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I N1268DE Description ~ *159159* Fi el d-effect
transi stor structure, associated sem conductor nenory
cell and associated fabrication mnethod The present

[ ' relates to a field-effect 5 trans “

stnl\f/rgf%%ér)%h an associ ated sem conduct or W&w N
fabrication nethod, and |n p

to a.?féééﬁg¢fect transi stor structure as can be used

in DRAM nenories. 10 In sem conductor technol ogy, the

oSt e BAVENESE tecft&%egls%ﬁmth & beu bt ghest associated

|nterat| n densities are sed in particul ar f

SATCRAH SOF o MR DRAR LofBi | € (RIS ARFdmAton
aQﬁ@§5o@9nDry) Wth an |ncrea5|ng packlng density or
i ntegration density, 15 however, the follow ng
difficulties result for exanple in DRAM sem conduct or
meTine | epresensr dekntenttioom r okedaskert -twhandel fieddiaffect

(robln9ffdoyOf Zsacﬁf‘ét‘?&té on %ahanséééé’éléf‘e@ DiRAM i conductor

sem conduct or menory cel fromtechnol o
gSRERRAYY ofetld t%néﬁowsogéﬁéﬁilt |§ﬁp?%c?%l‘%>'e/c@§§5f°9 and
t ojhNE&LBSEUBArags06al Eiedd- ‘léﬁiEbcﬂOItlra@sdrst@rCmmﬁture as
s results in a greater so-called
bgg?ng??eEfggthcﬂﬁR% TEPR“HS%" the consequence of
| rrpal ring a witing behavior. The 25 so-call ed body
[ ' se | th es
o oct SpBRATELO I AAPESEEES, he ol 2oilidnces
voteageolngteaswsthThéeteﬂgheﬁédwntqaﬁﬂﬁhﬂﬂtQQHSltleS are

degoLgs &f paa&lt%h%rt he ogemragidusiang Stgaﬁxcraamleed DRAM
situated directly i.n the vjci n|t of the 30 transi

or MBRO¥ hES s o FYERIR A n Fhs & %Ie%‘f t REMOEKannel't an
r eghefeaPhngpacitinti nglemsdngt i @ | rira:dig?%a\mrce'rmr@ensmy,

CohbrtaD, ol UED SRR, 8pE LT ERRTBL NG Ut Scomore

mhunhDRsMcsamecpeductor memories:

In order to control a short-channel behavior (roll-off)
of a selection transistor in a DRAM semiconductor
memory cell, from technology generation to technology
generation it is necessary to increase an associated
well doping or a channel implant. However, this results
in a greater so-called body effect, which in turn has
the consequence of impairing a writing behavior. The
so-called body effect is manifested in an increase in
the threshold voltage of the field-effect transistor as
source-body voltage increases. The term *body”
hereinafter denotes in particular the semiconductor
substrate situated directly in the vicinity of the
transistor or of the source/drain regions and of the

channel region.

During a writing operation in a DRAM memory cell with a
trench capacitor (for example writing a logic *1”), the
potential of a source/drain region which is connected
to the trench capacitor, for example, increases with
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to the trench capacitor, for exanple, increases with
*@00002* 1nl1268DE - 2 increasing charging of the
corresponding trench capacitor capacitance. Gven a

fixed potential, this means an increase in the
N . . .
ag etween said source/drain region and the

body, as a result of which 5 2he transistor, depending
on a charging state of the trench capaC|tor
i nor@ssasing s wdheestiaicd voft agehen eRIERAROnstinthe trench

£ n e I e
S e ol e e
V?

ofth¥e MEEEased tHRESRRTY bl ttﬁlﬁe E2gP eI RErgRR sald
tf@é@fééﬁdraftenred_;ﬁ@nsaﬁal ithe Lddyowels calr resulgi vEnwhich

n otherw se identical | t di ff bet
o R e b P o Soraiuld opna ® pr e FRREo DR A, 8f the
Catpﬁ&hctl'anmprafcﬂtm trbncheaapacuttm th5e€bnddquent tgge on

the_ co Iet th h _
e SQUBL et 6 changl ngygh g dicench aaact boenbakedn  is
ef@wr@bwesm%womn tsouree fpliower g@@ql%rrmnce

for exanple in a DRAM nenory cell. 20 Furthernore, as

the integration density increases,, it . becones e
ank ot e TG TCUCOTEEWREGRe E cotiBict I PEoHHEST n%rproefsmld
th@oi@@@él weheé Eggldreffece. twehkisegirondienr ellsd waippd ies
el ection_transisto I n f
101 OB REREREhS Sl O Y,  PenBEERL v tage
re@1bﬁexem¢epb@¢@§GMOEbefdrthECuSpuﬁQ¢/Q¥ﬂﬁﬂ(ﬁﬁ%ﬁ0¢n°r a

thﬁleaii% @f hd QﬁepégbethQﬁg tof tRe €REHUCE &a ac1tor

| OW- | npedance or conducti ve cur.rent ath
t heongeauenhlEct sth@ tﬁ@mﬁ’éﬁéétl GRATELRRsi & rsthe French

Eg%?ﬁééfggfenkbweéﬁﬁgdﬁﬁéSpéﬂdﬁhgﬁytruen66r, for which
I cul ar ce ann r

ar bPEPER | 9 ;B%%nt %\feﬁle z{;%%%%?%?n%mg%% egf':sjéﬁaé§ the
fi ekﬁtShgepgthsrmancenﬂect esampégi bnsawbPRAMr mepecy £ell.

Furthermore, as the integration density increases, it
becomes more and more difficult to ensure a contact
connection of the local well regions, i.e. well regiomns
relative to the selection transistor. In particular on
account of depletion phenomena around the trench
capacitor regions, 1t proves to Dbe difficult, in
particular in the case of a high packing density, to
ensure a low-impedance or highly conductive current
path from the well contacts to the selection
transistors without potential barriers. This is true
particularly since the well doping cannot be increased
arbitrarily on account of the associated increase in
field strengths at connection regions with respect to
the trench capacitor.

Figure 1 shows a simplified plan view of a conventional
DRAM memory cell arrangement, where STI designates
shallow trench isolations which are formed in
strip-type fashion and form a multiplicity of
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the trench capacitor. 35 Figure 1 shows a sinplified
pl an view of a conventional DRAM nenory cel
arrangenent, where STl designates shallow trench
?8%19 which are formed in strip-type fashion and
! tiplicity of In1268DE - 3 strip-type active
regions AA in a seniconductor3 substrate. In the
active regions AA, respective first and second
ssmrro.@y-dtwm regtbne SkBadionls a Amanasl & egPBMiFgn@gctor
| 1, Rl0880 ar e, | RhEPG dilvd NEePUEROSANT Aediadunidi0sarst

ect fransistor structure. In order
r@a'ld z 8egoBent FONIFEYEFatl abhegEoRfe %’f%nr\“@itr} e61 offpannel

;ter:é erﬁjr?/pﬁﬁlm dlhlt MREwlerarfrd Of SBfle@s st itald ypurpose of
0 pe active n

AUGHTS 19 oo Lo T « TS £ (b § BERCEaRe | TopraeT

1thstfewcltwee 4 acdret oyl veaye DTS delbovesthet chaphel region,

ngﬁcaCI totr yDengrélrr eﬂg%etgﬁpatﬁit O]g:\ tem'ﬁ&rhéd essentially

conneéect e one o he source/drain

T Q@m‘mdltd\-eldmrttmetche SHUF ER7 EYRE n2F BV BN SPEPBE Af Said

tedit@ga béhablﬂﬁg (ngte i | llusdr@tesPect tran81stor
Furt ernore, a mninmymfeature size 15 thgt ca

f EFFTURRWEE | FQ hBEr AFAVERI| PG R Rt e reB§H Shpacitor
fidyeap 1Tré§h@h”@a§a§h@dt\§ awﬁiﬁnl ll.§| edngecspeeliyveonnewted

of the nenor arran n th

fitfur €232 20°4i or%g‘ a settio lﬂ d%%?((gfg e }grbengélrther

Sysﬂﬂfﬁ@e/cﬂ:&mrgnategmgnl @dmhwng)rcenne@‘gs@n@nga bit line
@%@gseéﬁﬁggﬁée%ﬁfs @ﬂ9t§e&%3%%tGQ1QQ§§{m@m|QBaEﬁk@951ze

I n accordance W

a@@ﬁc@ﬂ@u@@orfwe%elr}t]é%%ﬁmhﬁ? ¥ ohr I%é’ Ented
trigpch caperdtee DIC (deep trench capacitor) whi ch IS

connected via an electrically conductive buried

connection plate BP (buried plate) to further trench
capbgitors ®hdwie 30 eiktelifled| eetusgdey iteer gopw(nof the

{hé%ﬁééﬁgﬁgcaL20|tonggﬁﬂyﬁy 30" Y ccdPahO¥RTwPA T fOfgure 1

along a section I-I, identical reference symbols
designating identical or corresponding elements and
layers and a repeated description being dispensed with
below.

In accordance with figure 3, a semiconductor memory
cell accordingly comprises a trench capacitor DTC (deep
trench capacitor) which is connected via an
electrically conductive buried connection plate BP
(buried plate) to further trench capacitors or the
external electrodes thereof (not illustrated) in the
memory array. The lower part of the trench capacitor
DTC with its internal and external electrodes is not
illustrated in figure 3.

The upper region of the trench capacitor DTC as
illustrated in figure 3 has a trench capacitor
connection layer 8 comprising, for example, poly-
crystalline, highly-doped semiconductor material and in
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DICwith its internal and external electrodes is not
illustrated in figure 3. 35 The upper region of the
:rench capacitor DIC as illustrated in figure 3 has a

r acitor connection |layer 8 conprising, for
exgﬁfp?%gﬁ%ol y- crystalline, highly-doped sem cgnduct or
material and in Inl1268DE - 4 4particul ar polysilicon.
For the insulation of said trench capacitor
caopanetci¢what aypelBsil heonppefoparthef inselatiaehof said

CapACh LRr o Qg%:ltﬂeér SRkl rtl'oBSlJJa%ztérorB | a&’ﬁ’é uﬁper aré: of

CORPFI SI NG con di oxXi exa n ord
corpectrensht Fé‘@@ﬁléﬁﬁaé?%rh%nﬁeégﬁéﬁrl apsm S‘tt18na layer

f'?SEoﬁ«PH&g%%r alin i mo‘iﬂae bedhﬁ)/eiaémﬁl(@npltﬁ, oxder to
buri ed %( uried stra or ned. bel
f|?%’{m§65r R gC 8F?a§/1%°rucf<%mf%%tlf?r}s?ayer 8 to a

Soﬂ%ﬁgﬁdlrsﬁdrodea’gim&/ Pegtba B#D edblvayesy B8f example, a
refera 10.co [ h daped 0 r

BFBﬁe laygc C&ﬁa Iaonét?}g&y 9.% f% %8 n}g%%@ the
|nfihstsem0ummxn lerCa’Ie 6f/Dt he %éE@nd the first

COEQHE&é9arayﬁer@gloap@9ﬁl t %hfeobfulﬁ.eﬁ' rl%tye(iorﬂblfﬁﬁéﬁérably
pe n. op i nSul atin ayer referab
coﬁﬁﬁﬁ§?~ﬁ§t§$l iTohlg5 Ly %QP&Q 'T’%mjfg rh%‘bc??lr orr&grl% of a
I nwkatlecbhautcrtamh td}q%Jaﬁl t ghieannect formédyen &hfer cremi-
t
patendeckBhy TS Pbgi e PEe PRRs G i amd VB8 @
gabppositeai doworthd | nElr0 Foenfleehbee, LvPehen. A top
suﬁlgﬁ egnﬁhe 1$§/8,congluct Bfefék'?ﬁ&?at %on@ﬁ%@.@l@d silicon

source ral regron once agaln o first
cofdasifen tipe GPumed olRedOTACE he© sémtddAdsct bhe trench

Sugﬁbééﬁﬁo% cbheeerY cdefliafierg sa fatvannelworrd@diiate ofL t frermed
field-effect transistor _structur At the 25 sur

of athdRehaFHRF EFRLT oA UBE3E6R (He %BSHEbXForcontr‘ﬁ layer
suksthiahe Ptc dpgakeéviensvhatioanghaper oZ ssiflowowd atine.

| east between these first and second source/drain

regions S/D, at the surface of which gate insulation

| aFertheconres| |adyertize (Ceprésner olfgattdle ass Pt oRfuctor

substrate, a second source/drain region once again of
the first conduction ¢type n is formed in the
semiconductor substrate 1, thereby defining a channel
region of the field-effect transistor structure. At the
surface of the channel region or of the semiconductor
substrate 1, a gate insulation layer 2 is formed at
least between these first and second source/drain
regions 8/D, at the surface of which gate insulation
layer a control layer 3 (CG, control gate) as part of
the word line WL formed in strip-type fashion under-
takes the driving of the field-effect transistor
structure. Via a bit line contact BLK, which makes
contact with the second source/drain region S/D of the
field-effect transistor structure, said region 1is
connected to a bit line BL lying essentially above the
word lines WL and parallel to the active regions AA
formed in strip-type fashion.
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30 the word line W. formed in strip-type fashion
under- takes the driving of the field-effect
transistor structure. Via a bit line contact BLK

s contact with the second source/drain
%ﬁ%@% of the field-effect transistor structure,
said region is 35 connected-tb a bit line BL |ying
essentially above the word lines W. and parallel to
t Heomctihee cegnention dfor medvékl streigponypénehsisxmilicitly

I n}% gxfatédi For, thig g?@ﬂf&&%&ﬁ‘cgér S8l ra@@ on (ROtyell

exp | ustrate In the sem conduct or
smwea@*élqn QORENY TreghABclPoASIYENAG lYeHTOTIARS &t some

;J?glﬁ‘%ﬂ:%n@éégtfrtgfdtﬁb fQ@Edt €E$tb@ﬂ_0®.rlﬁh@glsﬁ:be sctj:ructure In

ansi or s uct ur, e.

i FCOTIRAES 3 Wi WBITE connBBL PorlUdni RG RPERER \RPing

haseglexecwnd e d el C td eroridy peopdoppben t Eype phe_ppps_st:e to
&gé"”f QL Y BEnBy engn g@ééynseravﬁam%alciéﬁsgmﬁgg for

eple |ng e c ar ers ocC
bo@lysmp@bnmgommctd@p §l§b§gr atlee 1 Pramgnt cargigrseck| yrhat

at ot he - f i gl dygf fr%“dy t6§n§éx§i@6n§ﬁ&’é§£UéﬁbsE'rQ'éée 14 present
shows a sinplifjed lent circui{ dia

seﬂ%é@ﬁﬁ@ét BF ﬁ%ﬁo??e%@rﬁfF‘ﬁCScEB?Héh%EOW ?Eru?FbE?e

, i dentical reference syrrbol s designating 15

t | di .
BSR40 LT SR ELE TS AT 005 ¥ g
paofl cuthar semieongsicsoor Remohy cleelss edni akFgordasopt gvith
f r??{;&?ﬁebe“ ri &+ capductiadiehybrofe t h%!ﬁ“@bﬁ.szo dei Muting

e sem conductor substrate respect to
thédmtllcébm%’ct¢%r%§ib¢%lrﬁ%g?éﬁmﬂﬁtsl r?é]‘%a%%gl%s and a

t hgepBLEERAREEBr 8RS bhY bENEFEasSpenvBEChitRaBe1b®. an
i npal rment of the function on account of the body

ef fect described above. 25 In particular in DRAM
SGMhCOIib@.li(th@illmﬂDrytHE| | sesd s or asBoci afrddht r esgdentially

CheESpREst Ehon° A aerEokeipsl pidesty Yy 1 T2RE wen
region or of the semiconductor substrate 1 with respect
to the well connection doping region WA, increases as
the integration density increases, which leads to an
impairment of the function on account of the body

effect described above.

In particular in DRAM semiconductor memory cells with
associated trench capacitors, this problem is intensified
by the fact that the trench capacitors DTC arranged in
an array in accordance with figure 1 move ever closer
together and, consequently, the clearance between the
trench capacitors regquired for dissipating the charge
carriers L becomes more and more constricted. Moreover,
DRAM semiconductor memory cells also do not afford the
possibility of dissipating the charge carriers L via
the deeper regions of the semiconductor substrate 1,
since, by virtue of the buried connection plate BP for
connecting the counterelectrodes of the trench
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an array in accordance with figure 1 nove ever closer
30 toget her and, consequently, the clearance between
the trench capacitors required for dissipating the

c fg%sﬁﬁrriers L beconmes nore and nore constricted.
Mor'eover, DRAM sem conductor nmenory cells al so do not
afford the possibility of diéstpating the charge
carriers L via 35 the deeper regions of the
serapantiuer®rDECbsanaipsulatingcdaypy ¢brbudlsf uphdn this
bu§é§goﬁonnection plate BP for connecting the
counterel ectrodes of the trench 1n1268DE - 6
capacitors DTC, an insulating layer is built up in

Lh%ﬁwe&@ﬁgorLaﬂ*nﬁ%ﬂ%hgf@&ihﬁ%ﬁffbﬁi?ﬂ%%?HE}TFedanc? well
i gh-i npedance conpection o ody or. o

th%o%%%gEbﬂHucP r §Uﬁ%tr9?ayin°&iré5q pEB%nﬁ%%W%%?%4ﬁ§t°r
risﬁﬁseféegt itir agsiretaer proudhirg | ¢ads tdeondiiaid-effect

ater 101 harging_ a se Y,60N nt. pf ;

th%g %%§S£é?fe%??uggugergpd%%?oﬁggﬁﬂ% e‘??fé%?ﬁ%g e ics
t hekaholug 10and| teoRse@meentilis, t OB ncFeRNRL | dkadde  body
CULEEBES, |Po PRrtigabéfidm the oase ofrfde RAMthreshold

sent conduct or menory cell illustrated jn figure 3
t HEOFERSAL i JRA 1 iFHIS s T h&gcrﬁﬁéﬁﬁedfei%aﬁ‘ﬁer%%‘f%‘?ts- in
t hgat-pvenalagnihs thasedsen ofhehebD®RAM efemigomdutittog: anemory

field-effect transistor structure, .an [ d .. :
seﬁ?andﬁ§Pﬁ5t5ﬁ3 y *Cel 1gﬂﬁea%'a§§8%i§%§%%t§%% time 18
f abhusaimpainmetihod in which the electrical properties
essentially remain uninfluenced even at high 20
integration densities. According to the invention,

t hThesBfete, i sthe hildWaRthPn ndfinsPa¥ed he &l ePopct ©f

papepligiagm h Witier®uaffed® thentietdreffsestucture, an
transi stor structure,. by neans of the 58%§atures 0
C

paf8APCLREPH PERAMIPNRGLSY MY & udprassociated
nefabyiceakloandndnhaeans ohitde veeselestriftapatemeperties

C'%EQE%%i%ﬁEQ re%%&%fﬁJtrﬁh{ﬁ%H&éﬁEé&n g@EHOd'at high

integration densities.

According to the invention, this object is achieved by
means of the features of patent claim 1 with regard to
the field-effect transistor structure, by means of the
features of patent claim 7 with regard to the
semiconductor memory cell and by means of the measures
of patent claim 13 with regard to the fabrication
method.

In particular, by using a diode doping region for the
purpose of realizing a diode in the semiconductor
substrate and a diode connection layer which is
electrically conductively connected to a control layer
of the field-effect transistor structure for the
purpose of dissipating excess charge carriers in the
semiconductor substrate, it is possible to reliably
prevent body effects since the body potential 1is
upwardly limited by the diode voltage.
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30 In particular, by using a diode doping region for

the purpose of realizing a diode in the sem conductor
substrate and a di ode connection |layer which is

(ﬂfﬁi#é l'y conductively connected to a control |ayer

of e Tield-effect transistor structure for the 35

pur pose of dissipating excess7charge carriers in the

sem conduct or substrate, it is possible to reliably
prevent body effects since the body potential is

u iJn ted : di, 0 esnl 6 X
e R T R 3 e i
sevieFiREe or theuBdpdgt dorimg dieHodprirg r EgrBRd in the

beh &gt ST Medgiidnt heof botethem reghpas 9ok he agepr eshé on diode
and the djode 5 connectjon | ayer being forned at | east . 1
i COMEFLOT bV dIeinR i (?ng 1EaHi s Wy PaTt1e

i srggsondl ef theadepigestibe .dilmdecHiy wagsi pat isgpossible

exgcess e rri@rs,._in opf | h
A D T ) i
eleatriens 10 praperantelsnyt tdrPEh elaf efthect semiconductor

tramsist@festrugture regpip uRienf lpienaed tRed electrical
particul ar degree. Preferably, a dielectric |ayer is

f oPREREHELehe Wal 1'$e of L e iR si TPt gucture
di peifa LONMELH F Dileh @¥@T td Sa apdlr t heubem ¢egdeest or

substrate for the purpose of realizing a capacitor
connected to the control |ayer, thereby enabling not
onbyeféesablyi t at idirelafctithies bbalyer péserfiaralechyat hghe walls
digde dill 8L5Pe8D; bRt YL AHBAM Gad OUBhhBEL Obn'! Nyer
contro ayer to the body or the 20 sem conduct or

suBBEr dtle  ISPIPAANAALRT | FUPRETEASe 6PT fFRBuMTRLSE Of
_Chf‘@éll?_ﬁiﬁ g'&?'éa;%c_:%t’f@r g@ﬁ??ébt_&dyﬁt(qu thé s conesullt Sayer,
in partjicularly rapid an ective,di.ssipation

chBirgeekyr ﬁ“@n@,l ROT o O och%ﬁ&ﬁ‘lgﬁ‘élgpecﬁﬁi ggﬁ body
grpoﬁéhBEalrbymuheﬂﬁﬂﬁdambmedalsoaapadwuamsmfﬂaﬁydxnamic
5 The ression Vi d-f X I ir

begpagllgg h§§ e csorItq'.rdiealsa&raelre aap @hg ﬁS&#y or the

channel" Tegion’in | owtrench 1sof ati on

20 f osemiconductor substrate. In particular in the case of

25

30

35

frequently changing signals at the control layer, this
results in particularly rapid and effective dissipation
of charge carriers, as a result of which the electrical
properties remain uninfluenced to a particular degree.

The depression V is formed for example directly beside
a channel region in a shallow trench isolation for
defining a channel width of the channel region, thus
resulting in a particularly space-optimized realization
which is particularly suitable for high integration

densities.

In particular when using highly doped semiconductor
material as diode connection layer, it 1is possible, on
account of an outdiffusion during later thermal process
steps, to form the diode doping region without an
additional process step and in a self-aligning manner
in the semiconductor substrate, thereby significantly
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defining a channel w dth of the channel region, thus
resulting in a particularly space-optim zed
realization 30 which is particularly suitable for high

[ 1on densities. In particular when using
hrgﬁgéé%%%ed sem conductor material as diode

connection layer, it is possiBle, on 35 account of an
outdi ffusion during later thermal process steps, to
f osimphifviingde thei ngegegrementehomadan odddiar orfdlignment

Pr 9LE85a Sy P and in a self-aligning manner in the
senlcoﬁauctor substrate, thereby significantly

In1268DE - 8 sinplifying the requirenents nmade of an

alAQp@ﬁ&W@ﬂ: Améﬁﬂkyondé@ftpr MeRAhY cehl havlidtkion
sel ectl on

nsi stor of the e scrlbed abo
i SCHRRFET BTy ocfonﬁ%Et ¥R QG?FEﬁQ%gcfg’f i ot ® bfﬁ%t&s/erably
fltéﬁneeﬂudce/ub%m B regrenciand dapacitidr | | by byitss first

SeLQifcoTBLLTS Ul PARNcd G, AU T FLnb ics second

runni ng
essenrcal ﬁyapler pragchogul athqocp@ttrﬁé tayey néonaﬁélttlﬁéng a

di gdec deogi ng {8g50N ikl nﬁunﬁm@e@sagh@mm wxebéﬂcm:ular
in t e sem conductor supstrate,. In gase

t he
ar Fandetenbisi 1S t B thesdl¥odg | gﬁpﬁggcoﬁ?g{g?n being
ConDeREHONDbaLECTLHAe wand f ol inéayen anthel hesaliiiimductor

dopi b d

TRHBPEEREPChaPSPE SRRT eh T s ST SPLBRNELY B8 (GHbd ve:
i na selifpallypaihgsiortdat t¢mlse¢rt3;@mdbetweesuktéler aantrol
°£a§gPe S PRER Ofi; §QE MUpiSid | egxeﬁ agt | %%tra%me@sm a

trench capacitor essentla l'ying in the
acpaV§lcﬂégréM SEWPLR| BARBGT - t he trench i sol ati on may
al so be used as an |nsulat|ng dielectric Iayer for
t he di ode connectign resul ting,i

paf EFEBEEIPY S ar Ba- e&Sngﬁl?Etlgﬁ'of " Yormed in
segtedpdugber ﬂm!mrqn 26 wéid aemm@:e@lﬂmtorlsubstrate for

pal’thecuplu‘enl:rpc}c 5fe'%%gm§§.8acéttrcﬁ.rps tﬂﬂyé ngcéivéh?eglons, the
trench capacitor essentially 1lying in the active
region. In this way, the trench isolation may also be
used as an insulating dielectric layer for the diode
connection layer, thus resulting in a particularly
area-optimized realization of a semiconductor memory

cell arrangement.

In particular for trench capacitors having at the
surface a width which is greater than a width of the
active region, it is possible, for the purpose of
uncovering a trench isolation adjoining the active
region, for the trench capacitor to be displaced into a
further adjoining trench isolation, as a result of
which the depression may in turn be fitted optimally
into the trench isolation and an optimum layout
realization also results for these trench capacitor

types.
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surface a width which is greater than a wwdth of the
active region, it is possible, for the purpose of 30
uncovering a trench isolation adjoining the active

re%gg Egr the trench capacitor to be displaced into

a Fﬁer adjoining trench isolation, as a result of

whi ch the depression may int@nr be fitted optimally

into the trench isolation and an opti mum | ayout 35
re@refatrabhyal s resufasef ocrodesesecench cabpaciher trench
ty : 6 Br ef, bl f -r%ﬁsﬁ
segtsﬁgﬁhg%gt ﬁ\ggt ;nggrgh ahcgpggi t%’rrn?my a%fe@a% va c?n(l)ernnt] of
andtt Heosh sPl-&cEmenvhere &t hHEBYre®eBtE aHheigipum feature
repiesentBaf Nedth MHE f gatHieateizelt babgeapnhkbeally, as a
fabricated |jthographi caII%/, g\s .5 result of .\glm ch a £
SeFESELEqnitiy pBRSEBI | Ay $9F b RbHPREET ngPpRE iPILILY” for
fi ebtinetteaty thengisld-efifiedet Wransd dthe dyremodure to the

Tab2ensR SR Bal o gL HE 5 R s dpmepaent

t hmatetrhed Pwrpkabiesabeprggautsémzednductor structure,

preferably a sem conductor substrate is prepared in a

sui tabl e manner, a depression is fornmed in_a trench

i sYi&Bi onregadfodet® dogitty r 8§itHRS s £8Fnmedfabrifeting a
bogkarcehdubeogepessicetrty apteferelst rigal $gmiconductor

Contietioe 1ot COMBCN 18157 o Sl LLgh N kRer,

i ngepbaksesdohayks iforfredretn & conench |imaratison f ormediode

o AP REND T 16,408 A USUBIUPIEE hdSsepression

20aad tare eLeRENirsdlHt iwam iare efibedei camnection layer

condugtinyeq GONRe idibrentdion S SuRasauenidy {OrMfoved, a
for the purpose, of connecting the control |aye tlo .
tlly%f ayer is

t h§adRodeNToHMEteR ot 3y et S IHPHIY way, 9%
posoirhled &G ataptswifandarat theoomssesingulatdon nbdyer, the

CPRUSRSR BT HARDE, oo A0 U A LT 3P cor

dopsnghaxﬁxﬂmcmnﬁsqladéon and an electrically conductive
connecting layer is subsequently formed for the purpose
of connecting the control layer to the diode connection
layer. In this way, it is possible to adapt standard
processes with minimal changes or insertions of
additional process steps for the realization of the
above-described diode doping regions and diode
connection layers. This results in a particularly
simple and cost-effective realization.

Further advantageous refinements of the invention are
characterized in the further claims.

The invention is described in more detail below using
exemplary embodiments and with reference to the
drawing. In the figures:



connection layers. This results in a particularly
sinple and cost-effective realization. 30 Further
advant ageous refinements of the invention are
Chﬁrffégéézed in the further clainms. The invention is
in nore detail below using exenplary
enbodi nents and with reference0to the 35 drawing. In
the figures: Inl1268DE - 10 figure 1 shows a
si fipguteetl pthowsi ewaof a1mpémﬁcedducpdanwewWﬂﬁ“belwf a
arééﬂ?é@ﬁ&ﬁeeracﬁ8&9 dfitfbfféhéém ta{n Accordance
are OWS a si fle pl an view of a

sew1tbndhetnrlﬂ§n@r9,celI arrangement in accordance
with a first exenplary enbodinment; figure 3 shows a
sinmplified perspectlve V|em18 10 cqnventiana

5 sefigBRBUét oFRA¥ADr yacel FLMR éé&&ﬁdan? anyit Y iS%ur £ 2
al gaflidoRaattoRr |mémofygucelld simwangemsémpl ifn edaccordance
equi, val en ' ' Q@ conventi ona

selt& nau%}%% ﬁé#%?? 3eV|emR8diggacéordance Wit h

figure 3; figure 5 shows a sinplified perspective view
of fil?u%gﬁbcogfm%ora”em@él%iédl %éﬁ&@é@'@ﬂ@é V\'Hé‘w of a
al ong a section - ?
10 s. ﬁﬁwﬁnéaogq&. VEEBHEORIRE Y dffeé%ﬁraén thén *dCcdrdance
segieandugtoe MEEDLYgCEl keaetohdiIAg;to the invention
as shown in figure 5; 25 figure 7 shows a sinmplified
plan view of a further sem conductor menory cel
ar Faggesent showscar ddmpd i fdiech ddwel varlient aripcdigudiagram
8 SI%owsch SI&%\%ﬂ@lOI@ fn ¥éﬁxvc8{adact§9 S %QQ/ducéé?Lrl in
arr angenen accordance a Second
15exéﬁpbadynéﬁbwaﬁheﬁﬂguéﬁd3ﬁ|gures 9A to 9F show
sinmplified sectional views along a section III1-111 in

accordance with figure for _, . .
figure 5 shows ga s?mpglfled perspective view of a

semiconductor memory cell in accordance with figure 2
along a section II-II;

20
figure 6 shows a simplified equivalent circuit diagram
of the semiconductor memory cell according to the
invention as shown in figure 5;

25 figure 7 shows a simplified plan view of a further
semiconductor memory cell arrangement in accordance

with the prior art;

figure 8 shows a simplified plan view of a
30 semiconductor memory cell arrangement in accordance
with a second exemplary embodiment; and

figures 9A to 9F show simplified sectional views
along a section III-III in accordance with figure 8 for

35 the purpose of illustrating essential fabrication steps
in a fabrication method in accordance with the second
exemplary embodiment.



35 the purpose of illustrating essential fabrication
steps in a fabrication nethod in accordance with the
second exenplary enbodinment. Inl268DE - 11 Figure 2
shpys, gesi Pl i fied plan view of a sem conductor

menory cell arrangenent in accordance wth a first

exenpl ary enbodi nent, identichl teference synbols
representing elenents and | ayers identical or 5
coFigspenti ngshows hose i reimgliéigdandken epettewt of a
desghi PLhBHC PEENInEhSPENSE W (- Dl WherlI€ in  accordance

perspective view along a section I-1"1n figure_ 1
whwehkhi & ifiinsst r%\’E%TEPfEI‘FYi gubPednmeRty hilgdepsdsas| spfgyence
esserbbal | ¥ egHIRINAMYS &Defe®s I ABEHOMEVGrSettiealical or
(not |Ilusarated in_fiqgure, 2, but thelvvell

5 coRREEETBRUBPi n%;orebﬁl% Cwa s o? Honger ar%%esasarryeplenated
t h@esextppianybeimhgddiepenaedowdthgbebowhe i nventi on.
15 I'n accordance with figure 2, said well connection
dopi ng region, which is usually necessary but is no,
| ofier peffsmstdbiereonviaeCo@iongf & nsecaded packi ag figure 1

defgi EheSy s | § 1NQW R ednbys 85 @ePr £S SN tHi sWhes8ei Salso
formed in a_shallow trench isolation STI and at the 20

10 hoPEBRTFEBILEN GPTRAPPARESUILEdE FEFHFFROSIY iSeFortbdinot
[ niglmgfsgggtéamduehor fdgfusier @t e. Mhitgunthed shaMls aconnection
Si . fi ed_perspective vje f em :
neﬁgp§7ngel FeFEE5T di'ky e el -} n@gﬁ?anwgs%%%g’%%g’rm in, the
f i guemp2aalorygbadsmentoackpriingokfeethgainvengénni cal
reference synbol s designating identical or

correspondi ng el ements and | ayers and a_repeat ed .
15 ded®r i peicondBaicRy MidPenddd@Uie 17 belhd 3¢vght  connection

acggpdagcerdbidh f i gmien 2igndidnalliRe heekdsetfeddut is no
transi stor struct.ure accordi ng}lt 0 th% i nvention has

fi HORI&Rd $8ur ¢t dr &FRCPRGi o ts/ OB 5T rstpgcking

codduetiicd@st yie mowhiepl aced f by med deprassémincshdudhiogh is

substrate 1 of a ti , posi ke -0

35 f)ﬁglefil rst gon%%%@?% %3%%21%?11 ?%?iét{ﬁgogufggseé%? at” the
20 bottom region of which a diode doping region is formed

in the semiconductor substrate.

Figure 5 shows a simplified perspective view of the
semiconductor memory cell according to the invention as

25 shown in figure 2 along a section II-II, once again
identical reference symbols designating identical or
corresponding elements and layers and a repeated
description being dispensed with below.

30 In accordance with figures 2 and 5, the field-effect
transistor structure according to the invention has a
first and second source/drain region S/D of a first
conduction type n, which are formed in a semiconductor
substrate 1 of a second conduction type p, opposite to

35 the first conduction type n, for the purpose of
defining a channel region K. Crystalline silicon is
preferably used as semiconductor material 1, it also
being ©possible to use alternative semiconductor



10

15

20

25

30

35

defining a channel region K. Crystalline silicon is
preferably used as sem conductor material 1, it also
bei ng possible to use alternative sem conduct or

'W&ﬁ%%%?E 12 materials such as germanium I11-V

sem conductor materials and the like. A gate

insulation layer 2 is forned l&& the surface of 5 the
channel region K, which gate insulation |ayer

priedeenba s compuchs esas hegeaman iy, medI 1 +V cors afligongaictor

buta igi§oa§@npﬁ%s§iﬁegifferent electrically

insulating matertal. In particular, it is also
possible in this case to use tunnel oxides or other

gak ?ga%@dqin%'&‘l:?ttriid%ﬁ%l@éﬁ h%r rrﬁr. Forte@P ¢ loi:hl_e axsalﬁ:face of
() or at e suyrace of .t, gate I Ns.ul at.l_ Qn ayer

> ta%; RSl TSN donotHiR nPaE onciol Aty raver
I egt @fe £ ¢ ortan@lr igatse) thébmailan fassedd asétiwond dioxide
line W.. Ip order to ' a_dio ordi Qcall
tHEUtin€Eﬂ{ioéigg Qi%%gg%%%?ngéfe ?gﬁggrgéefogﬁg%%ch? Y
t hensgbattoadusterisbbsinrapartisnlps t K& Bedplse Mpesible

fighd 2Q;effeglet ransisdOr SiAnet Urdidedli 8k other gate
connection layer 5 or a corresponding partial region
of At ALeGRFYCPine W. el ectrically conductively

connecting the control layer 3 to the di ode doping

reqi on. 4 for the purpos f I §Si:patd

cafiPEperpSte: of REPEEPT Javel Bl idihed o wid Hdfrace
pos$i btlee t gaegualinselehéonxckager clfar gsaidi ncepngrol layer
sep] sybs 1 9hykB ey BP0YGOf( ddi@rol gate)
fi gbggggggg?hgr %ﬁs%él?%fost_ Fadtur elrg\;alt h the (p():ot ent | alg

of of heancaaepeiargfewosd( panpulbti on, pn 30

capaci tance). Preferably, the diode doping region 4 is

formed in a bottomregion_ of .a depression V. in the
seﬁPcoﬁHQ@Fortosu5§?5ég@ 12 8% g?es It %ﬁc%ﬁé%ﬁéth%p the

di edeecRtéan, bea 38ipdei tdamiaty | wegipar t4 cakbarfgrmed in the

SuE%%?E%n%%@EBfMQJﬂSQﬂgy% 1 or in the body of the field-
effect transistor structure, a diode connection layer 5
or a corresponding partial region of the word line WL
electrically conductively connecting the control layer
3 to the diode doping region 4 for the purpose of
dissipating excess charge carriers L (e.g. holes).

In this way, it is possible to equalize the excess
charge L in the semiconductor substrate 1 or in the
body of the field-effect transistor structure with the
potential of the control layer 3 (pn junction, pn

capacitance).

Preferably, the diode doping region 4 is formed in a
bottom region of a depression V in the semiconductor
substrate 1, as a result of which the diode D can be
positioned in a particularly suitable depth within the
semiconductor substrate 1.
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sem conduct or substrate 1. 1nl1268DE - 13 1In
accordance with figure 5, said depression Vis forned
wthin the trench isolation STI - fornmed as shall ow
trﬁpﬂké lation - directly below the word Iine W as
. The sem conductor substrate 1, as a 5 result
of which the di ode doping redilon-4 is formed in an
opti mum depth, nanely the depth of the trench
i shh ataaroS¥Enee t With hefimmaednductadd s@ssinestsdon V  is

Fug § heL o v@htrarparcheoftigﬁ ﬂf%%‘ldt%%rﬁt isga ST ﬂ%ed as

renmal n at e ression V, _as a_resul

fsn@lmc*ﬁr%nahe+%fe%¢1=eonayeiﬂlse%lyobﬁéaWbéPﬁeé'ﬁr@h&lne
diypde asCOoRBEEbivan Irau@r Jenditbridif-t5a eobdtictee 1, as a

bst
scpribhap? cupaen: PR LB et o Sioh: #5 foapes <o
3. ardhi ep ettt i od@thpapaamanr Gheesudapsch n ot sttrlrmgltyrench
dynggl%t Coxp! lslf‘g Ofwft%u{r{:e oL d Ebfﬂ cBhahBEo Ontsru‘ﬂstfate

ayer-3-to th Seni con uctor substrate 1,
asFar theunorof \ﬁhlnﬁrth@f c Shenty el ’rllsf@llﬁ@l@ln tHel may

p%@ﬂéiﬁ' aPythbewueh s o@oaﬂ@cabgeeggabngvr egison, Q’fesult of
contact WA usuyal | exi sts

PRI ERI By SHELRRE T CoO A (el DB EIPaabeEREeD the iode
poé@ﬂltlda@tl@ﬁ tihe/dh0dy  aartothengenifadrdms drhesubstrate 1

t th
Porght e BepBRencs madbiaing Ah ol ri A4, rdciper ©
?odgnaedteésutm nghé n cscbrotlt@heolawrt ifig tThies additional

C t
SR L AN D MR Ama g o
pnt]’lanb’PF@nllﬁét @Eeﬁhﬁhé’%ﬁfell LAY SR Sark® body or the

Segleﬁszegﬂa&@torsmﬂsdt&taa:el ﬂ.$3L5.§ Sal nré'@t\t\latdof which the
limtation of _th

tial
ot SPRESRRLPRAE AL imATEn Pho SESoRCiircad) PV LORE well
potenheatioh dgpﬂpg)rmegmmml gr0.vieM, ebacaicensWAt hesually

b08¥egggtU|hEna&%h%e§|i@&ﬁ%&%. In particular during a
writing operation, the potential of the body
accordingly follows the potential of the word line WL,
thereby reducing a potential difference between the
word line WL and the body and resulting in shortened
writing times (comparable with dynamic VT concepts in
logic technologies).

On the other hand, the diode contact or pn Jjunction
between the word 1line WL and the semiconductor
substrate 1 results in upward limitation of the body
potential. More precisely, at the instant at which the
body potential would exceed a “LOW” potential of the
word line WL by approximately 0.5 V, electrons are
injected into the body and ultimately eliminate the
charge carrier or hole excess L - illustrated in
figure 5 - in the Dbody through recombination. An
equilibrium can thus be established, no equalization
process of this type taking place if the semiconductor
memory cell is not selected. In other words, for
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or hole excess L - illustrated the body through
reconbi nation. the are the in An thus be
establ i shed, no equalization type taking place if the
sefﬁf?@ tor equilibriumcan process of this body
entral word line W injected into charge carrier
figure 5 - in nmenory cell is Ibt-selected. in other
words, for 1nl1268DE - 14 negative word line
pomemtavg wordolsny, ppoenskanpl of a0.b5ody poreexiamiple, a

ofy, rBétQﬁE?SY £Vappebklinafli$l deyt BesuMist iNGside the

operation. Is wWay It I's possible to prevent a
sovEhFiRg °B%H¢Eé°$ollomer effect, thereby inproving a
witing performance, for exanple Furthernore, a

SOz called “gﬁte verdrlve EQUced N Qartlcu

by het iRy dieYonal cja?)acl?qsoérll&et s PESUFEFnfi P r?alled
adgbtironal £dTl dwexi fifidat i nthieeebiyr cliimprdevegopmemriting

Toﬁgr% g#éﬁggent o%”tg 5 g?%d t%u%@?e%ﬁBErgl L 2Y&ls-called

§7or potenti nth
rel‘gabel i eyerfirive” gatla‘sl reedegedn Iny@aiienlaspdet the

togg& BL ﬁafneagaeleeet@ 'Eﬂﬁ%egeQBQtﬂanQ%a%ﬁ,adﬂitlonal

15 can t ereby be made | ess stringent rticular,
hoﬁk@é%blth¥ redit ts FRea fﬁﬁqﬁﬁlqnprgggg?OPment The
I NteghareMentgdensiiyh on et @b t hehent egomat edl bodyayer

Contgentlals or ©potentials on the word 1line, a
reliability of the gate insulation layer with respect
to- GIDL phenomena (gate induced drain leakage), etc.
can thereby be made less stringent. In particular,
however, this results in a further improved integration
density on account of the integrated body contact
connection, since the space-intensive conventional well
contacts can now be obviated.

Accordingly, overall the electrical properties of the
field-effect transistor structure are significantly
improved or the electrical properties can also be
retained for future integration densities.

In accordance with figure 5, in order to realize a DRAM
semiconductor memory cell, the illustration furthermore
shows an upper region of a trench capacitor DTC with
its trench capacitor connection layer 8 and its
isolation trench layer 7, which are essentially formed
in accordance with the prior art according to figure 3.
Accordingly, a top insulating layer 9 is formed at the
surface of said trench capacitor DTC, as a result of
which the overlying region of the word line WL acts as
passive control layer PCG (passive control gate).

For the connection of an external electrode or counter-
electrode (not illustrated) of the trench capacitors



10

15

20

25

30

35

connection, since the space-intensive conventi onal

well contacts can now be obviated. 20 Accordingly,

overal |l the electrical properties of the field-effect

trfﬂf? ]?ﬁ structure are significantly inproved or

the'e rical properties can also be retained for

future integration densities.1251In accordance with

figure 5, in order to realize a DRAM sem conduct or
meRBCy eeluritede ddrnesttriair qrldte t Ber tbreiedhplatan is in
Upggfﬂ ?&b%&d@&faﬁfsn%% g@QaQé i &NE%W%E% ééﬁiconductor
trenc apacitor connecti | aye and its

i serRstHAter ehech Bajer Punigcch caanéle@:g@ﬂ. Alare orrstplly

| NncappPl gange \éﬂ”bérﬂ%d%{dxﬁftcﬁ” r@&@@fiﬂapg be fitglere first
3. Accordi ngl ato i.nsyl atin I s fornmed at

¢ heonSHFFae8 4 BREn R R of S0 58T TR 4cing
of spabechchlaegeverdqneng wieth onreépéb'e waond Ithee Wverlying
acts a rol tr

qac ey SpnRipREEC shBSRRRLE o, ' Sl CUEPIRTLLTIETT [ ene
coaatend ebaducbden( hypei bl ustrated) of the trench

capacitors 1n1268DE - 15 DTC, a buried connecti on
plate BP (buried plate) is in_turn provided inp

de@pERORER 0ANORCCRE d8BREC BT TS Bt Tt %P’%ea“i%‘-on v
buiéefioQQié@eCd:.ﬂ!btﬂ}ﬁtBeyéwathE WOREIi SAAgWB and a self-
semhconductor rial _of the f, ﬁﬁtrf? ond ctlon %oe.

S AhGSRRtG EhnERCEL PR Ra Bhs di Ry SOt AT e tween
zohkewcbhtredpéeatyetro 3t lamdowdnrd dingle smplatmdm:gmn 4, this

SUB%E@E&% ofnagzh%l%éeyey eld Oaft tah M}& location

conduct on hou I'n accordance wth
fi gofe 5int h?@nfelm :ona\llsol sbe oraEpnge@ciify BBEovRCtive

thecsyobd | ARe Wnangha s@lfar akfh@ Ngneontidgtession Vv is

connéection is there obt ai ned between the control
| af&Fa89§Ad ithhe &%%m@%%@% gargppust be taken to
deane&&borthmy dcao tite reehlzedt bonaodi ther enipacitor C, a

g@gtggngééca éﬂqéx”§ ng?Eioﬁéf?yb%oé& 8”%%déﬂb side-
walls but not in the bottom region of the depression V,
in order to prevent an electrical contact connection
with respect to the semiconductor substrate 1.

Preferably, the diode connection layer 5 comprises
highly doped semiconductor material (e.g. polysilicon)
of the first conduction type n, as a result of which
the diode doping region 4 can form in a self-aligning
manner in the bottom region of the depression V in
subsequent thermal process steps. In the same way,
however, after the formation of the depression V, it is
also possible to carry out some other doping for
example from the gas phase or by means of ion
implantation and subsequently to £fill an electrically
conductive material into the depression V as diode
connection layer 5.

Figure 6 shows a simplified equivalent circuit diagram
of the semiconductor memory cell in accordance with
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region AA. In particular when the depression Vis
arranged in the active region AA care nust be taken to
ensure that, for the realization of the capacitor C, a

di i.c layer 6 is additionally forned at the side
ZOﬂmgéés,ﬂ%ut not in the bottomregion of the

depression V, in order to pri&ent an electrical

contact connection wth respect to the sem conductor
subbguee 5 1. Pdeheiably, ndfexinute ceymeelson fepy@sesiting
CONRLL SE€S51 2 pigjjgﬁ/gﬁﬁgpq-srgn' rial

(e%é. %_o a)l/_si F?con oﬁut e l|rst .Cégon uctt%lr oﬁdjpéi1 n’regseated
a Jesei ipiombpeing tdisrrrerd débtmdeE¥ on 4 can form

in a self-aligning manner in the bottomregion of the
depression V in subsequent thermal process steps. In_ .
t h“gms%nee%‘,’als@%ovsévéﬁ%ﬂaf BRI f SR &?“et h&tatic
depsiesHintt ¥on) t and  @rs@mpesSichbacti canawe)y poépsoubes of
ot her dopi.ng for.  exanpl e fyomt.he h q :
et BP8R8N S ipelhid A ghELREGRE FiSeSiettn gjoce
el conmécléy leyeducti vEormmiriicl Ferwon hghgepheads oR and
\(Eﬁ?d?gﬂﬁciéénegn@eggdnbé?%@%P@EdthuE%s?e%@QWQ @ircuit
sinplified equivalent circuit diagram of the
seRrRShERR®Dr nenory cell in accordance with | n1268DE

- 16 figure 5, identical reference synbols

representjng .dentical or, carrespondi el enents an
L PLERET ol AR pt 1B DR Sns T b Bl @
Thssmiecomdateot chemeny delgh amrmresEmertthe ist atiacordance
(pp: fHNGEION ' (c,_aap@?]@ c opgrti :
t%l%#o%{edoéfﬁggrg&/g{%ghédan 0 étﬁ@e g’)éqgg%i a%(ied a%i%gg:;lat?d
cophart Voaw| afep SEMigPNEHCERT BEBOAYL F€1ldi fF&apoament 1in

t hgc68PASHEANGHL I C3N Becedapt 8dehPl 48§ Pesihy@i i€l tonce
10 conditions., Figure_ 7 shows a sinplified

gt
of 28218 e fidSdFelor FRERBEYCE elS gEﬁBﬁ?g?ﬁglxlqu{ayers
acand daglcmenid hitleatpcadr ort comtddpnndéirgy showsthose in
assogialed, 15 BN Yiew ol a SENGPNIYELALTER Y iidaced

description is dispensed with below.

In accordance with figure 7, conventional semiconductor
memory cells and in particular associated trench
capacitors may have at a surface a greater width than a
width of an active region AA, for which reason the
positioning of the depressions V as illustrated in
figure 2 would lead to a short circuit with the trench
capacitor DTC.

In accordance with figure 8, the trench capacitors DTC
are accordingly displaced by at most 0.5 F in the
direction of an adjoining trench isolation STI, where F
represents a minimum feature size that can Dbe
fabricated lithographically. In this way, the trench
isolation, in its surface region, is completely freed
of the trench capacitor or the upper region thereof to
an extent such that the depression V can once again be
formed within the trench isolation STI, as 1is
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accordance with a second exenpl ary enbodi nent, once
again identical reference synbols representing |ayers
and el enents identical or corresponding to those in
ggand 2, for which reason a repeated 20
deSCTIFRIOH IS dlspensed wi th below. In accordance
with figure 7, conventional- seliconduct or nenory
cells and in particular associated trench capacitors
nmeyl Haserated suihacefagyreaBer WIBER t hddsplasepedth is

of pABEEFELYS TREARPAput OriWhbChr diggsonet hg. 25 to 0.5 F,
p03|t|on|n of the depressions.,V,as illustrated in

fi gfgne 2rﬁ53161P%ad1P0 8 sABELLCEPREI t TRFLALAET: r &fch Ehe

Ca@@ﬁiﬁé@ﬁl@:fcv IO pespscianee wHeh tirgusle 8apkbétor DTC
nc ca ac

di ' d
et 6053 PAF kL Bhe wOaty ST AL e o} bf hERG bhench order
|SﬁbaEneanﬂa s@éfﬁcféntepnsséatsoa|wﬂﬁhnnw$ﬁemmr§0 the

S'éfertﬁggt égﬁ‘c gfab{ gﬁ teBgeaeh'sc@Jdcytufégthhs the

|so n [ts surface region,
sf@DmpMﬁeﬁ@efﬁéééecé¥lﬁhéQM%ﬁm% Bapadia ofowredhan this

Up@&éerfﬁ'Qleﬁféﬁofot@heaﬁeﬁéiﬁﬂﬁgSQQB bRaget he
depression V can once again be formed within the

;renph isolation STI, as is In1268DE - 17 illustrated
InTﬁengﬁaIS fﬂﬂms dEspIa&enfwnface prefser abeytéanr iefl the

b FPRrBnFaPRE P BECoM PR s, Aty (i difbdkes 7
reapécB aéfphé ar émhhea?pa@vta@rtagect@ ithec i flafc it on

%?cBHﬁ{:mJ@far gt idi g8l o | pa@yder oft 0 c@}%rt%r% and
Icrent insulation with respect to the %Fnc

ca@ééﬁ?é?ntlﬁ?@QHHQ£;EﬁﬁR§ﬁt § ubBLFBESER) t fr& OULhtmabout

of thggetﬂyeh@ptﬁn@ Layelabiony é_t??efx@rgamul gnt Exas:tlmsar in
itron Lnin oXi . T
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capeeailiee DAC sblthadienihfustomtadti ncéngeresorr £emxl the

8 %&EHEH éaEHEEESE gewantage to the effect that, on

As in the case of the first exemplary embodiment, the
diode formed below the depression V once again enables
a DC coupling in the case of the negative word
line/body voltages, while the capacitor formed by the
space charge zone of the pn junction and/or the diode
connection layer and also the semiconductor substrate
enables a capacitive coupling between body and word
line for positive word line/body voltages.

Accordingly, a significant performance improvement is
once again achieved when writing to the semiconductor
memory cell since an effect similar to that in the case
of a so-called “active well technique” is achieved in
particular through the capacitive coupling of the body
to the word line. More precisely, an increase in the
body potential takes place while the field-effect
transistor is turned on by means of a transition of the
word line WL from a low (LOW) to a higher potential
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account of the different radii of curvature and 15
different material properties (stresses) brought about
thereby in the insulation layers and in particular in

t {4 insulation layer 7, it is possible to

real’ize a self-aligning contact connection for the

trench capacitor DIC. 20 As il the case of the first
exenpl ary enbodi nent, the diode forned bel ow t he

detHEGH) onTHisnceesiyhi®h aRabiles ingregsedupthapneh cmErent

CaeS&la@Egmf Eﬁg%_h‘é? "Z%n%aﬂéd‘%?@ﬂy avoééﬁe@ﬁtlmieflxed
t he capac

fornmed the 25 space charge zone
t Heebh peﬁep.téﬁland%rs t RRPAFsBEVeC Gpvdtingh ’r%yéPléEFré‘llY

al éﬂféé‘@e@eﬂéoﬁﬁECW—damﬁd a;tL&llcteLrta?I @&p@cﬁﬁ@x&@et b¥e the
i,n t ween_bqg a ihe for p03| woyr d

&t afts. tq{% %&f?%dlﬂ%?%/nga TQIHTT i cant V&t “and

peatlﬁcweranhatl, nircwerent  £lis ovepaggiiiveactiunieihiagheas has

Lok LB EISLer LIERY Gl 15 Nt o

S m e case a SO-cCa
" geenaniey | STacmtigle" ofs télm@/%bw%rl%aﬂ-ﬁwemaﬁ at the

ths Qegfa e C@pa%ﬁévqa%slr&l ofy t Fipbodhe35 gurgdie  of
word ljine. Mire g %ﬁg an increase in the body

po¥ @Rt 1 2109 oKk 5@ el F T eCRPRCH TR £ ef f ect

transistor is turned on by neans of a transition of

bofan Pt el ke L gy b B e Pyl A sges ene
i neoeesetathafnetheuhosivt of clsamgiaepamatcant ;ub%ﬁpa‘ﬁ@d In

W R @ 89§¥en5h°ﬁﬁbe§'fﬁgeswghﬁ E@Ee%%baMeiﬁmﬁ%tentlal or

capacitive coupling is initial qépCte vi a .

o) E%II@@HQE%%%%N1%%pa&hﬁamﬁ?&%cq QF?ﬁIJEHPFFBﬂtSf 1s

thﬁréé@ﬂﬁkt)ﬁ@pbyg tiegiword. 1Quer land pathmveidhaby means of
ver i s cap C|t|ve c

RoTEHSr Sl CoHEC e URLLRD, 5 e Reen s e

r esancogdSFtonxi shebstrahe drmm:t ralbovay evaigl atonascribed
f;gﬁ?@ghélgf S, de@588§59nggﬂﬂlé{¥%§yrpeﬁgrghtslo e.g.

I ZTng addi t rona
junction leakage) then electrons are injected via the

pn junction or the diode doping region 4 and recombined
with the excess holes in the body.

Figures 9A to 9F show simplified sectional views along
a section III-III in figure 8 for illustrating
essential method steps in the fabrication of a
semiconductor structure in accordance with the second
exemplary embodiment, identical reference symbols once
again designating elements and layers identical or
corresponding to those in figures 1 to 8 and a repeated
description being dispensed with below.

In accordance with figure 9A, first of all trench
capacitors DTC with their illustrated trench capacitor
connection layer regions 8 and insulation collar layers
7 are illustrated in a customary manner by way of
example after a standard DRAM process in a
semiconductor substrate 1. Depending on a standard
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In inactive phases, the word Iine W. stabilizes the
potential of the body or sem conductor substrate. In
this case, an upper threshold for the well potentia
ory potential of the sem conductor substrate is
préscriped by the word |ine | ow potential by nmeans of
the diode D. If the potenti-all%f- the well or of the
sem conduct or substrate rises above said prescribed

t pestrdsl dwespecinels | esieabe dlrer entteefiehg. 2@pacitor
J %&Eﬂé&i&?ki@?)ert hen 1%' e@ﬂisonéa%eoﬁ;]ﬂéfé}&ﬁly' RohBeises

pn junction or_the diode doping re

r ST e FORRY h RHYBAISEN hAtds the heTEBER.  Fpgutesion

A dypeOF7 Shewe &t 4Bl ¥ fokbsiardd cahalld@revwlai@ng 25 a
section I'I'l-111 in figure 8 for illustrating essenti al
nmet hod steps in the fabrication of a sem conductor

stushiigqir 2 mashcaayéan@enwmhim saxndoxedenpbaey 20 and
enbo n ti ef grenc ol ai

dohi gnat | el FAvekS FOCOTE IR B ooty are
coﬁuze@mmzf@ formadséorn thiegmuspose o8 dRgigning active

ref’@c_f‘ic?rgs dggcrigy i oppbei @gréhéeensﬁd WhE belaWcohductor
accordance wth figure ?;A first of all trench

fﬁé‘?,*’r‘i:’iﬁ"seDTé"%t reRstr iFpPLakigred %T%na%ecaygﬁfﬁaﬁbly
35fmmcndwnnieam@r b€gi anscénwenlc i oisal atgmn @xﬁdc&rss for

er J_are.i ustrated.in,a { onar man Wway .
e Spearty S o BRAREMPBe s PR SEoR diBkice
selamndu&‘ﬂos subsinat deposﬁ)@pelndlﬁ’@romh@ spassipvation or
| nd2580e 19nsﬂﬁ.8‘ﬁ§§ﬁ r%sfpecéﬂé’e r 45l tBSpB €06

capaC|tor connection a er In this case eraEFy

cpTeRiel Wghf?/rfﬂl%fﬂaedl%ol 9§¢| i 86R1¥Ad Fﬁ@lppéncﬁf\: top
| il @td ©ing | aygayedspr ef,er &bi:scrpor@:ﬁctéeSagaanomeferably

OBt Snd 1 SR HOFLOE: | A S69lFreRenLy formed at
| shede ons 180atdoms furt’hhenore:dmem_mbrﬁdmrngm puprepared

Of . JESLANL 00 AP | 3fos LA ONS WA ddln SUL A Rlrd BB 1

en1con
obtalned by means of such a standard process.

In accordance with figure 9B, in a subsequent step, the
depressions V are then formed in predetermined regions
of the trench isolation STI in such a way that they
penetrate completely through the trench isolation and
extend right into the semiconductor substrate 1. Said
depressions V may be realized for example by using a
conventional mask as 1is used in the fabrication of
contact holes or vias, a corresponding anisotropic
oxide etching method preferably being carried out.,

Given a correspondingly high alignment accuracy for
said depressions V, sufficiently thick insulating
layers remaining from the STI oxide are obtained at the
sidewalls of the depressions V. However, if less
stringent requirements are made of the alignment
accuracy for the depressions V, then in a subsequent
process step it is optionally possible for a dielectric
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10 substrate. The trench isolations STl are preferably
fornmed by neans of a conventional STl process for
realizing shallow trench isolation, a silicon dioxide
I% %t ) bei ng deposited. For t he passi vation or
%m I'nsul ation of the trench capacitors DIC 15
essentrally formed in the act2Ove regi ons AA, top
insulating layers 9, which once again preferably
camgyrased sttd>ih©nf@rrm<ﬂdet; the addewadhal b§ tbendépzaession

tRese | éﬂ”@h epfgféf%ﬂff ?gﬁ¥aﬂ§e8§rQdconventlonal

sem conduct or strate In frgure 9A is i
2P rARS neraeblpoﬁeana oftisieh 8isiapdar dippddsss.13yer 1s

AT SRR chthh:ﬁhbl‘.’L@yg B iid, awiwbsegHentsameEPLhtibRness,

depressi ong V are en e predeternrne egi ons
offtthe § r C%*ﬂ q??éﬁ dl ey 25

penetrate conpletely t hrough the trench |soIat|on and

d r ght \i;or‘rn% Q)% S %Bgd e&:orresssul gt %rl a§@éfj the

S8 5 rea i Ze y Using
can%mﬂn&hafonmsklas|QfLSb€ @ﬁduﬁeqmﬂhrdﬁﬁlQﬁﬁt#C layer

copt acicholigs QoddAsie @ CORT eaRRBEGRACAN SRtIOPI &  3Qrst
oxi'de efching nmethod preferably bein carrred out .

G RPH R es fordfitlyl v 19 gifaditygn QPQ&?‘gf opf the
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{ R SERET CRRHIEE 1 e e B oP BREC Y SRR ef OF ; Frample,
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ac or t
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d.tarmtwhech np2e8DE lusEgatiegy dm of kPixRe Sfl%yr n@adawhf-ﬁb are
A{h DeRIGSSd ONar &/, prdaddE i€ ageis way.

preferably y neans of a convent i onal spacer net hod,

a thin silicon dioxide |ayer is deposited

coxff s td, ane.elwictiriidad lyansrnductkinessfilbingdmaserial
subseguent Ly b ropi,sal kY 4 nALHLEr :
e T A i
f OF meuni o@cmrdareceddrnturbnahedrfeumrrembpa'lyetrent in which

case, by way of example, an electrically conductive
material is deposited over the whole area and
subsequently planarized as far as the surface of the
depression V, e.g. by means of a CMP method (chemical
mechanical polishing).

In accordance with a second preferred embodiment,
however, no doping from the gas ©phase or ion
implantation is carried out, rather directly after the
formation of the depression V or after the formation of
the electrically insulating sidewalls 6, a doped
semiconductor material is formed as diode connection
layer 5 at 1least in the depression V, preferably a
highly doped polycrystalline semiconductor material
such as e.g. polysilicon of the first conduction type
being deposited over the whole area and subsequently
planarized.



6, it is possible, in accordance with a first 10
enbodi ment, firstly to carry out a doping of the
sem conduct or substrate 1 in the region of the bottom

of 111{1§6gllr§gressi on V, a gas phase doping for exanple,

bu% rn"particular an ion inplantation being carried

out. The di ode doping regi ohs2bf-the first conduction

15 type which are illustrated in figure 9B, and which
arEn putdfser ad5¢. hitdid yddeged damimgpr vagéensi it t Ars formed

Mfaaut&a§€i&@1 gy ghgelechblcakhy ac@ndyehiave ﬁﬂdd§S?ﬁ step by
e

mat eri a I's fornmed as di ode connection |ayer , tr&
deprEdsfns don\ofndgpastgahemwittys HOIS nection layer

erboga@mlﬁ? Fy \Mgiéi:‘t?f@alca%%eal&m_eﬁfﬁy qu(ijehanmse,cﬁtried out
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cwp d emnj cal ni;cal o pal ishj ;
acggggéﬁge émgl{?hr%§sefg§ﬁl§ééﬁ:e errlgld %n‘g%%lls?rieﬁtg?ariy simple
homeweey-no doping fromthe gas phase or ion
ggp!tantation is carried out, rather directly after the
ormati on of the depression V or_after_the . .
10 f oFRatdSP TN eWe F R ¢ ERGUZIS gci'ns%’f%ﬁ n§Psi R Fron

a d@petémosam} @(fmimgt @i otid @oraledts drorlgttras diemtesited at
conpectiQ ayer at Jeast in.the r ' V, . ;
prgBSré:‘B’I aé"e'hi%}h?ymag%egablgkyclrg;s?agﬁi %gﬁb@@d, in which
serheendust arheraexenplagp subhdasentgilpoisygaltiogon @ie PAD
thﬁﬁ%k&ﬁ% q@ﬁw @NikYRe1ReIiRG19eRasidwReh 0¥ meBs of a
whol e area and subsequently l anari zed. 1 nl1268DE - ?ZJO .
15 | nnghrddeasiiChing anebROBoiYy PR 8RS £ f bFKEY 18
auteneticegbhy arémaividloutbyan negddist | @l $1 ocwesdst eprching

by outdiffusion of. dopant.s frqm the di.ode cann Lon
Lyettog th 4L

-durfng ¥ther rdP LR rwhitOh i sSEaTPIEy MY

oubphisnbiaguent | yaamd edhi ot | stustial $ y pedogssimy time, in
SR ol SLE B oGS S5l AN e e deayes
20si fplog illustrated) is formed over the whole area, then
an ion implantation is carried out and, finally, the
sacrificial insulation layer is removed again. This
yields a well or a semiconductor substrate 1 of the
conduction type p, opposite to the first conduction
25 type n, in the active regions AA. In the case of simple
structures, however, such well implantations may also
be absent and an existing doping of the opposite
conduction type p in the semiconductor substrate 1
suffices.
30
In accordance with figure 9D, the gate insulation layer
2 is subsequently formed at least at the surface of the
active regions AA, a thermal oxidation preferably
converting all of the uncovered semiconductor regions
35 in order to realize a high-quality gate oxide.
Accordingly, in accordance with figure 9D, not only the
uncovered regions of the active regions AA, but also
the uncovered regions of the diode connection layer 5
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manner. 10 In accordance with Figure 9C, after the
pl anari zation or renoval of the diode connection
| ayer 5 deposited at the surface, the mask layer is
aL% dﬁ in which case, in the exenplary
nen |Ilustrated the PAD nitride layer 30 is
selectively renoved by means 23 -a 15 nitri de etching
met hod and the PAD oxide layer 20 is selectively
r epovedidingenatysilianonxpye epvRrad withhs@ida iggylating

'”Pé?@fatSQHcefthgx%EEEﬁalW%&ldﬁﬁﬁbﬁn@ﬂﬁééﬁ%‘Eﬁﬂéd%%utes
out at_this_point in tine, ch case first of al

a @athFF@P&I ?ﬁ§GFaFF6ﬁtW§9§r §9r(n6FaIPF&§¥ﬁaﬂ%%B jig-ode
f oaoBEngVvefedith WA0! eadé@adirdlen, am itiei rmjtmtcataon this

| TBOFAEI O Ay 1 ARARY Sgare FRPRORS) & g, agpRlLy
orraa$E2redob§?umteGmSSLthcmat@lﬂf@éld}ﬂnelnca&n@uaémﬁrcqrﬁmctor
C§SBBQ§5£8 40 5Pe Ph&?hnﬁeBQHQt' 1 %13@%%Ehrb@dtg9 ion

rve regrons case o structures
hommpéantégéﬁnmérﬁ fRPeakedt i ons nay also be absent
and an exi sting doping of the opposite conduction

e pin the sem cond tor substr ffi
| PRBEBBIBAflco i { ROPPGURESED VT TE qeBthall at Fon concrol
|3Y$yer2 3IfSl.:ﬁlJb@ﬁMn&ty1éasln‘emtatth@asurﬂacehef the gate
sut fac the, _active regio he t
préP§P§8E§7°nco%9¥§fl ng alaﬁl Vpﬁ?ﬁé ulﬁ%%veé%%gspﬁ&? '9F an
serleohticadiyr egpndustiye magretdal.o ard| ire particular of
h'ﬂEgﬁﬂ?'HEﬁeQatﬁo@§bQQ1coﬁCC°6%b%g|%gdﬂ& aGHor dae first

D, not onIy h ungovere ions of th
A EPUEURBPBNS YRR,  BEPEAFSBLYV: RELOHCEREF S0r Btons of

the di ode connection layer 5 In1268DE - 22 conprising

S e 91 el BT ALVER JEr odtyDLoHSE L FaF Qs prep is

thehe&lqﬂd&ﬂagaxnueéﬁected,reabppnng approxdgdately 20 to

doRiNgLEHeR 4 2ol NGl Alnidhd ARy Huddisate 1.
Preferably, a CMP method is effected for planarizing
the fabricated surface at least as far as the trench
isolation STI, thereby uncovering both a surface of the
control layer 3 and a surface of the diode connection
layer 5.

Finally, in accordance with figure 9F, an electrically
conductive connecting layer for connecting the control
layer 3 to the diode connection layer 5 1is formed.
Preferably, in this case, firstly a further highly
doped semiconductor layer of the first conduction type
is deposited over the whole area, an n'-doped
polysilicon 40 preferably being used. Afterward, in
order to further improve the electrical conductivity of
said connecting layer and in order to realize highly
conductive connection regions for said first connecting
layer 40, siliconizable material or a siliconizable
metal layer may be deposited over the whole area.
Finally, in this case, a conversion of the surface



10

15

20

25

30

35

5 point in tinme, the diode doping regions 4 are

actually realized by neans of outdiffusion in the

sem conductor substrate 1 or sem conductor regions

di 3{ by ion inplantation are anneal ed. 10
Afterward, in accordance with figure 9D, the contro

layer 3 is forned at |east -at2x he surface of the gate

i nsulation layer 2, a whol e-area deposition of an
eﬂkayeicaflyh@ommmﬁ¢qnﬁHQMQﬂimapeahdliﬁ%ﬁﬁsicaréie@fOUt

?deﬂsdsmxam?%m 91%%%:&3@' %ooflrz h@rcﬁéfSEo $8rm a

1 oNn type prerera bei n carrle
ad@mlmhnc@omtlﬁtf-vgurc@rgectarga €% at iHn vgftlefdﬁ §ase, at

t helle ONG@ragaks efwr?icé@d asbopRidg aDﬁroﬁdﬂﬁa%ty 20nt 0 the
30 nanoneters above t s?glionductor su str

Pr$R} SOt uc%P%mmﬁE%¥h%h +F2R1 eBOf 8- 1pFA rﬁflﬁérmed
t heafladr i cated depdaicsedt neastials flametsl )t hedmeemsh for
|s ation STI, t e [ h :
o0 el SO (8000 Lol
coahtelmedorba@ayererw 23shilyal bpcei nageédr davicanggnsh of a

f'ﬁ&% ?fﬁblﬁnwgkeéﬁéhfﬁ iyetEHBH§Chbﬁﬁoeon@%§&a@@ the use
| ayer connecting the control ayer 3 to.the diade

CogﬁegpbéﬁtpayyﬁmglSo;op%@&lnqm”#Qﬁgﬂﬁsﬁnlhntmqftlcular

ca§§ dkt b§§.|t)éfda 1frurﬂrme% baghl ¥n3drirpedsefbeanduciurgsten
e i rst.conduction type is deposited over
3h8?%ea RS %On+-doped pol ysilicon 40 preferably
belng used. Afterward, in order to further inprove

thgf%?\%é{f&ca'sfi‘i%‘ﬁ“ﬁi’% ﬁ)f fgeco»gpqwt'm Bt ited

' order torealize nducti ve
copviert ithe répbmsarsr #f dafufpgtth@énrf@ﬁ n§t [RAfsivation

401a§é£' eoni gkl ey@miRid brSEeds SkteponifsablempIritdng the

Ia% may be de803|ted over the le are ﬁ%%%kéy £f

i nPRAs %%@%CO% BEF9Er STOROBY PRl burdace i1 eftect

23trhayestot bheusenreorduekspondt o ahed G tisndzard imbcess

?g%ﬁgggtngfgge %ﬁiéﬁon£é§§$f W@Ieﬁééﬁif%h'fhéHé¥¥pE£bn is
dispensed with ©below. What are then essentially
effected, however, are the etching of the gate stacks
or the word lines WL, the formation of the source/drain
regions S/D and the formation of the bit lines BL with
their associated contacts BLK to the respective

source/drain regions.

The invention has been described above on the basis of
a DRAM semiconductor memory cell. However, it is not
restricted thereto and encompasses in the same way all
further field-effect transistor structures and
associated semiconductor memory cells and associated
fabrication methods in which an impairment of
electrical properties on account of a so-called body
effect can be observed.

In the same way, instead of the materials used,
alternative semiconductors and insulation materials can



hi ghl y conductive connecting |ayer, in which case, at
the surfaces which are not in contact in the 5

sem conductor material (silicon) no silicide is

f ather the deposited material (netal)
r2%£?%%§D$or whi ch reason the deposited | ayers can be
sel ectively etched back very24asily once again by
nmeans of a preferably wet-chem cal etching nethod.
Bezlsies bee wsed 0 pfocbdedt, thatkelth®my plRavewunthe same
t EPcibsparticular is deposited in this case in
order to forma tungsten silicide |ayer 50.

Afterward, silicon nitride, for exanple, is deposited
15 over the whole area as a further mask or

passi vation | ayer 60. The further process steps for
conpleting the DRAM sem conductor nenory cell or the
field-effect transistor structure correspond to the
standard process steps, for which reason a detail ed
description is 20 dispensed with bel ow Wat are then
essentially effected, however, are the etching of the
gate stacks or the word lines W,, the formati on of
the source/drain regions S/D and the formation of the
bit lines BL with their associated contacts BLK to
the respective 25 source/drain regions. The invention
has been descri bed above on the basis of a DRAM

sem conductor nenory cell. However, it is not
restricted thereto and enconpasses in the sane way al
30 further field-effect transistor structures and
associ at ed sem conductor nenory cells and associ at ed
fabrication nethods in which an inpairnent of

el ectrical properties on account of a so-called body
ef fect can be observed. 35 In the sane way, instead of
the materials used, alternative sem conductors and
insulation materials can Inl1268DE - 24 they have the
same
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al so be used provided that properties. 1nl1268DE - 25
Patent clains 1. A field-effect transistor structure
having a first and second source/drain region (S/ D) of
afﬁ P conduction type (n), which are forned in a
sen1condjctor substrate (1) of a second conduction
type (p), opposite to the +id5t- conduction type (n)
for the purpose of defining a channel region (K); a
gakatémsutbaimd | ayer (2) fornmed at the surface of 10
t he channel region (K); and a control |ayer (3) forned

at the surface of the gate ,insulation |aye & %;
chbr act®rfrebdngt feer o’él’éa%l%b? e r%@‘ﬁb%t‘(ﬁg RAvine

f'ésflﬁgﬂgﬂﬁalFécbﬁaesoﬁgcégﬁramhltbguSanSWBd fodir at Herst
purpose of realjzing a, diode inthe s uct,
su%g?a%fﬁl?ﬁ) BREan Htkectri %@ cond%ctﬁg% 5&g # e
CO@émttomdutayers¢5$tramb|¢h)coﬂnec$§cpmd mqmﬁyQﬁaﬂnufype
QHFSS é%?EQtEh@o Eﬂgtggkﬁka¥%hdﬁ%klgﬁr % R?fpgg%r the

excess arge carriers
sepucpﬁﬂacvﬁr G@b@%EGt@ ¢hgnnel magienefRleffect

tr§n§b§kprl§§ﬁlﬁ%i6§ §§y@&a|ﬂﬂd fbAmeat et chai Butface of
characteri zed é ? res ion (V) forned in the
seh'@oRBARESE & g%??af@ the di ode dopi ng region

(42 kentgoflorimmnmt ( 3hefobmedomuﬁthdmmumbaessb@nuh@ gate

d_th | 5) being formed at
osap RChEPOPETRbAS of ™ The abprassion (V). 30 3

Theh&ratdeeffzedt byr ansi st or structure as clainmed in
patent g)a'dapll Feq iR @@r epEzedeb¥ids@ @l@fiudtion type
Iayer ? forne % | s of the
(n), hich is formed for the purpose of realizing a
diode (D) in the semiconductor substrate (1), and
an electrically conductive diode connection layer (5),
which connects the diode doping region (4) to the
control layer (3) for the purpose of dissipating excess

charge carriers (L) in the semiconductor substrate (1).

2. The field-effect transistor structure as claimed
in patent claim 1,

characterized by

a depression (V) formed in the semiconductor substrate
(1), the diode doping region (4) being formed at the
bottom of the depression (V) and the diode connecting
layer (5) being formed at least in partial regions of
the depression (V).

3. The field-effect transistor structure as claimed
in patent claim 1 or 2,

characterized by

a dielectric layer (6) formed at the walls of the
depression (V) between the diode connection layer (5)
and the semiconductor substrate (1) for the purpose of
realizing a capacitor (C) connected to the control

layer (3).
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35 depression (V) between the di ode connection | ayer
(5 and the sem conductor substrate (1) for the
purpose of realizing a capacitor (C connected to the
cophiokgpkayer (3). Inl1268DE - 26 4. The field-effect
transistor structure as clainmed in either of patent
clains 2 and 3, wherein the-depression (V) is forned
directly beside 5 the channel region (K). 5. The
field-effect transistor structure as clainmed in one

of ypat enheCl B dBg Zeffedh WRELEEBLbRE JdORi@SHHONakY)cifimed
formed . in a shallow 10_trench isqlation (STI) for

deﬁpnﬁﬁﬁﬁﬁrcﬁénﬁéFeﬂFdFﬁaéﬂs £h&Rehannel region (K).

6. wﬁ@@eﬁ?dtﬁh@f H@pltre_tsrsaasﬂ stwy dkr ubdtiied agickaiti®d beside
in_one atent cl ai 1 to 5 15 wherein the diode
coﬁﬁ&chaﬁgp y&F9¢sT Rgg'highly doped semi conduct or
material of the first conduction type (n). 7. A
segl condyat Ofi@?&'-péyf & | £havisiged sel tOre 285 claimed
transistor as clainmed in one of patent clains 1 to 6
whéreionet RE Paitentscdrédsdeaith fegion (S/D) is
copnesied tena taepeissapaci twy (lATCForiee seaond shallow

source/ drain _region s_cqnnected to bit Iin

( BEYen&Rd 59 Qﬂnéé%ﬁylggﬁrgfg}néﬁﬁsﬁit apnel pgqeh of
of thewehdnhiede regdbhn r(BNni ng essenti ally perpendi cul ar

to the bit line BL) the di ode doping region (4) being
formed below the word Iline (W) in the sem conductor
sulfst r affbe( 1jiebd-sffqte samncdREOst oPLHeppRYyecals @haimed
cl airedd BePRbeRn: chalife7y Waekein a buri ed

connection plate (BP) for connecting a

couegiedre dheodH aste 1IRRIGHNARN Céfel t o) () highly doped

semiconductor material of the first conduction type

(n) .

7. A semiconductor memory cell having a selection
transistor as claimed in one of patent claims 1 to 6,
wherein the first source/drain region (S/D) is
connected to a trench capacitor (DTC);

the second source/drain region (S/D) is connected to a
bit line (BL); and

the control layer (3) constitutes a part of a word line
(WL) running essentially perpendicular to the bit line
(BL),

the diode doping region (4) being formed below the word
line (WL) in the semiconductor substrate (1).

8. The semiconductor memory cell as claimed in patent
claim 7,

wherein a buried connection plate (BP) for connecting a
counterelectrode of the trench capacitor (DTC) is
formed in the semiconductor substrate (1), the diode
doping region (4) being situated between the connection
plate (BP) and the surface of the semiconductor
substrate (1).
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35 fornmed in the sem conductor substrate (1), the

di ode doping region (4) being situated between the
connection plate (BP) and the surface of the

Sgﬂﬁff tor substrate (1). 1nl1268DE - 27 9. The
sericonductor nmenory cell as clainmed in patent claim
7 or 8, wherein the trench4stlation (STI) is forned
in strip- 5 type fashion in the sem conduct or
substrate (1) for the purpose of formng strip-type

acyive fﬁ?y 1&€ﬁﬁucEﬁP méﬁ899hc€§@a8bt%ﬁaﬁQ£§)1n patent

essent i Ing in the active region (AA).
Theladni Copdu@t or nmenory cell as claimed in patent

C'xﬁhé‘i’&n"‘@ﬁée't&eh@ﬁ tlrs_eeﬂ%fu%apa@mthr :(@T@)ri‘ﬁéa ah idtsip-
surface a. . wd ter t han

t
SCEToS ERsalOR (RAPhS] RelfCROabeY FHoSFABre 1) FOF the
unsargesa &b EmemdmgfyﬂnMp4nydéﬂa¢tnw¢oregngnshéAA) the

3C§£¥§C£GQB§EC1£A§%thh é%%%?ﬁ%ﬁ%ﬁf}%%% éEE£3t5§ active

aced i sol ation
(FﬂéglouliAHhe sen1conductor menory cell as clained in
patent 20 claim 10, wherein a surface cross section
of the trench capacitor (DTC) has an oval and
t htOdi sPhacERBAEOBAUGEORDEETOBY5CRL mﬁér@lﬁ‘lﬂ?a édefAdent
a alaiﬁug1feature size that can be fabricated

| t hi 12. Th ' duct

BREERBARE bhantR SAnpElEoRy TPREIHES R Kyitace 2

|twn:dnlat|w1m@1s d sDRGNeatror ythah| .a 3WitEh Aofiet Heel fasttive
F%g?@h'”&uﬁ SeT o%ggEhorcéééuchﬁfeoﬂﬁ@@ Ngot Nencover a

W ng st e.FL) aration of a sem conduct or
subgenahe t19 w‘-%ﬁn afS EhstadieiriReich-hol 3 ofe region

(STAM artrfecttyénéﬁglda@aoﬁ%)r aor@n assodispescedsknto a
Ia¥ %
urt er adjoining trench isolation (FTI).

11. The semiconductor memory cell as claimed in patent
claim 10,

wherein a surface cross section of the trench capacitor
(DTC) has an oval form and the displacement of at most
0.5 F, where F represents a minimum feature size that
can be fabricated lithographically.

12. The semiconductor memory cell as claimed in one of
patent claims 7 to 11,
wherein it constitutes a DRAM memory cell.

13. A method for fabricating a semiconductor structure
having the following steps:

a) preparation of a semiconductor substrate (1) with
at least one trench isolation (STI), an active region
(AA) and an associated mask layer (20, 30);

b) formation of a depression (V) in the trench
isolation (STI), which extends as far as the
semiconductor substrate (1);



35 b) formation of a depression (V) in the trench
i solation (STlI), which extends as far as the
sem conduct or substrate (1); 1nl1268DE - 28 «¢)

f j of a diode doping region (4) at the bottom
;¥%$2§§égression (V) in the sem conductor substrate

(1) and of an electrically-c@&#&uctive di ode

connection layer (5) for filling the depression (V);

d)cr envi@tmatieme afask | dyede (ZPPIY) ; repirsr mhti orP"of the

ofkgc?t% Eorh NS4 atdp0 lcf’éﬁ?fes(%)or?t twastin attHdhe sefifcdgRuctor

e actlve regi on (AA); formation of a_contr

| ageps i@ tat (L agnda Of han s%ﬂr?%‘?:’é‘-‘&ﬁ“t%ecaﬁ?iécu"el diode

'négﬁﬁ%é@ﬂoﬁaY§ye£2)5 1§oﬁ)fplﬁﬂ@glE@él@@pnés$h@n (V) ;
fabricated su as_f e trench

st as
5 i s@! at i BRPSF HTag% %%¥?5n?%9 26giectrlcally
cogguct me@ﬁﬂ@ﬁCbEne damyeerinsid,atsin f bayevnhecdt ieg Least

the,coptral. Laver (3 ang. e sLgds.comgeot on | ayer

as c arnmed’in patent claim 13,
MhéfelnformaSLep af @ teemerokapa¥Pror(3(DrRy feast at the

;g%ﬁ?ﬁ5385§fggg@ggaFgaiﬁguﬁéﬁl6ﬁnﬂd?é9r grpstrate (1)

|

10 200bel I PLABETRECHEERGS oSHEI SAREY Pl S el ATl fe1d-east
Ora%\gfarwtagrehai tranahggsalaalfAD(sxmwe aagler (20) and

itride |ayer a
E The?ﬂﬁpﬂ aoﬁs%glg§%d§}eqy%&ne qsﬁpatéﬁgﬁﬁfélﬁ%ﬁnné%%lng

tolag;erwheoeu 50)i fost @enmectimganitsotaaifinelodiaker (3) and
et%glngl?ﬁgtgggnggtggﬁrhgge?uq5§or t he purpose of

formng epressi on 17. The method as
15clainmed in patent claim 16, wherein, in step b) a

spager mekhadrhsacakr cedifet far patent claim 13,
wherein, in step a) a trench capacitor (DTC) 1is
furthermore formed in the semiconductor substrate (1)
for the purpose of realizing a semiconductor memory
20 cell.

15. The method as claimed in patent claim 13 or 14,
wherein, in step a) a PAD oxide layer (20) and a PAD
nitride layer (30) are formed as mask layer.
25
16. The method as claimed in one of patent claims 13
to 15,
wherein, in step b), an anisotropic oxide etching
method is carried out for the purpose of forming the
30 depression (V).

17. The method as claimed in patent claim 16,

wherein, in step b) a spacer method is carried out for

the purpose of forming a dielectric layer (6) at the
35 gidewalls of the depression (V).

18. The method as claimed in one of patent claims 13
to 17,



t he purpose of formng a dielectric layer (6) at the

35 sidewall s of the depression (V). 18. The nethod as

clained in one of patent clains 13 to 17, 1nl268DE -
P in step c), a doped seni conduct or

nagerla deposi ted as di ode connection |ayer (5)

in the depression (V) and a 28%ernal treatnent is

carried out for the purpose of outdiffusion of

dopherseifis orint L€ df bdeacdanedt isemilcopeiuctdr amatgrial is

bohkgBL9telne sdepéféééonc(a}ﬁue‘i:‘%&ohhe w&ose 8f in the
produci ng .t he dlode doping r 19. The nmet.hod

ion
as d€PERFEAOPN OHe ¥Ad pat é:ﬁ’teré‘}ag-i ntsrq_%tmq_r@t ospfarried out

whebei Nthé np‘éﬁr@@s@) ofi ro‘iiddé.féﬂﬂlsllfmi aﬁfatddp’aﬂtSs from the
out for .the ose prqgu n dlode

g f
> ggéﬁha r E§FBRCEAPD aﬁ gY&rR el get rical I%Peg rP tqVe O the
flﬂbpmgssabanay | for 18heulmsetpess | 9f depodiatédgaghe diode

ggﬁegﬁoggggbgn (4@yer (5) in the depression (V). 20.

3d in one of patent clains 13 to
19 20 wherein, before step e) an inplantation

prbect rae edRia | &s 1 @LEERead el bné NBEaRaAldN ¢Faims 13
carried out and the inplantation protection layer is

10 refBvédd. 21. The method as claimed in one of pat ent
cl ghegeid, 2n tsaxepl,c) V):heth&is”t,lyi rerstip fantani @xi e carried

| a8F (8 Tl RRr e O BefBuds, B Shi8fe copin
claegBOBS(430 end21, mhereln |n step h), a doped

segicondyelek-; Lay ey (49bndé8€|1@ehl gm.Ylf?ﬁQducﬁléﬂérlal is
netal sem conductof | ayer (50), are forned

15coﬁﬁ@@ﬁﬂﬁ@nﬁéyeﬁePQ§}QE§ aph %ﬁQQNﬁPQﬁ§Qﬂ%ﬁqn%PY?FoH%
of tpat erbrekaiizh 1Y) .

20. The method as claimed in one of patent claims 13
to 19,

20 wherein, before step e) an implantation protection
layer is formed, a well implantation is carried out and
the implantation protection layer is removed.

21. The method as claimed in one of patent claims 13
25 to 20,
wherein, in step f), an oxide layer (2) 1is formed

thermally as gate insulation layer.

22. The method as claimed in one of patent claims 13
30 to 21,

wherein, in step h), a doped semiconductor layer (40)

and a highly conductive metal semiconductor layer (50)

are formed as connecting layer.

35 23. The method as claimed in one of patent claims 13
to 22,
characterized by the following further step:



to 22, characterized by the follow ng further step:
In1268DE - 30 i) further processing of the

sem conductor structure for the purpose of formng a
figlfheghgct transistor or a DRAM sem conduct or

menory cell with at |east one word line (W) and at
| east one bit line (BL). - 30 -
i) further processing of the semiconductor structure

for the purpose of forming a field-effect transistor or
a DRAM semiconductor memory cell with at least one word
line (WL) and at least one bit line (BL).



