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1 Descri ptiion Capacitor in a sem conductor arrangenent, and nethg& for iys
production The invention relates to a capacitor in a sem - condu orf “Opye
arrangement, in particular in a DRAM menory arrangenment, having an
el ectrode structure containing a pluralfty of elenents which are arranged
at. .a distance fromone another and are electrically interconnected by neans
of a connectjgp §3b¥%55re, havi ng a capacitor dielectric and having a
counter-electroge. e invention further relates to a nethod for the
production of a capacitor in a sem conductor arrangenent. A |arge nunber of
i ntegrated coapacitoredni &csenécndwd Cor APt OSFahah ¢ 2| ad WEERSL SEor
digital/anal$g congg;;ggg and filter circuits cone into consideration al ong
with the typ 8 PER npl € of a dynam c nenory cell. Measures for reducing
the intrinsically high space requirenent of a capacitor are necessary,

in particular, in thengoRhoyhe@bn! PE1HLRAEALY ia? Hapil oS A UF &Ry ON

account of the increased integration |evel or because it i S necessary to
reduce the afRBIBFEPRe ATFARIRER Loy ki PATEAFLLAT LT r 2 nERAY, ReWOsEr ve as

a tyloi c?l exaﬂﬁhtﬂgbﬁhﬁt.\/\hhbifx itaﬁrmr.r_aeyarbael l@fﬁﬁ:.dudﬁtw ra%miimfg a o
singl e-transis- [ .memry .ce at J S usua used,i s reduge rom menory
generati on thﬁEﬁgf'§'ngg%er‘3‘t%t§s Mtﬁ?ﬁg#ﬁ%ﬁgﬁlyﬁ%a e%’s%Ea.n?\? t he '
same tine, tieomi oheluanothari antaare @l ectricadly)dmrantineciadibye
retained. | dyngm Ge SqT CORANELPL: TR ALIANORIRILS & UdlErddAnsi stor
menory cell ‘conprises a read-ou ransistor and a capacitor. e -

i nf or mat i on dteteatrict Aad chaving & cqunkenelestrade ,The davention ge,
can be read guitNeéR ardlidtdd NEobu dhathed ify ' €AE- YHoducids- okOraVvia a
word line. For the reliable storage of the charge atnd the sinul taneous
di sti ngui sha®TPREH=3F #‘ﬁeai ﬁf’ﬁfﬁ%f?‘ﬁbﬂt?’éaﬂrﬁﬁ? Storage capacitor nust
have a m ni num capacht daxge Thombaxmecof| iintedmatddcctiapultsanmendird he
storage CcapaghhgbitsrsY' 'fRhldg/EO Rl Forfedders, digital/analog
converters and filter circuits come into consideration
along with the typical example of a dynamic memory cell.
Measures for reducing the intrinsically bhigh space
requirement of a capacitcrl- are necessary, in particular,
in the context of the miniaturization of structures on
account of the increased integration level or because it
is necessary to reduce the area of the chip. The dynamic
semiconductor memory may serve as a typical example here;
with this memory the area required by the single-transis-
tor memory cell that is usually used is reduced from

memory generation to memory generation as the storage
density increases. At the same time, the minimum capaci-
tance of the storage capacitor must be retained.

In dynaiié semiconductor memory arrangements, a
single-transistor memory cell comprises a read-out
transistor and a capacitor. The information stored in the
capacitor, that is to say the electric charge, can be
read out via a bit line by driving the read-out transis-
tor via a word line. For the reliable storage of the
charge and the simultaneous distinguishability of the
information read out, the storage capacitor must have a
minimum capacitance. The lower limit for the capacitance
of the storage capacitor is currently regarded as 20 £F.



In order to achieve this capacitor capacitance, the dielectric nust have
‘the smal | est possible thickness and the capacitor nust have the | argest
possi bl e area. Wiereas both the read-out transistor and the capacitor were
reali sed as planar conponents up to the2l Mit nenory generation, starting

wi.th the 4 Mt nenory generation arrangenments are known in which the
capaci tor is X raKges i%te aachdeve (thiacrcappettenr capncdtange, t th®es of

the capaci t oiqiaIRacrid Gedtahave the analaedtobokie¢blechalcihiaasouawal |
result is that the effective area of l:g*h?ellic?filépa0|tor |3Pinalnar ed in

conmpari son Wt £3% TaPPg g 2 S a8nt ROFS & ™™ystrate. A
further possibility Wherieasr cdasthg the capdcioutt atcanshsterr eirsd nithe or
reduci ng the ' hg_c Ltor.,d [ e tter as
a stacked capa |tq_’g'r€°‘iﬁtnugt 'S caais){e_s,‘% g?rg’?:'tg%rh% gf&m%(ﬂn;a& |c%,£$orth§xarrpl e
a crown strudt ¥dtomenozy| gaaeratians oshruting wikh e 4 MRds memorwkes

contact w th deifarativh akeanfemeBsy airlel kadwh! AdCiHienf eneschpaciRee y node
which is. prqvided with the capacitqr ggel ectric and th(; c amt&r pl at e, -
the so-cal | ed% TS, 1542 c"tfﬂ‘b%f TERAB SAPATEESE t°natBPt of-gc-
conpati bl e witidoded ofi ther capssi tdhats cerspapsd alony the sulrfaces efsurface
Is utilized f pas, Lo | Ir e n be
covered by t ﬁ?ep%?‘%g%ﬁi%%&éxﬁ%ﬁff t}éass ongs gsiﬁttﬁghset rgggtghrké%reo?rgg

nei ghbour i ng oferfey caprrd tareipnenlargeds ianrompanhsernevithnawrlreprwor ds

in this cont @dradgemenit ofl &6kEdusEade ¥ tHel subawratledcked capacitor.
EP-A-0 415 530 di scl i&s seni con%gﬁgr m)ré( arran emeE_il having.a

'st acked capacitor. as&tHFFGE*cRAEE 1t¥h&O%: BREB2ELPHFRS, cﬂ'gﬁgrtl"ses a
pol ysi|licon sance whdilea\detminipgiroy iteduwdimy! yise | space| agquiremenlt are
arranged ess [ y e ,.abo e are con to one
anot her via g?l%%tcgﬁég*gﬁérgp s?%pp%f%i&h%?a?’ggg ""s&% oér)t B?’gx:grqodduced
with the ai dcapagsiferysin tbis| gpse, ahstructurebofgpehysilicenedfpack to

example a crown structure or a cylinder, is formed via
the word lines and makes contact with the substrate. The
polysilicon structure forms the memory node which is
provided with the capacitor dielectric and the capacitor
plate, the so-called cell plate. The concept has the
advantage that it is compatible with a logic process.

The free space above the substrate surface is
utilized for the capacitor. In this case, the entire cell
area can be covered by the polysilicon structure as long
as the structures of neighbouring memory cells are
insulated from one another. Knowan key words in this
context are: £in stacked capacitor and crown stacked
capacitor.

EP-A-0 415 530 discloses a semiconductor memory
arrangement having a stacked capacitor as storage
capacitor. The stacked ca.pa.citor"comprises a polysilicon
structure having a plurality of polysilicon layers which
are arranged essentially parallel one above the other and
are connected to one another via at least one lateral
support. The lateral support is produced with the aid of
a polysilicon layer, which is subsequently etched back to
leave an essentially vertically arranged web which
connacts the polysilicon layers arrangad one above the



| eave an essentially vertically arranged web which connects the polysilicon
-l ayers arranged one aboveé the 3 other. The structure is formed by
atternately depositing polysilicon |layers and silicon oxide |ayers, which
can be selectively etched wth respect 3o the said polysilicon |layers, on
the surface of the substrate by structuring these | ayers, by producing the
| at eral supportberon The [s&xuctyre iﬂdGochedhbysclQe:n&be&nddﬁposétbnglver
et ching out bhﬂ.ﬁi'l'i% Q&yde—sl ax&rﬂl{é&m&m |1'a.9@}35t{vﬁ‘lt:ﬂr 8andg I N
this case dop seni l.icon.oxide iIs subsequent y.forned as the
capaci t or dléﬁiﬂﬁﬁ 4;? 1“%?¥ﬂ§ﬂﬂpﬁﬁﬁcﬁﬂlEﬁF iGpelyetdice®ric the

cell plate W&d?e&‘fs,d(ljtedtml yarfaeonofs udnpwai:aww&mceﬁiﬂgscl oses

a capacitor od 49 ing.,one, a t t her i ch
capacitor i n?%l X-Ua ﬂf f/ée'r sg%%% gt gﬂ%%l Ja?pﬁ)'{?e:{' erggﬁg ?% Cappli ed
to a polysil least apse asider @f'subbequehtthqtue ucng ebYanaebechulelp forma

SupPOrting f egmunigk. off ! eRuAHs AaPerenth v 3breean iindlcposihesiand then 2

silicon nitr ayer his Is fo format] on” of _the cel
plate. The | AFENCTIFES aFasd® Jhiheane ficne f"’s‘ﬂ‘écﬁ'iﬁni-?ng $it %ﬁ%ltor in
a sen conduciidee i yubseqaettiyt fobnald aaabheswpad:gbo:eomme@ﬁrﬂenSI ty

I n"conjunctign wt ed | exit a uire

producti on ?h(ﬂfﬂ’r‘&é ﬁcggﬁggﬂgaéﬁ'g?gggnél | n ec%geé: fa‘%:enscprerggfi ed.
Thi s probl encedls plage pade ofpdeopedr phiysddiche feadepesitedc aim 1 and by
a nmethod for the pro -@n apRigedingadV| t esh?; aim 6.
The critical advant e %t 22f°| %gg'nt ?ghstc?'s Jtsﬁat Iy'ﬁh é]&’hg ndeirss i%
capacitor whéd &éiﬁﬂ?ﬁ#?ioﬁY&ngQH°tﬂE°KPdﬂPQﬁ°Fh%rca i wRbkchhen
arranged ver tagalciYors ihgasatian lﬂy&i‘i@ witich Qirek @@dBedapecdiPféredtie

capaci tor cag e usgdy I Rpp3ibhC LA o' "pETPM PEILE O UL ana are
subsequently structured and etched to form a supporting
framework. Afterwards, doped polysilicon is deposited and
then a silicon nitride 1ayer, and this is followed by the
formation of the cell plate.
The invention is based on the problem of specify-

ing a capacitor in a semiconductor memory arrangement
which enables a high component density in conjunction
with reduced process complexity and space requirement. A
production method for such a capacitor is also intended
to bé specified.

This problem is solved by a capacitor having the
features of Claim 1 and by a method for the production of
a capacitor having the features of Claim 6.

The critical advantage of the invention is that
the thickness of ‘the capacitor when arranged horizontally
or the width of the capacitor when arranged vertically is
less than in the case of known capacitors. The capacitdr
can be used, in particular, in DRAM semiconductor
arrangements, since it takes up a small thickness and a
small area for the required minimum cell capacitance of
20 fF. It can be estimated that a capacitor of this type
can also be used to realise the storage capacitances of
future DRAM generations, which will impose even more
stringent demands regarding their area requirement. For



arrangenents, since it takes up a small thickness and &hisiShdet HaaBes Replaced he
required mnimumcell capacitance of 20 fF. It can be es

capacitor of this type can also be used to realise the s ances
of future DRAM generations, which will 4 npose even nore stringen emands
regarding their area requirenent. For -4- this purpose, it is rrerely
necessary tothi8r REEPIM ndfber® oReral¥: pefeasazy | kaudacTeass khe,

Mor eover, -i tnuﬁbbesstbleymrgﬂm d he&:lw&ues&:o&rbbe Mbdebvet,t be
capaci tor

| h Ia t hi nd the diele ess. The
capaci tor ?‘Fh P(régp'% %"f ﬁ'ye aova g gfnﬁ'[’s °erl'e'§tf ‘Gjeaé?r?ltt ® can be
connect ed, | capaeitezcbyf reduting cthe Layss tthickoess apdt t:;tetélehecdrai n of

the transi st gy thikkBeds! PhelcapRlitbrNehecnbBYE naBl BRE YAV
maki ng contact between }ehenieiect r?fiie structure and other circuit e enents

are al so posSRfPe. RCETOLe HBEEUSEUER SAT, R FRRAeCeRCt +BN .
.transi stor, the eheet bddp-shannslr erangigokescodinattlit bot bneddﬁaﬂnOf t he

transi stor V%anl um. mﬁﬁ[%g,?&e MI tﬂgygiﬁaogr em en‘,{ngfl %ant al um

titanium ti stlTcrde €r or a co Yllllng,
for exanpl e evewit Rthemgya¥s. °fh@h§¥90€°§§é€#d¥ﬂ5‘"§9nt hhelﬂlvehtr@dehas t he

significant geyaskasd Qud aﬁm\m TGS él*&ie&%:@rmféspébsmlare
necessary, without havtgg 0 ac ept | osses_in other_ respects.
tl

Ref i nements 8PTt he*AT® echSRae: AT - &R | R-SHBBRS: ms“?‘?"F%‘”Br ovi ded
t hat the capaeaheismra gRei cnmlma SIRegere amh makanceheattowith

structure co u i
di st ance fro%&one ano her %g %&s;%ﬁogﬁf%% r}Tnflt[ercémec%dxa %y nmeans
of a connect Layestr lf@mjreemis aagiec atfs muﬂanu ekl tanitum; rh&tcmeunnd t he

associ ated coaRedhleQn o2! wqm%s.la@ rﬂtﬁgﬂlﬁs SSHEA S Sl o £011
material with a dop| ng‘ed‘ﬂ[lerr he el ements of this electro

structure befRY SF¥ARR tﬁPSﬁ&Pnnanner one above the other or next to
one another. The conmhet imstidd Uséesedine eoaliie exheadsioh Imtw& one

-edge in the tr dlrctl nwth respect _to_th
el enent s. g‘ﬁgi%?'ﬁ%g haﬁ g k| e%?ﬁ S m&l@?%?odgfm?r u% can
have a pot - sbapeesee§1§ﬁp%ndrbemsssarwme without ohavingt e m’;l on

structure belggsggng_ﬁcbqg,y gghﬁeggg pot -shaped region to a carrier of the

capaci tor arrangerrent ag bot t om part .or the
nemsnts of the invention are characterized in

subclaims.

It is provided that the capacitor in a semicon-
ductor arrangement has an electrode structure conta.inihg
a plurality of elements which are arranged at a distance
from one another and are electrically interconnected by
means of a connection s:ructure; the elements of the
electrode structure and the associated connection struc-
ture being composed completely of p-doped material with
a doping > 10*° .em™®. In this case, the elements of this
electrode structure can be arranged in a planar manner
one above the other or next to one another. The connec-
tion structure extends at least at one edge in the
transverse direction with respect to the surface of the
elements. On the other hand, the elements of the elec-
trode structure can have a pot-shaped deéign and be
nested one in the other, the connection structure being
connected within the pot-shaped region to a carrier of
the capacitor arrangement and to the bottom part or the

THIS SHEET HAS BEEN
REPLACED




.5 bottomparts of the elenents. The connection structure may preferably be
desi gned as a bar-like supporting elenment centrally within the pot-shaped
el’'ectrode struc- ture. In the nethod for the production of a capacitor, a
base | ayer is first of all produced on B surface of a carrier arrangenent,
whi ch base |

contalns pe, | ayer to ich a | ayer sequence
consi sti ng ala%/%ﬁ\ ePy Joﬂbéﬁ Bnd*3hEFTRLF %‘Fo'ﬂlﬁ?cti ng

| ayer is subwemtgtqﬂlsedbeAfdaigﬂmé asheal alyu-k:lehuemsppdrting

ani sotropi cal {yef Lﬁ?egﬁﬁ pmmw%%@nﬂé# Cﬁe‘%&tﬁéﬁec s far as

the p'-type Iayer ase | ayer ng zone connects
the |ayer seqgtdFee, is then produced at |east in one edge region of the

opgm ng. tTlhe vvteaﬁlé dﬂlﬂeﬁl?eﬂnﬁﬁmltcﬁr?n‘lg:&@%i‘dt‘d&{tﬂ&iﬁ J Ve Mo AR ew:et ﬁre
subsequently etche el ective respec 0 e -ty e e
srereiie | £l ?ﬁiﬁé’ﬁ%ﬁfﬁ:ﬂ?ﬁf’ of.%:;:.?’*ﬁmiéf;
ase | ayer camm er c ayer BNa\p ype
ayer of A P1addpcd WAV 1Eged" c@MSbl1 U 44 ed
under neat h. I n:gl ng on t %ga?e%l ﬁr ucture "'f&%}heécapam orﬁ% %?
p*-type zone #rf"?#élibp%‘f@?@ @ Gaad h danes mqugmqﬁwg ispter d& 0 say
_tFﬁron i ons, tasumet : ﬁw ife&{ {Iﬁtéﬁp{ﬂLBg 8ha* 16988V gleig@nial @.lrd ?l|
~The inpor- tan n er a e seqguence i s com peey
covered by a TF"%)?/']E%"E{)‘F\ 'b‘ltl'fqu % b3 Pﬂ’@‘&l"& mhqt%
weakl y doped qmat;qmsmsrﬁa afsothbhp‘-f%ovﬂ.qgezseiiecﬁhw@aﬁe:fham The

Zi!a(rarg} ievgneét yI en dgalc}%nr e%g foca %@h%%&%o%%ﬁlﬂ%agrﬁ‘%e s'o utlgﬁr

After the wediiep c'ﬁi@dh tnin| eperedge aregian [af, Shecopeadngad out,
a dielectric, rd®r e dped)O ?Lgbﬁa{;&tﬂngl slap&g eth#NGra CqIa I ve
material is subsequently copformall eposi cou ter-electro The
base -1 ayer cd*FEEPFD “gﬁ‘*g“ﬁi“&ﬁxr?g ed fFelgetiye W%F&FEP"

Provi ded t hatta thmtptitypel dayers, the dielectric is deposited and a
counter-electrode formed.

In this case, the base layer can be produced in
such a way that it contains only a p*-type layer or a p’-
type layer having an oxide and/or nitride layer situated
underneath. Depending on the desired structure of the
capacitor, the p‘-type zone in the opening is produced by
impl;nting ions, that is to say boron ions, at an oblique
a.nglé or by 'a.pplying a p*-conducting material. The impor-
tant point here is that the layer sequence is not com-
pPletely covered by a p*-type zone, in order to emable the
etchant to attack the weakly doped p-type material for
the following selective etching.

The selective etching is carried out with the aid
of an alkaline etchant, for example an ethylenediamine/
pyrocatechol or potassium hydroxide solut:.on. After the
weakly doped, p-conducting layer materials have been
etched out, a dielectric, for example an ONO dielectric,
is applied and a conductive material is subsequently
conformally deposited as counter-electrode.

The base layer can be prcducéd on a planarized
surface of an insulator. Provided that a contact hole to
a connection area situated underneath is provided in the



a connection area situated underneath is provided in the 6 i nsul ator,
“this contact hole can |likew se be filled wth the p*-type material of the
base layer. In addition to this vertical contact-nmaking of the el ectrode
structure, contact can be nmade by nean$ of | ateral connections. The base

| ayer and su t el ect.rode structure can, on_,th her hand, be
prgduced in 3’ q@rﬁr\'rf’%’f ':3#‘? RARtact hole oan likewiss be %é'g'h' VS'I’:h | f
appropri at e, tzt:.slﬂi‘l-(hylpmmﬁﬂ oof athel base Midyexlc Imysddbeiéns tprovi ded
underneath ¢ Nl Vot dUY [dcledctGlaind U RAC 1dKREoalGeBLAMNE! O O

t he capacitor |s base e 1nsig at” the etcC rate bp d
silicon com %@F%QW mwﬁbﬁe@%ﬂq G(Snlﬂﬁaa‘PRaPPneeéﬁénPﬁg Theut i ons

Ifs gt rterrf:: Y Hadé lllir yup ldia @ii!{de&%!dg%{iy{"tﬁ@ thcQt:oab sueﬁt:%qk\alol&algt? ch:\kr)lg
o] sta |ne i C ine Sol utiaon em ,\Vo :
71, Tov. “1o0Gn ghe Rhex Fandy e produanthds & STRH. a5ped dRERlen i n

an ethyl eped::lann n2agerochr abéclwl sildcoh SkAyszr ONIES qpmdamntaw, ta a
concent Y at! Rl il ' bxsB0) 108105 "Y Plet198600501 40 ASARCCALLILGOD OF 2

[err] the etching rate 1s on han~one t housan |ng rate
at [err] Thenchbr\mdﬁwtéa $be pirtupe paxntial Bam @f theckaampl ary
enbodi nent s \mag)gzreferencetoflgures in which: FIGla to FIG 1f show t he

producti on of & fiTStyeXSIBL ALY, Sbock TRt OloSESRRcl oL TG R pphiove
capaci tor, Fli®gights hmstatuaagt&mgl xateancti deﬁpqmssibieogecemnret ric
i FRoeTom A TR " M| SIS ot AR | Sk 1) <
.arr angenent iaplutions is extremely low. From the pub ication H Seidel

et al.: Anisotropic Etching of Crystalline Silicon in
Alkaline Solutions, J. Electrochem. Vol. 137, No. 11,

Nov. 1990, pp. 3626 to 36§32, the etching rate of p-doped
silicon in an ethylenediamine/pyrochcatechol [sic]
solution is constant up to a concentration of 10 cm™ and

then sharply decreases. At a concentration of 2 - 10®° cm™,

the etching rate is only less than omne thousandth of the
etching rate at 10 cm™.

The invention is explained in more detail below
using exemplary embodiments with reference to figures, in
which:

FIG la to FIG 1f show the production of a first exemplary
embodiment of a capacitor,

FIG 2 shows a diagrammatic cross-section through a
second exemplary embodiment of a capacitor,

FIG 3 shows a -diagrammatic plan view of possible geo-

metric arrangements, and i
FIG 4a to c show a diagrammatic production [sic] through

a third exemplary embodiment of a capacitor.

According to FIG la, a carrier arrangement is
provided which has an insulating layer 1 at its surface.
Further elements of a semiconductor arrazigement. for
example transistors, can be arranged underneath the
insulating layer. A contact hole 2 is provided within the
ingulating layer 2 ([sic], flush with the surface, and is



provi ded which has an insulating layer 1 at its surface. Further elenents
-of a sem conductor arrangenent, for exanple transistors, can be arranged
underneath the insulating |layer. A contact hole 2 is provided within the
insulating layer 2 [sic], flush with the surface, and is 7 filled with a
metal lizing material. Tungsten, tantalum titanium titaniumnitride or
doped pol ysi | $4bhed Witk ArBetadiizinghmaterialy Aupgstan, |tantadym.n_ doped

pol ysil'i cont hnuﬁabﬂ;ﬁxl tseanz&d sm:&%alb aurr&iaééa Cpb Eiﬂﬁéldt:ﬁt _eahawfi
appears on the_su on ol e eri 0

rrglto allic cono?lﬁ?’f%f% f?ﬁ R tfggﬁrr’rﬁ‘gt i ’Bﬁ%’d#\?gm Vi% el &

structure to pelysililcen. maﬁ a¥e | apddcohdzedxanpl etﬁlsaa rm;eﬂaé.lprcovi ded
as the insul E'Qrﬁ:é‘df&tt;ln QL}reI':hQ g: ) er@rmggﬁg“y\h % ai‘ﬁfa:!é"yer

af fords the a vant age Q anar due to ow n ass

However, it i&® E&Q-é-ﬁﬂi eﬂﬁk p%mﬂer%mll ﬁguPaFFF‘r&’-Faf&n%‘ﬁ‘-‘éW &y

ﬁ' anfilri zgd byfwlmhléwmod Corfied® | forCMBe Alaatrdddy Ftrhctitieh is a
eavily dope

subsequent | ydﬁ? (%ﬁggg°§0t I 'ﬂg é%iﬁﬂlﬂnétﬂr}gﬁgx ggl & %mgg?agsg‘%nwna’%ont act

hol e 2. The dmowidédveais dghendinsunlakdingel dayeon bf athe tiechicagrsi@mti on
to be used | dangébﬂ?ﬁ utlrﬂi% SEhSE! QyéQ iEEQ:&s tgﬁﬂrah f ¥ N9

rate is extraor rrexa expedi ent to selfect a boron
concentrat i ond >p}anay Blﬂtﬁra% daven Epef W&Mn@f p%h%(ﬂt%ﬁ%‘{ﬁqroﬁt The

thi ckness of libeai)é’éepéi’dﬂléf% o’iﬂ.@.&”ﬂn fwsxﬂg&rmbe 1&4&%&#@@”03
subsequent| y BUFFRECESS Ty e FRal {454l e sB s oo oo (9087 "or the bace
| ayer 3. The heaw | y Aopesdel dhayres 53anubh1cbr els nat Meavidye doped,i p-a
Imamner correspﬁ@&ggi,g% tﬁggggaw Ny thﬁ& f t g base
ayer. The wea e onducti ng ayers an ve Opl n
permitting a ke ;#,y‘j, produced on surface of the carrier
arra.ngement: and contact hole 2. The doping level depends
on the selection of the etching soclution to be used
later, and should be selected in such a way that the
etching rate is extraordinarily low. For example, it is
expedient to select a boron concentration > 10*° em™® for
an ethylenediamine/pyrocatechol solution. The thickness
of the base layer may be 300 nm, for example. A 1ayer
sequence consisting a.ltemtely of a p'-type layer and a
p'-type layer is subsequently applied to the heavily
doped, p-conducting layer of the base layer 3. The
heavily doped layers 5 and 7 are in this case doped in a
manner corresponding to the heavily doped, p-conducting
layer of the base layer. The weakly doped, p-conducting
layers 4 and 6 -have a doping permitting a high etchin§
rate with regard to the selectively acting etchant. For
example, the boron doping with the above-described
ethylenediamine/pyrocatechol solution is about 10** em™ or
less.

The layer thickness are selected in such a way
that the weakly doped, p-conducting layers are thicker
than the heavily doped, p-conducting layers. For example,
the p'-type layers have a thickness of 30 nm and the p*-~
type layers 5 and 7 have a thickness of 10 nam.



rate with regard to the selectively acting etchant. For exanple, the boron
- doping with the above-described ethyl enedi am ne/ pyrocatechol solution is
about [err] or less. The layer thickness are selected in such a way that
the weakly doped, p-conducting layers 8&re thicker than the heavi | y doped,

p- conducting | ayers. For exanple, the [err]-type |ayers ha kness of'

30 nmand the [err] ‘é&& 3 £ % 3°FﬁP€EH&§-¥ ‘H‘b’#ﬁ'ﬁg 8 The
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hot wall or ayer sequence
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necessary togagheflbbf @an Hé raiq&%a PEL 2gR%S Sid ObnlehCader hadanash | ayers

4 and 6 in conparison vvlththe d polysilicon |layers _3,.5 and 7.
I n accor dancE®¥F ERTE| BT Fhip °(4‘Pc1t c’z'tl S'HS“FFQPQH)’ Fe ﬁ%s‘%’qﬁféﬁ'ly

produced andeat psecdess piriméters afwr tﬂmlpendepadt Dayezai 4candps dai |y, to

form one or n t the
openi ngs 8 ag&ﬁé?;?}?]ﬁgh ﬂ?gﬁg#%ﬂﬁbﬁ%?oﬁﬁ%% n‘l}ae%/eér]’ o:{] t{ arr| er
arr angenent 1. This produces separa- ted islands, in each of which a
capacitor can be prOInd%‘é%GrdHQ%V‘%fthtEté Agl, aivmsknqa%%samdél etch

t he openi ngs down _ to,the conduct i yer of the base layer. If the

base | ayer 3%F’F ﬁﬁi LBcH "PWJ‘ 2‘%?%3&‘&"' ’a’l“a‘?ﬁ% ﬂ'é’(ﬁtor

arrangenent lsyproduqmlmc&e pad»ym Iand.mtﬂ:mpa.rcaaaguenm femt onet wed in

such a way t gﬁﬁggébs arﬁoﬁo QQ gL @3 %r\ﬁn eyl \il EVip {Iﬁ‘? In the
eav he

next step, a ed p-con UCtI ng zone connects ayer

sequence 3 tehe, opsnpnsau&e%m rﬂ%ﬁhﬁsﬁmlbrdm ttFFe theedinaplating

| npl ant ati OM ayer of the carrier arrangement 1. This produces separa-
. ted islands, in each of which a capacitor can be pro- -
duced. However, it is not always necessary to etch the
openings down to the p*-conducting layer of the base
layer. If the base layer 3 is not etched through com-
pletely, a large-area capacitor arrangement is produced.
The polysilicon layer sequence is structured in such a
way that the stacks are round or angular in plan view,
FIG 3. N
In the next step, a heavily doped, p-conducting
zone; which connects the layer sequence 3 to 7, is
produced in an edge region of the opening 8. Implantation
of BF, ions at an oblique angle takes place for this
purpose, for example at an angle of 8° to the vertical.
As an alternative here, it is possible also to implant
the other side of the opening shown in FIG 1lb with boron
ions. The implantation has the effect that, in the edge
region of the opening which is situated under the bom-
bardment of boron ions, a limited zone of the weakly
doped, p-conducting layers 4 and 6 are ([sic] heavily
doped, the doping corresponding to the doping of the
remaining p’~doped polysilicon layers. A temperature step
is then provided in order to ensure that the implanted
boron ilons are activated, that is to say occupy the
appropriate lattice sites in the polysilicon layer 4 and



of BF2 ions at an oblique angle takes place for this purpose, for exanple
-at an angle of 8 to the vertical. As an alternative here, it is possible
atso to inplant the other side of. the opening shown in FIGI|Ib with boron
ions. The inplantation has the effect téat, in the edge region of the
openi ng which_is_situgted under the bom bardnent of boron ions, a limted
zone of the w8akfP d Ca88 dfd 8 BeFASAAIYS @%c}i#%%ﬁ,‘Phéﬂﬁl y
doped, the.dopake glacesfxesi the! heairt 1goddidd zdrus rieres rumg wed 1y doped
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doped zones into_the wea doped zones. The tenperature step can
preferably be teaPPPe-out W|th the aid of an RTA (Rapid Thermal Annealing)

process. The sel ect edpitenuieyr adhows i Shab@ﬂnﬁii&:té) ﬁ:&@dﬁéd aEhGrlCtE&OWS

the structure_pr f r epper ure te mpl ant ati on
of boron ionstgf“Bg g%g'l""l q&geg ﬁ%& EFO ) %[é rﬁ°=t Y% one 9,
whi ch connect att Ba [@rh#meypagﬂ-aydn@%tl& aop;bmngtﬁ ohe arpt+type mondeen
produced in tge %J:{]Qﬂ'l:ﬂﬁc@fs wspn% Juﬂes eanﬁaw gb%&mnt
the [err]-type zones have form of verse ge regl on
of the openi n&8C8BeEY chass ‘%ﬂf&os??%d“?% 3gnddey, °%tﬁ%9%?%eP h@RFB t he
originally praﬁﬁﬁ&dgl age thelekeaplatyl embddindit,] tHesP-tybe Wddes he
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is [sic] preserved, wi the result that the weakly
doped layers 4 and 6 point freely to the opening.

If a structured layer sequence which is round in
plan view is produced by the anisotropic etching step by
which the openings 8 are produced, then the zones 9
extend with a decreasing thickneas over a specific part
of the periphery of the stack. The effect that can be
achieved by a rectangular stack is that only one side of
the stack or else two sides of the stack are p'-doped at
the edge, as a result of which the 2zones 9 are either
present only on one side of the stack or else cover two
sides of the stack at an angle. The diameter of a stack
shaped in this way or the width is about 1 um. FIG 3
shows examples of the design of the structured and doped
stacks according.to FIG lc. The implantation direction is
indicated in each case. In the examples shown in FIG 3,
a very robust structure results for the capacitor to be
produced.

In the next step, the arrangement is selectively
etched isotropically using an alkaline etchant. A suit-
able etching solution is, for example, ethylenediamine/
pyr;acatechol. Given the selected doping, the alkaline
etching solutions have the property that the weakly
doped, p-conducting layers are etched more strongly than



achieved by a rectangul ar stack is that only one side of the stack or el se
-two sides of the stack are [err]-doped at the edge, as a result of which
the zones 9 are either present only on one side of the stack or el se cover
two sides of the stack at an angle. TheOdi aneter of a stack shaped in this
way or the width is about 1 [err]. FIG 3 shows exan‘EI es of the design of
the structur &8eand"AgRad sLa¥REsacwkth n@ t 8ekpctivityhef mpP&idat Fon
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The dielectric may grrmed fromsilicon oxide_and/ icon nitride. An
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ness of the capacitor dielectric can also be selected to

be smaller, for example 3 nm.

The counter-electrode of the capacitor 12 is
produced on the capacitor dielectric by means of
confoz;mal deposition, for example as p‘-doped polysili-
con. The deposition methods used can be the same as those
which have already been employed for the production of
the layer sequence. - )

) The counter-electrode 12 can, if appropriate, be
structured and made contact with using customary methods
of semiconductor technology.

FIG 2 shows a second exempia.ry embodiment of the
capacitor, the capacitor being provided as a storage
capacitor in a DRAM semiconductor arrangement. In this
case, the carrier a.rra.ngément contains the selection
transistors for the storage capacitance underneath the
insulating layer 1. Insulated regions are formed in a
substrate 20 with the aid of field oxide regiomns 21. An
insulated region contains two selection transistors 30
and 40, which have a common source zone 22. Extending on
both sides of the socurce zone 22 is the channel region,
which is controlled by a gate 32 and 42, respectively,
which is insulated on all sides in cross-section, as the
word line. The transistors have respective drain regions



produced on the capacitor dielectric by neans of conformal deposition, for
.exanple as [err]-doped polysili- con. The deposition nethods used can be

t he sane as those which have al ready been enpl oyed for the production of
the layer sequence. The counter-electroge 12 can, if appropriate, be

structured. and made contact with using customary nethods of sem conduct or
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42, respecti V@lyinWRiCBEi snbNevhakegtep 40! isl @agnhateaos-.%mlamc-as the
Word i ne. hetrans%ators %ve respectlve r ai |os and 41to

the field oxi&Eo%% cREArERD GRPASHERS yFel 1 E‘ﬁrPgtf o‘f'
selection t rmmummm ol rneslcommmbtmdémwwas

structure of apac ot a o] l.ay For
exanpl e, the %néu 233 {%&ﬁasr%n{éuis Eag h'ies%(?rg%%eé(ﬁls%g%é %eie % ode 33
of a first capatrier H-PYQ;hdlt rReelr zﬁi#&tl of tadd t pundusedr a® |9;¢1<ﬁ3-nnect ed

to the elec- 3fpgeed3 Sfreiﬁﬂpifﬂécbéﬂéagﬁa k8 eaat ai\ainwfzbhergh%eewml ary
enbodi nent of FlI 1, .the el ec

rode struyct roduced in that
the contact HoPEReGtiye; hzapaister.| apd, t:%a r SPe I g‘ﬁr‘o&tﬁ’éﬂf as
sel f- al i gnedis oyesdaeed NgE tarvwntds B ndwnsl iof maatamnam‘ depoaitdpeGt i Ve
transi stor, a%f %Pi%ht t&% e‘g‘g‘lt%g@ﬁg"fﬁsﬁﬁl aé/ﬁ dgﬁgd ’?Jﬁlws by
nmeans of conf eposition con act Ie I'S In the
exenpl ary embodiment of FIG 2, the source and drain zones 22,
and 41 are provided as p’-doped regions, corresponding to
p-channel selection transistors. In the case of n-channel
selection transistors, the contact hole 2 must have an
intermediate layer having a metallically conductive
material, Zfor example tungsten, tantalum, titanium,
titanium nitride or a silicide. The word lines 23 for the
next memory cells are arranged above the £field oxide
regign 21. The word lines 23, 32 and 42 are preferably
composed of heavily doped polysilicon or polycide. The
source zone 22 makes contact with the bit line 50 with
the aid of a self-aligned overlapping contact, the said
bit line being composed of tungsten or polycide. In the
said memory arrangement of FIG 2, all of the capacitors
have a common counter-electrode 34, the so-called cell
plate.

FIG 4 shows a further exemplary embodiment of the
capacitor, which in this case is designed as a pot-shaped
arrangement. An insulator layer 60 is first of all formed
on a carrier 1 having a contact hole 2 filled, for
example, with metal, which insulator layer is
subsequently structured to produce an opening down to the
carrier layer 1 or the filled contact hole 2. First of
all, a base layer 61 made of heavily doped p-conducting



enbodi nent of  FIG 2, the source and drain zones 22, 31 and 41 are provided
-as [err]-doped regions, corresponding to p-channel selection transistors.
In the case of n-channel selection transistors, the contact hole 2 nust
have an internedi ate | ayer having a mejallically conductive material, for
exanpl e tungsten, tantalum titanium titaniumnitride or a silicide.- The
word |ines 2P9kysikicenyande theyeafiter & claysnngeduapoec consimtding oxi de
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carrier |ayeragphied htatéet| havingt smaalletrcbadttomr ahdokedglel dimebaionsyer 61
made of heavi o] o ct}] 1 si LLco h after.a | ayer
sequence cons'*‘%ﬂ“?ng:%a tégﬁgggl yéﬁnée‘\i/\ea %&'S/J%opke% a%%gﬂ%a\%fywbgﬁ@d p-
conducting | &eackes dowhi &¢ bHsherhaseoflayer opraisd@rssiudesh in tthe manner
portrayed. Thes swpklos daRFdayatrebaqibRcdChiy WMedSsl 6 O ash! tabdnifueand the
heavily doped | yer% ii 6§Band 5. "The ,structuyre produced initially is one
in which the ﬂ“(f?e?s 81+PY18E sotraRic &F‘é’ﬂ@ﬁ BRIR AheR FESRLE, :
pot - shaped nukerlayde seyesncepisi egpbsadr ihathagbatebincrefdbhon®aad edge
di mensi ons t the layers applied first. An opening 70 which reaches down

to the base layer 61 is produced in the
Afterwards, the opening 70 is at least partially

£filled with a heavily doped p-conducting material. This
can be done in a manner corresponding to that for the
layers 63 and 65. As an alternmative, it is possible to
select implantation at an angle given a sufficiently
large opening in comparison with the edge height of the
layers. As an alternative to producing an opening and
£filling the copening with p*-type material, it is possible
to dope the region, defined by the mask opening, at the
bottom of the layer sequence with p*-~-type atoms by means
of a mask and one or more following implantation steps.
It is preferable to provide a plurality of implantation
steps in such a way that the doping maximum in each case
lies in a p'-type layer region. A p’'-type support is
produced which ' 'ia defined in the bottom region by the
opening in the mask.

The p'-doped zones have a doping concentration of
at least 10% cm™, while the weakly doped p -type zones
62, 64 and 66 have a doping concentration of at most
10* em™., A temperature step may follow, for example an
RTA step, so that no diffusion can take place from the
p’-doped layers. The structure is subsequently selec-
tively and anisotropically etched in an alkaline etching
solution. In the process, the p'-doped layers remain,



m ddl e of the |ayer sequence by neans of a mask techni que and a foll ow ng
-ani sotropic etching step. As a result, the |ayer sequence is exposed in the
bottomregion, FIG 4a. Afterwards, the opening 70 is at |least partially
filled wwth a heavily doped p-conductin@ material. This can be done in a
manner corresponding to that for the layers 63 and 65. As an alternative,
it is possi bl‘éhfﬁ‘%gl tbe mpianed: layexs arerstched vouta Thist isslawtd v
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sel ec- tivi tyseof thce etching process is in this caSe high enoug 0 produce
a support st ATTHTFESs in FIG 4b, which resenbles a chandelier. In contrast
with the exenpl ary erfmdiemrdadcdvith P16 4¢ d0kedibiaytticdppedsor
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electrode 74, for example made of p’-doped polysilicoen,
are subsequently produced by means of conformal deposi-
tion. The dielectric and counter-electrode 74 can
subsequently be structured.

If desired, it is possible, as in FIG 2, to
deposit the base layer by means of conformal deposition
in the contact hole 2 as well. Furthermore, it is poss-
ible to arrange a capacitor of the type shown in FIG 4 in
a sii_l.icon substrate and to connect the electrode struc-
ture at the trench edée to a semiconductor arrangement,
for example a selection transistor of a DRAM arrangement.
In this case, as in the case of known trench capacitors,
the counter-electrode 74 can be designed as a continuous
cell plate. If the capacitor is arranged as a trench
capacitor in a - -silicon substrate, it suffices, in the
case of a p-type substrate, to produce the base zone by
doping the trench region more heavily. In an n-doped
substrate, provision is made to insulate the heavily
doped, p-conducting layer of the base layer 61 from the
substrate by means of an insulating layer. A layer of
this type can be formed from a siliéon oxide and/or
silicon nitride.




sequence. The deposition takes place conformally using the deposition-
et hods whi ch have al ready been nentioned, and is fol I owed by structurrng

The zone 71 therefore connects the |ayer sequence 6 1ThisPhep Ha

discerned in FIG 1, in the bottomregi or4of the |ayer I{T ﬂ

accordance with FI G 4c, a dielectric 73, for exanple | an ONO
dielectric, fatentd el ectrode 74, for exanple made of [err] doped

pol ysilicon, are subsequently produced by neans of confornal dep05| t| on.
The di el ectrr and co nt SLg el ect,rode 74 uentl ct | f
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menery ‘arran nt" Ravi ng an el ectrode structure (10) containing a
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one e the ot:he: or next to one another.

3. Capacitor according to Claim 1, characterized in
that the elements of the electrode structure have a pot-
shaped design. .
4. Capacitor according to Claim 3, characterized in
that the connection structure contains a supporting
element (71) which is arranged within the pot-shaped
electrode structure and is connected to a substrate and
to the bottom part of the electrode structure. '

5. - Capacitor according to Claim 3 or 4, character-
ized in that a plurality of elements of the electrode
structure are nested one in the other in a pot-shaped
manner, and a bar-like supporting element (71) within the
pot-shaped electrode structure connects the bottom parts

of the elements -to one another.

6. Method for the production of a capacitor in a

semiconductor arrangement, having the following steps:

- a base layer, which contains a heavily doped, p-con-
ducting layer (3, 61), is produced on a surface of a
carrier arrangement,

- a layer sequence (4-7; 62-66) consisting alternately of
a weakly doped and a heavily doped p-conducting layer
is applied to a surface of the heavily doped, p-con-
ducting layer (3, 61),
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(12), wherein the el ements of the el'ectrode structure and U T SHOd BHECEbPReplaced
- structure are conposed conpletely of p-conducting nmaterial w '
concentration of at least [err] [err] , characterized in tha gmm,

of the electrode structure are arrangegigone above the ot her
one anot her. 2 C%Facitor according to Caim1, characterized in that
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bottom part of at Bn@aevtiéqt rdmdstp-m:_tndmj.timg zodmpi2) | owhidchocdnngets Cl aim
-2 or 3, charactkgll 26d,d éi&'&ﬁc?) ug gl *,%a%aa ‘SihrEE’ita}é)J £0 EHSH hg%”‘)de

structure are nested one In the other Tn a pot-shaped nanner, a
bar-1ike suppoF®SiA§Rerdnd®e CPERiMG-hi n t he pot-shaped el ectrode structure

connects the-behleowadkly dopeds 6hoEERdSctingnNdayudidicst The 1dpbhod for
the production gf a_ca amtortlcgﬁg se C%qu"lrg or :‘g andernent, Qav:gg the 25
}‘ol I ovm( gg6st1)epm°§§de ?ﬁ?ég?, ci® 3 ¥ Yieavi FPeRSFed, ‘tb Icluctl ng
ayer : : dopado p-sondukidagolayerameguenme,angenent, a | ayer _
seéuence (4-7; 82-Kf | 4 T | ys Of og hegvi |y

: Qacﬁ% élgﬂ | ezgl.eé eif) Y4 c&%?@ﬁ%lﬂeggﬁ?gﬂge&

n
doped p-conducting”l ayer is app to a ‘surface opéd,
p-conducting | #3R& 30 (3,61), the |ayer sequence is structured by neans of

ani sotropi c et ghtBidubeiwFeNlaydrt 1F2) is HonfyzaAly Jdepbaitieaosa emeni Ng
(8; 70) which reacheﬁ dO\M&f‘-tg t he ,base | ayer, a heavily doped p-conducting
zone ('9), whi cRPBTAESTs dRIeCEFer sequence, is produced at |east in one
edge region @f the oMathod dduowdindg ytdoihin- 6pndharavtdmizad dh t he
| ayer sequen I &1 S I el ' resp o] h L doped
p- conduct i ngepg;ger se%%ﬁ%e?ggg%a\igcﬁ%ﬂcﬁ% eﬁr?&#&_l)@? C%ﬁ%%{l%& |y
deposi ted, af@PgdeomnRandncting1avey (3. c6A) omidichy i roducednbyhe
capaci tor di gkeallr depitg of WehbatdcaaatbebrizbleChbei Byodepbatftba b2ed in
that the base l.ayer, 1S prod ceg gy 10 mggas of a heavily doped,
p- conduct i ng® 8PeeY 8 f\ﬁf#&‘ﬁ PE PR&8TA8d by areal doping of a
sem conduct o8.zone oMelthode pxsedzrdingf to @leeih SPp chatkadterivicrial . 7.
Met hod accor (i t LOL6 eLl i t bagse l.ay | :
produced by %g%s %?eda%&gki &gﬂlg{/gfrg aé%%ggcgani ri'ﬂgegsﬁygri vﬁcﬁﬁf’éiappl I ed
before the héavpryaaédea_, apnitgidendiayernyhicheds sppliedrbagaractBedi ng to
Jaims 5 t0 Reavldia@opeldCp-cBnliidkinle1a9ee.l ayer is applied to '

9. Method according to ocne of Claims 6 to 8, cha.rag_:_-

: terizgd in that the base layer is applied to a planarized

surface of a carrier layer. '

10. Method according to one of Claims 6 to 9, charac-

terized in that the heavily doped, p-conducting zone in

the opening (8) is effected by implanting ioms at an

oblique angle into the layer sequence consisting of

weakly doped and-heavily doped p-conducting layers.

11. Method according to Claim 10, characterized in
that boron fluoride ions are implanted. '
12. Method according to one of Claims 6 to 9, charac-

terized in that the heavily doped, p-conducting zone in
the opening (70) is produced by applying a heavily doped,
p-conducting material.

13. Method according to one of Claims 6 to 12,
characterized in that a temperature step takes place
after the production of the heavily doped, p-conducting
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a planarized surface of a carrier |ayer. 20 9. Met hod according to one
.of Clainms 5 to 8, characterized in that the heavily doped, p- conducting
zone in the opening (8) is effected by inplanting ions at an oblique angle
into the | ayer sequence consisting of ygakly doped and heavily doped
p-conducting | ayers. 10. Met hod according to Caim9, characterized in

t hat boron f®®®®%-de ions are inplanted. 25 11. Met hod according to one of

a alt LTB 5to §4. cggr awoaedaeaoi-hﬁﬁgt Feoh%au Lbfdoiéfﬂjamﬂ GOWC&gogtzone
in the openln a,_heavij op nducti ng
mat eri al . %2(' Jﬁﬁ%f%@t%%g&% %#;9 $ite a?ﬁ%g%‘ t&’f‘ecﬁgf‘ﬁﬁ erized
in that a telip@ttamisﬁlapmm::pl ace anf adkalllineperdhaniton of the heavily
doped, p-conducting 3QiiGiad azdbraldg cdPldy 3%00&%%%0*&% of3ffaims 5

to 12, characterized in that th ctive etchin
i sotropical | fhﬂfaﬁé"oﬂﬁzcﬂd ahPal $BAY% n@%ct ehkylened: mi*e{amoae&esmg to

.one of O ai "ecliutionldr ahpscaseiad dtydrokidé s’ti]l.tﬁ:icn is used as the
et hyl enedi am_n ﬁ rocat echol solution or a potassium hydroxide solution is -

used as the &€ : Met hod according to one" ' of Clains 5 to 14,
characteri zed6i.n thaﬂemhdd:onccardéngnoﬂdar czid | ofn Glaimge § s toonl8;nul |y

deposited aschigacApaalde due! skl CalilkonlOckide bBEPEL 25894dLR0 1O

one of C ains to 15 characterl zed 1nt er sequence Is applied
one above théi('f'ﬂi-ét‘ ots neepipzmatdya denasited; FRRATLRRWK n§iro one
of Clainms 5 me];'&_rima(ua,qterl zed in that the | ayer sequence 15 is nested

one in the other nner th ccor t g .one of
Clains 5to }9 char Fﬂr#ﬁ t%om?ﬁt NSI e@f?gﬂ@ (12 ?:%magg

heavi | 'y _dopedhapacmu'tmmg.mrwhah dihe §.weﬂmm¢hbscmlied_r one
dielectric (;_Q, e2 othe@éeto@o cg&dbgq g% o %Fma:sL{ characterized in

that the connectlon structure IS arrang at one edge of t he

el enent s andléxtendsmeFSEPyd#\PSh tespae o8 (Glaimer Keter &

el ements. characterized in that the layer sequence is nested cne in

' the other in a pot-shaped manner.
19. _ Method according to one of Claims 6 to 18,
characterized in that a counter-electrode (12) made of
heavily doped, p-conducting material is produced on the
capacitor dielectric (11). :
20. Method according to either of Claims 1 and 2,
characterized in that the connection structure (9) is
arraﬁ.ged at least at one edge of the elements and extends
transversely with respect to the surface of the elements.
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