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METHOD FOR FORMING A'-HORIZONTAL SURFACE SPACER AND
DEVICES FORMED THEREBY

BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD

The present invention relates generally to the field of semiconductor
manufacturing and, more specifically, to a method for forming spacers on horizontal

surfaces.
2. BACKGROUND ART

The need to remain cost and performance competitive in the production of
semiconductor devices has caused continually increasing device density in integrated
circuits. To facilitate the increase in device density, new technologies are constantly

needed to allow the feature size of these semiconductor devices to be reduced.

One of the bedrock technologies in semiconductor fabrication is the use of
sidewall spacers. Typical sidewall spacers are formed using a conformal deposition
of a spacer material over a structure, followed by a directional etch, as disclosed in
Pogge, U.S. Patent No. 4,256,514, “Method for Forming a Narrow Dimensioned
Region on a Body,” assigned to International Business Machines, Inc. The
directional etch removes all the spacer material from the horizontal surfaces, but
leaves “spacers” on the vertical surfaces of the structure. To form sidewall spabers
material is conformally deposited over the structure, covering the horizontal and

vertical surfaces. A directional etch is then preformed. This directional etch
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removes the material from the horizontal surfaces, while leaving the material on the
sidewalls to form sidewall spacers. These spacers are inherently self-aligned with the
sidewalls. These sidewall spacers can be used in a wide variety of applications for a
wide variety of reasons For example, the use of sidewall spacers has been particular
useful in the formation of field effect transistors (FETs). In this application sidewall
spacers are formed on the sidewalls of transistor gates, where they are used to protect

the gates and allow for improved dopant control at the gate edges.

Unfortunately, the sidewall spacers has several limitations. The most
significant limitation is that sidewall spacers, as their name implies, can only be
formed on the vertical surfaces or sidewalls of the structure. There is no
corresponding simple way to form an inherently self aligned spacer on the horizontal
surface while removing all the spacer material from the vertical surfaces. Such a
horizontal surface spacer could be used in a wide variety of applications, such as
whenever selectivé processing needs to be done to the vertical surfaces while the

horizontal surfaces remain protected.

Thus, there is exists a need for a self-aligned spacer design that covers

horizontal surfaces while being removed from vertical surfaces.

DISCLOSURE OF INVENTION

Accordingly, the present invention provides a method for forming self-aligned
spacers on the horizontal surfaces while removing spacer material from the vertical
surfaces. The preferred method uses a resist that can be made insoluble to developer
by the use of an implant. By conformally depositing the resist over a substrate having

both vertical and horizontal surfaces, implanting the resist, and developing the resist,



. METHODFOR FORM NG A HORI ZONTAL SURFACE SPACER AND DEVI CES FORVED THEREBY
BACKGROUND OF THE | NVENTI ON 1. TECHNI CAL FIELD - The present invention
rel ates generally to the field of sem conductor nanufacturing and, nore
specifically, to a nethod for form ng spacers on horizontal surfaces. 2.
BACKGROUND ART The need to remain cost-3nd performance conpetitive in the
productionof sem conduct or vi ces has. caused conti.nual .y .i ncreasi ng :
devi ce denglg)etrfgllswsirﬁ?gﬁ?&aﬁgﬁq&a v Exg]icf‘ surfpgesewlifg remagning %t}fgﬂ&”@%@fi n device
density, newfiehTalgal CF-Aipfcs oRReARthmIESISE hb&&h&l%&f&{% \I’Iﬂﬂﬂ{)ﬁ%e sl ze

d One of the be

of these sem conductor devices to be reduced. rock
t echnol ogi 8RacERMatariat sri¢moved fioabthiecatticahsurfices eThis horidonsdl defadd spapacer s.

Typi cal sidewall ,spacers e rrmed usj.ng a.conformal deposition of a
spacer mat &P n@\?é'rse‘gms@’%ﬁ?ﬁf {i’gé‘,"atl'?ﬂ' ?@WHCWCQWW}FW&%{S%%IE?HES

di scl osed uFfdraGRocessed wittdd &ire msts%rﬁéést&&@ferenmtl hgl%c{;s%réhé: P& Nar r ow
D mensi oned Regi on on a Body," assigned to Internat}{ na usi ness - Machi nes,
I nc. The dhomzmitalrsatfaedsalf arsmbstvats, al | t he spacer material fromthe

hori zontal surfaces, but |eaves "spacers” on the vertical surfaces of the
structure. To form sidewall spacers material is confornally deposited over

the structure, qR¥rdfBded HRtHS dEBRRAL I ZY QAL : ifdugct ! onal

etch is then pref o?mad.' Thi s di recﬁ]o gl etzcﬁEQ%%%Lf%g r(r%ﬁ& mSP;evr%l qugon
requiring excessive processing complexity. The preferred method of forming a '
horizontal surface spacer can be used in many different processes where there exists a

need to differentially process the vertical and horizontal surfaces of a substrate.

In one appiicatioh of preferred method the conformal resist includes a dopant
species, such as arsenic. After the horizontal-surface spacers are formed, the
substrate is annealed, causing the dopant to diffuse into the adjacent horizontal
surfaces. This can be used to form conductive lines, such as bitlines, at selective

horizontal surfaces.

The foregoing and other advantages and features of the invention will be
apparent from the following more particular description of a preferred embodiment

- of the invention, as illustrated in the accompanying drawings.



., *@00002* 8 OCT 1999 - 2 - renpves the material fromthe horizontal
surfaces, while leaving the material on the sidewalls to form sidewal |
spacers. These spacers are inherently self-aligned with the sidewalls.
These sidewal| spacers can be used in a wde variety of applications for a
wi de variety of reasons For exanple, the-use of sidewall spacers has been
particul ar useful in the ﬁﬁ’rﬁ%ﬁb%eﬁm? Nd(aﬁfﬂﬁ&kﬁ sistors (FETs). In
this application sidewall Spacers are rmed on the s evvaIIs of transistor
gates, where they are used to protect the gates and allow for inproved
dopant control at the gate edges. Unfortunately, the sidewall spacers
has -several | i ni ke prefesredpremplssy e@bgﬁmem:afhtbe Prasertanyestion svitl hateimdfttewal |
spacers, as t ane i i es forned on e.vertical surfaces
or sidewal ISDe %chl%egi EIBEN%‘ W‘fﬁiﬁle aquxﬁi%je i e ?hg © desigialiotsy to form
an i nher entdeoeaie e@émgﬂgqnapacer on the horizont aI surface while renoving
all the spacer material fromthe vertical surfaces. Such a horizontal
surface spacer could be used in a wide variety of appli cati ons, such as

whenever sel ecti r.ocessi needs to. be do 0 the ti cal surfaces
whil e the hori zcﬁrﬁal 1%%1?1?30‘&89' p3fr lflgtaé)cf?fgﬂeé Method £ ‘i’ﬁ MiRore is exists

a need for mRrigehthr-alrfd88paceRacer design that covers hori zontal surfaces
whi |l e being renoved fromvertical surfaces. DI SCLOSURE OF | NVENTI ON
Accordingly, the present invention provides a nethod for formng

self-aligned sp tSs.qn the horizontal surfaces_while renpving spacer
material from t%ﬁ&%g%aggprogwchgg&sx \ead o @?%&Wrﬁ'ﬁf‘ﬁg‘&f"l@&ce&s%m st

that can bgnEBERIAHS Wittihg g}éfeﬁed/&hewﬁleﬁvoﬁthe H3EGhveifloh P! ant . BY.

conforrnally depositing thé resi'st over a subs rate avi ng both verti cal

and hori zont al surfa_ces i npl anting the resist, and devel oping the resist,
~ FIGS. 6-7 are cross sectional side view of wafer portion during formation of

buried bitlines in accordance with the preferred embodiments; and

FIG. 8 is a cross sectional side view of a wafer portion after formation of a

~ high performance MOSFET in accordance with the preferred embodiment.
BEST MODE FOR CARRYING OUT THE INVENTION

The preferred embodiment of the present invention provides a method for
forming self-aligned spacers on the horizontal surfaces while removing the spacer
material from the vertical surfaces. The preferred method uses a resist that can be
made insoluble to developer by the use of an implant. By conformally depositing the
resist over a substrate having both vertical and horizontal surfaces, implanting the
resist, and developing the resist, the resist is removed from the verticai surfaces while

remaining on the horizontal surfaces. Thus, a self-aligned spacer is formed on the



. 3 the resist is renoved fromthe vertical surfaces while renmaining on the
hori zontal surfaces. Thus, a self-aligned spacer is fornmed on the

hori zontal surfaces while the spacer naterial is renoved fromthe verti cal
surfaces. This horizontal -surface spacer can then be used in further
fabrication. The preferred nethod can bé -used in many different processes

where there exist need, to differentiall rocess the vertical and
hori zont al %QU??%@%FC%WE'E%E}FPB?‘@_matenal ‘%‘T‘?g‘oﬁfﬁ‘gﬁefr’r@ﬂ VREtRbEIrEres.or i ng a
hori zont al 'T%Wﬁ&%nﬁx@-@ﬁﬁéce%ﬁ&rd%ﬁn%én%%e& ﬁﬂfﬂl’rﬁlbpﬁbﬁéﬁﬁﬁg Iul\}/ eddrRCESSI g

conplexity. The preferred nmethod of formng a horizonta ace spacer can
be used i nmwimd Wi férevieg hopzanassefacewmeers Wil fizstdbel debaritedNREdwWed by a
differenti %II . ?_rocgs% t.he ve ti(%zl and horjzontal surfaces of a Substrate.
I'n one applFEEPHER obf OyFief spndistording darmpadevithy Hreqradgrred argthed. i ncl udes a
dopant species, such as arsenic. After the horizontal -surface spacers are
formed, the substrate is anneal ed, causing the dopant to diffuse into the

adj acent hor i zofMuahing uokaod3G. Thi methad 10€ forsoting HofikoRtELAGEASE k¥Reld NES,
such as bitlines, at selective horizontal surfaces. The foregoi ng and

ot her advafft %Fg‘f@gdaé\‘ﬁ%l withhe predersed embodimpatis ilbistraed]  Bee mpthad ean beused t he
folLow 1O FRL SRty bRApiRSREANA0IAL aBh RIS LA AL SIRREAERL gl LN

invention, as illustrate e acconpan
DESCRI PTI OherficalWdNZOntal surfaced bfa géviéer red exenplary enbodi nent of the
present invention will hereinafter be described in conjunction with the

appended drawi ngs, where |ike designations denote |ike elenents, 'fand

A st s T 090 VIS, Ao AL ESL R S S ™
vertical surfaces. Such a substrate can suitably comprise silicon or other -
semiconductor wafers in various sfages iof fabrjéétion. Fdr-éxample; the substrate
can comprise a silicon wafer on Whiqh a pluralit;of devicé's: .a"re to be connected
using a buried conductor layer. The substrate thus includes both vertical surfaces,
which are to remain uncovered, and horizontal sﬁrfaces, on which the horizontal-

surface spacers are to be formed. The substrate can include an etch stop layer such

as silicon oxide for use as a develop stop when the resist is developed.

Turning now to FIG. 2, a cross section of a wafer portion 202 is illustrated in
which two exemplary trenches 204 and 206 have been etched, forming pillars 208
210 and 212. These features are exemplary of the types of features that ¢an be
selectively covered with horizontal-surface spacers in accordance with the preferred
embodiment. The trenches and pillars of the illustrated structure can be formed using

any suitable method, such as conventional photolithograpic techniques.



. FIGS. 2-5 are cross sectional side views of wafer portions during
processing in accordance with the preferred enbodi nent of the present

i nvention; FIGS. 6-7 are cross sectional side view of wafer portion
during formation of buried bitlines inséccordance with the preferred
enbodi nents; and FIG 8 is a cross sectional side view of a wafer

portion after f0 mati; 1gh, BE &0 URRCe MEBREANY de@sitarsiitable with the
preferred errbodr 8%@%% FOR CABRYI NG OQUT THE | NVENTI ON The

preferred efmﬂﬁixht%ﬂiltloé rdstse [Rrefseattly,itheeaist sriopHdYPd 84chd A Sr f or ni ng

sel f-aligned spacers on the horizontal urfac Vidigbit e spacer
mat eri al frmsb@OV@rlﬂSQ!&h’leéﬁfiF‘éfé%%er RS g arnrtecfl r!reéstrrﬁgl uésd;s a resist

that can be, ma QBRI mie thhitowsiaidize de implmnt endgy

conf ormal | yd%‘@ ft Bﬁgeélgtslrg %I&J(e)vefyg substrate having both vertical and
hori zont al ﬁégdgaqg?aﬁérﬁmgar@msng the resist, and devel oping the resist, the
resist is renoved fromthe vertical surfaces while remaining on the

hori zontal surfaces. Thus, a self-aligned spacer is forned on the - 5 -
horizontal surfaces while t S L 8oRsilark regmuads Heguxittd gronent i cal
surfaces. This h&rrezeefﬁmf %%?“E%yes‘%é‘g‘r goﬁjmt hen be used in further
fabrication fmg iinef OTHis regishimsiszeamalainigueriropartiep akisstsitwi | |
first be dedcrl ed, foI | owed by a description of a bgéP '%I' O“rdéi&t@anr%éh
formed withcambe rlem‘lmerdeismﬁm%dtlve and negaf}YFrtHP?]&S% e ¥

100 for formn ont surf ac 8§ a chef810¥ 4886 08ition (CvDpr ef erred
-enbodi nent 8N ormaéré%ﬁ%‘ ed‘llﬂelg %@gﬁglgn be used |dr§’aa&§m) de variety of

appl i cat i ong, yhet epiikq jibciAs ddbedtotichy fs wpes aidgoprac ss oxygea i0e ¢ | cal
and hori zont surfaces of a device. e fi rStgﬁ g% |s toﬂprovr de

a suitable smphintation drdyiimgdiation radV l%‘?&l”\ﬁé? preggiee lgb%’hel

subst rate can sujt abl rise sili q%g&g WaftRes I n
vari ous st adere efexpy 'gg?’dﬁonﬁﬁlcog%gﬁ%%m%EﬁgugédsEﬁﬂ) e can g:vorrprr se a

silicon waf ef, 19£'te%f/9ﬂi%gn ST Bllicoy dadxideisifomsedanehd upoeechmme@tae@sulé ohg a
buri ed conduc ayer. The substrate thus |ncl ude; II‘E \fie |carloc§ysrfaces
whi ch are tthseammnuwhdadreetmexaﬂ@dr?érqsze‘ﬁﬁlalasé’ﬂ‘ryrs s TS HCYHTRR

hori zont al -surface spacers.are t SihhadctetRBly raflovde an
etch stop Ia‘}té’rz"'%fi@ig‘égy’sqlﬁl\eﬁghso Utl?o L?é)&e&sp 12'%? %ng?/,el op storg'I when t he

resist is de&ﬂe? Bidon (to make a negative tone image) or silicon dioxide (to make a positive
tone image). In order to enhance the formation of silicon-silicon borrds during the

deposition, low plasma powers and low temperatures are used. Silicon-carbon bonds

are generally not cleaved upon exposure, and degrade the resist response. A process

for the deposition and development of these resist films has been commercialized by

Applied Materials, Inc., of Santa Clara, CA. A general description of the process 1s

available in the literature, e.g., R.L. Kostelak, T.W. Weidman, S. Vaidya, 0. Joubert,

S.C. Palmateer, M. Hibbs, J. Vac. Sci. Tech. R, vol 13,1995, p2994-2999, T.W.
Weidman, A.M. Joshi Appl. Phys. Lett. vol 62,1993, p372-374.



. Turning nowto FIG 2, a cross section of a wafer portion 202 is
illustrated in which two exenplary trenches 204 and 206 have been et ched,
formng pillars 208 210 and 212.. These features are exenplary of the types
of features that Can be selectively covered with horizontal -surface spacers
in accordance with the preferred enbadinent. The trenches and pillars of
the illustrated structure can be forned using any suitable nethod, such as
convent i onal pHattb¢ preficrgrdagnioodimehtnofgbe preser invention Ret polysilage tesisFisG. 1, t he
next step 104.is to conformally deposit a suitabl.e.inplant-sensitive
resist. Pr%?‘if’b‘z? Q?gaf‘ﬁ% tqr’gépg‘l'%f'sle"?ml%& a&‘ TSRS {mplpnted Wit Axygenr eas
become | n5hdhe ek APUBHEPRAth AUt BRI RYcBhEARa ERBI G ub! € 11
devel oper. Al'so, the resist is preferably nade t?n to mnrmze 1he anount
of ener gy thesedmittions qfatdistrthattwere nesingilanted with@xggax divpthermdre ginsaniet abl e
resist is a %silﬁne resist that is deposited froma plasma forned with
met hyl si | &?8;.0 Pt the ggsist 1gfoped apd pegd tadifduse dopapidpiciadiacent postionsiaf can be
devel oped pPeSi:t | i3 | 0 t he resi st can
be conf or r?gf f‘?ﬁ e%bglﬁitlge{f\éﬁlsr?(r}gu E‘gtg %c}rfé?? grg@%f{lfegélﬁﬁéerﬁ%g ‘%g%%‘b%eqaéﬁ%si tion
(CVD) prodmsied cohduador dpplicationbe activated both by two types of exposures,
an oxygen ion inplantation or by irradiation wwth UV light in the presence
of oxygen. During either type of exposure, the silicon-silicon bonds are

cl eaved, and oxygen reacts with the activated silicon atons. Silicon
dioxide is fornmed in the exposed areas as a result of this reaction, while
the unexposed atmciBermamtiinl that qaalbesistdnean ibslastevadior: REQCRPSIydllicohzes
chemi stry, either in solution, vapor, or plasma form that selectively
renoves eiboRwsilican qaady conformallis dapesitedpsios anpeenventiena) teshnighe.i con di oxi de

(to make itive t i l rder enhance th ornmati on of
silicon- sﬁ(ﬁ?@zlﬁédb[locﬁasbggﬁar(%e%g?%%e 1e8%g?5 lfr%tr}f?drloé{/g% Bf%é%@'?ﬁi)c\ﬂé?ls and | ow

t enper at urdeselaper wikd.suiable borondaphmn Wit RdsimpRinganeealtbmamabl®ieaved upon
exposure, and degrade the resist response. A process for the deposition and
devel opnerffatgievelggee resist films has been commercialized by Applied
Materials, Inc., of Santa Clara, CA. A general description of the process
is available in the literature, e.g., RL. Kostelak, T.W Widnan, S.

Vai dya, 0. JoubBurhingSoS toFFIGTR} thefexervplahi Wher pdrtioM202 isBlustres Bter VoI

13, 1995, p29g)4- 2299, T.W_Weidnan, A M Joshi A&gl. Phys. Lett. vol

62, 1993, paprmphresist layer 302 has been depqsed ksgaver awirhentInof the present
i nvention ' ' ' i, | I to manner. In
parti cul arafcpfrﬁggér%‘?ldsl?& ?eréﬁ?rﬂﬁ?%mbég“ﬁm&?% t%x%%i%[%?aggéssf SYgaﬁar 5@6?10"8&,6| oped
with a chlbteth the lorizbntahamevadtv sofisdes imtie wasDmetgoenl y t hose portions of
resist that were not inplanted with oxygen. Furthernoie, in one enbodi nent
the resist is doped and used to diffuse dopant into adjacent portions of

t he substrate. ' W i i r ail | [ with
reference to thfgﬁgbﬁe}xﬁg%bggﬁé%‘f&\%ﬁ%%} F@@%’Pgﬁo tle hrgplzgmg\ﬁ%utrﬁg?s (?Ffatﬁ%ri al that
can be usedsistdayar wittph spucieseha intdkes theasiist lays.inf0ls id dsempefoirysi | i con can
be conf or nal I%/j%iderfosi ted using anévconventi onal technique. Polysilicon can

be made i ¥ ABIP'#H RsEPERS WRYIdyRrD%IRGRd P8 His iSRSt usat.c ofslengeyeiftier with a
Zgbgﬁg:ogr ARpPh e RRAbLy Wb Ed W iARAE iR BRTGEBY e ROLEG 1O that
surfaces while not implanting too far into the vertical surfaces. The implant is
preferably done at a perpendicular angle to the top surface of the wafer such that

implanting in the vertical surfaces is minimized.



. Turning nowto FIG 3, the exenplary wafer portion 202 is illustrated after
a conformal resist |ayer 302 has been deposited to cover the wafer portion.
In accordance with the preferred enbodi nents, the conformal resist |ayer

302 covers both the horizontal and vertical surfaces in the wafer portion.
The next step 106 is to vertically inpl-éht into the horizontal surfaces of

the resist layer with a egli es t ha}'&) magtes ttfe resi st layer insoluble in
devel oper. The t)ﬁg’é eé?mP_ngiW it UpEE (Ot bre gl Silene RSt AR pEYRENdON tRRlaRids| st
used. The enge@mmbd mhhe pbipRhdBhlal &itArteS BorBhia) SEEREL 6 teQubithd '%Ph@“t
into the resist on the ﬁprlzontal surfaces while not 1nplanting too tar
into the vermr¢fered sesist.abssexpThige wildicamst theshqizehtat surfaces ofithe aésia to

‘per pendi cul ar_angl. e the top surface of the wafer such that inplanting in
the verti cal e%‘if??é‘?@@"%hs”‘rﬁ?(ieﬁ"\p%%ﬂlu“Q“SBfrhe oxygen implant spipssradly when usi ng

the preferred§ihadgsihesis j ' A S A made
per pendi cul ?ré wth tsﬁe“’ h(l)r I rzr%@'?%llq&s‘%? adé%geéodr?g%%gtl%ltsb%f?’ﬁgéeg{&g%%{nt he
preferred rekicgic ot hagnesiciitziditeacvelerate teshatobé idiRowardt A srtick¢aral the

resist to becone insoluble in devel oper sol utions. The oxygen inplant is
preferably ¥ Gusesthe ornggndoibsimipkantedrintorrgeist. (Ihig imeplantatéen preaesgeifférons of

oxygen uses @ik & ] ggg%ﬁ | i . rat.e. the charged ions
toward the sﬁirﬂ} aé():[g&g?bl\%e{%?. ?iﬁeg%ﬁlg Zé tlﬁlsge)@%s:%fetﬁ atcﬁ_“‘ﬁéa l%?’h{ﬁg%d into
resi st. Thi dightyh et presemoe pf oRBRs aditidrer s from conventi onal processes where

the resist is exposed to actinic radiation (e.g, light) in the presence of
oxygen anbi ent. When using a polysilicon resist, boron is. preferably

dover oper . Thie [ VAAEuERE ¥Bbiyb0s Klic bordIPk ofIRlBly BHPIRSEERo kR o)
that accel epalysilicbaoanhd hoviotsal stifacey ifsalubleth debélop@f eThis GapRhE it to be

inplanted into the polysilicon resist. Typically a BF2 inplant "of |x1015-
| x1018 i onsFefRably pertoriney usingsrign amplapetopbthabacetlerstestuirgms towardsthe esi st

i nsol ubl e i g, ge o i now. 1.0 _Fl 4. the exenpl.ar. fer
portion 202§| S }éﬂtﬁg%%feé’dp aé‘ﬁ‘é‘%ﬁ#é Hélqrﬁl ?%Eerqdflgétf&%?okyﬁ%‘fs%fesisﬁtng?‘é%lﬁ’gt 302.
Because t heaiBFpliraptant 6f NEIdE- pRIPesiseHt af 10 ReVhie pheshBignd alaks Wi aces, those
surfaces can be fully inplanted fromtop to bottom while the verti cal

surfaces of PPhelicea résist diselubly ingdoveloperd. Again, this is facilitated by
selecting an inplant energy that inplants through substantially the full
t hi ckness of the resist, w thout having enough energy to inplant fully down

the vertical por Tuoiisg abwitbEIGesithé exenipldrh ivaafarpoctidBOR €@t shoWifaces
becone insoluble in devel oper while the vertical surfaces are substantially

unaf f ect ed. @ RaPeRAGRIAr Ipplaphiateiresist 392 Hscavse theimplertds atady psgperditeldr t o

fully react i i ... Thu the. - 9 - ener and dose

of the i npl g#tﬂg L rE)g%f)lrﬁélf %?%g}g ¥ ?ﬁsoes ?g%#%%g 4 ‘?"uﬁs"i“\y imglanted frqm t?m@gqy%trof‘bont al

surfaces, whiilethe vdrticalisogfade3RAChe fedist 26 n¥LdffdckAl Apaid, A8 Ss facilitated by
selecting an implant energy that implants through substantially the full thickness of

the resist, without having enough energy to implant fully down the vertical portions
of the resist. In this way, the horizontal surfaces become insoluble in developer |

. while the vertical surfaces are substantially unaffected. Additionally, the dose of

implant is preferably selected to fully react the resist formulation used. Thus, the



.~ Returning to FIG 1, the next step 112 is to develop the resist. This can
be done using any suitable etchant that is conpatible with the resist used.
For exanple, when a silane resist is used, a plasma chlorine etch will
renove uni npl anted portions of the resist without effecting the oxygen

i mpl anted portions. Qther resist formi%tions may use ot her devel opment

t echni ques. Turni.ng .now to Fl { . tion 202 i
T st rat dneaiasd doe Aiaimaenyars oty Ve RS el MGl croved,
whil e the ji ool ani edeRAr LLANSmEinfifiRk FhpR0% MheRBitital fice£mi ni ng por ti ons

of resi st now conprise ’horizontal -surface spacers 502 that can be used to
facilitate differential processing of the vertieal surfaces relative to the

hori zontal surfaces. It should be note hat thi.s process ically | eaves
a smal | porti onReturmniag faFIGd2 thanshsiggil lsttﬂéiteﬁ?}ﬁgﬁleorFSIf%eﬁ-Fgé:ﬁghgs. The

anount of overhang can. T iCkpessaaiplé he
resist. &ne“f ,nytsﬁggt%?g@traﬁg%h@%g%lp §rr§%1ltg Q%gﬂﬁ%gaﬁéggefo form p

hori zont al W& § stsheSRsisEE Ssath) agitashanchierinesetch ivill emvvdeniaplasted pottions
processing situations. For exanﬁl e, the p[ef erred nethod can _be used in the
formati on of the résistivathosbefertingrthe prygen BuplBEIROTIRRS oY MEf Fetare used to

i nterconnegt devyi ces, . S r LS idMel h-out requiring the use of
separate cﬁ’mﬂ%i"%}%“wr‘#ﬁgth%gd%‘é& p%g{%lqﬁﬁé case. One exanple where a
buried conductor is desirable is in a pillar Dynam ¢ Random Access Menory

(DRAM. In particular, the buried conductor can he %ed. 0 for(g%éhe bitline.
that connects. t Feming howdo FGoT. fheexamplany wafer pasagn 202 sdHUsFEL2 ot ed t hat

whil e the pref di pent_ hs | j 44 L4 boriBRsi N DRAM
dovi ces, 1 brmptanted porions pEFRla, o R Eiplic bl IRATRLA porkehs 0 D

menory dev,eRSisE 96 reédih N eTRRAM M alnigdortivis of ksist ndwdobipriae ButizdRAM Bur st
Ext ended Data CQut put: DRAM ~ Synchr onous . DRA c). .and St,atiﬁ Random Access

Menory ( SRéMfacarsgacers SQ2thabcarobgsugeddg fagiita 'ﬁfgrts flpregessing OhtlSs SraM
P,i pel i ned %grtusc}il s%%'c\:@s %Ea%iv)e to the horizontal surfaces. It should be noted that this

| process typically leaves a small portion of resist 302 overhanging the edges of the

i trenches. The amount of overhang can be controlled by selecting the thickness of the

resist.

Thus, the preferred embodiment can be used to form horizontal-surface
spacers which can be used in a wide variety of processing situations. For example,
the preferred method can be used in the formation of a buried conductor line. Buried
conductor lines are used tb interconnect devices, such as transistors, without
requiring the use of separate conductive wiring as is typically the case. One example
where a buried conductor is desirable isin a pillar Dynamic Random Access Memory
(DRAM). In particular, the buried conductor can be used to form the bitline that
connects the various memory cells in the DRAM. It should be noted that while the

preferred embodiment is described with reference bitlines in DRAM devices, it is



. To formsuch a buried bitline several variations of the preferred nethod
are used. First, a diffusion barrier layer such as silicon dioxide or
silicon nitride is formed at the top of the pillars. This can be done by
formng the diffusion barrier |ayer before the pillars are etched. Wen the
trenches defining the pillars are etched, t+he diffusion barrier |ayer
remains at the top.t fo d pillars. Secon the conformal |y deposited
resist is dogléﬁai’ ‘qagﬁqtﬂd@g&ﬂ“@%i’gﬁ@ﬁ%ﬂ?e% éE?rB%WfdG?"CF%?Wﬁ@“F’rJSRWi ed
bi tlines. FoyaexRARlExtetd@ D4EIRI TREAR, BAREEXRS& D&@@L@nm W th
arseni ¢ during deposition. After the suitably doped I nplant-sensitive

resi st has b&grheamus DRAMY etdg pod Stagid RantdomnaccpatNemosd SRiMpartdigs | mpl ant
t echni que described above, and _devel pecgﬁ.ﬂ This results in_the doped resi st
being | eft offTANONHdASYISRIANous SRANe3yncirnods BRANG Hirsheed Burst SRhAMe
vertical surfages. The wafer is then suitably anneal ed, causing the dopant
to diffuse fromthe doped resist and into the vertical surfaces of the
substrate. At the bottons of the pillars, the dopant diffusion forns

conductive bitlines in the substrate. At the tops of the pillars the dopant
di ffuses into theTAiferysychn Bued ilinesovaralyiggationsof dereprefesed sndshodharei al | y

| ffuses aifemgichis B
eparat o dopant. Sty Ay P BarrPlaft XK SOt ARl B8 bilo R (2o

with the dopfonnedattheeop ayte pleirf 9THRIChe be dondbyt forthif the8iffilsionBAsier Thi S
variation may be preferabl e when_a_ hi gher dopant dose is desirable.
After the' diRyerdiedors the pillagraregtobpd Mehen the frgnehes defining the: pillpp etk etThesl,

di ffusions c i Vi i rat.e dif.fusions for e separate
conduct or s (121.9 8 .H?us%n il%ﬁgr fsag%rgrre gn?igr% bal?%}rel tﬁ%@f@ﬁ“‘%‘i@h"?i ﬁéc‘?ﬁaﬂs % t her
etching the diféramlgidepbstedrresials UspdttoanGudd fkhble MoPAR S5 & esTHE PorRSng
reactive ion etchin Turning now to FIG 6, a wafer portion 6%2 i's

i|lustrated A buﬁi:‘égi'th'n@uinasmnﬂrftﬁl@@t@fwr@h&ihﬂeresis&y@rbesmpeuasitkbmmic

d ited h d d, et ched f I
{1 enches. cor Al spRoing Arer HesTOaY B Bl RN R0 Fl @ 7,

the wafer pogonferinabgepssiteld] 4 shi phtesn@f itz e SMplaalie¥hi@REdbscribed above,
i npl ant-sensitive resist has been deposited, inplanted, and devel oped, and
af t er dopantandrdsiyeloped.r diis neswlts indhe depedaesigdeingdeft pu dhechdrizootat siefaces,er

portion 602. .The t.rench t hen fur.ther etchg@ﬁto di.vi,de the diffusipns
into separ at%ﬂ@%%%&g fl:n\ql%‘yg??fﬁ%nsl .?heA‘éeé'fl%% Spiaceso fAGvatFyip eré‘ssui‘tgtﬂ?‘qa’t"ﬁe@ ed

patterned resusihgahe ddpRnbOLdiHISe REmithe BsHATeHAAna icto GROverhble kErthdesopr Mms
conductive bitlines 702 and 704. Likew se, the dopant diffuses into the

di ffusi on bahe péistiatey eAt Bpbostomstad thepillats, thdopant (diffesionfoeme conductve

revented fr I ing.lnto e silieon substrate. .. .After the
gopant has bbg@ﬁl%%j§4€1u553 tfaﬁ?'op{t:ﬂ}ée @8%85&5?@?“% ﬁlg%pgmidhﬁquﬁs I8 HhG can be
stripped usidiffusion®agier ¥&yet i Bius BoeBidt subdtaniaRPEffe@thOhliRFying YillRh! €

process. As anot her exanple, the preferred nethod can bé used to
facilitate dalaaserigbonioptmgapnlicatien, asepirets] dopantisqures ldygr ssfpusecbefaranaf er

wi th horizontal surface spacers,tq a gaseous dqpe source., Sych a process
coul d be usghefeg‘l it PQS‘E‘?D“SW éP?ﬁPMﬁé%“fF% Ve ernpdvath g repistny ol ve
making a si llagen THPSfa8be mylte RN WatiEa hplkadd L ORS; doped N+
and P+ di ffusfégns for gourceyancfﬁdrai n cont?act%g. Aﬁggtt(([:(ﬁggs?d(;%”???m

conprising a suitable material such as silicon nitride would be deposited,
and the wafer patfgrned tao formtrenches. Hori.zontal. surface_spacers are
then formed usi'nd&ﬁ?’fetgf)pg?‘?ﬂ?”é&rma.?he\/(iemﬁ“'{‘Pﬁ'er"'é‘éé@élf“ﬂi’ﬁ?-e?h%l fornmed on
the hori zont@frusibhd 3% AVl %FBE?%@E APedsftss Y& Js%%ék%pgp# A5 GRicic i, gxposed

sidewal | s are doped wth a suita opant. Thi's can one using &
sui tabl e gaseous dopant (e.g.,




. - 12 - AsH3 arsine vapor for N+ regions, and B2H6, di borane, for P+

regi ons) or depositing a dopant source |ayer (e.g., ASG or BSG doped oxi de)
foll owed by an anneal. The horizontal surface spacers protect the

hori zontal surfaces during this procedure. The sidewall doping connects the
doped surface areas to the transfer gatld,- ensuring that the diffusion
overlaps the gate channel region g} t he Eottom Wth

the si dewasdperaopilines) pie ca@hads by, THEE FE mgéhesl?(’(r%{oﬁbgﬁthﬁéﬁeﬁé 'ésub%?fered HF,
HF vapor, Li?{)l uohlc?nsgeéos gﬁ 99@?0% @ﬁgnérhe wafer is cleaned. Gate .

dielectric® etre his is preferably done by grow ng
silicon dioxi deT'uﬂuﬁ@ﬁoMt@Hm}I 6 'EheaferﬂcﬁmarhBOZmpkimtramdcbmwblshalsumblent ation
of silicon will cause the silicon dioxide to’ €§ t hj cker on the,verti cal

si dewal | s. diffusionrbemdér lagert69d has beeredengsited andithatihes besn %‘i‘&mﬁéﬁflé fEded o

pl anari ze. ntacts and, wirin afniwef er
portion 809 °§m|tWPlf§<FP‘£Eaé&“eH9‘\‘/ﬁ§?6@ﬁ aggﬁ% Lr?d%ﬁ@’ghas een forme\él@ua ng
the preferpgd t&ﬁdﬁ'oﬂ tﬁ@wﬁfér%ﬁwﬁém 1fsqmtrﬁlueﬂfaﬁsn DnstaBBAopad timplsitdewal | s of-
the trench. The | ogi’c device includes a polysilicon gate 808 and_a gate

di el ect ri cs@kliveDesist s baen deppsisedimplanigids WWWF@F%%@?@S‘ PapbiAm he

sources and drains of th Vi C p thod to
sel ecti vel e&&ﬁ@lf{‘ﬂ%‘?f%ﬁ@é‘i’?@g cﬁﬁgé(aﬁh{é tP‘ﬁ%ta fé? h&q‘& %?53 @E%{g\f}@? aps the
gat e Channﬁ{enrfg[ih@ﬂetéﬁe ttBQh\HQé Rraiftsibieintd @Psite conductivedines M gaimahe
processes woul d use si spacers to selecti velelr dope the sidewalls.

Unf or t unat dbyant tdiffuses fom the paﬁnn@dﬂﬁlﬁgt the betterss af trerches A%t #3d % h t he .

si dewal | spacers i call es trast,

Dy s, ng : e LACHAPIHSSIIG SpAarh or s ptie HORRE Brmbd: 585
facilitat etﬁjéb 1ff§ﬁf(‘>ﬂt ?rllerqﬁ’fé'r%gl%t tHelt8p 6f e \waldrs wihcheit iprevertel fomf usi on
regi ons can ormed witHout the danmagi ng reactive ion etching. - 13 -
Thus, the [ifffising do éreisilddomsubstiate. been used to form sel f-aligned spacers
on the horizontal surfaces while renmovi ng the spacer material fromthe

vertical surfaces. - This horizontal-surface spacer can then be used in
further fabricaty ﬁ’&’ thé HS%;H]Q hAgbédh dlﬁﬁséchﬁtrdS&hé Qbs@htePE ir@daiaimpdudstananl i nes
and si dewal | dlf usi on regions. Whi | e the invention has been

parti cul ar lbe ssiiyped wsing aieactiveied etaht BHFHE vapereot efhesrsuiirblgipresess: enbodi ment
to formbitline diffusions in pillar DRAMcells, those skilled in the art
will recognized that the process can be used to form source/drain and other
di ffusion structug Qﬁﬁﬁﬁr exaN IR o preferitdimetRdbeanttR ussd &y Bicllinste byletthase
skilled in the art at the'i nvengl on is applicable to different isolation
t echnol ogi efopies ¢f the bEXFCH, surfacasts;eckmma@ v(@ﬁ@)«ylth sqmzoné%lém)facevﬁ@werafm

Cinder St ood & FREHHIPRESPHICE: SRch AERTTHETET O 10 S Teapel egbpley 1 =© P
silicon- basﬁsg M@S@E’rog*rl(-?g v&cﬁxl@mvoﬁ}e@mg Risiieb@Eubsihtei wisagptopriaell at or
(SOD, sili germani um (Si Ge

isolation regions and doped N+ and P+ diffusions for source and drain contacts. An
etch stop film, comprising a suitable material such as silicon nitride would be
deposited, and the wafer patterned to form trenches. Horizontal surface spacers are
then formed using the preferred method. With the spacer material formed on the
horizontal surfaces and removed from the vertical surfaces, the exposed sidewalls are

doped with a suitable dopant. This can be done using a suitable gaseous dopant (e.g.,



. - 14 - CLAAMS 1 A nmethod for formng a horizontal -surface spacer on a

" sem conduct or -substrate having hori zontal surfaces and vertical surfaces,
the method conprising the steps of: a) conformally forming an inplant
sensitive resist | ayer on the horizontal surfaces and the vertical
surfaces; inplanting into said inpliant sensitive resist |ayer

substantiall endlcular o said h onR:

i npl ant sens%gg'f\? IRGPOf f(freN FER5 ﬁ%&% [gxtgﬁ{an? surf?e(s,geé&é?gr 5{}% th%t ially
i mpl anted ang Ml%om@hﬁ%} (égnmsb HEBIEabSdd 49 Toltswdd 8 arerrieglal Thair f aces
IS substantlaPIy uni nplanted; and c) devel oping the inplant sensitive

resi st such hohadntaherfaobspagatsi pablegt the mnmmléarfa@é dyring iy pieesdde.f Lben t he
oo L RS A5 SO A ALt LTBLEN A At SR 6.1
Gepos 1 on’ SrEHEAR %‘Wgﬂ?ﬁi%‘i???l%‘ém?“’ééﬁ‘%‘ﬁtéﬁ@’}%"ﬁnﬁftﬁ‘ﬁﬁﬁé“?“2! aimi
wherein the inplant sensitive resist conprises polysilane. L-
With the sidewalls doped, the remaining resist is stripped using a buffered HF,
HF vapor, or fluorine plasma process and the wafer is cleaned. Gate dielectric is then
formed in the trench. This is preferably done by growing silicon dioxide in the
trench. The sidewall dopant and crystal orientation of silicon will causg the silicon
dioxide to be thicker on the vertical sidewalls. The trench is then filled with
polysilicon and polished to planarize. Contacts and wiring can thenw to FIG. 8, an
| exemplary wafer portion 802 is illustrated in which a logic MOSFET has been
formed using the preferred method to selectively form diffusions 804 on the
sidewails of the trench. The logic device includes a polysilicon gate 808 and a gate
dielectric 810. Diffusions 804 combine with diffusions 806 to form the sources and
drains of the device. Again, by using the preferfed method to selectively dope the

sidewalls ensuring that the diffusion overlaps the gate channel region at the bottom of

the trench.

Conventional processes would use sidewall spacers to selectively dope the
sidewalls. Unfortunately, the reactive ion etching used to directionally €tch the
sidewall spacers typically damages the bottom of the trench. In contrast, by using the
preferred method of forming horizontal surface spacers facilitate differential doping
of the sidewalls, the required diffusion regions can be formed without the damaging

reactive ion etching.



. TH'S SHEET HAS BEEN REPLACED - 15 - 4. The nethod of claim1 wherein the
step of conformally formng inplant sensitive resist conprises chem cal
vapor deposition of polysilane resist froma plasm formed with _ _

met hyl silane. 5. The nethod of claim1 wherein the step of inplanting into
said inplant sensitive resist conpri ses! npl anti ng oxygen. 6. The nethod of

Faim 1 wh [ f _iymplanting, nto said.inplan ensi.tive resist
goﬁ{);ni ses ﬂrgi gnﬁgﬁbﬁfﬁ rregedé%ﬁj@"?l?"&lﬂg rpé?tsﬁ?S%P ‘ﬂﬁegé?g‘%ﬂ ?tl(/'\iﬁégnéfiﬁp‘l‘%és step of
i mpl ant i ngoh MieOhdrHodtdl BRFARE wWiRRSEAbViRg HIRSIpAterGRABFAISESm MLHIBEAL | Ng an

i mpl ant speci es through a field to drive the inplant species into the
i npl ant sefwifades.e Theshenizontalsnrfag: spaber car theacbeafsed irafunthtr fibeicetion,t he st ep

of devel opin 1? eini e lfgrrr]rgatl%%no%ibui\ég ccr)r? uict',sotr li%gsnyr{c{ sslgeswzﬂle Xi?tlugf%jnr}eg: 1\c/)mng ha
chl orine pl"&HE"8 g
While the invention has been particularly shown and described with reference
to an exemplary embodiment to form bitline diffusions in pillar DRAM cells, those
skilled in the art will recognized that the process can be used to form source/drain
and other diffusion structures  For example, it will also be understood by those
skilled in the art thﬁt the invention is applicable to different isolation technologies
(e-g., LOCOS, recessed oxide (ROX), STI, etc.), well and substrate technologies,
dopé.nt types, energies and species. It will also be understood that the spirit of the
invention is applicable to. othef silicon—based technoldgies (e.g., BICMOS, bipolar,

silicon on insulator (SOI), silicon germanium (SiGe).



The met hod of claim 1l further conprising the step of doping said inplant

sensitive resist with a dopant species before inplanting said inplant

sensitive resist. 10. The nmethod of claim9 wherein the step said dopant
ses arsenic. 11. The method of claim9 further conprising
the step of diffusing said dopant specildi-es fromsaid inplant sensitive
resist and into said horizontal surfages.. TH' S SHEET HAS BEEN REPLACED
16 - said substrate after said inpl msg\g

speci es coni pri

fromsaid verti
diffusing said

dopant species forns a buried conductor.

1 A method for forming a horizontal-surface spacer on a semiconductor substrate

having horizontal surfaces and vertical surfaces, the method comprising the steps of:

a) conformally forming an implant sensitive resist layer on the horizontal

surfaces and the vertical surfaces;

b) implanting into said implant sensitive resist layer substantially
perpendicular to said horizontal surfaces such that the implant sensitive resist
layer on the horizontal surfaces is substantially implanted and the implant

sensitive resist layer on the vertical surfaces is substantially unimplanted; and
c) developing the implant sensitive resist such that the substantially

unimplanted resist is removed from the vertical surfaces and the substantially

implanted resist remains on the horizontal surfaces.

The method of claim 1 wherein the step of conformally forming implant

- sensitive resist comprises chemical vapor deposition of the implant sensitive

resist.

The method of claim 1 wherein the implant sensitive resist comprises

polysilane.

THIS SHEET HAS BEEN
REPLACED

sitive resist has been renoved
cal surfaces. 12." The nmethod of claim 11 wherein the step o



13." The nethod of claim 12 wherein the buried conductor conprises a buried
bitline in a menory cell. | THI S SHEET HAS BEEN REPLACED - 17 - 14
The nethod of claim1l further conprises the step of diffusing dopant into
the exposed vertical surfaces to formsource/drain diffusion regions. 15.
The method of claim1 further conprisedSthe step of diffusi ng dopant into
|.cal surfaces to formdiffusions in a |ogic device.
the exposed4.ver tJFf(l:éi method of claim 1 wherein the step of conformally forr%mg implant
sensitive resist comprises chemical vapor deposition of polysilane resist from

a plasma formed with methylsilane.

5. The method of claim 1 wherein the step of implanting into said implant

sensitive resist comprises implanting oxygen.

6. The method of claim 1 wherein the step of implanting into said implant

sensitive resist comprises implanting nitrogen.

7. The method of claim 1 wherein the step of implanting into said implant
sensitive resist cqmprises__accgl»gr_'f}ti@pg. an implant species through a field to

drive the implant species into the implant sensitive resist layer.

8. The method of claim 1 wherein the step of developing the implant sensitive

resist comprises developing with a chlorine plasma.

9. The method of claim 1 further comprising the step of doping said implant
sensitive resist with a dopant species before implanting said implant sensitive

resist.

10.  The method of claim 9 wherein the step said dopant species comprises

arsenic.

1. The method of claim 9 further comprising the step of diffusing said dopant

specifies from said implant sensitive resist and into said horizontal surfaces of

THIS SHEET HAS BEEN
REPLACED




. 16." The nethod of claim1l wherein the inplant sensitive resist conprises

polysilicon. 17. The method of claim 16 wherein the step of inplanting
conprises inplanting boron. 18. The nethod of claim 17 wherein the step of
devel oping the inplant sensitive resist conprises developing with

KCOH | sopropyl al cohol. TH S SHEET HAS “BIPEN REPLACED

said substrate after said implant sensitive resist has been removed from said
vertical surfaces.
12.  The method of claim 11 wherein the step of diffusing said dopant species

forms a buried conductor.

13. The method of claim 12 wherein the buried conductor comprises a buried

bitline in a memory cell.

THIS SHEET HAS BEEN
REPLACED




« - 18 - 19.A nmethod for forming a horizontal -surface spacer on a

sem conduct or substrate having horizontal surfaces and vertical surfaces,

t he nethod conprising the steps of: @) conformally form ng an inpl ant
sensitive resist layer on the horizontal surfaces and the vertical surfaces
by chem cal vapor deposi tion of poI ysilane froma plasma forned wth

met hyl si | a en into said i nplant_sensitive resist

| ayer subs antl g%’??lr%é?cggﬁ‘g? IﬂPfH CORIPHSFOHIF SR 0Ad TEustigdapankintmthenat

i mpl ant sensi ti Eﬂpds@&N@lttlchﬁéiﬁfacgs?totﬂ%ﬁn@@ur’céﬂ%ﬁhlfﬁ}éw gl%nks substantial | y
i npl anted and the inplant sensitive resist layer on vertical surfaces

i's substantially uninplanted; and c) devel oping the |nplant sensitive
resist wt orine plasma sych that the substantially uninplanted
resist is P ermvih W%ch%fg‘ﬁ%'é‘ii iLtl’é"zE]'l‘er SOMPEeesthe sgp ok diffishigrdopentintoythe

i mpl ant ed resi Séxﬂﬁ,@@'v%icgpslfrﬂ%emrf'oﬁﬂ A Alsicdif %qggw device.

16. The method of claim 1 wherein the implant sensitive resist comprises

polysilicon.

17. The method of claim 16 wherein the step of implanting comprises implanting

boron.

18. The method of claim 17 wherein the step of developing the implant. sensitive

resist comprises developing with KOH/Isopropyl alcohol.

THIS SHEET HAS BEEN
REPLACED




19.

| -18 -
A method for forming a horizontal-surface spacer on a semiconductor
substrate having horizontal surfaces and vertical surfaces, the method
comprising the steps of:
a) conformally forming an implant sensitive resist layer on the horizontal
surfaces and the vertical surfaces by chemical vapor deposition of polysilane
from a plasma formed with methylsilane; '

b) implanting oxygen into said implant sensitive resist layer substantially

‘perpendicular to said horizontal surfaces such that implant sensitive resist

layer on the horizontal surfaces is substantially implanted and the implant

sensitive resist layer on the vertical surfaces is substantially unimplanted; and
c) developing the imp.la.nt: sensitive resist with a chlorine plasma such that the
substantially unimplanted resist is removed from the vertical surfaces and the

substantially implanted resist remains on the horizontal surfaces.

. THIS SHEET HAS BEEN
REPLACED




