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Description Field-effect transistor structure,

associ at ed senicon“mmmm Wmmmm“y cell and associ at ed
fabrication nmethod invention relates to a
field-effect 5 transisgStructure, an associ ated

se r. menory cell and an associ ated
fa F%gggggﬁghethod and in particular to a

field-effect transistor structure as can be used in

DRAM AR RS- 10 'er g0% cepduct or Iﬁﬁ@{giggy,- R ociated

nost advanced technologies wth th

| NEEFRATEIR ST TPBSTYr eCSddedand Fﬁﬁ%QQﬂﬂ%ﬁdf(ﬁabrlcatlon
f abidteid ng so-call ed DRAM nenories (dynam ¢ random
access menory). Wth an increasing packing density or
integration density, 15 however, the foll ow ng
diﬁhennprSemesuhmﬁEMtu@ﬁnn&elatESUWHdseaic@mﬁhﬂ4m¢fect

5“@&%@5&& Q%Euﬁ gantrol a i‘i"éécﬂ‘@é‘é‘ benavi@uctor
(roll-o a se tron tFansi® I'n DRAM
semeyerduct ekl aodmeryseetuatEdorﬁa@ctmwy method, and

genef ald,an 4o 4.echnol °9¥e989 @E%b@n chrbnsS s%%%e%s%@éth‘%e as

|ncrease an associated well doping or a channel
i mAeant ePBﬁ%%d@-Qﬁﬁ%;W%%ﬁﬁ%%s in a greater so-called
body effect, which in turn has the consequence of

beh The 25 | | ed bod .

10,1 Rt {FETHIRTRE | n ST R | nh “The i esnddy =2c=d
voldeagemaifodies fwethl- efié ebl gheansiisitegras i csoWarsitads a

vol, Lage '{}?rg‘?—q’s?& JIgrt ey b%%gléé%”?fg“afst rcalled DRAM

denotes inp |cu ar the sem conductor “substr
S|W@inﬁQﬁreé@Y?aththéa@@ant@CQ#SQhemQUOFVénS|@P@@ an

or lq{cxtéh@s,ﬁ;zyr Cﬁééﬁﬁh@ r@@h@ﬂ%yan@r()f ithegeamiel density,

re Dur i tln%@ é;g% |n a %ﬁ 1
15¢cel OWGY?FH ?eﬁ@ 4 Ot BX@PpFES |t||ﬁf/examp €

| ogirc DHAN , sdrinecordupodentémbrbésa source/ drai n regi on

whi ch is connected to the trench capacitor, for

exanpl e, increases with
In order to control a short-channel behavior (roll-off)

of a selection transistor in a DRAM semiconductor

20 memory cell, from technology generation to technology
generation it 1s necessary to increase an associated
well doping or a channel implant. However, this results
in a greater so-called body effect, which in turnd has
the consequence of impairing a writing behavior. The

25 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 1in particular the semiconductor
substrate situated directly in the vicinity of the

30 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
35 potential of a source/drain region which is connected

to the trench capacitor, for example, increases with
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- 2 increasing charging of the corresponding trench
capacitor capacitance. Gven a fixed body potenti al

this means an increase in the voltage between said
source/drain. region and the body, as a result of

which 5 the transistor, depending on a charging state

of the trench capacitor, increases its threshold
voimageas)img accthatgiodgt heobodyref f ecbrr?ébb&ndlng trench

erred to.as -source
?#%%g?@& Scapgal% % éé{dl relctenconse%u)éen%e §FY pRotential,
| nelheais atearny esiiol dncyebsggeint hehé | eta-fdecbetween said
tr@@éféé?&r&bﬁnr F%%nSQﬁ&ﬁ'@ﬁe Bo ?megscg;r Bl V&R wnich

an otherw se id cal vol tage ference tvvee a
quFﬁeF?ﬁﬁﬁ%ﬁQ%ﬁaj “P@@ﬁéﬁgoﬂﬂh amqhanQRp%w@uﬁﬁ@ of the

Cﬁ@ﬁﬁh&ﬁthﬁ:pHchi&t&trQﬂf%&te“aéH&Ch I&@E @%%tﬁcﬂusmklﬁégc on
the co ete _C ing, 0 e enc paci akes .
co??%g'g;ng ol y a?% ePCH¥or %‘Fl" reé@&ﬁ t | on  1s
ef@entrablyespﬁadragl yol gl t'soulree \zﬂrwmm@rparofdy"rrance '
for exanple in a DRAM nmenory cell. 20 Furthernore, as

the integration density increases, it becones nore
anbis ot e HiFEGCulGORSEBIRNAR @Tovhect incorasedi ohhskshold

theol pggk , Wehk Fe@I@N%E ek a%ﬂﬁsféﬁﬁﬁnsheﬁe&@ébvsubglles
t he gflectlon transistor. In particular on .account ©

dePl T pRERGABRa & EEhd 3heC FRERERSe 25 dlpdGaor voltage
r edi 60&reht ep@essdro beﬂﬂﬁﬁhéﬁﬂéout@e/@ﬂ&ihCﬁeﬁldﬂ1or a

th a of ig packin den3|t t ensur
%lign%g ancazn%r E’l ghﬁa ac%‘nﬁjc?? véfm}?“r entfrerb% hCFPSfﬁl“Or
th@omeequeonﬂmt s the t momeletnt | orthargamgi sobrsthe trench

Wi &an&lsekenteaaéeéoarebfféspsﬂa§nb$yt rye, for which
particul arly since _the wel opl g Tar-no
i NEF@&SBd té%éltPSPVIyeéﬁeSécoGﬁFr§§PPﬁ§l§§§dc|éﬂ@éts the

| ngFeasagl Perfoemdnslr €ogt Riaddp1GONREE IDHAM @IS, cell.
with respect to the trench capacitor. 35 Figure 1
shows a sinplified plan view of a conventi onal

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 regions
relative to the selection transistor. In particular on
- account of depletion phenomena around the trench
capacitor regions, it 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 o0f 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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DRAM nenory cel |l arrangenent, where STI designates
shal l ow trench isolations which are forned in
strip-type fashion and forma nultiplicity of 3
strip-type active regions AAin a sem conductor
substrate. In the active regi gns AP., respective first
and second source/drain regions S/Dwth a channel

regrﬁblw:ﬂ@ I&d&th»&eenrégfoﬁgrmfom t he pyéﬁ@é@n@ﬁctor
r.oduci n eff{g_ct transji stor _structure.

.or &S t%%tgeallpzet}é\e cBitr8F IHECHEG bove eﬁ?ee%rﬁavrﬁweiflmt
r egidn,secsdnd p-gopecavtichin nesedhlorar e §/ay med th a channel

t td
CeE gt oRayinhe RETBLEHLAL Be e HEodd PELYPR R Siboge o
t reneieEbrRy 18 fiecdctefdect Baansisnr TO Wetriotes in order

tregcheg@pagi EOkontclldaen aenet ARARL tohd WHERAet Sregion,
conductlvely connect ed t0 one of the source/drain

re§FBHRTEYRR f (1i%tkr 1iBEF ce/MBr ai AT Pegilti™ED b@?ﬁ@ntlalwy
copaepérdi telarbict Ithee stiigl- tydaiddaded) regions AR, said

Furth a mni feat e Si ze t an .

faﬁ?F%a?qdlrf?% hodt &t Tﬁ‘ Iyutlrhs rebl;gégnte c%y ng‘g'ﬁnSlStor
fi gorecturei gor ®<3 @mmmna BT @pkehio¢espex speehtvecapewitor.
of (Hhey @?gﬂ%ﬁ @@ﬂadyeﬁyﬂywﬁﬁgq'fba@88é98999e?%tgonnected

figure 1 al ong a section denti cal rence
sykBol §N@esiQnat FRY | BEHEFEARTEE I orTasEiTINYi ngthe further

el ggBpts/andinl a:&éﬁ_:flsoransi/la bRReRt ethbiiesef &Pt ion abeb.ﬂ@ line
di dense W th tlt‘%’}gw n_accordance wth f%g
a $BAFcondiSSR r yFuE%lPEFr‘BCBE%r dPndty EoHpbr %suﬁe size
trenhaeb capadi¢ ofabffcadedp 1 itttenmofantaipaci 1or ) s Wieplreisented
coppegt gg via el ectrically conductive buried

congectlon pgafe P (buried plate) to further trench
capacitors or the 30 external electrodes thereof (not

ilwgh&at 8d) shBwt hes @Fi uﬁrerdaype;fage&%@ Pat bwOfof the
t he ench capacitor its internal and

exPEFRAY eF@% rdﬂ@gapgeﬁ%@t in accordance with -figure 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 i1s not
iliustrated 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



illustrated in figure 3. 35 The upper region of the
trench capacitor DTC as illustrated in figure 3 has a
trench capacitor connection |layer 8 conprising, for
exanpl e, poly- crystalline, highly-doped sem conduct or
material and in 4 particulacr golysilicon. For the

i nsul ation of said trench capacitor connection Iayer

8, phhe idpner p@"ouy@fllltd&ltrw capaci § trgul%T&J}?S said
col_lar insulation | conpr.i sing silicon dioxide,

f oF TEXE I9§p39+Qﬁ%g¥°?5e§t&8ﬁnééﬂqqmﬁ¢re%%huPDer part of

capael toferxam nea:pa@ntbayamcs Hek aa Ebwgrlsqwlrs@q/a@rl@nn.1ayer
r e I uri e a

(bur| Sk %t rag{g :A‘@gy%%??r% gﬂ%ﬁ&\ﬁetahemrfl?’é?m%%ﬁrcgpdroaridr?r to
5r egicomeSkD. the ke remef | cgpacsborcef ozt i@yi dayskD,8 to a

t h% %R:Ljegoﬁ§¥§/d§§lgr ef&rably i, COB t 'v?é’# €32 example, a

% sem conduct or regil on 0
co él‘uéﬁdonl?yﬁé nBS whi %J}@fcﬁtr@phnlﬁqef@émed below the

corfduetor gdhﬁbé?ﬁea@.h th@e@%%ndt QQBdUCtLQHetyp@h@ first

opp03|t to the first c pe n.

i nSQPAFTAG Py N e%yab]: CBH%HEQ ﬁ&yﬁq |El:'gorPrl%"-'e’-"'ley
10di @m@ezltmefsoraedugnmd@opea |mn&cacbreamchteo:tremglion of a

Ca@%‘%’gttorc&g’ strg?ger 8 § 1[198}1& \@Drpof*n'\er? én the semi-

f or me & surface or the

corPngudtayer Subé‘gr@ﬁEPG@ (Fssi yecondt rqﬂndgmte:)orof type D,

saiggpaRidd i N 20nhEur Ehehor & oL d b suUrtage of, the  op
sem conductor substrate, a second source/dralin region
.onégsgg& Chsl= SRS S cd%ﬂ%%??%ﬂlep§°WPF§Sﬂ@ﬂnufl11C°n

151 ndtileideen déendfictmedsubst ratded, ddenebyideli nERE acrench
the f el d- e%f%ct transi

ch [
B R ol 1485 1 S ndinal Cridig ofF foTned
of atheckenbobaduster swifflste abe Lhe paseivasuloatirol layer

| ayelyidn $AOr iR &lve | &85t - HEL %Q@Q thesg.fr &Erénﬂlne

second source/ rain regions the surface o
which gate insulation layer a control |ayer 3 (CG

20 comur@hegaice @S #Art thk surface of the semiconductor
substrate, a second source/drain region once again of
the ‘first —conduction type n 1is formed in the
semiconductor substrate 1, thereby defining a channel
region of the field-effect transistor structure. At the

25 surface of the channel region or of the semiconductor
substrate 1, a gate insulation layer 2 is formed at
least Dbetween these first and second source/drain
regions S/D, at the surface of which gate insulation
layer a control layer 3 (CG, control gate) as part of

30 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

35 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.



30 the word line W. formed in strip-type fashion
under- takes the driving of the field-effect
transi stor structure. Via a bit |line contact BLK,
whi ch nakes contact with the second source/drain
region S/D of the field-effect Lransistor structure,
said region is 35 connected to a bit line BL |ying
esgeit i ghty cgwacdien Wi dal ihes V\&e@a@npal(ﬁbkelemlc £ly
the ctive regions formedln strip fashi on.
R 1S RERRAERL [T Ol SETTCPRORGROE notiBRgIARE tTy 2 well
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co ONyHoR-RY 5 I 0 ondu
ey e T e P g

usm’}gjﬁ yLEEPTeLORBICLIRBsitYARS NG orarfdplstiadg vt heerves for

charlgglwm@r%l: t@@pleacﬁgr tl@e”&: y @hrriers L that
sem conducto ﬁstrate 1 presen rectly at _the

£ GCGUS bt TPPaerYt 6F SPhbEon uc?—?guﬁlé §tehisGs In bresent
si Wplrefatad @q:umzm enite lod refUf ¢cdi agras sobrt eructure.

sem conductor nenory cell in accordance with figure

3, (identical reference synbols designating 15

| dERHOER ‘orsOrs e3pEidicid el edrenas i updenegicdnsuditd diagram

r epgat eﬁede§@rﬁi@@h@ﬂd@@tngn@méﬂensceéi Wt bglbew-ghAce with
pa |cular t'he resi,st i ch essentlally resujts

T %lPect r FEEREE uct F@ 7 SBF St heSWRPPL520 Go3iFRATLING
or idferithierese noe onduatedp osithisigd abtehent Eh arRBpeeibhs and a

DS 4Bl SOBLLLU 5P L0 O, ! IS ESRER 0

the egratlon i y incr 2
i npai rment of the function on account of the body

ef frect gescribegd, abo‘t‘_ﬁﬁ 25’\4& ticyglar jn BRA sentially
tren 71

sem conductor menbry cells Wth assotiate
cap&S4idrss, TERMs %Potﬁ]e‘?ﬁt'r%li:ﬁ%er%qﬁqtébt“’lvy of the well

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 required 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



by the fact that the trench capacitors DIC arranged in
an array in accordance with figure 1 nove ever cl oser
30 together and, consequently, the cl earance between
the trench capacitors required for dissipating the
charge carriers L becones norg and nore constricted.
Mor eover, DRAM sem conductor nenory..cells also do

notca@faE@Pc@rtsh@TdOOSa%L bihddYa0ingi §§yeet aeg o‘iﬁq tCRAr4e this
carriers L via 35 the deeper regions of

sefi-@dffuct or substrate 1, since, by V|rtue of the
buri ed connection plate BP for connecting t he

co Iectr es o ren p citors_DTC
an%?hgﬁﬁatlng ﬂayerlfl?éE ??ngp |ﬂrth| Sheyilordance  well

5 Howevaectaen nsef f i chent Mde|gbr i npedanbe weddmidenductor

CORRSGH QR of qpe r nd gLor
substrate Fh direct pr%§| £?ﬁlf§e ??el %feaﬂeld etftect

t r SAERSESTOdt r@étrwlﬂéur@adsleﬁs%ﬁnersqnnalat é?rtolartx%r to its
Ch@&@r@@n@nda@l@ns%@!‘l@@dﬂéntq@ acwntaﬁodrtte Rody the body

ef f to a reducti Qf the effective reshol d 10
VoFEEEE and HEhuE 1 § SR RSd Sea it e | jfhreshold
10 panbilcalger andIhEhuasetof iMEIéEM%ﬁSeh&&hm@@Ctémrrenfs. In

menor, il r the .retention

{1 hankd il i Qe e By SR BRGRRg, memory
| s O@ééedlénuﬁﬁéaﬁﬁfiectnofrlwml114 ngle f rekensfipecttime is
tr apsisstidpaSiddéct ure, an associ ated sem conduct or '
menmory cell and an associated fabrication nmethod in
which the electrical properties essentially remin

15 unimdnm@j e\ﬁ:m annh'eghioaohi@t er%rsvéd'l O@rﬁeﬂﬁxietiﬁ}sj%ct of

Ac to the LRy t this_object is achiev y

ns o featu?‘gglEli %Ee?t Snt ©f 111.?&5 Wthsrtgﬁgg&rfao an
th@aﬁqguauﬁ&e&ﬁm1¢am@ustor semgetyuresl byandars afssdweiated

25 featiwes Hf RataBh 3%” g g‘%héegﬁégtkgcgﬁe ronertles

sem conduct or nmenory c nmeans o e neasur
essentially remain unin luenced even at hlgh

20 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
25 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.

30 In particular, by using a diode doping region for the
purpose of realizing a diode in the semiconductor
substrate and a diode connection 1layer which is
electrically conductively connected to a control layer
of the field-effect transistor structure for the

35 purpose of dissipating excess charge carriers in' the
semiconductor substrate, it 1is possible to reliably
prevent body effects since the body potential is
upwardly limited by the diode voltage.



5

10

15

20

25

30

35

of patent claim 13 with regard to the fabrication

nmet hod. 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 |ayer
which is electrically conductyvely connected to a
control layer of the field-effect transistor
structure for the 35 purpose of di ssipating excess

ch .sem conduct o substrate

poggggF g%i& 5%1 %ﬁ?ésén Sbg§§m%§fégt§£§|ﬁc@lFﬁgduCtor
bodybpbrahei althes dm@rdbylhgmrte@dobly heiengli bokemed in the
VO rahlgy, epr for,ned i he
se%%ggﬁgucfiégféﬁbs?&éteeh?he g#oégﬂ%g%?ngagggloghé diode
beFRBREBEAER | ASYRE BEEESM FOGTES 0BT hé e@epr edsi opartial
angeghengl ode &&%@@ﬁéé@ﬂohay% heiing Jfo5 Mede at_a.sl %stsmle

arti al regéons of é presS|on In this %

S “BosET RIS 0T8T 1 ATRAT hel & odi FUMH 9 pabiGrys charge
exc3551ehargen canr i epsimaman depttihnumifdeptid otetdieonductor
se or bstra a fesul t
e|§%§%?ggﬁgio 6%%pe%tlggzsgﬁghe6f ewglq%} tﬁ@ %EeCtrlcal
t r RROPSESE St r @t uEde r iald-gfifeOtuencedstister structure
parbheyhatndesn eendehier ablpar@ dieleciddted aver is
formed at the walls of- thé depression between the
di ode connection layer 15 and the sem conductor
subskrfatabier, td1edpunaeselef :ur@?éﬂ Z'wg fare@acid Othe walls

con e the control |a r.eby enabl i ng. not
@ %e Ilgi% |Solr?nof]8 e%ody &t al C%]Slfn?hglon layer
dlédé buhealsemaﬂonﬁuengrfuedbaynanec foouptheg mofradee  of

conkegl -Layers t@abgéliegg*y Bndde: &8 %%mﬁfé‘desh%fm layer,

substrate in ficular in the case of requent

ch&ﬁ&Fﬁ&Y&W%l%@ e c%%Yoltheay%let:ﬂFsonr &ul F%e body
| nppaehiccaliay tapi disad eftedise gdhsshpahienieaf dynam1c

charge.carriers, r I ch_the ele cal
pr 6P gP +8Y r &fmi Sniﬁ?ngﬂcediﬁgeﬁ pEPtIE%$ar(H%@
semiconductor substrate. In particular ir the case of

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 depressidn 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 1is particularly suitable for high integration
densities.

In particular when using highly doped semiconductor
material as diode connection. layer, it is possible, on
account of an Qutdiffusion_durin§ la£ér thermal process
steps, to form the diode ' doping region ~without an
additional process step and in a seif4aligning manner
" in the semiconductor substrate, thereby significantly
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25 The depression v is fornmed for exanple directly
beside a channel region in a shallow trench isol ation
for defining a channel wi dth of the channel region,
thus resulting in a particularly space-optim zed
realization 30 which is particalarly suitable for high
integration densities. In particular when using

hi ghinplddpedgsemheondiestdrenates | aha@s dbddean alignment -

co ' | ayer, it is possible, on 35 account of an
ou?gﬁgkgg?én during later thermal process steps, to
formthe di ode doping region without an additiona

Prgcesseni EPn@RdebP a mald=al i griing ”H?{z‘?ﬁg i theelection
sem conduct or substrate, thHereby significantly -

si RPPPEYSHGTt hef r &di& r BYRAt LSRidel Rid aﬁbQVﬁgm\%nPreférablY
acevhaeytefl segbconduct-@len®@NOr yagelkh thavi ngya ics first

lecti 9.t i st f, t t . rib b [
o1 PGF S0 §SBnnERE LUt 674 1 Pench Bapact Ii7 B (16e Second

fi ssurcsddreshdraemi omgi aheandothvral bilaylemechystisuting a
se urc in.reg : e -
oBar (Tt ng Sobel, PLAFIRn i, COEAELa B¥ herpenaicular
es&ént FAR| ider péRgi-cuRBE 101¢ o dileslehi GOPLRE, %@L ¢he Deing
di g@endepi KeIRYi ofndei Rgrdf ornedt bed HW the Watethilddiiuctor
in éﬁg sem conductor substrate. In the case of g%.

ar PIRGETETE of 1 hFRe ¢ B8 ©OF &3l ra e  coRf akiis type,
comnextl Drahigrwieen thataont anndaien ansween dibede control
dopi.ng.s eghan i;s. olfaiqiedalniag 1o parkicul arly simple;,
manner. FUrthernbre, a tren A Psol 8719 may be Tormed

i npagtodiqwltayPey fsdginlen manngie. sem conduct or substrate

for the purpose of formng strip-type active regions,

the 20 trench capacitor essentially Iying in_the ,
actWNEDSIFTSh. 19 tHF PSRy, 18RS ERBRAChTAYol RE of aflpd  in

al sehe-tigRd assBDohNsW athag ddntlREiductdayetivkefrate for

th% di ode . . . . .
he purpose of forming strip-type active regions, the
trench capacitor essentially 1lying 1in 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
sufface'a width which is greater than a width of the
active region, it 1is 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 isoclation, 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. - ' '



connection |ayer, thus. resulting in a particularly
area-optim zed realization of a sem conductor nenory

25 cell arrangenent. In particular for trench

capacitors having at the surface a width which is

greater than a wdth of the _agtive region, it is

possi bl e, for the purpose of 30 uncovering a trench

| S@raifiedabadj,oi B NGudfaRCt idosd eH O idOr dhe thenclrench

Cr SAER S rToh. e 57 cBHPL SPTMWAFEh o U dereRne OF
nmaygt nmeatn e fH 1t etheast i Eal:tqp*ex&:mtds ha tméndhum feature
'S%' ?h@@.d éﬁpo%éwﬁéﬂf%% i?@hbé%@ﬁﬂcéﬁ? as a

resu or these trenc capac
5Préf€t§rud-l§| of suffisde c@os§%1e%talomr@fnq heppseadility for

CaQQﬁiﬂéUtlﬂ‘ﬂgy tl'l?é/e"?é‘l@yéffgeﬁmt%ﬁglstlg%o@ SUALKTBAY to che
at_nost where F represents._a mni num

fe&trmné:h sF?BaFﬁaPrcdﬁs b@rpz%qe@at WP tHograghT e eyendent
as ma terriedulgropfe mhiieh e isedfual 1 gpeag possibility for
connecting the field-effect transistor structure to
the trench capacitor is produced with

10 cuMidttur exggpaddento matlei al mpcbpérti ésrbei hgbricating a

ut iddrebndl 4 h Segardute,t h%r@?te%%lgzor d ab§ér§§&$1@@uctor

a sem conductor structure, préferably a seni conductor
suFMISrE 8% pFépa@ﬁFQ?F%dsuﬂthlé|nﬁﬁk#ab%? manner,  a

gema&samors ﬁerfnf@lrm@da it ﬁﬁChtréﬂthll%l@:ﬁé@,dea diode
op on is for t he bot - .
QBRI EH B h S FRTBER, PalPE COIRIGER |96 thpdiepression
lScomnHttanndkgaﬂrid&iﬁyIbeddmntuME(ﬂﬁm®SSUmmnatmmmk layer
| ayer 4.5 o ved | atj S for
2 contr ol T f vf BPLEShIN, e HaliBg i fhigvea. -
i NSA%R | HBRSHAPERONt hbAYSTr fiat e TORMS S abgi &'ﬂfedf@ls layer is

pl W&de@%@ttﬂx@a&rﬂécéabfzg.r@s ddte tirenchad s@h ati98r, the
and aq:electrlca cond Eaﬁitelve onnecting |layer is
Su%?eqﬁ lflﬁr r]aé:ratt arlize at” least as far

20 as the trench isolation 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 possibie to adapt sténdard
processes with minimal changes or insertions of

25 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.

30 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
35 drawing. In the figures:
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of connecting the control |ayer to the diode

connection layer. in this way, it is possible to

adapt standard processes with mnimal changes or

insertions of 25 additional process steps for the

realization of the above-desqgrg bed di ode dopi ng

regi ons and di ode connection layers. This results in

a pagureullar Ehowsi nplee arsiepsiceéfiect pyanr eakiizat i ors  a

30_Eurther yant ageous refinements of the invention
PP AR BRI et et e ic¥brdance

inwéﬁblahelgrd@gcmrwed in nore detail bel ow using

exenpl ary enbodi nents and with reference to. the 35

drawing. In the figures: ure 1 shows a

si ApPfEed plEEPWHE ew aof él%@hgbﬂ@uct§ﬂaﬁemﬁf}e®7ell of a

ar%@ﬁgéﬁﬁ@hct@racﬁ@ﬁﬁﬁﬂcecéMﬁ'Wéﬂﬁéﬂﬁéﬂ&narhﬂl5accordance
fi ur62§hovvsas°| I|f|e V|ewo
seEGndudtdrt %ﬁé%ﬁ%ﬁa in accordance

with a first exenplary enbodlnent flgure 3 shows a

S|gggb§|eq p%%gw§n|ve 10 conventlonalvl,lew a

sefli CONAUCE OF - ITEITDI y o8 n accor MCESWIT £i'guFe ©f
al 6REVEnSéOriagn Eemlﬁpgdﬂét¢rshm@®oay3|ﬂplﬂflzni accordance

equiival eRigueld Quid FHAY B ©f s the: convent i onal
sem conductor nmenory cell in 15 accordance wth

figure 3; figure 5 shows a sinplified perspective view
of fagus@mzlcocdmtsora NSRS i €8kl taauae@%@llaneze r\@dlft dlagram

re ection Il-1l ure .
% ﬁz%d %ﬁq"%{lgh?nﬁ rcﬁ%‘“n‘?%‘f f’t“ﬁ@ory el in
semogmmﬁmnna'wnuhn3nguﬁé Bccording to the invention
as shown in figure 5; 25 figure 7 shows a sinplified
plan view of a further sem conductor nenory cel
arlf&%]@ﬁ}e iShoxtscordarfd@Plified perspective view of a

semiconductor memory cell in accordance with figure 2

along a section II-TI;

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

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
semiconductor memory cell arrangement in accordance.

with a2 second exemplary embodiment; and

figures 94 to 9F show simplified sectional views
along a sectlon III-III in accordance w1th Ilgu*e 8. IOI
the purpose of illustrating essential fabrication steps
in a fabrication method in accordance with the second
exemplary embodiment.



with the prior art; figure 8 shows a sinplified plan
view of a 30 sem conductor nenory cell arrangenent in
accordance w th a second exenplary enbodi nent; and
figures 9A to 9F show sinplified sectional views

along a section III-111 in accordance with. figure 8

for 35 the purpose of illustrating essentia

fabfiigatd on stapsyd N & f akyiigati o et AN view of a
accordance with the second eéexenplary enbodi nent. - 11

Fi GTE PGS T SISHATY | 6t aRiAaR@dIen: in  accordance

semmﬁnowcforsﬁewmeynpd@ﬁy a%m@@@ﬁ@ﬂt, i Hd@@lf%@k@?n%ference
irs aty enbodi ment, identical reference

s]Tep%% é%ggnglepe%%ﬁ S R eﬁ?X%ﬁ%tﬁé&PtbFal or

55 wrrrr@ﬂmmilng; tea hd'émsen firgurEldnead a arepeat edtepeated

degdtian Reidg ¥Et® Fﬁ' Ihe

perspective view a ong a sectlon S1UTRC |gure 1

which is illustrated in figure 3 in this case also 10
esgen! lpéirypé@twép%@vtalén@mé e§eeedbeg BeCtiE QN £igure 1

ustratg&& in fi ure 2, he wel |l connection .

doﬁkﬁé”}eéﬁon* FErﬁBe oh@%rJﬁ%ﬁég%é}yth fhes case also

10. eesmgrariyldnbacb mesd pandor dong o rthe pofideniy acti®n (noc
Loddasrdanas) L |1 OUEE 2 0351 e | 20MRa Mopnection

doping region, which 1S tstaf Iy A8Cesdk '
| oSgETL NS f eegi@n onWaccdgnt Tf | heneasednpaeksagy in  the

dersidnirBSry sexmm&wcae@c&yaﬁn 9969§ﬁ509n\\/en\9’§bﬁh i s

formed in a shallow trench isolation STI and at the 20
bott om regi on of which a diode doping region is forned

15i n Irhe &afscdattet OW:LSthSE!igtlQe Bi QUIRi% SR@WS @ connection
SI%B)Ierd ensgcctlve Vi ew seni conduct or,

B el FRELE8r i WS ES e PRUBHLYorP Seco S8 Endit 5 70
f|g@m@ez eﬁﬁﬁgca sectp@nIacddunmncefagammnammad(xﬂacking

[ elRERNGE YTOOL SRS ARAkiaG 1APNLT 68brBLsion v, which is
correspon ing e enents l"ayers an repe

formed in  a shal 1ow trench isolation ST.L and at the
20 Dbottom 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 sjzmbols 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 ¢f a second conduction type p, opposite to-

35 the first conduction type 'n, for the purpose of
defining a channel Iregion K. Clrystalline silicon .is
preferably used as semiconductor material 1, it also

being possible to use alternative semiconductor



5

description being dispensed with below 30 In

accordance .with. figures 2 and 5, the field-effect

transi stor structure according to the invention has a
first and second source/drain region S/D of a first
conduction type n, which are figrned in a sem conduct or
substrate 1 of a second conduction,type p, opposite to

. . Datkle aflisr st saepducis ongkypeiniunf,or thE—‘@lur ReSE Anductor
def i_ni_n cha | regi.on K. Crystalline silicon is
prg\iaé:regglaySu?@?g%‘esgﬁﬁ']%eo'nductor material 1, it also

bei ng possible to use alternative sem conductor - 12

mater| h . ger j ILL- I £ondu r

il as Sncotee P TE0REE b SRERERY aEhR' surgace of
foltied &hepmelsuregeorof K.5 e dharoadle rdginiagion layer

Whipeta f@ata@ 1WnSHbRbEPBe ka8l rRL BI §F 3R) 0PI 1 $88n  dioxide
th rmaII%forrred silicon dioxide " but_nay al so o
coﬁ’ﬁfﬂ se™@Ydi f3etent COMBEiS<al Py FhEteherhg electrically

- matiersidlat ing partecidlar , In t pastaksdapgssicblie d1d Ridssible

10

15

case t et el .oxides or_other gate. 10 .
di é‘?‘ec% rhlli%s_ . c%%%t hgl%rml}l Zs,e a tc%rhrferelol ’%\Jy%?s 3 9% f%’i’rh%‘d gate
at diled eirfise of the gate insulation layer 2, said
control layer constituting a control |ayer region CG

(control gate) 15 of an associated word line W.. In
or de REIAS 26 LA BerR! DLa¥8Eosdillg fosmewe at the surface

I megnt 'rcge, @adéogﬂmﬂﬂm @;go:ﬁegiwelﬁ i2§i ggaﬁad %Bn%f‘@lld layer
sem conductar_substrate 1 or_in_the ho the fie

30 PRI Bt SPRSE ot hPEET n MRS (indéerool gace)
| ayer @n agrs co iEdred spondli hgneawti al regi on of the word
line W. electrically conductively connecting the

control layer 3 to the diode doping region 4 for the

puriFos@Td¥er ditssi gead g exces sl edde geP carg¢eerdinge. go  the
holi@S)entdd N bhi g yay, dob iy pesghbhe 4 0:80UAl HEEIt H® the

- eXCess

20

30

35

semiconductor substrate 1 or in the body of the field-
effect transistor structure, a diode connection layer 5
or a corresponding partial re.gion 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).

25

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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charge L in the sem conductor substrate 1 or in the

body of the field-effect transistor structure with the
potential of the control layer 3 (pn junction, pn 30
capaci tance) Preferably, the diode doping region 4 is
formed in a bottomregion of 18 depression V in the

sem conductor substrate -1, as a result of which the

di ode Bccandhecd5 poshti dngtirien 53 paktigcuUbebk¥ssion VvV  is

su I thin the en1co duct or strate
Eg?ﬁegcgggdgn%g %h?lwﬁx Eﬁﬁé QF&Onde%ESSS|cnfq¥W§§ as

foshéélth rirenche itsodreghidrs ot aﬂlmctsw beimvn'e]doa@ora line

Shﬂhloﬁéter¥¥5W§0|Q%fonsemgb%%%.E%ogelgﬁ%gp as a

line W as [ ows e sem conductor Fa e 1

a 5eppdll Clofhifit Ehpedépdae Soppingg negicon 4 is formed in

forfiedopRiman OBEHEHM dﬁeinﬁ,lyna@%ley bhgrdepth ofnkherrench
trenc? |sola3#$ﬂ STI hin_ t he sem conduct or

sub§PrafFacn er‘ﬁbFB a pa ofethePR{Rnepr substrate.
isﬁhathemmSTb ey pﬁ&ﬁalnfat*h®8tMW&ddh oisbbhetion STI may
depesshon:Veras Aunesuls ol W0 ubich g dyel st pic

| ayer i s formed between Tode connebt?bnalﬁy§P1t of
5 whdchhe §@@lﬁﬁﬁﬁkﬁolaxﬂbsﬁraﬁeﬁbrMQﬁ hérewpem pose diode

of cbﬁﬁb'c%h@ﬁ arpaedi i ongh %CEEHFC&dEQEBemﬁ%ﬁ@rate 1

control laver 3. This_additiona capaci tor
gﬁFt &hen PRI GPY IfRAAZE NSRS i 3R bFlamal heampeitor C

Ilﬂenﬁéctba cebt r ehel ayentZolio hhgekody or Thhe addltlonal

Lcon t or subst te.l It of which t
iggbégfgg%alc%lx?ﬁﬁ g? ﬁﬁeEﬁoanPPgEyb§b?ﬁ@uWél?Oupllnc of
cokhectwiogd dapiengn egioncartvel | lzpat att t¥\Prhasbalyyor the
prE%ﬁﬂkoﬁ@ub%ggersﬁﬁi§£§teIW.pa%g'le es%. ingea 20 v the

writing operation, tential "of th
ac EOFYFREEPTRS | é\?o@ﬁlﬂge Ft enthal Ié@t@lh"elwbr dbvi neher, well

t hepabycteduci agpanpotesdish ddf f aeence-betyeen yheysualiy
word lLin Vl an the body and resultlng in shortened

wr PEERGTE SHFabl ﬁﬁt% dyhm B35 EoheEpt SUFAng &

writlng ooeratlon, the potential of the body
accordingly follows the potential of the word line WL,
thereby reducing a potential difference Dbetween the
word line WL and the body and resulting in shortened
writing times (comparable wi;h dynamic VT concepts in
logic technologies).

.On the other hand, the diode contact or pn junction
between the word ‘line 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 1line WL by approximately 0.5 V, electrons are
injected into the body and ultimately eliminate the
charge cafrier or hole excess L - illustrated in
figure 5 - in the body thfbugh 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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25 logic technol ogies). .On the other hand, the diode
contact or pn junction between the word line W. and
the sem conductor substrate 1 results in upward
limtation of the body 30 potential. Mre precisely,
at the instant at which the - hagdy potential would
exceed a "LOW potential of the word |line W by

appegritizeewpr@ 5 ivie ghendnonslar er inj.ected ot @t le, a

bo | ti.mat-el v elimnate th harge carrier or,

ot 5 B, Lot RN o, SR QR Tal 4 Bt 1561 Gdfiae ene
bo¥¥ itRngugperasdmsi-nati on. An  equilibrium can thus '
be established, no equalization process of this type

taki ng place if the sem conductor nenory cell i s not
sef8ct BALS| VY hert widfdsPOFSRLLE  RegaPrewendr ¢k | iste-called

potentical stollofled Verfectexappbeend DRg¥oPOhENtd alyriting
roximately 0 V resultf?out5|de t writin

of he g
opggggpgﬁéngern t1s VARt s pBE§FBF§mPSepre@enEQ§Called
so-‘gaktkedoveodriwef ol | dwer refdheety tiher %mmirmﬂca@ N the
W Lk - f , exanple,  Furthernmore, a .. .
so?ggﬁﬁéaﬂaﬁgg%gﬁg§gp r?%e"%h$. F%ﬁﬁgéanﬁn—ﬁaﬁF@aHQﬁ*lonal
by It RE1PAddICYi onain capddiet or Circhds res@évébgpmanan  The

addietorahmeh@sf | ewibhl i t ¥egArhhe gircuifdey PPBN . 1 aver
irenments with regard to the control Tayer

The re uLg I A :
poP8ﬁFF§F§ §r pBtent?ALorPthe W d [Ghee, word line, a
r ekeabhbifytef dhetpat edtsulasbonthayen #dh pespetlespect

tox G h ate_jnduced drain, | eakage et c. _
1gtgaﬁ£%ﬁgrgg%ggé%ﬁ%%er%gg ST HoR t%rﬁﬁnba??%kﬁgﬁ?: etc.
ho®@Rer thenebyr ebel treade adssthmrrimpenved In particular,
| NhegEALIrON c1deNsidah1a ageoynk, pfyLhe i B0 9. cion

contact connection, since the space-inte
cOAFBRLLYNaP e PFCO8EHt affs &&% néRtRITGHES L &pdy20 contact

Aceondlengliyn, ovarald die sb£esrisabnBl oRCELHESNRN RS 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, thé 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
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field-effect transistor structure are significantly

i nproved or the electrical properties can al so be

retained for future integration densities. 25 In
accordance, with figure 5, in order to realize a DRAM

-sem conductor nenory cell, the idlustration

furthernore shows an upper region of a trench
caDacit@rHﬁ&laﬂthonhéstibﬁn@haﬂﬂxEFtObuﬁ@éﬁeﬁlbea is in

3 Ll $0 ion trench | ayer 7, which a
essen%’llgﬁjrbcl”f&g‘?d %h‘%%é%?ﬁaﬁfgﬁﬁﬂrﬁfhéhﬁnﬁﬁm%QQﬁé%Ctor
acé@bétﬁgtﬁo fli,gursidl YAecrbedi ngbyneattop |@§ddﬁ|ru;ually
| a Qi r ned ce trg
o e pe B B B aR b R A B e first
r eGPOAVEE 1PRe TERPR Pi AN Chiss eans i35t yeised vancdmswlating
| ag@ecBCG C(l‘Pﬁsgsé Vez@z@m r @k coat Sesf@tc t hegconppect 'd?{zrl:rlylng
of an. extg SrJrgbtrode or_counter- el ectrode (not

| PERLFE ST Lapaci T OVEAEY LT (eAl Of the

'buseedndonmadudm1qm atypBR (burled plate) is in turn

provided in a deeper region of the sem conduct or
substrate 1, said buried connection plate usually
coRpthongd . a e AITARNGR Watlr EaADuse Bhe thier stepfession Vv

CO&QUCﬂdIQerd’ y@er8cand bhugwconsdi LUEENg ;3 'Wtsugﬁ&' 19 self-
%ﬁe charge zone with respect to the overl

&PQﬁﬁﬁﬁr%&%?%??ﬁOFhésoﬁéﬁFﬁpﬁg quﬁdt9ﬁiween
sech&dcmmilmt |1m%zet%me gnd 16nél Hbl@d@h Ao n3C GAIEICR, this
I, e r.essjon y
P%R&{ %l%n Y et %ﬁmf%ﬁ%%F?d gF Gn%ﬂé%%bﬁp&clocatlon
coﬁnéct i @n igathlebgl"obta_alsl@d Hyet weerngelle canttld active
'a¥%51%na”ﬂAthezﬂ'QH%rQ?@hPere&hgﬂ 45h%f'§%%¥e5510n vV is

depr éssion nma e realized at a
| 08AEPBFEES Jéhdth¢ n2Pat Y e chlegi otal Ao Berar haAgedsi raken to

thén@@&bVth&@'ﬂ@rA@he|ge&®ﬂﬂfﬁid§ &@eﬁhéh%apac1tor c, a

depr.e n.vis arr e teaC|vere|on

gf @? SaRén e %ng ?é he fe r@aﬁloﬁQﬁ “side-

t hwaddpadittomd®, in the bottom reglon 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
rlmplantatlon and subsequently to fill an electrically
conductive material into the depression V as dicde
connection layer 5.

Figure 6 shows a simplified equivalent circuit diagram

of the semiconductor memory cell in accordance with
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dielectric layer 6 is additionally fornmed at the side
20 walls but not in the bottomregion of the
depression V, in order to prevent an electrica
contact connection wth respect to the seniconductor
substrate 1. Preferably, the,diode connéction | ayer 5
conprises 25 highly doped sem conduct or naterlal (e.q.

pokyglikecen) ﬁeﬁ@fcil I St GRS on il ?‘%g?esentlng

res [t of ich the di ode doping reglon 4 can
éPP FaFPgni R RRAREFPPRAME bétedinntegi Gmdof at hgepeated

deﬂeessupmlvnlbe;&@bﬁmyyﬁﬁséduwjﬁﬂ B¥Gsess steps. In

the sane way, 30 however, after the fornmation of the
depression V, it is also possible to carry out sone
otﬁbiSdOQQngvﬁéentexadpbaitromnh@EagaSr@h@@asorth static
me quently to fj an
elggﬁrﬁggbeﬁonbon ucti %Huterlagggﬁ%gaP% ¥ ?%%%?on s of
v hBedid@sic 3Borrmesegont dyeang. ofi gl @sshomsuad diode

si gphhtted caquiatad.ent | cigi {ndiagrai s &f LH@ dlode D and
se conduct ar nennny cell . in accordance Wt

Fe S8R G Cal r%?%rQECQQQHﬁﬁﬁst?eEF%E@ﬁFFH@ circuit

|dennd¢ahons correspondi ng el ements and a repeated
description being dispensed with below. 5 This

equivalent circuit diagramreveals the static (pn

j uRég1sR) 7andsdpwani c & capaoildiced profent i esriefv theE a

di gdfidenpbngcbedi fambrnd gf 1t he 353 etnce‘ﬂ g'nOdgccgrdance

connectign | ayer 5, fofr mhlch reason
t h¥EBpadit akde o8 c%ﬁtbéngaaﬁﬂéwlﬁb8re§b@ﬂ§iW@lcﬁﬁégﬁﬂated

10ptenditieons.f FEi giﬂ’n&ﬂoﬁdl@d\ﬁoﬁ Refpt{ f bedl phara¥beWens in

of nduct menor arr ement _ .

ac%gF gﬁgé%% Vﬁtghe pr%%#bﬁﬁt S %%ﬂWEQ?Qﬂﬂiﬂ$9mw once
asaoeiat ediant tah viedersnce sepmbohducterramsmringellbyers
ar LARYESEOhehfs ACENGRNCE W L he ?r %gggdgﬁgnplﬁ%gythose in

enmbodi nent, once_ again identica rence-sy
r eE?‘ggEﬁFl ﬁg | @9@r s tor which reason a repeated

description 1is dlspensed 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
represencs 2 minimum feature size that can be
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 ext~en_t such that the depression V can once again be

formed within the trench isolation STI, as is



and el ements identical or corresponding to those in
figures 1 and 2, for which reason a repeated 20
description is dispensed with below. in accordance
with figure 7, conventional sem conductor .. nmenory
cells and in particular assaciiated trench capacitors
may have at a surface a greater wdth than a 25 width

of ianuactbvedr egb@ﬂd%uj@feml {J/h ﬁ‘ﬁ@lélon e Lacement is
p05| ti_oni pr essi ans as illustra in

aF&e agagm dCFeht® go Pshaft Bi FA@HYE wicth Qh%5t*F%nc0n5 F,
cap@ust oreBTC.Li3y | mraccaar dantéiwi thtf i gmsal&tlblme of ‘the

tr i tor cor di_ Iydls aced
(a%%% %gggﬁn \?h‘zl i Fec eeoc%co 5ar‘TEl%dJ%l m%@ ?S Q%t%r brc
5| sénatqey WAtigheretlFr opspresertea wihl rpatient ufe order

si 2@ tdyurkd@nabeyrirabrigat ednbih i BPYLAPR}GA | YeshBct NS the

vva)é the trench 35 isolation, inits surface reglon,
CERPet ARAFHeRE  dRSUHE HinhcRPREBACI T BFuGTIkfe in the

upgern egi obhehelieafedsri @nlaykents syeh thatséheed in this

{r BReR RoPktion Brico 334 & M g Tt afilier n

10figure 8. Th| s di spl acemant is preferably carried out

i N, r apgg1 0f £ Or g tpozo 2 F’surg%p r%§l6|sts' Nge Egign of the

suffici ent i nsul ati on ressi on
r eSFESCT @atﬁ?éltq{bncl??%a‘ﬁka%Fboﬁ*DT@‘QHSI’V@@@%G@I iforgures 7

Wi ot la'ﬂﬂB:Qi % £t hgat 4@PantBglr @@l tHO HIHHE that, on
[ ion with respect to the_trench

suffici ent | n
cafFSSidBY:, ul g??ngdéﬁaf@&renﬁ rucddtes Ph t RETVESMRe  and
15 of dﬁfféaﬁeeﬂtecﬁateriayeprﬁpmlm f s tedsses | hbsougase about

i n t?l%qj Fd onllji Ot ge 1rnes'{ﬁ£]ﬂ ncgn SIcI.':l 8XI d ndlo Ijlrh% r\éqlcular in )
forns feo a surface cross sectlo 0 t% ¥ eREh _
capdé t GrepPd whinsmlata dn | Ustvenrt ed’ i n ¥t gures tossirelle  to

8 afdxargea fur ts'éqrf—%q\&%ﬁ'ﬁbe tdhe-ef f&%.ni@@:{ononfor the
ac%%%rgltcbofcatpg%ltgj eDrTecnt radii of curvature and
20 _ _
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
25 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.

30 Accordingly, & significant performance improvement 1is
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 capac_itive coupiing of the body .

35 +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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15 different material properties (stresses) brought
about thereby in the insulation layers and in
particular in. the trench insulation layer 7, it is
possible to realize a self-aligning contact _
connection for the trench capacitor DIC. 20 As in the
case of the first exenplary enbodi nent, the diode

f ol HEGHDe| dnike rt@mrle:sisi mg \émndﬁc’@@&is@dgr@:@éﬁ%lbag%rent
e n ve wor i ne/ bo

vo#?ghgglbah ?Srfﬁégka%ac%?%?(fgvﬁt ?%%Vﬁ%bﬁﬁgéb fixed

chwﬁég Reentiahe @h;ﬁwﬂnp@alandéomaﬂ@&uﬂgxks initially

copreelicen |ﬁ)éert1§‘é‘ds@|-§9|1§.'%% @%&&%‘1{;% )gaél“%’étéat §f the

enabl es a capacitive_ coupling between o Word

| i RE fOPRPbSPRI W wWEPE | ShefBodioRiNg agesioB0 4. Over and

Acebogienglst a ﬁb@@békcaﬂﬂnjpebéﬁéﬁﬁﬂgee'Qﬂﬁ&MQQRﬁ:oéé has
on%ge%gadn acC. when V\/f|t|1h$|t0 t he sem conduc

menory celi- s ?: ANCBFf eECTSIIF | AFPEBVERAPY Migafs ©f the
cazemaghiiags SRl beddtacid veheeldi dleeduriiqiiel ai’6r 6 at the

aCEhé&%ng? tﬁgrtkgglaéeb?e%%gnm}h%'Capac'%béfepurpooe of

coupl ing the word M°he

pr EEPseFyNYafthien@ddasd onalt epasudyopdt ent i al  t akes

place while the field-effect transistor is turned on
means_of. a transition of the word line W froma

%n( L "tf v'a A 'poPEﬁt i¥prde ling G, smikilizes the
r epokestinlanot n(t&ﬁaSdejZhaﬂ:nelseﬁlu{:bﬁ.ﬁhct()%haél%é'};grace In

t.h i onal fixed
cutsn Losuparedaah dsontents ons! Lot ell L
efﬁbétaPQMQpﬁiﬁisoOémIEnEJuaeﬂu@mndapacrtammbsﬁ*ah@ is
S ﬁBebEBbe@nﬁy the %b?ﬂeﬁﬂﬁgnﬂo&egb%% L1£9/r an%ans of

above t however, this capacitive cou pling,

beEﬁedé%chd%eB abidvetheap et isoved Bpneredasl ofOrt hef the
reﬁammbbgdSEtoQXI@@b@k*ﬁh@ dk&%%%trb%ob%ye%anatpEggcrlbed

g l e de%reSS|on V for thi pur pose of

ﬁlZlna %ﬁ|t|8anQEﬂﬁﬁ§to#e ag SFefenes (e.9.

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 92 to 9F show simplified sectionél views along
a section TII-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 idéntical or
corresponding to those in figures 1 to 8 and a repeated
description being dispensed with below.

In accordance with figure 94, Zfirst of  all trench
capacitors DTC with their illustrated trench capacitor
connection layer regions 8 and insulation collar layérs
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



Ininactive phases, the word Iine W. stabilizes the
potential of the body or sem conductor substrate. In
this case, an upper threshold for the well potential
or 15 the potential of the semiconductor substrate is
prescribed by the word lineJow potential by means of
the diode D.. If the potential of the well or of the

S e piroaediec t o&éﬁﬂﬁiﬁ&i@jl SQ%@!POVQ:I@' d rEsG! | beéjapacitor
e currents (e.g

thr due to var| ous_|e .
unc?’g‘on%l SAkagdy =t héh éPec"%?b%s &€ |ﬂf%§?§ﬂbwa qeprises
pnl'ql@ﬂildm oogpred h@odlytsdéldxzzm NGr@gite 4 @whch  insulation

d 4 ol es:{n t he bo Fi gures
giqt%%@glnﬁsﬁg\v% sél}r#pqﬁ? %’g“ sec‘it1 orat Jv‘?%ﬂso’éf%%g 25 a

Ssection Ill-111 in figure 8 for illustrating

eS@%ﬂh@ma'Hﬁi@dl§§§PscbﬁpEH%ﬂH§”écﬁﬁﬁo?ﬁ9§ﬁala r &O and

sem conduct or _strucfure in accordance w
ex@npfgggy Brbbdffent 2Yf8ent f cal “¥ereR enkeo symbens o‘ﬁblé are

ag @i tthesigrat IIrtg’.‘nﬁéCEnfﬁi‘ Sftalléd ﬂlﬁbt!if% i Qﬁnﬁilo%%brﬁhg?’%ctw ve
d t in fi res
g%ggﬁ@%@ Id:ebg}’%:rloptkl g?}&bel n@ugggﬁgns&fow Fﬁebelstﬁf\?qu{mucwr

10 acevbgaresan t Bhei gurengh, isosambnallsnerwfe preferably

capaghier SpPTCukhh theirg il T& {ench, ca ac'ésos'f for
35 connectl on | aver regl ons |nsu ation C

| ayEPL 17186 $halkey at&ench al%Qll‘.@éhQny reans\ehbynwa;@oxme

of layéanpl'EE@éI elbed n%t aREBH H i PRAM pFocess d np§551vati§on or
pigondugt or. substrate 1. Depending on a stand

pr ocess i espelc?'T’ 3 WedoFhe HHench &aPaci £gpacitors DTC

15 commeeniténlilgyerfBmed t hirs cese paetevabl yegoBREi S@%, top

20
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hi ol cof an trench i nsul . ation
|a§§%ﬁ%ggge efa Ilcgon'pér;]l seg' ;1:% i N OXi @ISR UsiFG Lerably

maSRTPAYEF c%hiawgm n§iP*RAR oxiede |a§éu2enamajy af PARed  at

ni thede | ayBbcdOiohg ench wxol at 'cQﬂS:%% (f r‘ﬁ r}, Brepared
furthernore formed for the pur pose eS|g g ac _
semiconductor substrate  illustrated in figure 94 1is

obtained 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 is 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 cthick insulating
layers remaining from the STI oxide are obtained at the
sidewalls of the depressions V. Hdwever, 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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regions AA at the surface of the sem conductor 10
substrate. The trench isolations STI are preferably
formed by neans of a conventional STl process for
realizing shallow trench isolation, a silicon dioxide
| ayer (TEQS) being deposited. ;hor the passivation or
for the insulation of the trench capacitors DIC 15

eSB@ﬁé:l: ag | yof BENEGrimed Re aotd ve: iegh oNs é@‘ ggpdepresm.on
ulatin yers whi ch qQnce again prefe

nIZpI I-QeWgIFﬁcSﬁS&. oRF &S CTARI AR tTeRas | 9If ar ﬁ@avgptlonal

t hesacéncatiethod, Thea cothesponsh Ngtyn Pr epanadie 1ayer is

-segélggggyg% o%’f’osrtn(aaf e | I I ust rat edBI nB}fll gure 9A is

al hed By Heans ofY Pr GBS, tppckness,
ac®od dof cBUDS @@uenguyengshedn bacﬁ:u bedguantorsiel, 1yt he
depressions V are then fornmed in predeterm ned regions
of the trench_ isolation STI in such a way that they 25
pehet fat EPConhEtRT iR hpdughhe hdepreseh amsoV atirore Biper  the

emlﬁﬁﬂomaghtfolrﬂiaitﬂdhe SEMteNdyabot i sHAS r@ & der 98k A1 ayer
éJI‘eSSI ons V rmi\g eblrLeaI i zed for exgngl e by using a
con\/entll onal® meB%S3%°1§’ used i nPETRRTFA I':Fczat"‘flc?-rllq of"’1 first
coembedimehes ofivsasy atcor taspgndbng aai Sagb(mgc 020 the
0 e erabl. g, garrie .
Xé&ﬁlééﬁ&él@o tsg'gng [y 3 }lll gn He Fedekhr fdy ?%‘? bottom

G ven a correspon S gh a men
safH &@6 RS Aen sUi f ixi eAs| phasekdopsmoat faory example,

| ayet s :LrnenEIaB'tElg:uflran the Th Q.)i’r\;ﬁearﬁfo‘.et% a'ﬂé%@lgfat carried
the 35 ds t he depressions_ V. However
| Q8 stﬂl ﬁ“rﬂ ereﬁﬁ??"éﬁeﬁteglé?lbg n@fle the thierst i garduetion

actywecyhfoh the dﬂﬂrmﬁ@dvlnt Feguire ®EURSEYURRLch are

t I I possible far a
prlg#: %rl cﬁgoﬁ? \ér %Ilbgga Pﬁ@&lugte‘it F& Shdewdiads
of the depression V, in \/\,hl ch case preferably by

MERfSe AfaAg copmenti onal; EoHRlL %ﬁ’vea fﬁflr?gjgl h\%%g*lal

di oxi de layer is, 6 deposite con or ma
saife tPFRRAE’S, dleSnEO@Wd@MQ—y Bt thetdhpadkpression

arTIrS(itnrOé)d:@@i‘didnca with the first embodiment, 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 least 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 subseqguently
planarized. '



After the formation of the depression V or after the
‘optional formation of the additional dielectric |ayer
6., it is possible, in accordance with a first 10
enbodi nent, firstly to carry out a doping of the

sem conductor substrate 1 in the_region of the bottom
of the depression V, a gas phase doping for exanple,

butni rehiiay t caglear ehei @idawl de@ On*"é@icﬂ% carriged formed

out. The dIO daopi i onNs_o |rs conducti on
Tt s BB R Ty B R ot ra bt 78k, BEdoRA Rep DY
ar eutplr.éfesablny dofi ghipardopeftrorar ehpr adaded cbnnébltSon layer

vey. afbiggvel d alopl eCULEAAL CONNELL Ve 110G oo out

rired as di ode connect | on ayer
5 deprbssrvAnZdYV dnd avbécharice whthlibe ffegstsary anyway in

en@@@bﬂ‘en@rob@s@mé:@epé;asein by naay Q'Eyexagﬁéedaﬁfho doping
el ectri Ca ¥ Cog}ﬂucté material is epOSI te over
23 JAg SHBLE

t hE®HABPE a SRt yIPl dhadiatdd @e gy a§imple
‘t haaanetace of the depression V, e.g. by neans of a
CWP nethod (chem cal 25 nechanical polishing). In
accordance with a second preferred enbodi nent,

10 howeveéccamtiatupe nyifthonf igerga3Cphadiseor the planarization

| mpl-apkabien 'osf cﬁ{é'&iﬂo&@tcoﬁ%@@ioﬂ' &sg&&y salfe8lostil@a at

30 formati on of depr essi on
f oF Rt iSO f¥Ce t hehB| 8&SK cYSE | ASulediSiongr emeiesdl | éne which

a deped isenmgoOnduehnpn aret @m&idlzﬁeﬁ@rﬂﬁﬁugﬁrgt@ée the PAD
conn at least in the de n v,

| a er
pr&lgF&Gﬁ/]f‘ 1315 *Fopt PotyEryEt &4F y Teans of a
15 semid:mndectemclumngr m@lth&@ samd ahee. gADpobcysliel ilpref 20 is

thefi E%av%agg édp beﬂnggngepgﬁ' t sglo%%f dge{]e etching

whol'e "aréa a sequen anari zed.
caBerthele di dde w@blng 3317 @hEaﬂlane fofged example, may

ausgﬁatahaalﬂyy B8d a/axtﬁ%a autadéit&tlt@ﬁ%,l ﬁé%esaéteyme, in
by di ffusion of dap ants fromthe diode connection

|a§/@ﬁc RFS n%l’és'fhé?lfwéi It reatAeht TRl R iosEarciieg laver

20 outinot illustrated) is formed over the whole area, then
an ion implantation is carried out and, finally, the
sacrificial insulation layer is removed again. This
yvields 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 1is 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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5 subsequently and which is usually necessary anyway
in later process steps. In this way, the di ode doping
regions can be fabricated in a particularly sinple
manner. 10 In accordance with Figure 9C . after the

pl anari zation or renoval of- tJpe di ode connecti on

| ayer 5 deposited at the surface, the nmask layer is

aI &@mbeﬁrem@ porlymlmh:orpa@:ee tovehegeyermpl @=¥ 3 insulacing
odi ment_.ill ustrate the, PAD. nitride_layer 30 i

S
se BYErve T EnovEd by Tt 8Flgaiéonnﬁﬁrl Yot Sty tutes
neahodhanmaﬂua&%Hén»mnha&m@nt 20ors reelleectingel the diode

y of a |n 0 A_vel -
SBiadIcgans o, SRcainofing, ilodafel by onss
oupoatntt Hits pohait thet Adedel wondnahreasenti Aswaref adjually

a saehiifeel aby i peshat ben hayels Ak {et 1kl kust ratedordductor

formed over the whole area, then an ion inplantation
| o SBETet ot SR SEUEANGUCERE TeFdons (Gxprurbed Dy ion

i NSuipdtan@a diayerarness dre@alesi again. This yields a well

or a sem conductor substrate 1 of the conduction type

p, opposite to the first conduction 25 type n, in the
actifirerwegidons 1 AA a¢eordencasevigih sifigiuee 9, uctheessontrol

howeyver. sugch ‘ﬁ%ume'drr@ta @%EQ”%tmﬁlﬂal SOr:she-apgeNthe gate

and an existin Opl n of e OppOSIte conduct1 on
t y pésptliat e onduct ¢ Npste@Eea dePIseekon3zef an

| N AcA-da0e Y édsrnau@w@emattéie_agat CahASWhatda@t icular of

Ia er 2%151%‘3%) entJ formed at | east  at t(l‘j%)< £
Yor°q %ﬁﬁ%ns RRCea PRErFRl 2 | S onfirst

pr&hmdﬁﬁqunxnygﬂx|p@pﬁéﬂabiythelngcoueredd out.

sem conductor regions 35 in order to realize a

high-qualitg gate oxide. Accordingly,. in accordance
wi tIR f ageeedancenstl ténl Jigwee BBcoveredaregisasion tSep is

actdnes, r&gtONaghin @ftfe'at%a t&‘@oﬁﬁﬁﬁ&eéﬁﬁrb%h%%%wf 20 to
t he di ode connection |layer 5 -
nanometers above” the sam;conduﬁto* substrate 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 2 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 1layer 5 is formed.
Preferably, in this case, firstly a furﬁher 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
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conprising polysilicon are covered wth said
insulating layer. Since this thermal oxidation

al ready constitutes a thernmal after-treatnent for
realizing the diode doping region 4, accordingly, at
the latest at this 5 point i_Lnokime, the di ode doping
regions 4 are actually realized by neans of

out diybbugoncha LBa; SRR IHC QL o SURST nat %.sl Lirried out
seni conductor_regions disturbed by ion .inplantation

ar BSafife S5 AT F IR S, m?ﬁeéééérégné@\M{Q?¥|@®r§°rm a
9D;llt_:)'hEyCQfﬁrrd)ictﬂxﬂa/etoﬁn:a&tfleﬂgllelbl wér, |29§_1ﬁt \Avﬁhld}hecase, at
surface at sul ation er. a _whol e-area .

deéggl t |S§¥1 é%’e 0 wlhé ri tfy @t?ﬁduclc’ﬁvecr‘?ﬁ‘t“é?‘ﬁ al (1% the
anaemnCpaﬂuﬁéatamaﬂErﬂakﬁN%élkmmm pod ysilicode oBCcéormed,
agagRnhet tEﬁof'ﬁgbosl§n@°n %%thgltygﬁgfgﬁgfG%EBEan, for

being carried out. In_accordance with
pl WRAFPZ ERFORt &5 sAePREHTEAC el AMRES éﬁPec@%dS lectively

st epphe@ apRERXi vatel YGnglg SRcha IersD@b%/@aﬁsheo: a
sem C ndug@or substrat.e 0O Prefera l%@ a_ CWVP _net hod
e

| SPEFPECEBA Y §E I i AnF I SbF At edPSBE AGE CRE use
I east apdlar, asitkelt reenchlatsalimf i Qﬂm@'Elt,eiﬂ hen ebyirtlcular
% surf.ac t rql r 3
a ggr?%%ﬁgb Cﬂ P% Saa e%cgﬁ%%%trﬁnogﬁaye%: B%é“ %ungSten
Flﬁaﬂpfldfnlév@ér§§nce with figure 9F, an electrically:
conductive connecting |ayer -for connecting the control
Ia r 3to the dj ode connectj on Iayer 5 is forned.
Eeamey i Skt SORaSd PGSt | §OR EXemde hi ghl Yemesited
dopeérsetrné:owducéoraﬁ@a/eas ofa t Barf:héﬁt nca@1<dU§fl R skYRRation

d t he. wh
Dol EER: G 45151 EPEFBFy PR ETRD S LoT WaPBPLPRing che
or@BAMtOSEmncb@duwmpﬂovmammg&ele&ﬂﬂlcmr cameuctfiiwlily ef fect
0ftr§ﬂb§s%%&” d&ldfﬁ“ﬁof%@%b@n@rggrtﬁgogeghh eF process

hi ghly 35 con uctive connection regr ons r sai .
coRREBEI ng LOFay¥R14d ieRSedni Zablbetpatlad akdegcrgption  is

2OSIHh§@@h&%@!euuth below. What are then essentially
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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 matcerials used,

alternative semiconductors and insulation materials can



netal |ayer may be deposited over the whole area.
Finally, in this case, a conversion of the surface -
23 layer of the sem conductor material 40 is carried
out wusing the siliconizable material 50 in order to
forma highly conductive canmacting |layer, in which
case, at the surfaces which are not in contact in the
5 SQEoconskict asedut gydatidesd | | €pAY N@ sy} | Chéeei Sthe same
forned, _.rather the deposited material (netal)
r em&iWET S - whi ch reason the deposit ed layers can be
sel ectively . etched back very easily once again by
nmeans of a preferably wet-chem cal etching nethod.
Besi des the use 10 of cobalt, nickel or platinum
tungsten in particular 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
passivation |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 wwth 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
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effect can be observed. 35 In the sane way, instead of
the materials used, alternative sem conductors and
insulation materials can 24 also be used provided
that they have the sanme properties. - 25 - Patent
clains 1. Afield-effect trans?®tor structure having a
first and second source/drain region (S/D) of a first
5 conduction type (n), which are forned in a
sRateowhdatabRssubstrate (1) of a second conducti on
type (p), opposite to the first conduction type (n),
fgr t he fu{ os§ of defining a channel region (K); a
gate ifhsttatfoRtfaGEr tYanstoFREdShEUERETSUPRRERTIOF 10
ténef channehdr egcond( Kpuraegantuial rdeayen ((3)/0)orded atirst

t of ga insul atjon | ayer (2); di pde
d%%?%géégéﬁon %% gof %ﬁé’firstl%%ndu%¥%on {3%%93(n)%n
wherehcordierpedstibrtrhAtepliposd of seeamindzigqpductlin type

diede &ﬁ%o&ﬂtéhﬁos%ﬁch@QHQt%%n%%%%ﬁ%ﬁt%ﬁﬁg’(dvl for the
electrically cgnductlve di ode_connection layer (5),

VP ERCEontecE et ReNdi 8delaBpEhgt fEyPBN (KU to the
congaak |ayarl{t3)on andyarde@)essbomed Vatf ofhed siur rhke of

qgggqgggggéfrr%ﬁygégﬁgg;f20 (1), wherein the diode

dopi ng region ormed at the bottom of the
depeessron (yeand(3Ihefdivdd atomiectsumgfiagepf(Fhe gate

bei g1 o1 sRd1 i Pethepdepression (V)  in such a way as
to dissipate excess charge carriers (L) in the
senftofBuerat "guBsiFiare (%), ohnBhesfaraitelconduics dcay erype
(6) j swhacmediat fidienasnl EsroftHhepudppEesYONreY)izing a
Qs{wggngﬁ e, di ode connegtlon | ayer gS% anglghe
T Contict P SUBsPFALEC T CFoF TRRS b7 hosél bf

an electrically conductive diode connection layer (5),
which connects the diode doping region (4) to the
control layer (3), and

a depression (V) formed in the semiconductor substrate
(1), wherein the diode doping region (4) being formed
at the bottom of the depression (V) and the diode
connecting layer (5) being formed in the depression (V)
in such a way as to dissipate excess charge carriers
(L) in the semiconductor substrate (1), and

a dielectric layer (6) is 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).

2. The field-effect transistor structure as claimed
in patent claim 1,
wherein the depression (V) is formed directly beside

the channel region (K).
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realizing a capacitor (C) connected to the control

layer (3). 30 2. The field-effect transistor structure
as clainmed in patent claim1, wherein the depression

(V) is fornmed directly beside the channel region (K).

35 26 3. The field-effect trah&istor structure as
clainmed in patent claim2, wherein the depression (V)

is formed in a shallow trench isolation (STI). 5 4.

The fiBhe- dfifedet-afifanti stoansistorturssmasctoiz med ¢haimed
ong PicPRtepiachabnms 1 to 3, wherein the diode
connection |layer (5) has doped sem conductor materi al

of e ReiR| rshe cHRRIIIDIPR yp&) 165(nformeda in a shallow
sermecendusb Dat peaongTeel ! having a sel ection

transistor as clainmed in one of patent clains 1 to 4,
wherein the first source/drain region (S/D) is 15
cbnnecile tfded dredifsiticapasntdstODTELrudmisecand claimed

SPAIr ggd dg Al agggkogl]g%np)lq cennected to a bit line
(BL); and the contro ayer 3?'constitut es a part of

" NRFRL T i nEhe( W OfEnnicRgNEEpERdi dalvaE t ol hhe g doped
| el {BhducOrt hea el oriel dofi N@heedkORst4) cbeingt f oF Med pe
bgl ow the word line (W) in the sem conductor

S

rB)strate (1). 6. The sem conductor nmenory cell as

clainmed in patent claim5, 25 wherein a buried

connecy | | f ectiyRY . :
cg'unt eée%cn?lr%édxgd%‘fatp% e%erngc}% %tgégci 8}715‘%']'(3 isselectlon
f o¥ R F RO has s@h@é’@ﬁ@uéflo@nguﬁﬁtPat@n*&lﬁ;, aime di bded,

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 perpendicular to the bit line (BL),

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

6. The semiconductor memory cell as claimed in patent
claim 5,

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).

7. The semiconductor memory cell as claimed in patent
claims 3 and 5, or alternatively by claims 3 and 6,

wherein the trench isolation (STI) is formed in strip-
type fashion in the semiconductor substrate (1) for the

purpose of forming strip-type active regions (AA), the



10

15

20

25

30

35

dopi ng region (4) being situated between the

connection plate (BP) and the surface of the

sem conductor 30 substrate (1). 7. The sem conductor
menory cell as claimed in patent clains 3 and 5, or
alternatively by clains 3 and B8/ -wherein the trench
isolation (STI) is fornmed in strip 35 type fashion in

t he sem conductor substrate (1) for the purpose of

f oremal sepipityge E¥iG)velyeyy ons (AAFL teetdia2Zy in the

trepehecapgehbhon ;WC) lying at |east partially in the
active region (AA) . The sem conductor nenory cel

as clained in patent 5 claim 7, wherein the trench

capaci The EBRCrohdacabri kemsukf @0 18 a Mt i cfh i Satent
grfgtgr than a width of the active region (AA), in

caSe in order to uncover a trench isolation
(Eﬁ¢;ead10hﬁ|MQenhe aeipiavwe toegi (MTC10 ha@A)at ties tswentdce a

CAPacht Afn {HJ0); d SETb%quceg% At o a i dint hel aghglnégglve_

trench isol ation e sen1con uctor
cEFPiar ci%ﬁhmdlﬂh ﬁ@ﬂ@#t cgpai m® $8“Vﬁérépn anover a

SstiréAce Cio65a8e6hi onsof) th&dﬁéﬁﬂﬁﬂgca@ﬁ§|t@étl&gﬂt}eglon

h al form, 10. The uct.or neno I
cTEhoa B hECBEn | Samanc tital MG | o %, SbB el A o
cﬁ@stheuteSjalﬁﬂAwlneancy mebﬂati&n AFme) hod for
fabricating a sem conductor structure having the
follow ng steps: a) preparation of a sem conductor
stibst rébe peplappAuCRSramemeast cedd tasersielimssl ain opatent
(éﬂgim @n active region (AA) and an associ ated mask
er 20 3 formati on of a depression (V)

in
t‘ﬁ ef‘?Je%cﬁ SP%SF‘S& GEoéngs)eancr?feﬂhe%d%r%df a?a%%cltor
t heTCsehmasoaductal substrate (1) and conprises a
dielectric
10. The semiconductor memory cell as claimed in one of
patent claims 5 to 9,

wherein it constitutes a DRAM memory cell.

11. 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) and comprises a dielectric
layer (6) for a capacitor (C) at the walls of the
depression (V);

c) formation of a diode doping region (4) at the
bottom of the depression (V) in the semiconductor
substrate (1) and of an electrically conductive diode
connection layer (5) for filling the depression (V);

d) removal of the mask layer (20, 20);
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30 layer (6) for a capacitor (C) at the walls of the
depression (V); c) formation of a diode doping region

(4) at the bottomof the depression (V) in the

sem conductor substrate (1) - and of an electrically
conductive diode 35 connecttof8layer (5) for filling
the depression (V); d) renoval of the mask |ayer (20,
20); 28 e) formation of a gate insulation |ayer (2)

at) | easormativhe ofurd agetof inhelationelrggiron 2)ANt Igast

fgwaﬁgogu%aeece@t EAk LRver.( %Lg%n' ?§§5 ;at the

surface of the gate I nsulation yer g
prnarﬁ?é@PBhOBfCﬁhéifQBFFéﬁiedayﬁﬁfaﬁﬂ a@tl gt at the
faﬁrascéhefttaecbatgohabugat&SIlla ard (h) ;formation of

I II t I 4
Bt CcoRnBBEF RS ERBRCOTE ﬁ‘:%%”e“”%%%%‘ﬁe%ﬁé disdeleast
c@nné@tlaa thyetreﬁrhamdoﬂheloapaswﬁmv aha (C) 12.
TH? ne;BQﬂa@§oﬁ|@E”%%'élé%¥ fijiéa éeégnnégtlng

step a trench capaC|
f b2 XY |w“bhe5§én1E%ﬁd&@m@@6§u%§arab@ (qgntng-féaypme (3)

pu;pnsema dfﬁd¢2tegnacssahcqnguﬁi0(5ﬁeaaaytﬂaﬂ&apééator
nethod as clainmed in patent claim11l or 12,
eln in step a) a PAD oxide |ayer (20) and a PAD

20 nltride | ayer (30) are forned as mask | ayer. 14.

Tgf mnedm@éhsha%geéégmgaelgf RRLept 5L 11 to

wherein, 1n's an ani otroplc Gxi'de ét chi ng
28hasehod | sncastiesd et foor tHeaiur PR Gt dor M BEC)  is

t hert H6PRESST b mMda 1R tHee g@ﬁb@@n@écQ&ﬁ'@%%éH}aﬁf (1)

gtent claim14, wherein, in step b) a spacer netho
OFarted PodPIEr ©%0 1%l bidibsé oFeF‘éFﬁPﬁﬁcttﬁé memory
dcelbctrlc | ayer (6) at the

13. The method as claimed in patent claim 11 or 12,
wherein, in step a) a PAD oxide layer (20) and a PAD

nitride layer (30) are formed as mask layer.

14. The method as claimed in one of patent claims 11
to 13,

wherein, 1in step b), an anisotropic oxide etching
method is carried out for the purpose of forming the
depression (V).

15. The method as claimed in patent claim 14,

wherein, in step b) a spacer method is carried out for
the purpose of forming the dielectric layer (6) at the
sidewalls of the depression (V).

16. The method as claimed in one of patent claims 11
to 15,
wherein, in step c), a doped semiconductor material is

deposited as diode connection layer (5) in the
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sidewal I s of the depression (V). 16. The nethod as
clainmed in one of patent clains 11 to 15, 35 wherein,

in step c), a doped seniconductor material is

deposi ted as di ode connection layer (5) in the - 29
depression (V) and a thernmal -t e@atnent is carried out

for the purpose of outdiffusion of dopants fromthe

di ode connection layer (5) at the bottom of the
déppesssdrn( WV)f oanthe pureposel of reaodest ngd st heah 0e® out
5 pi r 4) . £17 C I n.one
offggat{e}%% ?%al rrvss(ellOf ﬂ%ﬂ%\/&ﬂ?%ﬁﬂ %lj%n %?%Q{?Q B the
f fieflpy &RNNESItASNat |l@ryqrs clr i et 1@@utb¢*€)t01tlheof the

puepeses@bnproducisg the %Lﬁ%é@pbf'gprb%gﬂc(i%g( “he aBode
HBeIectrlcallydg nductive filling material is
s

R&GHenfPy °depbdi't ed as di ode connection |ayer (5)
in the depression (V). 15 18. The nethod as clai med

i pyone t c re| for
step e?ggnaﬁﬁb é%taglon é#oﬁegf}o%“ | §ferP %: ﬁgalmi 11
weP| 1Papl antation is carried out and 20 the

|WHE§€§ﬂt|Qﬂ %&Q%ﬁQﬁ'oWﬂfﬁﬁﬂ 'éhrfﬁgﬁgﬁkaéé%nTbg carrled
met hod _as c aimed in one of patent clains 11 to

whBFei FOTi ntR¢ ePEIPOSH & d@rloé’ylérl“(‘JZ) the fef—ﬁéa Qsplng
t hegirahl ¥4&s gate |nsulat|on | ayer. 20. The method as

C, T ReBtg gt Dot ERRABEELT, Ly 0h) MhShRn " s
neulbeqgupntdndderers itggere s 30)odw eedroramdias layer (5) in

cenBegthreskayar (v)

18. The method as claimed in one of patent claims 11
to 17,

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

the implantation protection layer is removed.

19. The method as claimed in one of patent claims 11
to 18,
wherein, in step e), an oxide layer (2) 1is formed

thermally as gate insulation layer.

20. The method as claimed in one of patent claims 11
to 19,

wherein, in step h), a doped semiconductor layer (40)
and a metal semiconductor layer (50) are formed as

connecting layer.

21. The method as claimed in one of patent claims 11
to 20,

characterized by the following further step:



21. The nethod as clainmed in one of patent clains 11
to 20, 35 characterized by the followi ng further step
30 i) further processing of the sem conductor
structure for the purpose of formng a field-effect
transi stor or a DRAM sem condd@ter nenory cell wth

at least one word |ine (W) and at |east one bit |ine
(BL).
1) 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).



