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- Descrlpt uctor substrate and

semi condu Hmmmﬂﬂ W formed therein and associ ated B3 MAR 2007
fabrication net The present inpvention relates to -

a seni conduct or” substrate and semitonduct or CILCgIt

f or med s associ ated .fabrication nmethods

and, |nb%§rgagﬁ?gg an SO substrate in which a

nU|tIp|ICIty of burled 10 capacitors are forned. As

the int ggfn"i‘EbﬁBu@%B%‘tys%s§fg'tgondmor %Ir%§#:d§1ct%rzl' circuit

in particul ar, a, storage density of

Random AREBES EBﬁBPF@s?néoﬁFﬁﬁGéaﬁ@dlﬁ@b@asetisn methods
undign ni shed, problens of accommpdating the required

storageq, a on, t he decr easi cell area are

encougteﬁgg F%%%'d ﬁh'VenQ&?%ouﬁﬁTgﬁgste6ﬁhléhl semlconduCtor
ref i nen@nbsgrate- @gdeﬁhmxewmﬁmca@accﬁocalando&hed therein and
stackeda§38a¢htaAS fiabAldLad R%Eh@ﬁ%aré‘i}@’ iﬁe%%r?tQ.cular, to

rocesses W || cone up agalnst t

gext 8% gter &4 afﬁgrﬂﬁbrW%Fﬁh |%té§ﬂéﬂ@d101ty of buried
capdci t oapatftbogi arandlormedl.ogue sem conduct or

circuits represent. 'a 25 considerable additiona

outlay. This applies in particular to high-density

so-cal | 28 "E@hedns€IDRANSD densityheohi geiny coptiuritoed circuits

a A\ ekl
and hi gghy spaGRsSeMdlheeh!l s Sl'.@ﬁﬁjég] 8%%%1@%2 pon s (Dynamic

require fabrication praces . y
eaglly %@ AoMbi n8FSHSEh a YeBPELes) pr§@§§énu¢he tO. increase

st dSageundjpaini shedi n z’ﬁRﬂMSems N Ar dcedntodatdyyy BRBY required
years oétﬁi@%élt 'éHbJ&N Bgong?e%ﬁ%a%:tn%s cell area are

keepi ng apacitance V|rt
appr oxi %@‘é‘il?/t%{)eﬂF mgEEp| ﬁéldt hénoé\ﬁar - deldrheasging totee: | technical

refinement of so- called trench capacitors and of
stacked capacitors is already : far . advanced, these

20 processes will come up against thelr limits in the next
few generations.

-Furthérmore, integratéd capacitors in - logic and
analogue semiconductor ° circuits represent . ‘a
25 .considerable additional outlay. This applies in.

particular to high?density so-called '“embedded_ DRAMS *
since the highly optimized and highly space-saving cell
design of modern DRAMs requires a fabrication process

) which can no longer easily be combined with a lc'JIgic
30 process.

The storage capacitors in DRAMs, in particular, have
many years of evolution behind them with the aim of
keeping the capacitance virtually constant at
35 approximately 30 fF, despite the ever-decreasing cell
-area. In order to realize capacitors of this type, two
different embodiments .are differentiated in this case.
Firstly the “stacked capacitor” which is fabricated
after the completion of a selection transistor and is

}
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area. In order to realize capacitors of this type, two -
different embodinents are differentiated in this case. 09 MAR 2007
Firstly the "stacked capacitor” which is fabricated

after the conpletion of a selection transistor and is

IIIIIIIIIIIVIIIVIIIVIIIVIIIIFII’IIII*OOOOOZ*O
9MAR2007 nnected to the transistor via a
dedi cat Odir%eo%‘i%%t °hoF§e t PRI 5% Ai@a 8f defiicated contact

st or agi@leect thde seifage emtea ged ftle extedide b¥lectrode being
virtue eq{lék%é’ Qi InfiétcaLexaﬁgﬁf' 9y ft P, fhe F?g? cylindrical .

enbodi nent_t nown | trenc cap _
whi ch &%bfl%rfacﬁ@rthe'l‘hgeﬁaqqr@n erediment tbat is known is

f or ped,tiee hoteenéh h aap&b}itbkgh iaspegiidt i @ase, before the
into m copduct or

dept h f.e is etc d
gubgtra el%gﬁt ri]etlé%fbsajﬁ %’F 18 F%ﬁ’?‘?gat‘éd oiﬁeY’éF]ﬁ aj yery high
bot h vé@dpafnts tetdorf at@eptht Gbameéeet) 0odasl0 eaphbd into a-

roughe@@hﬂsbﬁaﬁga}%cxg}‘s@;&lﬁg@@f%? thée@a QBQHSLOES fabricated
n m.s |
Junt nernsraabochs pBord Semiante tl??éép‘i“#refaft?]e%@ the electrode

t etOnolcagi calbendeavagheniedl t hanyf or &S&ﬁ@@ e ofUt UhRmispherical

the re a oIo be .able 15 to .
be achl%lég\gr{ag%um ng t]{1 b; r]mwer ells eonttﬂilvergﬁ a3hg-  HFG) i
capaci t9619€r Fhrt hérutmmr t h@%ﬁﬁentt@ Ca@2ati%ARcH. Despite

di scl Oi’!ﬂﬁas% nes o f 81 éabr i ealdedeocaraci 01 scfQ" %oreseeable
DRAM ceg sem condyctor circuit being forned
Pt e d

in
a first cFBULE6E: FAPAcitanse Ff{ﬁlt]1 g9 c1ey98F be able
cabaci ttor Peheiciyl ¢ ordredsingatbec dod tBersdeselapedbyonventional
means aRltidrachem cal pore etching. The two .

substrates prepared in this way are subsequently 25

brought into contact wth one another in such a way

t hat t Fercorirariredr ettse OBotlReneMEONGUGHOr 5@'2rc}1:ﬂ.tdlscloses a

_ method for fabricating capacitors for a DRAM cell, a
20 semiconductor circuit . being formed in a first
semiconductor substrate and a mu1t1p11c1ty of
capacitors belng formed in a second Si substrate by
means of electrochemical pore . etching. The two
substrates prepared in this way are - subsequently

25 'bro'ught into contact with one another in such a way
that the contact areas of the semiconductor circuit

touch a - predetermined number of capacitors, thus
resulting in predetermined overall capacitors for the
circuit. However, increased difficulties in making

30 contact with the finished semiconductor circuit and
also contact-area-dependent capacitances are
disadvantageous in this case. '

Therefore, the invention is based on the object of
35 providing a semiconductor substrate and also a
semiconductor circuit formed therein and associated
fabrication methods, it being possible to realize large

capacitances in a "particularly simple and cost-
effective manner. '



touch a predeterm ned nunber of capacitors, thus

resulting in predeterm ned overall capacitors for the 09 MAR 2007
circuit. However,' increased difficulties in making 30

contact with the finished sem condyctor circuit and

al so cont act - ar ea- dependent capaci Tances are

di sadvantageous in this case. Therefore, the invention

is based on the object of 35 providing a :
seni coltiddt gregamsst Fat Bhangerisenducseri suhdtrate, this object

ci TFZ]UIdtlr.-ic Olad ehvieey, ei Tinglnﬁa&%&@@'lﬁ&ed piabhegRs | U a carrier
met hods ng_pQs e tor
-capaC|t£%éﬁggﬁ$£F§§r%(:?%ﬁ?@ngVﬁ%?E §ﬁ@%88§Pt layer with an-
ef f 2ct iV WHatHian RYeVARL PgadFed in3bwwhenegar tufloiplicity of
~the Seraéﬁ}%gﬁdﬂs SHhst rélt 8ielBEE 9] ?Q&gs' §nﬁcghe§q_%’ctrlcally

in particu ar neans of a carrier.. trate an
sem co 6%poh%ﬁ?rla§8F\M¥Q?¥%?¥Pgns%laﬂPéﬁlpllCltY of

| ayer. sa:apaanerhno’edaebmg &oli‘h‘lletil pthCItEHeOfcarrler substrate,
depr es \!\éﬂf a d'seé #Jﬂ&ué S‘rlggl:?gf:ﬁ og this type, it

el ectrica Adbct Ve ayer
nmul @i pliisci Wsﬁlbl@pa(ﬁlqmlbelﬁ@ far Mmmcmwctor circuit

Carrlerf&lﬂ&ir%h%relﬂhe&ousbgg é‘oﬁ‘é‘gbﬁoegﬂﬁéeﬁed in a simple
substrate of this t ossi bl e, noreover,

i

for a SEHSndudiBt %‘?%‘?t d fRer éNFTEFSEE ‘capacitance
contacﬁunhh&annh|bexngnaqﬂ1ﬂammmner -capacitors -

havi ng an increased capacitance furthernore being

avai.l abl e. 15 The el ectrically conductive | ayer used -

f o} 3 f orfienekeretrigrlly| Fepdycst veagaramruse@cfppodéorming ‘the

i s prehenaliipn idiss, éﬁ)régﬁaéitéheeﬂé&&i%@e@f ikh@referably also
carrier, subsfrate, resul t_ of

mul ti pl5oFES? o b ﬁ&%l%‘bﬁ?a‘éﬁpé’& t%ti“% Cégﬁlﬁé Htafe, as a
i n_growmesuwatd dfi ¥ddigh paesulthpdizftegapdciindicdsivadn capacitors

b? rﬁa|da¥1|ed bd N éclfhl%ﬁ?é& ofn C@E‘Bﬁﬁgonghﬁg RALRNY "Prescribed

° IS%Q%J??éQH@%s y can be reallzed In the case of

corresponding patterning  of this electrically

coniductive layer for realizing a group capacitor having

a capacitance .of approximately 30 fF, the storage

capacitors requifed in the -DRAM, in particular, may

25 already be present prefabrlcated in the semlconductor
substrate.: '

The depressions fqr - the capacitofs are preferably
formed by electrochemical pore etching, as a result of

30 which a finely ramified pore system with an
extraordinarily large surface area is obtained and,
furthermore, short circuits or cross connections within
. the pores are automatically prevented. |

35. A high-temperature-resistant capacitor di-electric with
a high dielectric constant is preferably used for the
dielectric layer formed in the pores, thus resulting :on
the one hand in increased capacitances and on the other
hand in an improved insensitivity for the subsequent
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conductive layer for realizing a group capacitor

having a capacitance of approximately 30 fF, the 03 MAR 2007
storage capacitors required in the DRAM in _

parti-cular, may 25 already be presept prefabricated in

the sem conductor substrate. The dépressions for the

it .-fo d_by. el ectrochem cal .
por o et Shosast, ME Wiafing L8 el fzaflaR faf Ja “Semi conauctor
ram fi e§F1F&Ye ts it dpenisenigionauataor diarponent! dayer .

surface area is obtained and, furthernore, short

' ' 0SS _connections within the pores are _
gh{gﬁg:&é%&%gmﬁéﬁ%'Q%%Prsgpgﬂtrate is prgferably based on an

high5teﬁﬁ@rasubetresbsthaVingpaaitmnn?ﬁﬁyéﬁagf%héM FE layer as
a high ¢ : I.C ant_igs.Rrefera use or_.the
dielectgfgbﬁ§%%F e ned'i%ntEéB_oégggrt%ﬁsﬁ%ﬁﬂﬁQQHﬂ?_layer and
on the3n& hatiPs kR @dscarsapacisubstentand for thieich reason
ubSCaUSL 0 8 R 200 HERDE hEkhb, San BR modified in a
subsequent . - pro

the rgaﬁpfgff%ﬁegflgeseHT%%ﬂﬁﬁct6?“3ci?EﬁP@aFQ t processes and
seni Condabracatimporemaraaymses Hatsefe U ®dcan continue to
substrapg Lsepreferably based on an 5 SO substrate -
having-a nonocrystalline Si |ayer as conponent |ayer,

an Si 2 layer as insulation |ayer and an. S

- subst r awgthas fagak@r SU@Str?ﬁﬁa1HHtH%§ChiﬁﬁfsggaPﬁigating a
al read wn_f.abrication nethods can be nodifi na, . =
cost-e¥ é@.FSEdﬁﬁﬁﬁgr §H§S§Fgﬁ&ard%bFéEéXSesaanEPlGlP11CltY of

f adrS cadepreappanat uset ahab & echpavseocaltdifiddriil®ectrode are

to be W Leq t for Jfabricating. .
a seni g%ﬁ%ﬁgt_o%msu s?égf'té,erf %ﬁ%ﬁ%ﬁc{} -m%flfji g‘fqi‘%?t ¥ o 1elec_tfrlc
15 depr :3¥PBnd SantPR¥ kertedapacithy senfaeeebéctthrledepressions

are forard i no& cathieer disticadt e afthdhen & Afterward, . an
dLeleCtéigct£§¥§i1§scgﬁ &L%?%%dlg&égﬁiénjJé%g%(¥o;r¥2alizing a
multiplicity of capacitdr eléctrodes at leést"in the
multiplicity of depressions and a first insulation
partial layer is  produced . over the whole area.
Furthermore, a semiconductor component substrate with é
splitting—off. boundary 1layer formed therein and a
25 second insulation partial layer - is provided and
connected together with the carrier substrate by means
of the respective -insulation partial layers. Finally,
part of the sémiconductdr component substrate is split
off at the splitting-off boundary layer, as a result of
30  which the final semiconductor substrate with the
multiplicity of <capacitors formed in the carrier

substrate is obtained in a particularly simple and
cost-effective manner.

35 Preferably, . the depressions . are formed by means of

' electrochemical pore etching for forming pores in a
carrier substrate composed of semiconductor material
and the capacitor counterelectrode is formed by doping
the carrier substrate in the vicinity of the pores.
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and of the carrier . substrate. Afterward,. an

el ectrically conductive layer.is formed for realizing 09 MAR 2007

a 20 nultiplicity of capacitor electrodes at least 'in

the multiplicity of depressions and a first

insulation partial |layer is pyaduced . over the whole

area. Furthernore, a sem conductor conponent

subst e_W . splitiing-off n y N

t her e'lf}ﬁé aﬁgb%gigogec%lné %%%J éat P%%Hpgl?%i gFg%ég)%g%?&g%trlded
provi ded. and__ connect ed t ther with the cargier.

S UbsI PRI byP MBI o% (i pe it Py SStidul & | BRich both a
partial layers. Finally, part of the sem conductor, .
conpdheit StARRSEREYS spRsistayrge atande &plhigh ngli¥ectric
boundary | ayer, as a result of 30 which the fina

sem corniRimnty aubhbtainedth the nultiplicity of

capacitors forned in the carrier substrate is

obtained in a particularly sinple and cost-effective
manner. 35 Preferably, the depressions are forned by.
meanadf e1el@stiiQuhem ecandpeia vat chiaRerf Ofcborfdadizing the
pores in a carrier substrate conposed of
Se"‘Qﬁﬁﬁwﬁégrnﬁkﬁébgkodéeq t@%éfﬁ¥gﬂf ' an .in-situ-doped
counterelectrode 1s forned by 'doping the carrier

subst rarrtliecc;rpd&c eoxvi Ciagi E‘YL Ef 1Ished OE%%.teg 9an R %997erned in
- 5 Sfe capaci t or areféctii ¢ Useabrs pref era I?

nitride oxi de, A1203 and/or_Ti 02, as a result of ,

whi cHF WOt I &73%i YRt e*?rp‘lé‘r‘]g"twjel‘f’e"sir S?gn{;rééhmé%ah pacitors
dielectric constant are obtained. 5 As electrically
conddT \Re |egrringsd tRafoEm Ry IFRUP cogRRTierr -

el ectrodes, preferably an in-situ-doped sem conductor
material is deposited and patterned in such a way

that a nmultiplicity of individual capacitors 10 can

be contimededaxrd dron thersemi caphoitar .circuit, a DRAM memory

cell is preferably formed as semiconductor component in
the semiconductor substrate according to the invention,
the capacitors situated in the carrier substrate being.
contact-connected via a contact hole Which is filled
with a connecting layer and is formed in the insulation

layer of the semiconductor substrate.

In one expression of the invention, there is a method
for fabricating a semiconductor substrate having the
following steps:

a) formation of a multiplicity of depressions and a

capacitor counterelectrode in a carrier substrate;
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Wth regard to the seniconductor circuit, a DRAM

menory cell is preferably fornmed as sem conduct or 03 MAR 2007

conmponent in the sem conductor substrate according to

the invention, 15 the capacitors situated in the

carrier substrate being contggt-connected via a

contact hole which is filled wth a connecting |ayer

and i s.\for 0t i nsu) atsi. r of the

sem c%ﬂducﬁgr@ggégﬁapg OEE%EgﬁLé%)%prlgas%?%nagf tthl%ee surface
i nvent | there is a netho qr, fabricating.a

S CHDHTAATRE IV M (G SO S Rt Are

a) formation of a multi plicit)é of depressions and a
capaci®or cbohPaEéPBct Be PAt&e&RiRBer ofubdty ateteqrwically
MAR 2007 - 5a b) formation of a dielectric [ayer at

t he swdrgbrtiofe tiyafemreddiontiedmttofia Ny rier realizing
substrate; c) formation and patterning of an

el ect rd calltipldandiyc tdfv e dpayeait aan dlwe-tieleactat cddayterin the
for realizing 5 a nmultiplicity of capacitor

el ect radasi pati Jieastof MdgiRsdMddd plicity of

depressions; d) formation of a first insulation

partigf) | ayes bt ibACoRr 2C2336¢ ﬁ%%%g%%i%% TtGH '®lyer at
substrate; e) provision of a sem conductor conponent

subst rtéﬁ © prjo% Y tel?i %usr%l Ictet Iorﬁt_:ﬁcfef ggouri]g%r ¥u£a¥%£te"?‘”d

a second HMsUlation paratl al~1 ayer,; ﬂ: connéectron of

t he sem conduct.or, co nent substrate and the carrier
subst?g]te &ETHS PR | s uf aPPRYCRRALFEPTI SYEIPSTES S giRrstrate
an insulation layer; 15 and_ g) splitting off part of

t he sE¥itRordiuctRir ttddrgafdnt T3t ela¥efhe and a second
splitting-off boundary |layer. 20 Further advantageous

refi ntpenlatgpnt parthabnlaparare

f) connection of the semiconductor component
substrate and the carrier substrate at their
insulating.partial layers tb form an insulation layer;
and

g) splitting off part of the semiconductor
component substrate at the splitting-off boundary

layer.

Further advantageous refinements of the invention are

characterized in the further claims.

The invention is described in more detail below using

exemplary embodiments with reference to the drawing.
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characterized in the further c¢lains. The invention is -
described in nore detail below using exenplary 09 MAR 2007
enbodi ments with reference to the drawing. 0 9 MAR

2007 - 5b In the figures: Figures 1A to 1D. show
sinplified sectional views fogp LIlustrating essenti al
fabrication steps in the 5 fabrication of a

sem : rate in accordance with a first
exenpcﬁg(r]%/ﬁée?r{bl [ nezént; Fi gures 2A and 2B show

sinmplified sectional]_views for 10 illustrating a

seni c%]r%‘?%rl%utb%ﬂ%te in accordance with a second

exenpl ary enbodi nent and an associ ated nethod step

for fabricatPREY confddPlidies anfeFtdamar 200visys for
Figures 3A to 3C show sinplified sectional views for

i | lustratingidligbratangoessenitdalf draba iDRANIONS shepsy yin the
cell. Figures 1A to 1C show sinplified sectional views

for illustré&tbrgcasdenti af net heemstepduttotr hesubstrate in
fabrication of a sem conductor substrate in

accordance Wathozdhhest with Br gfiestedxexpiBhg’ ¥mbodiment ;
enbodi ment. In accordance with Figure 1A a

multiplicity of depressions P and al so a capacitor
counterelectrode El are formed in a carrier substrate

1, W%hl[eeyrzege%}gé 15 sem conductor substrate, for
exanpl'e, and preferably a silicon sem conductor

wafer. Preferably, a nultiplicity of pores P are
formed as deﬁ?‘@%’si on§?t thlﬁéegarri <=?re‘:tl°n""5l Views for

illustrating a semiconductor substrate in
accordance with a second exemplary embodiment
and an associated method step for fabricating

contact holes; and



substrate 1, which. conprises ‘e.g. n-doped silicon, by

means of an el ectrochem cal' pore etching nethod. The 09

20 carrier substrate has a dopant concentration of MAR 2007
approximately 1018 cm', for exanplg and is firstly

connected to a first voltage termnal "and i mersed in

‘a hydrofluoric acid solution (25% by wei ght) .

Situated in the hydrofluoric acid solution is an

el ect r odd P oedt®d% 0 a second voltage terninal. A

vol tage is subsemient| ysagoeiaieg betyge ? &I;glfl rSL: ews £
voltage term naI an the second vol tage fermn - or

sai d vol t age artddits ue) %9?%1%4%1%2“\?@[1’11%1 for a DRAM
The ¥ol tage di ﬁrfemoe:lyce:diét vveen the first and second

voltage 30 terminals is positive in this case, a

resulting current density anmounting to approxi mately :
100 mA/ EHEUTES tHh s toel Bet SHOMWens tmbl bbied esekitignal views for

met hod, 1ﬂdm@&r€t1@@pré§@éﬁﬂy ﬂl@@hbﬁms\@eg% afl end C¥abrication

m cronet.qr roduc in the carrier
substraIOg %fe?rﬁco e?ﬁﬁ’é%,tet% ArSPEdRRGe with a first

bet%enptrﬁéea‘meécemmdm eRboddimemtaf about the sane
magni tude, anounting to approximately 20 nm and the

pores b |ng arranged in spatially non-regul ar
f ashi on% d%’(ﬂ?? ™ith oFdehreo fRoduce timmeltiplicity of

capaci tdepreseliehel &Ctazwleaﬂso ah ddpa SAdY €Eounterelectrode El
substrate.l gpllglg of . the sem.conductor mater] ?

s carrt eg o exan'p aerzl‘lner t%‘ébvf@?ﬁtjy' ofhife represents a
porJer’s PsePF§P§Fia§F9r iswhstdmt 0 Eofoemanphleghla)nd preferably a

doped- 8RUitbHS sehgebhict@tlor GRIYC! I ve
dopi ng %%ass is fqrmed |Ethe pores andéfiﬁr?’ a multiplicity
|

out di f f iSedIHftD FhéTr FPEMSSURS r Sepresisionsantnoftie carrier
t her mal subettaeat 1,Fiwalty, corprdepisnge o aSs-B8ped silicon, by

f b
r_eg'gY?.d%egﬁﬁ Bie 18 DTerarih it B0 ptifiino mechoa. mne

re AL TPREf eSAISErate ' has a dopant concentration of

approximately 10*® em™, for example, and is firstly

- connected to a first voltage terminal and immersed in a

hyd;ofluorlc acid solution (25% by weight). Situated in

‘the hydrofluoric acid solution is an electrode

.25 connected to a second voltage terminal. A voltage is

subsequently generated between the first voltage

terminal and the second voltage terminal, said voltage

amounting to approximately 2 volts. The vbltage

difference ' between the first and second voltage

30 terminals is positive in this case, a resuiting current

density amounting to approximately 100 mA/cm?. In this |

electrochemical pore etching method, pores P

approximately 100 nm wide and a few micrometers - deep

are produced in the carrier substrate 1 after a few

35 mi_nutes, the distances between the adjacent pores P

being of about the same magnitude, amounting to

approximately 20 nm, and the pores being arranged in
spatially non-regular fashion.



phosphosilicate glass having & thickness of a few

nanoneters is deposited as. dopant source in the pores 09 MAR 2007
P, thus resulting in an n+-doping at the entire

surface in the region of the pores P in the carrier

substrate 15 1.. As an alternative,” of course, it is

al so posgsi %lr%«eltrg tc?f F?Bﬁu%%pogh@hggre)ﬁ%ggﬂgf 8Pu&gﬁﬁﬂ.gctrode El

particul ar essures
in the #Rbritdh® i oﬁaré’rlef-‘ren%‘lﬂtb%b‘p@bétorls Hydr afdpiord ¢ of  the

acid i Ss%ﬁ&@ﬁd@bﬁorum&slélhelgt chiant; ST of18 MY ﬁngexample in

t he dopj ass th et chant s also bein
‘to be ué}é% ccc?‘&'l&l € ':?‘t‘?e B-f JmRf® q1Yhe in order to
. el eétr othemi cal hlgbﬂ.g eicn;mdlgandn tt!ms)r @d@@télmumyutconductlve

targetegygeed 5 fﬁgg@hgoglagsa a'}%‘}l}ﬂe%f n ?'hr%eg%t?ﬁess P and then

t hei r densi tg nmean amet er,
of the Qepat #Pﬁ@dwam:@ I qqrrerwhgwbwem@e abl byt peans of a

be set enermalwtdeatmege. Fhihaudl,tRAPHPRIEL/A L is removed
t he rret$19? e;ggr aﬁ w? em.cg duct or  do i ng,

concentFatron of Yt RE EEChant T Co¢ufMEams sif§Fulting in the
vollagesemienahi ng&!uraﬂ-ﬂuntra(ﬁekin focdtiganee GAth Preferably,
Figure dibhs@ndh el SELEEC §RYSE ljzué§1nEUb§eqf:'fffé%x¥e?s a. few

formed at the surface of the depressrons
carri er"@RPRerare 1S GARATHEA yas domges suxRe in ‘the pores

3\12|03 amd/ ehudi easbe\rigggf AmTedh as - a@@a@ﬂgt l@lrt e entlre surface
I electylc er_t rea. Acc ng in or, o
to forrrjurllé\ n|B r(fé% OXi ¢ tﬁ Pr SOy hé’?nﬁ%’eoﬂa&ffﬁe&n substrate
of 1Bhe kard$ e@nsa%ﬁra@@lyean@fa cmnss@uem i talish rp;pss:.ble to

are cargfescout vapsran s naéézyﬁa%'ln gﬁdegfatg%l_? at low

realize the capacitor, digelectrics
that arF P 2867 15 - ¥PwR formeapke | bre the fabrication
deposi ten toenchr regpaonilt ogs . Nilyericd 1oy bectar Aisetbreferably

out. | n,adt il @hengPcHshRg £ - -
hi gh- te%rature resi Stant Capac t or i erstt P& (RPiRg  glass.
er etchants also being able to be used. '

Accordingly, the pores P formed by the electrochemical
pore etching can be produced withdut targeted seed
formation in a random arrangement, their density, their

25 mean diameter, the thickness of the separating walls
and the length being able to be set over a wide r.ange
through the parameters of the method, such as e.g.
semiconducto_r doping, concentrat'ion of the etchant,.
current intensity, voltage and etching duration.

30 | |
In accordance with Figure 1B, a dielectric layer D is
subsequently formed at the surface of the depressions P
and of the carrier substrate 1,. preférably nitrided
oxide, Al,03 and/or TiO, being formed as capacitor

'35 dielectric over the whole area. Accordingly, in order
to form a nitrided oxide, firstly a thermal oxidation
of the carrier substrate 1 and a subsequent nitriding
are carried out. As an alternative, in order to realize
the capacitor dielectrics Al,0; and/or TiO, that are



furthernore have a high dielettric constant, a 5

sem conductor substrate is thus obtained which is 09 MAR 2007
- suitable for a multiplicity of standard processes,

i.e. including high-tenperature processes, and

furthermore realizes capacitors having a high

capaci t pife€nesfofbt eﬁoéé‘fb!\@‘)l Caarg %%_9{{’3 g on L csoarlrdespondlng
S

d|electr|cla%f E)the pores P o at®
sur f ac"dFSTH %aF‘F‘Ve ¢ Gfysikaed eout . afinebesticoahky when using
con:juctlnw@l'magrepefiatuse sebssaaﬁﬁt |d(aﬁa§;ﬁ|'£&ﬂ: f&%electrlcs which
reali zi [ acitor_.e ectrq es at

ﬂgr {)}t’g Have ©] oft alg prgésel a

| east i n t licit BCon ¢PRstant,
di el5ect$¢’&l¢%1vé¥c@rl nsebgbrate réal i thushe ofiteligetr i which is

Iayer &@p@&]@letﬁ@r gl ﬁeueupqhut%%‘%u‘“stea\ﬁ%a l?)ré:'g%eﬁes-, i.e.

i's possiolhﬁgn rticu use a so-
rret hod (R oML ay 9o S8R 14 56h) W@Feﬁéﬁﬁl:ngam@yeﬁ"@thermore
of .t he realtkzed CWU-ECDI@ ndvingi i BUgh 4S8t Ltance.
| ayers. I n accordance with Figure 1B, by way of
ex e, _an in- situ-doped polycrystalllne
corftflc®orthat whobe-arga fsrpashonabify said dielectric layer

| n sitw dﬂ—peﬂu@qbdﬁeél B50anar EIQSPQ%' (5 %\(ﬁ'rfatéee o%gh% carrier
ar ea, asﬁt}bas ul t ,of whic r?%Jr not on are por es -

conpl et @d}buf? ot eOEHS Ca Yafé?nd%&}é’iq ngaver E2 is
all t heﬁhﬂtﬁwaryﬂfmr rfedmed t if@rsuréamezﬁzﬁgt he xﬁ;\iiltfiﬂlcmy of

substr o] ttern gt I3 OeI ctric
g?uc?tﬁ)a%ld& Eq%EtEnggl |§'}E10grela&p t?}e glzlgllcn.ty of
qure‘"d POLRn ghe %’r%}e@cﬁf—?&ml%’a}/@n@uct ive

Iayer E2 be| ng patterned by nmeans of conventional.

phot oresj s ubsequent. exposure.and final_ etching

in such a‘%/\%;/e th %ﬁjﬁeplF}E?tglﬁﬂeS’@rllﬁdl]\ﬁmalD and/or the
capaci tedleyt(rmcaﬂaipacbbnduetevw otkeger OE2,9r oEp i@f possible, in

capaC| R if i t carLie e ar.e »
%g fp%r I1nc‘9ig_('§;grdtgbnctg§ew ?héb Eaif’(’gécﬁﬁb m%thod (Atomic Layer

SRoRad HiHber FOF | ARVHaGa kayexstop (dthe order of
capaC| mynalte:der @de sindietitnalo dy dieict txaf&Fdn a group

In accordance with Figure 1B, by way of example, an in-
situ-doped polycrystalline semiconductor material and

25 - preferably in-situ-doped polysilicon are deposited over
the whole area, as a result of which not only are the
pores P completely filled, but, moreover, a layer
covering all the pores is formed at the surface of the
carrier substrate 1. In order to pattern this

30 electrically conductive layer E2 a photolithographic
method is preferably carried out, the electrically
conductive layer E2 being patterned by means of
conventional photoresists, subsequent exposure and
final etching in such a Way that a multiplicity of
35 individual capacitors (or capacitor electrodes) or
group of capacitors fo'rmed in the carrier substrate 1
are  produced, in accordance with Figure 1icC a
predetermined number of individual capacitors (or

| capacitor electrodes) being combined to form a group



0 9 MAR 2007 9 and realizing a-group capacitor

having a predetermined capacitance. Particularly when 03 MAR 2007
real i zi ng sem conductor substrates for so-cal | ed DRAM

menory devi ces, such patterni ng_m§y_be set in such a

way that in each case 5 group capacitors having a

desired, X 30. fF.are
_prod ucedﬁ&ggggﬁgggg rra?lpﬂf? . %lg‘lrL Ti RaRRAR Gefredetermined
Such pafRR2fikanFe: pP@Férléﬂbﬂl)aréM e‘elwd byaﬁeansgofsenm@:onductor

ani sot rﬂﬂb@tf&ﬁédsngf@ﬁCksdiE&i‘Pﬂéd SheAM asndidry devices, such
(Reactl Ion Et ching for exarrglu In order  to

avoi d FEIOLRY IR SetSRent R hauGht & Wapathebr in each case
couﬁter@tmrodep&bltamd t haviimwer @r dapaeedor capacitance of
el ectr oglg, I, el.@Ct F&C y preferably .
not rerrovel?xﬁ&g?nﬂ%cg??dgﬁceagea ?% Euhéd QQ customarily
first- ToEIEeAoln PRAM  @ellsayer 2A is subsequently

formed over the whole area at this processed surfﬁcg _

of the rier ubstrate EOCS osi_tion tho
(tetrae%c'%;}l1 d?atthoesﬁrf]irt%t é)s Z@rﬁ}&r&biﬁfpyeggieﬁfjeg:rPYed“eans of
out0 Irﬁnxﬁ@l@romxﬁreathzegabapkamathsdst asecha aGMRIE (Reactive
.net hod i&heﬁ‘t%ﬁhngl?ChafBzcaExaﬂﬁhésh'ﬂ'g) ?ﬁ¥rpr%f é\?t?]l.d' a short
be carriged out affer. the fornation nsul a

parti alCHEStt Zli\e’é‘ﬁ%eﬁ“nthﬁaf-’t-lfc@ﬁl &lapéptléilort [pounterelectrode E1

deposi tamdh tiie aifdf€B bayeapaddtbh aqeetdddee B¥,t fthe dielectric
F| gure ]E&eltLBtPgrgp%g%:%ﬁl\%urgégf{w?“gaconductor

onent” SubstTat of f boundary
I a} 3S and a second insulation partial layer 2B is
provi degh %&éf&&@céem\&eﬂduﬁieﬁr\é’af gk, 30 Wi tﬂr%t insulation
. silicon_ dioxide |ayer preferably oncé aga| n el

ng
provi d®PMPt hEAXEF | 28 P@ FHOIRABRRT LY | §9§¥‘edbéVﬁ§ the whole
-formed dnearestnstiof s hyrloogenedrrphalﬁhabl Of. the carrier substrate

1, a TEOS deposition method (tetraethyl orth05111cate)

20 preferably being carried out. In order to réalize a

planar surface, a ~CMP method (chemical mechanical

polishing) may preferably be carried out .after the
formation of the insulation pértial layer 2A and in
particular after the deposition of a TEOS layer.

25 | | | |
In accordance with Figure 1C, furthermore, a. further
-semiconductor- component substrate 3 with a. splitting-
off boundary layer 3S and a second insulation partial
layer 2B is provided, a silicon semiconductor wafer

30.. with a silicon dioxide layer 2B preferably once égain
being provided and the splitting-off boundary layer

' being formed by means of hydrogen implantation.

‘Afterward, these two substrates are connected to one
35 another at or via their insulation partial layers 2A
' and 2B in order to form a common insulation layer 2,
conventional wafer bonding preferably being carrled
out. More precisely, in particular when using silicon
dioxide as insulation partial 1layers 2A and 2B, on



Afterward, these 'two substrates are connected to one

35 another at or via their insulation. partial |ayers 03 MAR 2007
2A and 2B in order to forma conmon insul ation | ayer.

2, conventional wafer bonding preferably being

carried out. Mre precisely, in p%?tlcular when usi ng

silicon, _dioxide_.as.insul.at artial layers 2A and

2B, on.29" " MRaRP 50%’7“3% h é’é%%ﬁ’t{b? PREPPrR}8FoplAN jattractive
propertfesceanist t reactrited fonce the exesd eds@PstheLé¥0 at  the
substrat@snateihg conpesiing sgrfargeoh%?/lrrecgﬁgl cal% strong

very strong connection béihg realize
addi ti ect iR mitein®eatReAl z86d bYie nesnof of an additional

addbt i orteérmahneckabfiene! dNing §8é ebiral-3iR8IR31 connecting

ableto S In _accordance wth_Fig
aﬁbeb(%éﬂ?%urg%tersl% 55 tPEHPI ¢ ﬂ%f%eh?c%d%ﬁa?nsed with.
corrponent substrate 3 is split off 10 at the _

splitting- &ééo?&&ﬁééf%ﬂtﬁyﬁﬁl e 3p 3 Efﬁ%ﬂ%i_\é"f WhiCloer) par

the fi nli sem conduct or
mul tipl9 |’}e%eo?e%h??%‘auﬁ’éﬁécFPBPQn?§to§tl§>|Sﬁe‘éteTl3l ds split off
S]E)llDt]tclatg ohé ppmiesSngSoﬁEeﬁﬁiﬁ{dﬁ&yefféy?éle%?y ]gg?as result of
~of a r e.u art o he
%5 wat AHEH i TBint RBLTLEn AOROEST fiiks are S with a
i npl ant“ébll'-'slpﬂlltqlﬂng o ff b@m@e}ycaayentbmst héscasietadfned. This
the hydsmgadt idgpl ot api-eped@scid b
al tern%tti ve %ﬁg s@ [ tte] ng -o%fsgsggg\églﬁﬁkcwd by means
"smart cut® §rnag 35r56§’§PBFe t&ecampeopart of the
201$urM$éremetbmt§ummchoﬁs eog. bgengo epllied k())ff along the
"ELTRA t.or er hei

dmp 1@{&(&1 SBlFPEgH ngary e in?i fhé%p%?e‘? case of

. used as splitting-o ayer
part oft ethé‘%@ﬁ?%%duéﬂ‘@ﬁ-a@@ﬁﬁé@@nt @.ﬁbsnmcia 3abeveg As an

abl e t@alteadddited ebf this ”?s@)'l&t@fln@ |o'f@'”€r4>8é s2%nown as a

5; g%euéﬁ\aﬂd ELovr g etBoaiovs 8l MR 118 sectional o carry out

20 further me;hods. such as e.g. the so-called “ELTRAN”
method, a porous semiconductor layer being used as
splitting-off boundary layer 3S and the upper part of
the semiconductor component substrate 3 being able to

_ be lifted off by means of a liquid jet.

25 '

Figure 2A and Figure. 2B show simplified sectional views

for illustrating a semiconductor - substrate in

accordance with a second exemplary embodiment and a

method step for realizing capacitors havihg different

30 capacitances, identical reference symbols designating
1dent1cal or corresponding layers or elements and a
repeated description being dispensed with below.

. In accordance with Figure 2A, the electrically
35 conductive layer E2 may also be patterned in such a way
that individual <capacitors are not grouped, as

illustrated ‘in Figure 1C, rather the electrically
conductive layer E2 deposited at the surface of the
carrier substrate 4is etched back completely as far as



for iIIUstrating a sem conductor substrate in

accordance with a second exenplary enbodi ment and a 09 MAR 2007
met hod step for-realizing capacitors having different

30 capacitances, identical referen g synbol s

designating identical or correspondi ng Iaygrs or ;

el enment nd eat descri ption bein i spense

Wit h be?hg %réfr&;%%rda(ﬁge \%%Fh FahhE A, ﬁglel’ﬂ%tpate or the
eIeCtrI@a¢1§Ct8500éﬁNG@tEV@ﬂzﬂhﬁ élhaﬁgaddriyknbnductlve layer
patternggd &8 %HQEe@\%ﬁ&ytﬁﬁutbn@hé'EH?Eagép%ﬁ'E%thores P. In

are not. grou ["'ustrated I n ure
_the el eE’g%ch!PP’y nd %?H?JeC?%&\ércegdaeses’iEt sgnzectien of the
surﬁhceinﬁlvhauamareapacsubﬁsrEﬁﬁéIdﬁﬁﬁdﬂﬁﬁi bagkctrodes E2 is

R 20
C?H?L:t cé%’[??éréZLb Jfa?’z‘l orr?ﬁﬁondlté?eecfzﬁpecllﬁﬁﬁr gppacitance

or t he epecthd carfynednderselweiveler byFoway fafl | ele size of a
only upcéathbe ny1kace of the pores P. In this way,

no el ectrically conductive connection of the 5

i ndi vi dual capacitors or capacitor electrodes E2 is

obtl&i nediccéodimplgh réasoactbedaﬁpaciWﬁthcapﬂgﬁf@ncgg contact
can be eg,1ex S lyeb f i

cont actgﬁ%lég q,llo gAllédgor MF ﬁl}@éa%cordg}l%éé m[%l¥ "be formed by
Fi gur e D& oAt Masd elsamr aMd whigh diohtecenthadiesesincover a

‘my be &Df fetedy nﬁﬁb@i(ﬁfihﬁﬁﬁ*lé@afrc3$a8@t695 or number of
cont act - hol es, unco rent number

of .
o vt AR, BEPEtBpaRanEe. Gte 'RapstrLhs of which a finely
el 86t r ogteanEPar asesitiogulaf i ehpabimaftaekpnlalso be realized

granul afn sehti g Qfy 2 ¢aBa¢LLRAGE C%ﬁ' égébef5§a|5%29121ng a

in. alater faprication process I Z1 ng
respect?%%P%%%+%%nﬂ%@%ﬁ?nQPFEaFtClFFgaFes 3A to 3C
show sinplified sectional views for 20 |IIustrat|ng

essent | @l gELNI0g 8L £9S SN 16 1 4

i .
1

semi conductor circurt in a senlcohgﬁgtor u%%??%?%a v1ews for

.20 1llustrat1ng essential method steps in the fabrication

of a semiconductor circuit in a semiconductor substrate

in = accordance with the first exemplary embodiment,

identical reference symbols once again designating'

identical layers or elements .and a repeated description
25 Dbeing dispensed with below. |

In accordance with Figure 3a, in order to réalizé é
DRAM memory cell having a selection'trahsistor and a
pore capacitor PK (i.e. a number of buried individual

30 capacitors combined in a group), firstly a shallow
trench isolation (not illustrated) is formed in the
semiconductor component layer 3 for realizing active
regions. |

35 Afterward, in accordance with Figure 3B, by way of
example, a conventional ©process complex for MOS

- transistors 1s carried out in order to realize a
selection transistor AT as semiconductor component to

be formed with source/drain regions 7, a gate



in.. accordance with the first exenplary embodi nent, :

i dentical reference synbols once again designating 09 MAR 2007
identical layers or elenents and a repeated '
description 25 being di spensed w4th below. In

accordance with Figure 3A, in order to realize a DRAM

menor y le 18041 e ngi r 4an

capaci tca%?lF?K d”goi; %ur%% Oc?ubu(?l 2é§%%dl Vi %’uaﬁ:org%toel layer >
capaci Ot s¥ FRedWin andg r%uﬁ)atef iy laty ashapr ogncapsulation

trench Hasdlmaf i @nniteatel |datsdraied) alsrf @rnags i ﬂlEP:@de spacers

. sem conduc CQIPO ent a 3 faor,realizing _
regi on;gg Ig&,&fter a h ggc&ret?fﬁcde WPt Iy iﬁ ‘é’Bgual method

by hay _Sé?fepsexan%fél,‘elaceon\%erﬁxnﬂmedlqﬂnocmaéecdnmrleemd othe known

MOS t I3y MdSS i Hdgd out in order to realize a

sel ection transi stor AT as sem conductor conponent to

be formed with source/drain regions 7, a gate 0 9 MAR

2007 Rrtedivarettirin ordergaie ﬁé&ﬁﬁzéay&efccﬂnm@cltlon region to -

control el 0 e n gate_insul at

or encarglsul&gt{rlo%d %aﬁgégkggnlytgbed%%%e??gﬁcf Olér geCtIOde E2,
ant0 mtaruw%agﬁ'éeh@lesvfﬂeﬁ ’éﬁﬁmpﬁeatwltdastegamdthe insulation

the i ndiayieduab natdodn? sssﬂa§coﬁsﬁeasececdngp&a%ﬂ Chbl¥r 3, in
made he?‘r} o the known 53n ard

Af t er witt ot er 1 6PP e APz PTESENTFe @ h orR% cGRER P?Slde layer
t he burqzedth@pagater dneﬂ.ectltréccapamtntseIBwéﬁdenﬁ also be

10 a cQuiRkle \11&; fornmed at least’' in the
i nsul ation Iayer 2‘3l d t he semi conductor conponent

IaJ;/% 3, in which case, given the presence of the

gate OKhdeaJ:@ézfﬁﬁan@é i igaregdirel epl i ¢nd EbhSad@YBble v is
noved. | ocal l%h 15.In aitiordance W th

Fi gure%olgmetdhe thRtAEY. ool B¢ sddewalls of the spacers 8 of

the selection transistors AT, as a result of which a

respective source/drain region 7 and also an associated
20 capacitor electrode E2 are uncovered. Accordingly, a
relatively inaccurate photolithographic method may be
used for realizing the contact holes V, it merely being
néce_ssary to ensﬁre an overlap between the lithography
openings and the selection transistor encapéulation or
25 the spacers 8 and the covering layer 6. Accordin’gly,'

the contact holes V may be formed in a self-aligning
manner. ' )

Preferably, in order to remove the insulation layer 2
30 of the semiconductor component layer 3 and, if
appropriate, the gate dielectric 4 in the region of the
contact hole V, an anisotropic etching method and in
particular a reactive ion etchihg (RIE) is carried out.

35 In accordance with Figure 3C, a connecting layer 9 is
subsequently formed in the contact hole V between
semiconductor -component or the source/drain region 7 of
the selection transistor AT and at leaét one capacitor
electrode E2. Prefefably, in order to form said



formed directly at. the sidewalls of the spacers 8 of 09 MAR 2007
the selection transistors AT, as a result of which a

respective source/drain region 7 and al so an

associ ated 20 capacitor electrode £ are uncovered.

Accordingly, a relatively inaccurate

photol i tbeqegphhg methpskay ge used fgh Lgallzing, o.ey- doped

t he cont act holeS_V, 1t nmerely being necéssary to
ensure BH %9%4’?5%%%?%@@%%@44%%@? aptyer ppanéindgs: particular

and thepsbjzetjzsaalliﬁ63|§imcc&m,ca|a%u|ééia@éh@édz%\}éle the whole

cont act *hf o2 o NECHARERY | rebehefly Epen Jptrosically o

manf&er . am@@rgmgallm vidbt totpetbeecbheacnshbaki un
layer 2 30 of the sem conductor conponent |ayer 3

and, if %)ﬁroprlate the gate dielectric 4 in the '
regi on DFIRhEY cdht &deoI @ \Commlare sbheopRAMememory cell, an

nmet hod ﬁmdermedpatélEﬁbalaalbﬁthw%QlrUTW¥ﬂH“dEbi€1f§e contact
is carrf %ut 35Ina cordance with Figure 3C,

~ connecthg TayEPTEeHs chéléq S5y ?B?Frgﬁt| H‘”ttﬁb a respective
coﬁ@actcmbeﬂlﬁlbmméersommﬁghmt segiompoherdf oththeselection

sour ce/ g ZhdH & €84 ONa¥, of 1t hgréglecgbo éég %stgr Ne1line BL,

and at % a%{ one caggmtor Iectro e )

in or det 1% ¥¥r nfRaPdeetEifRRIY0FPRductiye M@Cﬁq rilg-?lyer 12 -is

| ayer 9lsofufoteedi naatit updepednegol war yirad | |s’1ﬁfface of the

'semi co r ul ar.

poI crysta %ﬁn%f%?% %gﬁglfwlgﬁ 18 F&d 10veP hFYiHgmery manner,
é aneh @y bseguering et%hé@ebaﬁ:imalsoswpnoablly wirew 50f a DRAM

an' sot reghea) | ¥elhghcddit@indie coontae
Final 'y, Inﬂtrde[ﬁéo conpl et@e he DRAMlﬁg%gtr:%//O%ea]s 1llustrated

i nter medt ARl Gtion | ayer 10 with a bitline

contact 11 is formed, which nakes contact with a

r especting 1QvEREPLE ”ﬁﬁfsarﬁée.ﬁp Lﬁ§§é%{]§‘é<§] 0538{/? n OZ (Efrxe basis of

sel-ection transistor rea
?PIHéHBL OI substrate having an Si carrier substrate, an Sio,

insulation layer and a monocrystalline Si semiconductor
component layer, polycrystalline silicon being used .as
the electrically econductive layer and nitrided oxide
being used as the dielectric layer. In the same way; it
25 is also possible, of course, to use' alternative
materials and corresponding layers for realizing the
semiconductor substrate according to the invention and
the associated semiconductor circuit. In particular, an
- electrically conductive or electrically . insulated -
30 substrate with an. integrated capacitor counterelectrode
may also be used as the carrier substrate. In the same
way, besides the dopings presented, it is also possible:
to use the respective opposite dopings. For the
electrically conductive Ilayer, in particular, it is
35 also possible to use metallic materials for realizing
the capacitor counterelectrodes.

. Furthermore, the invention is not restricted to the
DRAM cell present, but rather encompasses in the same



finally, an electrically conductive bitline [ayer 12

is also fornmed and patterned at the surface of the 09 MAR 2007
intermedi ate insulation layer 10 in a custonmary

manner, 15 thus resulting in the_fipal sectional view

of a DRAM menory cell according to the invention as

i |l ustraapdankn s’:énﬁ.lﬁ&lcﬁfétoﬂhecélﬁk\/&%ﬂ@ g ?Qe formed in a

descri bed abov asis of 20 an S

havi ng &f™ éFOBEPFF8F trate %ﬁFQﬁQ%Pglﬁ@uﬁéﬁlvaentlon and

| ayer amdke monoecyswalthi re BhiriseM e via a contact hole
conpone I ay y # Si op, bei ng used as
t he elegﬁgléa ??ngg%%ﬁét?égg aggFu3%88 FP?FS@% oxi de
bei ng used as the dielectric Iayer In the sane way,
it 25 is also possible, of course, to use alternative
materials and corresponding | ayers. for realizing the

" sem conductor substrate according to the invention and
t he associ ated sem conductor circuit. In particular,

an electrically conductive or electrically .

i nsul ated 30 substrate with an. integrated capacitor
counterel ectrode nmy al so be used as the carrier
substrate. In the same way, besides the dopings
presented, it is also possible- to use the respective
opposite doplngs For the electrically conductive

| ayer, in particular, it is 35 also possible to use
nmetallic materials for realizing the capacitor
counterelectrodes. Furthernore, the invention is not
restricted to the DRAMcell present, but rather
enconpasses in the sane 0-9 MAR 2007 - 14 way any
sem conduct or conponents which are fornmed in a

sem conductor substrate according to the invention and
make contact with a buried capacitor via a contact
hole and a connecting layer situated therein. 0 9 MAR
2007 :



- 15 List of Reference Synbols 1 Carrier substrate 2,
2A, 2B Insulation |ayer 3 Sem conductor conponent
| ayer 3S Splitting-off boundary |ayer 4 Gate

dielectric 5 Control layer 6 Cov_a'%n_g | ayer 7 .
Source/drain regions 8 Spacer 9 necting |layer 10

| nter mech ¢ € # NBA S 400 | QY&E 1 Bitline contact 12
Bitline | ayer P Depr esg?on, p%%gés El Capacitor

counterelectrode D Dielectric |layer E2 Capacitor

el ectrdde S Sem careitiei OF , sepdetigbe M-Mask |ayer V,

V1, V2 ctyhole PK (G oup) Capacitor W. Wordline

BL Bitlzlqg?% 92’{]/1!&;%@75“-"’16}3{?& ms 1. A method for

fabricating a seniSewidtonducsabstompenedavi Hget he

fol lowizzg steps: S5s); 0@t d multjplicity of
T el %

depressjons and a capac]tor coun
‘subst rat &ate dielectric:

carrier '

5 Control ‘layer

6 Covering layer -

7 ‘Source/drain regions

8 : Spacer

9 Connecting layer

10 . '~ Intermediate insuiation layer
11 Bitline contact

12 Bitline layer

P - Depression, pores

El ' Capacitor'counterelectrodé
D Dielectric layver

E2 Capacitor electrode

S Semiconductor,éubstrate

M Mask layér

V, V1, V2 Contact hole

PK (Group) Capacitor

WL . Wordline |

BL Bitline

09 MAR 2007



b) formation of a dielectric layer at the surface of .

the depressions and of the carrier substrate. 10 c) 09 MAR 2007

formati on and patterning of an electrically

conductive |ayer on the dielectric hayer for

realizing a. multiplicity of capacitor electrodes at

least in the nmultiplicity of depressions. 15 d)

formation of a first insulation partial layer at the

processed surfaaémsf the carrier substrate. e)

provi sion-of a sem conductor conmponent substrate wth

a spli tlng of f goundary | ayer, and a second

i nsul ati on Paferard aper ; %Pf#gaﬁﬂnguﬂnsemucﬂnd&&tor substrate

sem cohdutngrthenponeotungub@é ate and the carrier

sulsstrgie a i ngulat | rtlal aers to form o
.an |ﬁéula%?%ﬂ %3%r8§ ﬁdnﬁa%§8 ity fd%nﬁqssﬁons ‘and

the sefi c GRRRAIGIOT onponBherelBcsubeler at e at t hg, a carrier
spllttmnlgs@fét@oundary | ayer. 2. The nethod as -cl ai ned

in cI characterized in that, in step a), al)

an el'%éroﬁlfﬂ‘%%}orbo?g et E‘Hﬁﬂrgqtglcarlleiy@ar out far tid surface
form p& dspreps ESAEONS | Nadds et CuHllC

substrate., and a2) a doping of theggem' congggfo(rer substrate;

substr te| carried out in the vicinity of the pores

for n%’%“?ttﬂrqrher aglectpateetryingndut i ven | fié/l%ctrlcally

as 35:mﬂhmni\m taparer el ectgodey Q% MAR 2007, -
a Th%ég¥tkf%ew cIaIEEd in cIaIWIS 1ef@%tr1c layer for
g a’. tiplicity of capacitor electrodes at
least in the multiplicity of depre351ons.h
15 4) formation of a first insulation partial layer
at the processed surface of the carrier substrate-

e) prov151on of a semiconductor component - substrate
'w1th a splitting-off boundary layer, and a

second 1nsulat10n partial layer

20 f) connection of the semiconductor component
substrate and the carrier substrate at tneir
insulating partial layers . to form an
insulation layer. and

' g) Spllttlng off part of the semlconductor component

25 substrate at the splitting-off boundary layer,
2. The method as claimed in claim 1

characterized in that, in step a),

al) an electrochemical pore etching is carried out for

30 forming pores as depressions in a semiconductor
substrate- : and
a2) a doping of the semiconductor substrate is
carried out in the v1c1n1ty of the pores for

forming a further electrically conductive layer as
35 capacitor counterelectrode. -



characterized in that, in step a2), a2l1) a formation

of a doping glass is carried out at least in the 09 MAR 2007
pores. 5 a22) a thernal treatnent is carried out; and

a23) a wet-chem cal renoval of the.dqgping glass is

carried out. 4. The nethod as clained in one of clains

1to 10 3, characterized in that, in step b), a high-

t enper tureg%%§istant capacitor dielectric with a high
di el ectric coffst MAELPRAfordfed oleimetie wihpl e area. 5c1aim o

The nechedaaserliaiededn thaltai Mo s%éf;o%'}&}r acterized in
that npbridgd gxide.. Al 203 and/or i i‘'s fornmed as
the capacitor dielect?tc®t6.2 THEPiRghed ams clsi redried out at

one of “ER&FméN1the pSresharacterized in that, in step

.C).,5 20ak22) antBkegkhi ' dyctive layer is forned
g_the de%%eggihgﬁg@%\%elrigt fETHAEFe OEéaandand

for filli
c2) théﬁére%tr%ﬁFE FYLcbnarenoval | ayer tite aloph8dsSt glass is
parti afdyrbedcoupletely renoved as far as the 25

dielectric layer at the surface of the carrier

substrate. 7. The nethod as clainmed in claim®6,

characteri ZBRF iMethed, asnciteépedl)in Ihd RysSi tu-doped . o 1t
PbDysi3j coshasadenosibad: AN chhStep c2), i °
photoléé&ge%{%ohi cc‘ggtterni ng wih an tfot ik »). a high-
et chi ng- “back 1's° Cef 11¥ePBut cRRasdthra diasyl ddtatic® with a high

mul ti plieliggtric constant is formed over the whole area

' 5: The method as claimed in ‘ claim 4
;5 ?haracterized in that.nitrided oxide, Al,0; and/or Tidz
1s formed as the capacitor dielectrié.

6. The method as claimed in one of claims 1 to
5, characterized in that, in step c), '-
20 c¢l) an electrically conductive. layer . is formed
for filling the- depressions - over the whole area:
and ' | I
C2) the electronically conductive layer is' at
l?ast ]partially Oor completely removed as. far as the
25 dielectric layer at the surface of the carrier
substrate, ' |
7. The method as claimed in claim &6,

characterized in that, in step cl),
.30 in-situ-doped polysilicon is depoSited; and
in step c2),
photolithographic patterning with an isotropic etching-
back is carried out in such a way that a multiplicity
of capacitor electrodes are connected to one another
35 for realizing a group capacitor,



[ | ectrodes are connected to one anot her
gg ?gfa?g;?{zsng a group capacitor. 0 9 MAR 2007 - 18 09 MAR 2007
8. The nethod as clained in one of clalns l1to _73
characterized in that, in step d),_ gTECS deposi tion
method is carried out. 5 9. The_ met _od_as cl ai med in
one of clains 1 to 8, characterlzedlln t hat , in step
e), a %enic nduct or wafer with an PXIde | ayer is ]
provi déd, tHESsHIStah@Eaielatnedaiy bagepsbei ng ¥lains 1 to

i1 tratd 0.5,The met hot
means @f, lehdregerriiF@nRtA dm’og"rb,]s(%celﬁard&meri sed in

| ai I of .clains_ 1 tq ral
?ﬁa?, Fg%gpgpd%g,%sﬁﬁé‘ogom%mdoﬁﬁ Fagarideduut by .
means of wafer bonding. 15 11. The _mstgogl afhafl a: Lns
[ ' 0,..charagcterized in , . _
;Pégngg?ftﬁgﬁsnﬁfg?ﬁﬁ a%ff%%& S rifedPutoby nmeans ofaims 1 to
a furt%erc ?ﬁ@BHﬁFlF?gaﬂﬁehhatZQih2stApng©hod f or
fabricatSR@iaoBBAMtg&ﬂﬁMyﬁéﬁhédlPﬁgblgs cggg ggigyer ‘s
I cated as. ¢l ai , o

ﬁg\?f;;ﬁ%ﬁ‘é?%ﬁ o%lﬁlr?g %%b%.tlay-féﬁmqmm alaparl oW  being
t r enchE QB At Py rim¢ans hef BpdsegenonsgehAtatopRONENt
| &ger. for realizing active regions, .

10. The method as claimed in one of claims 1 to

9, characterized in that, in step f), '

the connection is carried out by means of wafer

bonding.
15 B |
11. The method as. claimed in one of claims 1 to’
10, characterized in that, in step g), . .
the splitting off is carried out by means of a further
. thermal treatment. ' | '
20 |
| - 12. A method for fabricating é DRAM memory cell in a
semiconductor substrate fabricated as claimed in
claims 1 to 11, having the following steps:
a) formation of a shallow trench isolation in the
25 semiconductor component layer for realizing active
"regions; _ ) o
b) formation of a selection transistor | " having
source/drain regions, a gate dielectric,_ a
control layer ' serving as wordlinel’ and a gate
30 insulation;
) formation of a contact hole ~at least in the
insulation layer - and the semiconductor component
layer.
d) %ormation of a connecting layer " in the contact
35 hole , between a source/drain region of the
selection transistpr and at least one capacitor

electrdde;



b) formation of a selection transistor having

source/drain regions, a gate dielectric, a control 09 MAR 2007
| ayer serving as wordline and a gate 30 insulation.
C) formation of a contact hole at |egst in the:

i nsul ati on |ayer and the seni conductér  conponent.

| ayer. d) formation of a connecting |ayer in the

contact , 35 hole hetween a source/drain region of the

sel ect ¥n t F&TSIAION @fd a0 {nbstmedtacapagstPition layer

el ectredéh i & 9bbRRiRGO7 contldd €) formation of an

i nter rrggiu?.tc%/i ylation layer wth a biil Pne TonfgEplementary
to a conplementary ~S9dCE/ drai @dgion. and f) '

format £on af@rpatiemiand opaatbirhlhge d@YS 13 ch9he layer

redl i zfBg ardii{ipsgaty t face of the
i nt ermediate insul ati on Pg;?é#.;lem. The tet B ssurface of the

cl ai medFRTRPELATe2insuhdtaonedinyed.in that, in step
c), 10 the contact hole is etched free in a

sel f-a g gni ner using the gate insulation and a
l'i t hogr aphi'gﬂ(raret o&.%oéi. e EEPHB‘Gdas Haimed in claim 12,

cl ai m9Baprclgrized tharhaterinedtip that, in step d),

i A0or detiet 8 t onnect j er, .a further
' S pooheatt he1g igge#ng%‘BﬂdSEFSr Nafersekf-aligning

i n-si t’{fgrgé)%ed Bg.éc-ryst al I'ine sent
~ deposit® er YeABIwhdithe argatand isshdequent | y etched ang 4
- back i siothagraphiy metkedsot ropi cally. |
14. The method as -claimed in claim 12 or 13

15 - characterized in that, in-step 4), . B
~in order to form the conriecting layer

a . . /
in-situ-doped polycrystalline semiconductor
deposited over the whole area and subse

back isotropically or anisotropically.

a fufther
layer is
quently etched



