; >?e3eTB{ T?xxyt z"zdz6zT{), 17 MAY 2002 1 BURI ED BUTTED CONTACT AND METHOD
FOR<FABRI CATI NG DESCRI PTI ON Technical Field The present inve t7 i 002
concerned with a buried butted contact. Mre particularly, t SM nz-
invention is concerned with providing an ohm c contact through shall ow
trench isolation of an n-type diffugion to ground or a p-type diffusion to
Vdd. The buried contact of the present invention is vertically displaced
fromthe top surface of the substrate and permts the contact to be forned
in reduced area. The buried contact of ’lpr esent invention does not
extend to any si gﬁpﬂ%ﬁpTgﬁP&QN'{ﬁf%ANPH@ HOP FORKARRIEATNG f usi on.
According to the present invention, a buried diffusion is contacted bel ow
the surface of the substrate to sum@@pqltdﬁum on of an opposite polarity
type by a netallic-type interconnection line. The netallic-type

i nterconnection line can be a netal, a netal alloy, and/or an internetallic
silicide. The present invention |sTa<Fh§t931c%ﬁéerned with a nmethod for
fabricating the buried butted contact. Background of Invention Butted

contacts have neep@esgﬁqstetl%n ﬁgntc@ntt wgh thrye%uaté t&mc@nme pgmlmqy Qfe @

p-type diffusi.on to cont elatlvely
e corftHER: MEHEL Kot R el R aR e e AT et ay et SRy Eef whoheh ¢ oq
cont act s df A attyeesdiffisipsitp grooppors vevadidifugian b’nVCb‘I odk Surigd qentact ?féh%arﬁﬁenact ive
area, whenehyort is@erticAllly WssipRte dfoatths tahosurfade cdHershisprateHoMREIits thhtmtdceehni que
requires b%L{-"&frdeH'ixﬁ%EuJe&’%leae%é‘Btﬁteb Qorﬂ%&%‘?tﬁe%r&%ﬁ%h% Jo'@@ﬁotl%%ehd il £rfyU5' on

types are, I’ a I |ng u | NCr rea. .Further re
L he: subst VAT EIer CURPLEE oo e PRI AT MBI R SRR REE: T i LT
tends to dfusiands contreted dglowdbe fughce of thersabrtiate torsuree Bk siemelan aspasite wel |
cont act dididritssiyp& bg e installicogpd inticbnagepic O el efhe e aalicEl pgaitcecadeion lite &

g?l :Ng?/fad Eeh@rgetglog%tsal Ao f%/&Qn%te%&@%‘sﬁ%diﬁ?ﬁ% ﬁg?eyg/ﬂﬁnﬁns\glfﬂagﬁgcgﬁéﬁzeﬁ :E)Fe
to provi d‘en’a Bﬁttl?%g’ E%ﬂ?aéB? “t‘-’f?gf‘eﬂf%‘at‘ﬁ Fage (iess real estate along with

elimnating or at |east significantly reducing contam nation of the device
by dopant diffusion fromthe butBaekgrowdtofibiventnmmary of | nvention 17
MAY 20(12 -2 The present i nvention provides butted cont acts that require

reduced area a { m nat i cont mna QﬁQ t q‘XI fromthe
dopants of thelaco ac ws%ﬁve N useraqorlcrcl’{}tea% Edn S&lons Ofgbo R ?5 Sk \ng an

n-type di fiffigigngp Vidg pa\mmhep%r&ateg cpytags HTOV‘F‘E@F%?PVF‘@S oRAS C%%tfng dy A

Accor di ngmetbod typicpliyesmeiityed fov erebtingrouttbheoncent iaeives glasieg dripostel diffidios ploaked
fromthe 4@Rn srtérsfaas ectgt ateiaewmtcm@tmml\/broekmrﬂot e¥driap.| Mowddbr, agipect of the
present ?V ﬂ%t}eore ulras su c1enlt efapes\{\zlalfte in otrd b I‘I e%npe%ttbtﬁ%o&oﬁ&g%h {Faggrecrgl I S€es

a substra g conduc Ivity type an V|ngs dl | ow
trench |56’feétf“i’other5‘i’?’dta Hgblbé‘ﬁteﬁﬁ %% ng a bottom Dopants of a second and

opposite conductivity type are located in the bottom of the opening through
the substrate agdhaaug, the sibierakoiddi@bntadt difdsios habh btddragiledd aiFRTl @fisA, Ohmi c
contact belwegn.d 95&%% faduth if giﬁstorr%&foqgmg%g th\é'\»te)tgﬁrﬁ?c‘% ok 5 dopant s

of the second a posi e con I VI rovi si.de wal | of
the openi ST Th SRR e P L Eote 6985 1'ss Lol Verkips dopgpbiisio ?f&yp%fhtaﬁﬁﬁmes

i nt er et altypedromith¢ subgigate Theelbetichepusprdhip éwadtah@ edge portion of the

shal l ow trench isolation and overlaps a small portion of the dopants of the

first conduct! Wkybypa: APhOEILATPRGL oL, 1M PEEREN DUERLI A1 b3 al S0

concerned with ove-descr rleg contact. The
met hod of °fAi abtﬂéé**éhtellmlﬁvgﬁtoraheebﬁ*gtlﬁea y'ﬁf*mgoﬁonam&agﬁb PRt AV ng
dopant s ofdopant diffissioncomrdihe birtked gontagpe and havi ng shal | ow trench isol ati on
and an openi ng having a bottom The opening is delineated in the substrate
down to the vicinity of the bottog& r#@ﬁ ag%hﬁom1trench i sol ati on and
overlaps a small portion of the edge o h allow trench isolation and a
smal | portion of an edge of the dopants of the first conductivity type.
Dopants of a second and opposite conductivity type are inplanted into the
bottom of the op t hereby forma buried contact. A |layer of a
metallic type el mmw & ummw&nductlve naﬂmmwﬂm Mmm@mﬂ05|ted on a side wal

of the opening t c contact opants of the first
conductivity type in*ape*substrate and dopantsS,Ri« t he second and opposite
conductivity type. The nmetallic-type electrically conductive material is a
metal, netal alloy and/or internetallic silicide. Still other objects and
advant ages of the present invention will becone readily apparent by those
skilled in the art fromthe follow ng detail ed description, wherein it is
shown and described only the preferred enbodi nents of the invention, sinply
by way of |Ilustrat|on of the best nDde contenplated of carrylng out t he

.



Sunmary of Draw ngs 1 ~ MAIf 2002 3 Figs. 1-2 are schematic illustrations
‘of the structure at different stages of fabrication accordi ng t2 M:&Y
present invention. Best and Various Mdes for Carrying Qut |nvemt IZUUZ
order to facilitate an understandi ng of the present inventi on reference
will be made to the figures which illustrate a diagrammtic representati on
of the steps of fabricating the buried butted contact according to the
present invention. It is to be understooed-that when the discussion refers
to n-type inpurities, the particular process steps are applicabl e to p-type
inpurities) and e pRLi o]
substrat es ot her \’ﬂhggyne\é%{t qlﬁkiggfﬁgn \Aﬁrbwh&abru[e?teg%gﬁactg ﬂx\éf gul € fedtslceghég%asﬁg Q’ltﬁ
sem conductebminatitgednasnatine bfithe devigr pr tHel dopAhts efihe otrilact.t Ohe prefetit tnhemtm re,
when reference,is made to inpuri "first t and inmpurities of
¥ Second Fyaes Ty Conteerh g pomb bt enado siund & ey Pakeion g1 LLP T ey
p-type i WpU’ch&r’dt%? t@fh@ pregaﬁmémtoxp@e cdclsSreftiRally \BspPREP Fbh @hCBP it fdck ¥F tth¥
type That is "first type is p) then the "second type" is n.

the "first Stﬂgﬁﬁeﬂ? IS n then the "second type" is p. P-type dopants for
silicon include i r
silicon include g\?gsrg Qru@dléfwbgtt'ﬂ%e&d?% é‘ﬁg’%e %ehtnoq‘ g%nclé%w&%t‘ %ﬁ&{ §urttzgé)ent

i nvention, ceftadt Itlmwcdm;ﬁmed”a $L$Sﬁaa=,thMgZOPmtsmf@\firdednduﬁtl\atyng andrhdmﬁg ghallow

substrate Fi The sem copduct subs rate js typically sjlicon
ut - can be G SR sudhi eiaacEBrE RATERT droratis R gty opesiiontuciiiy
sem conducti@e.arellBatddSie kiRtboR6in Githe BFentigl thio@gh e Qbk@ERe arfll @R th thetBork bEMMBI t y
of the top ortlon of substrate 1 iIs (%o ant 3 of a first conductivi t%th

(5]

The dopant shadlowdrengh isqipeong S comacttbﬁeveea@é degantsiof the digst eerelugivity e ap
phosphor us 4 t

boron) al um %a&gdaﬁp %nr%adz;a&gé)b%é% Eonqtdngwg?%f)g{tgﬁgg%& Iggf)lgg\% A ﬁ%y an
convent i ondlhe toemlrmcqmet smm;ms%a ahetd,usetalnalioy andior mmhvatathatsﬂmrde TUh® ormhing)

t he dopant co ra |on of st .conductivit e is at. |east out 5
x3010" ar oS Beies Famn g AR Lhfife iRt At kel w PR b
patterning dbp&;&ruque&sts;umcmtybypeappl yi ng a photosensitive reS| st mat erial,

exposing it I magewi se to actinic light such as UV radiation)

radi ation or E- he¥Rienapest plothe prgseat ipyader sl seuremsd ik A nte&wdé?r fﬂ'émt'%@e
openi ng. | NtREIERDE Blirid RABLL | Y& FRbE bf thehfrefRBl Idvgﬂloﬁ)%gﬁu?ﬁ@s Roidifz a
actinic light is renoved by dissolving in a suitable solven In the case
of a negat isvestiptadeving dorents of RdiryeprduetivididyPeesegd dgeins shplipidreneh isplption anglan i s
removed by 0 a i

t hen acts ag!arﬁ§%7%aq'idgfanbottgm ﬁ]g é&l?ligpls ‘?191 dl\égtgé ntiwg“u % (évotgg)l}s{]gltc?ﬁtﬁgg % to
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portion, tyRipamkbya sloendand ogéosnm&ntiﬁbnabp%e dre iBla@Ed inbethelbbfons bfohe Speafngt he
first conduct|V|ty type. In other words onlméa smal | portion of the

openi ng oveP gy ifere elyéeddonite A fF i meta ﬁmesféqcatcabhce%t@wa mptesipl She
edge of th%es&msul&t A ymé Ya1Pbt tt\@epetﬂnrg% 1oP16 Birhic ¥Bnthdf BErwRHE the @8 SinR6k Bl tirdt0

t he edge of such. In the case of ET butted contact, the conductivity of
the first toyp@cwwyl tytzﬁematlrrﬁ subsixate] anéﬁdpamsrof ghereomd bud ervgsiteondustivityt tige. The
conductivit he fi - wel ' .S rate
Lot pr ot dte e b ek B b REe e el 8 BB s 17 R0k iRhBe e SHBSE 050 D
reactive ion et cltitighthel objactt yai adedntagrasiphepraeanindintign il tbdaem@fee&bnatpparent

i nventi on, opant of the secqond nd op conductivity. e is then
i npl ant ed |br¥t8$ g“]l?gt‘f‘dh? 8% frame thspfe ?‘ﬁ’ﬁg etaﬁ?fjt g‘}‘f&“@%ﬁ’ge tret"h‘é %B%angf
the first tyReLELLNY tpretthQl BRRDLMIHADIARPANNLOHE, sihify P ANGS i) BRatioR of YHee)
is indium In the case of t he dopant of the first type beling p-type, the
preferred dpamdegentemdatsbelsnanying pet tedyapegn. i As willtbe Ashged theduindphy cpRgble
preferred asnaet skl LHERRM LAY AL ﬁe&hfarggﬁﬂ?l% oﬁmgtlftmnaawanalsand
opposite conductivity type ex ative usivit

char act er i stbivioss refmtsdmw dbnSarmrtgefr@toplasnmveftlon heAcserdmgly, m@oﬂe@cpmuen iseto be
conduct i vi t% t%{ e s1 ou d be Uffl C|0tent E{ocu etow de an adequate ohm c contact
and is typi'c&" {aaét U LSBT A0 TR EeSH Y S s/ cn2 and nore typical ly the
dosage is no greater than about 1 Samkidrg ofiDeswingN?. A second photoresist 6
is applied and then patterned to expose only the areas to provide the
butted contact. The pattern exposes a portion of the shallow trench
isolation at the



boundary with the silicon substrate, The exposed portion of oxide isolation
. is renoved by etching down to the bottom of the substrate. Typical ly) the
smal | portion is only about .OL un2 to about 1 un2 and nore tygi MAYY280Put
.03 un2 to about .09 unt hbxt) the netallic type interconnection 7 (see
Fig. 2) between the dopants of the figst conductivity type and dopant of
the second conductivity type is forned. In particular, exanples of sone
suitable nmetal silicide layers include titaniumsilicide, nolybdenum
silicide, zirconiumsilicide) hafniumsilicide, vanadiumsilicide, niobium

silicide, tantalum.silicide i ci.de ste silicide. Such
can be f or med Y- b spged e P ittty MPeh RS Slglepch |

addi ti onacqonénaw‘fettm priegent ippentiomt er connect can be provi ded by depositing a

| ayer of a refi-refactory nmetal or refactory netal alloy such as tungsten,
titanium zirconium hagfgi g,;}a}% Bytligrh@dm chromum and
nol ybdenum The preferreéc} drir&g}tvgr I's t&l%!]fgosrtﬁéﬂmn lf'u can be deposited by
sputtering or chem cal vapor deposition. The nethods for depositing the

i nt erconnect laywestodraditatelah ukdeoianding of the pzasentdamMgntiee tefarerce yél kbasadeithed
herei n i Bhefbyired Wdith uﬁtetraiebdtagﬁfnmhmlteaﬂas@tat@ﬁ@ftﬂestepE’aftfaﬁtcstu% th&Burkd0 and
4,392, 15%&“%]‘?0% aggy I%m% Omlpgpsegtrlgvelng&orporat ed herein by reference. 1~

MAY ~~~~ |c t I nterconnect layer ? is provided on side wall
of the opening and cont acts the di ffusion of the second type and extends to
t he diffusi on lof te heufdersstodttigyevhen theidiscupsion ndere $& artypetimatritieheherpartigulirc t ype
I Nt er conmpesessaxdps Ak z{'i)glﬁﬁai)l@lﬂ@b'&y&\/iﬁtbuﬂtfég B kick Perdd.eAlsOfthd pRsoPasttiofls t he
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about 10 erab thick. The
struct ur 6°BiGH) EPEESEE e ties 81"5%1&1e‘§§?rﬂgo BB NEP ™ He IRV PRB TSRS eadi | y
appar ent made tcioweritideiof & st tipet"laed b impuriiées oém weoreittpmeectt &t underbiood thahthehe
above des6fst PipkORferd foeh— cw@t@sé inpaeRdsQad aeeaddifyg réfersttb enepps@at | nvention
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in nmuch snaller ‘aiea arti one
conduct i Vi Byher{he “reg Wot BB Hev e darenia i cign %1“% Sk oG B ng

i mpuri ti endgfdivyrkN$eecledangofad siidon iciude exspric, sahosphonus agfd autizmamee f or mati on of
the opposite polarity junction. Furthernore, the present invention provides

a buried cont a&écox‘diﬂé'té‘me gri3he xhv'?enﬁﬁl b SR, tEd?attotﬂ% 199&391%&&1% aIOO' arity

doped substr at cont am pat | 0 curs from
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above t edmblenggorantiip@elly, He dkart lcormentkaioniotthg dirsdconduetivitgtenedn bt lagst abolih®
enbodi ment §UgsEIAEd her ei nabove are further intended to explain best
nodes known of practicing the invention and to enable others skilled in the
art to utilize the invention in such, or other) enbodinents and with the
various nodifiAnereaing 4izerayifedin the suhratebt eigrpettampeitechpnissudy sses of

t he i nverdpplying aAbcosabbitigl sesistt theerthd SEpdsipt itdmagesisnod adtinicdigbeshch @s UVmi t t he
inventi Onra@llgtld:nhﬁ Ifag"i‘zmia@lb§ 6} £9REh hﬁra%brnm Ar@d&ertntneﬂ %at'té?ﬁ %%Qe E}ﬂ%ﬁ)eﬂlﬁke
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substrat et’he shallow trench isolation. The opening is patterned such that the opening overlaps a small



ohm c contact between said dopants of a first conductivity type and said

« dopants of a second and different conductivity type |located on a side wall
_of said opening and being selected fromthe group consisting &f

silicide, a netal, netal alloy, and m xtures thereof. 2. The gul@?*@lqngd
contact of claim1 wherein said ohm ¢ contact conprises a netal. 3. The
buried butted contact of claim2 wherein said netal is a refractory netal.
4. The buried butted contact of claim2 wherein said netal is tungsten. 5.
The buried butted contact of claiml1l wherein said ohm c contact conprises a
met al al | pRptionsof thmghalinyt frengh fgletienatctbnirarch edee and i smell parkien dynicallpphpub Rl ¢
cont act cpmpwisbes lgufef te dffukibe B dethe first Thralutzivity exbeb Uit stket vooody, anly aghalt]l ai m 1

wherein t lglpmné §pe91fn Bhfﬂagg trhgTedée%@qgfswmwtt%namaam\eﬁteﬁd 9&9%% ab# on of

at | east bout t cont claim1l
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of cl ai m dontdeertké Bordadtivits ubxht GAt &/pk willsdeld @8ll. 10. The buried butted contact
of claim9 which conprises iridiumas one of the dopants and anti nony as

t he dopant of secqnd different conquctivit e. 11. A nethod, of
orm ng . buri Al EOHPRAE AER |GORBPICEeD SR P B4 BEPF FE bTThg
dopant s ofs by @fmnl@tngcmtimlpll ¢lichipe.t ype and haV| ng shallow trench isolation
and an opening having a bottom delineating said opening in said shallow
trench isolatign, 99‘%1 eRan'?eaéc@m%H, $4 [l? p‘?eseﬁtﬁmeﬂﬂ}rf qoﬁgp%me Qeo eéﬁ:ﬁond and

opposite conductl sal ening to t form
2 buried CEMeLEgand sty yvge*ftﬁﬁwmz piad o %aév geref wa&y‘*erlnalre S of the
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conprises g Jggggglls,{aolérgaxer théh abdiieL pﬁ@@:gg,%_llq}fnz.cl aim 11 wherein said ohmc
contact conprises nmetal silicide he process of claim 11l wherein the

dopant of the fi rst conductivity type have a concentration of at |east
about 5 x 10' 9 Aateesrs/RhpioresisRe isHppligdrap Eheg ppfterpddio/pracse Qe Hhei acat kergvidant s
of the seclongit@ddooppoTht eatcomeixpobds\ai postiohypehesballew aredasiagaionfat ete | east

about 1 x bb%dﬂ'{ya&tlt(ﬂrfﬁé §fidon sﬂ-b%trat-ghel“hg'é%&%spo%on(& 3k JsémmGiE ?e'nﬂv&i%ydetchm
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as one of d%n seco nd d| er ent

conducti vi t},s;n tzwgénore typlcally about .03 p.m to about 09 pm®.

Next, the metallic type interconnection 7 (see Fig. 2) between the dopants of the first
conductivity type and dopant of the second conductivity type is formed. In particular, examples
of some suitable metal silicide layers include titanium silicide, molybdenum silicide, zirconium
silicide, hafhium silicide, vanadium silicide, niobium silicide, tantalum silicide, chromium silicide,
and tungsten silicide. Such can be formed by sputtering such as from a solid silicide target. In
addition, the metallic—type interconnect can be provided by depositing a layer of a refractory
metal or refractory metal alloy such as tungsten, titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, and molybdenum. The preferred metal is tungsten. Such can be deposited
by sputtering or chemical vapor deposition. The methods for depositing the interconnect layers
are well known in the art and need not be described herein in any great detail. For instance, see
U.S. Patents 3,768,150 and 4,392,150, disclosures of which are incorporated herein by reference.
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As can be appreciated from the above description, the contact created according to the
present invention is vertically displaced from the surface, thereby allowing it to be formed in much
smaller area. In particular, a mask to block implants of one conductivity type need not be defined
adjacent to a mask for blocking impurities of the second conductivity type so as to guarantee
formation of the opposite polarity junction. Furthermore, the present invention provides a buried
contact implant that is self-aligned to the opposite polarity doped substrate and that no dopant

contamination of the device occurs from the butted buried contact.

The foregoing description of the invention illustrates and describes the present invention.
Additionally, the disclosure shows and describes only the preferred embodiments of the invention
but, as mentioned above, it is to be understood that the invention is capable of use in various
other combinations, modifications, and environments and is capable of changes or modifications
within the scope of the inventive concept as expressed herein, commensurate with the above
teachings and/or the skill or knowledge of the relevant art. The embodiments described
hereinabove are further intended to explain best modes known of practicing the invention and to
enable others skilled in the art to utilize the invention in such, or other, embodiments and with
the various modifications required by the particular applications or uses of the invention.
Accordingly, the description is not intended to limit the invention to the form disclosed herein.

Also, it is intended that the appended claims be construed to include alternative embodiments,
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What is claimed is:

1. A buried butted contact comprising a substrate having dopants of a first
conductivity type and shallow trench isolation, and an opening having a bottom;

dopants of a second and different conductivity type located in the bottom of said
opening in said substrate;

ohmic contact between said dopants of a first conductivity type and said dopants of a
second and different conductivity type located on a side wall of said opening and being selected

from the group consisting of metal silicide, a metal, metal alloy, and mixtures thereof.

2. The buried butted contact of claim 1 wherein said ohmic contact comprises a
metal.

3. The buried butted contact of claim 2 wherein said metal is a refractory metal.

4, The buried butted contact of claim 2 wherein said metal 1s tungsten.

5. The buried butted contact of claim 1 wherem said ohmic contact comprises a

metal alloy.

6. The buried butted contact of claim 1 wherein said ohmic contact comprises a
metal silicide.

7. The buried butted contact of claim 1 wherein the dopants of the first
conductivity type have a concentration of at least about 5 x 10" atoms/cm’.

8. The buried butted contact of claim 1 wherein the dopants of a second and
opposite conductivity type have a dosage of at least about 1 x 10'* atoms/cm’.

9. The buried butted contact of claim 1 wherein said substrate is silicon.

10. The buried butted contact of claim 9 which comprises iridium as one of the
dopants and antimony as the dopant of a second and different conductivity type.

11. A method of forming a buried contact which comprises:

providing a substrate having dopants of a first conductivity type and having shallow
trench isolation and an opening having a bottom;

delineating said opening in said shallow trench isolation down to said substrate;

implanting dopants of a second and opposite conductivity type into the bottom of said

opening to thereby form a buried contact; and
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12. The process of claim 11 wherein said ohmic contact comprises a metal.

13. The process of claim 12 wherein said metal is a refractory metal.

14. The process of claim 12 wherein said metal is tungsten.

15. The process of claim 11 wherein said ohmic contact comprises a metal alloy.

16. The process of claim 11 wherein said ohmic contact comprises a metal silicide.

17. The process of claim 11 wherein the dopant of the first conductivity type have

a concentration of at least about 5 x 10" atoms/cm’.

18. The process of claim 11 wherein the dopants of the second and opposite
conductivity type have a dosage of at least about 1 x 10'* atoms/cm?.

19. The process of claim 11 wherein said substrate is silicon.

20. The process of claim 19 which comprises iridium as one of the dopants and

antimony as the dopant of a second and different conductivity type.



