Description *159159* Sem conductor nenory cell arrangenment and a nmethod for
producing it I 5 The invention relates to a sem conductor nenory cel
arrangenent wi th dynamic nmenory ﬂmmmmmw for short, that in each case
have a sel ection transistor and pacitor. In the case of such a
DRAM cel | 10 REFENGEEM , the informatison is stored in the menory cell in
the formof electric charges, the nenory states "0" and "1" respectively
corresponding,to. a positivel and negatively charged nenor apacitor. The
select?on tr ?@ﬁ?ﬁ%ﬁh%ﬁﬁFtﬂémﬂﬁﬁanﬁgaﬁﬁgi St rﬁp%eﬂnpéthQIffg are
connect ed to predwaniotdiert in this case in such a way that when the

sel ectiongtransistor is driven via a word line the charge of the capacitor
can be read in and out via a bit line. The main outlay in the devel opnent
of the techrnBlogynusEnbRAN ced}ate s afigerienssmionsidsics am @ener patiedd

reliably operatidigh DRAMS W @yz‘?%ﬂfﬁ:?xﬁéﬂﬁbi‘gr %Iggl%?:’if’ pRAMQaffoirs Rr5ay a low

space requirenment per nenory cell. I's p y 1nportant in'this
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d t sure satisfactory nenpry capacity even in the case of a small
gglFrargé,nngﬂ%ﬁ@n%%$%3€to g%%a nP%%%ﬁQEBQeP%beﬁtofﬁatJﬁ%ét?%emﬁmoﬁﬁ

di nensi on. Sumll hireetlte nBosmoofll eleehpiy chpageker shar ecdesiygredtel ef | y
in the form af,.30 ench i tor e oduced, such _that .there is
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etched into the sem conductor subst is fiTlea u With a
dielectric | &t regrblvetgt chemoey MEmssty otapacheosenTbendgdeot isubst r at e

serving as —secosh JEIDTyng! eakbr adto riNe 3Rl EGld oo £ r eRsT AbABYf 371t he
DRAM cel | is usually constructed on the planar ,

15 are connected to one another in this case in such a way
that when the selection transistor is driven via a word
line the charge of the capacitor can be read in and out
via a bit line. The main outlay in the development of
the technology of DRAM cell arrangements consists in

20 creating reliably operating DRAMs with a high packing
density, that is to say a low space requirement per
memory cell. It is particularly important in this case
that the memory capacitor have a memory capacity that
ensures an adequate read signal and 4is, however,

25 insensitive to a particles. In order to ensure
satisfactory memory capacity even in the case of a
small cell area, memory capacitors have been developed
that use the third dimension. Such three-dimensional
memory capacitors are designed chiefly in the form of

30 trench capacitors that are produced such that there is

- etched into the semiconductor substrate a trench that
is filled up with a dielectric layer and a first memory
electrode, the semiconductor substrate serving as
second memory electrode. The selection transistor of

35 the DRAM cell is usually constructed on the planar
semiconductor 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

40 that can be produced by lithography with the technology
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sem conductor surface next to the trench capacitor. Such a cell
arrangenent with a trench capacitor and a planar selection transistor
requires at least a chip area of 8F2, F representing the mninum pattern
size 40 that can be produced by |lithography with the technology *G0002* q
inuse. In order to be able to increase Turther the packing density of the

DRAM cel I's, firom genenglionglp gengralion of MepmLies ! e, patler . si ze F

has been reduced, "0n e ‘'oné hand,” an over p ‘area has “been
enl arged, on pEwEkigihedehanty Béwedrer , DRRMbledd s, arfirsen i gendeatase 6P this

DRAM devel opneife Decayse &f nExeegeisvel ie! QU Ghi Py Yisgl A pxXt{LIeLELges in
costs owing to the downscaling of patterns in the chip production and
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RAMs to downscal e the cell area of the Ms, in order to be able t
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increase the 3adid niy” Egﬁsicta)?.e Hosgi B VS BBHEC AP P RgU B fie OLel |
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transistor i hr ee . di i0 i idn lar. .t e .ne capaci tor.
Vari ous DRAM%CV}emﬁ (:t?ngg%%s g?)ghglcraael%g k?\oo%\nnbl%r?t\ﬁ%rﬁ:%l a't ?gn)céh ggﬁgci tor
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vertical M SFET transistor and trench capacitor, there is the problem
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of 15 of the DRAM consists in this case of designing the
selection transistor in three dimensions in a way
similar to the memory capacitor. Various DRAM cell
concepts are already known in which a trench capacitor

is connected to a selection transistor constructed

20 substantially vertically as a MISFET. In the case of
the known DRAM cell designs with a vertical MISFET
transistor and trench capacitor, there is the problen,
however, that the active zone between the source
electrode and the drain electrode is influenced by a

25 word or bit line, adjacent to the DRAM cell, that 1is
not used to control the relevant DRAM cell. This can
lead, in particular in the case of the small pattern
sizes of the DRAMs, to a leakage current through the
active zone of the MISFET and thus to a loss of

30 information in the memory cell. In order to exclude
influencing of the active zone of a vertical MISFET
transistor, and thereby to prevent leakage currents,

US 5,519,236 proposes a semiconductor memory cell
arrangement 1in the case of which the active =zone

35 Dbetween the source electrode and the drain electrode of
the vertical selection transistor is completely
surrounded by a gate structure, as a result of which

the active zone is shielded from adjacent word and/or

bit lines. The known cell arrangement is constructed in



30 information in the nmenory cell. In order to exclude influencing of the
active zone of a vertical MSFET transistor, and thereby to prevent

| eakage currents, US 5,519, 236 proposes a sem conductor nenory cell
arrangenment in the case of which the active zone 35 between the source

el ectrode and the drain electrode of the vertical selection transistor is
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active zone is'’s romadj acen word an | Theés.
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are execut ed t jdh A Rfdangenentswihrihe, patl endngtyacgpgsshear deiipg the
sem conduct or substrate, the nenory capacitor being executed_in a trench,
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adj acent 5pi ld@msadton gatieel egtroded ayertcenpliet ely asursgypdieng the
active | ayer sel_ection tr%nsi stor. The gate el ectrode fg%/% can in

of. 1 he
this case bé”p]ajlt’?rOf A0f%br o | i H8 "&ssignedtF8%he TRARE ASHTP Y10 of
t he DRAM cel Isusyotindtimey notlee aeranges slielyetrhatoft thens,sdleatfashi on

of fset_per pendichlarl g, 11 oaLt b oL IeNeh capaciLor, gusr e golum of the

associated vertic selectrio transistor, a s connected o tﬁés source
el ectrode t hé@eedartThd chasshdalthpad s etonedetdo16henDREMS, 5191238 iher

arrangi ngot he, {DRAM agldrs hasy 5 HOVWeYLEne Anb AL J€aSPARGHEYULRERRAL Sych that
t he maxi mum packing density of the DRAM cells on thé sem conduct or

substrate refdihy | iR ted I MRer vdiSet | RerReNH 1L t Ke Tt gib6F the
DRAM cel | i n 22@ragcordaned trt,h &8eb, Xl 236 livtnn So pecessasysbeh atkea
pur pose of patt r.ni ng teh rg !'ng to carry out a Iurrlaljtt f _
conplicated | ﬁ%dg?%ph? Jﬁ?%ﬁ% Wi %ﬁ HESK 6(0(?@?@6955 t‘ﬁ%rf T ?%rﬁoné@&sa tate
a specific masuumme ckéttspde amendved.ebVhgr ehklsypbdand pdnet emxi ogrdpacki ng
25 density ijtnt hesDRMVL ¢gl b 33r rangenent n%!‘ml;s El@gredé%pf g obpect of the
present I nvention to createé a semn conductor nmenory ce arrangenent’ W th
dynami c however, a large space requirement such that the
maximum packing density of the DRAM cells on the
semiconductor substrate remains limited. Furthermore,
in the case of the design of the DRAM cell in
20 accordance with US 5,519,236 it is necessary for the
purpose 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 1s therefore
the object of the present 1invention to create a
semiconductor memory cell arrangement with dynamic
memory cells that renders possible a high packing
density, that 1s to say a low space requirement per
30 DRAM cell. This object 1s achieved by means of a
semiconductor memory cell arrangement as claimed in
claim 1 and of a method of producing such a
semiconductor memory cell arrangement as claimed in
claim 10. Preferred refinements are specified 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



menory cells that renders possible a high packing density, that is to say
a | ow space requirenent per 30 DRAM cell. This object is achieved by neans
of a sem conductor nmenory cell arrangenent as clained in claiml and of a
nmet hod of producing such a semiconductof menory cell arrangenent as
claimed in claim10. Preferred refinenents are speC|f|ed in the 35
dependent cl gj C h ent dyna menory
cells with t ég%?é%%%aﬁggggﬁg %éﬁéggiigfa5250|%§ﬁ% seﬁ%gti n%ﬁﬁﬁgistor
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capaci tance values © french acitors. 1Tn accordanc
preferred enﬁ@@nﬁﬁﬂM(ﬁekh%/ $ﬁv@ntﬁ§ﬁltt@ﬁswhﬂﬂhaIﬂrﬁﬂmp@ﬁaibﬂenSQ
packing of thenlSJddiviuale PRAMGELLE s 6aR beaachieved b the
fact that the trench éépa0|tor andgthe SSSOC|a?edQS§e§?|Cg sé%ggtggn
transistor of3PREIFPEEM ¢ nenory cells are formed substantially under an

associated bit I|ine. This yields the possibility of constructing the 20
i ndi vi dual M cellscflosely n%§t t 0_one. anot d. lta eoualy of
ensuring a rell aBFE GBI A ng' of 't e PAGiTer S ne‘%]n ? tﬁ@ el 8¢ti bA®
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fact that the trench capacitor and the associated
vertical selection transistor of the dynamic memory
cells are formed substantially under an associated bit
line. This yields the possibility of constructing the
20 individual 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
In accordance with a further preferred embodiment, the
regions with the vertical selection transistors, and
the connection of the latter to the associated trench
capacitors, 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 with 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 1is vyielded with the aid of

selective etching processes relating to the different



regions with the vertical selection transistors, and the connection of the
| atter to the associated trench <capacitors, are defined with the aid of

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

pattern sizes for the DRAM cells. In accordance with a further preferred
enbodi nent , . 35 verti | ection t.ransistars are,defined,. in

particul ar, %@ﬁgﬁgiérgﬁﬁéﬁg%ﬁ$¥§fen.?y]ﬁ%pgasﬁéﬁﬁb s%@§ﬁﬁP¥h§Fwa a
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doping. Furthermore, 1t 1S possible thereby for a connectrng regron

bet ween the [F&REChe| @@R20HECOBf tichdoe séf&ed arracamsl st én andreheabhaer

el ectrodes of fizh@ iohr.ench capacitor to be fixed precisely in areliable 5
fashion. A In accordance with a further preferred enbodi nent, the | ower

el ectrodes of the selection transistors are produced by doping
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that ensures reliable Tnsulation 1n conjunction w m ni mal process
outlay. 20 TRESIEHY oBRREFHRCHT 3o ghednel eterode leafertiBeguenceelfround

the active reghort@hgt BensRleGbnoBinAN$Riced.i s carried out according to
a further preferred enbodinent with the aid of the spacer techni que such

that a self-adjusting and space-saving production of 25 the word |ine
regions is passistloomidrhoutwitt hagfaphher predessesi dnbRcosgancenwith a

furtherfgefggk%%ﬁmﬁﬁgl@%“thénupper electrode of the selection
transistors 1is performed with 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:



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

whi ch belong in each case to consecutive bit lines, but to the sanme word
| ine. These supporting structures are prgduced with the aid of the spacer
techni que such that they can be 35 constructed to be self-adjusting and
space- savi ng-fiywrégyemtlee wibl ke Kxplai ned.kp ne&%o%e}ﬁéz ¢Wth the aid
of the attached drawings, in which: 5 10 15 figures 1 to 12 show a first
enbodi ment of a sem cHFAUEEBROETOPY cAIIMAFYangefRAt AEESPASHERE t he

invention, figures 1 tacktbrdieps oducing meihad séepsrigurpsoducifgithis
sem conduct or nenory cell %%ganggnent in this case partial figure B

agd .
illustrating a plan vi"éW* Ty PRGOPE REERS 0f8Ts &IV ohfifhe 1i ne
AA, and partial figure s€mdcorrdoss ceeatdanorryal ompl téherdnhgen&:, f bgdr €nl3
shows a second enbodi t. Of ] duct r el | _arr.angenent
according to the i nvegﬁi@lolns,o Sgrgtgl aﬁgﬁggrﬂeu%goé%%o@éu%%%asgr&talﬁ i w,
partial figure A a cr@d@isect¢on abotgatthefddure AA aamkqes t fattibhgure C

@ cross section along Lhedd Nen€li fJURR, 1480088, splane Yl epeofc a,t hi rd

enbodi nent after the process step for producing the trenc 8 capacitors;

figure 15 shows a pl an WF%W 6k HBurtiiPréntidd feme CGifiter the process step

for produging the trench capacitors; and 25 figure 16 shows a circuit

di agram of a _dynam read/wite nmenory. It is preferred to nake use in

dynam(:readﬁh%¥g %3 shows a seégnd em%oélment of the
semiconductor memory cell arrangement
according to the invention, partial figure B
reproducing a plan view, partial figure A a

15 cross section along the line AA, and partial

figure C a cross section along the line CC;

figure 14 shows a plan view of a third embodiment after
the process step for producing the trench

20 capacitors;

figure 15 shows a plan view of a fourth embodiment
after the process step for producing the

trench capacitors; and

25
figure 16 shows a «circuit diagram of a dynamic
read/write memory.
It is preferred to make use in dynamic read/write
i 30 memories (DRAMs) of so-called l-transistor cells whose

circuit diagram 1is shown in figure 16. These
l-transistor cells comprise a memory capacitor 1 and a
selection transistor 2. The selection transistor 2 is
preferably designed in this case as a field effect
35 transistor. This field effect transistor has a first
electrode 21 and a second electrode 23, between which
there is 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



30 nenories (DRAMs) of so-called 1-transistor cells whose circuit diagram
is shown in figure 16. These 1-transistor cells conprise a nenory
capacitor 1 and a selection transistor 2. The selection transistor 2 is
preferably designed in this case as a field effect 35 transistor. This
field effect transistor has a first electrode 21 and a second el ectrode
23, between ch s arrange active region 22 ip,which it is
possible to ?%%struégg g&rrént é%nduc |ng !Eﬁanne%~ e?meegzthésfiﬁgt

el ectrode 21 iarsdiltdtel mpcoasies| eckt rode 23.93Ara angedtabdee 2thetlagt i wenr egi on

22 is an 'n%Hﬁ?t:nglﬁyggezéaggglﬂogak%a%l%ﬁﬁ{Qﬂi % ol NAL ¢aRyaGk.as a

plate capacitor that can fo I nfluence arge carrier density
in the activéheeqtary camheler fdeneitey f et theanstsver regiansg2abBhevi at ed

bel ow as 5M S$RER.q i §fekcthe wnhancesent t)@lescheégbrbk}%tat'e% t0e By ad flow
of current between the flgst electrode 21 and the second el ectrode 23 via
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M SFET 2 is ne Vi ecty n i a flrst electrode, 11 of
the nmenory gcglp%ac%g&i.g?ﬁgtggggngﬁel%c Plﬁe %cl)fvet K15 if)r’rfj?’y Sﬁpam tor
1is connect@@tinptwmiikotbe @&mﬂﬂQQWlphaKéfSath@rashqﬁ@fepébbgecmﬂmm

to all t cell arrangenent. The first
e gét%f % 1 N8 DRAM

el ectrode 21 of the MS I's connected to a bit line 6 in order to be
able to read in and out the 20 information stored in the nenory capacitor 1

in the formmoefe charess. eﬂé%t&%%ﬂ;'@B apd read-pusreperati onchaneeertyr ol | ed
inthis case via a word lipne 7 that is connected to the gate el ectrode 24

of the M SFEFIZ & FFORpYeripy ébﬁ?yln&oa%uﬁ%%&ﬁa?%ﬁiﬁ%%%%elé edr F86t 25
conducti ng chenmety i caphe iacid ve . zZoree 22 erinees lkhe rdda st 2elect tade 21
and the cond elgctrodea%§t Fi ure 12 %Hgys a élrst e OdlﬁEﬂE accordi ng
to the TRvention of & Sem ¢onduct or neﬁbrye%%T? arréﬂge At ©c 4
capacitor plate 5 that is preferably common to all the

memory capacitors of the DRAM cell arrangement. The
first electrode 21 of the MISFET 2 is connected to a
bit line 6 in order to be able to read in and out the
20 information stored in the memory capacitor 1 in the
form of charges. The read-in and read-out operation is
controlled in this case via a word line 7 that is
connected to the gate electrode 24 of the MISFET 2, in
order by applying a voltage to produce a current-
25 conducting channel in the active zone 22 between the
first electrode 21 and the second electrode 23.
Figure 12 shows a first embodiment according to the
invention of a semiconductor memory cell arrangement
with DRAM cells as illustrated in the circuit diagram
30 according to figure 16. In the embodiment shown, the
minimal pattern size F that can be produced with the
aid of the lithography technique described is 0.1 pm.
This means that the bit and word lines and the contact
holes generally have a width of approximately 0.1 um.
35 However, it must be borne in mind that the figures
illustrated are not true to scale. Moreover, the
invention is not limited to the said pattern sizes. In
the plan view shown in figure 12B of the semiconductor

memory cell arrangement, the dashed line defines a DRAM



with DRAMcells as illustrated in the circuit diagram 30 according to
figure 16. In the enbodi nent shown, the mniml pattern size F that can be
produced with the aid of the lithography techni que described is 0.1 [km
This means that the bit and word lines_apnd the contact holes generally
have a wi dth of approximately 0.1 m 35 However, it nmust be borne in mnd
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of pillars 1Q@bmildbnthictbt hee1b M SEEJesehectilongt ransi st 01 8e 26ar @nd
substantially ., constr ét ed, and trenches 102, in which the nenory
capacitors lfalr‘-’el“%‘ﬁbsiJ bt i 3PPY Scor<td uctBdS S TheCE&RCTar ridhigeneht ~ §Réwn i s
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constructed in € sem conductor substrate equal spaced trenches-t hat
make cont act ST Hetpdri egnd trenches 102, in which the memory

capacitors 1 are substantially constructed.

The cell arrangement shown 1is produced using silicon
20 semiconductor technology, a weakly doped p-substrate
serving as base. Executed in this p-semiconductor
substrate 103 is a buried plate (not shown) in the form
of a strong n-dopant that serves as a common second
outer electrode 12 for all the trench capacitors of the
25 cell arrangement. As 1s shown in figure 12A, there are
constructed in the semiconductor substrate equally
spaced trenches that make contact with the buried
n-doped plate and can have any desired shape, but are
preferably oval or rectangular in construction. These
30 trenches are lined in thelr 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$Si0, 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



n- doped pl ate and can have any desired shape, but are preferably oval or
rectangul ar in construction. These 30 trenches are lined in their | ower
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
el ectrode 11 of the nenory capacitor 1.71t is preferred to use S|02 as 35

dielectric | ayer, A3 4! he Lieneh L o5, {hRopyoses gL dnsylali o9

el ectrodes. Sel’éction ~capacitors respectively constructed
in the seni ¢@Radgdsdopindsardiellegaideiethecde eaghes wWhechormagti 8 shown

by the cross ha%qtuyora@gé‘cprmwyé@ fhoure 1281 extandhel gypihechit oki ne 6.

This M SFET transistor. has the second el ectrode 23 in the formof a
hi ghly doped 9 &I n- 13 regVoh of the tisper™ & ot *P2hel PoF§sPRYcon
layer 11 §n tde tirenroh,eld@irdde tOf Setye St t&€ch n@@pacte@ttodﬁeoécweet rench

capacitor. The actl a 22, whi h IS oped, is then
const ruct ed SHM?hl n- W%%%? LFhE A gthI C% tﬁ%naBBPF%HHFﬁedturn as
a highly dopech neHiayen- tayéh|sﬂma|ﬂmrs@gebect24deA&ﬂNﬁhwappgiednmection 4

S formed LNgugh 40,10 Shiel pokkbal auale k3 Ll g thedreneh petugen the

second el ectro | tran5|stor and the T1nner electrode 11
of the trencﬁ‘lcap%cptomdwtm cepngedticoh 4 iis fbprvadbdthvieaigh hehsecond

el ectrodep 23 4if1 ddver s€l ecdyon tlrﬁnallsthtg 2tqd thenldinepcR@lass | kaen 15
el ectrode 11 of the nmenory capacita this case preferab

conpri ses an SEWTe P YsPEE con ngépe ﬁﬁ%ﬂ%ﬁrﬁﬁ%@stﬁﬁQBd%c@Hdvé%ﬁlcaIIy

on an insul atiifiger | ayesctiiidde \Mlllchofs tatlil@| lt&ﬂaﬁcﬁht Q%paﬂi‘@tfoﬂ qct rode 11 20
of the trench(ﬁgp tor betmEen t q{ the sel eci ranilstor

bel ongi ng t o TR ST Eih tapa 95Pe Hﬁ%?ﬁ) NSrSefot e P?Sn

transi stor b@ﬂmnhampakecﬁimnttmﬂmﬁuﬁa@acit@mdfbhéomnngrtpeﬂgapdnpoms a
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22 of the selection transis and  conhsi st a thin I'nsulating
| ayer 24, préfaefgyaply comprises an n-doped poly51llcon layer.

Furthermore, introduced vertically on an insulating
layer 104, which i1s applied to the inner electrode 11
20 of the trench capacitor, between the pillar of the
selection transistor belonging to the trench capacitor
and the pillar of the selection transistor belonging to
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 Si0;, 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 Si3Ng, 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



of Si02, a gate electrode |ayer 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 C_this layer sequence encloses
the pillar of the selection transistor “around the entire active region 24.

The gate electro uenc ro e iV o] t he
sel ection tr%ﬁﬁn%(nééggg %89 E %H% fl?néﬁl?%%hsaa Eﬁg Q%%élpreg rably
of Si3N4, tharveaend$Sal ongiche d@eirectl drher arastuest@leztfcp@lm t haveapper

el ectrode 21 W@ eddss 9ake a%ﬁ%é&@enh@mercéfﬂye%e @se fabga@snt her a
i nsul ati ng Iayer 104 on the i'nner electrode 11 of the - 10 trench

capaci tor 1. PR Ghegi bh BEChEEALLNe filnsiAct PRgDYI &per$idostavhy chOfel i mit
the gate gl eRgdderbayar isefuenees rf a@ifacewe DRAM ¢kl s Zidghd e b@gl on of

a trench, is preferably filled up b i 2 | ayer 106. 5 Reci proc
"ot | enat ng SPRTRE aS S AR T ARt v e SoreLEnBhTt PARYPELERs i s
reliably preWgnteﬂhebyéﬂmxsunﬁbunﬂlngag&ie This meesnthatthex no

correspondin ka gurrents can o rough th ctive ne f the
M SFETs, andqi %é# lnglée g¥ %Syreﬁgssé%icangoccuﬁjvh e ﬁ%%nry
cells. As th@ﬂbrwgs E@CEﬁonOﬁn fibgur @112 ERows aral suppos tithigatpi hbar 108

i's const{gct ad) hatyeen, consesut vcearpl é&é{n% M thhd heegelgctdom ¢ r apgi stors
on the seniconductor substrate between the selection transistors that 15

respectivel y 156 of§O88 cGifseletit i 48 bitIUFPed 26 bRAOYS, PtheSSRRBIRAPE |ine

7. This supp JH'lQﬁ pld)daaiisl%ris!’trd@dédCﬁéew@éﬁfchﬁiﬁé/c@@(i\%\d§1ﬂ?§é@|s| el to
the pillar 1 E t he sel ection transistor, he£§ bei ng, constructed in
each case beﬂﬁéﬁh ENfi 199°904°8f 1R $EFEREPorP ot Prarki Rt orRangt]r

supporting piddset 488¢ mhecMeQﬂwﬂuHeﬂﬂgeh@@Snshs ofrapad iyst brsonthatl ayer
sequence,in tNg, case of WL el an Lnsil ALLAg: | AYep 1109 19k Sl B fling o UP tO
t he Ieve of 59 ive ¥ eglon
the same word llne 7 ThlS supporting pillar 108 in
this case preferably extends parallel to the pillar 101
with the selection transistor, there being constructed
in each case Dbetween a pillar 101 of the selection
20 transistor and a supporting pillar 108, which
preferably consists of polysilicon, a layer sequence in
the case of which an insulating layer 109 of SiO, runs
up to the level of the active region 24 of the
selection transistor, and on which the gate electrode
25 layer sequence is then arranged vertically, and which
is subsequently covered by the insulating layer 105
that extends beyond a supporting pillar 108 between two
consecutive selection transistor pillars. The upper
electrode 21 of the selection transistor 2 1is
30 connected, furthermore, to the asscociated bit line 6
via a pillar-like current-conducting layer 110. The
current-conducting layer 110 preferably consists in
this case of polysilicon, and the bit 1line 6 of
tungsten. The free space between the bit lines 1is
35 filled up by the Si0; layer 106. The semiconductor
memory cell arrangement according to the invention, as
it i1s shown in the exemplary embodiment according to
figure 12, 1is distinguished in that the DRAM memory

cells 10 are arranged in matrix form, the DRAM cells



selection transistor, and on which the gate el ectrode 25 | ayer sequence is
then arranged vertically, and which 1is subsequently covered by the
insulating layer 105 that extends beyond a supporting pillar 108 between
two consecutive selection transistor pilLlars. The upper electrode 21 of
the selection transistor 2 is 30 connected, furthernore, to the associated

bit line 6 vyig mé&ﬁyl%ﬁ déwt1QQQQUQhk$gJe éi%gfosefgc¥lon

current - condUct i f pre erably consists in i's case
pol ysilicon, téﬁd1$h§t@ﬁt |4 neagdof thangstr@mnclThe clreec Space Het ween t he

bit lines i sr%'éﬁelddl%ltgp @alénetﬁe%és@/ceirat% blTbelﬁ%l Onduck Of pemenory
cell arrangenent accordj to the invention, is shown in the

exenpl ary enBGHHRNtCSHE %raFﬁgrﬁéquRﬁﬁ%;ﬂzar¥%nﬂ?§tFﬁg&hﬂnﬁp¥% PRat the
DRAM nmenosy reeld sod aj’eel@,l?ralﬂ@ﬁtduelrﬂ Mat max fo6 m t&h&aeﬂ%ﬁ%@z@éi@nalll

bei ng configured .such, t hat, the_v selection_transis and t
trench capactt 8%lfglﬂ$nﬁﬁg%e%{ gé BE@N eﬁﬁ? £ % R V? fn@ng and
t he nenory ¢@Mbsaam@hﬂxﬁnﬂang&manUWEMQeﬂ1nnniMmmfo@hioér5aromﬁ bae bel ow

anot her . TRl " 87 ST analy ; ALkl NG dRnsLtYeQl A 02, PRAM gel | s can

be produced an ce arrangenen m hi num ce area can be
achi eved, bylﬁaﬁﬂﬁQﬁe@hié ahearpaen®t  Fbet vomforeirdttion saepsudédgin the

case of ife gonf g atiiQne AECORAI PELL0 L@t h%dt&wt'%wﬁt the @ﬁ&' ve
regi on of the selectlon transistors is conpletely surrounded by t gate

el ectrode | afér SSEddhcer aRal e 8sd6ti REY SbP HY ~ FIAE OGS PY habeit i s
possi bl e to awaid d édtence leyert edierash ageat twer ek hited i nesqt hat do

not 15,0190t (e nelevapt b ool L the sremlany, rbodlrent
word |ines ofe&Frt(d%i bgr raasporei g woord hendi rhinumlpattsernthstze)a hatt he
exe”plary en@@ﬂ! ttgh 'Qeﬁ%g%ﬁﬁ:lgRAﬂﬁ éélflSQXgotﬂgsgiggﬁpigry
i nt erconnect the Mcells constructi ng
embodiment accor ing to figure 12, a minimum spacing is
possible between two adjacent word lines of 2F (F
corresponding to the minimum pattern size). In the
exemplary embodiment shown in figure 12, it is also
20 possible to interconnect the DRAM cells by constructing
the supporting pillars 108 between adjacent bit lines,
it always being possible for two bit lines to be
staggered with one another. In accordance with the
invention, a minimum cell size of 5F? to 6F° can be
25 achieved given a staggered bit line interconnection.
Instead of the staggered bit line interconnection shown
in figure 12, the invention can also be applied to
other known bit line interconnections. Figure 13B shows
a plan view of a semiconductor memory cell arrangement
30 for a so-called open bit line interconnection. With
this second embodiment, the supporting structure shown
in figure 12 1is eliminated such that, although in the
case of a c¢ross section along a bit line 6 as
illustrated in figure 13A the same cross section 1is
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 1is




the supporting pillars 108 between adjacent bit lines, it always being
possible for two bit lines to be staggered with one another. In accordance
with the invention, a minimumcell size of 5F2 to 6F2 can be 25 achieved
given a staggered bit line interconnecti an. I nstead of the staggered bit

| ine interconnection shown in fi gure"lé, the invention can al so be applied

to other kn%\grr]lsbcirtucltien(f irggrcgnr&%crtd oi1s.eFi7g%reeC 1e3el§1 shows Z g%annvi ew of
a sem conductor “menory cef a(lgrangemant B0%f r P8 5l T 88 nobirt™ i ne

i Nt er connect itarnsWstthpr st Hirs ts dopithenbodi st ent hei suppoesi Agasfleyetrur e
shown in fi d s £l nated sucho th hough.,} S f a
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cross sectiofiC 35vpirell§éd agound tthe el eg taee¥i p5t thabsedilreftonn

figure 124, a GIOsSsiseedian g%ﬁ:éh;@!‘@c?:@ofibgtﬂ%/elﬁcseﬁﬁfé%'cres W ORgtaewor d
line. In the cross ,segglon. S e 13 th 1 constructed

own in figur ereis - 12
al ong a wor d 9355 AP t %$e%$0%at?r%%§F§F8$§ iﬁ&?rbépoﬁaalto
adj acent bit ild nesspeatliagdy seguentedi rtovhtnb tlherer i Soar riangedoirdl each

case on the \§iQRJ ayer, J0% a7 QUNG the achd veed ayers af ;Lhe sel gqti gy S
transistors a gate ‘el ectrode | ayer sequence withthe gat grrefect ric 34
and t he gat e relaect ddé Niayerr 2B igdmmnt i s respectively connected to the

| ayer fo{pgthe word line 7. A mninumcell size of 4F2 to 5F2 is possible
by nmeans of this arrangenent. 10 A possible process sequence for producing

a seni conduét orPfEFEL el PrR¢anfeneiRAasndd usf Pat e TAAYCidiFe 82 is

described in sdgtididnaMddbit heendd ©y abe1f i GHF £8gdméRL 1ds Theustaptingipmterial
is a p-doped 15 silicagn subsérate Si. After seveial cl eani ng steps,

. ( an
Si |ayer (Aot941F ustr at&d)GPERLIRSChi ERnedetat L dpbrBxithE eBEB R s
deposi ted on ftiljusresd att iteg 1bat @hieal st Ant ShdNnd tyeta S21wi th p-tibpekiness of

15 silicon substrate S1. After several cleaning steps, an
S10, layer (not illustrated) with a thickness of
approximately 8 nm 1s deposited on this starting
material. An SisNy layer S2 with a thickness of
approximately 200 nm is then produced on this oxide

20 layer. An SiO; layer with a thickness of approximately
800 nm is applied in turn to this nitride layer. This
layer segquence serves as masking layer for the
following trench etching. A mask is then used to carry
out photolithography to define the trench capacitors.

25 After this photolithography process, anisotropic
etching of the masking layer is performed, CHF3 and O,
for example, being used for oxide etching, and CyF¢ and
O, being used for nitride etching. 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
then etched anisotrophically down to a depth of
approximately 10 pm 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



approximately 200 nmis then produced on this oxide 20 layer. An SiQ2 | ayer
with a thickness of approximately 800 nmis applied in turn to this
nitride layer. This |ayer sequence serves as nasking |layer for the
following trench etching. A mask is theq,used to carry out
photolithography to define the trench capacitors. 25 After this
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per f or med, exanmpl €,” being’use oxXI| chi'ng, "and
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| ayer angofi hlrsewmn & hes Qﬂﬁfﬁﬂsécﬂef'EBﬁSthghla%seﬁl@cyf@lraﬁ"oir%@s‘cﬁé bayer is
t hen etched back outside 5 the trenches to a thickness of apprOX|nater 2

m for exampP®SH tH0FCsubsetidht | §© Pﬁ@d§F§eﬁ(P%ﬂ%ﬁ% 2bbvReI LY he~pol yner
phot or esi st idopiche lapachesaits Béohedtavayomiat exaspl e Midtrdde amd t hen
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outer electrodaQby @ilknt ReTBARN ¥ CapacidQl:$,Lf the sem conductor nenory
cell arrangenent. The remaining arsenic glass s then 15 renoved with the

aid of HF etching.
In order to produce the dielectric layer of the memory

capacitors in trenches, an ONO (Oxide Nitride Oxide)
deposition is undertaken, a layer thickness 83 of
20 approximately 3 nm being selected. Subsequently, the
deposition of highly n-doped polysilicon S4 with a
thickness of approximately 200 nm is performed in order
to fill up the trenches. The projecting polysilicon
outside the trenches is subsequently etched back. The
25 ONO dielectric that projects above the trenches is
removed with the aid of HF. Preferably using the TEOS
method, an Si0; layer approximately 20 nm thick is then
produced and etched away anisotropicly with CHF; and O,
in the region of the trenches. Subsequently, highly
30 doped polysilicon with a thickness of approximately
200 nm is deposited once again and etched back up to
approximately 800 nm, thus producing a pattern in plan
view as shown in figure 1B. Figure 1A shows a cross
section along the line AA through the trenches for the
35 memory capacitors.

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



In order to produce the dielectric |layer of the nmenory capacitors in
trenches, an ONO (Oxide Nitride Oxide) deposition is undertaken, a | ayer
t hi ckness S3 of 20 approxi mately 3 nm bei ng sel ected. Subsequently, the
deposition of highly n-doped polysili COE S4 with a thickness of

approxi mately 200 nmis performed in or &~ to fill up the trenches. The

rojectin lys outS|de t he 4 ches is subsequently etched back.
'FI)'heJ 25 C]\l% SI% Bf)g"%irt?ggtsh ') edt s Satover TRE trsz]r?c%%s PYC h?/er?o%edlvevi th the
aid of HF. Prhéflerdbiatesi n@qmeeﬂamlemstlnodflgnr%ozlna;ee’rd appr.oximat el y
20 nm thi ck ps.them,) prodyeed andoglahad awﬁxrgg{ysoecglogl gﬁ%&wwe%ﬁ and

02 in the re ion of the trenc ubsequent %ﬁﬂ
pol ysilicon WERES (HiadkneaRddF BPHFoRIrare e latoy Jsaﬁ@%oéilrédcénce

agai n ands et glfedt Heacki &P a1 1apROXin®Es ehy 800 ahFed MisndF PdyghRgigypattern
i-n plan view_as shown in figure 1B. Figure 1A shows a cross section al ong

the line AA Phr G&hcﬁﬁécﬁté’ﬁches for the 35 nenory capacitors. As an
alternative to the oval shape, shown in figure 1B, of the trenches for the
menory capacitors, is al.so possible.t produc rencl hes for. t menory
- 14 " capaci ;For%s Wt bledlfﬁgreg ape% Ch 5% eCh‘?II (6t at &4, ?

exanpl e in fitgemedhelst afdd ke Itrrerpakntlcm:laan,toltm $opodetblrm11rﬂ@ereh§z to

sel ect tf@nclin papgs thal nefdler \posghble a:pel %flﬂ%ar%é&{{%e 5 of

t he side wall us an en arge rrermr}I/ capacity e capacrtor. For
exanple, it t§a|@§§—§tlﬂ@ vRaet B& eigRd of Lfhdéhe riehehebesf anwe f@émed

capaci tors tm%t%rnw@téhguiersm@f the &h@érls@a%lscibéﬂweé/ﬁr%héal

sel ection tra si stors e arran |'f the, trenches are forned a
rectangul ar SHRSe YiHe g]ﬁ?ersﬁ&&,c Bt wedHS I RECTFi BEowi tTP% h%xé%Péétl on
transistors ama,llfe(rr iex amip edlrstmhloar dm the dorectlior afhdrheimotHel i ne

than in ié’ne %@Lr%ld’ Ctrll O%fOf t%he b' nrtlags,as a ra(aSlflet u%t V\QlfChwhlch
continuous and mutually separated word lines are formed
by means of spacer deposition.

After the construction of the memory capacitors in
20 trenches 1in the semiconductor substrate as shown in
figures 1A and 1B, the selection transistors are
patterned. The first step for this purpose is to apply
a thin Si3Ny layer S5 with a thickness of approximately
4 nm. An undoped layer S6 of amorphous silicon with a
25 thickness of approximately 20 nm is deposited on this
SizNy; layer S5. This amorphous silicon is then etched
back, for example with CyF¢ and 0,, such that the
amorphous silicon remains only at the side walls of the
trenches and thus 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 S7.
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



continuous and nutually separated word lines are fornmed by neans of spacer
deposition. After the construction of the nenory capacitors in 20 trenches
in the sem conductor substrate as shown in figures 1A and 1B, the sel ection
transistors are patterned. The first step _for this purpose is to apply a
thin Si3N4 layer S5 wth a thickness of "approximately 4 nm An undoped

Laver S0 of afiRiphas e | a0 vhidhiap LI chness of;poproxd Mgy 20 nmis
deposited on this Si3N4 |ayer S5. I's anor phous _silicon is then etched
back, for ex&fplEnifih C2rerarPumatsykh BRatm-helhbhpoegHess &3 | LB6A

remai ns only @t dhensd de el | exafptike witgnehas and tdps cormspacers.
Subsequent |y, the 30 szg)a erg are ﬁl q{;}l%%dorfd on one side o thg side walls
in the trenckdShing he l?é h8§siEHoF | det t 5k bSPR CERSdopi mg® Andte
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anor phous  si Itihceonexsppasce S Fow A hetf orhved Wi TheERe PR of RTAR ViSW

phot ol i t hogr aghytls¢ epemWhenduche rphettdi€ trhogs aphpdsicepl,i sapeshovmednwi t h
the aid of t d-surf Kk th th Ll S after . .the,- 15
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selectively r m)vedlr,g for ex W t_h F6 and 02, at ., the exposed sites.

e

After this pr tieps %lﬁggﬂnvi”é\ﬁ/eroialﬂ?@ Senf TR Or OPatEePA tis
produced, as sshowafiter fitgiy e s3B.edtican oecserny coeartlye hesreotpabukhe

amor phous si 11,090, $pagers, 6.5 57 7 € feppyef Ln hbe 10, exposed Lreneh
regions. Fi gurejfﬁ SHOWS 4 trods Sect’ion ot roug the“s¥I réo e >al ong a
remai ni ng oxicepattel S8remdved, t her sekavpilgewetbhiChdg;otntdh®:z amdsphous

silicon spacefs, SBn .84 ¢ thg trgnches, (e, 01 dgS81Surface mask
photolithography process, 1t is also possible to use a

conventional resist mask instead of the oxide mask.

After the removal of the oxide mask, a thermal
20 activation of the dopants in the amorphous silicon
spacer S7 on one trench side 1is carried out, the
amorphous silicon spacers S6, S7 being recrystallized.
The undoped silicon spacer S6 1s then removed with the
aid of a further photolithography step. For this
25 purpose, a polymer photoresist S9, preferably PMMA,
with a thickness of approximately 500 nm is firstly
spun on. This polymer layer 1is then etched back
completely outside the trenches, for example with O0,.
Subsequently, the undoped silicon spacer 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
HEF. 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



conpletely renoved, for exanple with CHF3 and 02. As an 15 alternative to
the outlined hard-surface nask photolithography process, it is also
possible to use a conventional resist mask i nstead of the oxide mask.
After the renoval of the oxide mask, a H%sgnal 20 activation of the
dopants in the anorphous silicon spacer on one trench side is carried

out, the amyphous,slliGon spacers §6. o S7eing regrystal lizeds . The
88T ; P he

undoped S|I|con spacer hen ¥ embve h the id of
phot ol i t hogr &shye &t iegn FD&HEhSSOZS ipurtpose, paopabynlerlrph@nms esegtLOSQ

preferably PMyR ﬂ‘.’ﬁ‘lh@t@:att@cpkﬂg§§e%g acPPEPé' el %orQQ B S d | "cﬁtﬂsy spun

on. This pol yner is then etched back conpletely outside the
trenches, forc®&xeaapteBdd hwazh BhBseyt@ntdly, SPRESFTFdoped™sitlS céfldpacer is

renoved 39 S%!dijQislﬁ/lQ{@/ ];'S@tE”@étNﬁn%OOEthd%p%rﬁjddtC%dS,pa@@di tWhkCRhel S
either stron gﬁ¥ (i e, ONO Ia P8 the&l tg?ed 230k
|sotrop|callgx%vﬂ£ﬁi%ﬁd S YCA %%gwf¥ﬁ Y APPRr+t AFs " pPBEESEStep, a
pl an viem/oftmﬁmeEndhnxquevmﬂemnesss&e@mdoplhggufetnB seédtikbs. sbiagere 4A
shows a 35 cr C Li I b t hat a
cutout S10 |§jf§§€ﬁ%é§fgkéﬁy ékigﬁ% |£ﬁe€ﬁ%%lgag?fc% F§§é9 %E%%ﬁ%
trench capa@ﬁ@eﬂsﬁ%@%sﬁﬁe Trecebnpetteon bherhbyi hReng- pP@Sl@Il@ct rode

of the tignch capacidoF-1944 Q@lﬁﬁsgﬁ'x@h%dof_seﬂkf‘é:té&r@téé’@nﬁhét 8k thvachhen
produced in this region. ustrated process cycle for constructing

this contacﬂ*ﬁadﬁﬁqqpﬁru?%ﬁ%F%ﬁo§pd@eﬁsﬁﬁﬁrn%%ﬁ%ﬁ&%tsdad?%é?Fﬁéon

patternlng(ﬁcgﬂyéiﬂgﬂﬂﬁgﬂtnggbbyughﬁfgﬁéahe possi bility of producing
extrenely small cell patterns. The technique of one-sided doping of the
silicon spacer is particularly decisive in this case, selected etching
processes ofAﬂmeepaheranﬂmﬂpndhbaehytbeﬁmg;mﬂsthbeONH)Ekget S3,

oL 20 451! A0 00 N COACE QR BEL e iy LN SaRALor and
electrode of the trench capa01tor, thlS contact pad 1is
then filled up. The first step is the complete removal
of the PMMA layer S9, for example with 0.
Subsequently, the remaining doped polysilicon spacer S7
20 is etched away, and undoped amorphous silicon S11 with
a layer thickness of approximately 15 nm 1is deposited
on the semiconductor pattern. This amorphous silicon is
subsequently etched back isotropically with Cy;Fe¢ and O
such that the amorphous silicon is 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 in figure 5B and in cross section along the

line AA in figure 5A.

30 After the contact pad is filled up, there 1is 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 812 with a thickness of approximately

35 80 nm is firstly deposited. This Si0; layer is then
etched back by approximately 130 nm with CHFe¢ and O
such that the pillars between the trenches in the
region of the upper Si3Ny layer are exposed. This Si3Ny

layer is then removed completely for example with H3PO4.



After the isotropic backetching of the ONO | ayer S3, 15 which serves to

fix the contact pad with the inner electrode of the trench capacitor, this
contact pad is then filled up. The first step is the conplete renoval of
the PWA | ayer S9, for exanple with 02. . _Subsequently, the renmaining doped
polysilicon spacer S7 20 is etched away,” ‘and undoped anorphous silicon S11

W th alaye i f rxma 15 n d i n th
sem conduct or ut%Ja%tt &%SC i sagﬁorg FI%U g’%ﬁ closnn%}lslénsgﬁgzl lﬁj:drf‘:llgk égﬁgd back
i sotropi cal | yowiet hbXCZII@ am Gzths@:zh tHae the imwoy p\lﬂ@ﬁsrsﬁﬁﬁmn tbiggain

remved 25 COMIRR @fers (B3B! ihhg 1aankack, Pad HipLhe Eeaal. inThe

silicon wafer after this process step I's shown in lan viewin figure 5

and in cross Y9ecEE® SalSGitd e 2 4anee TR ild e diﬁfems,il%{?%f@ef t he cont act
pad is fisled up, there is then performed in preparation for the
patterning of Uitbﬁ;e selection transistor_in the pjllar next, to the trench a

process cycl ¥ W SHHTH L br ef-&Fab§raEERF (R DetROF IR 818 with a
thi ckness of capptoxdatetceletEFrBlnméekativetty deposehedy ThpacSicoRsl ayer

is then etc Qg% by. appr.a tel 0 FG& an such t hat
the pillars %g:tdrmee 2 ) rgr?c eg%leﬁlc%?hejss rgrﬂ on %T%_{hgoupggg%ge Nﬁnleayer
are exposed. nFm?@rmeéNztrareﬁﬁe&tcm ltmpm%nnbe@ihcon@pémgy porfexabple with

H3PO4. -147 @Wnakyaﬂs@@u@ @oﬂﬁi/ r is thengtched lbfaC!shé)ne%nnDre by

10 anIth 02, The silicon wafer after this Erocess step is shown in plan
view in figufdeds dit 3 fikHe TrR PEetPR olMBIiBRGRERRD PH@ AATERCPR§uUr e B6A.

5 Subsequent laftdhecner tbgali seueGldrontbr anskepehs are aE®nskiMstedy
| aterally relative twothe r aItO{ 19 ,2r gan edlathetr nch%s
order to def |l(r3¢éJ e ]ﬁdl:haar%%w ‘%/9 g gt’ér $e CBns, THi§h HPGBang"pe
preferably 1Qdpermesiis Hfxassehec fdepitngldct nade osificedei nraheisebl. field
ina firfg SFﬁ%’é%&éP”té”E QQE%E gneﬂgj égé§éﬂg§ectrode, 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 produced after
the outdiffusion. A doping of approximately 5 x 10'%/cm?
is selected for this n-layer. A doping of the contact
pad S11 between the second electrode and the inner
electrode of the trench capacitor 1is 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 S1. Figure 7B shows a plan view of

the silicon wafer after the definition of the selection



after the outdiffusion to a depth of approximately 100 nmw th a dopi ng of
5 x 1019/ cnB. This upper n-doped |ayer S13 fixes the first el ectrode of
the transistor. 15 In order to construct the second el ectrode, preferably

| i kew se by ion inplantation with arseni E there is constructed in the
cell field a buried Iayer S14 in the cdSe of which the depth of the

maxi mum i s preferabl the r roximately 400 nm _ a _vertica

| ayer 20 thlg%nggs o% appr d'mat '@ yﬁgﬁf§¥%)%ﬁn% %f%%ﬁcﬁacgg%graYPH@

out di f f usi ontha dopisngABbf cdpprigrineat @y anst £038kenB/C i sl bedecdedsfeor this
n-layer. A depiqig ofethg Lonkashy Pade Sh het weensthe 5 %fﬁogd 7% ecgéede and

the inner electrode of the trench capacitor is also ca ed out
si nul t aneous Py A e &S Qﬁ the PASPNBUFEFIESiden kit efPn ATREARRRTPPBdUCE i ON

of the figst aelde%m@def@aglbhe pé@ﬁpméi gl esdrpdeqtbeighannginegigr is
defined by a tation. gr B Hp 0 ion inmplantation 30 is
carried out, ﬁFeFéFﬁg}fa THERAF ot £8P @ﬁdﬁwﬁﬁﬂ?c%ﬁoﬁ'd%bPﬁ@ t8edopi ng
of 1 x 1016/@@hﬁﬁca deptith of anemomanﬂ@maticeub@xanpé@uqeﬁ tbe
exanpl e. The f%1§£;s t hen produced by outdiffusion, it also being

possible to per orn1the "Gut di f f usi on step 35 together mnth t he subsequent
gate oxidation step. The starting voltage of the n-channel transistor,

whi ch i SJ[?de%'f%%d e Q‘f‘eﬁﬁﬁiﬁi&ﬁk RO pkS ffiit;éq:dﬂi}'gd %ééﬁ'@ Lh ct98§ib“9 in

the p-we . Figure 7B s an Vi ew o I con ma er after the
definition of ¥HEOEY e@fi%onof 1‘8het P B¢ br aﬂﬁfgupé 7hhe| |esteatésna cross

section al ongrah@qéﬂdkes AAcBESE wlec@o@nﬂréhgyéeozg idddiSi 581 g8e8 Cross
section alon %?Ilne CC of figure 7B. The produycti on of the second

el ectrode by Srpl GRF&CPIN H ott & FIRY o ~Perfcts 02 e alPEsting
j oi ni ng of Taliei mﬁert;eé:e@}hr adldtide trsmmTh capacidlargy Si Mee tbBrRiscont act

pad is 0 aut |caI gope by, the, outdiffusion After the
deflnlt?%i o% e?s% sggoé?%ﬁec? 6dé t°CTSS cyc?e 1s to Use
the photollthography technique to pattern an Si3Ng layer

S16 that is deposited with a thickness of approximately
100 nm. The nitride layer S16 is selectively etched in
this case with CyFs and 0z, 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 C;F¢ and 0O,. After conclusion
of this process step, the silicon wafer is shown in
plan view in figure 8B, 1n cross section along the line
AA in figure 8A, and in cross section along the line CC
30 in figure B8C. 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 aid of a low
process outlay.
35
In a further process cycle, a spacer structure is
subsequently produced between the selection transistors
in the wvertical direction, in order to produce a

semiconductor memory cell arrangement with a staggered



regi ons, and of the channel area of the selection transistors, these
selection transistors are isolated in the vertical, that is to say
y-direction with the aid of trench isolation (STlI) technol ogy. For this 15
purpose, the first step in a process cygle_is to use the photolithography
technique to pattern an Si3N4 |ayer Sl6that is deposited with a thickness

of appr oxi mabely 1 400 Ay dbe N lde Jayel. 46, hs S8 aaledelyestchrd 1N
this case with C2F6 and 02, for exarrg e, suc tﬁat 20 strips of ‘the nitride
| ayer remai nfilgufe k< di Feet iforr stovekePhé otr dieh® cAPARPEST s San f HRSt he

region of theneselreeld OmeGaRACI QS S de@sect | el ¥ shel,onghpdrt oytihe &rench
capacitors. After the repoval of .the eS|5%t mask, the si Iicon | ayer

exposed bet wedt FRESS NchPBBTBXHARFEOY s 2Us Wherr BISHELE bl ¥ dEBRRS6T
approxi mes el yt O£ f eheexanple WybrCBRE and P2rfdiied eand usign of
this process step,.the sili cﬁoc;}éwaf er 1s shown in t§| an iOew in figure 8B,
in cross secfi'oh al%ng®rRé GGHE "AA Oh ARFFR*8R3 54 i AVrBYs R&EFPon
along the | i rxe@mBOdin Sedgere 8C 1A simpbpepat perlniaigl andni seliahi on of the
selection tr i i S¢achi La th irectio .he

sel ected tre%c%cl%sno S;st i%% %EEE??%‘S%&X@ %ch IErﬁe&:Ssglhl:}l)tﬁl oi@%pgésﬁgl e wth
the aid of athew epreteds ta@ICAES IBeTHeanf fhhefPprotessusfcl eat gpacer

structurepi s sugihseguant | ypprodpged; bet yeeriddes sel eptii@mdrppsi staes in
the vertical directiqgn, in order to produce a semni conductg{igrrermr%ycell

arrangement WP ArStdifher BF LB pitali né® bAPt ertS aPiPFUSEC At eBYin the
enbodi ment i AliddgutecdonThend | balckdteth fiog 0 Sspuipese i SiiNy usad the

TECS net hod t q ,deposit..a i Q2 layer_with t hi ckness of. appraoxi mately 50
nm . Subsequerty ¢ spdcet B st d Tot bf Lohe SRFEE | B GROSES L oy { b ffed wi th
C2F6 and 02suppemsticty g tofe mppraxp bt ev yeB0ohnthei nylierecubédr as
Selaﬁlv§gy %mgwwdiﬂogﬁﬂdf§ongfé§&ﬁts. Figure 9A shows a cross

section along the line AA, and figure 9C a cross
section along the line CC.

If, instead of a staggered bit line interconnection as
20 shown in figure 12, the aim is to use an open bit line

interconnection 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 production of a top oxide on the memory capacitors
for the purpose of insulating them. An Si3Nys layer is
30 completely removed for this purpose in a first step
with H3POs. Thereafter the remaining Si0O, layer is
etched back to a depth of approximately 380 nm with
CHF3; and 0O, the etching process not being selective in
relation to Sis3Ny. The result of this is 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




t hi ckness of approximately 550 nmis then grown on in the exposed trenches
bet ween the spacers such that a 10 supporting pattern is produced.
Optionally, the supporting pattern can also be produced by disconnection
and backetching of silicon, Si3N4 and_ g%her suitable materials. After
production of the supporting pattern pl an view of the silicon wafer as
15 shown in fj B e t e_9A sho rQss ect.i.on_al g t he
line AA, and F%aurég }gﬁgiogs I:lsec |g% a|oH§GF§§%||nel%% i F%s 8ad of a
st agger ed blﬁGQHﬂ9nrﬁk@@@nhb@tﬂ@@ea§U¥ZDnsﬁémannl@ﬁguﬁﬁN12lnth@oasn1|s to
use an open Ridediie d1Ry GernactidrAs; s \qpfé1ﬁm@ enbodi ment accordi ng
to figure 13, there is no need for a supporting pattern, and so it is
possible to elimnate the process cycle that |eads fromthe process inmage
of figures8 rFtdie tRd pf@gas,s_lbﬁagﬁ Oifhéigldéﬂcﬁ e duiadiction ehet he
supporting pattern |s df ‘ % gductlon of a taqp ,oxide on the
menory capacitdrs ¥of Fﬁ@'p %ﬁse %? SulP&ti gt h ﬁ?@&?%§?ﬁﬂ-lﬁ§8r is 30
conpl etely remmoadtddr adm arpumm@semmdalinest shem futthéBPPAocEbereafter
the remai ni ng yera o a.depth e} teI 380 nm
with CHF3 ané§%%;3%§e etc E%dgppgg%gggﬁg e s?@ se g% %% |§; S atlion to
Si3N4. The r édwinmags Q&l@elylﬁhawtﬁhﬂ@%ﬁ@$$lafsamnﬂ@xﬂmatehmsﬂsnmp

pat t er ns;gnd tsheglscswfp%ﬁl RGr sttmtsc g&ﬁ@éo@éelﬁoﬁplfq[ﬁty ﬁf&@é@g ste
Subsequent |y, trench top OXI 18 with a thickness_of preferab P

i s produced ﬁ&’QHﬂiﬁiﬁ%ﬂEQQXﬁ Qrﬁmn%ﬁ}%ﬁ PRHEY S e nDPY ééﬁﬁél?gpsth? e

sBIBi con waferlsafnﬁjhmizsl@@p@@sm t&@nﬁ&ﬁi@@h@ﬂm d@pPk atedi ewniig figure
1 in cross _.secti.on a i ne in fi and in cross
section alon§Qﬁ¥§ﬁ%%ﬁ3QI§% e?.%%b SféﬁeSS%ﬁtié ?rﬁa Bﬁ%&?igﬂrogﬁ?he
trench top(Dsakedﬂfbntheanga@iq;ﬁteThefmmnﬂhelseéecwdmnddﬁﬂn@sthes are
produced; sas A FNEMNOTEhdd NeSacd o fed UL F DL L OFE8Suced. The first

step for this purpose 1s to produce an approximately

40 nm

2 nm thick barrier layer (not shown) of tungsten
nitride on which tungsten is then deposited with a
layer thickness S21 of approximately 20 nm.

20 In order for the gate electrodes of the selection
transistors and the associated word 1lines to be
patterned, the polysilicon layer S20, the barrier layer
and the tungsten layer 8S21 are then etched off
anisotropically by approximately 50 nm, preferably by

25 means of CyF¢ and 0O, 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 Si3Ny layer S22 is deposited in a further
process step, and an approximately 200 nm thick SiO;
layer S23 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
S22, preferably with the aid of chemico-mechanical
polishing. The nitride is selectively etched off
subsequently with CyFs and 0;. After backetching of the



sequence. A gate dielectric S19, preferably as a thermal oxide with a
t hi ckness of approximately 4 nm 10 is grown on for this purpose in a first
process step. An approximately 20 nmthick polysilicon layer S20 that 1is
hi ghly n-doped is then subsequently dgp?§iged. This polysilicon |ayer S20
serves as gate electrode for the selection transistors. The word |ines

connecting t : i ndj. yi a egtro u ~qhe_first
step for thiES%%§BOQQ£¥£QF%E%?OBﬁ€§{aﬁ%ép% ofﬁg %% gﬂagé%21gﬁfﬁwgba?rier
| ayer (not shewbewt rapgstenimithe deidacehi ctrfieihgaseshioyn hem d8posit ed

with a layer,thi ckigegs o321r pfuapepriog Mt gl o2 NMsc 201 bR Y 1d8Hg f ehet he
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nm preferably by 25 neans of C2F6 and 02, so as to form spacers fromthe
gate electrode pattern and the word line pattern around the pillars with

t he sel ecti oisttaransigst brep the aotdasss regtoasnbehween itrhef Uippee add | ower

el ectrodes in.fthe,,pjLkats heing, completgly raggd Py 1dig. sehect ben 30
K&té? f the te
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the word |inddiea tfile@approoki mattélnys 190 Ofifi ¢ hi @S| 3NN G ayEM ISPt R

deposi t eglpi n @ dAirthest ; Pf 0668s hRr AN AN aRPr eXkmMatields 200 nemthi ck
Si2 layer S23 is then produced on it referably with the 35 aid of the
TECS net hod. PRISUGXF deS Y@y ert 93 s Pﬁéﬁ BEBORY fFat luf ¥ 0P RRETESS edge
of the nitridedayes 22shywefernabl yiwhtded he2a dtef chem £0- nmechani cal
pol i shi ng. Th%bnitride is %%]ectivel§setched of f _subsequ ntlg W th_C2F6

and 02. After Backit'chify &% HRFCC2IS SRS Lt ef BF aliiQ R 11 HE I b
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Owing to the process cycle according to the invention,
it 1s possible to produce a DRAM memory cell
20 arrangement, with the trench capacitors and vertical
selection transistors, in the case of which the active
zone of the selection transistors 1is 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, 1t 1is
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



51line CCin figure 11C. Starting fromthe process pattern shown in figure
11, the polysilicon contacts for the upper electrodes of the selection
transistors, and the tungsten 10 netallization for constructing the bit

| ines are then produced such that a D menory cell arrangement results
as shown in figures 12A to C. If, as an "alternative, the process sequence

for constructdy Qe . SUppartd.ng: tern. | i : W res is a
15 DRAVE ooy cea T S T engetentTae chovis T T uras I8 A Gut Y 1o the
process cycl ®ras&Ffihgifo & haui hebALi ofRY iR iIXdsusstbl @rsiyrodtiBe a DRAM

menory cel | %Q{P_@JI r angRoRit , Mth tB‘%ﬂérﬁ@@ﬂﬂeﬁ%M@é&%d@ﬂ% verdicahe
selection transistors, in the case_of which the active zone of the

sel ection tramYiedtdrd i slRoRpFELtErY 2 TsurrouhteBOBY 1PHE gdt et'ah® #BFE 1 ne
pattern, andtwhi ¢lvd S rdisdingei shed byoann prawdsspace: fesuteenenbr The 25

maxi mum packin ensi.ty of .the cells is achieved, , in.particular, by
Tho use bf - DR Ea RS o PeRor e part SF AT ST T he T EET | Rbs CNEs
expl ai ned abeweirds/dmagilnt er nanievse. t oF e hearbrodir aent sclsdown, dit i she30

W thin the seop i%filtﬂgz iw%ﬁ&%rﬁé’n&’é% acﬂéssﬂ%ﬁOBECtﬁQdéBBductivity
crystal -oriented processes for "expanding the rench capacitors, in
particul ar, itypsr def, tha de@ied arPne® ihetheefEnistapascshownathetngure 1B,

figure 1ﬁoan§lqtoﬁé&Mé§ 1?1};111@' _sgpfe]g&%c]f@ﬁveﬂiénb&%rri%s)sscéfctéggt§hf9@ 35 the
menory capacitors w e aido i e nenory_capacity _of these

capaci tors c&fPAcEM &Y B Spafry: ﬁ%e]ﬁ%c F505wi tRFheeReCScopeioP™t he

i nventi on beyaidid heitexesplasys igihodi et sexhhpser atesd abevesidiaodi fy the

- 22 specifin_el(%rdlid'rensilour}nsi,nuconézgn e[ati ons ngg&e&gés ang(i rocesses in a
sui tabl e way inmor der %o pr vduce Jtie’ ﬁ?ﬁﬁfi}rrermry cefr 8rrg§geﬁ?§ﬁtl
accordi ng tomihguiayernidn.ldwn pgarnatelrdrlst iIsgiossi blog i ihiehi §NOase

15 intermediate layer in the memory capacitors, it is also
possible to use other known dielectrics with a high
dielectric constant such as, for example, aluminum
oxide, zirconium oxide, tantalum oxide, hafnium oxide,
perovskite, in particular BST. 1Instead of wusing

20 tungsten to construct the spacer patterns for the word
lines, it 1s also possible, for example, to use
silicides such as, for example, tungsten silicide or
silicides of titanium and cobalt, or doped polysilicon.
Furthermore, in addition to the illustrated layers,

25 further layer sequences can be introduced into the
semiconductor pattern, in particular to construct
barriers 1in order to avoid instances of undesired
diffusion. In the final analysis, selectivities and
mask sequences can be modified in a suitable way in the

300 illustrated patterning processes, 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



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 conplenentary design of the conductivity type
of the doped zones in the sem conductor ,pattern. 10 Moreover, the specified
di el ectrics can al so be replaced by otﬁ “known dieIectrics Instead of

silicon oxig si bl f e, t o, use s licon _nitri
al um num oxi é?nfﬁﬁé8ﬁfﬁimé£ﬂ§% I%§$§e ni Yd%e m X2 ?EésgﬁdapomPEer
materi al s. | edtegdd-agle the @N@tlﬁﬂHHMﬁdmwwéxeahawammvetimtaemedyate

Capacitors, leyks a0y ossLbleako, UseREuer knan, Ui sheetElgscibin 2 i on

dielectric con ' um num oxide, zirconium oxi de,

t ant al um oxi &6, '%%#%l&ﬁ]O&%H%Wlsﬁervgﬁpﬁé A driaraul by Bstrofnsedad of

usi ng 20 $ungsten dHe Cofed F ugle&beoeeager 1[%atatrﬁrdl§t<ipff1§:h§oﬁ\ﬂbdwhbb@es it

S al so possibple, for exa e, S ci des such_as Ie
tungstenp5|IQQ(ﬁ?QNlSsPPq%ﬁéé§%ﬁ&Jf%% aﬁH“E%BaF%eCGFoﬁﬁbeG?np

pol ysi | i con. threur theenohe, d&pﬁddthﬂﬂ]lo thEquhwttheedcbmﬁustlﬁﬁ
furt her Iayero%%%He_%%§4cqgnbe lﬂg q&ﬁeqﬂ_e qigﬂgjz§en1conductor pattern,

in partlcular {0 Construct arriers in or 0 avold instances of
undesired diffusion. In the final analysis, selectivities and nask

sequencesy cappRe ymdified ddy @& sult abl g, waye d P %hfs 39&&@5&&@&%

patterning processes, wthout departing romthe range o e invention.

The feat ures 6P tthel Adenttitoh tih B e ?ﬁ%cwe%%@ ?nlﬁhéelﬁéFegoFﬁgbe
descri ption, stohesﬁla@w Ngsa@ne Hhea gt aias m@eﬁéeaeaelegnléyeantzzbot hnal one

and in an de combi nat i ion of the invention in
AR R L AN e B R LR e A M Y

sel ection - 2& fuhhgi sepleZeaf. thiei ORAM retnigveed) | foanpy:tagslan bpper

el ectrodg; 21 EJ} td B doned tat{h%téajea&é%r%Qé%}ngdla%eia%r&h IS

weakl y p- dope and 4 |'ower
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 smaller than the
20 interspaces between the ribs, such that the interspaces
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
300 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 1is selected such that the spacer 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



23 that is |ikew se n+-doped. Additionally introduced 5 into the | ower

el ectrode 23 is an outdiffusion D whose dopant is outdiffused fromthe

i nner electrode 11 of the trench capacitor 1 through the conducting
connection 4 into the |ower electrode_Z%. 10 The vertical selection
transistor 2 is constructed in a rib tKdt has the width B. The width B is

sel ected to O§e %Rufnﬁkhthhﬁi b? fgg&e&e 'ntggnggégﬁefu%liﬂhg% %tgabWQLfg

t he channel t he transi'stor i S"arranged
i s achi eved, leagtéxdnpl ®ichytiistvirdiaceot tipedeartdemesibdpmsedd not

i nt er medi at e doayer $dh 2 AdAGent, ks ane arangad i ,2F rasier. Here, F

denotes the smallest periodic, |ithographically inage structure on the
substrate. The width B of the ribs is designed to be substantially snaller

than the 20 iTlhteerﬁ@@@ES cheiaweeitid hesridissesawhihhatnd heibnterSppcese

bet ween the ri gh Hg trg g% ca amtorsd?%%lB arranged have a wi dth
of between 1EF% e2F b theS w” Bhib<flesitd’s PPom 2F
m nus the \Maﬂdlﬁiaﬁalhbodyennhe@acﬂhalmkbstm@eaetdwe hwee Bmeddavedt h B

that is subli tatg;éq; aPty C thebé" ﬁf}%]}%&{v O];Qf%lé%é}{tg?fl I f:/\,ﬁ: g]haCﬁor ding to

the invention-is illTustrated i i gure ri
sel ection tr&esitsrdr is Podrediffds tie afbdine30nBeamedddtengthyer ZBe

| ength Ly gunsg et ttme i e&ﬁb@? eﬁecw@d\émzq 4 %h@nﬂo&léf«‘ gf%g&'eaﬁdbn the

direction of the bit lines. In this case, nQfen th
| arger than #e width BS Tﬁ%sPnﬁéﬁil6ﬁC?§ﬁééﬁs t%%%cep6§§%b%@V%Vt#Qﬁnlng a

conti nuous werderalnteyaddl ¢ heoasdrddtef taeSpaneryat hangenentqdepgsitbed on
the rib. The ength L is se“gfted such that_the spacer depositions on

I
adj acent ri b®% SR A AN tHusSPBR He EReY @%ﬂi?ﬁ% ugnGoF8YFi ne.
Adj acent wor dhe neloatr engepariat e ffciom dneaananitergealonig, t bechbirtihgne

dlrectlo_p5 S'Hp%lel%4 f@@%ewg}\MSls %5 %:Hp&gg%ltocpe smaller than the rib
| engt h L, such fhat adj acent sSpacer depositions do 1ot

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

20 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

25 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 suitable implantation
parameters as a buried layer.

30
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.

35

The upper electrode 21 can subsequently be formed by
means of implantation both before and after the

formation of the trenches for the trench capacitors 1.



touch one another in the direction of the bit line. 5 The | ower el ectrode
23 extends in the '"rib along the entire length L and the entire width B
such that no additional body contact with the active internediate |ayer
22 can be formed. Consequently, no eIecEric contact is nmade with the

active intermediate |ayer 22 10 next to Phé upper el ectrode 21 and the

| ower el ectr This. i o] e , 1§L.nce e dnvention
advantageousﬁgﬁ%oﬁggﬁw:%?%é%ﬁé?b%J%rﬁﬁ%e%ﬁﬁ%¥hlgﬁ%)a%% g@ﬁ%ﬁ%o&ﬁso t hat
it is conpl erslandeplifet epamed t heshndleody oath ngalysdy éhfagctds also

di sadvant agegusly; 9¢CURIINY 2 48uha field effget lganst seor GalL e avoi ded.
The | ower el ectrode 23 is fornmed, for exanple, as a uried | ayer Bef ore
the trench cafFaSit G LThd$ heePPpstedf comnd orannr v bretarrehent L at efor
patterneds asnad epulrbosle,20fuhi cdxdhel &especid veibouer elerttodgscof the
adj acent selgp i,on transistors are se argtgg fromone another.  For this
purpose, theS %Ittt Foge ¢&n T oAk e B Bpiudal fF§PgFdMA%on

| ayer that idafyemmeshanthhahea ajateofebacappdeptlisatie medopieignd Thaeact i ve
layer 22 1s 28 dienth) keyse anamn gottaxialdy. oo Lhg,gpi taxl akly,
grown-on |ayer 23. As an alternative, the lower ~electrode can be produced
by neans of a#sl @endtiirppus Hel Yy eti s pdmgef nphanveddwl thesustabke

i npl ant ajh ontrRArABL eX§ 8% aruri eds! ayer-n303The-posht ian and §he
t hi ckness of _the layer %3 from mhicﬁ t he Iomerlelgctrodég 23 areB d

subsequent | y 1f8Y&fed 1 ScafCbeSB2t LveriR accur SPEIHY NHAUS t WOt d lémne héssai d
nmet hod. 35 Theodpper.el ectrode 21 can subsequently be fornmed by neans of

i npl antation both before and after the formation of the trenches for the
trench capacitors 1. - 25 The gate electrode and the word |line are forned
by neans of TépacertitwerhiotegyedPataytayehat2i dnalwdaich 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 4F?,

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



precipitated around the ribs of the selection transistors is deposited
conformy (isotropically) for 5 this purpose, for exanple. Directional
(anistropic) etching is used to etch back the previously deposited |ayer
such that a gate electrode is forned grgﬁnq the ribs. The individual gate
el ectrodes around the ribs are continu6us in the direction of the word

i ne, since Jf%ltd'%%skg |r1qn%f 5(511? él sllnn tr@ee ((ZI:I rseectl n gf. he Word i nes
is so small that a continuous word rrne’is pr O dced” TH * ivet©

i nt er medi at e a@erf 122 igpmgd xds aachanhéleobitl 3 itse wicrht i ahosetetvieon
transistor 2 n co rycit S t ant r n e
trenches 1 o%)g%ac}qulceen[t%ne&n%ré;%dsse s.@%'hjg@c%ﬁ%é ?%b?gg(??%?ﬁ%},\lgguﬁgnt in
the sel ecti oAlMedrtsidt of STt ks prade lilma hie basefomuddt ant il $§16et ween

the trenchesad2Qiskthend r@mmpawm{o&t and hhexasggehat £dyvardd caly?

sel ection transi stor gfs nam % %D y cell 10 can be arranged
substanti al | <& &ﬁl sBt at A bi%the | Phe” BB FhéShini nBRCsphltfg

bet ween two ad;oarr.emntzmrcbrtl Res eaimilthﬁbria)l methdae ceragul aegenas the

m ni num patter ussltﬁ%nc&f @Praln'ct ography technique with the aid of which
the nmenory céjl I's "are &u ed.” THe m ni mum spaci ng between 30 two adj acent
bit lines can |ikew se be formed twice as |large as the mninmum pattern

size of 1he i thagraphy obechpbquspdh the.aidoal which the nEmpryycel Is

are produced, thus rendering possib menory cells that require a
substrate suFPRESLEPIAFZ C38 Hife @iﬁﬁﬁﬁ‘q iHy el %@L-e@éw@dehghmgtﬁé

invention rendedopess BleparRARY sgrldesst.hat require a substrate surface
of 6F2. The greater space requirenment can be wused for the purpose of

i npl enenting, for exanple, a - 26
The upper electrode 21 of the selection transistor 2

15 can be defined by a trench isolation process and formed

by means of a subsequent implantation.



folded bit line concept in the case of which a read anplifier conpares an
active bit line wwth a nonactive bit line. In this case, it is possible
according to the invention for the word line to be formed in a self 5
adj usting fashion without a mask both f the 4F2 nmenory cell and for the
6F2 nmenory cell, and this econom zes ofi an additional space requirenent
for adjust | er S. 10 A region of the inner electrode of the
trench capg%%%§%§ %l%gﬁgﬁe exposed in the selective etching of the doped,
separated spacers. The upper el ectrode 21 of the selection transistor 2 15
can be defined byaa teencthd$ebabkronnBheessscand f et gdyeAeansief a
subsequent inplantation. - 27 _ _Patent clainms: 1. A sem conductor nenory
cel | arrangef¥REMHCt eM@Yamcsd iendrdy rcel I's (10), 5 - that in each case
have a trgnch capaeiattorin lda@dcagevaatecal tSRIrRo] | bd ¢ NSt sw; 24, - the
toench capacitor (1) having a bl ock-shaped .inner ectrode (11), a
dielectric intern%d%gleqa éFHfT%fﬁghifﬁﬁﬁﬂi é”ih@anner el ectrode (11),
10 and an outer eltéet rodench compaci twict h(1hehadiielgectr ikl ook eshededt e
layer (13), - the.vertic i0 ansj s i
substantial ly abo&e?¥ﬁ% ?#gggkgggbag}%af §?1§Pé%ég%§3§ngg5t?%@%ggggauence,
which is arranged lByef f 6&2) f pomroRadimeert ks ecnnede feqthecde endh) .
capaci tofg (1) andarzy cposeat Of acfékstoelectinpdes{2ddcthat chs gpanected
to a bit line (6), .an active internediate |ayer (22) and a second
el ectrode (23), WSS HdenAddeddad alife ianter (LD el ectrode (11) of the
trenf:h ciapaci—tor (t(igj)ed E)véfl@iaélli ?/Seil@icﬁil’ir@di ateahaﬁ%rtddIZZ)(ZJ)ei rl?eing |

t [ ti ayer (2 nd a gate el ectrode
fg;“gre(SS)y hat i drtensed sibStast1dPly YBL L2 4he AN 293 ELOELE

(1)

15 offset from the 1inner electrode of the trench

and having a layer sequence, which is arranged

capacitor (1) and is composed of a first electrode

(21) that is connected to a bit 1line (6), an

active intermediate 1layer (22) and a second

electrode (23), which is connected to the inner
20 electrode (11) of the trench capacitor (1),

- the active 1intermediate layer (22) being
completely surrounded by an insulating layer (24)
and a gate electrode layer (25) that is connected
to a word line (7),

25 - the word line (7) and the bit line (6) crossing
one another

characterized in that the dynamic memory cells (10) are

arranged in matrix form, the trench capacitors (1) and

associated vertical selection transistors (2) of the
30 dynamic memory cells (10) respectively following one

ancther in the form of rows and/or columns.

2. The semiconductor memory cell arrangement as
claimed in claim 1, characterized in that the active
35 intermediate layer (22), in which a channel of the
vertical selection transistor (2) can be constructed,
is arranged substantially between the trenches of

adjacent trench capacitors (1).



to awrd line (7), 25 - the word Iine (7) and the bit Iine (6) crossing
one anot her characterized in that the dynamc nenory cells (10) are
arranged in matrix form the trench capacitors (1) and associated vertical
sel ection transistors (2) of the 30 dy ng&;c menory cells (10) respectively
foll owi ng one another in the form of and/ or columms. 2. The

senlconductor ”%%%Bc§émfgéﬁ@9§€%@1 %%Kf§§§ Q%ﬂj!n<3fg megharggterized

in that the actlve internedi ate Ta anneél t he
vertical sel edriigred r ansistaim(2) ean 2be @I@asacuetreded |snartﬁmtgedhe

substantial | yhetyeenythe ir enches ofipjadiagents tdeneh: capacidorentd) . - 28

3. The sem conductor nenory cell arrangenent as clained in claim1 or 2,
char act er i zedUPF temdd alHe/ %@%aﬁ?%eﬁﬁﬁﬁPytééH%§WPHB &rle tdndtFaeged such

that substantd ald y flihesisel ecton t bansi sgwsﬁgﬂltualary angedl S @asnanfirst
col um and subst anti al the trench éga acitor ﬁis rranged as a second

colum. 4. TKEP ?&ﬁF@&hdﬁet&F remor\P Celq° & rPartde feclainmed in one of

claims 1 to 3, characterized in that 10 the trench capacitors (1) of the

dynami ¢ memoyy cells - GG ALRaGRDSLT UELRA Sch SR I 4 seandygt or

substrate (101) it 'I's the case equal I'y 'space énches are
formed in anC%adMEébﬂﬂonﬂaﬁdOéqgéﬁhvs dpaced t renchrestarez¢dér iedthata

y-di recti@n, 3 ch:lénaﬁees{asélleelrgg i ne&fwchg %lytn@nﬂcd'rﬁér@&f“ eeh@ger (13)
and bei ng Il ed up ock-shape ed senlconductor ayer

(11) as |nner]é1ec?F@decaﬁét&QQR?dcévéﬁbdgﬁﬁtanlPn§hhﬁquF¢%§@?t€IO4)

the thin di eh@sitraed ayer1)(Ld) heidge i dasoOntiagt Mbth @qbuugdséaceughl y
doped plate in thﬁ senlcond%ctor ubstrate as,, out el ectr.ode.

seni conduct o i Y° c&1€ arfd A a8 cfaf HBac ﬁo@la?ﬁg4 e%ﬂa}é¥ter|zed

in that the tapenches trenches are formed in a y-direction, said
15 trenches being lined with a thin dielectric layer (13)

and being filled up with a block-shaped highly doped
semiconductor layer (11) as inner electrode and being

covered by an insulating layer (104), the thin

dielectric layer (13) 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 (1) of the dynamic
memory cells are constructed are of oval, rectangular

Oor square cross section.

6. The semiconductor memory cell arrangement as
30 claimed in claim 4 or 5, characterized in that the
selection capacitor (2) is a MISFET transistor that, in
the region of the upper end of the inner capacitor
electrode, has the second electrode (23) in the form of
a highly doped layer on which a weakly doped layer is
35 arranged as active region (22), and the first electrode
(21) 1s arranged as highly doped layer, a conductive
connection (4)' being formed Dbetween the second
electrode (23) of the MISFET transistor and the inner
electrode (11) of the trench capacitor through the



25 in which the trench capacitors (1) of the dynamc nenory cells are
constructed are of oval, rectangular or square cross section. 6. The
sem conductor nenory cell arrangenent as 30 clainmed in claim4 or 5,
characterized in that the selection capz itor (2) is a MSFET transi stor
that, in the region of the upper end o tﬁe i nner capacitor el ectrode,

has the secon | e trod (23) | form a highly doped | ayer on which
a weakly dopéj(déelﬁafe RS %% é%de TSR tr]eedrcgh (22), and the first

el ectrode (21) is arranged as hi ghly doped | ayer, a conductive connection -

4) b f d ty,00e T
'ErZansrels'?gr g?get hlgelltér/]\ﬁ%%ﬁ %ﬁggg 1%“)%&:n thg(e'tzlf%n cap%r(g:/fngﬁlE tﬁrough

the - 29 di elledfec lrray(élcamsﬁ |ph|aﬁ90tt|¢eflt2re@hclm thatThebeewenndbet or

menmory ces | @dl@agﬁr&awtuaes Mmmm@ra@sgée@fﬂ@ewﬂ@r%t%' %ﬁ@ kRehbat ,
bet ween the 5 colum of t M SFET transi stor ng%]rgH he trench
IH§ gi

capaci tor anF3RELRhim? e MPSRERN r 8Asi 1's]'tl‘ér frf@al'tl%lﬁﬁ@rt rench
capaci tor foldeqwireg iet€upRs, trteheheda@ddti_ttrdldL@@m@mm?ethe@ehebhng | ayer

104) that th | ect f the trenc cit 10 (1)
531 ga%e e?ectrgﬁgrrqsafferellggﬁélﬁ%% tcﬂrﬁfgﬁf éﬁ%féﬁ ¢ Yaf | fé?ﬁgbuﬁ athe
entire acti ve:or\@glsortr(ezmnnn‘r & o tM ST ( llencsfsth)e andnchnpepsestargat e
dielectrig |layer a(v\é)a'&ea g%%t? r‘i%%/éﬁyesfec&% %cé‘“dtﬁatc%‘?f% Lag layer

(7) that serves as sem conduct or nenor
arrangenent &3bsdladitiedl i @FQPﬁﬁ?th@haﬁrraitﬁefrr z2etdive tHﬂIlCtrher%Zi sof

constructed hetwaerstihe sehactised  rasi st@psital th ﬁat@e&%ge&@raee same
word line (7) and, i ch case, to 20 consecutive 1 nes

supporting c&lqyr%r(lb%g that PRéfer &ISF eXPERdS lﬁé’reaq lef2%b tﬁ@dcoﬁurm
with the seloeeiduet itngansiveiror(7)t ke gatsee elactaodeddayemesequence being

provi dedlgn each case between a colum of the
8. The semiconductor memory cell arrangement as
claimed in claim 7, characterized in that there is
constructed between the selection transistors (2) that
belong to the same word line (7) and, in each case, to
20 consecutive bit lines (6) a supporting column (108)
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

25 gate electrode layer sequence.

9. A method for producing a semiconductor memory cell

arrangement with dynamic memory cells (10) that in each

case have a trench capacitor (1) and a vertical
30 selection transistor (2), having the steps of:

- forming trench capacitors (1) that are arranged in
matrix form, the trench capacitors (1) and the
assoclated vertical selection transistors (2) of
dynamic memory cells (10) respectively following

35 one another in the form of rows and/or columns,

- forming a Dblock-shaped inner electrode (11), a
dielectric intermediate layer (13) and an outer
electrode, the dielectric intermediate layer (13)

being formed in the trench of the trench capacitor



sel ection transistor and a supporting colum of the 25 gate el ectrode

| ayer sequence. 9. A nethod for producing a sem conductor nenory cell
arrangenent with dynam c nenory cells (10) that in each case have a trench
capacitor (1) and a vertical 30 selectign_transistor (2), having the steps
of: - formng trench capacitors (1) that are arranged in matrix form the

trench capacitors (11) gﬂgl ]tﬂ;@? 1%)%%%3' aggg_c\éﬁot&eca]g}l%gmle%%gn%g}; rggj%gt ors

(2) of dynamic nenory ce , respectively fo one andt her in
the formof rows afd/Aussmisio fidren WeeRchl @EktBdapeanihnerrekétbrode
(11), a dielectri@)i;nternediate |layer (13) and an outer electrode, the
dielectric internmedi ate | ayer $13) being formed in the trench of the

trench capacitor L93"1R9) AndVERE1liGHer SR EREFO88 sGBOEGUEHRFY HR) ng
i ntroducesl into thkadyenchiefllyheaboeschtkapaciéneh (ddpaboesizng(a)yerti cal

sel ection capacitaqr. (; 5 stantially above the trench capacitor (1),
having a | ayer se%&é’g]l?eq whi %§§?§ arr unegmeéa/e of FE&E 1 GHRTHES n8%f§F}5ct rode
(11) of the trenchraapddia olinigr arml e st codposédlof affitise, uppech

el ectrode (21), a ive din iate.l nd- . we cond
el ectrode (23), t%@ﬁd\/\%\l{%f eB gztrr%g{&g ](6823%}5@3?%?%0%%3%% artgoé)’t h{éppgger

el ectrode (11) of &isetrsich{¢hbacfforctiye dd enadipdperlavert (dde (21)

bei ng conmected tera bhat 1di8e, (Bscddd- Hrddngzan ixnpul atinrg | gyer (24)
as gate oxide around the acti g internediate |ayer (22), the internediate
| ayer (22) being Eoriietf§ §t% ¢ ouRBéd by CORE S MsefatFhg Fa§erl(2ay;
depositing a gateedleedtrraaite l(ayer 25 hen tiegci20cipsul abirng(1)ayeent24) ,

the intermediate |ager. i) o PELLGOLES Ohb Y 'Rtk 2% BEE 1 e
line (6);

15 - forming an insulating layer (24) as gate oxide
around the active intermediate layer (22), the
intermediate layer (22) being completely
surrounded by the insulating layer (24);

- depositing a gate electrode layer (25) on the

20 insulating layer (24), the intermediate layer (22)
being completely surrounded, and a word line (7)
being formed from the gate electrode layers (25)
along the trenches of adjacent selection
transistors (2);

25 - forming - along the rows - a bit line (6) that

crosses the word line (7)

10. The method as claimed in claim 9, characterized by
the process steps of:
30 - providing a semiconductor substrate;
- producing trenches in the semiconductor substrate;
- constructing the trench capacitors (1) in the
trenches;
- forming the columns for the vertical selection
35 transistor (2) and for connecting it to the
associated trench capacitor (1) with the aid of
the spacer technique;
- producing a vertical layer sequence of second

electrode (23), active region (22) and first



being formed fromthe gate electrode |ayers (25) along the trenches of
adj acent selection transistors (2); 25 - formng - along the rows - a bit
line (6) that crosses the word line (7) 10. The method as clained in claim
9, characterized by the process steps afi: 30 - providing a sem conductor
substrate; - producing trenches in the sem conductor substrate; -

constructing the tyeneh £aPAGiNHOrsE (e ide '6&9635%}?:,51? folOrmng the
colums for the vertical seﬁgtgion ,3§Etraﬁ§$§iozg§2 aﬁﬁc%or g@nnectlng it
to the assoCiate@RHehcly cApacPEeRipg) backn & mondurtotve t hevepasech

techni que; - produgidlg a veitécalidayesasequenrce obssecpand s glectrade (23),
active region (22) and first - %%H?electrode éZl% of the selection
transistors (2): apPIAnG EHEtTH i bck ACTbhautesven| agér sfichhethat a

gate el ecbrode | aperlg@S)on sttenpedtas Spaceanar@u@dg&meeel%eeraabive
region (22) of th ectdon_tr i.stor. (2),. and the gate el ectraqode
Jers (25) of adiddSi i borr bniRraRe st re DIon R bha et He)  and

l-ayers (25) of adjacent selection ansistors
forma word |ine (tPuch pred@giatdecomrattfonm a hburice el Bct rodes (21)  of

the sel ection 1 aRSIstars, 2hon8dc 10 ONSHELCLLRG! A Hit, Jdges (68). 11.
The met hod as clained in claim210, characterize i'n that before produci ng
the trenches in tRE SEmSCHFRICIBY TEpstisdta s he2 liowsrd second el ectrode 15

(23) of the verticahndrayestisequence ifrorl e sedjection transistors (2) is

grown onto the substrate by means of epitaxial growth, a highly n-doped

| ayer being formed for the |ower, second el ectrode (23) and being

over grown witli.a Vikakinye dopedabaydre ifrerd t e adkiiwe 1R0 ¢hiesgedratedl ayer

(22). in that before producing the trenches in the
semiconductor substrate the lower, second electrode

15 (23) of the vertical layer sequence for the selection
transistors (2) is grown onto the substrate by means of
epitaxial growth, a highly n-doped layer being formed
for +the 1lower, second electrode (23) and Dbeing
overgrown with a weakly doped layer for the active

20 intermediate layer (22).

12. The method as claimed in claim 10, characterized
in that before the production of the trenches in the
semiconductor substrate the lower, second electrode
25 (23) of the vertical layer sequence for the selection
transistors (2) 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 lower, second electrode
(23) of the vertical layer sequence for the selection
transistor (2) is formed by means of outdiffusion of

35 dopant from the inner electrode (11) of the trench
capacitor (1).

14. The method as claimed in claim 10, characterized

in that the trenches are defined with the aid of a



12. The method as clained in claim 10, characterized in that before the
production of the trenches in the sem conductor substrate the | ower,
second el ectrode 25 (23) of the vertical |ayer sequence for the selection
transistors (2) is fornmed by neans of _an. nplantation, n-dopant being

i ntroduced as buried layer into the substrate. 30 13. The nethod as

clainmed in cl riz t r pr ct t he
trenches in hdﬁéigﬁggﬁggg%gf! %gsgiaFgQéh ﬁﬁéierEH%gho%ggelégg g (23)
of the vertléﬁﬁ“ﬁﬁyéﬂl§éﬁhéﬁ@@l¢@md@%%oée$@@@téﬁtetian§hsﬁoﬁl@2ptﬂ§nforned

by nmeans of qufdi bfusi gnsef ééugppznts;%@@at he, i aney-gk eethadg, (1ihe0f the
od as clained in claim1l0, characteri zed

trench capacitor (1 14. The_net

in that the FFEHHH€§gaP§%ﬁﬁ|ﬂEdQMq4Itﬁ@céﬁﬂﬂﬁ Lag . OQZSQﬂﬁﬁ%IFFﬁééraphlc
step suchst hateddieyh.are equally spaced in the sem conductor substrate in
an x-direction and are also equally spaced in a y-direction, the trenches
being of oval, rectangular or square cross 5 section. 15. The nethod as
clained in one ofﬂﬁ&ﬂmﬁihﬁdt681¢Aamw%ﬂable®hzedfimhdtmsth@ deflﬁbtion of

the regions with the verhical sehection hransistors (2) he: 10 egi on
4T eneh

with the connection to the associated trench™ capacitors ers
fol | owi ng prdtidds §Bguetriet icapr sdiEHHY & spaess isttrart ule) rﬁﬂ%etbﬁenches

above the trnenghbcapagint ofise ( Ebnmre Asi ded QP @Qs%fcﬂabcee@p@‘é@hch
structure; 15 - %Pl'tt'nggthe spacer structure with the aid of a

| i t hography $t%&, | QS Y8 S P SPREES $1T9R4RE on t he
basi s of the-di ff@frejﬁdqﬁ_r@pﬁdsmrsﬂiﬁ@d:tmﬁe 20 the ThenaBtBodbawecl ai med
in claiml5, char% terl i n that_ the spacer is split with the aid of a

hard- surface mask |ﬁh5§¥§bhapﬁ%ﬁy%s
- one-sided doping of the spacer structure;
15 - 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.

20 16. The method as claimed in claim 15, characterized
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,

25 characterized in that outdiffusion (D) in the second
electrode (23) of the selection transistor (2) 1is
formed by outdiffusion of dopant from the inner
electrode (11).

30 18. The method as claimed in one of claims 10 to 17,
characterized in that the following process cycle 1is
carried out in order to construct gate layer sequences;
- producing an insulating layer on the trench

capacitors (1) in the trenches;

35 - forming a gate dielectric layer (24), a gate

electrode layer (25) and a conducting layer, which
serves as word line (7), around the pillars with

the active region of the selection transistors
(2)



17. The method as clained in one of claims 10 to 16, 25 characterized in
that outdiffusion (D) in the second el ectrode (23) of the selection
transistor (2) is formed by outdiffusion of dopant fromthe inner

el ectrode (11). 30 18. The nethod as cl 63|3rre_d in one of clains 10 to 17,
characterized in that the follow ng process cycle is carried out in order

to construct.gategﬁ@ggt§g¥H@@§§ ; eRQAUG NGy an insul ating | ayer on the
trench capacitors (1) in the trznghéé;.%% - %o?ﬁ?%gegfaae o%%eﬁéépflc
| ayer (24), a gat €2l eePfodeq ay“@iﬂd@%)l%dlaye@ndm:tDng_eh:aytm, futrinch

serves as word |irgacBrns;ar@und the pillars with the active region of the

sel ection trQnSIS%QS%sJéng an insulating layer.

5
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 (2), which
10 respectively belong to consecutive bit lines (6), but
to the same word lines (7).

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

transistor.

4 4 1=



