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Sem conductor nenory cell arrangenent and a nethod for produci rﬁg iJANS 2008 e
mntl on relates to a sem conductor nenory cell arrangenent vvlth dynam c
ry cells, DRAMS for short, that in each case have Bmele

“transistor and a. menmory capacitor. In the case of suc WW"WHM"’
arrangenent; the mform_aLtlon is stored in the nenory . form of

electric charges SEHET Menory states "0" and "1" respecti velegsgor r espondi ng
to a positively and negatively charged nmenory capacitor. The sel ection
transistor and tbeniemaluyteapaehd sy @fllt kerraegengnicedrd ar enetbnde€ted to one
another in this éﬁ?ﬂ%é ;Q,Skeh a way that when the sel ection transistor is
driven via a wor I he the charge of -the capacitor can be read in and out
via a bit line. The main outlay in the devel opnent of the technol ogy of
DRAM cel | ar r ange@nisvanisins tre liat eer eat ingsemideaidugtopemantny ORAVE with a

hi gh packing denglty,, fnlgﬂ{ with tcﬁ;n%ﬂXcaméch‘!‘fﬁ%qfisreﬁM@%&t sR&ft renory
cell. It is particular Important iri TeNnDry capaci tor

have a nenmory cap ‘ity‘t%‘fh eh33f eB2%H adéﬁﬁﬁfgl?%agrg? ARG I I
however, insensimémeryt ocapdqiardsn.clBs: the orader 2 ehshlré s%ﬁ””sf%]tlory

memory capaq(;y £ deﬁeh@e %ﬁéean%rﬁa’éﬂ@M 1§els’co§é&a1n rren@rmerﬁcﬁr@ﬁc' tors
have been develo t g ser t 1 lérl cdnar]%gi ry tates

‘t hr ee- di mensi onat®eddr Y72 apud § gre"de Ehi e? t Re- f.or m of
trench capacitor0’t tead 34& pﬁ@ﬁ%@d’%‘dcwotrﬁaﬁp?’?@r}ag |t§ ét (Pﬁéélti‘Yﬁ]é’ t he

sem conduct or ‘sulist milatifely edtedrdedinmen® i bhpalciqpi tiheasdietwictri c |ayer
and a first Memly gl geszﬁ% {e RemgoRdPal Dfo S WISt feRSEYi A ias .

second nenory el gct ectlo trans:sfltor 0

usual |y const uct®&d CGﬁn?Wéedplté’n&Pes@ﬂ? gu??saecemng%% ?ow%yhe tr ench
capaci tor. Such thatewWheartlangetentiont transisénchieapricienoriang we4sl anar
sel ection transistQr thedtid LR %& kRastagadition @BRaOT-EHR in- &nd eprtesent i ng

the' 'mini mum pattern si goét hat g be, b g&cagpdlpy thiat Iaggé et the

technology ‘a WBFf FAN2005"¢- 2°°F n"Use. to increase
further the packtlh@g teohsiol 9 Bf Otfh@RBPQAIVIe&éI |a§raf*98’ﬁ‘?rg%§1e$%ﬁ%15ﬁ n
gener ati on ofy neimEiteRgt hel pablerapesiardng D&3Mbewhth edubiah }zmcltlﬁlé! one

hand, and the ovgralk. chip.area has fpeenien! 85864, réduidemedtthererhand.
However, problens ari S?%H] the case ETa?l o‘}%\éﬁLOPﬁﬁfﬁlﬁ%%%‘ése of
§es%T

excessi vel y | ow EPHYy tJ‘rs'er’?(?1 COStS OW n ownscal i ng
of patterns in tthetchibp m@@@lt&tt%ﬁﬁwre@é‘ﬁ’esﬁaF“leé‘PrYaFi%%c’tﬁy d&g4ci tor

ensures an adequate read signal and is, however,

25 insensitive to a "particles. In order to ensure
satisfactory memory capacity even in- the casekpf a
small;ceil area, memory capacitors have been developed .

- that use -the third dimension. Such three-dimensional
memory capacitors are designed chlefly in the form of

‘30' trench capa01tors ‘that are produced- such that there is
etched into the semiconductor substrate a trench that

is filled'dp with a dielectric layer and a first memory
electrode, 'the semiconductor substrate serving as .
second memory - electrode. The sélection transistor of

-35. the DRAM cell is usually constructed on the planar

vsemlconductor surface next ‘to the trench capacitor.
Such a cell arrangement with a trench capacitor and a
planar selection transistor requires at least a chip

area of 8F?, 'F representing the minimum pattern size

P | 40 that can be produced by.lithography with the technology

IR
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10 capacitance to bit line length. For this reason, attenpts amg gAﬂqm@plng
made, in devel oping the technol ogy of DRAMS to domnscale t he ceII ar ea

the DRAMS in order to be able to increase the packing density. One
possibility for downscaling the cell size 15 of the DRAM consists in this
case of designing the selection. trangjétor in three dinmensions in a way
simlar to the nenory capacitor. Variou$ DRAM cel | concepts are al ready

known in whick nd grenclt},l C &’&ft% S ca%hrbec{g Eglﬁagg efq_{] AR AT i stor

constructed 20" substant! a vertically as e case of the
known DRAM cepﬁclseeggﬁenww afvépei @éﬂAMMCeFlewsrt rianest storeratd ay dith
capaci tor, th@éﬁetetibe raffobzhemrbey,\/e\telre p@atehhesaetel vie R@Be heineen the

source ° el ectr n drai n.el ectrode by a 9 word or
bit line, adj ’é%g ?o e’m ce)lalndc’t hat(:gl |t§%not use lgl%oahlf Fo1 % he
rel evant I:SRAI\/beenI eniﬁlrgeeian dreatihei ptfan i tandr HeweNercaswddflamse smal |

pattern sizesyp{sé h@nDBAA/Bcafse 31l %&%geam r&éueltéyn@sﬁh g ad igfre zone of
the M SFET andthusto l.oss of , SO matlﬁnln he mempry cell. In

i.nfo
order to excl%ﬂ%eﬁﬁwﬁeﬁmlr‘?d’ o?hi‘ﬂe ya}cetllc{/e SBhEeBF £3A%% 1 ¢Bl INSSEET
transi stor, aodihbertsbythe pdewveatal éakagef cwartdrrsys USn5, B8, 236G mpr oposes

a sen Conductgf?gge‘e&xnceghdar5@@ emeRL 111t heatass of Mhighathe Aoti ve

zone 5 betwee source electrode an drain el ectrode of the vertical
sel ectiontQ r ap3PaedEanseconpl étid y 1daer ohﬁﬂgahby Bogattdrist r ¥€2FCE, as a
result of whightthptacta¥e zeDeoi Sbehngl deddir oamadhacenbpmrgd am@/ or bit

i nes. The KNOUD66l Jo reAnGEmROt L SaSANSLLVE! Bflol o1 SEAMNG0RR S thi s

case such thatf renches and are execut an arrangénent with the
pattern of a RRMshaadr dFdeE héose‘?@c@ﬁd@ct’e@ duisTERdtce, tltl‘hepﬁﬁr’i%w

capaci tor bglcﬂ%ﬂ@ﬁm@% |p§b§sit}:flellrllfth,/ v dd’i&s&&SQ@igattﬁé sﬁle_cgs;lee 5
transi star. bei vertic an_a ent- piLlar, .an Jgate

el ectrod ay% conpcdi{ﬁfy surrognd?ir?g 6" ag%%\%e fa %?s(l)?h%ﬁ% sgll ection
transi stor. THeleatecr| éiétérrrﬁji@ﬂca?yeﬁncaﬁhmnet Ml@e@ésl@fbﬁe parta oWay word
line assi gnedsixﬁam@ PBAMhA Riholriynecdaftdhe DRAVeR! | DAY tenthernore,
arranged such t hat runs;., in akfyashlon offsgtffec&p %cularléfromthe
trench capaci$9t<® po eraﬁ%edjcroq% T e JEES iCa%sel&ct i on
transi stor, ahdl iconpedftiect etot @ t helesbliipte telagutivder t henebdfructhe
chessboarg pad s e tsied 1o d &t 1% 1 p 185 236 MI@FEAr.r angi fige t BEsORAM cel |'s

has, , however, a lar ui rement suc that the X acki ng
density of th@?)RﬁK‘/PEgl I%ﬁ Fﬁig é@rﬂfuc‘t’b{]hs&bs‘f?]é?]ec?nﬁngﬁgbgl m t ed.
Furt hernore, trantdistcasansf trdemathesiagacdftotrhe tDRAR del [thien p20blaveor dance
Wi th US 5, Sk, &35, I teHat | @%e68§e£yvfeorz&h@ HERASS, of rRat kehpiRg the'

word line to car out a' _plurality of .conplicated |ithography steps with
mask processeeslecCP%iOO}% ang ntlﬂ%c€1§§ Pattd SS SEREE it Jn‘?#‘h%?ﬁ%gl? Ysfze and
t her eby gieatword ionm tbitelimzi madjpaekicng o253 den3RalY oflil hetbRAMigel |

arrangenent . Jdi i goddiee sl BoRckBe ehledle fvdhe mimpeadlinventLoBaho create
a sem conductor nenpry cel arrangerrent W th (%/ am ¢ rrerr‘a)l!'L cells that

renders possiifiaa Hi gﬂﬁaf)%%:‘k‘tl%@r défsithe, & the sapasli BatEpate
requi renent -giefes30DRAME CBRAMsThit® Gbjlbrdkdge achievred byroeamstbé a

sem conduct or, [ERIpry ,6gl| é%rac'}gae”ﬁg%e%% Céx%l”%dé’ ‘E'oa'é{“ hosandopf a

nmet hod of pro uci ng, such a sem conduct or rrem)ry el | "arrangenent as
claimed i'A clidifamrativref &f r 8Ber EfaMPeventel hr eI§pé>é'dfeiredt<P nSkREUES
dependent cl ainW.udntiagcostlanpae \wWdth vhezomwenti an; véihei cynani SFRENDr y

cells with: thc tnrseLn Q) ca]E)gc tg{le%gg t@g Slf]QzCénact e?%ﬁe%%gt EBPrEB@QS' stor are

respectively. rang ed" OW Ny ofie “an er in rows’ and/ or
col ums. Thi ¥ohf 5@@0 adfonpypepasst e mexiimphductior passllve, Cphtki ng

density of F%&%@n@ﬂd Sllnn tﬁée%ﬂg@n&fon@ﬂué@a%e a@@tSﬁ)et hgogel | areas
for the individual n?%% educ to, an arle_\L % al ze 4F2 to
6F2, F corred5sHEFRgt 8 SPH’éc?n?l ‘b‘iﬁtae} &, 1815 SLRECFPER0YF aphy
process. usedhdbrveavergah nexleutmierpahsibosicftdthe iy ogmgebtiohy of t he
trench capacig %rr%uwd'ea rstaat' Dot QrENELGEL! aseq Oéeédhec'&ﬂlwhﬂélel DRAM

cells is p055| I'e ow n matri X arrangement . the DRAM cells, as a
result of whitdle a|0ctl|"§ Fe3E bl $hialded i eve ?%?%@/%’H ‘é‘af)‘éc?’t‘%ﬁ%’é val ues

of the trenclpi¢apaskk0r8he known cell arrangement is constructed in



In accordance with a preferred enbodinent'. of the invention,. j,thi

t hr ee-di nensi onal dense packing of .the f 15 individual DRAM cta.l1 éi%zzmbe
achi eved by virtue of the fact that the trench capacitor and the associ ated
vertical selection transistor of the dynam c nmenory cells are forned
substantially under an associated bit Lime~ This yields the possibility of
constructing the 20 individual DRAM cells closely next to one another and'
si mul t aneous| yEhdfs eFdsifr i L tled§ abkenchesl dhdagpallthe acki eaecnapds of the

selection {ransi sirorsridiammsiaopiin voRd gadkbid LEnes hysepshoging these

active zones w.,th the ai (r' g%e el ectrode struct
accor dance wi tHh%a SEIFFRBAY 8FeFP JCERbOUI MRMtMeRtY | CaRGiises Wetht he
vertical sel e(etxecwtterchnsnstaors;eand t rendtonhhectdsvaifattd® katlkerioho t he

" associ at eds”%"&@%ﬁ%@%&'t9é§ngare‘?<e%‘%ﬁcﬂe@dv%5:ﬂ1c£ff a'ﬁl Oa(nt 3825@ 30

t echni que; V\/mct!lfrenders i,t possib for these re t be"f in a
sel f - adj ust i n§ =i on2™8nd3t hge H%r §HeFEeredene ﬁerﬂrrraICCﬁ@}?%%Fﬁlm zes'
for the DRAM celdmsounaiagcottance ot tte a fayther ogrefte{ereds@m@glwant t he

35 vertical selegtiiantr al?]:?\I st(_:,odrts(e aé]f%&flrd&edﬁ&" gd}olajl%r%: %I gé%%/n;sgacers Wi th

differently doped regions ~ | a se FBn of the
vertical sel b€ BALEr ahsPstBFS ?—én?l F eegned thp tihe &IRAMOf Asblisclive et.ching

processesioel affi m@et orthecdiif esenfutthermo AN a&Q%gecﬁ sud@PitRgL it

Furthernore, it is ppssipbl ereb r..a connec on_ between t he
| over el ectroée Y- tﬁz sel%&%?ﬁé\g )réafjnf(s),sies?t of = BRg" ﬁ‘é gV 178t r b8 of the
trench capaci tFeNCH ErFa e Hr eeVsal yhean @okehi ablfe tfhef ashesoniatad

accordance wi tRraiturt Beue@t%ﬁrwdngﬂbeekﬂeaﬁd EQ%EHH@&@&GEBW%@S of the
sel ection tranS|sftc%rséle rod%\ Qﬁllng [ Iant{ﬁalon and out di ffusion,
the 10 conducti’ii§ connectl 8%% J eel‘é%? Aot PRBtEFRNERSEapaci t or
al so bei ng>dopad, Uand thds 2aBfisefﬂbadjéu:srtarnglrngpnrueet|m)lizlzxm)e|c:mg,lrsr odaged. In
accordance W hBwa eyt her pé@&@rrse;sia@éfb%cm@teméxh@ e AR A “gth t he

upper el ectrode of t he sek |0C§1tran5|stors i's performed wth t ai d of
the trench i sBPECFER tREhALGHe, A8 hat tendfr eShrel PBBY e GSishd aPPontif
conj unction mﬁ?hlﬁpndn&tOpr@@@s&s;r@mEI apmazmsThblmmes@duEnrﬂneﬁfhofae gat e

el ectrode |ayep S@ngrwgs@r%d drhe %tél\@% reg opnQf pEﬁMseésn%
is carried out ordin further preferred enbo Iment with

t t
tLZnZ: 3 géost h@cgﬁﬁgg?c?egﬁﬁgcﬁé st %%#?a% © alSelf- AGRSTAY R s’bla%e savi ng

production ofpurpose of patterning the word line to carry out a
plurality of complicated lithography steps with mask.
processes that in turn necessitate a specific minimum |

- cell size and thereby greatly limit the maximum packing
25 density of the DRAM cell arrangement. It is therefore
the object of the present invention to create a
semiconductor memory cell arrangement with dynamic_
memory cells that renders possible a high pécking
density, that is to say a Low space requirement -per
30 DRAM cell. This object is achieved by means of a
semiconductor memory éell arrangement as claimed in
claim 1 .and of a method of producing such a
semidonductor‘memory cell arrangement as claimed in
claim 9 . Preferred refinements are épecified in the
35 - dependent claims. In accordance with the invention, the
dynamic memory cells with the trench capacitor and the
associated selection transistor are respectively.
arranged following one another in the form of rows

‘and/or columns. This configuration yields the maximum



25 the word line. regions is possibie“mﬁthout I|thograph|c processes. In
accordance with a further preferred enbodi nent, in order, in péﬂtﬂ&ﬂﬂﬂﬁ to
produce a staggered bit line 30 connection, a supporting structure is
constructed between the selection transistors, which belong in each case to
consecutive bit lines, but toe the sane word |ine. These supporting
structures are produced with the aid of 4he spacer techni que such that they

can be 3% constructed to be self-adjusting and s ace SaJ;/I nﬂ% ;:I'E Lnvention
will "be expl apredibhenpeskiadaidendity tAe &P§ ESttSictrd 8F &% ngs, in
whi ch: 31 JAN29Q% onal gpggges dn&o sk shew aeliLr strenbodiomenthef a

sem conduct or 6"%&1%@(}5@% rrent ccqecg‘_{%céc& the inuengiEogs&i gures 1 |

to 11 reproduéi"ﬁ ucin sem conduct or nenory
cel,l arrangenept,taneri,n it mcefneawndamgl &l ﬂlh@ufnéanilml BIEEBFRNELZE pl an

view, partial tigyre ,%gﬁ] al Q@th h%rieraﬂre%, Aanta pani al
figure C a‘é’cr gs%lsﬁectxlaio%ocgr feiﬁ%e‘??le a{frmc gure 3 showstgr econd
embodi nent of exhensier cOhdiRe FrshorsFcdn © élr?g R a&eBFarhg T o the

invention, pagti @eikicaene ﬂi; repéoduallnga:eeapl af whew irphirticdialf i BRAN A a 15,

Cross section a the 1 pagt f c$£ on. al ong
the line CC #g é 115’051‘?&\/\/318 o"fl v?éwltg% édagt‘irﬁ c\aelﬁrbo rrelélftea%ter t he
process step tne pRMu@%h@SI h:esweneﬁuée ehpHRielrst 7 gRPRS4Y ¥hvws a plan

view of a f§ ouggglgggodiré}gf@védafctaq;raéh&@dﬁece&slxséfp offor t pe odursgh t he
f

trench capacitors; igure 16 shows a circuit diagramof a dynam c
read/ wite rreﬁﬁl??“qcirqs preferred to make use in dynamc read/wite 30
“nmenories (DRAMS) of so-called 1l-transistor cells whose circuit diagramis
shown in figuge ]a6cco£!ﬂ?a$r?cé transi st Ofaréﬁle&s:e@lon‘éfnbsetl&eﬁﬁrmdiﬂ damaci tor 1

and a sel ection transi star The sel ection tr figrably
desi gned in thpeeRb st l}:llsf | P TS S s sl afﬁ? sn%f P{aﬁe ef f ect

transi st ors hasnad $idistl edRAM ramlel L lcamda %@é%ﬁl‘é?félke\bt‘f%ﬁfélez? Eé’teween

whi ch there i r d a e A 4N whAdChthé iaspedsitidde to
construct a thjr(?%n?:@%%ndggtel ?\%fnéérﬁ%rgmela%hetlv\e%r% t&e fi E;REI:?Ee%te'}n%% 21 and

the second el eef bl selecti A0S 1 288
: cells are formed substantially under an associated bit

line. This yields the possibility of constructing the
20 1nd1v1ddel'DRAM cells closely next to one another and’
simultaneously of ensuring a reliable shielding of the “'
active zones of the selection transistors from adjacent
word and bit lines by enclosing these active zones with
the aid of the gate electrode structure.
25 . o ) . _ |
) In accordance with a further preferred embodiment, the
regions with the vertical selection transistors, and
the connection of the latter to the a55001ated trench

capacxtors, are defined with the aid of the spacer

30 technique, which renders it possible for these regions
to be fixed in a self-adjusting fashion, and thus for

there to be minimal pattern sizes for the DRAM cells.

In accordance Wlth a further preferred embodiment, the’
35 vertical selection transistors are defined, in
particular, by spacers with differently doped regions

'such that a self-adjusting definition of the vertical

selection transistors is yielded‘with the aid of

selective etching processes relating to the different



31 JAN 2005 23. Arranged above the active region 22 is an insulating |ayer
24 and a gate electrode 25 that can act as a plate capacitor tHht JANnbe
used to influence the charge carrier density in the active region 22. The 5
field effect transistor 2, also abbreviated bel ow as M SFET, is of the
enhancenment type here, that is to say a flow of current between the first

el ectrode 21 and the second el ectrode 23 yi a the active zone 22 is not set
up untjil the application of a threshold voltage 10 across the gate

el ectrode 25. Thepsegond et ot rmeles 23 iaf the M1 L i55QRReCtged via a
connecting line N ctr 11 of the nenory capacitor 1. The
second el ectrod%éﬁég%?lé%e%gg!rj‘rgrr%regq’%gﬁacq‘teorP‘iw?’é EoRAEEPEE, ofnthern, to
a capacitor pl at@l8CthR ft&apsasspablandohhen inmeal le et med®r y£Ccapaci t or s

of the DRAM celtrev¢iangep®ditodheof igests Bl&stpode; &1 9F 11 hg MSRET 2 is
connected tqQ a Pa‘lé j_Ioinne 6 in order to be abl eﬂsto lrea ijflﬁa%d rc?gtlagr%g 20
i nformation storednln'the menory capacitor 1 in the formof charges. The
read-in and read-out operation is controlled in this case via a word line 7

that is connectmf i&a-dheat & 8hect raas FET 2,. in_order by:
appl ying a voltage to ﬁr oduce Y oor rent %15& g;orndgt%?tx{gr?ge Eé’%ﬁgllenf:n gﬁ@ active
zone 22 bet weer THE  ILEFTEIPESS 088 Jahand alife Slerond rénsdistode 28reFi gur e

12 shows a firsirosivisedi rentdesony dimgl 40t &heon nyeat baRAQErds S6H1 copgduct or
menory cel hoar rpgenent '&pm%gq I i llustrated in the circult
di agram 30 accor di n%ct cr)jg}N: gure 1 .&Fnlt?)hgcsneenb%a?%nteﬁfl‘ﬁ’}\ﬁﬁflet e nt ¢ nal
pattern size FYRACTCHPRRF Produsédowbed nohedenet of ante thushagr aghy-
t echni que descridbedtisgOcdngenn i dhirse iIRARS odakqt he bit and word |ines and
the contact holes generally have a width of approximately 0.1. ~,m"' 35
However, it nust be borne in mnd that the figures illustrated are not true
to scal e. MoredVPePCcPRE2PAfelttbnai Sunsheki prefdrredt bebsalepat tigid Si zes.
Tn the pl ahsvi patsbewtingn 4f gihe 13BhoF bhec$eBiaeongtct oL '?é%é el |
arrangenent, tlggagﬁgggrgi ne defipes a, DRA 1 JAN. 2005 C)1/1:010(%L 20 25
30 35 perrormed wli the aid of the trench
isolation technique, that ensures reliable insulation

in conjunction with minimal process outlay.

20 The introduction of the gate electrode layer sequence
around the active region of the selection transistors
is carried out according to a further preferred
embodiment with the aid of the spacer technique such
that a self-adjusting and space-saving production of

25 the word line regions is possible without lithographic
processes.

In accordance with a further preferred embodiment, in

order, in particular, to produce a staggered bit line
30 connection, a supporting structure is constructed

between the selection transistors, which belong in each

case to consecutive bit lines, but to the same word

line. These supporting structures are produced with the

aid of the spacer technique such that they can be
35 constructed to be self—adjusting'and space-saving.

The invention will be explained in more detail with the
aid of the attached drawings, in which:



cell 10. These DRAM cells are arranged substantially |ongitudi nﬂl@g@gw
bit lines 6 that run equidistantly at a spacing on the nenory aYra t
in the xdirection. Running perpendicular to these bit lines 6 in a
y-direction in a fashion buried in the sem conductor substrate and |ikew se
at equi di st'ant spacings, are word lines 7 that intercept the bit lines 6 in
the region of the DRAMcells 10 in each-case. Figure 12A shows a cross
section through the sem conductor cell arrangenent along a bit line 6, and
figure 12C showe HHéETr dss tec 43 oshdw owgh fties tsenindosgliicé 9t cefl a
arrangement al ong a Wor dséinfe ohdddies PRAM , Whai;gh a stantially
aligned along the bit | i‘?gc@r are gonggse(ﬁf%ij }é%rlglj Oé?r?ﬁ%\ﬁﬁ‘}ecrht t he

M SEET sel ection transi st ors @ F et Qub8antVarEyoRondtinucesdl dimd ¥ enches
102, in which the nenoryreRpedicions Methed sabspantfioal Ipr cnrstiquaieds The

cell arrangement shown i i il 1 conduct or technol ogy,
vz SorP QANERE S hRAoSY! LESR Seml technol ogy

a weakly doped p-substrate serving as base’ E NIRRT s 2

p- seni conduct or subst r at e 1D3°R§%a RARG I pfagerendt showayrahitbe o or m of
a strong n-dopant that sdraresviasy,a SOMIDAL SECOhLe ONt &I BIARGH rQde 112 for all
the trench capacitors of,itfig cgll grié%ngﬂneng.dAs iz.sgown. in figure 12A,
there are constructed in the senm conductor’ stbSt Parété uaﬁ%}“’sepa ed
trenches that make cont &C°S®i ERCEhenbatord thaldded GiCat e and can have any
desired sH#&pe, but are preferably oval or rectangular in construction.
These trenche imned i heir | ower rt with a dielectric layer 13 and
filled up wi t?}flﬁg{ glpég %gld)}%%l i con isne‘f(ﬁf‘)g re@f“ﬁ?r?.dj’l’fﬁ?§tn-d%§ed poRysi licon
filling constitutes theSfiston@nekoel ectemdeyll ofll he aremiyerapaci tor 1.

It is preferred to use §c03rasndi ebechki Gnkayetohd ba Lhe trepch for the
pur pose of insulating the_ el gct?odes. henM SFE‘?’ éekgét&?%%l (f:Ja acftbrs 2 are

respectively constructed Ph°THEXREnfcdi@lctOre i 1Rl 200 1f Imingeeh 2he
trenches WAi ch, as is shb¥@sbyethiéonressngethéoninschndi BEAt fart 841 JAN 2005
- 9 5 10 15 x 20 25 30£8§ufdqure L2A b t it lipne 6. This

M SFET transi stor has theésecondagel ectsr %tg%g % %h?ﬁ’% ?lger?nijbr}e a Highly doped
n-layer in the region of the upper end of the polysilicon |layer 11 in the
trench, that ifdgnsesay shews meplael ectewode of thhedt eepehigapacitos, The
active layer 22, which ¢1$5e Wegkl -d p st nstr teq;yron this

n-| ayer. ;@e first el ectro\(,j% Zf%isg a%%ﬁgego?n E?lﬁ%rll&g%n ﬁlg’ﬁhl ed'b"'ﬁlad
n-layer to this active ?aéfﬁ &7 A conducting connection 4 is for med
through the dielectric layer 13 lining the trench between the second

el ectrode 23 efqthe M SHEN L ransi r 2.and the ipner electrode 11 of the
trench capaci tor 1. Th%éonéne%t is%%r?l ivée or?r%ed%be ?A%]éﬁhtr?é“tb%jcl&}?d’tel ect rode
23 of the selection trdhsistor® aPECERESI MifaP pbPysipiedncbhectthede 11 of
the menory capacitor 1 tamehahnchbiesicase; pigderably conprises an n-doped
polysilicon |ayer. Furthernore, introduced vertically on an insulating

| ayer 104, which is applied to the inner electrode 11 of the trench

capaci t or, be#*/ﬁéérr?t e SN 5r df ¢hecyékectii@ynamnsi &t oz beéyoaging to the
trench capacitor and theapi/Wkateohehdey sel ection transistor belonging to
the trench capacitor follow ng thereupon, is a |l ayer sequence that
substantially extends over the entire active region 22 of the selection
transi stor and cofisiRtsfdFredt fiion yake iussul b myrnamyier Pdadpwefeeably of

Si 02,. a @at enealoadlesOd@RAMEEr o25,sdMc@fgkabliy +ohnRokY skl LE9Ds aRdsa further

current-condycting: l aygr referably of tungsten, which serves as word |ine
7. As shown %&%ﬂ%%r ogéa %@fnl ons al GHY'? heg’Bi t THENE S n 6 gurtha®a and the

word line inifitgagneister crilds| apupriequenmemeng| ospsciter pil dgd &f the

sel ection trargkstabnaround khe ent Fﬁleacéél"efci{zﬁﬂi Q&%%isTthoert gf‘tag? elt ect r2°.de
e selection tranststor 1S

| ayer sequence rougﬂ th aCtIVci region 24 o ,
bounded by aR insdr iyng‘??%kl%’?e 050 pdricf%er §BE§ &Fs Sp3M4eldhaffxttends al ong
the sel ecti ofirengaskstor Thifsr adhe eppect ekeahsogdec2l nyisa 4 he gat e
el ectrode | agep-geg4eN6€ far t insul ating,Jayer 104 on the inner
el ectrode 11 of 1 he 31 %?Aiﬁ %OO%S({O’% él%#omfl.%gzg’ between thlcq‘
there 1s arranged an active region 22 in which it is

possible to construct a current-conducting channel
between the first electrode 21 and the second electrode



20 25 30 35 trench capacitor 1. The regi on between the insul atiﬁq Wﬁﬁﬂi
105, which delimt the gate el ectrode | ayer sequences of adjaceht

cells in the region of a trench, is preferably filled up by an Si 02 |ayer
106. Reciprocal influencing of the active zones of consecutive sel ection
transistors is reliably prevented by the Ls}urroundi ng gate. This neans that
no correspondi ng | eakage currents can occur "through the active zones of the
M SFETs, and th t fo Oon I ssgs .Gan occur, in the menory cells.
As the cross se%t§| onﬁ%ﬁgﬁgb@ 5@8 shmﬁga % “Lidpsor G P 1 1 %‘
construct ed bet%\%%‘hl%%%%cgw@é B laads ani gate helseteccdeoaStttaIas;l staprs on
the seni conduct &t S&@Sérlalgt@e&wﬁh&ﬂe tS:&At?Céaerrbet r@sr!e% ST Aak, e

respectively beI ongcrto consecuti v nes 6 but to the sane wor 7.
Thi's supporting Pt [T 5 Fos 35 EHi e@é%éypﬁﬁf Epﬁb?‘ﬁtje‘k? e?ﬁﬂsloﬁhrzil I é"lheto the
pillar 101 Wit hfidkd seféectoiranansitstror?, tdkse @lebngvi:mdirbéled a8 each
case between a wpidp@r, LQ1 Oqf t%@eeaggggg;ngﬂttgﬂ;? $L0L acr]] lssu;%%orgk

ay cein

pillar 108, which_prefera consi sts of po ysilicon, er seque

the case of whithfaf"i ﬂ£u|°§%rrﬁ5 | RpEVerdo e S pest uﬂ%e%r%et% padel of
the active reglmhe:BbqﬁndIEﬂemﬂmmdecﬂBtvﬂmstﬁéoactaﬁd @@n@hzzhlbhﬁogate

el ectrode | ayer qusn g t r I )
subsequent | cévifeg gﬁfﬁg Hﬂgﬂl o ngﬁ %55q{h%?r%£€%nds 8%%0%8 a
supportingliII%£x°f§8té€tﬁéEﬁ 25 6%3% |ve sel ection transistor pillars.
The upper electrode 21 of the selectlon transistor 2 i s connected,

furthernore, oci | Lpe
current - conductl ng egcsoanoC %Jggtl'ﬁeéecu%gen? condu Jt%gr#g}al%y"e? $20°BFEFLr.abl y
consists in thlvé%éséoé*meﬁﬁlly@l Lieen4 &ndat Hérisitt elentac@eollt afigsben. The

free space bet\f@amaxtyhec&bécitaﬁs 1I s Fiéd | edcupdbYe tdia P2 hayeyr 106, The
sem Conduc%g)r I'TEI'TDI' ce arran nt accordi n%rqt (0] the i nventi on, as It 1Is

shown in thé exenpliary cal%’lcd‘ acci‘(?rdf:ﬁ&nte dyur éR12EUF8 - di 5P rRyui shed
in that the DRAIVP@@%@V péprs iotaaé asr angédranlymtonxod oteon athet IBRAM
cells 31 JANm%Q\% c]a]pa&t]&rsl5of2Q:h%5 @@A@5ce@un%&%@ﬂ‘gle% %d Speh that

the verti cal gl ec ﬁg t ransji st the trench capacit run
t

respectively b&Fow egLEgee atzgld i tgh? nel8FELNd tife Cr?é‘meélelqos ar e
respectively abi&ngédei 6 tihe drolem ¢ rewsldre trel vy daniot hard JAutmeetiaral

t hr ee- di nepGi OBﬁEoPﬁIQKhBQ %%%Iew of the Q@%Mﬁﬁléép Lan he PI%Ig%‘By and

t hus a cell arranﬁ n}lnl mum_cel |l aréa can be achi eve means
of this arrang&fehit® ﬁP?ﬁg?ﬁorE i ferd-thsARBArPROTRIES cCRR¥F &fFiqrhd s
configuration aesbrdihgdt ot hehiavertseconvihata therdactlive regthatofid he

sel ection tranghshotsed st&OIErﬂ@é efely éyéé@w&’eedz@yoé h@leg%hesﬁzegzlt rqde | ayer

sequence and the ass%m ated_word |ine 7, such that I's possibl'e to avoid
i nfl uence exerPEd®hy %¥dj 8BBAY 1REr & aN@L5RLe |1h‘és PERE G0 HoCUSEISEHg to t he
rel evant DBRAM cehdlucting hehereapl any tdrbokierd accer dEn@ethEhgltm% 12, a

m ni mum spaci ng; 1§+ POSELBL gohEt Ween 1y é‘ces%tcho wey d '1'e’2;ec§;o‘§

corresponding to the mninumpattern size exenpl a nboal ment
shown in fi gur%l‘i‘?rel £2j ShavH poddrsle %ﬂ@q%n@rfﬁorﬂ@%qr@@ DRAMEEEl | s by
constructing thevenppet t bAg api ddnar Sorldfc thet weeno agj aeent aRirhnkieRest it

al ways being poss bhefoLeive DLt ;hi0ss Looke 5t aggered with gne another,

I n accor dance e i nventi on, Sizé
achi eved gilver? @ t&Egiser 6@l SFQUFPné@ ntTéY c%e@@b@ﬁlm@m%teadwof the

sltagggr ed b:t %imalnt@@mﬂecgt@@ shewad nedr %léepﬂuadué@@vaﬁnullgg Cﬁn

al so be appl i g t wn_bi t nt er connect i.o igure shows
a plan view of° CEsetﬁ‘l Q@%duc?g?gw ‘éﬁl?l%ﬁ’l? aﬁ@%ﬁ’éme‘?ojrs 8 -EBr 1 ed open
bit |ine interdurnetsansen. thatt W%lmtsmwmddmmntapdt Iueesu:ppdaattng

structure showyiidy fq&gﬁlh%/ iaRd 'Jﬂﬁiﬁ&@t@' éycapgbakm@&éwughl i the case
of a cros§lsse tion line 6 as i|lustrated in figure 13A the same
on

a bit
Cross sec |e£'degt alUst e BREZBCOfIN NBIRT Shaéntidtl mEREUFRSTi gure
12A, a cross sédiusctrraatsed;h@wre i noti guree 13 r exsllies. aMomngoaewpr dthéne. In

the cross sectji QR $hewniisny okg%&ﬁi%ég’t%h%%% 's31d pattern sizes. In
the plan view shown in figure 12B of the semiconductor
memory cell arrangement, the dashed line defines a DRAM



:31 JAN 2005°-"12 5 10 15 i 20 25 30 35 constructed along a word Line 7
between two selection transistors that belong to adjacent bit |ingg 8AN 2005
| ayer sequence in which there is arranged in each case on the Si 02 |ayer
109 around the active |ayer of the selection transistors a gate el ectrode
| ayer sequence with the gate dielectric 34_and the gate el ectrode | ayer 25
that is respectively connected to the layer for the word linme 7. A m ninum
cel | size of 4&211015F2 TiheseoSsRAM echy] §EaRS %frrtamg%dargm RNt ]ﬁ@

e

possi bl e process,SEAUE f roduci ng.a seni conductor nenory
arrangenent as ?I?ustrgﬁg yob ﬁo‘% P tlglpg dgsEP?BeHuPne%%ﬂtmttlh’ the aid

of figures 1 t3t1R #ﬁécéﬂﬁrtqmgthﬁatmmaryl ara:ap}gmmd; sihi cgHe substrate
S1. After Sevediﬂl'e@ﬂﬂﬁ‘m %ﬁﬂﬂ% p@%&@&d zertén%é 5? gted% th a
An

t hi ckness %f r oxi rratﬁ % nmis deposited on thrsTEF
Si 3N9 | ayer SZ with a’tRiCRTESLbf Hpproxi fdfeLPrR0G WS then pheduced on
this oxide | ay%@mlqﬂimcﬁlﬂzot agebswirthea drd Ckmﬁéfﬁl@% appr ayLABLeLY 800 nmis

applied in tur is t er se nce serves as
pp ébédld&% a@b Lbdg haysL. 5 {% qk%m§ PRENLiBEE to .

maski ng | ayer % ow ng trench e
carry out photdol tt hdgfead: i@ d%jfl feet RRAM eCP\%hl%a@chtmrsaclAf t&Sethl s

phot ol i t hogr aghygyrr®ces82 anhsatisr Opi C i EHh ngs@f:tggel rracshlg

per f or med; gCHE r bei n d for oxide, et c%n ng, and C2F6
and O2 bellgg t%gangrQaﬁF%rgl 8?2{%%%%%% g?%?iu%t]i’bﬁ bin% her e3%i ng nmask

for the trenchdg4ht wii<h e Wr?enﬁrfsﬁ c%ﬁiorﬂ?caneomo tier ewqist rited ed, the
resi st mask f@xathhenphot@isl&@pgrmgeﬁné&m\ie,dg ghe,o§Fl i%gg J]ayﬁ{ is then
etched ani sot Rl ¢ahhy dQNch'iqo ﬁtlh of a r.OXi mat e ~ mWTh HBr
and HF, in order to expése the treénc yn%%ﬂ%paa]@rtgor@e
Subsequent | y, Pathdingd opl are |0§pr@rsmd qfn Ftlﬁé.as:lsl iloan sitbséniatre tfoér t he

common set®ndmekeetr odeletttli&e] MBHRMS 1GARAG L OF S Use ppefer "%blaé el Pg mgfle
Ireferably

of an arsenic p ose, an arsenlc | ass Iayer

produced * wthcghga nesé oafnda gnglFHﬁtsel Wa nih Adsiynehe m@moyaN 2005 -
13 phot oresi §@Pa<ﬁ)¥*e¥feﬂr alblésrePlvm,stmthaalyhcmkﬂeaswﬁd approxi mately 500 nm
is then produced on this arsenic glass layer and fills up the etched
trenches. Th| éﬁr aphotore5| st layer is then etched back outside 5 the
trenches to a B nes§ 6P NEFPEOki PRIy S \PHPIRBRd eRaAPDe Sdiltiizoan.
Subsequer?tq y,S?fheC@?Célechﬁ%r gkasknoabgye taheﬂmtwmaopaet @r_g@bgttrb@et he

trenches is eighethaways ex h t en_t he
photoresist |a ererﬁ;ret g?@@t rggﬁchgis@%gu%ﬁovlgg tﬁg EA)a fr&c ﬂﬁgﬁgE)?r 10

Arsenic is dif t h& &r SBBATEd gPhREE | HYF tﬂf@vﬁdop@d tdkl foom i n order
to produce a dluraedtsbngngldopdeped-iayesethat ber s EHEnSOMERALRYL er

el ectrode of @Akl he p t t m conduy tor nory cell
ar rangengnt . H reng?ﬁ?ﬁﬁ&éa?ge%&% rSg) gstgﬁ? sﬂte ncen ﬁ)a‘pra& véd aﬁt T'lh%/he aid of

HE etchi Ag. G5 oPd&P E6™BPodubE tRe SBPERedtr ﬁégpayeﬂ%f thereeape y
capaci tors i fansdmsivdsd annONG & Osedﬁd}sllricrumlﬁ)@(bd@)st@%%s'é¢@£‘11

undertaken, ag.aer thigk S f ap ter bei n sel ect ed.
Subsequent I Yo l:Jthe REOSI ?lggn t(??atﬁ m%l%? ng{)jlg%(él po"1 i FE]Sn

t hi ckness of "appP6Si R&PEFy 2860 Gam @V@erqrm JmﬁCbr&deapQ,o Hud Iazuep the
trenches. Therprfejeblyngvpal ysi |jexormuiisirde it heot seRches,d s sihgequent |y

etched bagk. tIR®ches are 1lined in their lower part with a
dielectric layer 13 and filled up with n-doped
polysilicon in this region. This n-doped polysilicon
filling constitutes the first inner electrode 11 of the
memory capacitor 1. It is preferred to use S$i0, as

35 dielectric layer 13 in the trench for the purpose of
insulating the electrodes. The MISFET selection
capacitors 2 are respectively constructed in the
semiconductor pillars 101 between the trenches which,

as 1s shown by the cross section according to



25 ONO dielectric that projects above the trenches is renoved w tﬁ y@(}? d
of HF. Preferably using the TECS nethod, an Si Oz | ayer approxi mat W
thick is then produced and etched away ani sotropicly with CHF3 and Oz in

the region of the trenches. Subsequently, highly 30 doped polysilicon with
a thickness of approximately 200 nmis deposited once again and etched back
up to approximately 800 nm thus producing a pattern in plan view as shown
in figure 1B. FE§uree| A2Bhowgtandr dsd ovedtieonbat ohgné he. | imhe sAMTdFETUGh t he

trenches for ther@s TeM8y hapae ts%%ndAélaet%&&fé‘?tiA’eugoéo*}?a Qgal, shape,
shown in figur of the tr ches,or he menory capacitors, 1t 1is also

possible to prghdhcgH ¥ ERFEL Y e hemmi:rﬂ?r yFe9ipp \PKN ti?@oslppem endcgfaci tors
with a differenthehepeysiddhras liayed Ilstimatted, francex anplae 1R fogungs 14

and 15. In partigdl Hned telle%tp_ga@l e e ect tr ch sha es that
render possible a rle netl Ve ly lar geggu}: gcéggxdﬁ ?%g‘i TR gr?&' tﬁus an
enl arged nenory E4dda whigh tl’r"r“e tRordorEsh  dyeariilen, qotnS|t$up¢1$sl| bl e

via the shape afn t&tm&rre-nb&m ofot@efif%CQléél@ﬁ@dé 0p5 £9 dghbeimlnegnthe 10
shape of the ri c vertical Iectlon fransi stors are arranged.
| f the trenchestt?%rﬂer%%%re \%{AR?K Sops e%t angL‘ﬁ Y§F Stfapthi¥ hackhver peées

bet ween the ri b wi® hcprduseieet |C‘@rmnter©6;nsqnst4)rssarf@rnfe@r tehanpdle, theal | er

in the direoti Qﬁe(]fed‘d]ﬁ.d/\l)ﬂéylelrnelﬁhaﬂln'l% hend5 dideot i 8 +of etnhetlt?%
| nNes

lines, as a result of ug nmutual Iy sep arat ed wor d
are formed by %;égr?g%o %C%r %}B ?t APEEF Fﬁ@nébﬁE?FU%tFBﬁ Bhet he
menory capaci t éneim ?De@?éﬁdheslh nthe:l'B@rmeendhctmp&ubB&f atie ashghown in

v figures | A ardniB gbg 3e|1§c r r r e The rst
g nkBct tfbeaea BB%%EH £nd' €cBBhY éi‘%ﬁtroc?%l C%(

step for this %LT}I‘ se | thin Si3N4 [ayer ness of
appr oxi mat eI y 4°n Aﬁe %%fr 14912 A6 FR6ud neeri pehyaitheen 25
t hi ckness b$ apé)ﬁg}zi-”mi@ ely QD the irerdeposiaped iap rt hi SnSI BNothayegasd. This

anor phous sili gearésabeneshshed back _{jg gXx F6 and 2, such
that the amor phous s?llr'%on I‘%III}BI ns “onl" hég}')+ vvacfr}saé’fe the trenches

and thus forns spacers. Subsequently, the 30 spacers are highly doped on
one side on th&ustdermakks iimtrtwiudeenchesrichlb@i ngh pasSiik & it updert ake

bot h n-dopi ng agge.p- deri ngn gure loyre 2B show .t h i can waf er
after this, |ast g?ocess ste|lo,ElLl EE Séél%gl Eatye;{ Sei h e rfots 36%?;68711 35 A
separati ofof ?he Qﬁortp%%"b%hsFIaPééﬁtt%‘acééeﬁvée%wtb@r froirInleck whEh tihiee ai d of

a phot ol i t hogr ephyctste@p. t Mveni St dheqiiglng hegrahye se, | & Resfered with
58859'd ?T-thééﬁﬁnﬁhénﬂif¥§% %&SKhQE%QQeCtEQS Lr£§é1§E§¥)ggfégéfg%eto 31 JAN
' "the trench capacitor following thereupon, is a layer ’

sequence that substantially extends over the entire

25 active region 22 of the selection transistor and
consists of a thin gate insulating layer 24, preferably
of 8Si0Oz,  a gate electrode layer 25, preferably of
polysilicon,'and a further current-conducting layer,
preferably of tungsten, which serves as word line 7. As

30 shown by the cross sections along the bit line in
figure 12A and the word line in figure 12C, this layer
sequence encloses the pillar of the selection
transistor around the entire active region 24. The gate
electrode layer sequence around the active region 24 of

35 the selection transistor 2 is bounded by an insulating
layer 105, preferably of SisNs, that extends along the
selection transistor 2 from the upper electrode 21 via
the gate electrode layer sequence as far as the
insulating layer 104 on the inner electrode 11 of the



TEOS et héd i's to ‘apply an oxide |ayer S8 with a tHickness of appr oxi nat el y

80 nm This oxide is then patterned, for exanple with the aid of ]:} 9
QZ etching, and the anorphous silicon spacers S6, S7 are 5 selectiv J‘? 005
renoved, for exanple with CZF6 and .02, at the exposed sites. After this
process step, a plan view of the sem’ condygt_or pattern is produced, as
shown in figure 3B. It can be seen clearly here that the anorphous silicon
spacers S6, S7 arehchemepeditorthe ﬂrﬂee&me}dl e & ONsn s 1 QUgy 3A

shows a cross s t1ysoug 0 er a ong remai_ni ng oxi de
path S8. After fgﬁgégg éct?vewg%gﬁl %el r}hm@%ﬁorgﬁﬁcﬁjs PFFEBAesgEdESs S6,

S7 in the trenchgsucifes o?ifdé‘dS@qeéltcofPMMet ek¥ylsendnvethe fnegierxxarrplfe ani th
CHF3 and 02. Asteendi, als epaafey@blp Ehe1eyt Lbned %rdgl%gr ha

&ry
phot ol i t hograp aI S0, possi hl e to use COI’IVE%’[I onal ‘resi st
mask msteadr)a ?N‘%‘ﬁéggi‘??é ‘ﬁ?%f' fhe® 2 &Tc*%h%eoxF@éeﬁasQ,f a

thermal 20 acti&n3enntafve hi@l@@rgannstrran‘shmetaxm)ronmlﬁé]dif@’reare%@@ger S?
on one trench sige tgeCarshiad, Pud ; he ph ¢Qn. Sp 56,,
f bl o hacor- 8o FE¥hn Thhey

being recrystallized. Th undo%ed sili acer elCwit h
the aid of a fUfPHSHSHHEIENT t hofkaghy CEFEENtFoCahi aCaBr ptikposeh &he
pol ymer . phot oreascrtsxvs9 zgue$erabl yeIAVMAMISFEDsa t Bheknegsgsof tgper oxpmatel y

500 nmis fior stilyr et 9% 1 c{?ssespoéyﬁmgc!:é%er' ni tschl‘:[ehogzrr\] %&]ggﬁﬁﬂ?i yASt he

conpl etely outside the tren for exa

undoped sil i cort P§paTe?s§ sSPEfBOBA 130 %h@‘é’é@l Vvéfy shelwst,i v@ soppbet toged

silicon spacer pidfliagh 108 eid hesnst F Oy PetPEeR- Q@H@ch@b@e @'P_I%Q;Y gr is
~Al

t hen etched ba h-S p I rox1 mately 40 ter this
process step, gﬁthaﬁéélge\%v%g%&ﬁgxa 1 EoH Wt et 88 s?‘ﬁl?‘i’@%‘ﬂ%tQFB

results. Fi guréu?ﬁ%/% PeIBagoss rectsiedrecti ony thedshetds |thamn
clearly be1Seemetqbat:tavémpowél&@ kB td&@lslél%@%rlv%d%‘ito‘cl tn'?e% Pl

pol ysilicon | a)ég\ %%(5%5 Vgglr_er%t Eench caglahj tor is exE| d1L he connec(t)l on of
the i nner * AN P'8ct'rode’ot THBPPT BhE® Béﬁééfftd’r%t o % he
associ at ed sel 8BfFofi2s¢ aﬁ%?%@@bliis adtemdsr pdueddeilntbhiBerggi o e

illustrated processtayckelteti6ANSLEHS PG ] h’cﬁef@”}&é‘fﬁ pg&g{\g d;f&tté]:e ai d of
spacers permts, sel and t hus

usting patterni hi's cont act
the possibili tg of aﬁrhod%‘%% nggexg'f?%f?el%/ gﬁggﬁrcélol Pt t ERfs. elifﬁ&ttlékfhnl que
of one-si &Y dbpRAGISE Athe &idi con sprRpertiimgardilbar | yodeci sinveH N this

case, select edpgég&rm;}pr@ﬁ@%@s& %ff E)quggggggnpagt%g Ehﬁeéd‘ﬁgey Qeing
possi bl e. usting fixin ¥ S1SWeen t he

10 E%%;lct sel f - {§ g
trench capacitor:andt 2" a3beh afRdlLay %’f’rrbﬁﬁ AR 109 @% $ Her ety s
achi eved. Aftewpt He | $ber operebacket cﬁheng aaft itee EBIPibayers Sk 1pnwhi ch -

serves to fix $des@ormct é}@éilé/\!éﬁ t e of ,the trench
capaC|tor thl%f cont act ré.d is then fi 13 &hlcﬁh%ﬁ% g%este % fjﬁe

conpl ete rEmovalYof THE™S ’r%yEPe’SQarFBP%QarYﬁFélﬁPtlFaYOZanSubbeqbent ly,
the remai ni ng dopedbpetiugstliconvepacerb 57 tRe |:31£i1@ta_duga\/\@ayyeﬁn@ognd0ped

armor phous si | i SkkeWdshvaybayes gggggpﬁfﬁg i PR i arsrﬁte%l éﬁlS nmis

deposited on the sem conductor patter nmor p
subsequent |y €t VHEF e §8{l?6gﬂea| I3t dstcarerandace - site vhaer the
anor phous si | ieclartsodgai hlrenﬁveﬂh% selplcetiedry Cﬁfﬁi{siél@@ratzthgscont act

pad in t heot refike cERG S 0N HRIAL S eEpbhlg roc%&“‘n P L& Shown in

pl an view in, flgure5 and in cros< section aron i gure
CA via® a pillar-like current- conductlng layer 110. The

current-conducting layer 110 preferably consists in
this case of polysilicon, and the bit line 6 of
tungsten. The free space between the bit lines is
35 filled up by the Si0, layer 106. The semiconductor
memory cell arrangement according to the invention, as
it is shown in the exemplary embodiment according to
figure 12, is distinguished in that the DRAM memory
cells 10 are arranged in matrix form, the DRAM cells



',30 After the contact pad i's f|IIed up, there IS then perforrred in

preparation for the patterning of the selection transistor in the, il]ar -
next to the trench a process cycle in which, preferably after the: AN 2005
met hod, oxide S12 with a thickness of approxi mately 35 80 nmis firstly
deposited. This Si Oz |ayer is then etched back by approximately 130 nmw th
CHF6 and OZ such that the pillars betweenithe trenches in the ' region of

t he upper Si SNg | ayer are exposed. This Si3N4 | ayer is then renoved

conpl et el y for beiagpl eonfipukBR04such 3ThBAN 2085 ved¥icOUbsaguaidion the
Si02 layer is thepsatshed bgckaarace 4% © @xet%hnma%ttcgorm% sl | gon

wafer after this grocess g shown plan viewn Gre 6Band in the
cross section afd @CFh%e]rYng ;ﬂtﬁz\wl Fthl 6&?8%}@95} S&Eséq@@ntq,y,artdﬁé:hﬁertl cal
sel ection transesboyscaléscenst recpedtliateyaklryangkat iive tth@ the-mTRry
capacitors arr d t re I n pr def.i ne e n- channel

11 2808d Iy (0184 CAERER, N £ gg&@gl e IS

transistor Tegions, |(g dopi ng, préfera
dopi ng, is intPaaktes $n$Hey caf | tig PRAY reel ¥4 rean sbearpmduqmi,l uidant at i on

and stretches aﬁﬁ@fatééﬂlnﬁﬁkéﬁgéﬁd%ﬁ eta Qeﬁihlﬂuma@@ipxéfgg‘% 30 nm
wi th, a dopi ng evele]qg/CnB Thllf :]g‘per n-d Eed | ayer S13 flxes the first
el ectrode of t FAnsi stor S OF &Fdér AF52e8 @F?Ectmtlhfehes"é%&ﬁ?d ditect r ode,

preferably |i ke eeshwyedohni kbkarkatei of wilteh ursEirjuxa ttilker eedcd redmst r uct ed
in the celip figbd gburipdlayss Shkin dihe %%Sﬁ&lf Vt‘} *Mh epi of the

maxi mum i s pref egab%#/ in the r %;l on of aﬁﬁpom mat vert| cal

| ayer 20 thi ckieseC ofehppt 3% hdtls 290¢ h%Fﬁbpr‘Baﬁeéﬂd%ﬁitbyr thge

out di f fusi on. Patpehecfodmptaxermselyedcx 40d$tbnB aissosekestedotar this

n-layer. A doping of, UBgceoniaal padisl hhelvmen dde,seeand ¢hhghrade and

the inner electrode of the trench capacitor 1s also carrie t

si mul t aneous| Y*H3F ngyofadtjﬁ(?el“&stw%lfﬁ dffusiion sieps Afeér dmenptoduction

of the fins$t deloirpdecarthe hee secont erent rode] . t he channekehngghon is

defined by a wslghdimihan of .t rpos ndaplantation 30 is

carried out, pref erlabl$ \%l\n%bgglng to ?iimp%ef?)u?apéﬁs% o pd6pTRY, *& dopi ng

of 1 x 1016/crﬁ?sastlbaledeBFhWSPnaptﬁt‘bxﬁﬁ‘ﬁtaéle@tl mﬁ‘ﬂbétlrlﬁgispr@ﬁué@d (For

exanpl e. The weldreSHwriditdenoprogducednbyurutodiddeisi 0Biz&) . aliso PgEng

possible to p t f o] p .35 ef he vvlth t.he subsequent
%rge%pmarj‘gﬁ S QP?‘%R i3 %Jh% h tlranijtrli?or

gate oxi dat| on steg e starti ng age “of 4hndl
which is d8si geegt 6eb§°séPFeF%@k¢?@t tr}?:e fRéeH Clﬂ,ll§etbty| ggnsheudbpiqg i n the

p- wel | SI FIqmeesiﬁp&hﬁmﬁgapﬁﬂaﬁrylQWBOEethéeﬁlEd?@@e%@fﬁitailﬁ%sthe

definition of ;the, 00 aS|stor Figure 7A
illustrates a E:tr osg S ct| %rr}naﬂ o%OgFﬁElﬁ n]go Wfo f| g S ahd f fiQure 7C

il lustrates aStPe9§rE&€ct bk aloé?ﬁg amethene &a oﬁc¢¢lg<iﬁle06’BWlThe treduct i on
of the secondieleatiode by rmdRinumpl aslat isaned endsput dhf feuei grppgydrits a
sel f-adjustin LR9 Qf,Lhe i nper el ect e .of the trench capacitor,

si nce the§§:ontg§{legﬂela § |q(?L trlso au?o?r%? Foflqdollolc-fpda by F PR F¥U%i on. 10
After the defﬁﬁﬁ??@% of thr Ytgagerady beécdnmleellecttewdenee’gl@n&qhm«nd of the

channel area oh tfiensel emj OlﬁhTer ansrsiren EBRSQISE) egdi QB &&QBS' ors are
isolated in thghver |cal i S tr% c3(/3r13f/1ed|rect|on wth F of trench

i sol ation (STP eec cﬁ%)blt ctions. Figure 138 shows
a plan view of a semlconductor memory cell arrangement

30 for a so-called open bit line interconnection. With

ch%

this second embodiment, the suppdrting structure shown
in figure 12 is eliminated such that, although in the
case of a cross section along a bit line 6 as
illustrated in figure 13A the same cross section is

35 yielded as in the case of the first embodiment in
figure 12A, a cross section as shown in figure 13C
results along a word line.

In the cross section shown in figure 13C, there is



~15 purpose,the. first step in a process cycle:is ta use the - SR
phot ol i t'hography t echni que to-“pattern an Si3N4 'l ayer Sl6 that is (ga‘p%wt%
with a thickness of approximtely 100 nm The nitride layer SI6 is
selectively etched iri this case with C2F6 and 02, for exanple, such that
20 strips of the nitride layer remain in the x-direction over the trench
capacitors and fix the region of the selLegjion capacitors respectively
bel onging to the trench capacitors. After the renoval of the resist mask,
the silicon | ayepnekposeed balusgnat hertr angl 25 KARAGL oS, | de%%?ﬂﬁ ched

. Al

to a depth of appseXi 0 for._example wth C2F6 an er
concl usion of this ré(;%tfé%sytsl}%gp,b%?ﬁggsitpi ggﬁgﬁﬁflﬁrb?-g shoh ¢ e plaei ew in

figure 8B, in cTOSER&Etiotdidnghere Lenersanpadf iguseciBAcaginthr RH 0SS
section al ong t$e0d ilageCC180 bRohhgUtBe 8&ct Avsi TP & PAE L EL NI and

i sol ation ofg thﬁF"“‘Q’%P doan %}rsggi stqrs isg%c ie{j/%é% n@{ htg{é;-%?lreecc +8n by
means of the selected trench Psorati o T& niﬁtﬁbée,raﬁﬁq‘é%m% heiksoltaei on i s
possi bl € with t¥RF@idedrecariew3pr ondstheughby. e BEctrode f1dyidiern sprpgess
cycle, a spaceristréspaceivslsubsgauenrtly fy oduge ween the sel ection
transistors ' in the %%rt i cal §di recti o%,h ihEIH o?ﬁ%rqta%%;!grp%fcegée word

sem conduct or renory ‘cél MFAFFEAgETEhtS e IPh 4 a§gePBU is IpsPANIROBE - 19
bit |ine pattem@angsoif|l thisratezhgemdrte enbodi ment in figure 12. The first
step for thps purpose is to use the TECS nethod to deposit an Si 02 | ayer
with a thickness of agg gxi mately 50 nm Subsequently, spacer 5 etching of
the oxide |ayef* SEFY b Pf orERCMF Eh CAB emde R fawerptobumg raf a
approxi nmat el y 8eémanrbeiogoexsaused.csdal estialanamrdered 1pgkysiligon wth a
thi ckness of appgexisnei £l ~555869%iige5hen grown .gn in the exposed trenches
bet ween the spacgérs such that a 86 Rpott i & eV htis Hivodaédd:of
Optional Iy, th&19HpBESr th P pht t eFhecataattsiobemprediiedisby dbsgspmect i on

and backetthi ngidfcshl sciost r S SNE1 angdr ot heg Liab i After
erf%l/féegv %‘?egﬁie&%i %Jieiposrf waf er as

production of thg s rti attern, a_pl .
15 shown in fi?ggze SEQ@&UWSE ﬁg%?ﬁtﬁﬁlg?aémwétér 03s Wektkmsal ofg the
line AA and ff#BBFEX9BA4SdosE gert ion depngitke |one (3G s | krarstead of a

staggered bit haberisler connestNon 135,20 oW, i}, figur i%:%(’nets[]se %if_m ij_s to
I 'nent- accor di ng

use an open bi Loe. | coppection, as_shown in the enbodiT
to figure 13, % e#%?}rg%eg%%eggsfw al%uﬁgﬁflt e Paaceren ahésseoxide s
p?sfsg bl e @;39 fgm%; gArt el Qrr deerss wn;gaefa; hzl‘tidlem% : fdﬂ)ragmt@ﬁ%%ﬁtih mage
of figure ahenR5i pr 968554 Npger 9fn f Lgure ;9. .production, of “the
supporti ng patfae%%i s, Jol L oved b%rthg_ r|c1)r oduct ilonno?%éateoga_gffdetr n°t he
menory capaci tors for the pur pose” BFSi ndil dﬁ?ﬁ{f_jlflﬁeni_axﬁrsl 8N4 | Blger is :30
;:ﬁrrpl etely rerﬁﬁﬂéd’oﬁto%)‘:{fl@ﬂ ttﬁ“!e@:gtl;;%%gegg&:f fmavsﬂ:;tgI 15': Ehe\f}ﬁ hlsettl38_84cta1|-'|b§r gg{)t er
e remaini ng VI o oa ppr.oxi nat el y nm
wi t h CI—IFBZ'gndA%,terth }ﬁi:[sCh!pg'g 1{1” l;:essgnot bei n}g@seirgc ?vgafﬁc?gf’ﬁ?ion to
Si3N4. Thé result of thS iR at*tRA'8IZBPEYI | RESCHTN t e kveimsd st or
patterns and thehdngpeft thg sesuthyr bsyar eisoppt £ ahed £XR05e8nd Of’
Subsequent |y, fart egA&R1LOPLEX)LE ith a thi ess of ef erab " 40 nm
i s produced fgr t he Egrgoe ofgi%g%?aﬁ%got_%er%r(r%?lyn%’apad@c{t(%sé.aﬁ%e
si licon waf er Caf Pet?d ht e%r%‘&’ésgltr’rde—ﬁ chpng. After production of

the etching mask for the trenches in which the memory
30 capacitors are to be constructed, the resist mask for
the photolithography is removed. The silicon layer is
thgn etched anisotrophically down to a depth of
approximately 10 um with HBr and HF, in order to expose

the trenches for the memory capacitors. Subsequently, a

35 buried plate is formed in the silicon substrate for the
common second electrode of the memory capacitors, use

- preferably being made of an arsenic glass. For this
purpose, an arsenic glass layer is preferably produced
with a thickness of approximately 2 nm. A polymer



ﬁstep |s sh@mm in plan V|em1|n flgure 1OB in cross sectlon al ong t he ||ne
AA in figure 10A, and in cross section along the line CCin flgusé-ﬂwkﬂmﬁ
After the production of the trench top oxide 518, the gate pattern for the
selection transistors are produced, as are the word lines, in a further
process sequence. A 'gate dielectric S19, hfreferably as a thermal oxide
with a thickness of approximately 4 nm~ 18 is grown on for this purpose in
a first proces ppr.o thlck pol ysi licon Iayer S20
that is hlghlyﬁ%ﬁ%€€%%§98€ (fgg gb%%ntpgﬂ%ep8élpeda TSI Pifcon

| ayer S20 serve%PEEP%ﬁﬂ%¥%ﬂ%x§Qanmfb$ thensplredtired brhansiist @rsenThe word

lines connectinglihe 15yb@dlaﬁdiuehlg§t %yﬁ'@ﬁér%‘?i%%e%lre%f%‘r‘?é‘%gé od gg The
first step for tchtys {ur 0se |s t duce an ag]ﬁrom ma |ck
barrier |ayer (not s vé}} erﬁtJr‘TJdE fhreAdt Gﬁ@gt @Htﬁéd?hen
deposi ted wdt h thd é‘y@rﬂCtHﬂSclmeﬁs mrmesapmfompmmhmazelpm 2R, | poer der
for the gate eleggatn{ﬁl@esﬂquh td}e ggbggghgﬂt&%an%gt gggsgnd t e assgm at ed

word lines to pat éer ned Il1con’ | ayer *thé BaFr FRPY Fayer
and the tungst ﬁ’mgﬁlpEPEofﬁ%hS%t%’he‘é’%f?r%ﬂ}’eﬁﬁ rgpietahey byay,

appr oxi mat el y E@amrqxa[mpelfeervabiry HB, 2indreensn othe CREByABRd BRotsPedssto form

spacers fromthe. gate eIt tr t apnd the vword |ine pattern around
the pillars wit hyt%% S\ %% t(%%%t ?%Flssﬁstorénovteﬁé \gg’ |\?é‘arm€éfaof°(§ BeCaeen t he

upper and FBwelAréleé&Fr 6ée§llfﬁut3ﬁ€ BrPnatsebaragnionplassel ynemrbtlaaaepi— by the

sel ection 30 tﬁ@psds@@ﬂﬁcoﬁfﬁﬁrokbéﬁ ﬁ@aﬁgbdﬁéétgrﬂhggeafs%P@n%
appr oxi mately 20 nm thick Si 3N9

el ectrodes and 4 % hhg %rd 4 | nes %5
| ayer S22 is de Srtedim al}urtzif"l%?m%r BsSORMER, CAtFrart ifredamet®l y 200
nm t hi ck Si 02 laégterthszglqn@rn/hmmmw oforthe S@neémabégpmmehndne 35 aid

of the TECS nethod. aTBh&g@mbﬁﬁ |@M@rr§%%1h§nbﬂ%ﬁﬁ% QQS%Hﬂég 4P fife,f he top
th the ai

edgeofth nitri 2, preferabl

chem co- mac%anlgrca?vedpolr %%%He alf‘hé’%n?‘? %B\é\%?’égsel ectively etched off
subsequently with C2 F6 and OZ After backetching of the 31 JAN 2005 - 21
oxi de, preferabhyorhth £F, pPMd@@@rQ%én@i@i@?é@&é"ﬂﬁfﬁé”%é‘%ﬂ% results in the

silicon wafer as shown in, 'an vi ew of I'n cross Section
al ong the |ine“dth ?ﬁﬁ)urlﬁ ff,&m&ﬁ&q Rler 88 é@t‘fﬂjén Niltaadet I9xiBle)i ne CC
in figure 11C d&pestithgnfriom thdepracess pattlaryershewdckhekisgus® bk the

olysilicamp co esupper t t fLon tr nsi stors,
gndyt he tungstﬁﬁﬁ%}&ni%ﬁlfzné?‘:& Z%T%coﬁgggég%)%ngggﬁgg ng }:gﬁé tiﬁe t hen

produced, such®TR3E* & BRAR e dgresdhgeekns ik bgant Sdasvstiowa in
figures 12A totIOCHrfessa@mmp@Irbelimatew zomen@rD@%rWQQ feHer
constructing a. Suppenti Pt t ern L di SRENS gsult.is a 15~
DRAM nenory cel | ar anue%grrent as SﬁO\%ﬁgl n fi uge ‘ng\;l\“[g% giécPB t he
process cycl e &t %’C{ﬁ § ot TPRERGR eht i EHbSFHuPthbsgltﬁhédtbapkodﬂ]be a DRAM
menory cekb 20N rdmgéaem:;cwttﬂhtt hprbhenel capaed t ehs awbvaidd cak

ol cotion tr aneraracEwith o GPaF A Rt B ke SR A0 BBP 1 ne

sel ection transistors |s co ete buhde
pattern, and WK%Y s 28, §ﬂphglﬁm@mr%mﬁﬁqmm2§pmtheqm ienehén The 25
rnra]m mum p?CkI rpglo](cdlensdt wnaf etbﬁe@%%yebhﬁsbﬁr@ﬁmﬂyﬁﬂltﬂ rtfﬁ@r fah@“b?” by
the use of a i tterning for. the word I'ines,

%% 1ﬂﬂg Hég?gg Qﬁﬁntge %reﬁ ﬁes %ﬁﬁﬁqyiﬂﬁk%T ?%g?%y30

expl ai ned_above. ternative to the enbo
within thé0 sc@lﬁé’eﬁlf RieY § hledrn onith wsethhtkoesopiat amplpt@}:lmately

crystal -ori entzed mnoclessw@péﬁt&%p@ﬁ@é ngghhg fah@“%f%c%%laa%atcﬁ’{%
particul ar, gpgrgggm gd@@)&lon to the tr shapes shown |r$f|gure 1B,
I

figure 14 and“PFP§aFre™l tBmacH“é%epFﬁg‘tlﬁh?gc‘?oE%t%%’&‘%|Jo‘hsp-]f%ﬂ 35 the
menory capaci Véey st kﬁftq'ven aid 6f.gwiriech B.heF ivpmos y1Rapaocisy aofcrtch§§e

capacitors capektkemi a t o t of t he
p cbtkemi seohe expandsd. A th§o|@¢$ ¢ 4 ? %,&Jgove

i nventi ont)eyr%nghtlecaegaecrEpgoagsy enbodi nent s ustra Yo rmdl fy the

As an alternative to the oval shape, shown in
figure 1B, of the trenches for the memory capacitors,
it is also possible to produce trenches for the memory



31 JAN 2005 - 22 specified dinensions, concentrati ons, materi al s,aagnglAN 20
processes in a suitable way in order to produce the DRAM menory cell b
arrangenent according to the invention. In particular, it is possible in
this case 5 to have recourse to known process sequences for constructing
the selection transistors, chiefly .of the source/drain zones. Furthernore,
there is the possibility of conpl enent a1r4y desi gn of the conductivity type
of the doped he caondu attern.. 10 I\/breover t he
speci fied di ecfzé;%l%%j&g t(“:sanwzlLﬁ:rsHo e r‘%p?ggg Stiadte kndWAR di 8Pectdi cs.
Instead of sillllbireadard. , for isxgusbe blia fd)guexarrmlze ahd US®. Sithi con
nitride, al urpauﬁmmaqq gtrggm oxige, tﬁékgﬁzmtt ggjf%&a ldrr%s %nd | ow k

materi al s. Intead f tthe C]g{Ol i ntermedi at e

capaci tors, 3PS Cal &? pG & IrepPés& éeotahérell@ﬁé\mlér dlegger ﬁ@gfapeh a hi gh
dielectrié c@rfst‘ra'rﬂ sigsh waesl, 1 faord extaungl en ahlargem axhdey Zhpgentym oxide,
tantal.um oxi de, tRaf Bhpgepxide, perovskite, in particular BST. Instead of
using 20 tungsten to construct the spacer patterns for the word' lines, it
is al so possible, for exanple, to use silicides such as, for exanple,
tungsten sil Fordeevampsle) ciidesiof gddabuen and cohal tsh YPe d @e‘jthe
polysilicon.  Eurther oy e, thn ad ition_to the illustrat ed | ayers, 25
further | ayer Sequences canchd iHIFbdGRRA SIS St hed s ERitesRdHEt oFhoat t er n,
in partitQi apheBecost thet Hiwrsi éns winich dethe ovavoidailnssedneesi of
undesired di ttuss508tokd EBQ %&Q%hg%@alYﬁfsthéekggh'ﬁgg'%IéamﬂngPd¥

sequences canlgﬁz rTDdlefl E bl e way 1 n ustra
patterning pfoces8es, C\RFPHB X dERAPEY nd Mer o tSfe Radivge ket waed itheent i on.
The feat ur estbps t Hethnvbat sedethabnate agisiclosad are, thz&:rf o €09 1Y

descrlptlon,smimaékewwng§eaaﬂré8€1&Aabfstﬁé“w%§db§l%%9@ #Cant 2t h al one
for the inplenentation 01h he™i nvéntion in

and in Si re,g an\H"
its varl ous e Th :h%?lt $ fi Reffer dh@ESro #Fgut eTe3ALL: RE vehtickal
sel ect | on  EIntiANRG0End R3tublapsesperaedfwshe DRAM nras el

conpri ses arbwp&%rnseb@cgbgggr%ewg{ti n+-doped, an active internediate
| ayer 22 that” is weakly p-doped, and a [ower electrode 23 that is |ikew se

n+-doped. Additionally introduced 5 into the |ower electrode 23 is an
out di f f usi okl eshotke dowarstt rusctoudrdi 6F userk f nemolpe ddpasiw@lect fade 11 of

the trenoh capaciidy fn{ BRaUGl e, GANAIS | Bg,condect ion 4 1nto, he | ower

el ectrode 23., 10 The_verti cal ection transis TN uf:'?ed in a

rib that hadid&Fs dth E2ndhe By dithen P§l§€[té@ﬁ?edtrén§es§9r§na&1ret hat the

active int epmtdeanedl afbe 22rstnswhpchothengbapaebost thecdra ﬁﬁl%t or 21is
15

arranged, cantpenf ul %}m deRl.et @d. IS ist @n%%gdbff Q%H%ég]ﬂg@%ﬂ

virtue of t efac at, adj acent |nterrre Iate lTayers Yribs are
arranged in“a"2F tEYloPssr d.avie rd éifot s %W%}?\%f‘r estliman odith a
| i t hographi thlic¥nesagefstppebutmacsliyheoswhstisat@pddiead dh &,0f the ribs

i s designedgt gy, bq@@st@tlﬁus}/ %ﬂ'ﬁ%\%ﬁ&u%h% Eg IZ% :mtkﬁe%lst)%q}eroget ween the

ri bs, such that thé i nterspaces hé ri nch
capaci tors 3f€kar r% axﬁ59éea Wik &t h Cof's bemileefz/1F saredh 2Ehatndhehe |, ribs

have the wi dhbrighddnts rldsnt $ehboms2bnmiynds the wWidt B 0f dheHd enches.
The ribs th@fgrflgﬁgshad\ﬁ% A hus forms spacers. Subsequently, the
30 spacers are highly doped on one side on the side walls
in the trenches, it being possible to undertake both
n—doping and p-doping. Figure 2A and figure 2B show the
silicon wafer after this last process step, the doping
layer being denoted by §7.
35
A separation of the amorphous silicon spaces is now
performed with the aid of a photolithography step. When
the photolithography step is performed with the aid of
the hard-surface mask method, the first step after the



25 width B that is sublithographic. The plan view of a nenory ﬁel | field, . %F
i

according to the invention is illustrated in figure 13B. The r 81 |#AN/\/GM5h”

the selection transistor is formed has the width 30 B and a length L. The

length L runs in the direction of the word lines, and the width B in the

direction of the bit lines . In this case, the length L is forned to be

| arger than the width B. The invention rJe$1d'ers this possible by formng a
f a spacer arrangenent deposited on

conti nuous wor g hdn e‘ﬁ"htol& the %I d 35 g
the rib. The length L i's set®ct&d SBRNYt Ifdt PKéIgpakrrerlefsiwi©hs aon
adj acent ribs tl@Enesre @f\oaheroaMatdaiuy BOr mni. hEI‘hJ.§Od5H(j_<ﬂléIO§J§ wokd |ine.

Adj acent word gddhesridE sgggr r th Qng | i ne
direction, si n%:e 31 JA 2005 leo%%ﬁe |%b gl% KB ?é ¥ o‘?ﬂ‘éd %o be
smal | er than tHEWNS | HFhe &erehom %U}m@htsemw géposit aoas do not

t ouch one &notdedredtn vy digneidan ﬂfr@ﬁazﬁble'kﬁ]@h 2, BNe ) HVBI, e%@ﬁt rBode "
f suc

23 extends in e 0 e tlrelenthLan t entirew
that no addi tltgl%ale&ggayhcgg %%t Y t%%ﬁﬁﬁ%%%t%ﬁﬁedﬁapéapayefzw22 can
be forned. CoRfeddéntIsniaasdaicaetr ivatdemracts i sradeedy tds t figowct ive

i nt er redi at e Ifa.)gelrre22330 next dagy the uppsr ellsirode 21 ”tht?e {oer
el ectrode 23. %h aI SQ .not necessary. since thHhe |nvent
advant ageous| Y co Strdct’d nrl%p"i’l\fef]ﬁstﬁé'vmsdt haJBetéel’ﬂéV§é ﬁalrrfdw so t hat

it is conpfeterpodesl ’er@dcfanmqu 't e fulreaBinghbady aett66% Ssection

di sadvant ageounkyugs ctké | 89148 i &k daféé??cé LRDPL AL QTS & 3 SOl ded.
23 | f or med exanpl e, as a ury e fore the

The | ower el egg c&g
trench capaci %tbe{h hg b§e&1e°ttﬂé’eneﬁﬁf3 Viagr apfertdre alm@rméltquesr ned, as
a result of 28ilkhiwh sgreearesast isve thowae elreﬁt:n@ﬁﬁst@é éﬁﬂj@cbsac:‘&”t

sel ectlon tr apshsiors AN RARY, ated 1L ?l};gg ?ggt Eg&\,}h éﬁyh Ptéé{)ose t he

| ower ejtqut]rod can bé forned as an ep|
f or med 3F8a f- V&n atﬁbroEPFaté’UrFﬂ-Jdb?)‘FlnghaTWesamfa'@el ajesk22 is 25

then 'l i kew sechytovin tépidtraphgl lpyoerke,t he &I@l Taaé'oaHo)észQ@ﬂtQ”uLs@y‘ér 23. As
an al ternati V&, nJif ilauer §e§k§9%§’9}? o ed prfo g%egégﬁgmeans of
[

i npl antation, the |ayer eln antatlon
paranmeters as a buri ed | ayer. 30 The p05|t| on and t he thickness of the

| ayer 23 frommgj:h tthhaehlre\;]n@rvaejdedfr ogas 23x@6@ f]hlg%?c UeQL'ﬁ’héPxﬁé@dl can bg
set verypgcc aj d t 0 5 The ypper el ectrode
2BCcHS At i If % y % hbs ?l %J(ﬁhsbgf%‘?% and

21 can subse uent be ans o
after the fo n t% PFlénc'fwe%n@@)r Stlhi’cse tFEnmml bats lthe

amorphous silicon spacers S6, S7 being recrystallized.
The undoped silicon spacer S6 is then removed with the
aid of a further photolithography step‘ For this
25 purpose, a polymer photore51st S9, preferably PMMA,
with a thlckness of approximately 500 nm is firstly
-spun  on. This polymer layer is then etched back
completely outside the trenches, for example with O0,.
Subsequently, the undoped silicon spacér is removed
30 selectively relative to the doped silicon spacer, which
is either strongly p- or n-doped. The ONO layer is then
etched back isotropically by approximately 40 nm with.
HF. After this process step, a plan view of the silicon
wafer as shown in figure 4B results. Figure 4A shows a
35 cross section along the line AA.

It can clearly be seen that a cutout S10 in the upper
edge of the inner polysilicon layer S4 of the trench
capacitor 1s exposed. The connection of the inner



31 JAN 2005 _ 2~ _ The gate electrode and the word Iine are fornmed by neans
of spacer technology. A layer that is also precipitated around t 84 dAN<00sf

the selection transistors is deposited conformy (isotropically) for 5 this
pur pose, for exanple. Directional (anistropic) etching is used to etch back
the previously deposited | ayer such that a gate electrode is formed around

the ribs. The individual gate el ectrodegground the ribs are continuous in

the direction of the word line, since 10 the spacing of the ribs in the

direction of tdleatoratid i afs the soreaet | chpabidogontd MeRLS 096A kRS | S
produced. The qagtdMs Jihterpdiate laver, 22 in which a channel of t he
verti cal selection,tréhsistor%%Cgéﬁ' e RTRSPF R Yol SnstiBdBakesarpy
arranged bet wedtf t htl¥FErehed Profesd) aexete népor ycaredd mucthhey centsol | abl e
flow of curremtoritmdthepaal actiontheansi$t ors §akes, ol il hig, gase
substanti akly -het,ween tggtkéggches. Zg The tré%%ﬁ cap %ﬁpg&sl %%ﬁfthe
associ ated vertrcal sdl 8ction tPandfstBiS2C8rteRk BRanrednthes ytkel | 10
can be arrang®@s§ibstahyi af | pro®ioinqresssowlat ethahilt ceilnepfttabndhe

M ni mum spaci mgebetvRRDqHE 0o AL ACENt4MDT i bg,formed twce as -
large as the gin| gy_,g}ga#te n size of the Iﬂi,t o%rfg%ﬁ;? ?‘égﬁﬁ?auﬁp%\f‘ﬁ the aid
of which the mBnbry certd of E§rictiGed? i snichisfunmsspactag setiwioen 30 two
adj acent bit Praeesees ¢f kevé sspdredf Qateed rhwiteerasyl gégﬁ?aﬁow@oj@ﬁi mm
pattern sige gkatBestirhogyaphy,d el gue,wifh, the aid of which the menory
cells are pr o}d'gcedtzﬁ t’ﬂ%i r%nder,rlléng %gﬂsrg#lb?%mtthﬁ\;emﬁ/n%ae% Pt fiire a
substrate surfF8Ce OfSUFL. 3P FHE Fuppsrt i hlye pidd sl atvedr diedgdrd drhe

i nvention rendepapissi bile thereby aehbsvédat require a substrate surface of
6F2. The greater space requirenent can be used for the purpose of

i mpl ementi ng, Eor exanple, a 31 :JAN 2005 - 26 folded bit Iine concept
in the case oftWdf chPg FE38raRpri biesketsipagesfantlet ONe bayeki 88, with a

nonacti vé-Si twhiale: skavehi *casex kheisc@m@§éplgaacqgﬁq1nghéoikpﬁrinvention
for the word {4 in a self 5 adjusting fashion wthout a nask
both fof the %LIF%&r?te‘??rioePf?%gﬁrﬁ@g%{}c?@r Ctat?@célj—;?rjr're%‘rlf Cépttachngaghis

econoni zes orF i dddittdhii- Fpac < imsquistepernits ftore adjmpdierentehekerances. 10

A region of td® ither eemtrodgyef the trepgh C%Qﬁﬁ@gfgs %”ﬁﬁanF exposed
in the selecqh¥)e ggk?g of ,Lhe_do gd %ﬁ%ﬁ%ﬁted spacers. The upper
el ectrode 21 of the Sel&&tion transs1%rdePerk Ry e 1deni Aeacey &7trench
i sol ati oRpr dce£EArd PuAYedand ydepens aobrahsubseduesbni Sp1 ant ek i on.

a layer thickness of approximately 15 nm is deposited

on the semiconductor pattern. This amorphous silicon is ¢

subsequently etched back isotropically with C2F¢ and 0,

such that the amorphous silicon 1is again removed

25 completely other than at the contact pad in the trench.

The silicon wafer after this process step is shown in

plan view invfigure 5B and in cross section along the

line AA in figure 5A.

30 After the contact pad is filled up, there is then
' performed in preparation for the patterning of the
selection transistor in the pillar next to the trench a
process cycle in which, preferably after the TEOS
method, oxide S12 with a thickness of approximately
35 80 nm is firstly deposited. This Si0, layer is:- then
etched back by approximately 130 nm with CHFs and O,
such that the pillars between the trenches in the
region of the upper SisN; layer are exposed. This SiN,
layer is then removed completely for example with HsPO,.



31 JAN 2005 - 27 Patent clains: 1. A sem conductor nenory cell _
configuration conprising: bit lines;. word |lines; dynam c nenory ceaﬂsJAN 2005
di sposed in a matrix and having trench capacitors and 5 vertical selection
transi stors, said trench capacitors being connected to associ ated ones of
said vertical selection transistors in a substantially parallel direction
to the bit Iines, each of said dynam c retdry cells having: a trench

capaci tor havin a bl ock-shaped inner electrode; o a dielectric
internedi ate | ayg8PsearPBEAYI nEhealdO; nhaye sl det toee; edmhesh mtleromtect r ode
in contact withmsaedpdi el®chhi GilcRt &,MedirRl es] BYEEn Ra¥er! Gl Selecd i on

t ransi st or dlspogggeggbs antlallg aboye Sfld trench ca aC|tqé%and havi ng: a
| ayer sequence i Sposed” off set From safdP %eYl%We%?rgﬁﬁl idPq righch vV

15 capacitor, sahd taye¥ ssrpioncellbagi nhge aihersd i efitquode 6eonnected to a
respective ope of said bit lines; an active internedi ate |layer; and a
second eIectrodchonnecte to sald i nner electrode of said trench

capaci t or REBAUEThGYt afBe: Wﬁﬁf%ﬁ?%i6%%%CE+%EtFéééspéyéFscéﬁﬁECted
to a respectivecomstoictsal cia/rxmtdallllyners,lasawd gat ehelm@ﬁldsf)jﬂecal@teft&d&d sai d

i nsul ati ng Iayeérggggggtgly %HrrOHPQfBHe§a' ACcti g d nLer f%g lL.ayer,

said one word |line and sald one I ne crossing one anot Sai d
trench capaC|to?sc%ﬁﬂpﬁﬁﬂﬂﬁﬁﬁﬁ%§§06n6§gépn§alngérﬂréﬁpl%%Ad%nﬁﬁﬂrably

transi storsioof ispidesynaot carBepty aebhﬁgbeuag igditspaseddi ﬁnr Q\H%l celll
respectively al i.n ngd. 2 S..res tive ong
said word |1 nespgglr altri yabf)"lﬁIJSt %%e% % 288 %ﬁga?h Csafsrft\%
substantially eﬁﬁ%ﬂfsﬁéé|ﬂfﬁ¢¥ﬁﬁ%%i@ﬁb¢€)I@nd@Pth <$hea99wpzmmdmeﬂgr
menory cel | cl aig®thn leImlamdbplglgabgcgem zgv/bﬁp 35ri g %B%‘i‘ %L@Obgger ~
in which a vert caI :fqglon tr angé rganis arr Q$F substantially
bet ween adj acen re§§% APSET (1% T1ES ectrode o e transistor.

15 1In order to construct the second electrode, preferably

likewise by ion implantation with arsenic, there is
constructed in the cell field a buried layer S14 in the
case of which the depth of the maximum is preferably in
the region of approximately 400 nm, a vertical layer
20 thickness of approximately 200 nm being prdduced after
the outdiffusion. A doping of approximately 5 x 10%8/cm’
is selected for this n-layer. A doping of the contact
pad S1ll between the second electrode and the inner
~electrode of the trench capacitor is also carried out
25 simultaneously by means of the last outdiffusion step.

After the production of the first electrode and the
second electrode, the channel region is defined by a
well implantation. For this purpose, ion implantation
30 is carried out, preferably with boron, for the purpose
of p-doping, a doping of 1 x 10/cm® at a depth of
approximately 1 um being produced, for example. The
well S15 is then produced by outdiffusion, it also
being possible to perform the outdiffusion step
35 together with the subsequent gate oxidation step. The
starting voltage of the n-channel transistor, which is
designed to be self-locking, is fixed by setting the
doping in the p-well Sl. Figure 7B shows a plan view of
the silicon wafer after the definition of the selection



hat the active channel of the be constructed, :he irenches’
g;ranggrlre\r]\fANaEOBSe - 28 3. The seniconductor nenory cell arrangenditd l»wszooa,
claimed in claiml or 2, characterized in that the dynam c nenory cells Srg
constructed such that substantially .the selection transistor is arrgnge
as a first colum and substantially the .trench capacitor is arranged as a

1 t as clained in
second colum. 4. The sem conductor, nenrory cell arrangenen
one of clainms 1 to 3; characterized in that 10 the trench capacitors of -the

dynami ¢ menory LEPPEIETAF o Riomtne (it 6d Isudiratkat ai araséegéggf&ycgp;n

sﬁbst rate it i sthbeld:?eeAhh@tfdlﬁtg@r%ﬂw? ;?/a f?g“cft| oRe J;L asitgéztl%%nrredslilndan
d I ace renc

)i gl '[(rag?llcﬁgsagel ﬁgg% n%e Wth 5R?ﬂ9n %l eé’ﬂ?l (,Cq a98r fdqurand7bei mpef i | | ed

up with a bl ockPEpdipeilan ghf yt it peecaredi eDactiesdy ByayRin a1 tglgct rode

" cont act it oy byt ed 20 oht) -dated 1 4Tk t“'i‘lﬁ%'ﬁr'éfncéé%aaeé‘ﬁgf vene

tact with_a urled
Isﬂbgt('.)?a?g as~ : N Iéﬁqwe f e seranagnduwgtaon teeno sy neel lthﬁes .

bt he tre
arrangenment as cbmiaed Ipﬂadclmmaﬂrls6haé@§érﬁ£t¥§gll§}y Q@hetg s gﬁ?truct ed

in which. the tgang itors of the dynam c neno ce _
are of oval, rec{:t anig}lfﬁggggr square cross section. 6. The sem conductor
menory cell arrangenment as 30 clainmed in claim 4 or 5, characterized in

ahac FER et 1 star th ion of
tﬂgt ut hgrsgggcg}ﬁmm d nngt]emlrjé%laggﬂro% Ee;gt rf%g%lt tﬁgsd %E hgcgﬁacgf%‘ggr ode iw
or egtlhl y dope @e% VL RESRI yoHopbe | sykect 5085

f~a hi
;?(raa];gre? gs acttlr\?é‘sliéﬁioéﬁ, téilﬁa@et k@lfaq‘csnioreltefztrrsmdftdrss afFangesh asedni ghl'y

doped | ayer, aisonductisre cemectign bei g faied fetveen the etctﬁgedtrench

Choe o paeadhe Ah eSS L0 L0, S
purpose, the first step in a process cycle is to use
the photolithography technique to pattern an SisNg layer
S16 that is deposited with a thickness of approximately
100 nm. The nitride layer Sl16 is selectively etched in
this case with C;Fs and Oz, for example, such that

20 strips of the nitride layer remain in the x~direction’
over the trench capacitors and fix the region of the
selection capacitors respectively belonging to the ¢
trench capacitors. After the removal of the resist ‘
mask, the silicon layer exposed between the trench

25 capacitors is then etched to a depth of approximately
600 nm, for example with C2Fe¢ and 0. After conclusion
of this process step, the silicon wafer’is shown in
plan view in figure 8B, in cross section along the line
AA in figure 8A, and in cross section along the line CC

30 in figure 8C. A simple patterning and isolation of the
selection transistors is achieved in the y-direction by
means of the selected trench isolation technique, and
so ‘the isolation is possible with the ald of a low
process outlay. |

35
In a further process cycle, a spacer -structure is
subsequently produced between the selection transistors
in the vertical direction, in order to produce a
semiconductor memory cell arrangement with a staggered



dielectric layer lining the trench. 7. The sem conductor nenory cel
arrangenent as clainmed in claim®6, characterized in that, betmeeﬁ1tﬁ@N2m5,
colum of the M SFET transistor belonging to the trench capacitor and the
colum of the M SFET transistor belonging to the trench capacitor follow ng
t hereupon, there is introduced on the insulating |ayer that covers the ‘
i nner el ectrode of the trench capacitor a_gate' electrode | ayer seqguence

t hat extends .substantially around the efittPe active region of the M SFET

transi stor and conpri,ses _a_ gate diel ectric |ayer . ate el ectrade, | ayer
and. a conductinélEEQéPetﬁgf%§§Pve§sa§Sﬁ6F§ﬁ%a%9 g ?ﬂﬁ?@ ﬁﬂﬁ%t%ﬁ
menory cel | arrdngementl2as Thleaifetbt nsedri Ae7, tbhar actreriseed si it Hage t here

i s constructed paiweppothensalSELion LEARSISt 088 (4w, behong t@ithe sane
word |line and, in each case, to copsecu |v§%b|t lines a suf orting columm

that preferabl ytBkEERGES paf af PRFO¥HMEHEl ¥ oP Uniimwi PROFRRUERY BE1 | TfCeT

transi stor, 3heegahéngl ect thde d:ayer sewprrengk2 beésngepfovmdddwilthe&ghs case
bet ween a colu f the jqn trans s okhi c of the
gate el ectrode 5§erb ’qujg)ne?(egﬂ%}rﬁeq h%ff f%?bgr%%cd’ﬁ%t%g%g ggmq%ghgiué&% -
nenory cel | contkggu&eidon wedlchiityqlishednd@RRP | iRRSYS BhbC oy natd e mehor y
cells that in eaghcraseshafeappibenrbteapacbbonmand aheer tgreain el eat i on

transi stor, whi conpri.ses: 31 JAN 2005 30 iy e c itors in
a matrix, the t%gﬁcﬁgggﬁgciféﬁgcéﬁ §§§3%F% et %ngégg?£%hg%§8r?ﬁggla
sel ection t¥@ansesppesténa headhtrrn ¢ henyodered  r eQpsdringdily di rdd | y

foll owi ng one agaLheyriihgonp Ak iR CAaHMsa1@ach bEeng Lapagtt o havi ng,

a trench, a blo k-shaged L.nner_e ectrgdg, a diehictnhc integgﬁgiatecjayer,

and an outer el 84FFBRBECERRNdiAGcPRPECTRPAPedit 81T AT8F bel Y f &ifed i n

the trench and theernneripdiebe r ode ési s subdaguenrkydiuptioducedl itdteo t he

trench,; form ngu}%{ﬁéftfﬁ’éy SRQGH, 0n L1aRskIbar srsuhst aniisdbh wakaveeach of
Cl

the trench capacjtors, each vertj cal S$H§Ctl a having a | ayer

transi sfor
sequence dishosBHCBRf <8t FrBHR% heP i AfiE Pec&£§W€eof ragPhecfi v&YFench
capacitor, the bayetoseqisnce haei njimef iAfst , angpefi®leest O6dea @rosEctive

intermediate |aygry; &0d @ peeRd,jhavwe, el ectrode, the second, |ower
el ectrode bei ng connected to the inner electrode of the respective trench

capacitor, and the first, upper el ectrode being connected to a respective
one of the bit [fpesnsfesdi off anstagydndd Nglt alybme asniget orodate car ausnd t he
active intejgrediale, | ayer; o he 1sul @l 1ng, | ayers Gl & &S Wioundieng the
Internedlate laxgiérconnection as shown in the embodiment according to
figure 13, there is no need for a supporting pattern, :
and so it is possible to eliminate the process cycle

that leads from the process image of figure 8 to the

25 process image of figure 9.

The production of the supporting pattern is followed by
the productioﬁ of a top oxide on the memory capacitors
for the purpose of insulating them. An S8i3Ny layer is
30 completely removed for this purpose in a first step
with H;PO4. Thereafter the remaining SiO; layer is
etched back to a depth of approximately 380 nm with
CHF; and Oz, the etching process not being selective in
relation to SisNg. The result of this 1is that the
35 pillars with the transistor patterns and the supporting
structures are completely exposed. Subsequently, a
trench top oxide S18 with a thickness of preferably
40 nm is produced for the purpose of insulating the
memory capacitors. The silicon wafer after this process



iti [ | ati ng | ayer
31 JAN 2005 30a depositing agate el ectrode [ayer on the insu ,
and formng a respgctive one of the word lines from sel ection tra%s'fl §Mr2335,

j ; id formng a
along the colums adjacent to the gate electrode |ayer; ari
respgctive bit line along rows that cross a word |ine. 10. The nethod as

claimed in claim9, characterized by the process steps of: - providing a

sem conductor substrate a -, producing tygnches in the sem conduc'F or
substrate; ; - constructing the trench capacitors in the trenches; -

. , . . ' . for
form ng the codtemsiborshicher vt peah sal&8etiQn sl LaRsi st apd f.or.
connectgi ng it {9 irb% aaslsoq,lc' a{hed renc ca’gag,torﬁw gh%tcﬁ% ard o% fRe spacer
techni que; - producing a vder icat* % tRghefeee ot O8ecand eheerrede |,
active regi on SfifFiany gdong3the JANIQ005 in Fligualeeddcode of the sel ection

i i [ i h that a
istors ; - applying and etching back a conductive |ayer suc _
Gare vor i d .as spacer around the entire active region of

| ect rod ayer_.is for . _
?ﬁfa%esgfe%?i a#tte%aﬁé’iestpd:roﬁle%“t R Jelte ererel oder . oxager$18f abpacent
sel ection tramsitst oms tttoaich oﬂ@ranﬁhbersamélcﬁ:e_[om at;wrgi!g%% “a agngdl{gl ng
el selectjon_transjs ; -
constructi ng Phetcror i nos rE Lt Head kS c| Uf naaERRCRP Al P adess
char act er i zed SEAYEREE -befor & b odlicd FRE & hic t rSdrfche p rierf etrfad 1senk g ongluct or

substrate thethewsa] seddbdw@itﬁctarﬁﬁﬁcj;élégshtcf? é’ﬁg{f&t?igﬁabéeéiryiglnzner@?ence for

ot taxi al 1 oRnC B Rl S . GUBSH HUAYBS Sbeing: Fo1 Tk TCass §owi, second

el ectrode and®BefRroXERfrohih 34 trim dhhedalpioy ydopédohayeyef 0524 henaact i ve 20

internmedi ate LayRighly n-doped is then subsequently deposited. This
polysilicon layer S20 serves as gate electrode for the
selection transistors. The word lines connecting the

15 individual gate electrodes are then produced. The first
step for this purpose is to produce an approximately
2 nm thick barrier layer (not shown) of tungsten
nitride on which tungsten is then deposited with a
layer thickness 821 of approximately 20 nm. ‘

20 In order for the gate electrodes of the selection’
transistors and the associated word lines to be
patterned, the polysilicon layer $20, the barrier layer '
and the tungsten layer S21 are then etched off
anisotropically by approximately 50 nm, preferably by

25 means of CQFG and Oz, so as to form spacers from the
gate electrode pattern and the word line pattern around
the pillars with the selection transistors, the active
regions between the upper and lower electrodes in the
pillars being completely embraced by the selection

30 transistors. After this spacer patterning of the gate
electrodes and of the word lines, a thin approximately
20 nm thick SisNg layer S22 is deposited in a further
procéss step, and an approximately 200 nm thick Si0;
layer 823 is then produced on it, preferably with the

35 aid of the TEOS method. This oxide layer S23 is then
ground flat up to the top edge of the nitride layer
522, preferably with the aid of chemico-mechanical
polishing. The nitride 1is selectively etched off
subsequently with C3;Fs and 0,. After backetching of the



12. The method as clained in claim10, characterized in that beforgqt gy ,.-
production of the trenches in the sem conductor substrate the |ower, secgﬂﬁ
el ectrode 25 of the vertical |ayer sequence for the selection transistors
is formed by nmeans of an inplantation, n-dopant being introduced as buried
| ayer into the substrate. 30 13. The nethod as clained in claim10,
characterized in that after the productirodlof the trenches in the

sem conductor ,substrate the | ower, second el ectrode of the vertical |ayer

sequence for t h&*¢&ecR ST atabdsi stidt i BFf obire@ppyomsans edfy dux dir f usi on of

35 dopant from haétemnerresugctsr dde e t BE11E8ACRRPACIS Wh ol i;gp]?qughoq )
ef I ned wit

as claimed in clai aohara i.zed.n that the trenches are
the aid of a Ei_iLa?AJI\‘IIQZGIOSg{ gisﬁﬁﬁoﬂ&ﬁ’t%r%ﬁﬂ?ﬁ Seepishchrlimgt they are
.equal |y spacedlitRet A8 d@nifdendectldd suist riat eciossansectlisreciinty amxk are

al so equal | y5 spacrd €O #n yeijuRetiizen, the trenches being of oval,
rectangul ar or square cross 5 section. 15. The nethod as clainmed in one of

claims 10 to 14, characterized in that the definition of the regions with
the vertical sePeertondtfaemi Sher prandssheat@eragisonww tih tfigue@nnaction to
the associ ated thengB16apaskLAr $5Q t f oWLNg._process sequence: -
produci ng a spac&r gtr9 ture in tohe\éﬁ%ncﬁs %E%VS%P%E £ Sﬁiﬁ'ogﬁga&ft,ors ;
- one-si ded dopri§ of°$heCEp8ler . tE2PGeSHES A5 anghl i thieng tegspacer
structure wi% h méeablzafien | fdhogsmptyust oy ané bisehegbivaky ghehing the
spacer structurg-om;tde Rass he, di ently doped .spacer regions. 20
16. The net hod Iglé c] ai ned ir?sc]?éia%j (1365 'nghgr'; dé %%lf%ecﬁ t AAF2PAE™EP&cer is
split with the 573 0f° a3far88arfack” ndsleurashographyo pCocess, k& 3Ihe

met hod as cl ai relcemamierenf chai pBodsko sje@,ue%@ech@@c&gﬁggpgcéﬁihgt

outdi ffusion (DQy,ddidiky Gqnd elect rode of the, srgl ection transistor is
formed by ?gtdiffusi on Gf ‘dopant’ fromtHe 1Hifer etfbct et 39148, iThe met hod
as cl ai med*Pn detbfeRPrgynseld evrargensni st evticred iinn fikateshe3hotdowi ng

process cycle is carried out in order to construct gate |ayer sequences; -
produci ng an insulating |layer on the trench capacitors in the trenches; 35
- formng a gate dielectric layer a. gate el ectrode |ayer and a conducting
| ayer, which s&"8§ 48 ®bedpiicness avolindatherpihbats whehihvéheiastive

region of the del edts ORAIANSISt ¥ S produce a DRAM memory cell

20 arrangement, with the trench capaciltors ahd vertical

. selection transistors, in the case of which the active

zone of the selection transistors is completely

- surrounded by the gate and word line pattern, and which

is distinguished by a minimum space requirement. The

25 maximum packing density of the DRAM cells is achieved,

in particular, by the use of a self-adjusting memory

patterning for the word lines, as explained above.

As an alternative to the embodiments shown,‘it is
30 within the scope of the invention to use anisotropic
and/or crystal-oriented processes for expanding the
trench capacitors, in particular, in order, in addition
to' the trench shapes shown in figure 1B, figure 14 and
figure 15, also to achieve further cross sections for
35 the memory capacitors with the aid of which the memory
capacity of these capacitors can likewise be expanded.

It is also within the scope of the invention beyond the
exemplary embodiments illustrated above to modify the



31 JAN 2005 - 33 - anisotropical#y et chi ng gh:ngatedgkggf:?gg ;@¥?Kmﬂ“zms
the conducting layer in order to form spacer - | 10 ~ to 19,
d as clained in one of clains
insulating |ayer. 5 19. The metho nstructed with the aid of
erized in that supporting pillars are con: d _
fﬂgrgg;cer t echni que between the selecilpn transistors h1 22h;hmé?d li nes
respectively belong to consecutive bit~l1¢#es , but to the

that a gate
d im19, characterized in
g?ec??gdgefggefﬁégggggﬁggi|s 5%%HF?UCF8HCE§ tyétiiond,| ynabewbahst ad

supporting pi | PEYSESHRS t hB @IﬁqﬁEahﬁehwapelaCkhMﬁnfeﬂbOBrQEuEQet%%lECt'On

RA 1
tranS|Z§ErA AID M memzf%)Agg 1 arran%eﬂ %5&?%@1%9A §°A AREAGNY. A:
BAZSN As. AU. A$ Lin/%ﬁ) T AArt J;@%"’N_'nrl?ﬁ\slsAPSSZlb’% _4Bb €his case

-( #. #. 9§Xodﬁk<hqqe< IB@©Urse to known. process Sequences for

P27~ ~2> >R E USRI RY TR~ : l% kg ﬁgirangigtor@? chlefly of the
)0(>@>)()>@>)()X|X >XZ>>§7;\J61%4%7<L§1§ >’;ones gurthermore there

} xr nhc”Y] ca] c@mépbié}ta@ﬁ@ﬁzﬁﬂ@@rﬁ@ﬁﬂ]d‘eﬂl‘aﬂ cg,%] ¢alca chglgag ca] ca] caj
g:a]qci?ﬂ \(/:\f] cal & yﬁ%ﬁf ]é);f? ]ctg’j%]c%a‘]é’cﬁ caﬁaC]caﬁ caﬁ’br\%*’&%] E%Té%;g‘?}l@gg?gﬂ?m ca] 102} gk
cal] ca] ca ca]y FERIEL calrb®] c apeslicdalech! [didI'edt 1 oC P cg%%éjca]ca]
/1 1B17) 7- 7/ 7zupkiateq ca} calion] Galsal %ale%lcg]%]égg 3%% glsplgplcals
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licides such as, for example, tungsten silicide or
silicides of titanium and cobalt, or doped pbly51llcon
Furthermore, in addltlon to the illustrated layers,
25 further layer sequences can be 1ntroduced into the
semlconductor pattern, in particular to construct
barriers in order to avoid instances of undesired
diffusion. In the final analysis, selectivities and
mask sequences can be modified in a suitable way in the
30 illustrated patterning brocesses, without departing
from the range of the invention.

The features of the invention that are disclosed in the
foregoing description, the drawings and the claims can

35 be significant both alone and in any desired
combination for the implementation of the invention in
its various refinements.

With reference to figure 13A, the vertical selection
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At~ #109% () - that 'is likewise n*-doped. Additionally introduced
5 into the lower electrode 23 is an outdiffusion D whose
dopant is outdiffused from the inner electrode ‘11 of
the trench ~capacitor 1 through the conducting
connection 4 into the lower electrode 23.

10 The vertical selection transistor 2 is constructed in a
rib that has the width B. The width B is selected to be
so small that the active intermediate layer 22, in
which the channel of the transistor 2 is arranged, can
be fully depleted. This is achieved, for example, by

15 wvirtue of the fact that adjacent intermediate layers in

: adjacent ribs are arranged in a 2F raster. Here, F
denotes the smallest periodic, lithographically image
structure on the substrate. The width B of the ribs is
designed to be substantially smallier than the

20 interspaces between the ribs, such that the 1nterspaces'
between the ribs in which the trench capacitors are
arranged have a width of between 1F and 2F, and the .
ribs have the width B that results from 2F minus the
width B of the trenches. The ribs therefore have a

25 width B that is sublithographic.

The plan view of a memory cell field according to the
invention is illustrated in figure 13B. The rib in
which the selection transistor is formed has the width -
30 B and a length L. The length L runs in the direction of
' the word lines, and the width B in the direction of the
bit lines. In this case, the length L is formed to be
larger than the width B. The invention renders this
possible by forming a continuous word line with the aid
35 of a spacer arrangement deposited on the rib. The
length L is selected such that the sSpacer depositions
on adjacent ribs touch one another and thus form the
continuous word line. Adjacent word lines are separated
from one another along the bit line direction, since
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one another in direction of the bit line.

The lower electrode 23 extends in the rib along the
entire length L and the entire width B such that no
additional body contact with the active intermediate
layer 22 can be formed. Consequently, no electric
contact is made with the active intermediate layer 22
next to the upper electrode 21 and the lower electrode
23. This 1is also not necessary, since the invention
advantageously constructs the rib with the width B to
be so narrow so that it is completely depleted and thus
the floating body effects disadvantageously occurring
in field effect transistors can be avoided.

The lower electrode 23 is formed, for example, as a
buried layer before the trench capacitors and the ribs
of the memory arrangement are patterned, as a result of

which the respective lower electrodes of the adjacent"

selection transistors are separated from one another.
For this purpose, the lower electrode can be formed as
an epitaxially grown-on layer that is formed with the
aid of an appropriate n*-doping. The active layer 22 is
then likewise grown epitaxially onto the epitaxially
grown-on layer 23. As an alternative, the lower

- electrode can be produced by means of implantation, the

layer 23 being implanted with su1table implantation
parameters as a buried layer.

The position and the thickness of the layer 23 from
which the lower electrodes 23 are subsequently formed
can be set very accurately with the aid of the said

method.

The upper electrode 21 can subsequently be formed by
means of dimplantation both before and after the
formation of the trenches for the trench capacitors 1.

)@32%%
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the spacing of the ribs in the direction of the word
lines is so small that a continuous word line is

produced.

The active intermediate layer 22 in which a channel of

15 the vertical selection transistor 2 can be constructed

is substantially arranged between the trenches 1 of

adjacent memory cells. The controllable flow of current

in the selection transistors takes place in this case
substantially between the trenches.

20
The 'trench capacitor 1 and the associated vertical
selection transistor 2 of the dynamic memory cell 10 ¢
can be arranged substantially below an associated bit \
line 6.

25

The minimum spacing between two adjacent word lines can
be formed twice as large as the minimum pattern size of
the lithography technique with the aid of which the
memory cells are produced. The minimum spacing between

30 two adjacent bit lines can likewise be formed twice as
large as the minimum pattern size of the lithography
technique with the aid of which the memory cells are
produced, thus rendering possible memory cells that
require a substrate surface of 4F2. ‘

35 |
The supporting pillars according to the invention
render possible memory cells that require a substrate
surface of 6F?. The greater space requirement can be
used for the purpose of implementing, for example, a
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10 A region of the inner electrode of the trench
capacitors 1 can be exposed in the selective etching of
the doped, separated spacers.

The upper electrode 21 of the selection transistor 2
15 can be defined by a trench isolation process and formed
v by means of a subsequent implantation.
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5 vertical selection transistors, said trench capacitors being connected to associated ones
of said vertical selection transistors in a substantially parallel direction to the bit lines,
each of said dynamic memory cells having;

a trench capacitor having:
a block-shaped inner electrode;
10 a dielectric intermediate layer surrounding said iﬁner electrode; and
an outer electrode in contact with said dlelectnc intermediate layer;
a vertical selection transistor disposed substant1ally above said trench capacitor
and having: .
a layer sequence disposed offset from said inner electrode of said trench
15 capacitor, said layer sequence having:
a first electrode connected to a respective one of said bit lines;
an active intermediate layer; and .
a second electrode connected to said inner electrode of said trench capacitor,
an insulating layer; and
20 a gate electrode layer connected to a resi)ective one of said word lines, said gate
electrode layer and said insulating layer completely surrounding said active intermediate
layer, said one word line and said one bit line crossing one another; and
said trench capacitors and associated ones of said vertical selection transistors4 of
said dynamic memory cells being disposed in rows respectively along said bit lines and
25 in columns respectively along said word lines directly following one another and in

each case with a substantially equal spacing from said bit lines.

2. The semiconductor memory cell arrangement as
claimed in claim 1, characterized in that the active

35 intermediate layer v, in which a channel of the
vertical selection transistor can be constructed,
is arranged substantially between the trenches of .
adjacent trench capacitors
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. a first column and substantially the trench

capacitor is arranged as a second column.

4, The semiconductor memory cell arrangement as
claimed in one of claimé 1 to 3, characterized in that
10 the trench capacitors of the dynamic memory cells
' I are constructed such.‘that in a semiconductor
substrate it is the case that both equally spaced
trenches are formed in an x-direction and equally
spaced trenches are formed in a y-direction, said

15 trenches being lined with a thin dielectric layer
. . and being filled up with a block~shaped highly doped
semiconductor layer as inner electrode and being
covered by an insulating layer , the thin
dielectric layer being in contact with a buried
20 highly doped plate in the semiconductor substrate as

outer electrode.

5. The semiconductor memory cell arrangement as
claimed in claim 4, characterized in that the trenches
25 in which the trench capacitors of the dynamic
memory cells are constructed are of oval, rectangular

Or square cross section.

6. The semiconductor ‘memory cell arrangement as
30 claimed in claim 4 or 5, characterized in that the
selection capacitor is a MISFET transistor that, in
the region of the upper end of the inner capacitor
electrode, has the second électrode. in the form of -
a highly doped’ layer on which a weakly doped layer is
35 arranged as active region » and the first electrode
is arranged as highly doped layer, a conductive
connection being formed between the second
elecﬁrode - of the MISFET transistor and the inner
electrode . of the trench capacitor through the
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7. The semiconductor memory cell arrangement as
claimed in claim 6, characterized in that, between the
column of the MISFET transistor belonging to the trench
capacitor and the column of the MISFET transistor
belonging to the trench capacitor following thereupon,
there is introduced on the insulating layer that
covers the inner electrode of the trench capacitor
a gate electrode layer Sequence that extends
substantially around the entire active  region of
the MISFET transistor and comprises a gate dielectric
layer & gate electrode layer and a
conducting layer that serves as word line.

- 8. The semiconductor memory cell arrangement as
claimed in claim 7, characterized in that there is

constructed between the selection transistors that
belong to the same word line and, in each case, to’
consecutive bit lines a supporting column

that preferably extends parallel to the column with the
selection transistor, the gate electrode layer sequence
being provided in each case between a column of the
selection transistor and a supporting column of the
gate electrode layer sequence.

9 A method for producing a semiconductor memory
cell configuration with bit lines, word lines, and dynamic
memory cells that in each case have a trench capacitor and a

vertical selection transistor, which comprises:



10 10! S 9*- #109& ()-f!p 9*- #1094 7& ()-f!t 9*-#10%
;& ()-ft}[90P1! p* #109%& ()-!#10%& ()-  109%& ()-S'k’ 10%& ()-S!3 81 JAN 205
109%#& () - SLO0%&' ()-- (+}7?241 10N 7 109 ()-s5

109& ()- 0 109& ()-.109& ()-!1 #109®5& ()-!8 #109%JU& ()-)gEL 10N @I
109N T\ & ()-1fF 1 109%\z\& ()-!1 10%\ & ()-9:10% & ()-&@0% & ()- 10N
10N) “c{\: El 10'aS)z 10%\u\& ()-' 10% & ()-9"' ! 10%& ()-

0Y! 1098@&' ()-0!" Y 109\ & ()-! PfY! 10%l\ gy & ()-~_@ 10! as910%& () - YLOU& () -
10 10 106@ 109 ()-S y510% & ()-! @S)z 109N\ T\ & () - ULvwxywXVB7 1 10 10

10" F1 109%& ()-!1 XF! 10% <" <& ()-!Sg 10%<G<& ()-!8 10%<& ()-Z ! 10%<& ()-Z

y7a?MB7 1 forming trench capacitors in a matrix, the trench capacitors
and associated ones of the vertiéal selection transistors of
the dynamic memory cells reépectively directly following one
another in rows and in columns, each trench capacitor having
a trench, a block-shaped inner electrode, a dielectric
intermediate layer, and an outer electrode, the dielectric
intermediate layer being formed in the t;ench and the inner

electrode being subsequently introduced into the trench;

forming vertical selectioﬁ transistors substantiallyAabove
each of the trench capacitors, each vertical gelectidn
transistor having a layer sequence disposed offset from the
inner electrode of ‘a respective trench capacitor, the layer
sequence'having a first, upper electrode, an active
intermediate layer, and a second, lower electrode, the

second, lower electrode being connected to the inner
electrode of the respective trench capacitor, and the first,'.
upper electrode being connected to a respective one of the

bit lines;

forming an insulating layer as gate oxide around the active
intermediate layer, the insulating layer completely

surrounding the intermediate layer;
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1 @ﬂow@ﬁ-(Hep@EQ%gﬁb(a gd&ﬁ electrode layer on the insulating layer and
forming a respective one of the word lines from selection

transistors along the columns adjacent to the gate electrode

layer; and

forming a respective bit line along rows that cross a word

line.

10. The mefhod as claimed in claim 9, characterized by

the process steps of:

- providing a semiconductor substrate;

- producing trenches in the semiconductor substrate;

- constructing the trench capacitors in the
trenches;

- forming the columns for the vertical selection
transistor and for connecting it to the
associated. trench capacitor with the aid of
the spacer technique; | | |

- producing a vertical layer sequence of second
electrode r active region and first
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- applying and etching back a conductive layer such
that a gate electrode layer is formed as
spacer around the entire active region of the
5 selection transistor » and the gate electrode
layers of adjacent selection transistors

touch one another and form a word line ;
- producing contacts to the source electrodes .
of the selection transistors ; and
10 - constructing the bit lines

11. The method as claimed in claim 10, characterized
in that before producing the trenches in the
semiconductor substrate the lower, second electrode
15 of the vertical laYer sequence for the selection
transistors ' i1s grown onto the substrate by means of
epitaxial growth, a highly n-doped layer being formed
for the 1lower, second electrode and being
overgrown with a weakly doped layer for the actlve
20 intermediate layer

12. The method as claimed in clainm 10, characterized
in that before the production of the trenches in the
semiconductor substrate the lower, second electrode

25 of the vertical layer sequence for the selection
transistors is formed by means of an implantation,
n-dopant being introduced as buried layer into the
substrate.

30 13. " The method as claimed in claim 10, characterized
in that after the production of the trenches in the
semiconductor substrate the lowei,‘secdnd electrode

of the vertical layer sequence for the selection

transistor is formed by means of outdiffusion of
35 dopant from the inner electrode of the trench
capacitor

14. The method as claimed in claim 10, characterized
in that the trenches are defined with the aid of a



"10%8S& ()-! Ms " 109%KK& FfwX6PC 1! 1094T& ()-"z 109%W& ()-!Wz
éoo/ag{('s(sf-l(é z 109%& ()-!; E)zq10%&'()-llz LO% () -VeX6PC 11fL. 100 @1 VAN 2005
109EER ()-1f f#f 109& ()-!f#f 10%7& ()-0 10%& ()-'p’ LOYBSE () - _
101 £ 1109 ()-3! 10%& () - &10%& () - &10%& ()- 10 10 10910% () - SGI\NUB
109%& ()-!-f1109%& ()-3! f110%=¢& ()-3!" f'lO%E[&'() 31\ 1 1I0%AAR () -3
()= 3R (xY7) 10!SY. nT10%& ()- - sY. niL G%p& () - ( sY. nt 10% & () -

1ysY. mi 109888
L0%&! () -y@.0%

10

15

20

25

g Tyt KX%&%%”%&%L 169 ( %Eei%%ﬁiydE

paced in the semiconductor substrate in an x-direction
and are also equally spaced in a y—dlrectlon, the
trenches being of oval, rectangulér Or square cross
section.

15. The method as claimed in‘one of claims 10 to 14,

characterized in that the definition of the regions

with the vertical selection ttansistors, and the

region with the connection to the associated trench

capac1tors covers the following process sequence:

- - producing a spacer structure in the trenches above
the trench capacitors ;

- one-sided doping of the spacer structure;

- splitting the spacer structure with the aid of a
lithography step; and

- selectively etching the spacer structure on the
basis of the differently doped spacer regions.

16. The method as claimed in claim 15, charécterized
in that the spacer is split ‘with the aid of a hard-
surface mask lithography process.

17. The method as claimed in one of claims 10 to 16,
characterized in that outdiffusion (D). in the second

"electrode of the selection transistor is

30

35

formed by outdiffusion of dopant from  the inner

electrode

18. The method as claimed in one of claims 10 to 17,
characterized in that the following process cycle is
carried out in order to construct gate layer sequences;
- producing an insulating layer on the trench

capacitors in the trenches;

- forming . a gate dielectric layer , & gate
electrode layer and a conducting layer, which
serves as word line ', around the pillars with

the active region of the selection transistors

)
4
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‘ 19. The method as claimed in one of claims 10 to 19,
characterized in that supporting pillars are
constructed with the aid of the spacer technique
between the selection ~transistors ', which

10 respectively belong to consecutive bit lines , but

to the same word lines

20. The method as claimed in claim 19, characterized
v in that a gate electrode layer sequence is constructed
15 vertically between the 'supporting pillars and the
pillars with the active ‘region of the selection
transistor.



