; e3en) D: BX6TKT5 METHOD FOR REDUCI NG GOUA NG DURI NG VI A F
The presently clained teaching relates to the field of sem g’mmmwmwgﬂﬁm
processing. Mre particularly, the presently clained teaching rela a
net hod for forming vias. 10 BACKGROUND ART As seni conduct or geon8t? es
continue to beconme snmaller and smaller, newdifficulties arise in the
fabrication of the correspondingly smaller features. As one exanple, when
devi ce sizes decrease in size (in 15 order to form nore devices on each
wafer), features such as vias have critical dinensions (CDs) which becone
considerably smaller. The . reduced CD of, for exanple, a via has certain
dr awbac kM&@Q&F&RtﬁEWEING QOUGING DISRING MIAFORMATIONe 1A, a
side sectional view of a via having a reduced CD is shown. In Prior Art
Fidure 1A, a substrate 100 20 has a via 102 forned therein. In the
structure of Prior Art Figure 1A, the critical dinmension (CD) is shown as
the wi IBLIY 'of via 102. Furthernore, it is inportant to noté that the
depth, D, of via 102 is nuch |arger than the CD or width, W of via 102.
Hence, via 109 presenthslaimeadyteachingrelatesite thedfield pf gpanigensetorr ati o via. 25

< o 1 PR oo iy et Pstfled oy ot REHPETT of (e

via onfaminddias! yi ng target such as for exanple netal layer (M) 106,

becomes increasingly difficult. That is, during the formation of via 102, a
pg{éi on 108 of via 102 "lands" on target 106. As shown in Prior Art Figure
1BY the portion of the bottomof via 102 which is di sposed over target 105

is ref Wd However, in the aforenmentioned small er

geonet » ias are often "unlanded". In Prior Art Figure 1B, 5
portion 110 | LS. - p I { t he bottom of
via 102 doeslg %\8¥bg‘f°%@é¢§r gggﬂlnggqggg?nﬁg?ﬁ&eﬂtoﬁ%@ﬂé&é%lﬁo%lgadi scussed

bel ow, SEANEN AN ARty atRd IR fbridkio af thectiroRfbadingly 10 Of via

102) have severe vant ages assocl ated therew th. ref erence now

to Pri %_&na&!§r ﬁiaﬁw@s. 18s Gt eXAPlE wherd d@m@aﬁeésl dserealsatintive (th a

conventi ona nlanded via is shown. Mre particularly, Prior Art Figure 1C

i 1151t 02868 t6 f6180 FhbiePeviebs ohashchowafer ), feutured 'suchoagvitgs hdwe pur poses of
t he ‘present application, refers to significant excessive and unwant ed

et chi ngriticali dimiensiong (EDs) vaiidk betbmeocdrisidersbly Ismallier. Thet he exanpl e of |
Prior Art Figure 1C, gouging is schematically depicted in region 112

proxi mreduced G afided examplep avia hefs eardainpdrawbacksnassontatedbove, such
gougi ng has significant drawbacks and_di sadvant ages "associ ated therew th.
For ex&hpreyitho Refegriog now teirier ArkFigupe hé: a side seqtipnalndew efr2at es
difficulties _in subsequent barrier éaj 2 posi tion an condu§éi ve

mat er i Fia biaving g xeduged Glds shawm: i bnErioy igure iy asubsixatadls, the

i Losel v, under . v h.as, f
ol Basvia DA fermendnerdin Byt St oibatet ant HEurd YA tBEL S bl e for
hor t i cted ; 116 t 106 dth
inder | gFiFal dEension (EDTHE SR astH PaLD Wy ph i abet Miietmostcly |
af fect o &SSP S5 BhPE Sy hifFadgtn™D), B8 vid' 90818 Wu@F fithSr than the
CD or width, W, of via 102. Hence, via 102 is typically referred to as a high

aspect ratio via.

Referring now to Prior Art Figure 1B, as the CD of via 102 decreases,
significant manufacturing difficulties arise. For example, landing of the
via on an underlying target such as for example metal layer (M2) 106,

becomes increasingly difficult. That is, during the formation of via 102, a

. LT

*G00002*



2 _One attenpt to elimnate gouging and the conplications caused thereby
Is recited in U S. Patent 6,020,258 entitled "Method for Unlanded Via
Etching Using Etch Stop”, to Yew et al. fled Decenber 1, 1997. In the Yew
et al. reference, a separate etch stop layer is formed into the substrate,
5 into which the via is to be formed. The separate etch stop layer is
formed at approxinmately the sane |level as the intended target to prevent
the via frombeing etched substantially deeper than the depth of the

t t, i of Vi i i 2 . h
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has utility 1n certaln processes, h an approach 1s not with

As one epBRESortibe of theBOIBALH Wb 10IWNRY i8'diHosed %ﬂzéf'%ﬂﬁ%trmsr es the
formati on of the etch stop layer within the substrate. Such an etch stop

| ayer ra@irred tb @t libded'or Hbvevdr ofn tHe afotiieniiohedComialler at | east two
different steps. That is, at least .a first step is required to

deposi t /gpopvetiies, podaidn of eiaynare sfiesfuhhedddeh It PHok & FigindepBsi t ed, and
at |east a second step is required to 15 deposit/grow the substrate which

resifles pubtivr Ilfofeis 102ts puhtareled” FThabéy, portidn 116 oftthle ittgmlafiwds of t he
Yew et al reference may conplicate the process of etching through the

subst r at¥2adodsandtdirectlyordside ohemtargek 106t Astwilkt eedisengsed beldv,Thus, a need
exists for a nethod and apparatus for. forming a via wherein the via is not
subj ect cooveuntisnally nual porgions dfivias &e.gnpadionx] ¥ of via 162hbated and
apparatus which neets the above need and which does not require the

f or mat i Gevere disadwentagesnagsogiatad $hepewither within the substrate. Still
anot her need exists for a nmethod and apparatus which 25 neets the above
needs and which is,conpatible with existing sem conductor fabrication

PoriBorm ng. iR apanctRaheo Hion AT ERSRfEAR EERulIBRIR T goup g
The ' auiRirusERasPalail Wk B BL BRI B0 PLORRRR MRS 01 &7
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‘met hod afghificant excessive and unwanted etching proximate to the unlanded
15 portion of the via. In the example of Prior Art Figure 1C, gouging is
schematically depicted in region 112 proximate to unlanded portion 110 of
via 102. As mentioned above, such gouging has significant drawbacks and
disadvantages associated therewith. For example, gouging of the substrate
proximate to target 106, creates difficulties in subsequent barrier metal
2 deposition and conductive material filling of via 102. Additionally, under
some circumstances, the gouging may reach or closely approach an
underlying layer such as, for example, metal layer (M1) 114. Under such
circumstances, it is possible for a short (as depiéted by arrow 116) to occur
between the target 106 and the underlying layer 114. Such shorting will
25 almost certainly adversely affect the semiconductor device in which the

short occurs.



aanrafus for reducing gouging during via formation. In one enbodi nent, the
present teaching is conprised of a nmethod which includes form ng an openi ng
into a substrate. The opening is formed extending into the 15 substrate and
termnating on at |least a portion of a target to which it is desired to

- forman electrical connection. After the formation of the opening, the
present enbodi nent |ines the opening with a liner material. In this

enbodi ment, the liner material is adapted to at least partially fill a
portion of t@neptempy toheliminategougmyladddhe éemplicgtionsTeeuddder

mat eri al 2U of the present enbodi ment prevents substantial further etching
of the dhesahydseecibed éml.SnRatent 60260258 entitledp@vietiyod fonfrdandedst

partially unlanded on the target. Next, the present enbodi nent subjects the -

| i ner nXierBighingUsingEéeth fdopt,dockewsiat. filed Davembercl, #89%, ilnl thes
substantially remved fromthat region of the target_where the_opening was
| anded offW ﬁg ahyeferiegee. a saparate elghadppdaver is farmeddate thesatistiratg, i n t he
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formation of the substrate occur in at least two different steps. That is, at

least a first step is required to deposit/grow the substrate onto which the

etch stop layer is deposited, and at least a second step is required to

15 deposit/grow the substrate which resides above the etch stop layer.
Furthermore, the etch stop layer of the Yew et al. reference may complicate
the process of etching through the substrate at locations other than

proximate to the target.

20 Thus, a need exists for a method and apparatus for forming a via
wherein the via is not subject to substantial gouging. A further need exists
for a method and apparatus which meets the above need and which does
not require the formation of a conventional etch stop layer within the
substrate. Still another need exists for a method and apparatus which

25: meets the above needs and which is compatible with existing

semiconductor fabrication processes.



together with the description, serve to explain the principles of the 5
invention: PRIOR ART FIGURE 1A is a side sectional view of a structure
havi ng a conventional high aspect ratio via formed therein proxinate to a
target. 10 PRIOR ART FIGURE 1B is a side sectional view of a structure
havi ng a conventional high aspect ratio via forned therein proximate to a '
target wherein a portion of the conventional high aspect ratio viais

unl anded. 15 PRIOR ART FIGURE 1C is a side sectional view of a structure
havi ng SUMMARYonal hi gh aspect ratio via forned therein proximte to a
target wherein a portion of the conventional high aspect ratio via is

unl anded and Thepe¢sendoueiching npoeddeh g methethhaddanparates for firming 20
conventional high aspect ratio via is present. FIGURE 2A is a side

sect i onad Vig wheotindheuvietisanet, subjettutt sibstential gayging. Theoreserth a via is
to be formed in accordance wi th one enbodi nent of the present clained

i nvent i owechig  durtherqumvides issmethod endeappanedns wkighoachipeesstheict ure of

FI GURE 2A having a_via fornedq therein in accordance with one enbodi nent of
the r o ahoreacsprnlishanemk paf, which dopenotrequize $hadosmationnel avi ew of t he

t t f Fl B.1 ' NN teri i s di d within th

Via in 40BSPRHRBRI P ORASaRB AN tho PubREals cTBR eSS ot er OBNL | on.

FI GURE 2D i id ' | 5 vi f- the, st t f FIGURE 2C 10 wh [
the || nefleRFarider amethod rd, ApBErets Bhigh BtiHRVRG S 8PRES | n accor dance |
ith | yent of _th t _cl gk.oed | ' | GURE 2E i id
sect i ondt RS BREnenE ot HHROF 38 Sonin i iR REbURY scuioiiehor " mmter 1 &
is di Sp%ﬁﬁc@ti@‘ﬁ ﬁﬂf‘ce Lg@d via in 15 accordance with one enbodi nent of the
present clainmed inventron.

10
In one embodiment of the present teaching , A method and

apparatus for reducing gouging during via formation. In one embddiment,
the present teaching is comprised of a method which includes forming an
opening into a substrate. The opening is formed extending into the

15  substrate and terminating on at least a portion of a target to which it is
desired to form an electrical connection. After the formation of the
opening, the present embodiment lines the opening with a liner material.
In this embodiment, the liner material is adapted to at least partially fill a
portion of the opening which is not landed on the target. The liner material

20  of the present embodiment prevents substantial further etching of the
substrate conventionally caused by the opening being at least partially
unlanded on the target. Next, the present embodiment subjects the liner
material to an etching process such that the liner material is substantially
femoved from that region of the target where the opening was landed on the

25 target. In this embodiment, liner material residing in the region where the
opening is unlanded prew;ents further gouging of the substrate proximate to
the target.



FIGURE 2F is a side sectional view of the structure of FI GURE 2E wherein
the conductive material has been subjected to a planarization process in
accordance with one enbodi mrent of the present clainmed 20 invention. FI GURE
3 is a flow chart of steps performed in accordance with one enbodi ment of
the present clainmed invention. 25 FIGURE 4 is a flow chart of steps
performed in accordance with another enbodi nent of the present clained
invention. 7 The drawings referred to in this description should be
understood as not being drawn to scale except if specifically noted. 8
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Reference will now be made in

detal | 1o Nany!Ridife: SEIRANARAL IR prldant IWRR ANinAYARRkAE stbpuh ch are

illustrated inthe acconpanying draw I nvention w

descri begtthg a%@%-k!l'éﬁéx‘lﬁ’éli %iﬂbdirﬁ@n@aﬁ&%?m&qn@m&y fHRétep oft Wl be

“understood that they are not intended to [imt the |nvent|on to these
embodi rrmb%sxtﬁg h%naaeﬁﬂr@h\(ateﬁw mw/ﬂﬂat b?éhl!ng i i gml@chg otHover

alternatives, fications and equival en whi ch may be included within

t he 5pi rcbhdaaﬁvé (il@ﬂ‘érﬁfl it lededtrieglly icoupkd tefhietaigey. Fherthependedirc! ai ns.
Furthernore, in the follow ng detailed description of the 10 present

i nvent i dhe presemoembsfiment,ahddimerd maberdak etnfimes the conddetiveo provi de a

t hor ough under standi ng of the present invention. However, it will be

obvi ous material mfoximdteto thekalgeti n the art that the present invention may
be practiced without these specific details. In other instances, well known
met hods, procedures, conmponents, and circuits have not been 15 described in
detail as not _to unnecessarily obscu Je aspectts of the present, gtl on.

Fi gures 2A- 2iThese\andothereobi @*és.aaﬁan Wages)p F%PEQWﬂWQHBPBa

accordi ng g of t rret ho of e entian as set 20
fordy |ﬁqfi@bq%M Joy$ ‘FF éﬁ Ptgﬁ @3@5&? apngity, the
foll ow n ion will | Ilzethes sec of, Fi es 2A-2F
in conj Jgéa'ti‘ﬁlﬁﬁf’wl?%éeh% fpserintion 0#5?5%11’@% egr%fﬂanﬁ)ofé\gﬁmnégrvy ETescri be
t he enbaodi nent f present nvent| Iow chart 300 of Figure 3 begins
wth st g’glé‘saﬁt%eg &@Oﬁn‘?‘ﬁe E?Wﬁggﬁgddl ment fornms an opening into a
25 substrate. As will be described in detail below, the via to be forned in
accordance with the present enbodinent is a high aspect ratio via which is
intended to be landed on a target to which it is desired to form an

electrical 9 connection. Unlike sonme conventional high aspect ratio vias,-
the via



formed in accordance with the present invention will not induce substanti al
gougi ng of the substrate even when a portion of the via is unlanded. As
nmenti oned above, a high aspect ratio via is referred to as such because the
lj width or CDis considerably smaller than the depth, D, of the via.

Furt hernore, although the foll ow ng di scussion and exanpl es specifically
recite the formation of a high aspect.ratio via, the present invention is
also well suited to use with vias which are not defined as "hi gh aspect

ratio" VB BEF@E&R?PTI%%! @'?ﬂ;q)ﬁgﬂg_\?g of Figure 3, in the present

enbodi nment, structure Irncludes a substrate 202 as shown in Figure 2A

which is CQméaeqaﬁpmﬁx%tefmiﬁgs,dvmca%ﬂd colPpédateBlier hal HYkNaas, for

exanpl e, silicon dioxide. t hough such an IMD nateriral is recited in the -

present pdrtefithil spaeification,dlastrites ehtlsidi®ents of tieé insentied d4od,t he use of

any other material into which it is desired to forma high aspect ratio

vi a. O hisgetimrevithlthewlusctiption, weive twexpldid the psimciplestuf thier st nateri al

i nclude, but are not limted to, tetraethylorthosilicate (TEQCS),

f 1 uoB neinstepHOnTECS, and the like. In the present enbodi nent, the substrate

202 is any material into 20 which it is desired to forma via. As will be

under st ood, such vias are often fornmed to electrically couple conductive
metal 1 and netal 2 |layers) which are separated by a

features (e& ) \ .
di el ectric IORIART FYGURI ddisne sideosectiogal ¥igm of & straxctiuze 200 al so

i ncludes, a portion of, a petal 1 |ayer 204, and portion of a nmetal 2 |ayer
206 whi ilPP‘@PB ao%ﬁweeit@a@ﬁﬁéwﬂpﬁ &%%M%f@“ﬁ?h%lﬁdﬂioﬁlﬁﬁﬁ? tya for

pur poses, of the follow ng discussion, it will be understood that it is
desired ¥88%%rm a via which extends to a target (i.e. netal 2 layer 10
206,~hereinafter referred to as target 206) such that an el ectrical

conprgcti on can be nmade thereto. Wth reference still to step 302, Figure 2B
shows a high t t4 i 8 | C, for i substrate
2021 n the POARIRARTIIGORS TR, M technab 6y b0 wRtub@hS 2T2I 1

un| a”de%é%hgtar EoiYention@l %gﬂ%tgpg%ratwgia ' o%méxji %%ﬁégﬁgg}élnf:ﬁgi% tdg bottom

of hi gh "aspe ratio via I sposed at or op, surface
of targefy, h@%nad‘ﬁéﬁ%n BPEhe @Gngéi?tibﬁalﬂﬁkhﬁés?é‘éﬁ edtidlvialisi ust above the
top surface of target 206. Portion 212 10 of "high aspect ratio via 208 is,
t her ef orgnlan@ed;red to as unl anded with respect to target to 206. As
ment i oned above, in prior art approaches, continued etching, associated

wi t @Bconventional via formation processes, , can result in substantial

gougi ng of substrate 202 proximte to region 212. In.fact, is sone

i nst ances, sUSRIQGBAREFHAURE AQ isex side sectional view 2f 2 strutBartehe hi gh
aspect ratio via extendi n%. or enabling a short_fromtarget 206, to netal
1"| ayer hmying a conventional high aspeehratie iz foraned thersintpyexdnate th@ present
enbodi nent thep .l ines high ?spect ratio via 208 with a liner material 216,
shown i rtargguwherein.a partion of the gonyvenlional Ingh aspestratiq ¥igdspr esent

enbodi nent,, linger naterial 21§ is- .a confornal terd al .. .whi cover the
edges/ s/tuanAed aod Whereinpemingindsced by Yissunlanded porion % thnded and
unl grded botth thons of high aspect ratio via 208. Al so, in one

emb6di N RVERUPR aRpeqt Ak S Pie3EPYnaterial ,' . V. , 216 is

sel ected fromthe group consisting of oxide, nitride, and various |owk ~25
materi al s. ~ ., -

FIGURE 2A is a side sectional view of a substrate, including metal
layérs, into which a via is to be formed in accordance with one

embodiment of the present claimed invention.



N Wth reference still to Figure 2C and step 304 of Figure 3, in

thls enbodi nent, liner material 216 is adapted to at |east partially fill
portion 212 of hi gh aspect ratio via 208. Mre specifically, in the present
enbodi ment, liner material 216 is conprised of a material which has an 5
etch selectivity with respect to substrate 202. That is, liner material 216

is conprised of a material that can be etched using an etching process
wherein the etching process does not significantly etch substrate 202. In

one embodi mrFIGUR!E?BBW@%%lB@S&ﬁ%hPW’%Wtl?@gtﬁfctﬁf‘e OF FIGURE 22d

spi non-gl ass material (e. M5Q, and the I1ke) which has an etch 10
sel ecti Vl'lziv&inﬁﬂat Vid fYRRA! tH&eﬁpbﬁtarcema%Qa with! §1ee g5 ditnéntT8f ¢heal is

recited int present enbodi nent, the present enbodinent is well suited to-
the use mesanly cliifRid iBledtion. for |iner material 216 as long as the
material has an etch selectivity with respect to substrate 202. 15
Additionally, in the present enbodinent, liner nmaterial 216 is deposited to
a depth which corresponds to the critical dinmension, CD of the high aspect
ratid via to EEGURET@G is lasidersentibeal viewooftlensticirere of RIGHIRAREE i al 216
is deposited to a depth of approxinmately 10-30 percent of the CD of the

hi gh aspebereintd iner anateriad is alispesedrwithinghenpiaein wkeordanahwatlpect 20
ratio via 208 is to have a wdth or €D--of 0.5 mcrons, liner material 216
will be ehspembodiment pf theippesensiclaimpedinvertdpy. . 05 to . 15 nicrons (i.e.
600 to 1500 Angstrons). Although such a depth for second | ayer 212 of the
second material is recited in the present enbodi nent, the present

material i oi JEYEURE b 5 acs Gk ionsl Vet b Rnatiturent FIGURE 3Ty 1
dgdl oY f ?@Eé&?”ﬁeﬁ't%ﬁﬁ A fegngpied 3“'?#%3&3?5% °r3>‘%éh%sf{§qvw§redt e
rep. 88?@0‘3?* A e AR R e Db et Mo jnveptBBy “216% 0%

et chi ng process In this enbodi ment, the etching

FIGURE 2E is a side sectional view of the structure of FIGURE 2D
wherein a conductive material is disposed with the lined via in

156 accordance with one embodiment of the present claimed invention.

FIGURE 2F is a side sectional view of the structure of FIGURE 2E
wherein the conductive material has been subjected to a planarization
process in accordance with one embodiment of the present claimed

20 invention.

FIGURE 3 is a flow chart of steps performed in accordance with one

embodiment of the present claimed invention.

2 FIGURE 4 is a flow chart of steps performed in accordance with

another embodiment of the present claimed invention.



process is perforned such that liner material 216 is substantially renoved
fromtarget 206. Additionally, in one enbodinent, the etching of l|iner
material 216 is perforned using a highly anisotropic etching process to
ensure that the etching process is substantially limted to that portion of
the 10 liner. material which resides at the base of high aspect ratio via
208. Furthernore, in the present enbodi nent, the aforenentioned etching
process ceases once target 206 is substantially exposed. Thus, the present
enbodi ment sTl@dratingd ebfergedtodasthisidestriptiopesh@did be xdwsesbdand

t hereby prevents del eterious and excessive etching at unlanded portion 212
15 of haghotbegiegt drasn do\scale8kceptnifspedificadly hbkedor esent enbodi ment
reduces gougi ng of substrate 202 even when high aspect ratio via 208 is not
conpletely |l anded on target 206. Al so, in the present enbodi nent |iner
material 216 is also renoved formthe top surface of substrate 202. 20

| nportantly, by providing a high aspect ratio via which is lined with |iner
mat erial 216, high aspect ratio via 208) of the present enbodi nent, does
not suffer fromthe significant gouging found in prior art processes. Al so,
t he high aspect ratio via formati on nethod of the present enbodinent is
readi | y manufactured using existing sem conductor fabrication 25 processes.
That is, the present enbodi ments are-conpatible with existing sem conductor
fabrication processes. Furthernore, unlike sone conventional approaches,

t he enbodi nents of the present invention do not require the formation of
a conventional etch stop layer within substrate 202. Hence, the present
enbodi ments, unlike some prior art approaches, do not require the formation
of substrate 202 using at least two different steps. Additionally, as wll
be di scussed below in conjunction with another 5 enbodi nent of the present
enbodi nent, the present invention enables the formation of an interconnect
whi ch does not suffer from significant gougi ng and the probl ens associ at ed
therewith. Wth reference nowto Figure 4, a flow chart 400 is shown of
steps 10 perfornmed in accordance wth anot her enbodi nent of the present
clainmed invention in which an interconnect having reduced gougi ng thereof
is fornmed. As shown in flow chart 400, the nethod of the present enbodi nent
i ncludes the steps and features of the above-described enbodinent (i.e. as
recited in steps 302-306, and shown in Figures 2A-2E). For purposes of 15
brevity and clarity, a discussion of these steps is not repeated here. The "~
met hod of the present enbodi nent includes an additional step 402 which is
described below in detail. At step 402, as illustrated in Figure 2E, the
present enbodi nent 20 deposits a |ayer 218 of a conductive material above
the structure of Figure 2D and into high aspect ratio via 208. In one
enbodi ment of the present invention, |layer 218 of conductive material is
conprised of a conductive netallic |layer such as, for exanple, tungsten.

Al though such a conductive material is recited in the present enbodi nent,
the present enbodinent is 25 well suited to the use of any other conductive
material fromwhich it is desired to forma netallized interconnect. O her
materials which are well 14 suited for use as the conductive materi al

i nclude, but are not limted to, alum num copper, various alloys,

conbi nati ons of netals, and the LiKke.



Additionally, as shown in Figure 2F, the present enbodinent 5 10 conpl etes
the formation of the netallized interconnect by perforning a planarization
step to renove conductive material 218 from everywhere except wthin high
aspect ratio via 208. As a result, the present enbodi ment provides a

metal lized interconnect which is substantially free of the substanti al
gougi ng associated with conventionally fabricated high aspect ratio vias.
Thus, the present invention vides a nethod and apparatus for 15 20
form ng ADESARIHION OMEHE PREFERRED BEMBODIMEBNESt anti al gougi ng. The
present invention further provides a nethod and apparatus which achi eves

t he above accoRgferenneswill ngw bihmadedpedetaittotbguineterred endpodimentis of a
conventional etch stop %&ﬁer within the substrate. The present invention

al so pr ovih@einvention, egamplesnphwhich sreillesirated w the apeompanxing

fabr1 bat | GRvDREEc bt thedngraga Tl e deroriatoRs B S Faen T Bhdodi men s
11 ot aPEeTed SRR mentont MAdF SR AE0q THebdhen °F6 BE JeRiR e or 1o
mod 1 catiBHE Ca R RRHOR orEes eEiBeRe, “PRHEGRRvE, HBS ShE R BN ng.
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Vartous gLl eh] spitft EhA sbpPBtthe myentioee ARId By HKEN 0T Sl ar
by t ho O Bt clbliny* TILRERACr, 1R tho TEIOH AP SailoA e AR B MRe 0= 1 120,

A nmetigod phiseh€ fneertion) Qi BEbudUspeRifi ¢/ d et allardtide® Forthaindortirited conpri sing
the steps of . a) formng an opening into a substrate, said opening

ext endi ngpriovide 2 thershgh'Gateadtandii} 6fthe presenginventionl. eHdwevepOitt i on of a
target to which it is desired to forman electrical connection; b) lining

sai d openwilybeiobkicusl torvare ofadrdinaaly skilt fin thetrtsthat therpresent invention

may be practiced without these specific details. In other instances, well
known methods, procedures', components, and circuits have not been
15 described in detail as not to unnecessarily obscure aspects of the present

invention.

Figures 2A-2F provide side sectional views of the structure created
according to embodiments of the method of the present invention as set
20 forth in the flow charts of Figures 3 and 4. For purposes of clarity, the
~ following discussion will utilize the side sectional views of Figures 2A-2F 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 forms an opening into a
25 substrate. As will be described in detail below, the via to be formed in
accordance with the present embodiment isa high aspect ratio via which is

intended to be landed on a target to which it is desired to form an electrical



material is adapted to at |east partially fill a portion of said opening
which is not |anded on said target; and 10 c¢) subjecting said |iner

material to an etching process such that said |iner material is
substantially renoved fromsaid at |east a portion of said target to which
It is desired to formsaid electrical connection, and such that gougi ng of
sai d substrate when said opening is not conpl etel y |l anded on said target is
reduced. 15 2. The nethod for reduci ng gouging during via formation as
recited ¢onn@ctiom Unlike someseinyentiogel high aspgetiratid waspthelvidayer. 3. The
met hod for redu0| ng gouging during via formation as recited 20 in Claim1l
wher ei n d imagco with thepresent éovesttigomilmatl inducersulistantial The
met hod for reduci ng gougi ng during via formation as recited in Claiml

wher ei n gengingiofdhe sibstrpte even wdieaca partiom af the vigy isupntandadst Aﬁg of oxi de,
nitride, and |lowk materials. w. 1? = 5. The nmethod f reduci ng
gougi ng mmtwgedlaéwe,rmglbﬁsagctrr@ém‘@é ip ﬁe@'ﬁﬁdﬁ(’laW‘ié‘Fbﬁ@&ﬁﬁ chi ng
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i s adapt to at Ieast partially fill a portion of sald openi ng which is
not | anded on said target; c) subjecting said liner material to an etching
proggss such that said liner material is substantially renoved fromsaid at
| east a portion of said target to which it is desired to formsaid

el ectrical coReRetingstilRb6!steprd02 of Figure 3, in the present embodiment,

structure 200 includes a substrate 202 as shown in Figure 2A which is
comprised of an intermetal dielectric (IMD) material such as, for example,
;ilicon dioxide. Although such an IMD material is recited in the present

15 embodiment, the present embodiment is well suited to the use of any other
material into which it is desired to form a high aspect ratio 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. In the present embodiment, the substrate 202 is any material into

20  which it is desired to form a via. As will be understood, such vias are often
formed to electrically couple conductive features (e.g. metal 1 and metal 2
layers) which are separated by a dielectric material. In the embodiment of -
Figure 2A, structure 200 also includes a portion of a metal 1 layer 204, and a
portion of a metal 2 layer 206 which are both disposed within substrate 202.

25  Additionally, for purposes of the following discussion, it will be understood

that it is desired to form a via which extends to a target (i.e. metal 2 layer

10



20 that gouging of said substrate when said opening is not conpletely

| anded on said target is reduced; and d) depositing a conductive materi al
into said opening such that said conductive naterial is electrically
coupled to said target, said liner material confining said conductive
material proximate to said target. 25 8. The nethod for form ng an

i nterconnect with reduced gouging as recited in Caim? wherein said target
is conprised of tal |ayer. 18 9. The nmethod for, form ng an

i nt er coRV@cherginafter-rrfestedyoues harzet 206 isueh that englectricglaomnectiond | i ner
mat eri al i% conprised of conformal material. '~ 5 10. The nmethod for

f or m ng®3 beAnade sRexete- with reduced gouging as recited in Caim.7 wherein. ..
said liner material is selected fromthe group consisting of oxide, o
nitride, and lowk materials. 10 11. The method for form ng an interconnect

Step é)e S R FelieRie 56 !ttgfﬁ%sﬁgwgs?é%dﬁﬁ%@%ﬁ%%%%%ﬁg&”%t%?ﬁgsS i}
ik . (PRRCERER 18O The -
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exposedendy; H0gs THEROM Ot rhAh Y1003 a0 aEh A BiflepuGs 9guoi ng as

recited 1n arm n sard con i‘ve materrtal 1S a netalr material. |
~ i1 . i ) 1 i.Ng as i
et t eat LoD, ThAR 15 M pbAidH 2942F chebBHEANOFENeriect £RHE Fa SUKANS,

conduct gihodH &t bAnwst! dBe et opNRHIAE offtarget 206, drll ShoHIRortGY | N

reduced gougl ng thereof, said iInterconnect Conprised of 19 a) an opening

formed B2 ¢s Aobaidpbicd & oS pis aPRYBILHE t6 barfdco of tariget 2060 Potbfdd 12 and
termnating on at |least a portion of a target to which it is desired to

f orad anofhipd! aspeet rationdat20Bis, bhetdfory, refdreed 86 adiviianddd/withng sai d
opening such that said liner 5 material is adapted to at |é€ast partially
fill a pespecbbo tdrgeaitd 206enAs gnevticied above, ihgriedartnappraichesget , sai d
| iner material reducing gouging of said substrate when said opening is not
conpl et esntifined etichings associatege withednventionahwiscfarmation qniogksstiss posed
wi thin said opening, said conductive material electrically coupled to said
tar get , camresult insubatantial gougingofsubstnage 202 rosHate to segione212) -
proximaje to said target. 16. The int{erconnect hav'i ng reduyced gzou?i ng of
C ai m 130 fpeds &5 Rowgi 1@Stances; speh EOMEINE 8N SV eRdtesplY 1y pprtion 212 o

15  the high aspect ratio via extending, or enabling a short from target 2086, to

metal ],_?;layer 204.

With reference now to step 304', the present embodiment then lines
high aspect ratio via 208 with a liner material 216, shown in Eigurg‘ 2C. As
2  shown in Figure 2C, in the present embodiment, liner material 216 !is a
conformal material which cover the edges/sidewalls of high aspect ratio'via
208, as well as the landed and unlanded bottom portions of high aspect ratio
via 208. Also, in.one embodiment of the present jnvention, liner material * .
216 is selected from the group consisting of oxide, nitride, and various low-k

"25 materials.



15 17." The interconnect having reduced gouging of O aim 15 wherein said
liner material is conprised of conformal material. |I ' 18. The interconnect
havi ng reduced gougi ng of Claim 15 wherein said |iner material is selected
fromthe group consisting of oxide, nitride, 20 and lowk materials. 19.
The interconnect having reduced gouging of Claiml5 wherein said conductive
material is a metal material. 25 20. The interconnect having reduced
gouging of Claim116 further conprising a plurality of conductive materials
di sposed Wi t I¥ittsidfereaRestilDto Fl%ﬁe 2C BrPstepB0ALE Fighire/S, inAhid Au. A A
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15 Additionally, in the present embodiment, liner material 216 is
deposited to a depth which corresponds to the critical diniension, CD, of the
high aspect ratio via to be formed. For example, in one embodiment, liner
material 216 is deposited to a depth of approximately 10-30 percent of the CD
of the high aspect ratio via to be formed. As an example, where high aspect

20 ratio via 208 is to have a width or CD-of 0.5 microns, liner material 216 will
be deposited with a depth of approximately .05 to .16 microns (i.e. 600 to 1500
Angstroms). Although such a depth for second layer 212 of the second
material is recited in the present embodiment, the present embodiment is
well suited to depositing second layer 212 of the second material_ to various

2  greater or lesser depths. More iﬁ]portantly, in the present efnbodimcnt,

liner material 216 should conformally cover the edges of high aspect ratio
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via 208, and the unlanded and landed portions of the bottom of high aspect

ratio via 208.

Referring now to step 306, the present embodimient then subjects
5  liner material 216 to a etching process. In this embodiment, the etching

process is performed such that liner material 216 is suﬁstantially removed
from target 206. Additionally, in one émbodiment, the etching of liner
material 216 is performed using a highly anisotropic etching process to
ensure that the etching process is substantially limited to that portion of the

10 liner material which resides at the base of high aspect ratio via 208.
Furthermore, in the present embodiment, the aforementioned etching
process ceases once target 206 is substantially exposed. Thﬁs, the present
embodiment stops the etching process after target 206 is exposed and
thereby prevents deleterious and excessive etching at unlanded portion 212

15 of high aspect ratio via 208. In so doing, the present embodiment reduces
gouging of substrate 202 even when high aspect ratio via 208 is not
completely landed on target 206. Also, in the present embodiment liner

material 216 is also removed form the top surface of substrate 202,

20 Importantly, by providing a high aspect ratio via which is lined with
liner material 216, high aspect ratio via 208, of the present embodiment,
does not suffer from the significant gouging found in prior art processes.
Also, the high aspect ratio via formation method of the present embodiment
is readily manufactured using existing semiconductor fabrication

‘25 processes. That is, the present embodiments are compatible with eﬁsting
semiconductor fabrication process_es. Furthermore, unlike some

conventional approaches, the embodiments of the present invention do not

13
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require the formation of a conventional etch stop layer within substrate 202.

Hence, the present embodiments, unlike some prior art approaches, do not
require the formation of substrate 202 using at least two different steps.
Additionally, as will be discussed below in conjunction with another
5 embodiment of the present embodiment, the present invention enables fhe
formation of an interconnect which does not suffer from signiﬁcanf;
gouging and the problems associated therewith.
}
With reference now to Figure 4, a flow chart 400 is shown of steps
10 performed in accordance with another embodiment of the present claimed
invention in which an interconnect having reduced gouging thereof is
formed. As shown in flow chart 400, the method of the present embodiment
includes the steps and features of the above-described embodiment (i.e. as
recited in steps 302-306, and shown in Figures 2A-2E). For purpoées of
15  brevity and clarity, a discussion of these steps is not repeated here. The
method of the present embodiment includes an additional step 402 which is

described below in detail.

At step 402, as illustrated in Figure 2E, the present embodiment
20 deposits a layer 218 of a conductive material above the structure of Figure
2D and into high aspect ratio via 208. In one embodiment of the present
invention, layer 218 of conductive material is comprised of a conductive
metallic layer such as, for example, tungsten. Although such a conductive
material is recited in the present embodiment, the present embodiment is
25  well suited to the use of any other conductive material ﬁoﬁ v_vilich itis

desired to form a metallized interconnect. Other materials which are well

14
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Additionally, as shown in Figure 2F, the present embodiment -

5 completes the formation of the metallized interconnect by performing a
planarization step to remove conductive material 218 from everywhere
except within high aspect ratio via 208. As a result, the present
embodiment provides a metallized interconnect which is substantially free
of the substantial gouging associated with conventionally fabricated high

10 aspect ratio vias.

Thus, the present invention provides a method and apparatus for
forming a via wherein the via is not subject to substantial gouging. The
present invention further provides a method and apparatus which achieves

15 the above accomplishment and which does not require the formation of a
conventional etch stop layer within the substrate. The présent invention
also provides a method and apparatus which achieves the above
accomplishment and which is 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 many modifications and variations are

25  possible in light of the ai)ove teaching. The en_nbodi;nents were chosen and
described in order to best explain the principles of the invention and its

practical application, to thereby enable others skilled in the art to best

15
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CLAIMS - -
1. A method for reducing gouging during via formation, said method
comprising the steps of:
a) forming an opening into a substrate, said opening extending into
5 said substrate and terminating on at least a portion of a target to which it is
desired to form an electrical connection;
b) lining said opening with a liner material such that said liner
material is adapted to at least partially fill a portion of said opening which
is not landed on said target; and
10 c) subjecting said liner material to an etching process such that said
liner material is substantially removed from said at least a portion of said
target to which it is desired to form said electrical connection, and such

that gouging of said substrate when said opening is not completely landed

on said target is reduced.

2. The method for reducing gouging during via formation as recited

in Claim 1 wherein said target is comprised of metal layer.

3. The method for reducing gouging during via formation as recited

20 in Claim 1 wherein said liner material is comprised of conformal material.

4. The method for reducing gouging during via formation as recited
in Claim 1 wherein said liner material is selected from the group

consisting of oxide, nitride, and low-k materials.
% -

17



[ CCC: DDDDDaB7 @< 100F=109%0% ()-7' ! 109%0& ()- S5#109%& ()-!a

3- &109%M0h0& () - 1M 10%0& () - /10%& ()- DDD E5EUEERF] K@< 100

109& ()-!3#1090M& ()- mLO%& ()- 10%& ()- 109%&' ()- 100 100ORFFF5GSHHHIEK@<
1008@0% () - M@ #10%& ()- ! 10%& () - @f

109%&' ()- @ 109%&' ()- 109 () - H+l ol | JUKCcKJEK@< 100 710%& () -

@#10%& () - Y-! 1098 () +#10%R & (109%& () - @10%&' () - CKKKKKKLMVH\ : 0< 1! ;

9y’ $10% #(#& (9-- T methed (fpr se ¢ingoEBaRing-dutinghia akien (9s recited

91 109%&' () - MAQD5PQ>RARBRWUG

105Y=1095& Claimp} gémwld)etcbn%pwwpa& comprised®fohighly) - | k9y' $109X5X5
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10% &5( ) Sy2|61 O'fﬁ nggthog fl Oo/gguémg gdulg]igg é(u.r(&lg via formation as recited

in Claim 1 wherein said etching process of step c) ceases once said target is

exposed.

7. A method for forming an interconnect with reduced gouging, said
10  method comprising the steps of: \

a) forming an opening into a substrate, said opening extending into
said substrate and terminating on at least a portion of a target to which it is
desired to form an electrical connection;

b) lining said opening with a liner material such that said liner

15 material is adapted to at least partially fill a portion of said opening which
is not landed on said target; '

¢) subjecting said liner material to an etching process such that said
liner material is substantially removed from said at least a portion of said
target to which it is desired to form said electrical connection, and such

20 that gouging of said substrate when said opening is not completely landed
on said target is reduced; and

d) depositing a conductive material into said opening such that said
conductive material is electrically coupled to said target, said liner material

confining said conductive material proximate to said target.

8. The method for forming an interconnect with reduced gouging as

recited in Claim 7 wherein said target is comprised of metal layer.

18
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10. The method for forming an interconnect with reduced gouging as
recited in Claim 7 wherein said liner material is selected from the group

consisting of oxide, nitride, and low-k materials.

11. The method for forming an interconnect with reduced gouging as
recited in Claim 7 wherein said etching process of step c) is comprised of a

highly anisotropic etching process.

12. The method for forming an interconnect with reduced gouging as
recited in Claim 7 wherein said etching process of step c) ceases once said

target is exposed.

13. The method for forming an interconnect with reduced gouging as

recited in Claim 7 wherein said conductive material is a metal material.

14. The method for forming an interconnect with reduced gouging as
recited in Claim 7 wherein step d) comprises depositing a plurality of

conductive materials into said opening.

15. An interconnect having reduced gouging fhereof, said

interconnect comprised of:
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is not landed on said target, said liner material reducing gouging of said
substrate when said opening is not c;ampletely landed on said target; and
¢) a conductive material disposed within said opening, said

conductive material electrically coupled to said target, said liner material

10  confining said conductive material proximate to said target.

16. The interconnect having reduced gouging of Claim 15 wherein

said target is comprised of metal layer.

15 17. The interconnect having reduced gouging of Claim 15 wherein

said liner material is comprised of conformal material.

18. The interconnect having reduced gouging of Claim 15 wherein
said liner material is selected from the group consisting of oxide, nitride,

20 and low-k materials.

19. The interconnect having reduced gouging of Claim 15 wherein

said conductive material is a metal material.

25 20. The interconnect having reduced gouging of Claim 15 further
comprising a plurality of conductive materials disposed within said

opening.



