; e3eA=A889; 4P; B<6<T=_¢g5METHOD FOR FORM NG A HI GH ASPECT RATI O VI A FIELD OF
THE DI SCLOSURE The present clainmed invention relates to the field of
sem conduct or processing. Mire particularly) the present clained invention
relates to a method for form ng high aspect ratio vias. 10 BACKGROUND ART
As sem conductor geonetries continue to becone snmaller and smaller, new
difficulties arise in the fabrication of the correspondingly snaller

features. As O‘WE?W%RWﬁ ' i in._size (in 15 order
to form nore devices on each wa ggﬁ%ﬁégﬁ%ﬁiiém have criti-cal

di mensi ons (CDs) whi ch becone considerably smaller. The reduced CD of, for
exanpl e, a via has certain drawbacks associated therewith. Referring nowto

Pri or - ArEIE BHE BISGLOSE sectional view of a via having a reduced CD is
shown. In Prior Art Figure | A) a substrate 100 20 has a via 102 forned

therein. In t¥e pesepitalaismed inPention felntdd guthe flohd of Sankebhddgal di Mensi on
(CD) is shown.as e V\,ic{th,l \{\I % via 102. Furthernore, it is inportant to
not e t hakl™ FHE e pt'ATe PArHFUIRELY, thepresenh dpimesd igaentimmelabes 61 or width, W

of via %gghﬂ%p?dﬂgﬁggaéﬁe&%gkg%l referred to as a high aspect ratio
I t0 t '

via. 25 Refterring sti i 0 ‘gure | A, as the CD of via 102
decr#ases, significant manufacturing difficulties arise. For exanple, such

a high aspect ratio via is typically fornmed using an anisotiopic etch in
or der tdiE_QK&EQHHHAﬂ' Tent depth into substrate 100 while still naintaining

t he desired % 1 ,  for via 102. As a result) sharp corners, typically shown
as 104a and D§ssmiggnducimrgeematriensonidpue dodeesime/smallép andhar p cor ners 104a

Feduce ainfe? SHRRS AR HieeRES ah e eyrerpobtisly at o 100 s

smaller features. As one example, when device sizes decrease in size {in-

15  order to form more devices on each wafer), features such as vias have

‘ ‘critical dimensions (CDs) which become considerably smaller. The
reduced CD of, for e_xatﬁple, a via has certain drawbacks associated
therewith. Referring now {o Prior Art Figure 1A, a side sectional view of a
via having a reduced CD is shown. In Prior Art Figure 1A, a substrate 100

20 has a via 102 formed therein. In the structure of Prior Art Figure 1A, the
critical dimension (CD) is showp as the width, W, of via 102. Furthermbre,
it is important to note that the depth, D, of via 102 is much larger than the
CD or width, W, of via 102. Hence, via 102 is typically referred to as a high

aspect ratio via.

Referring still to Prior Art Figure 1A, as the CD of via 102 decreases,
significant manufacturing difficulties arise. For example, such a high
aspect ratio via is typically formed using an anisotropic etch in order 4o etch

a sufficient depth into substrate 100 while still maintaining the desired CD



Referring now to Prior Art Figure 1B, the structure of Prior Art Figure | A
.I's shown having a |l ayer of material 106 di sposed thereover. Prior Art
Figure 1B illustrates yet another problem associated with conventionally
formed high aspect ratio vias. Specifically, due to corner 10 nucl eation
-around sharp corners 104a and 104b, |ayer of material 106 is not

‘conf or nal 1§F Wap§; tAsr Besaiit, shivgt comvers, tfPicallg showway 10441924 1b@st ead, a
bulging (i.e, a uc‘tl ﬁagi on[i of. layer of material 106 occurs around corners
104a and fﬁ%ﬁ“}“’gﬁqﬁ‘ Ane bopedasof it Shavp rernens0lG4s aindriddl indudei n ¢ he

portion o I 6,which is deposited into via 102. . As wll
be descri %‘éﬂggéllgi %‘ﬁsg\%&lglﬁi%%?%&gfiioﬁ?f?wg EF‘YIS-F #pd fequepagdheeenteof seam 108
and/ or votige ddQ1AaY Bayer 80 chi6Mhe IBURAS KHoassoci ated therewith. Wth
reference next to Prior Art Fi gu?e 1C, I'n ?'ypi cal sem conduct or device
‘fabrication processes, subsequent to the deposition of layer of 20 materi al
106 over under%y'i@ng substrate 100, a planarization step is perforned. This
pl anari zat i on SHEF RS HABHOP A dSgate 1B fthe sirerturé ofiBtier iAat 106 except for
pl anari zation

t hat portj ixch resides.within vi,a 102. One.conventional

net hod ing#é\rénﬁéXaF ShRERAing agﬁﬁfﬁﬁ P disppsed thevaevary, seam and/ or
void 108,ppi(,;.%§;q)¢|ﬂg 1% ' 5 fhornmed hi aspect ratio vias,
is deleteriously affect egﬁfég&g‘g ez%?lég _fg)ﬁ(’brlr%lf’ﬁgﬁoflagg@ﬁ"@g) for exanpl e,
CVP. As sévmwentionddly firmRdthih Gepét Hhio $R8MShHREHRNN Qe 9! 0 may becone
opened or widened durin thghCMé-’ 2 ?)rocg]gsi?, and sl u?rgcor %t her CWP -
by- pr flucmecleatjes arnung rasrsi P amdriOdb, laper efdnsReial N0®isesrm 108 and/ or

void 110. Sych (‘ﬁ)n%qam' .na(ii on can severely degrade device performance and
adver sel ycoRrerzRally denosbed pyer substratecl0penddntoiadfi brsteast, ahi gh aspect ratio

vi as conty decr . | jze, At Is. cted that the above-described
pr obl ens ]{’Mlngﬁlgtog'ef gﬁ“ﬁ%r%%é? 8@%‘5& ‘étld‘?laé&li’ﬂ'? ﬁﬁgﬁ%‘ﬂr?/?mdﬂfl PEpts to
el i mi nat e10a LROLED, bhE aReRR! BIFEARS A of ' ' SReGL 8t i o vias
shoul d be conpatible with existing Aserriocon u?édtf%lgn@a‘girhll%a %@r?r%?%cesses such
that a caffipdreofmedterihl DS which is deposited into via 162. - As will be described

15  below in conjunction with Prior Art Figure 1C, seam 108 and/or void 110

have significant drawbacks asseciated therewith.

With reference next to Prior Art Figure 1C, in typical semiconductor

device fabrication processes, subsequent to the deposition of layer of

2 material 106 over underlying substrate 100, a planarization step is
performed. This planarization step coinmonly removes all of layer of
material 106 except for that portion which resides within ﬁ’a 102. One
conventional planarization method is chemical mechanical polishing
(CMP). Unfortunately, seam and/or void 108, often found in conventionally

25 formed high aspect ratio vias, is deleteriously affected by planarization
methods such as, for example, CMP. As shown in Prior Art Figure 1C,

seam 108 and/or void 110 may become opened or widened during the CMP



10 of conventional sem conductor fabrication facilities is not required.
Thus, a need exists for a nethod for formng a high aspect ratio via
wherein the high aspect ratio via does not suffer from poor adherence to a
subsequent |y deposited overlying layer. Still another need exists for a 15
met hod for formng a high aspect ratio via which enables the formation of a

net al | i zedprofdsal £QNERGEy 1 1 -t he above need and wherein
t he net al fki)zed interconn?gt&hslt)gls\ﬁﬂng%'%g%@?%f Efpﬁ%)arﬁr%yvsg’iogﬂsaéga % 6i%mtion. Yet

anot her ndedinéscidats] fnds seanne B addfekokorini SheR cSﬁtaHﬁ%ﬂ?&‘rP%;nf atio via
wherein the nethod neets all of the above-listed needs and 20 wherein the
met hod i s SCBeshY Aegradeslevicererfoimaycs emidedmenselycaficktbeliabiliyon . processes. 3
SUMVARY OF DI SCLOSURE The present invention provides a nmethod for formng a
hi gh aspect ratio via wherein the high aspect ratio via does not suffer

from pgor adher, : b nt.l y deposi ted overlying. |ayer. The .
presen? 5 - nve“&%’;‘&l91 gﬁgfﬂﬁ%é}o%gﬁg\%%%éSpaecﬁﬁif?o‘ﬂa§ B?D%fxB'i/erﬁon‘%fc‘éFaﬁ? gh aspect
ratio viaiukihitgealp&ted that th TBdveUrsQibe ?995 Wi Pe! connect wherein
t he net hod achi ]evesﬁ!i)he above accor?pl iss rrg t alglégm%hgﬁgifﬂn]ttﬁg% netallized

i nt er connexhcatbaedndtdditidriadly, hnpattenipté Sodiminate@itediee iHae present

invention also provides a nmethod for form ng a high aspect ratio via 10
wher ei n t FEoklgmsagseratedyath high aspeetiratia vinseshionkt baicanepadihie withnent s and
wherein the. qet hod .imog}g%' blag.wi th exi s%i?ggq]sem C&&%Jct or fabrication

pr ocesses SXISHAE SHECUHES O PRECHES Ab 8rfergypte Zetoalingd conpri ses
15 proy di I3 er | i ATl bd gl ect.ratio via is to be
f or med. Tﬁgg%lﬁveégglgtﬁale%g?ﬂ@ r?%dr{%gﬂw@g%(% ?igllgf eg ' ﬁ'?tg‘t‘eq‘lgﬁg‘r of a second
materi al above the first material. Next, the present nethod recites formng
an opening in the first layer of the second material. A second |ayer of the
second nat eri alThius a heed edeghe firt chetlml/for fdimihg o diigh agmict aftid¥ie second 20

material and into the opening forned into the first |ayer of the second
mat er i al . WhsEeigthe dvgh éﬁﬁﬁéﬁﬁ%ﬂm‘fﬁam@ﬁneﬁmﬁ?@s fiopepescdbgranag br aof t he second

mat eri al h he. ni.ng .ext ends .i.hrough the. second | ayer of the
second m?ggﬁmgf’e'gtt%h?%oﬁgggHV?F%%ngitlarysef' ?QB@P" T ofed S AeF faterial . In so
doi ng,15t henREN FRFoiting A highUspEct At BN Ewhidh ddableS t E‘(ﬂrH%i the 25
adherence of overl ?/i nlg mat egrgi zf? (t:herleto.wNextv, at eg ﬁrgt' 0 ﬁéﬁ o?%e pr esent
enbodi menmetallizéd ntetcphhery whieeih thetmethbd meats e PoceHecl addre base of the
openi ng such that a portion of the opening extends into the first material.

4  This =hergindghemetplized intercpmnect dies inot pafférdrom droid/sdaout substantial ly

etching the secon terjal. Ln oi n t he present enbodi mnent creates a
hi gh 9 ormation. dYerIaano her need ex:ss?s Pora I%Zatho forpformingahigh aspect

ratio via wherein the method meets all of the above-listed needs and
20 wherein the method is compatible with existing semiconductor fabrication -

processes.



aspect ratio via which allows for the formation of a netallized

I nterconnect which is substantially free of voids. 5 In another enbodi nent,
the present invention includes the steps of the above-described enbodi nent,
and further includes the step of depositing a layer of a third materi al
(e.g. tungsten) above the second | ayer of the second material and into the

‘openi ng haw ﬁ,p% Ig&i nduci ve to the 10 adherence of overlying

mat eri al eposition of the third material, the present
enbodi ment per N t ve mat.er d| sposed above
the first mat e.frq?% g%%:ﬁhaﬁmﬁzﬁé{@ec%rﬁhg@&rﬁ%ﬂgF‘ béﬁpﬁ‘ﬁd such that

the thi 1 drdGRS sial dher I Who 15gioBd il FhiloVia BBk At butfer finQRARI N0_ext endi ng
into the first material. As a result, the present 15 erbodi nent provides a

met al | i zeddhmewﬁ@mﬂiseww)ﬂjvrdeaosiiﬁe@bvaﬂpmgtlayat i'The/peesewber ei n t he
netalljzed |nter onnect is substantially free of voids. These and ot her
obj ectg amyeaton b%rsp‘@f“d?ﬁé%ﬁbg@?ﬁr formingta bxglwsnechsa@om becone

Fol | ow ng o iabtes B dpRBitsvl sy mekdited B utP s st Run s whi oh ar 6
DRAW NGB ?%é“‘?c%%ﬁ%"ﬁ%&?ﬁé&‘?;%“n% J“vﬁé‘%ﬁﬁ‘grﬁh?fﬁcorﬁgrﬂgﬁ Red"and form a
part of thitercapeei doeahstasuilel FoubvéidlsesmamhaskislNIheYrebiiet | Nvention and)
invention also provides a methed for forming a high aspect ratio via
10  wherein the methbd achieves all of the above-listed accomplishments and
wherein the method is compatible with existing semiconductor fabrication

i

processes.

In one embodiment of the present invention, a method comprises

15 providing a first material into which a high aspect ratio via is to be formed.
The present embodiment then deposits a first layer of a second material
above the first material. Next, the present method recites forming an
opening in the first layer of the second material. A second layer of the
second material is then deposited above the first layer of the second

2  material and into the opening formed into the first layer of the second
material, The present embodiment then etches the second layer of the
second material such that the opening extends through the second layer of
the second material and through the first layer of the second material. In
so doing, the opening is configured to have a profile conducive to the

25 adherence of overlying material thereto. Next, the method of the present
embodiment recites etching the first material disposed at the base of the

opening such that a portion of the opening extends into the first material.



together with the description, serve to explain the principles of the 5

I nvention: PRIOR ART FIGURE | A is a side sectional view of a high aspect
ratio via forned into a substrate wherein the high aspect ratio via has a
small critical dinmension. 10 PRIOR ART FIGURE 1B is a side sectional view
of the structure of PRIOR ART FIGURE | A having a |ayer of nmaterial disposed
t her eoveThisRRLIGRY ARThE fiGtRRat Eidlss pesfodmetasithAntaubsiAmiAly dBgngt ruct ure of
15 PRI OR_ART FI GURE 1B subsequent to the performance of a planarization
process e sesprslmateraalovlsy 15@8@@& Hyepresenhambpilimterdxareptes farlighwi t hi n t he

via. FIGURE 2A.is .a s|. ction lew of a starting.step in a nmethod to
forma v?ﬁpd‘gtszaéE’ ‘Hfldﬁh’g)gﬁi@f" Srfgf ?i&e &?@?W"a&%%ﬁ%’ée@\ﬂ?%me‘émpdi nent of
st uct ur S e eGoRaBRE RN Bts, T 0F Bhot or asi st d; sposed ther eover 11
accorglance wth one enbodi nent of the present clainmed invention. 6
In another embodiment, the present invention includes the steps of
the above-described embodiment, and further includes the step of depositing
a layer of a third material (e.g. tungsten) above the second layer of the
second material and into the opening having the profile conduecive to the
10 adherence of overlying material thereto. After the deposition of the third
rﬁaten'al, the present embodiment performs a planarization step to remove
material disposed above the first material such that the second material is
removed and such that the third material remains only in the portion of the
opening extending into the first material. As a result, the present
15 embodiment provides a metallized interconnect within a high aspect ratio

via, wherein the metallized intéerconnect is substantially free of voids.

These and other objects and advantages of the present invention will
no doubt become obvious to those of ordinary skill in the art after having
20  read the following detailed description of the preferred embodiments which

are illustrated in the various drawing figures.



FIGURE 2C is a side sectional view of the structure of FI GURE 2B havi ng an
opening fornmed in the |ayer of photoresist in accordance w th one

enbodi ment of the present clainmed invention. 5 FIGURE 2D is a side
sectional view of the structure of FIGURE 2C having an openi ng forned
through the | ayer of photoresist and through the underlying layer in

accor dangRife HEEERIPTION @prqtungﬁ.‘mgsent clainmed invention. 10 FI GURE
2E i1s a Sside sectional View o e st ure of FIGURE 2D with the | ayer of
phot or esi st r @evrdorhpai fihp A ihg8CORICHARE Sndtirhdr08E 2 ARAdLFRNY of the
present clainmed invention. FIGJRE 2F is a side sectional view of the

st r uct ur ®@ask oGy REecical Bk lustratessidiodinoenth of Syeinvehtioatayd, al di sposed

t hereover in, accordance wi.th one enbodinent of_ the present clained

i nventi oﬁ?gqu@ﬂg%eidgsﬁ"%‘i‘% seete sripinihe wrsrigleeoktheuct ure of FI GURE 2F
after 5ani%&ﬁii&g step has been performed on the additional |ayer of

mat er i al I'n accordance with one enbodi nent of the present clained
invention. FIGURE 2H is a side sectional view of the structure of FlI GURE 2G
after an etching step has been perforned to create a via in accordance with
one enbodi menPRIORtART RICAERE 14liaiansidt seoti@nil ivivw oW BEgREpedt i s a side’

sectional view of the structure of FlGURE 2H
ratio via formed into a substrate wherein the high aspect ratio 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 dispesed thereover. .

PRIOR ART FIGURE 1C is a side sectional view of the structure of
15 PRIOR ART FIGURE 1B subsequent to the performance of a planarization

process to remove the overlying layer of material except from within the via.

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

20 the present claimed invention.

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

embodiment of the present claimed invention.



after material has been deposited into the via and over the remaining
portion of the structure in accordance wth one enbodi nent of the present
clainmed invention. FIGURE 2J is a side, sectional view of the structure of
FIGURE 21 b after a planarizing step has been performed in accordance with
one enbodi nent of the present clained invention. FIGURE 3 is a flow chart

of steps per TPICURRIAG BGCOISARAEnINiGy OF e HRAMLIEHERh i P esent cl ai med
I orme

invention. |UFIGURE 4 is a flow chart of steps per accordance

wi t h anohbeingembeysinivenformbd i ehoIBBE 61 pEtaiding ih A¥@RLANR wilhhe dr awi ngs
referred to in this description should be understood 15 as not being -drawn
t o scal eorxeeppdinens o&the preantyclaioneddinventioxDESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Reference will now be made in detail to the preferred

enbodi mrents of the invention, exanples of which are illustrated in the

acconpanyi ng i ke t inventi.gn will be i i n conjunction
\(\,ithn?he 5 pre%ﬁ%gi}eﬁﬁo&éeﬁ%&ﬁp&a}i?ev\ﬁorﬂ’ebsemffﬁﬁreer(g&g@mlﬁgg they are not

i nt endedhh@nkidH (Spehﬁ% foR 6 th QR gh Ahi NB2E P PRAGHIRE LR o dhGpgontrary, the
invention is intended to cover alternatives, nodifications and equival ents,
whi ch maynderlying laydedn wictdndamaehveith pine iembadinat af¢heprésbst | nventi on as
defined by_ the appended clains. Furthernore, in the foll ow ng detailed
descri pt Ffigimed ipygption.

10 FIGURE 2E is a side sectional view of the structure of FIGURE 2D
with the layer of photoresist removed therefrom in accordance with one

embodiment of the present claimed invention.

FIGURE 2F is a side sectional view of the structure of FIGURE 2E
15 with an additional layer of material disposed thereover in accordance with

one embodiment of the present claimed invention.

FIGURE 2G is a side sectional view of the structure of FIGURE 2F
after an etching step has been performed on the additional layer of material

9  in accordance with one embodiment of the present claimed invention.

FIGURE 2H is a side sectional view of the structure of FIGURE 2G
after an etching step has been performed to create a via in accordance with

one embodiment of the present claimed invention.

FIGURE 2I is a side sectional view of the structure of FIGURE 2H

after material has been deposited into the via and over the remaining



10 present invention, nunmerous specific details are set forth in order to
provi de a thorough understanding of the present invention. However, it wll
:be obvious to one of ordinary skill in the art that the present invention
‘may be practiced without these specific details. in othe instances, well
known met hods, procedures) conponents, and circuits have not been 15
descri be i not. t o _unnecessarily scure aspects of the present
i nvent i o?i’o{tgmgﬁﬁtglg Sﬁ‘iﬂ% bare lf‘cﬁ??‘ﬁgag?ed‘ﬁﬁgé’ef i€ Hﬁ’éE'FhWP%V\Bfé?B Present r uct ur e
created amﬁ@dl,ﬂgeﬁtq)mgrrbodl ments of -the nethod of the present invention as
set 20 forth in the flow charts of Figures 3 and 4. For purposes of.
clarity, the follow ng discussion will utilize the side sectional views of
Figures 2A-2J_in conjunction with the flow charts of Figures 3 and 4 to
clearly descr]f‘}ﬁaUREé‘J éﬁ@(ﬁ!ﬂmﬁtlgndﬁn@mgfF]Teesemturmuéﬁlﬁ}ﬁmﬁl Bl ow chart 300

of Fi urgﬁ Fgl ns.wth step ,302. 3 302, the present enbodi nent
provi des RIFHIARE Siap Bas hosp p a0 greeTianceswith eng ned. As will be
descri be [ e formed in accordance with the

pr esent g%%rﬁt&lds?@gp%%ﬂa&déﬁnk fo% vi a which, unlike conventional

hi gh aspect ratio vias, will not induce the formation of voids and/or
seans in the naterial subsequently deposited therein. Referring still to
step 302 of HIGIRES, isianfléshehqrtes etvps petforthed i acédi*ﬂaﬁcé‘hit%toﬂ@te“ al is
any materi into which it is desired to forma via. As will be understood,
such vi aPmE?‘Bn%fPlté‘ﬁﬂ?eoP%EPtt@a’@ll@cltﬂﬂ\?@amy coupl e conductive features (e.g.
rretah 1 and netal 2 layers) which are separated by a dielectric material.
In the present enbodinment, first material 202 as shown in Figure 2Ais
conpri sed of r;aut i LMD ak 10 sych as, for
exanpl e, sil I%??%?%;?%eﬂd%ﬁ%%&gh&g& Eu ?%g Onl'l e‘f’? ecited in the
present andthel Eﬁbbdmieheoﬁtlﬁﬁﬁl%beﬁr@ﬁﬂieﬂﬂﬁtgeﬂt%ﬂl\el| sw ted to the use of any
other material into which it is desired to forma high aspect ratio via.

O her materials which are well suited for use as the first material

i ncl ude, but re,not lim etraethylonthosilicate (TEOCS), 15

f1 uori ne- dop e‘ldé%mgérﬁ? ec‘FFgl to jpghisdesgripfiomghowdl I yuderstood he present

enbo SdobLi 4 of a second material above
fir s?j %‘%‘.{tgﬁ%‘zr Q?P@ i gur 299:5%31:1 ngetchéétamé’g embodi nent, first |ayer 204
of the second material of Figure 2A 20 is conprised of a material which has
an etch selectivity with respect to first material 202. That is, first

| ayer 204 of the second nmaterial is conprised of a material that can be

et ched using an etching process wherein the etching process does not
significantly etch first material  202. Simlarly, first material 202 is
conprised of a material that can be etched using a different 25 etching
process wherein the different etching process does not significantly etch
first layer 204 of the second material. In one enbodiment, first |ayer 204
of the second material is conprised of an organic-based spin-on-glass 10



material.(e.g. HSQ MSQ and the like) which has an etch selectivity with
respect to first material 202. Al though such a material is recited in the
present enbodi nent, the present enbodinent is well suited to the use of any
. other material for first |ayer 204 of the second material as long as the 5
material has an etch selectivity with respect to first material 202.

Ref er r i ngDESCRIPTION EFERRER EMBOSivmNT®f the present invention,
a dielectric stop layer 203 is also fornmed above first material 202 before
the deposi ti oReffreseshwdhuentbel mgde i detail. tol thy erreR2Pédddesivdihestsbel ow in 10

detail). At step.306, the present enbodi ment then fornms an opening into
first |ay@re iBys ehamples g g hiab aire dllustyaied ingdeiderompanyingn one

enmbodi ne . L jnyent.i t,he ning js fornmed in first |ayer
204 of thmérag%%%%M?g?rg%ﬁegﬁ\&ogywqur’%fie 5‘3{?}&% yunchay sithythephot osensi ti ve
mat er ifl siefdira@bembaimeN &R Wl balialer0fRd m%,pg, 02§ wn in Figure
2B, aboveﬁ:‘éi rst ?nz;yerlm204 of the sec%nd mcalglg?i al”. @f??ntgéd%d;%vm in Figure
2C, the pimiidhe ivvdntivnrie thesecob@limenpor Ohahe 208rofy, kY Bivedén &f

phot or esi.s sugh t hat é{im exposed area of first |ayer 204 of the second
mat eri al ipkensled 4o caver pltermatayrs, modifientinasamd gevitalents; whichspayberatio via

-is to bey . 4 n_Kiqure . .the ,present. enhQodi nent then
subj fe'cts‘% ;elggﬁ%@zlcﬁgéj alr%fanflisgglt)e?a gr‘flmpoé’fast‘ﬂ@néaggﬂr%‘enateri al to an
et chi ng_QeadidelaBie NFhiNor8BRAiA%HE N ink etRkd &‘eés‘;%%ihﬁlm ol 207 of the

second material. 25 Furthernore, in one e I ment, ehi ng is fornmed

in filst prasent idGshinh, hhmeseeosybeifit duthilt afdISdt hithtinQi@s B9 210 ext ends
through first layer 204 of the second material to the top surface of
di el ect r iRrogidg 3 thgyeughagslerstanding of the gwedent inyrationg Bdoewogs not

subst anti_al,l tch first t.erial 2. .Referying nowto Figure 2E, in this
enbodi rrerﬁl,hl}sétog)ﬁfmgﬁéof)ge 8@5‘?%%& "}Wﬁgat}‘gﬁd}rﬁ?%“ﬂ@gﬁ"@ﬁs of |ayer
206 of p s W 1 e r.. t he, second

rator i al AR Rt o TR, O el Lo B s UL erbod ment
deposi t s kaowacmathodayprocdhites| comieats? bndf citdietsIpaRnNtBRELr | al above first
| ayer._204 of the second nmaterial and into opening 210 fornmed into first

| ayerlb2oAessrikaddndletashas peft tor wanecessariln obgmes espectmbitiieradent second | ayer
212 of 10 ‘trh%.second material, like first |layer 204 of the second material)
is conprised bf-a conformal material which has an etch selectivity with
respect to first material 202 such as, for exanple, the aforenentioned
organi c- based spinon-glass material (e.g. FISQ MQ and the like).

Addi ti onal | y, FigordsiA-2J provide side sectional views of the structure created

according to embodiments of the method of the present invention as set

2  forth in the flow charts of Figures 3 and 4. For purposes of clarity, the
fbllowing discussion will utilize the side sectional views of Figures 2A-2J in
conjunction with the flow charts of Figures 3 and 4 to clearly describe the
embodiments of the present invention. Flow chart 300 of Figure 3 begins
with step 302. At step 302, the present embodiment provides a first material

25 into which a via is to be formed. As will be described in detail below, the via
to be formed in accordance with the present embodiment is a high aspect

ratio via which, unlike conventional high aspect ratio vias, will not induce



present enbodi nent, second | ayer 212 of the second material is deposited to
15 a depth which corresponds to the critical dinension, CD of the high
‘aspect ratio via to be formed. For exanple, in one enbodi ment, second | ayer
:212 of the second material is deposited to a depth of approxi mately 10-30
percent of the CD of the high aspect ratio via to be forned. As an exanpl e,
wher e t hethd formationof voldsiamditiraeamstin theuRtdilsdbib@bnfl d@fodeea M CFONS,
second laﬁﬁ%'zD 212 of the second naterial will be deposit &WMth a dept h
of approx f¥ly .05 to .15 microns {i.e, 500 to 1500 Angstronsl. Although
.such a depth for second | ayer 212 of the second nmaterial is recited in the
present enbodi nent, the present enbodinment is well suited to depositing

‘second | ayer Zade@ind fifn j t.o various, greater or |esser
‘depths. More 2, 5] m%rtaﬁfﬁg?gpg%gﬁ{eé“g% %’s%]r%egfﬁ?%? %Bﬁ?é,m%eé‘édﬂi‘@ | ayer 212
of the seﬁmhdnmrieliﬁnysﬂﬁuéﬁblﬁﬁfﬁﬁhim'iiiéd%@xYé‘cgiéJfo 3 b ohs G0 Of the

ef erring

second material and the edges of opening 210. wto step

310, the ks waderstosdpernbndns arqefter fained te ekotitallayeipld tandictiae second
213 of Figure 2G extends through second | ayer

By
mat eri al h that an enin
212 o:‘ th%géggﬁﬁedg‘rfﬁ?fé’?ﬁé‘\ﬂda‘%ﬂt Hrlayey which aze sepayated 294 of t he second
terial.g L] i 2 . of . clarit inth
ot et ur STPEEER A% h b Beichy Srpgiient HRY Saderse S0tims second mater i al
and seconsholayRy Fidide OR {‘s%{n%g&@&%f Qﬁﬁﬂeh@%@?ﬁ%ﬁ#ﬁ‘é‘@g\hﬁhﬁ%gg tion as

| ayer 214. Inportantly, in present e as a

prof i10e cowh s for dexantpie, siﬂmr&imﬁleofmm)@h%miaﬁqmptrgg %t‘-gereto. -
| Viore partjcularly) hard nmask spacer portions 215a an f are forned

pr oxi mat defited HethegRresensrenahndineant, thepreFimttentndimett isavell agtarmwer at ed usi ng

prior via,formtion t hods). eni 213 of _the present enbodi nent has a
profile 3%’&“&&“ 6“?8@%&&&@%'48’1‘8 Buit s desired fo form pdiglopspatge t her eof . By

havi ng r qUfdesh t @@h&dﬂgteqpﬂg%fchzgr%%eﬁns%%ﬁqgf use as the first

material include, but are not limited to, tetraethylorthosilicate (TEOS),
15 fluorine-doped TEOS, and the like.

At step 304 of Figure 3, fhe present embodiment recites depositing a
first layer 204 of a second material above first material 202 of Figure 2A. In
the present embodiment, first layer 204 of the second material of Figure 2A

20 is comprised of a material which has an etch selectivity with respect to first
material 202. That is, first layer 204 of the second material is comprised of
a material that can be etched using an etchjﬁg process ﬁrherein the etching
process does not significantly etch first material 202 Similarly, first
material 202 is comprised of a material that can be etched using a different
25  etching process wherein the different etching process does not significantly
etch first layer 204 of the second material. In one embodiment, first layer

204 of the second material is comprised of an organic-based spin-on-glass

10



15 as opposed to the sharp corners associated with prior art vias, opening
213 does not induce stress in subsequently deposited overlying | ayers.
‘Hence, opening 213 of the present enbodi ment does not del eteriously reduce
adherence of overlying |ayers thereto. Additionally, in the present

enbodi ment, unlike vias generated using prior via formation nmet hods, 20

openi ng t e |ncLud g sl oped

si deyal | s ?ngél %?@%%@%Sﬁggg&ngﬁ I%Ibl&dhg? g’é\ﬁgﬁl}ﬂ sselaﬂ é‘ﬁgh218b, as
opposed kespebictoiist maénéllmma&kﬁo@%%h%tzﬁ&ewaml%EitQ& ufife Vi @s, opening
213 readily acconmmodat es the adherence of overlying materia Al's thereto.
Hence, opesmenge@b@liofent, nhemmmbmammmmm@eﬁemm tibehgRtgr i ousl y reduce
25 adherence of overl|l | ayers thereto. 13 Referring still to step 310,
in one eABBAthas rﬁiateﬁﬁé stlager 204 efrthe second mathdal aplengag tR43 ext ends

t hrou h | aye of .t ecand terial he top surface of dielectric
st op g){ %lzwst"ﬁlo‘fff § %?‘Q&Wé r)?s}éel"t:f'ﬂﬁ'@tt gln@Qerial 202. That is,
in one errbodl ment, opening 213 formed at step 310 of 5 Figure 3 extends

conpletely through layer 214 of the second material and ends at the top

surface of dikéfesing €ilbtoPigudy 804, Zﬁ%ne\é&ﬁ)kidiﬁﬁhfn@bﬁﬂfee?ﬁ@%tto step 312 of
Figure 3, the present enbodi nent then conpletes th ormati on of the high

aspect rimveptionza diglestratstap laser 03 s diSo firmled abovechirst omterye202203. Next, in
this enbg%i@ms a new e F@é?enwr nrren is used to then etch into first
mat er i al PeigEe t O%IB@%P FayenitageTp *‘e%é?ﬁer@%éﬁfﬁé?‘?ﬂ belowhiss i nt o t hat
portllﬁn gftf(.jf rst material 202 which is disposed at the base 220 of opening
213 64 3| ng, a high aspect ratio via 221 is formed in accordance wth
one enbodi nent of the present clained 15 invention. As nentioned above,
hi gh aspect ratio via 221 is referred to as such because the width or CDis

consi der abl y Atatkp 806 tthaprédeat dabolimdit thén fob@s whapeRaipantd fststil|l to step
312 of Figure 3) in this enbodiment) high aspect 20 ratio via 221 is forned
by subj elvengot nféthgtﬁeemdm@tmalml\@w@pg@w@yam etecdmbedipeotefs whi ch etches

o R i AT e ) 27
-undeagto%téﬁatbﬁ% eé&gﬁgmﬁo%egl @g (t%gélrF Wi ma% éh\/a.é, Q4m nate at or

near feature orm an rical 25 connection
(e.g, a &ninpleJaper 20876 ghocorksikeas sHowROM Bphle)sB l%}So‘Pé ftdiyng a high aspect

ratio via 221 wth rounded top edges 216a and 216b, and sl oped sidewalts
218a and2®ebthelsegindanptecial.r Mleiktms\shawd 2d Figifre 26ty pesait 14

embodiment removes a portion 208 of layer 206 of photoresist such that an

exposed area of first layer 204 of the second material is produced at a region

20 beneath which a high aspect ratio via is to be formed.

As shown in Figure 2D, the present embodiment then subjects the
exposed area of first layer 204 of the second material to an etching operation
such that opening 210 is formed in first layer 204 of the second material.

25  Furthermore, in one embodiment, opening 210 is formed in first layer 204 of
the second material such that opening 210 extends through first layer 204 of
the second material to the tbp surface of dielectric stop layer 203. Asa

11



enbodi nment, does not sutler from poor adherence to a subsequently deposited
overlying layer- Also, the high aspect ratio via formation nethod of the
present enbodi nent is readily manufactured using. existing sem conductor
fabrication processes. That is, the present high aspect ratio 5 via

formati on nethod is conpatible with existing sem conductor fabrication

processes, Additi.on as Wll be discussed below in conjunction vvith
anot her ier%ﬁd?%ﬁ?g g#d %i%fé ﬁ?FéEgﬁfmgﬂﬂY)E'ic difet mateiab2pd cRefeating via 221 of
the presgay iephrdh QEPB} %@%33(3%21&%%%”%%n%%‘p]%ﬁ allized interconnect

whi ch does not suffef fromvol X FFR®BEence now to
Fi gure 4repeaihinpregioas bf 3er 266 shMitoRkist tvalsh P&LICLIRG: jv;\#lgtq%grrdance Wwith
anot her enbodi nent of the present clained invention In Ich"a nmetallized
i nt er condéf¥def the spesndudatepisl.shown in flow chart 400; the nmethod of the
presegt enbodi nment i ncludes the steps and 15 features of the
above-descri bed enbodinent (i.e, as recited in steps 302-312, and shown in

Fi gures 2A-2 Far ) brevi t d clarity, a.discussion ofthese
st epsi s not rlﬂ;eggh ggagéd?%.S%%p ﬁés %ﬁ%ﬁ%&?‘ﬁé’%ﬁ%‘%@ﬁtb" 88f ment i ncl udes
~addi ti on@dpoSit€REeA8d 1 2&94)1-1»%,',9 I+ j I in detail. At step
402, as i Iploust ra?ed. i?}%i gure )Q?ﬁéﬁggeg%ég?\%&g%gﬁ##%vﬁt%gposi ts a | ayer
222 of dayén 2@ ofthesewnd abdvdal dvel Hité bpdning 200 fdrngdd ﬁxtgﬁréﬁﬂygpto high

aspect ratio via 221. Mreover, due to the profile of opening 221 as
descri betP4aidhe spognd aaterial. | Lnyide presend pmbhdimenity secontldayeal 21dfer es strongly

to 25t edges, of, o i,hg.221. T I.S, because opening 221 has rounded
“top :E)dg&g’eﬁ%ﬁ‘%&fﬂat‘f%ggfke%ﬁ%iﬂ@ﬁgﬁa é’fgléﬁ/ﬁlcp%d magrighds zesprisefigh aspect
ration Vg L sb ds . ren heret o.by-a subs ently
deposi teddfaét 1%%3‘01-6:{?; A;F%gifgvggﬁl?é’% g“%]il gé/lg(;trggéw&h i[&r?PF‘ét M@?. al). As a
resul t, hbgrpl @92RhcIeER I ERAhpROBR Meterdettidled drpRM CRIRA sgkC! €ation
(caused in part by sharp opening edges), and subsgquent voi d and/ or seam
f or mat i om-glasd wpbarial 2@ g cHSQHBIIW) and] thetlire) alAddithorolly, @altRei ment of the

present inventiqgn, layer 5 222 of third material is conprised of a
conduct iRFESeRE exhofiment, sacond, kayer 312 phiheseeond matenialgsdepositéd tough such a

condgct iV qal 1s regited in.th resent odi.mentf ., the present
ermbodi mer n@e%%wc?ﬁ?@gg% %)0 ﬁheecrbtécé"? Sfm*éﬁﬁ}%tfﬁlg?ogﬁwdﬁsh Peflateri al from
whi ch i tratis velesd bee@rhed f Fhni |4 i t.e ' terials

whi ch arrfal ]vvell sui ted@?of%ﬂ%e asg’ﬁhgnt%ﬁaﬁﬁgagfgé&ngtgg%ﬁ}a la%]ltg%zng but are not

l'i mi t ed thesecahd matexin! is dppesited tanidepth of Appyeximaelyt 11230 pkfenfbr St ep 404,
t he present,_enbodi nent conpletes the formation of the netallized

i nt er cothe&D ¢fyths biglbasrerigratiosriatebe famiedn As @pexampbywherd theat er i al
di sposed.above dielectrigc stop | r 3 such that second material 214 is
remvedﬂéﬁﬁasﬁ%ﬂrﬁ%}%‘?a f%ﬁ‘ﬂ?& g‘ﬁiﬁpr %@%ﬁﬂ?ﬁ@% sgcang lafiex portion of
opemrpng J A i fa & sk sl 02, As a.result, the present
enbc%i rrgggl){)trq%'v% es ag%gtﬁ‘é:vﬁl?ggeﬁs’ﬁtggg%ﬁﬁ3?{‘39%1?%ﬂp1i’r§x§’ﬁﬁ?{ll3énti ally free
of L he 5 wis1andbiens 622890 45 560 Akerihd! ATRIEh 1| LR BE CONneCt S

a [

formed in conjunction with conventionally rrcate aspect ratio
vi as. Therond daper 212 of the seamehinaterigliovicited in thephaator form ng a hi gh
aspect rai]iatgi via wherein the high aspect ration via does not suffer from

poor 25°mbagimentihe preseat embedimentiis yellawitedttodlepesiting segodyer . The
presentyj i further provides.a nethod for formng a _high aspect ratio
via whi lcai}fgl\e/gg%f)fe){siwtsﬁ‘ém%ﬁ?ﬁgeﬂ%ﬁ“B?N%FWF%W' iofgiFSPﬁﬁéP@énrM@Ie'\Aher ein the 16
: % _importantly, in the present embodiment, second layer 212 of the second

material should conformally cover first layer 204 of the second material and
{he edges of opening 210.



met hod achi eves the above acconplishnment and wherein the netallized

i nterconnect does not suffer fromvoid/ seam formation. The present
invention also provides a nmethod for form ng a high aspect ratio via
wherein the nmethod achi eves all of the above-listed acconplishnments and 5
wherein the method is conpatible with existing sem conductor fabrication
processes. This application discloses a nethod for form ng a high aspect
ratio via. In one enbodi nent, the present nethod conprises providing a

first materi i whi.ch, a hi 10 a ct .ratio via is to be forned. The
plre:ent enbgglefr?eh%é) Pﬂvélrffg Eeﬂjog(gghﬁﬂr?sf emalé'ﬁftvtlé‘eggm mat eri al above
the fir skeomatlaydrali2 JNeNE sedohf ﬁé&%ﬂitsrlﬂi?kﬂ&dm{ ﬁ%éﬁ@%? é&fgﬁxgean opening in

the first layer of the second nateria seco second

mat er i al2G sxtebdnthdengtssdcedd dpre2 12eF thielsebod Biaterdf] ddtersegand material and
into _the opening formed into the first |ayer of the 15 secohd material. The

pr esent feridladendds ofithe seeanchestariad. Refeming ayerto Figurb@Gdeond material such
t hat the ﬁeni ng ends, through the second | ayer of the second materi al

and t hr SUGHPSERE “fl%)i b 1 AR FUGEOTR deRedyRE alker sPapa310, astleyen?@dy, t he
openi ng 4} | DR 41 QPN i duci to the adherence of
O\F/)er: y?ﬁg&nit&géli&(g#aﬁﬂ_éérlet 0. eﬁgé‘? ?gfetﬁiadoﬁ“e‘{qﬁgﬁ%%‘!fo\ﬂﬁﬁgatﬁ'é’gém enbodi ment

reci t es skéwhigohbiation Hs 1aRéesifl 1dpsRasay ﬁtthrerlge%ie of the opening such
that a portion of the opening extends into the first material. This etching .

of the embodimpanteeneaing 813 bt arprofilavedddusivestohiké aghé@hky ot chi ng t he second
material. Ln so doi_n? t he present enbodi nent creates a high aspect ratio
vi a Wi ererinpgrategal theaetaor Mere pardenlariyebard masll spacearmotionst whi ch i s

b i I f i . he f i i i f ifi
Subst L) Lty a0 oot B SRSt s O, S
11 ust 1 hiiRe v hollenld AL pridle BhBa0h Adhidledel g baac auST ive o to

limt the invention to the precise isc a %Iy many
nodi f i cpatdsentembelivmnt abi @ngrofil€imndsdindreuhded é@hérsof16ane@Pige teachi ng.
The enbodi ments were chosen and described in order to best explain the

pri nci prethedppefge theveaft iBynhamog rewndeddopiedat cappis 21niaond, 216b, t her eby
enalle ot hers ‘?ki b{%eqw%n the art to bgst, utilize the invention and various
enbddi nBhPRPYEY f° the SR OERETPiassaaysd vaith pegr eEgvies, weaings?13 cul ar use

contenp : I0S: ¢ ' of, the: i nventi on be defined by
the d a{i%ﬁg’gﬁgﬁu g?%%%%'?gﬁg%%? h‘él&pﬁ q%i?%/)‘g vehpang Jagers. degce, A"t hod for
f or mi ngogeringb1ReMRRipregintenbaimeat dodPhAIALABES rBfdne steps of -. a)

providing a first material into which said high aspect ratio via is to be
f or med; adherence of overlying layers thereto. Additionally, in the present
embodiment, unlike vias generated using prior via formation methods,
%l opeging 213 of the present embodiment has a profile including sloped
- sidewalls 218a and 218b. By having sloped sidewalls 218a and 218b, as
opposed to the vertical sidewalls associated with prior art vias, opening 213
readily accommodates the adherence of overlying materials thereto.

Hence, opening 213 of the present emboediment does not deleteriously reduce

25 adherence of overlying layers thereto.



c) formng an opening in said first |layer of said second material; 10 d)
depositing a second | ayer of said second material above said first |ayer of
said second material and into said opening fornmed into said first |ayer of
said second material; and e) etching said second | ayer of said second

mat eri al  suclRdfé\adineSa ! .extend hrough said second | ayer of said
second material an 1%%0%?%%@5%1%8??ﬁ@#mfa%ty@lae@ﬂgg&ﬁ‘ﬂs&B:nechd mat eri al ,
and suchsuchdhatepahimpars agemﬂ@o@hqg'ér@lg%p&uci ve fo the_ adherence of
overlyi ng r{at er}iéal thereto; and n etching sali q Ty tal di sposed at
the base”§fOB artfagpfiivigctsiastonlnpir 203pattionoultartBily QARKI H%teXte”dS into
said firngh emgpbalﬂ‘ said etching of said first matérial %er ormed w t hout
subst ant’al y et ching Sal'PPeE e vrant mpeaing 213 fermdahe semf syadhef or formng a
hi gh fas@@gtrd Ribki@nds } in.Caimfurther conprising the steps of
g) deposi tg?u;]g a Iaye?[@@egﬁ%hﬁgﬁn&l}g%sziﬁ?)%"%ﬁiﬂw@é%lm | ayer of 25

sai d se@@d&ahﬂn%tdpaﬂurﬁndoﬁdiél@ct&ﬁisebmaf\é}i%g. remai ning aftersteg f) such that
said third material adheres to edges of said opening; and 19 h)
performng a planarization step to renove material disposed above said

first materi g at said s nd material is renoved and such that said
third materi aI1 }?{é%ehge on g" %ﬁpgﬁ ?Gﬁ},leblfesgt&tiﬂmhmﬂiméutg extending into

sai d fi thén cmhpleta! the $orm - far_form.n hi gh aspect ratio via as
recited in O aliﬂﬁ 1, wher Blﬁjn?t?g%é)gsghgagﬂ%r irgté%%ﬁra"g\ﬁt&‘ﬁ@t opghst material ,
conpPi s @iplestric mtagr laperR03di Nt iy thes erbBdedhY, & Reddsth Yid s, Lo be formed. 10
4. The meth ({Pf r formng a high aspect ratio via as recit¥dtin cdaimi,
“wher ei n’ss'é‘feg it %‘Eeﬁ‘r’&t’%’i st mederin] 268 c Mosebreifically, thvbtdiesespect to said

second BRLEH; tysaid. fir materi al can be etched using a first
etch pr oces‘glln?\/\%r%r%gﬁq%sgr;z}lgcsh?‘ia?osﬁm’éf’ghmb%@%@ 288 sdhigtois dsmeed i cant |y etch

sai d seaotig Bt 220 of openinkR 13, L fprmn i gh aspect ratio
via as recited in d ai mmf]Lgti2 méﬁgﬁﬁﬁg&gﬁé’g‘ %er?glﬁrgsoe"ga%r}ﬁ ng said opening
in sai dformedin|aggerdange with dne ectodingmt of Hal preslt ddfidlgsai d openi ng ext ends
thr?:yghin%gig first |layer_ of sajd second nmaterial to said first materi al
wi t hout " GBE% N F 119 oped Aboys. bigh agpett tatiostia #81 &y iofdrredito a5l | € et hod for

f or m ngsi2KtY - i@envLa as,recited in Claiml, wherein step c)
conpri ses fc{)arg ?nu%;mggflg{%%ﬂegpﬁﬁ c?nﬁldseé"i‘etgy Frpler thap dhe depthaDdo&econd mat eri al
by perfthenimg the steps of. cl) depositing a |ayer of photoresist above
said first |layer of said second naterial;

Referring still to step 312 of Figure 3, in this embodiment, high aspect
20 ratio via 221 is formed by subjecting the structure of Figure 2G to an etching
process which etches first material 202 without substantially etching
gecond material 214. Although not shown in Figure 2H for pﬁrposes of
clarity, it will be understood that high aspect ratio via 221 will typically
terminate at or near a feature to which it is desired to form an electrical
25 connection {e.g. a metal line, and the like). Importantly, by providing a
high aspect ratio via 221 with rounded top edges 2162 and 216b, and sloped

sidewalls 218a and 218b, bigh aspect ration via 221, of the present

14



20 c2) renoving a portion of said |layer of photoresist fromsaid first

| ayer of said second material such that.an exposed area of said first |ayer
of said second materialis produced at a regi on beneath which said high
aspect ratio via is to be formed; 5 c3) subjecting said exposed area of
said first layer of said second material to an etching operation such that
sai d operémbbdiseh dgRId id first Layer of said second material; and c4)
r enovi ngsdr_emai ni ng regldgr%gﬁ%‘gglﬁiﬂﬂ’qé exfe tplacubsapieatlywhi ch resi de above
sai d firgteppbsifest oveflyhaildysre e th@hehi Al d.7. . The nethod for fornming a

hi gh aspegt ratio via as recitéd in%%??ﬁtf?tlmgwag?@ﬁle@ﬁ:onprizses

et ching <4ithe PERSSAtembsdiment isgaadily eea0thcRLE Lk -e%JéEPI e oaing rounagd "
sai d Sec%@ﬂliﬁﬁﬁﬁ&o?ga said second material has a profl & i ncl udi ng rounded
corners at the top Shg&ReLPwsesses 5That Fhehenmtdend higf adgeening a hi gh aspect
ratiobvi aimforire¢iohaflethid & &l aowherein step e) conprises etching said
second | ayer of said secon %@"gh %ﬁwg%{m@aﬂ@tg{)&hﬁtgtﬁbm sai d second
| ayer of PSedessesedulditiomlle] aokhillBS dRcRs0d bhiGy ;NG udi ng sl oped sidewal I's. 9.

i
The method for forging a high aspect ratio via SYUPER &b n daim 1,

wher ei n &P8hen pmdgdigent abthd gpessint émbocﬁtdeﬁb{ﬁig}p;ﬁsp@&r}q%éjigng‘g{ erial above
sai d secepd %egggtr n?i]é dsai c{ seg@nd material and into said-opening renaining
after step 1) SuUcH THNPeRtfagbles the farmationef 2 metilliacthartesobgeeedges of sai d
25 openi mhich?does ool suffed B > [ a netallized interconnect within
a hi gh aspect ratio via, glglqglrr%{ ogorglf)'ﬂ%?i sing the steps of a) providing a
di el Btric material into which said metallized interconnect within said
hi gh aspect rvgthoﬁ%ia is to be forned;, 5 b) depositing a first [ayer of a
second mat er i Al TRBCe BpY teiFiguse dr & Gowhentidah is sSHowOsMH gk an opening in

d) depositing a second | ayer of

sai d firgtrd % ino 1d second paterial ;
sai d seccﬁﬁndd mat eri %F&gﬁ%'{?em?giaﬂo%% gpmbpdinent of thegprdsegadaichedat eri al - and
into saithvepitei fgwhhPshetMiRaSHcdinbdlis 1oy el §  sai d_second material;

nt shown in flow
chart 400, the method of the present embodiment includes the steps and
15  features of the above-described embodiment (i.e. as recited in steps 302-312,
and shown in Figures 2A-2H). For purposes of brevity and clarity, a
discussion of these steps is not repeated here. ‘The method of the present
embodiment includes additional steps 402 and 404 which

are described
below in detail. ‘

2
. -At step 402, as illustrated in Figure 21, the present embodiment
deposits a layer 222 of a third material above the structure of' Figure 2H and
. into high aspect ratio via 221. Moreover, due to the profile of opening 221 as
described above in detail, layer 222 of the third material adheres strongly to
25

the edges of opening 221. That is, becaﬁse opening 221 has rounded top
edges 216a and 216b, and sloped sidewalls 218a and 218b, high aspect ration
via 221, facilitates adherence of thereto by a subsequently deposited

15



e) etching said second | ayer of said second material such that said opening
extends through said second | ayer of said second material and through said
first layer of said second material, and such.-that said opening has a

profile conducive to the adherence of overlying material thereto; and 15 f)
etching said dielectric material disposed at the base of said opening such
that a portion. of said opening extends into said dielectric material, said
et chi ng BFTEMEJayerle e aver 2R pbthind material). NAS aWeb W0 UthoSpsLaNt i al |y et ching

said se hal ; depositing a_|ayer of nmetallic material above
sai d secé.o}ﬁn%dﬁg%/%; dogs'nog Sgé?fdg%'c@ﬁaernw%@atmn (ameseadninopaaiby opening
remai ni nGhadd bséninl eR t.hat said |ayer of netallic nmaterial adheres
to edges g?ﬁsg‘%nd %pe%%%fg@&;% Sﬁ?“%%r"f’ﬁirﬂ?‘*ﬁr e33R deyamation iolaystep to renove

mat er i al228iof phos tdrdbavesSaid ofdk ehiohid hal.such that said second
material is removed and such that said tgtgr%%'f%sﬁ%gﬁvlef‘ ODelR¥EY al remmi ns

onl y 9 n 224iof thisd matariol isx6mpaised op 8 Rbndh et AN 1a9bOs sl & Giel ectric
mat er i alé. 22 11. .The thod for formng a netallized Interconnect within
a hi gh SEpEPle. fRpgien, Alheugh sneloa cpnd\atire matoriahie reitedsa hedi el ectric

mat eri al, has ehectivity wth respect to said second material such
that said d (taléftglc!;)t8 glﬁ&(}nzh{hgrﬂrﬁﬁenégﬁl\gﬂém& He¥etlsurgddofthe yse ef ch process

wher ei n asgiothdr dogHu@ive mBREREE 3D nd ORTH R s ?%ﬁ?‘%iditié’éaom I% etch said second

material . 12. The nmethod for formng a ne Rt ed within a

hi gh aspeicteonaeito Ofhar amtersls tyatich BrOviil Bulild RINGLERIR! AR, £ cOMPYT Ses
ma

form.ng said opening in said first layer of sald secon rial such that
sai d0102Afenrhipclideehub axemauiitedite, Alimbtuhpstppes| vadivk aesand material to
said di %ﬁgﬁéi'ﬁ material w thout substantially etching said first material.
13. The“nethod for forni hg a netal lized interconnect within a high aspect
ratio via as recited in Caim1l0, wherein step c) conprises formng 15 said
opening in said first |layer of said second material by perforim ng the steps

of : cl) depabidtpd0q thayesseatl chbaliRich? ohpRRR R T, fhi Sflaver of sald
second material; c2) renoving. a portion o Sal d ayer of otoresist from
sai d fi FPetalliggdintogontect by pesioroing apl@iiiahtionstep fdtenifyeeXposed area of
sai d.fi rs%erlmzjy r of said selcon_d material is produced at a region beneath
whi ch s¥@ éﬁs%’?b%ﬁ ovie gielactyic stomlageniidsnchahdt medoallihaeial nt er connect i s

to be fo{IRGenie? Legt i ahd ex area of said first layer . of said
second materi a %%ag(?%'g Cﬂ%ﬁfﬁ%@}%ﬂ%ﬁ%ﬂl%gﬂggp&hgbem ng is forned in
sai d 25pdriiofitof bpiifihg 001 Fich SAEMN Al gp%) 4) renmoving remaining
regi ons of said layer of photoresi st%rj‘fi |t(§%ltFléIS| ef‘a‘gﬁ\?ereg td first Iayer of
sai d scdemresateniladima@® provides a metallized interconnect which is

substantially free of the voids and/or seams associated with metallized

2  interconnects formed in conjunction with conventionally fabricated high

aspect ratio vias.

Thus, the present invention prcm'des. a method for forming a high
aspect ratio via wherein the high aspect ration via does not suffer from poor
25 . adherence to a subsequently deposited overlying layer. The present -
invention further provides a method for forming a high aspect ratio via

which enables the formation of a metallized interconnect wherein the
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4. fine nethod for fornming a netallized interconnect within a hi gh aspect
ratio via as recited in Caim10, wherein step e) conprises etching said
second | ayer of said second material such that said opening in said 5
second Layer of said second material has a profile including rounded
corners at the top edge thereof. 15. The method for formng a

ratio via as recited in Caim

h h t
10, “wher o8 E058MIEE Prrc atestunh gae?%‘ﬁ&mhmmm bayatizad said second
et er | al itbebni &wdosahih BBRAI Mg gLt second | axer of sai d second

material has a profile |
A AL Atention A i Omethodit Mga M o000 2200, ACA. A~i 1. AO A2
.AC . A O, A& .A3B. Ap+Cl % S
wherein the method achieves all of the above-listed accomplishments ang
5  wherein the method is compatible with existing semiconductor fabrication

processes.

This application discloses a method for forming a high aspect ratio via. In one

embodiment, the present method comprises providing a first material into which a high

10  aspect ratio via is to be formed. The present embodiment then deposits a
first layer of a second material above the first material. Next, the present
method recites forming an opening in the first layer of the second material.
A sécond layer of the second material is then deposited above the first layer
of the second material and into the opening formed into the first layer of the

15  second material. The present embodiment then etches the second layer of
the second material such that the opening extends through the second layer
of the second material and through the first layer of the second material.

In so doing, the opening is configured to have a profile conducive to the
.adherence of overlying material thereto. Next, the method of the present
embodiment recites etching the first material disposed at the base of the
opening such that a portion of the opening extends into the first material.
This etching of the first material is performed without substantially etching
the second material. In so doing, the present embodiment creates a high
aspect ratio via which aflows for the formation of a2 metallized mterconnect

whxch is substantially free of voids.
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are suited to the particular use contemplated. It is intended that the scope
' pf the invention be defined by the Claims appénded hereto and their

equivalents,
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b) depositing a first layer of a second material above said first

material;

¢) forming an opening in said first layer of said second material;
10 d) depositing a second layer of said second material above said first
layer of said second material and into said opening formed into said first
layer of said second material; and
e) etching said second layer of said second material such that said
opening extends through said second layer of said second material and
5 through said first layer of said second material, and such that said opening
has a profile conducive to the adherence of overlying material thereto; and
f) etching said first material disposed at the base of said opening

such that a portion of said opening extends into said first material, said

etching of said first material performed without substantially etching said

2 second material.

2. The method for forminé a high aspect ratio via as recited in Claim
1 further comprising the steps of:

g) depositing a layer of a third material above said second layer of

25 said second material and into said opening remaining after-step f) such

that said third material adheres tg edges of said opening; and
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intermetal dxelectnc into which said via is to be formed. ‘

10 4. The method for forming a high aspect ratio via as recited in Claim
1, wherein said first material has an etch selectivity with respect to said
second material such that said first material can be etched using a first

- etch process wherein said first etch process does not significantly etch said

second material. -

5. The method for forming a high aspect ratio via as recited in Claim
1, wherein step ¢} comprises forming said opening in said first layer of said
second material such that said opening extends through said first layer of

said second material to said first material without substantially etching

2  said first material.

6. The method for forming a high aspect ratio via as recited in Claim
1, wherein step ¢) comprises forming said opening in said Srst layer of said
second material by performing the steps of:

25 c1) depositing a layer of photoresist above said first layer of said

second material;
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first layer of said second material; and
¢4) removing remaining regions of said layer of photoresist which

reside above said first layer of said second material. S

10 |
7. The method for forming a high aspect ratio vis as recited in Claim
1, wherein step e) compnses etching said second layer of said second
- material such that said opening in said second layer of said second

material has a profile including rounded corners at the top edge thereof.

8. The methed for forming a high aspect ratio via as recited in Claim
1, wherein step e) comprises etching said second layer of said second
material such that said opening in said second layer of said second

material has a profile including sloped sidewalls,

9. The method for forming a high aspect ratio via as recited in Claim
1, wherein step g) comprises depositing a layer of conductive material above
said second layer of said second material and into said opening remaining

after step f) such that said conductive material adheres to edges of said

2%  opening.
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10

a) providing a dielectric material into which said metallized
mterconnect within said high aspect ratio via is to be formed;

b) depositing a first layer of a second material above said dielectric
material;

¢) forming an opening in said first layer of said second material;

d) depositing a second layer of said second ‘material above said-ﬁrst
layer of said second material and into said opening formed into said first
layer of said second material; and

e) etching said second layer of said second material such that said
c;pening extends through said second layer of said second material and
through said first layer of said second material, and such that said opening
has a profile conducive to the adherence of ovérlying material thereto; and

f) etching said dielectric material disposed at the base of said
opening such that a portion. of said opening extends into said dielectric
material, said eiching of said dielectric material performed without
substantiaily efching said second material;

g) depositing a layer of metallic material above said second layer of

said second material and into said opening remaining after step f) such

that said layer of metallic material adheres to edges of said opening; and

h) performing a planarization step to remove material disposed
above said dielectric material such that said second material is removed
and such that said layer of metallic material remains only in said portion of

said opening extending into said dielectrie material.
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10"! G10 /&d{ejec{;rﬁ;gé‘fer{%] BS etc usmg a hrst etch process wherein said

O first etch process does not, significantly etch said second material.

‘12. The method for forming a metallized interconnect within a high
aspect ratio via as recite(} in Claim 10, wherein step c) comprises forming
said opening in said first layer of said second material such that said

10 opening extends through said first layer of said second material to said

dielectric material without substantially etching said first material.

13. The method for forming a metallized interconnect within a. high
aspect ratio via as recited in Claim 10, wherein step c) comprises forming
15 said openmg in said first layer of said second material by performing the
steps of: .
c1) depositing a layer of photoresist above said first layer of said |
second material;
¢2) removing. a portion of said layer of photoresist from sald first layer
2  of said second material such that an exposed area of said first layer of said
second material is produced at a region beneath which said high aspect
ratio via into which said metallized interconnect is to be formed;
<3} subjecting said exposed area of said first layer of said second
material to an etching operation such that said opening is formed in said
25 first layer of said second material; and |
¢4) removing remaining regions of said layef of photoresist which

reside above said first layer of said second material.
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said second layer of said second material such that said opening in sajd

o  second layer of said second material has a profile including rounded

corners at the top edge thereof.

15. The method for forming a metallized interconnect within a high
aspect ratio via as recited in Claim 10, wherein step e) comprises etching
10 said second layer of said second material such that said opening in said

second layer of said second material has a profile including sloped

sidewalls.
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