
reduce the problems associated with damascene process-formed vias

20 should be compatible with existing semiconductor fabrication processes
such that a complete retooling of conventional semiconductor fabrication .

facilities is not required.

Thus, a need exists for a method for forming a via in a damascene
25 process wherein the via does not suffer from poor adherence to a
subsequently deposited overlying layer. Still another need exists for a

method for forming a via in a damascene process which enables the



such that a comi{v.ete retooling of conventional sem conductor fabrication
facilities is not required. Thus, a" ' need exists for a nethod for formng a
via in a damascene 25 process wherein the via does not suffer from poor
adherence to a subsequently deposited overlying layer. Still another need

exists for a nethod for formng a via in a damascene process which enables..

the 2 formation of a netallized interconnect wherein the nethod neets the
above farmdtionrf avnetsllizedHatercoanecz whersinctlvonthoddaeets the dbokver from
voi d/ seam formation. Yet another need exists for a nmethod for formng a

vi a i n needaand wherein theemetallized inteheonmeich ddesnmitsuffér fiforhhe above- | i sted
5 needs and wherein the nethod is conpatible with existing sem conductor
f abri c Moid/sepmolormasion. 3Yebtrmother mag) existe for arinethod fooforming aret hod f or
formng a,via in a damascene process wherein the via does not suffer from
poor adviedBfcdamascenespracess srharginithe methodomeets allpfl thecabowerdispedsent-
wWriti ng]e:‘ﬁarﬁt he i,ﬁpr,ovi des a n&éhbd for formng a via in a danascene

pr o®es andwhsrein the, methpddsicompatiblenwithy existing semveondaetornher ei n

t he mshhﬁgea hi eves the above acconplishnment and wherein the netallized

i nt er cJAREICRYIGBRINGE$SCSsuf f er from voi d/ seam formati on. The present writing
al so provides a nethod for formng a via in a damascene process wherein

t he met hod



10 achieves all of the above-listed acconplishnents and wherein the nethod
. is, conpatible with existing serniconductor fabrication-processes. In one
enbodi ment of the present witing , the present nmethod conprises
depositing a material into a via forned using a damascene 15 process. Mire
particularly, in one enbodinent, the material which is conprised of a

substantig”ﬁ Eogﬁorm&l mat eri al which has an etch selectivity with
respect t trate into which the via is formed. Furthernore, in °

.this enbodinent, the material is deposited al ong the sidewalls and the
base of the. vi a1€@regent havriings eprovddes @i method faxfosndngnmvia imla such t hat
the via ig forned havi ng . pr Qf it!l“g conduci ve to the adherence of overlying '
mat eri al THEPSEE PROGESE SvapasaRithervia dogs netcsuffer fiom micer rmadhmrente it
per formed_ wthout bstant. al | tchipng the substrate into which the via
is formed sphsg%u%tﬁ% ,epPﬁ%eéng & : mERe Presentes veritiiga further
damasgen which, al lows for the formation of a netallized 25
i nter %gnkrgc{v(fﬁﬁs %anetﬁ%%g?t fﬂm& 8 Vi3 dg Hflagssgene pro¢essaybicle enables
enbodi ne d Li#wiqinecl udes the,steps,,of the _abqQve-described
enbodi msnn';th,e gﬁﬁ‘?‘? B8 e Hetinizda ‘Pﬁ%’cgf‘é’ﬁcg?"’hﬁéﬁﬁ%ﬂ%ﬁ H&tgﬁdl evey the
conducti v, ' s ' L2V, N i{e.,conduciye,to the
adher enceg%?vg)ég‘iro#y? hngﬂ%g?g%n\g Q%Hr}gérﬂent ghé %? ?@?ﬁ%‘%#e%%ﬁﬁ%l}%%rﬂ%s rok. s
conduct i vguffedt fon2hoi [ et ' rEorne a narization step
such that the cgndug%%ga%aterl af&ﬁrnggflen pSFlaﬁra&vlﬁFlggw tﬁ% pf?l‘é‘@lsaﬁ_ As a
result, tiethodfenforentislhviatinks Quniiscete Prloebsd ¢hdreil L6 NNGG W thin a
10  achieves all of the above-listed accomplishments and wherein the method is

compatible with existing semiconductor fabrication processes.

In one ;:mbodiment of the present writing , the present method

comprises depositing a material into a via formed using a damascene

15 '-process. More particularly, in one embodiment, the maferial which is
comprised of a substantially conformal material which has an etch
selectivity with respect to the substrate into which the via is formed.
Furthermore, in this embodiment, the material is deposited along the
sidewalls and the base of the via. Next, the present embodiment etches

20 material such that the via is formed having a profile conducive to the
adherence of overlying material thereto. In this embodiment, the etching of
the material is performed without substantially etching the substrate into
which the via is formed. In so doing, the present embodiment creates a via
in a damascene process which allows for the formation of a metallized

25 interconnect which is substantially free of voids.



via forned in a damascene process, wherein the netallized interconnect is
substantially free of voids. “10 These and ot her objects and advant ages of"

the present invention will no doubt becone obvious to those of ordinary
skill in the art after having read the follow ng detail ed description of
the preferred enbodi ments which are illustrated in the various draw ng

figures. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs,

whi ch are i ncolpanefird émbedithérit, the preadéht Ofwhidils RGeS Qﬁ&is%ebs of
illustrates enbodi nents of the invention and, together with th

descri pt i tire alewesdescribedgmbodinhentyrantd futther dhclubes thel stup BfidepositigtR ART
FIGURE 1A is a side sectional view of a via forned into a substrate™ . -~
wher ei n tédayereofrmeonductivel material intal thii viarkiving the HIRAIR cORIuEVEWBE 1B i s
a side sectional view of the structure of PRI OR ART FI GURE 1A having a

| ayer of thet adherende of ovedyingmaterial théteBoRAREr tlse depositictest fhenal Vi ew
of a starting step in a nethod to forna void-free via in accordance wth

one etﬁbocﬁQﬁéﬁkﬁtw materjak dbatpresent embndimenteparfomns @ plErdMation step de
sectional view of the sfructure of FIGJRE 2A having a first etch stop

| ayer di spishethatheennductivesmiaseriahremaing nrimaridyivodhin the ofiat s ar esent

clai med i nventi.on. -
resuTt, the present embodiment provides a metallized interconnect within a

~ via formed in a damascene process, wherein the metallized interconnect is
substantially free of voids.
0
These and other objects and advantages of the present invention will
no doubt become obvious to those of ordinary skill in the art after hé&ing‘ _
read the following detailed description of the preferred embodimenté which

are illustrated in the various drawing figures.



20 FIGURE 2C is a side sectional view of the structure of FI GURE 2B having
a first material deposited above the first etch stop |layer in accordance
wi'th one enbodi nent of the present clainmed invention. 25 FIGURE 2D is a
side sectional view of the structure of FIGJURE 2C having a second etch
stop | ayer disposed thereover in accordance with one. enbodiment of the
present cl ai med | nvent i on. 6 FI GURE 2E is a side sectional view of the
struct url 2 _ E DRAWINGg eri al di sposed thereover in
accor dance W|th one errbodl nent of the present clainmed invention. 5 FI GURE
2F is a si de Becacamapanying dfawhmgss which wre intofpdtebed 38 afi@\fbrs 4N

openi ng formed through the second material in accordance with - one

enbodi mpart of thisspectfiation; iHustmhtesembbdimentsOoftHd REvelbion aadsi de
sectional view of the structure of FIGURE 2F having an opening forned

t hrough together vath theslesariptionaseoredaraplaint the priaciplesdfthat of the

present .clainmed invention. FIGURE 2H is a side secti.onal view of the

st r uBt udBveRtiPRGURE 2G 15 havi ng a third material disposed thereover in
accordance with one enbodi nent of the present clainmed invention. FIGURE 21
Is a side sectional view of the structure of FIGURE 2H after the structure

has been S Ubjfeﬁf&ﬂ AIQTaﬁC?EIﬂE ﬂ lg%esrlgglsggml)gala%%%r gta Q(iga formed into

a substrate wherein the via has a small eritical dimension.

10 PRIOR ART FIGURE 1B is a side sectional view of the structure of
PRIOR ART FIGURE 1A having a layer of material disposed thereover.

FIGURE 2A is a side sectional view of a starting step in a method to
form a void-free via in accordance with one embodiment of the present

15 claimed invention.

FIGURE 2B is a side sectional view of the structure of FIGURE 2A
having a first etch stop layer disposed thereover in accordance with one

embodiment of the present claimed invention.

20
FIGURE 2C is a side sectional view of the structure of FIGURE 2B
having a first material deposited above the first etch stop layer in
accordance with one embodiment of the present claimed invention.
25 FIGURE 2D is a side sectional view of the structure of FIGURE 2C

havipg a second etch stop layer disposed thereover in accordance with one

/ embodiment of the present claimed invenfion.



20 wi t.h one enbodi ment of the present clainmed invention. FIGURE 2J is a

si de sectional view of the structure of FIGURE 2H after material has begn
deposited into the via and over the remaining portion of the structure in
accordance with one enbodi nent of the present 25 clainmed invention. 7
FIGURE 2K'is a side sectional view of the structure of FIGURE 2J after a
pl anari zing step has been perforned in accordance with one enbodi nent of
the present clainmed invention. 5 FIGURE 3 is a flow chart of steps
performed in accordance with one enbodi ment of the present clained

invention. Fl giRERRE e e d i Eﬁgg e wth
anot her enbodi nent o?%%eé%%gs%rﬁ{ofﬂaglfwng‘% &ﬁvh%n%trgﬁaﬁfooﬂﬁgﬁ aﬂgd t
referred t [ ng drawn 0
oal ¢ oxeooe'slssbindprterplll ASp3SRY PR 15 S iflantE Hith-lRR ) ©

. EMBODI NEmoaﬁheﬁeat:ehwﬂrésmlaﬁn@a%v'e fbﬁ}a" to the preferred: _
enbodi ments of the invention, exanpl es o ich are illustrated in the

acconpanying drawi ngs. Wile the invention will be described in
conjunction with the 5 preferred enbodinents, it will be understood that

they are not FIGEREQR 13 a kidd sectivhadl Wewtifthe stribase MPrdURRIgE On the
contrary, the invention is

having an opening formed through the second material in accordance with

one embodiment of the present claimed invention.

10 FIGURE 2G is a side sectional view of the structure of FIGURE 2F
having an opening formed through the first material in accordance with

one embodiment of the present claimed invention.

FIGURE 2H is a side sectional view of the structuré of FIGURE 2G
15 having a third material disposed thereover in accordance with one

embodiment of the present claimed invention.

FIGURE 21 is a side sectional view of the structure of FIGURE 2H
after the structure has been subjected to an etching operation in accordance

20 with one embodiment of the present claimed invention.

FIGURE 2J is a side sectional ﬁew of the structure of FIGURE 2H
after material has been deposited into the via and over the remaining
portion of the structure in accordance with one embodiment of the l;resent

2 claimed invention.



intended to cover alternatives, nodifications and equival ents, which may be
included within the spirit and scope of the invention as defined by the .
appended cl ainms. Furthernore, in the follow ng detail ed description of the
10 present invention, nunmerous specific details are set forth in order to
provi de a thorough understandi ng of the present invention. However, it

w Il be obvious to one of ordinary skill in the art that the present

invention nay_be practiced_w thout these specific detaj ot her

i nst ances, V\EXG QK150 shde sectionalogaweef t E‘H%?*ﬁiqtmc%fts have
not been 15 described in detai] as noj to junnecessarily gbscure aspects of
the presfier a planssizipg step {39933\92 oppsd e ageordance; PRGi ews of the
structure_created cordi ng, tp.enhodi nents of the nethod of the present

i nvent i gmbedizent °§gﬁPd}r@ﬁegh°%%E{g%1W ‘s of Figures 3 and 4. For
purposes of clarity, the follow ng discussion will utilize the side _
sectional views of Figures 2A-2K in conjunction with the flow charts of -

nodhion. FFOGURE: b toy Ragt 8 sieif pRRRal il Betlrdmife MR o,
the pr e&ﬁ%ﬁ;ﬂﬁ’g‘gﬁgk@@%ﬁggﬁt%ﬁ%ﬁ {ﬁ‘;ﬁsﬁ 1 stop 25 | ayer above a materi al

202 in I'S presen w il be described in detail
bel ow, the damascene process formed via to be created in accordance with

t he present enbodinment is a via which, unlike 9 conventional danmascene

process for mgQUIRE 46 'l 5@ chaidufastbps pepforaiddin actordunte witll or seans
in the material subsequently deposited therein.

another embodiment of the present claimed invention.

10 .
The drawings referred to in this description should be understood

as not beirig drawn to scale except if specifically noted.



Referring still to step 302 of Figure 3, in the present enbodiment, 5
material 202 is any material in which a target can be |ocated. As will be
under st ood, conductively filled damascene process forned vias are often
formed to electrically couple conductive features (e.g. target 203. and a
subsequent |y deposited overlying conductive |ayer) which are separated by a

. gl el ect rZIAC material. In the present enbodinment, material 202 as shown in 10
i gure i s_conprised of an i (IMD) material such as
i‘ )
f or exwﬁﬂ&ﬁdm [MOmaterial is recited in

t he present enbodi nment., pre : wel, | ed to t f

my ﬁt her l??lfeéi'lce fiee Hoageag (ﬁégﬁclgggp(pqege ‘?ﬂlﬁ é“& s '?elrjisglg
ich are we suite the i rs I de. but

i1t ed eanvegmeemax%mfv?mcia i\awte%%b HBBEIT LS, and the

204 3 drgrnge | VG Hhe isterty Smﬁngeﬁgq gﬁahoirzit{hc%%?"?h' the
oxyBn tmsﬁerf%%advoﬁﬁw&' ﬁwﬁb&@#&%ﬂo@rﬁ%@%'a?fscl?@?h*é%@a@‘%iﬂpr. si ng
fgealf | 50 ChR vk RBop 18%Rksé BrbdRiREREE O Pddﬁ%sﬂﬂé‘%f:%ﬁ&%ﬂtls' nvention

euseo various other t materials for

first %@{h éd)&t L@égfah?&éat&és AnoRiSeatiHs 8hd BauiF Sedts, WRidd

enbodi ment recl epositing a layer 206, shown in Figure 2C, of a first

mat eri gine ﬁRfé\dewfthiﬁlhékﬁﬁ-xtséﬂd’ stapeEof th’epﬂwehmohh@s definedbyetHeodi ment, | ayer

of first materital 206 i's conprised of a
appended claims. Furthermore, in the followmg detailed description of the

10 present invent_ion, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. Howeve;f,' it
will be obvioqs to one of ordinary skill in the art that the present invention
i_nay be practiced without these specific details. In other instances, well
known methods, pxjocedures, components, and circuits have not been

15  described in detail as not to unnecessarily obscure aspects of the present

invention.

Figures 2A-2K provide side sectional views of the structure created

accoi‘ding to embodiments of the method of the present inventien as set

20 forth in the flow charts of Figures 8 and 4. For pﬁrposes of clarity, the
following discussion will utilize the side sectional views of Figures 2A-2K in
eOnjupction with the flow charts of Figures 3 and 4 to clearly describe the
e'l_pbodiments of the present invention. Flow ehart 300 of Figure 3 begins
with step 302. At step 302, the present embodiment deposits a first etch stop

25 layer above a.material 202 in which a target 203 is present. As will be |
described in detaﬂ below, the damascene process formed via to be created in

accordance with the present embodiment is a via which, unlike



—_—

mat eri al which has an etch selectivity with respect to first etch stop
"“layer = 204. ' That is, layer of first material 206 is conprised of a
material that can be etched using an etching process wherein the etching
process does not significantly etch first etch stop |ayer 204. Simlarly,
first etch stop layer 5 204 is conprised of a material that can be etched
using a different etching process wherein the different etching process

does not_signjficantly etch Ilayer_of first material 206. In the present
enbodi rrecﬁp,"glllég?e?f gﬁni/%c&?e Rracess formegdovias, wakhnotdaduge the fmﬁm al

di el ectrj,c ¢l M terial .such as,, for_exanple, silicon dioxide. Although
such an ﬂflvﬁg‘#&f%ﬁﬁ%ﬂ?&ﬁﬁsdn&tﬁw Wéew%gtishsleamm theweini he present ..
enbodi nent is well suited to the use of any other material into which it

is desired to forma via. Gher materials which are well suited for use as

0t ) I o B A bt botimeice 15 i
. e D, resgn e | nt. eclites

BT Al e ) M R B 655

shown | A Ao MG EROTIRACLtkeE ok RSl SDRILAT.

Al t houghfosimel t8 dIBéteidally ésupl6 Coh@tcave fe%'mféssc'etrﬁa_t%fg&%f%ﬁ gtop |ayer

208 in the present enbodinment, the present invention is also well suited to
A Stop 0B e A Floyer) R ek PR tyuer =
' dielectric material. In the present embodiment, material 202 as shown in
10 Figure 2A is comprised of an intermetal dielectric (IMD) material such as,
- for example, silicon dioxide. Although such an IMD material is rec_%ited in

the present embodiment, the present embodiment is well suited to the use of
any other material into which it is desired to form a via. Other materials
‘which are well suited for use as the first material inélude, but are not

15 limited to, tetraethylorthosilicate (TEOS), fluorine-doped TEOS, and the
like.

With reference still to step 302 of Figure 3, first etch stop layer 204 is
. sﬁown in Figure 2B overlying material 202 and target 203. In the present
20 embodiment first etch stop layer 204 is comprised of an oxy-nitride (ONO) |
layer. Although such a material is recited as comprising the first etch stop
la_yef in the present embodiment, the present invention is also well suited to

the use of various other types.of materials for first etch stop layer 204.

2 At step 304 of Figure 3, the present embodiment recites depositing a
layer 206, shown in Figure 2C, of a first material above first etch stop layer
204. In the present embodiment, layer of first material 206 is comprised of a

10



25 layer, shown in Figure 2E .of a second material 210 above second etch

stop layer 208. In the present enbodi nent, |ayer of second nmaterial 210 is

conprised of a material which has an etch selectivity with respect to

second 11 etch stop layer 208. That is, layer of second material 210 is

conprised of a material that can be etched using an etching-process

wherein the etching process does not significantly etch second etch stop
second etch stop, | ayer 208 is conprised of a

lrr:%lg: i g%ﬁtﬁglﬁwﬁ&lbﬁaé@%@if  selechyity vaith respeshto &irshietich stop dayervher ein
i eri aiZ0%1 et dageh L BErk mebenal2lB e comupcont simpteril that aAn210 15
11 con e A usReCH Blihing RioBss itstrin Shecriching SEPPSES Aaés Rt pr soont
om0 eSS Rl SRR BA! 28, iy b B0 . Bl 1Y
Do 204 1 phpRAlshlof ot ERer b Bon o StcER GHir o ifipEeRtelbingna 1o
st mireeearsptin te SR ALIRE pioclllaobd SR8 HebBERAT S Y 01 *t ne
ayer of S o ret LREHE0 208, Tn G BhArt kbl R MR U A ave an eton
Dol ov) Suok 30 LAt e LR o oot o et el AR Lottt SMID, RlekRlshc oot 2!
process aspfurcexmmple, silicon dioxide. Although such an IMD material is recited -
10 in the present embodiment, the present embodiment is well suited to the

use of any other material into which it is desired to form a via. Other

materials which are well suited for use as the first material include, but

are not limited to, tetraethylorthosilicate (TEOS), fluorine-doped TEOS, and

the like.

With reference now to step 306 of Figure 3, the present embodiment
recites depositing a second etch stop layer 208. Second etch stop layer 208 is
shown in Figure 2D overlying material 206. In the present embodiment,
second etch stop layer 208 is comprised of an oxy-nitride (ONO) layer.

20 Althpugh such a material is recited as comprising second etch stop layer
208 in the present embodiment, the present invention is also well suited to

the use of various other types of materials for second etch stop layer 208.

At step 308 of Figure 3, the present embodiment recites depositing a
25  layer, shown in Figure 2E, of a second material 210 above second etch stop
layer 208. In the present embodiment, layer of second material 210 is

comprised of a material which has an etch selectivity with respect to second

1
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et ching process does not significantly etch layer of first material 206 or

| ayer of second material 210. Additionally, the deposition and of first

et'ch stop layer 204, layer of first material 206, second etch stop |ayer
208, and layer of second material 210 are consistent with existing
damascene 25 process flows. 12 At step 310, the present enbodinment recites .
fo:nlnglazzérshsopﬁning,. oEening 212 of Figure 2F, through | ayer of second
materia : shown in Figure 2F, first opening 212 extends, through

| ayer efichstopidyem@08i hatiis, mqféemnwhm@&etgal %bfgbﬁw@p@pme @ | aye? 208.

secometetesal thahgan i sehisb s e pEan ket T
preserpricess ot g snil < fwandelel Horlarst b SRS her olchi v
Ay pein g e b
ok wediifra i T G R A B T
T oy AT P SR, 12, 0,
o 1 i RSl 2% AU Bl P800 . o PPt 520 o

ﬁ;ggr i gﬁéigi{ﬁix gimﬁ%a%aﬁé%chr £ 1R¢ lekkglple, filidbn idoxiday eAltHougtcond
such an IMD material is recited in the present embodiment, the present
10 embodiment is well suited to the use of axiy other material into which it is
desired to form a via. Other materials which are v;fell suited for use as the
first material include, but are not limited to, tetraethylorthosilicate (TEOS),
fluorine-doped TEOS, and the like. Additionally, in one embodiment of the
bresent invention, layer of first material 206 and lajer of second méte'ria‘l

15 210 are comprised of the same material.

| Referring still to step 308, in the present embodiment both layér of
first material 206 and layer of second material 210 have an etch selectivity
with respect to a third material (which is discussed in detail below) such

92 that the third material can be etched using an etching process wherein the
etching process does not significantly etch layer of first material 206 or -
layer of second material 210. Addition'allly, the deposition and of first etch
stop layer 204, layer of first material 206, second etch stop layer 208, and
léyer of second material 210 are consistent with existing damascene

25 process flows.



conprised of a material that can be etched using an etching process 20
wherein the etching process does not significantly etch second etch stop

| dyer 208. Simlarly, layer of first material 206 is conprised of a _
material that can be etched using an etching process wherein the etching
process does not significantly etch first etch stop layer 204. It wll be
understood, therefore, that various breakthrough etches nmay be perforned

| ayer 204 to A Hap Y0 Ehe Prbsinreboighay %é%?i&ﬁfjéﬁﬁ%g g‘%ﬁéi_‘;n
Vi : | D | | n : eferri
SO e e 2ETR R M A A 0
' itk d ; C ir
Shon 1y APRUPIETES G gggﬁ%@% &} éﬁgﬁi%ﬁgss‘;ﬁf?ﬁ@ﬁm%i -
di alme!t grﬁﬂr%?rgﬂg?amﬁ%%ggafi r-st oggﬁ#'%lzggg'z. MUge sumﬁgﬁﬁihg'
X

di mensi orgcleing cftlayer bﬁséd&@ﬁf&%@ﬁmmiéﬂ%ﬁhpq&lfem% r‘?{%?‘ 4 ti on s

also well suited to the formation of a greater "o _
damas censughcs; for brample caglasas Sehi. NAlMisugh! sueh het eﬁﬁhiﬁgcﬁltoces"sois

di nensi ons. At step 314, the present enbodi nent recites depositing a third

mat er i al recitedindhe Présexft émbodimeht, theopreseay dhventisnds alsdwell sute10 and
into openings 212 and 214. In-the present enbodinent, third material 216 is

1?20“ spodedhglusegofi varimisiethe etching processesie base of each of first opening
2
| 10 At step 312, the preserit embodiment recites forming a second
opening, opening_ 214 of Figure 2G, through layer of first material 206. As
shbwn in Figure 2F, first opening 212 extends through second etch stop
layer 208 and thro_ugh layer of first material 206. In the Figure 2F, opening
214 is also shown extending through first etch stop layer 204 and
15 terminating at the top surface of target 203. As mentioned above, layer of
first material 206 and layer of second material 210 are comprised of
material which has an etch selectivity with respect to first and second etch
stop layers 204 and 208, respectively. That is, layer of second material 210 is
comprised of a material that can be etched using an etching process |
20 wherein the etching process does not significantly etch second etch stop
lz_ayer 208. Similarly, layer of first material 206 is compriséd of a material
that can be etched using an etching process wherein the etching process
does x:;ot significantly etch first etch stop layer 204. It will be understood,
‘therefore, that various breakthrough etches may be performed to etch
25  through either first etch stop lajer 208 or second etch stop layer 204 to allow
for the completion of the present damascene process formed via (i.e. the via

comprised of opening 212 and 214).



and second opening 214. In one enbodiment, third naterial 216 is conprised
of, an organi c-based spi n-on-gl ass nmateri aI (e.g. HSQ -MsQ and the |ike)
whi ch has an etch selectivity with respect to layer of first material 206
and | ayer of second material 210. Although such a material is recited 20 in
t he present enbodi ment, the present enbodinent is well suited to the use
of any other material for third material 216 as long as the material has
an etch selectivity with respect to |ayer of first material 206 and | ayer
of second material 210. Hence, third material 216 may be etched w thout
significantly chj ng rst etch st |_.ayer 204, | ayer of first materi al
206, 25 secon eéq fé‘é %311?1691’1‘159@ 2G; in the paesenteri al 210. 14
Referrin ti.]l to step,314 and gure 2H, as nti oned above, third

mat eri al g@i’edlmen’b (ﬁ?ﬁ? é’B‘%-F%@Q) AFiginates #ﬁﬁbﬁ’&ﬁ*‘\m iof fingh Ppering c h
selectiv ct tp | r qf first ma,terl 206 yer: of second
mat eri al éﬁaﬁ@“xﬂﬁ'@?&ﬂ&% gi/ﬁan t'?@c?ﬂ"i ﬁ’é?lf’?é]et"ﬁ?ﬁ angi2ri al
216 S deoit a depnt h_whi c LEeSpPo he cri di mensi on,
CD, g’f P ?‘gdfe% opally, BEFSF'HE ﬁf”@ E Q %%i‘gi‘lalsoﬁ‘ exanpl e,
in one epo t

OGN TN AL .%f? AfotdhetcBe o tne
di anet er o have a
w dtn or SR grihsions ake dbuiluf ML B feent MERROARIR R rastnt 0 "W Th s
dept h of y AR 15P418b Yvell Shited tothe Tofthfsn Of afgreal zﬁ.ﬁﬁ ) -

Al t hough such a depth for third mgterl al I%16 | e?e%tbg}jés?%pt %rgiéggﬁt
embodi "efamdsien®pr66és formed openings having various other physical

10 dimensions.

At step 314, the present embodiment recites depositing a third
material, material 216 of Figure 2H, above layer of second material 210 and

into openings 212 and 214. In the present embodiment, third materiél 216 is
15 disposed along the sidewalls and above the base of each of first opening 212
and second opening 214. In one embodiment, third material 216 is
comprised of an organic-based spin-on-glass material (e.g. HSQ, MSQ, and
the like) which has an etch selectivity with respect to layer of first material
206 and layer of second material 210. Although such a material is recited
20 in the present embodiment, the present embodiment is well suited to the
use of any other material for third material 216 as long as the material has
ah_ etch selectivity with respect to layer of first material 206 and layer of
second material 210. Hence, third material 216 may be etched without
~ significantly etchi_ng first etch stop layer 204, layer of first material 206,
| 25 second etchfstop layer 208, or layer of second material 210.

14



iment is well suited to depositing third material 216 to various
Sggg?gpeor | esser depths. Mre inportantly, in the present embodinent, 1?
third material 216 should conformally cover the sidewalls and the base o
each of first opening 212 and second opening 214. Referring nom1tohstep
316, the present enbodinent then etches third material 216 such that an21
openi ng extends to the top surface of target 203 as 20 shown in Figure .

[ ' ' f clarity, in the structure
remai ni ng ar o Sl dtem 1 hand Figurei, asshentionsdtabue, thirl | ayer
r? f'r'tg [ tirst laver 204 of. the second material and second | ayer
204 of Stﬂg&tsrg%o?ﬁias’ i cBmerised Qgérﬁﬂmom&ldﬁatwaaﬁ srhigh h&g?ﬂefghﬁ. tTlhgl o

' ' thir erial 216 _does. not subst an
ctoh 1y SIREHTS, WihesBler gt °g!ﬂ§g%?€%és%wmiqﬂsem%d .

' iin1oh ' eni ng, : |
217 a0 AR R P ek sraiter b o mwe: My Auatarial 216

’ i | IR Wi ' .prj t, damascene
br ocasaas POl td & APl HEICH 7 38HPR 3R 38 shRustiRal dimGpsion, & bref udi ng
cdge cororsth be ToHRLATH R Brefthl ARs00 BrObisso FOE cxatplons o p
edge corner . . $ ! ;

' ' 69t : | 1 ges not .1.n e

tross in beeaue el e ddhited BFE dibth ife%w,omwfgibﬁn of
the preSfmercenthaftthesCD ofdtbe viattodst! Ridhe@US kLY thE e%@-ﬁfgﬁecﬁﬁg or esent

overlying | ayers thereto. Additiqnally, I n One enbodl Men
(23,2).uAsiaMeexample, where opening 212 is to have a width or CD of 0.5

i nventi

10  microns, third material 216 will be deposited with a depth of approximately
.05 to .15 micfon’s (i.e. 500 to 1500 Angstroms). Although such a depth for
third material 216 is recited in the present embodiment, the present
embodiment is well suited to depositing third material 216 to various
greater or lesser depths. More importantly, in the present embodiment,

15  third mate_rial 216 should conformally cover the sidewalls and the base of
each of ﬁrst opening 212 and second opening 214.

Referring now to step 816, the present embodiment then etches third

material 216 such that an opening extends to the top surface of target 203 as

2) shown in Figure 2I. Referring now to Figure 21, for purposes of clarity, in
the structure remaining after step 316, third 'material- 216 is shown
combined with layer of first material first layer 204 of the second material
and'se_cond layer 204 of the second material are shown in combination as
layer 214. The etching process which etches thi_rd material 216 does not

25  substantially etch layer of first material 206 or layer of second material 210.
Importantly, in the present embodjment,. the remaining opening; opening

217, has a profile conducive to the adherence of overlying material thereto.

15



i [ la formation 10
[ rated usin rior damascene-process based via _ _ _
xé?aoggneopening 21% gf t he present enbodlrent has a prgfigetkgcbg?{Pgal
Si [ i dewal | s, as oppose _
sl oped sidewalls. By having sloped si , e v o5 e pen e 317
i dewal | s associated with prior damascene process- : ,
fgggily accommodat es t he adherence of overlying naterla!s theretg. anig,
openi ng 217 of the present enbodi ment. does not deleteriously reduce

. ' till to step 316 of
Fiome o n o o Sepoiragsperdtal il pEb Bt dihascons pracssssmn et hod of
Figure 3, in _ AL L d 4si.ng. exi sting

t he preseop T8Nthé prederd UrhYodiR ﬁ%ﬁt % b i oun

seﬁi (F:)onducteor abricati o%r%r oc?ss%os. : gg & Pratiedn ded

damasceneedraeesi2¥84 ahdr 2E8Y, %dm%d@é&? fﬁ)&ﬁﬁ?%eg %f\éml& t{'ﬁ quO' sting

i cat.i i scussed
sem conductor fabrication processes. E&li s

| ' . nbodi ment ,
. i n comprei218o and 218k ReidhEso 0B S SRt SRROAI T
\??!ﬂogi;nof tﬁe present enbodi nent Bonabl 2% %%é)%%)(g%%g?&gﬁeégaﬁp CRERGTS| i zed

i ; : HYDi ' 25 Wth -
i rRssociatied with qrioohrtsibk e YPiades BRP b AN APLER: ; .
Ir21E g:g(r)lge now to Fi gu(rpen4, a flowpchar .408q| S SEE)]\BM’I %? t“rtgﬁén performed in

accor danc@hgegnentlyidepositet averisiig E}’:&i‘nﬁ; Sm%s@@,%#é %fvy}xeechgq\é?%bg n ho
et hod ofetiheds Z@S@h&&%ﬁﬁ@ﬁﬁaﬁhiﬂyﬁem hllkerdneBofAerl AR IMGER O the
' Ef’gﬁfegeiﬁ%%%d ﬁggft&n%ég Q:Ieé ﬁoﬁéﬁg‘ tllagq;srégsjt ﬁwentiox;, unlike

vias generated using prior damascene-process based via formation
10 methods, opening 217 of the present embodiment has a profile including

sloped sidewalls. By having sloped sidewalls, as opposed to the vertical

sidewalls associated with prior damascene process-based vias, opening 217

readily accommodates the adherence of overlying materials thereto.

Hence, opening 217 of the present embodiment does not deleteriously reduce

15 adherence of overlying layers thereto.

Referring still to step 316 of Figure 8, in this embodiment, the
damascene-based via formation method of the present embodiment is
readily manufactured using existing semiconductor fabrication processes.

‘20  That is, the present damascene-based via formation method is compatible
- with existing semiconductor fabricatio_n processes. Additionally, as will .be
discussed below in conjunction with é.nother embodiment of the present
embociiment, via 217 of the present embodiment enables the formation of a g

metallized interconnect which does not suffer from void/seam formation.

With reference now to Figure 4, a flow chart 400 is shown of steps

performed in accordance with another embodiment of the present claimed

16
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5 discussion of these steps is not repeated here. The nethod of the present
enbodi ment includes additional steps 402 and 404 which are described bel ow
in detail. At step 402, as illustrated in Figure 2J, the present enbodi nent
10 deposits a |ayer 222 of a fourth material above the structure of Figure

21 and into via 217. Moreover, due to the profile of opening 217 as

descri bed above in detail, layer 222 of the fourth material adheres

st rongl ynventite irdghichod mepsIN-Aaq ; Se because aqpening 217 has
rounded top edge cor nerst%zgﬁﬁ%%&?ﬁy%m%‘d wiilg How

faci | i t ghast 400,ctheethdd Uﬂ%h@tﬂegynéégﬁqﬂfgigg ?ﬁ@@ééf ?ﬁg%ﬁ%ﬁ ed overlying

| ayer (e.g. layer 222 of fourth materi ent

enbodi mieatugesef td aboté deschibed et ol 8244 0Lirdd RSB IdhoPRd DY

sharp openi ng edges), and subsequent voli or seam | ayer

222 of @nd shawn in Rigar¢aRA-25. oRer ' tﬁ{]& : t invention,
l.ayer 222 of fourth material is cong?ibgg%é%?ﬂ%% uc?%agﬁ%arret allic layer
suctP as discyssionnfithese tsteps i not Abpéuted hsres "TRe El?é’cgﬂﬁtdf\fﬁe sﬂﬁ%\%i al is
recited ig&)the present enbodi nent, the present enbodi nment i 1'1 suited -
to the EBPadimgny inelngesastditional etems 402 aind 40MwHIEE Arb ddssripdgsi red to
forma gﬁlté)al liéegq#nterconnect. QO her nmaterials which are vve‘P suited for
use as W3 @88t erial -include, but are not limted to, 25 al um num

- copper, various alloys, and the like. 17 At step 404, and as illustrated
in Figure 2K, the present enbodinent conpletes the formation of the

metal | ized | Ktt%'i:gﬁ) 40%¢ bs tl).ﬁugggtgarpnr}gig?ne 2J, the present embodiment

10 deposits a layer 222 of a fourth material above the structure of Figure 2I and

into via 217. Moreover, due to the profile of opening 217 as described above
in detail,__layer 222 of the fourth material adheres strongly t6 the edgeg of
opening 217. That is, because opening 217 has rounded top edge corners
. 218a and 218b, .and 220a and 220b, via 217, facilitates adherenc’é of thereto by
15  asubsequently deposited overlying layer (e.g. layer 222 of fourth material).
As a result, the present embodiment does not suffer.from corner nucleation
(caused in part by sharp_ opening edges), and subsequent void and/or seam
formation in layer 222 of the fourth material. In one embodiment of the
present invention, layer 222 of fourth material is comprised of a con(iuctive
20 metallic layer such as, for example, tung_sten. Although such a conductive
;naterial is recited in the present embodiment, the present embodiment is
_- well suited to the use of any other cbnductive material from which it is |
desired to form a metallized interconnect. Other materials which are well
suited for use as the third material include, but are not limited to,

2%  aluminum, copper, various alloys, and the like.

17



| anar.i zati on sfep to renove fourth material 222 Qisppsed abe;g ;ﬁée;ugL c
gecond mat eri al 210 such that excess fourth nateréi; Iisr:nﬁesult o
' [ [ [ eni ng : _ ,
ourth material 222 renmains only in op _
tbggeaguenbodinent provides a netallized interconnect ghkahlietallized
gubstantially free of the voids and/or seans aSSQCIa}ed anet 2 eied.
I nterconnects formed in conjunction with conventiona ama

. : ' met hod for formng a
ot b damnacann 408 End 8AANk R R IRR R i presemtambodiment
via in a danascene pr _ . " The present
e e completas e St rAB U, LM i BT
i nvention further pro i . 1i zed,i nt er connect wher ein
Phe roti m}m?rtwﬂ e T I R o i posd o lpgomE || 7o
the method achieves t. _ s .npti on. The present
o cormesmmateril 10 NS S SSERASHIT Plog i LS b oo
- inventiop also provides a . = loist ed _accoml i shnents and
thett onrthomaterial B2 yenlalin®bnly'® GA{Az 915t e e i cation
mgﬁﬂ %fg met hqd js 2D conpatibl e with exi seing Sg'ﬁﬂac{s e fabri cat i

oY _ C g . {s of the
cBres¢Rk emhodimieny nirevides mauﬁadiﬁ%&hﬁe&'@gﬂhﬁ B0 .

Bigggﬁts i'n?gﬁ aan havggbeen presented for purposes of i I"strati on and
wantiag

"descri pt Y frgecofithe voids middort seaves axduRisted e g}&a!lhgé& t he

i i ' 5 fornms disclosed, and obviously~nany _
Irnrnnd/ieP |t L?@F%‘%&@%ﬁ@% 125}1§0§iﬂ1@cti9pozzi£hb¢omvientidraﬂtd%a%@ngliﬁsbgegsqachl ng.
The eanggsgaruigs.were chosen and _

10
Thus, the present invention provides a method for forming a viain a
damascene process wherein the via does not suffer from poor adherence to-
a subsequently deposited overlying layer. The present invention further
provides a method for.fo_rming a via in a damascene process _Which enables
15

the formation of a metallized interconnect wherein the method achieves the
above accomplishment and wherein the metallized interconnect does not
suffer from void/seam formation. The present invention also provides a
method for forming a via in a damascene process wherein the method

achieves all of the above-listed accomplishments and wherein the method is

2  compatible with existing semiconductor fabrication processes.

The foregoing descriptions of specific embodiments of the present
invention have been presented for purposes of illustration and description.
They are:' not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously manj modifications and variations are
_ poésibl_e in light of the above teaching. The embodiments were chosen and

described in order to best explain the principles of the invention and its

18



descri.bed in order, to best explain the principles of the invention and its

18. practical application, to thereby enable others skilled in the art to

utilize the invention and various enbodi ments wi th best various

nodi fications are suited to the particular use contenplated. It is

i ntended that .the of she invention be defined by the C ains appended hereto

and theiém&%&gﬂui vlal ents. 19 CLAIMS 1. A nethod for formng a viain a

damascen 8pplieation )& flosk iSi the steps of: 5 a) depositing a

first etgh.stop |l ayer 'pr’(r)rg% mat eebgg%&?ﬁfr‘&gﬂ%émﬂ In tlse agiegg peg to form an

el ect ri cXiligg %@V@ntioh)amméﬁygnﬁjl er of a first material above said

first etgh st.gq% | ayer;. ¢) depositing & ‘Ettbhvaﬁom.h&)tﬁﬁc&ﬁg%g sai d

| ayer of-§a9% %thepﬂrﬁmmri&éécgﬂt&ﬁé 4 ng .a layer of a secon

mat.er i alof-§$0ve sai,d second etch stop @’% ,'g)%lﬁénﬁﬁn@datﬁdtrﬂ]te @gggi ng
n

t hr ough ‘S&M'4 IF¥gRon beddsfihad berghemlgrial . f) ,forning a second openi ng
or i g naty| Wt he bottom of said fi ¥st ?épgﬁéﬁ?gé‘,ergtﬂ and ¢heird openi ng
ext endi ng Sﬁtfn sai d second etch stop |ayer :



and said |l ayer of said first material, each of said first opening and said
second openi ng having sidewalls and a base; g) depositing a third nmateri al
above said second material, said third material disposed along said
sidewal I s and abové said base of said first 20 opening and said second
openi ng, and h) etching said third material such that said first opening
and said second opening have a profile conducive to the adherence of
overlying material thereto, said gzihing of said third nmaterial perforned
W t hout substantially etching sa t material and said second

material. 25 2. The nethod for formng a via in a danmascene process as
recited in Caiml further conprising the steps of-.. 20 i) "depositing a. .

| ayer of a fjoupt | ove said third material and- said second
material an 'i%tlge@(gﬂﬁogﬁgﬂgénwﬁd% amasreng pregesspwitdmetbodi ni ng

af ter " gb@privingUe aid fourth material adheres to said sidewalls and
sai d basgg)of sglb'}cfil fgltrgg% 0Z’peni ng and said second opening; 5 and {)

bove sai d cacemneindd s SRR st LK ioRBinte o A areahto whidh i only i n

sai d f desiredronform ﬁﬂ%léﬁ'ﬁ&ai%ﬁﬂ&tﬁgl ning. 10 3. The method for forning a
via in a damascene process as recited’in Caim1 wherein said first

material and) sdepwsitingadayat ofh GrotORLe IS abive 418 SATBLRY (r)IiJaI '
layer; i -
¢) depositing a second etch stop layer above said layer of said first
10 material,
d) depdsiting a layer of a second material above said second etch étop
layer;
e) forming a first opening through said layer of said second Iﬁateﬁal
f) forming a second opening originating at the bottom of said first -
15  opening, said second opening extendihg through said second etch stop layer
and said layer of said first material, each of said first opening and said
second opening having sidewalls and a base;
g) depositing a third material above said second material, said third
material disposed along said sidewalls and above said base of said first
2 opening and said second opening; and
h) etching said third material such that said first opening and said
second ppening have a profile conducive to the adherence of overlying
material thereto, said etching of said third material performed without
substantially etching said first material and said second material:.

2. "The method for forming a via in a damascene process as recited in

Claim 1 further comprising the steps of:

2



4. The nmethod for formng a via in a damascene process as recited in 15
C.aim1 wherein said second opening has a smaller dianmeter than a dianeter
of said first opening. 5. The nethod for formng a via in a danascene
process as recited in Caim1l wherein step b) conprises depositing a |ayer
of a first material, 20 conprised of internmetal dielectric above said first
etch stop layer. 6. The nmethod for formng a via in a danascene process as

recited in Cpi i,n_ step d) conprises depositing a |layer of a
second nateri a)la,d%é(s)ﬁrrﬁégéﬁyﬁﬁm Atioprth material abbyé Sai@iAd Pl fgcond etch

" stop | ayend. s&3d for .formng a via in a damascene p ess as
recited in d aié%c{ll,ﬁ eregfaﬁ %%‘ilianﬁ finsteopeniing meh dsgdid see6pgd materi al

have an epédiing? SIBAb I ith,respect to said third material such that ~
said thi?gl rrgtgelseiﬁéu cgr?\%éely %@&Bhsuiﬁ@ahsmmmmg‘mf@g@ in said

first etstidwidewalsdaffs jgpificant]y etch said first materral and
said second material. 5 %ﬂﬁ?ﬁgé %Fﬁ{fg%ﬁ? Opemimgrandisaidisdcond glRmBssene
procdss awdrecited in Caiml, wherein step g) conpri ses depdsiting a
substantially conformal |ayer of material having an etch selectivity with

respect to sgdpéiformingat Telrdri i d second material along said
si dewal Ids. and above sai %n&bgse 0 s%[?gt?l? ?%Fe’é‘ﬁgﬁﬁﬂlﬂ fowtth anatesfsiond
1

openi ng.A13posed gheversaidoskdopid Mt@ﬁ@gsﬁcﬂitﬁairs‘a?a ga Scene process as

recited in |, . . materiat
remains only in said first opening and said second opening,

10 - i ia i
3. The method for forming a via in a damascene process as recited in

Claim 1 wherein said first material and seco

nd material are comprised of
the same material. " |

4. - : [ - . )
The method_ for forming a Via in a damascene process as recited in

15 Claim 1 wherein said second opening has a smaller diameter than a

diameter of said first opening.

5. The method for forming & via in a damascene process as recited in
Claim 1 wherein step b) comprises depositing a layer of a first materia]

2  comprised of intermetal dielectric above said first etch stop layer

6. . * . - - . .
: The method.for forming a via in a damascene process as recited in
Claim 1 wherein step d) comprises depositing a layer of a second material

comprised of intermetal dielectric above said second etch stop layer
% o |



i ' i [ ird material such that
' ein step h) conprises etching said thir _ : _

g;?hn}%}srhggehing agd laid second openi ng each have a profile |ng:ﬁdlgg

) d r corners. 15 10. In a via formed into a substrate u g _
ounded. Jppe i di [ rofile which is conducive
ey oot ™ over o proylﬁlPﬁe?erga Eaid met hod conprising the
to the adherence of overlying materia : o, ( of

' It | into said via formed using sa
steps of. a) depositing a materi al ( | S Y nd the
ane o aa oy o e Resneee el it bnatb PP 350 1haLRald Buled ematoriatonpect ¢ o
base of said via, said _ havi : _ L
Soth ba'egt:hemmm%uoﬁbngzﬁﬁgmgeggs%égﬁqﬁ%ﬁ&rlﬂ‘&??ﬂ‘}gﬁ\clg!oggsa Heeadher ence-
such that said via is . orT ( ol nerformed
o0 ot Ut ane el o eniad st aeleriS) S Gl s Bndachials 17\ 071 ¢
r%&gggt'ngiaénThe n%thod-for providing a via profile which IS'CQESU?LYEhg?
thé 'adherence of overlying material thereto as recited !n|CLﬁ|U1 oy
ook e o e g ) o A i CRMEHE HIRLEE g rABRE i85

or and, i nf o sai via remai ( _ _ _ o
gg;gL::ﬁl&bmn%rt@ Pﬁméﬁmgésoulpnsealiéggs?gy%g%%igg% E@é&f& aid via; |
' | anari zation s -
and d) 193('9 erlf ‘(’)frlgageq'igl IE)a"'ing an etch selectivity with respect to said first
material and said second material along said sidewalls and above said base

of said first opening and said second opening.

10 .
9. The method for forming a via in a damascene Process as recited in
" Claim 1, wherein step h) comprises etching said third material such that
said first opening and said second opening each have a profile including
_ rounded upper c_orné_rs. '
15

10. In a via formed into a substrate using a damascene process, a
method for providing a via profile which is conducive to the adherence of
overlying material thereto, said method comprising the steps of:

a) depositing a material into said via formed using said damascene

20  process, said material disposed along the sidewalls and the base of said via

4

said material having an etch selectiﬁty with respec"t to said substrate into
which said via is formed; and |

b) étching said material such that said via is formed having a profile
- conducive to the adhérence of overlying material thereto, said etching of

%  said material performed without\{substantially etching said substrate into

which said via is formed.



material which is disposed other than in said via. 10 12. The nethod for
providing a via profile which is conducive to the adherence of overlying
material thereto as recited in Caim10 wherein said substrate into which
said via is formed is. conprised of an internmetal dielectric material. 15
13. The nethod for providing a via profile which is conducive to the
adherence of oqverlying material. thereto as recited in Caim 10, wherein

step c) conpr ildesThe poettad fors ﬁoﬁa@ ' : tqal | ayer  of conductive
materi al _having an_etch sel ect] Vi ty W %ﬁgﬁg@[&?‘b@émn@mgﬁmﬂm ong
-said si BeRarencenfoeerlying neatetis ahdratots A%:ikh inTg:f -”E@Bofg,].fnor provi di ng

a via profil e, whi cgleis conduci ve to the adherence _aIER/ |yt Tmaterial ..
t her et o SEDPLISInG therstepaiofi 10, wherein step d) conprises etching said .
. conductive rrag)er' al such that said via has a profile including rounded

! rs. PPSiting @ eenduoctiv ] Gy ’ rofhl.e which i
upper corners® _ i @mmmﬂ%bﬁﬁe%dc%ﬁnﬁéﬁghgegdrl@gglsl -

rence of overlying materi al ere

condyci vg _to the . adr
G ai 1 107 AFTEPERHOE AR stepP) suchrthat sed obhdgetsil thaAGALY G SR o
such thag -aag’ig wg has ;ﬁ)&ed si dewal I's, 16. A nethod for Fﬁszgoa
met al | i Zed it SV &0 AR 8 ageof seitharia;samd ocess, sai d nethod conpri sing
th t f: .

€ steps of:g) performing a planarization step to remove said conductive

material which is disposed other than in said via.

10 12. The method for providing a via profile which is conducive to the
adherence of overlying material thereto as recited m Claim 10 wherein said

substrate into which said via is formed is comprised of an intermetal

dielectric material.

]5 . R ) s e u. '
1.3. The method for providing a via profile which is conducive to the
‘adherence of overlying material thereto as recited in Claim 10, wherein
step ¢) comprises depositing a substantially conformal layer of conductivé

material having an etch selectivity with respect to said substrate along said

sidewalls and said base of said via.

14. The method for providing a via profile which is conducive to-the
adherence of overlying material thereto as recited in Claim 10, whereiﬁ )
step d) comprises etching said conductive material such that said via has a

profile including roundéd upper corners.

15. The method fqr providing a via profile which is conducive to the

adherence of dverlying material thereto as recited in Claim 10 wherein

23



a) depositing a first etch stop |ayer proxinmate to a target to which is
desired to forman electrical connection; b) depositing a |ayer of a first
mat eri al above said first etch stop layer; 10 c) depositing a second etch
stop | ayer above said |layer of said first nmaterial; d) depositing a | ayer
of a second material above said second etch stop | ayer; e) formng a
first openln%chrou gh said layer of said second material 15 f) formng a

second ofséep g compyisestétaling saidechlictiVedinat I ' ai d
second Opi@n&ﬁg extendi ng through said second git-l%fs,‘sl?% agyr/%}aqg%&%ai d

| ayer of 8 destallmt eri al ,. each of said first opening and said second
openi ng havi ng S|demalls and a base; g) depositing a substantially
conformal third nmaterial above said 20 second naterial, said third

mat eri al di sp;%gd al Oalf-"f)al d sidewalls and above said base of said first
openi ng and sai Adus famforgingaa metallized irsteecirededtan Adaafhrd

sel ec$|V|t W th Ifefeﬁﬁt to said.first mterial and said second naterial
such ?hatTf %ﬁsé’ﬁ?ﬁ pd comprisingothecstepscbfusing a first etch process
wherein said first etch p oes not significantly etch 25 said first
material and ?21 %"é&%ﬂaar@{é tﬁﬁs top @t@mmg:matdt¢ i tadfgebit @mildéh fich t hat

said fir n second openi ng have a proflle conduci ve to the
adher enc ggoﬁgg\r}l S ;@ﬁ%nﬁn fje&ncai connection;

b) depositing a layer of a first material above said first etch stop

layer;
\

10 c) depositing a second etch stop layer above said léyer of said first

material;
d) depositing a layer of a second material above said second e-tch stop
layer;
e) forming a ﬁrst-openiné_through said layer of said second material
15 f) forming a second opening originating at the bottom of said first
opening, said second opening extending through said second etch stop layer
and said layer of said first material, each of said first opening and said
second opening having sidewalls and a base;
g) depositing a substantially conformal third material above said
20  second material, said third material disposed along said s1dewalls and
above said base of said first opemng and said second opening, said third
matenal having an etch select1V1ty with respect to said first material and’
said second material such that said third material can be etched using a
first etch process wherein said first etch process doias ﬁot significantly etch
25  said first material and said second material;
h) etching said third material such that said first opening and said

second opening have a profile conducive to the adherence of overlying

24



mat eri al thereto, said etching of said third material performed w thout
substantially etching said first material and said second material; i)
depositing a | ayer of a fourth material above said third material and said
second material and into said first opening and said second 5 opening

remai ning atfter, step, h) sych that sai, ourth materi adheres to said
i dewal | SmateriabPherete, said efshiagio il s mgtemal B er@sadmﬁg%m

_ ng; and

o f ' a0l i zatJ t t . said f h.nateri al
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wherein séﬁ? d) conprises depositing a |ayer of a second nmaterial,
conprised of internetal dielectric above said second etch stop |ayer.

j) performing a planarization step to remove said fourth material
disposed above said second material such that said fourth material

10 remains only in said first opening and said second opening.

17. The method for forming a metallized interconnect in a

damascene process as recited in Claim 16 wherein said first material and

~ second material are comprised of the same material.

18. The method for forming a metallized interconnect in a
damascene process as recited in Claim 16 wherein step b) comprises
depositing a layer of a first material, comprised of intermetal dielectric

above said first etch stop layer.

19. The method for forming a metallized interconnect in a
damascene process as recited in Claim 16 wherein step d) comprises

depositing a layer of a second material, comprised of intermetal dielectric

above said second etch stop layer.

20. The method for forming a metallized interconnect in a

damascene process as recited in Claim 16, wherein step h) comprises

5.



25, 20. The nethod for formng a netallized interconnect in a danmascene
process as recited in Claim16, wherein step h) conprises 25 etching said
~third material such that said first opening and said second opening each
have a profile including rounded upper corners. 21. The nmethod for form ng
a netallized interconnect in a 5 damascene process as recited in Caim 16,

wher ei n gbhingsai | §Be ' ids5ird material such,that said first
openi ng and sgg?aéagéméﬁodnd oﬂggﬂgﬁgggh s%‘éc\i/leargg&p(?m% arrﬁiﬁﬁ’cﬂ AW Gped

Si devyal I@enﬁ(ﬁg each have a profile including rounded upper corners.

21. The method for formiﬁg a metallized interconnect in a
5 damascene process as recited in Claim 16, wherein step h) comprises
etching said third material such that said first opening and said second
| opening each have a profile including sloped sidewalls. .




