-1- *166166* Description Field-effect transistor wth

| ocal source/drain insulation and associ at
fabrication nmethod 5 The present invention T@MNMHmmmwmmn
a field-effect transistor with |ocal source

insulation and to an associ atel fabrication mef Y

and, in particular, to a field-effect transistor with
strDesaréptiont he sub 10 100 nm range, which can be.

used in' so-called mxed- signal circuits. The

electrical properties of field-effect transistors are

i nf Fuehec8EBQCE nuItmassigaor of whtkanet tosalso- sbrce/drain

cal irguj 488bhoANEARRGICARERS, FabAdHt; ‘Ha*?r{etr@'d ngi ng
about undesirable parasitic effects in

field-effect transistor. Such junction capacitances
areThausG¢HSEHQRUihwehadoatljﬁﬂatesuntbionﬁ ofiktha-effect

SOUE£8n 8 drgFaia chf qgﬂc‘\%fg.ls écﬂbll{l?/ ‘H"Oﬁ‘%&fté’{on and to an

substrate since relati par asi

cap%%??SﬁéE%daFﬁ9§%ﬁaqqﬂ%;m%k%@ oAngn iacammttiwilar, to a
spafkerBaeffeot dephrtisbtozongsth! Nsrdlerutds avuqi d vofe sub-

1 dec;{ é‘sﬁms%#&ncw&l%h 2%8%“1%6?2?1(3‘89}1 SP- Sgslol %al%ed mixed-

subs rates i‘conon I'ns
con%b%%@bnﬁ%F?ub§én used,. whereby at |east a | ower
reglon of respectlve source and drain regions has

dir ctI ed by the |nsulat|on regi on of the
2ottt A PEPPORAE a8 dhisidvafiRdousransistors
abo@mesuctflsmnmwm om Cmul:tll.ph.ci]tﬂn &SP PArameters, so-
1SSUb§$iﬁé& %\@ﬁ%’n ééﬁatcli% c%%l fi fan%)a&t I’}:Q.{leaa‘rsedbrlnc_:)'ing

costs and also t he_associ at e i Sadvantages
cal FRWM i %GeﬁﬁﬁBFecPP&ﬁst‘sth\/\vﬁﬁ@%& quIIlytHeplfe?éd effect
c harmmrehs f 2go0ON I&dftglmrmtémMeeababheah&es are caused in

Sredechannat ol ik Sl fhaLEABRLOLE tnd | TEEL arain

tranS| St ors w anne
" conrREIPRA HBsEDB Islewcqnﬁilmﬁﬂé? s@%trrewtemtsmeserelatlvely

20r egiigts paewsheiiny cdpd@Ptances arise at this location on
account of space éharge or depletion zones.

In order - to avoid or decrease such junctioh
capacitances, so-called SOI substrates (silicon on

25 insulator). have conventionally been used,. whereby at
least a lower reg_ion of respective source and drain
regions has been directly bounded by the insulation
region of the SOI substrate or wafer. What are
disadvantageous about such semiconductor circuits in an

30 SOI substrate, however, are the significantly incréased
costs and also the associated disadvantages in so-
called mixed-signal circuits. While a fully depleted
channel region is often even desirable in short-channel
field-effect transistors, field-effect transistors with -

35 long channel regions: require -a connection bossibility
in order to prevent these regions from being charg-ed
and in order to realize the highest possible 1inearity

of the characteristic curves. In the same way, a
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and in order to realize the highest possible linearity
of the characteristic curves. In the sane way, a ~ I11I
L rrHiforrMirrrr ~~~ 11 *000002* - 2 _

connection possibility for.the channel region is also

~of inportance for the so-calfea frat chi ng behavi or of

10

the transistors, in order, by way of exanple, to
engbhae@ﬁmutﬂqn‘%xn]blbbhﬁvm@rr Otfhé\/\/@hhﬁlﬁe'll_l_ﬁxﬂéglon is also
trggsi n cui er
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EE?EQRQg' Fbsesé%?ﬁ%%ﬁ 3§Fr 5ﬁFﬁcat P amixed-signal
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onaélaeurc@plyal &ﬂd@fé&@ﬂ@nsreéﬁl%yge%u thermore, =~ SOI
n‘gugﬁ ation i carried out in such IE‘I Xygen

T3FES nBrYht P ré%tPVOEéIBRFFﬂé soh#%%#%ﬁmiOf the.
drafhiveegiegaons.. n the sem conductor substrate and
are subsequently converted into a buried silicon

di oxi de a Vhat are di sadvant ageous in this case,
aﬁeerdoc‘é%%ni:he’? P2} 281 43P nAcciisckoses me | oethefd for

t hﬁabrbuatengQa [ ﬁialldt-le(fﬂte&gl ©F$ns S S inf Qfhicn case,

15

20

25

30

35

ex shar t er al ran3|t|on ef ween
EPE PrgoBb e U A AR Lagiations. an oxvgen
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t Olcfnh§| aref fl@diila‘rft%lf' &i?ééti\bt Bel%w ﬁe f@e t Qﬁd drain
b- 100 nm r.ange. Therefore, - |nven

ba%%%l%ﬂsthe”bbj é?&e ofseBFS(?PéPﬁ&Oa {ieRbSEFaEer and  are
tr%mhﬁequenmiyh¢mnnérte@unnﬂkdrwrb&f@@aa@ﬂmlémﬂ a&oxide
ré%ﬁ%%?tEﬂ%%@bﬁféuaPQadUEﬁPQQeohg'qﬁlgkfgwgégé? owever,
are the relatively inaccurate formation of these buried
insulation regions, such as, for example, ‘an unsharp
lateral transition between implanted and non-implanted
region, and, in particular, a lack of appllcablllty of -
such methods - to field-effect transistors ‘with

structures in the sub-100 nm range.

Therefore, the invention is based on the object of
providing a field-effect transistor with local
source/drain insulation and an associated fabrication
method, it being possible to reduce .junction
capacitances in a particularly simple manner.

According to the invention, this object is achieved by
means of the features of patent claim 1 with regard to
the field-effect transistor and by means of the
measures of patent claim 10 with regafd to the
fabrication method.
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30. capacitances in a particularly sinple manner.

According to the invention, this object is achieved by
nmeans of the features of patent claiml with regard to

the field-effect transistor and by neans of the 35

measures of patent claim 10 wi tth-regard to the

fabrication method. 3 In particular through the use

of I& SDGFCeCdéprestshmuglanctr& d\li@é n o(tepé egdhete WS ession

hawg@a. 4ep on ﬂ}%’ﬁ] least. in_a
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| ay &S UL '%aYSFnéH351?éFtr@al|z|b@unmm%xegﬁmh and an
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RLESSLON nsul at’i
flel %%e ifh§n3|s %r wqd1 T cERY} eet pBA for filling
sfRessim ai aed thechsoafiabe bfal itked SidFression

andncsuaratqurﬁctna by, botd f g Si | . -
citg tSFﬁnd for, ?eature |zé§ﬁ%?%ﬁg§%Qiha% g&ﬁbsﬁﬁf with

BeS @‘Hé‘b‘f’e%’%l SﬁpBSthtéﬁFieﬁs disatofaing@drwhith can be

depeeddized | atmbayi cand ayess HFRYE RIRA AME BoEEP! £5S] ‘Prﬁxed—

1558 gmalg ti I |ch ‘however, does
EﬁEQt e gé%gagkglegﬁglaﬁg{h AR ¢« Bhgetn ?grt}ﬁﬁs than

9e&@1unct|on capaci t ances and shal | ow or

accurately defi ned extension or connection regions

fo a | .region. In.order to realize highly

acéﬁ%ggeg gﬂglne gﬁgﬁﬁSP RohheRt i RSy kR PR, kawer, the

so@?@éeﬁﬁéoaran$ukﬁﬁxgmlbayerwmpﬂ%adelmﬁﬁéehe@gdyg§51on

i giaewalnheli499§at£8al ORayblh  @nPrgdetglned deptd 4 mot

t esi red
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h I
Syt i 52 SRR B Bicns Sprothe channel

region.

Inkprde; to_realize highly accurately defined channel
connection regions, the source and drain depress1ons
may have a predetermined width in the upper reglon with
a predetermlned depth. In this way, the desired shallow
connection regions for the channel regions can be
realized very . precisely and the very shallow
implantations that are usually employed, the problems
due to diffusion-promoting effects of defects and also
very short RTP annealing Steps (rapid thermal process)
with their poor reproducibility or a pre- amorphization
and defect 1mp1antat10ns are obv1ated. However, on
account. of the depression éidewall insulation layers,l
it is possible to significantly redﬁce the high leakage
currents and junction : capac1tances that usually occur
in this region.

In order to improve a deposition procéss in the source
~and drain depressions, the electrically conductive
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very short RTP annealing steps (rapid thermal process)
30, with their poor reproducibility or a
pre-anor phi zati on and defect inplantations are

obvi ated. However, on account of the depression
sidewal | insulation |layers,- #&t-is possible to
significantly reduce the high | eakage currents and

J Unofty C@Qgg&t angesnhbat psyally 96, 39 1 HAkSi1e of
region. 1n ofder to inprove a deposition process In ,
twgﬂs%r @emndiai Makepessitths dagie A¥RGS candy drain

Coiupidddiors di IHd NG | e rbdTeyi Nave i SR dridyBy , walsl .

a result of which even very narrow and deep source

and drain depressions or holes can be filled

S Hirtheamidne wekhe Sddprdédeiomr eidelvaldepiesslanion layer

Si [ n £ O yer a X d 0 ;
r%ﬁﬁgﬁ%{ﬁécwé%%éégg?%gdgeF%§?¥PcbggP%b%ﬁ%M/Fﬁ% C g%ﬁ&trlc
r i orkelvat tdun td@mEigl bereichn evéthats tdga thereby be

shoir&ahannel; d rangist or S8 - st ed JfofBitdters are

substrate and | ong-channel 10 transistors on the sane

WA ETH AR re B PBssi B t ySBPstEBRfect PBA t o LOmg-channel

BlﬂlSstrfh fs-?hisa:.dqus_i1Ll§1;1 the @[atnienBJadﬂi?:ViaC‘@g_ 11 0 ea_ppaéllé(ibdlity of
ot or, digital gircuits _an m xed- sigpa .
GBS TR &0 ERBLPIRENTAY advii aRoustrenalafevices
Se g sysv@nred olitp) fion egigiftah. ci¥cluiteneaamkpEfessimixed-
Of it WERLLOD, L HAKE Is MOV St 21§ | ghdaBtlgebus for

transi stor wt ocal source-drain 1nsulation, having

a e MRLonME I QUbsthriR)e; integratokee depressi on and

a drain depression, which are forned in a manner

s&ﬁged apart from one_another in_ .the sem conductor

S

(PHE SRR FE PO P RstPEEPbAF ay EPEERhitEh Previded a
f drirddl-stf fdgast tramshotéom refjtbn oflothd sowwceece-drain

d%%§5¥§é¥%ﬁ¥“%aé¥%éﬁ the drain depression;

a semiconductor substrate;

a source depression and a drain depression, which
are formed in a manner spaced apart from one another in
the semiconductor substrate;

a depression insulation layer, which is formed at
least in a bottom region of the source depression and
of the drain depression;

an electrically conductive filling layer, which is
formed for realizing source and drain regions and for
filling the source and drain depressions at the surface
of the depression insulation layer;

a gate dielectric, which is formed at the substrate
surface between the source and drain depressions; and

a gate layer, which is formed at the surface of the

gate dielectric.

In a further expression of the invention, there is a
method for fabricating a field-effect transistor with
local source/drain insulation, having the following

steps:
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an electrically conductive filling |ayer, which is

formed for realizing source and drain regions and for
filling the source and drain depressions at the

surface of the depression insulation |ayer; 30 a gate
dielectric, which is fornmed ata t-he substrate surface

bet ween the source and drain depressions; and a gate

| ayer, which is formed at the surface of the gate
dielectric. 35 In a further expression of the

i entfonat iigrerand pattemning ¢brafdpEpcatprel with a gate
fielydref foed transgstoOr wikheckesal squrcg/ didini conductor
insylation, having the follow ng steps: 4a a)

f S#d patterning of a gate stack with a gate

| ®per farehax igat eofli eddntdd cafd adseinm cadefieis@ions at the
Su%%g%gé§c£5*§ fﬁgrggifgb()u (%%(xag%(&aréﬂn

débre53|ons A HE gate stack in The semi conduct or

sybst rfammatdornf orihett | depoésaidepirsslanipnsdbyeiroat least
| ayers alod @astredfod P ERE £6GHER Ahdl 8 230U AW i ons ;
drain depressions; and 10 d) filling of the at "l east
pé?Fially i nsul ated source and drain depressions with
adil |fiifl<lv\il|hn@’9<_5f f 8he &Qa|lie?aibsl’ig ?@ﬁtﬁ@lwdiﬂéaﬂated source
regi pns erei,n, in step irst pressi ons_are
f@?‘r‘fgd 5717 eaFEPERG SERR el V158 c8nn£]t%ijolr{lgf egia}ﬁgri n for
t hreaddmicgndaotioresubsd r drein spegeess ar ewhfeareied ain step
thg gate stack; and second depressions are formed

usi'ig the spacers as a mask in the first depressions

and | #itlsd  depdedntiers orrsufstumack. fQp Fgpilhging channel

a2 38Qs FRfidHe S dei dVEdON RiSstrate;

characterized in the further clains.
spacers are formed at the gate stack; and

second depressions are formed using the spacers as
a mask in the first depressions and in the

semiconductor substrate.

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.
In the figures:

Figure 1 shows a simplified sectional view of a field-
effect transistor with 1local source/drain
insulation in accordance with a first

exemplary embodiment;

Figure 2 shows a simplified sectional view of a field-
effect transistor with local source/drain
insulation in accordance with a second

exemplary embodiment;



The invention is described in nore detail bel ow using

25 exenpl ary enbodi nents with reference to the

drawing. In the figures: Figure 1 shows a sinplified
sectional view of a field- 30 effect transistor with

| ocal source/drain insul atiab i-n accordance with a

first exenplary enbodinent; Figure 2 shows a

sinplified sectional view of a field- 35 effect

transistor with | ocal source/drain insulation in
afeongascéPnitoh 3¢ second exenpl ary embodi ment; 4b -

Fi gures 3A t80dl shevmpiipheli ed seetiomal Vi emwsedHr for
iIIustrating issential nmet hod steﬁs in th&lI 5 . n
fabricati onlof "8 FREFGTef PREETEFansi BEOROW tFFEPS | odhy the
sour ce/ dr ai flabmsuehatioan dfn ;actoebdrneffeat t hranshstdr with
exenpl ary enbodi nent; Figure 4 shows a partly enl arged
sectional viewof a 5 field-effect transistor in
accordance with the third exenplary enbodi nent; and

Fi gures 5A and 5H show sinplified sectional views for

10. illustrating essential nethod steps in the
fabrication of a field-effect transistor with | ocal
source/drain insulation. in accordance wth a fourth
exenpl ary enbodi nent. 15 Figure 1 shows a sinplified
sectional viewof. a field- effect transistor with

| ocal source/drain insulation in accordance with a

first exenplary enbodi nent, in which case, in a

sem conductor substrate 1, which is preferably

conposed of a. silicon sem conductor 20 nmateri al,

active regions are formed by neans of an STI



met hod (shallow trench isolation) for formng shall ow
trench isolations 2. Said shallow trench isolations 2.

may be enbodied for exanple in strip formin the

sem conductor substrate 1, thus resulting in

strip-type 25 active regions $ituated in between. In

this case, the field-effect transistor has a gate

stack G fornekbeal t reowiad atm iof hlmeuaemlwnduﬁt Qccordance

substrate 1, ' t nt| has, a gate
30 dielectri cvy%}ghth g?%% é‘;‘&émggfé{? @% ‘%{Ja e gnd

al so an actual gate or control Iayer 4. At t he sides
of Rilirgad e siawek & prarsolyf Cénﬂ&@&@és's%é\én%rld Hew of a

sdrain depre \ then: formed in a manner

spaced apartSﬁTér)l(r)hm%)fnfg&gtnot'ﬁ"e?n?hs'f% skhi @fiftrdagice with
substrate 1, H35hiagl orxewp biry i esbddimmt heagat e

di-el ectric 3 representing a channel region. In this

ca t he epressions fornmed may be cutouts, holes,
: tr%ﬁglils Gr’%eal'l:é ‘JWth a correspondi ng depth in the

sem conduct orshos«ﬁbst Bamlhfllea accg@@}emggéw th figkke for

"101, a depressigqn JAY@tipn n each case
formed in a bg'tritdom reglﬂogﬁ g’fsg I%agoup‘gégagprﬁggi)%n gy the
and of the di@b¥igagricsnsief aDfieli-efifeayetransistor with

represents l@daqcabo&Q@%Q@r%'i‘ﬁ d&ﬁbﬁlatﬂéHl ?ﬂogéﬁo%ance
respect ‘to the

hst r at
significantl )‘7 dl?c Lﬁ%l’?ﬁ?s’#ﬁf%‘éga%ﬁwri@ of a’

respective source and drain regl on. In contrast to

15 CORY onal Ig&pée Si (F-r ayers forned . :
@[ltrle gx Sgen | rr%l g%?“z%]iq?%ﬁ %‘QC% G fs‘éju?‘ﬁfeogné field-
drSE%eFﬁsﬂﬂ éﬂ%%cﬂ%nbof—‘élt ﬁ@uirnreédu:a@n dmgulation in

f oamedrdancearwiti ya deéliinsitt egednasit é@od%é‘n@xa‘ih' ¥hich
inckh 15q_§pr Ssi [for e, e field-effe
c .
trans?stor S Soé}ﬁ\ ﬁﬁ&"g(g cgﬁg’ﬁ&rﬁ\y’@ f|]1'I|n\“’jh’~ch 1s
| ajEP P-r\aélly respmzaqaagad he adfct uaal saiddeocand @remitonductor
20 :egaeas;&an%d@,wé heedibhs narbared sl dnd i iedrat, g1
rf.ac
hrﬁe!?ﬂod Fs 1Jt.ow trench isolation) for forming shallow
trench isolations 2. sSaid shallow trench isolations 2
may be embodied for example in - strlp form- in the
semiconductor substrate 1, thus resulting in strip- type
25 active regions s:.tuated in between

'In this case, the field-effect transistor has a gate
stack G_ formed at the surface of the semiconductor
substrate 1, which gate stack essentially has a gate
- 30 dielectric such as e.g. a gate oxide layer 3 and also
- an actual gate or control layer 4. At the sides of the
gate stack G, a source depression SV and a drain
depression DV are then: formed in a manner speced apart
from one another in the semiconductor substrate 1, a

35 region which 1lies ©below the gate die'lectric 3
representing a channel region. In this case, the
depressions formed may be cutouts, holes, trenches,



depression insulation layer and filling the source and
20 drain depressions SV and DV. This results in a
field-effect transistor with l'ocal source and drain

insulation which has a significantly reduced junction

capacitance ‘at its source and drain 25 regions S and D
and furthernore enables a connection possibility for

th&atﬁd‘lanmlthregl AbdpedpEbheie el urece. ._and
jons, In thi s%y, r#fel gblegflf e%? t?‘%an%?lgf%?gducmr
%%%a%na s and high linearity and also
out st and| ng matching properties can al so be 30

reaid z dSI nal, circuits.
g Furt herg%grbgdag% C‘H'}L? caflri sofl}erece agad dFRrESFAST adngplation

2al gﬁxﬁuy{slﬁn%t%?%FaFiemﬁWQﬁ imeachattem region of
reg;vhflnssburtlae Gyt Do t SV s&b@: Eéftsedtﬂe \/\%lrtgli t dED%%ssuon
gr y oV i son W substra
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Wi tlﬁlﬁUdtaetrJeqn sWitht Fespeat tte the- Hethinwndaidr Gubstrate

10Q mmd lt’.éhxh§ shgﬁlegéahb_h@ %‘%\(/ieggresl e%gtﬁ,{ aﬁelo% eld88Ls rance

olr I Stors
pr%[)érat pe%tl‘{% %\OPEFﬁt ggg §1r§|1gp|r@mer1n contrast to
De,g?@mamg:mnaal raegpeed s ien t yipeswlat 564 | CBAy@Fs Of £dAfed Dby

ety ooz | Giyhan, Al staof0S, WEPSSUST, spurep ana

g‘%&f"& A5 e s o%%c?rﬁ9lh§vé0a'th@ep111vem1ftlon are formed
apmnoma‘fatcﬁhw 56e11@m1&@!@1 nFashion NhRaCassy 1 8Rac ctly in' the
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& SSer VEry C eﬂqv par'irf%ulfa’rﬂfi‘tqﬁfﬁ?fétca%@@wtor
ehﬁéndat}ul etecrdénally otonthetdepr esswmﬁgS\/laperVF for

10r§hlh§9ﬁgd'tq3@ Ofe th Q1 Eéﬁ%' e’arJ[dS a:?eé 8ga§e and D,

gbectrl but_ ot her d| el ectr. ers can

SLaY¢T cBnP8ingofiprmed st | ther shsfabley of the
usédpaessmengahfsdlaa&eiopﬂ layermeind St Bsn@’ tRENGburce ‘and

drain depress:.ons SV and DV.

This results in a field-effect transistor with local
source and drain insulat;ion which has a significantly
‘reduced junction capaci_tance at its source and drain
regions S and D and furthermore enables a connection
possibility for the channel region lying between the
. source and drain regi.oné. In this way, field-effect
transistors with long channels and high- 1ineafity and
also outstanding matching properties can also be
realized in particular in mixed—signal. circuits.
Furthermore, such a local source and drain insulation
also results in a thermal linking of the channel
regions to the semiconductor: substrate 1 which is
greatly improved in comparison with SOI subétrates
Particularly in the case of field-effect trans:.stors
with lateral structures in the sub-100 nm range = or
< 100 nm, it is thus possible to fabricate fleld effect
transistors with further improved electrical properties



15 materials can also be used. In particular, for the
gate stack G it is also possible to realize other

| ayer structures as are known for exanple fromthe
field of nonvolatile nenory elenments. (flash EPROM
E2PROM etc.). 20 Figure, 2 shoWs-a sinplified
sectional view of a field- effect transistor with

| odal saur aedlditaivelysukdmipae i rtnaz@x@@:@rdalm%@e\ﬁldtlhga on a

se ar odi-ne ntical enc '

%%‘;g %?Igg}lg Yﬁgb gf r}{asp rolrcda Rfer s° # bl ca;%epgressmn
coﬂpéslé@ﬁdﬂoﬁ’g @-GY?ﬁos‘éI i AN gm%PQCQBV%m@ha\an@p@@lSedof the
degdeilpt-e@F e ng @rm&slrw t hthel owsoykr-Bet heand drain
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SV and .DV,. hut nporeover a depression Side

i nBArALcH ardyerin GhEcIasfo Ry ePeraeedigalar ogéAewpdls of
gataedidir@dsdiony Sndddiusy enabl es a defined channel
connection region KA for the connection of a channel

regi on |ying below the 35 gate dielectric 3. This

r eSallisonn dagxide.cofvact esamplegi ons Késefli cds hatee gate

veaxeh@wdﬁ%agsu@uréeﬁéﬁ affe) d& £ NET 1.8AHGEdcan also be
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15 prﬁa%‘é%r%g'i' Z U O L, dﬁéeﬁ% I”g' ant attl O”i and )che gate

anneal i ig st'eps rd CEesS
Thethgst € hatltt hésdiaksBi @%S@bhﬂwetg mldezeandtbﬁal nayer
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el ectri (0] rti1 es t he | e ect tra513|sto
FOPRBYOLALINE Fenery Sieraiietiort i BEroM ok Kb yete.)
thus resulting in sem conduct or conponents W|th '

20 1 gahiean |é’hc5x§§’“§e aniqtffﬂﬁra[ C AR té\fgﬁsofwae“fleld-
po [icon 1's use ing lTayer
fect tran51stor w1th local source/drain insulation in
accordance wlth a second - exemplary embodiment,
identical reference symbols designating elements or
-layers identical or corresponding to those in figure 1

25 and a repeated description being dispensed with below.

In the exemplary embodiment in accordance with figure

- 2, the depression insulation layer VI has noi:_ only a
depression bottom insulation layer formed in the bottom

30 region of the source and drain depressions SV and DV,
- but moreover a depression sidewall insulatioﬁ layer,
which, however, does not touch the gate dielectric 3
and thus enables a defined channel connection region KA

for the connection of a channel region lying below the

35 gate dielectric 3. This results in channel connection
regions KA which have very low leakage currents and
further reduced junction capacitances. It is thus .
possible to avoid the methods usually used for forming



extensi on or connection regions KA may be realized. by
means of outdiffusion, thereby producing dopant 15
profiles with a maxinum gradient. Figures 3A to 31

show sinplified sectional views for illustrating

essential nethod steps in the flabrication of a
field-effect. transistor with | ocal source/drain 20

i nsttel | ghaldmre sganedtdent | cebibakerePceaciH®Oobs shallow
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metdifhc t ck.with a gate | ayer and a gat
5d| &l ectri gatg& &r‘?%l?rré presglggﬁ] E@ﬁ’dﬁiﬂ SYets TR a&‘éCllrat91Y'

| nMS T addadt Sheh glesthddaluspabbertékerred tehas Bield-
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sem conductor substrate 1 by nmeans of a
convent| onal 35 STI nethod (shallow trench isol ation)

anWhteherp@IY$;EB§&ont ri.% Padedi td dendayen g ie Veerd F, the
uen

g e %)1% nor. e ré&éantatlons are sUD3e

Scted P8 or PRGETROR FrRIPNE hEAn@aYd g‘eallzed by
re@?éﬁé} i nofhe sebdibfidadcon; 9 tﬁabébyat &rodhdidd SO dopant
bepprerResl RlieH @ rlr%lln%ﬁn agﬁ]a[@i Pl e vell

construction dependi ng. Sefi conductor circuit
to be fornmed. Afterward, preferably a thermnal
oxFilguren FAthe sibsEhate §ﬂhﬁ§§€15d39éc%1gﬁaﬁ.0t€gekg for

\%gfiugera@i beﬁs qua ?i %f'xogx %ngsn? oi—.ﬁéglftaborflcatlon

AF®Er iar %136-)‘71'@5)!5%913 e%émpllses t@rdepdsht idcaf source/drain

polysulae@Bn\M t bnde hiLddlass Phed | eﬁ}ggnb

|sd g{&gc&ed ||1 order to f rmtﬁ Qggtggn %}ggre%%@% ols
e 1ng layers or el ements 1dent1ca1 or similar to

those in f1gures 1 and 2. and a repeated description
being dlspensed with below.

In accordance with figure 3a, firstly in a preparatory
method, a gate stack with a gate layer 4 and a gate
dielectric 3 is formed on a semiconductor substrate 1.
In the case of such a method, usually referred to as a
gate process, firstly a pad oxide (not illustrated) is
deposited at the surface of the semiconductor sﬁbstrate
1l and a pad nitride (not ‘1llustrated) is subsequently
formed at the surface of the pad oxide. Afterward, a
shallow trench isolation 2 is formed in the
- semiconductor substrate 1 by means of a conventional
STI method (shallow trench isolation) and then at least
~the pad nitride layer  is removed again. One or more
implantations are- subsequently effected for forming
well and/or channel doping regions in the semiconductor
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10 of exanple, a TECS insulation [ayer with a
thickness of approximately 50 run is deposited at the
surface thereof in order to forma hard mask | ayer 5.
Afterward, for the patterning of at |east the gate

| ayer 4, a photolithographic $ethod is firstly
applied to the hard. 15 mask layer 5, the gate |ayer 4

subsbgteatley hei ngft patlltse:" nesd gy ng,ofglgqbq%t t elned an a
5, er means of an a i, sotropic
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seasfétvedgane diideixecﬁél £02m tﬁaeg%%t ¢ V4 eé{\hd by way
It
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a gxate b@}tertdl 20¢ma Hah8rdl GlRGL T oR a
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dep 2ssPBhESEPA Eor d |ant FLaHe SEFcomatet otaver 4, a

SlMSQtaletnographecgalb&hsldaols ﬂ:rrs&cxapr&WIEed\ﬂ t® the hard
fi p bI y exanpl e, firstl '
RAE S %3{%’{' d§ep Q55 Rﬁ flvgal))/er 14 F % ?‘I\Jﬁ tly %elng

to formfi ressi ons
cRANEPIRBANCUELBA r EficonPatLtennadhe h@redn cmasllsuct dayer 5,

subsé f @i £b Ty a)wuhéfuhshgtlb’f n%na Qﬁ‘pwt?&plé' etérﬁtﬁgo Rethod
n n Ik er II%?aJIS (0] anl Sotropi c
M ek gfé?%gg‘qep as%e %‘nq\él E Y've sipphher Rhermal

et chi'ng e
et@ridRpion an epxbdevalepdsitinn cheyi dee weamied nout for

tMcSrrﬁ:iﬁ@ d heytapt s ideddi s fidsity £S agne\ﬂ at the
.Jbvc?e f]g%a %m Za{'OT garamete or t
rlc‘%ﬁ  as a result of which a
protectlon 1ayer having a thlckness of approx:Lmately
6 nm is obtained. In this case, the gate sidewall
insulation layer 6 Serves as an etching stop layer for
later etchlng steps and also as a lateral protection
layer for the relatively sensitive gate dielectric 3.

The sectional view illustrated in figure 3A is obtained
in this way, it also' being possible to carry out
alternative methods for forming and patternlng a gate

stack with a gate layer 4 and a gate dielectric 3 on a
semiconductor substrate 1.

Afterward, source and drain depre551ons are formed in
the semiconductor substrate 1 at the gate stack

In accordance with figure 3B, it is possible, by way of
example, firstly to form first depressions Vvl for



ext ensi on or channel connection region. 10 At this
pojnt intinme it is possible, optionally, to forma
first thin sem conductor protection |ayer (not
illustrated) at least in the region of the channe
connection region KA and prefeldbly over the whole
area, in order to protect the sem conductor surface 15
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conformal, 7.8 UNTor ?Onf‘ﬁ Efkondéﬁgépfll on of o
silicon nltrlde on the 'available surface and
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Afterward,. in accordance with figure 33, spé.cers 7 are
formed at the gate stack, the gate stack essentially
being composed of the gate dielectric 3, the gate layer
4, the hard mask layer 5 and the gate sidewall
25 insulation layer 6 (possibly present). The spacers 7
are preferably formed by conformal, i.e. wuniformly
thick, deposition of silicon nitride on the ‘available
surface and subsequent anisotropic etching-back, an
LPCVD method (low pressure chemical vapor deposition),
30 for example, belng used for the dep051t10n Once again,
the thickness of the spacers 7 is also an optimization
parameter for the channel connection region Ka,
preferably spacer thicknesses of approximately 10 to
30_nm vielding particularly favorable connection
35 properties. ' . |

The first depressions V1 are preferably formed using
the gate stack and the shallow trench isolation 2 as a



sem conductor substrate 1 using the spacers 7 forned

at, the gate stack and also the further spacers 7A

formed at the shal'low trench isolation 2 as a mask.

More precisely, a second depression V2 having a depth

d2 of 10 approximately 40 to 260 nmis formed by means

of a silicon RIE nethod, for exanple, thus yielding a
toﬂmsk(kﬂmhm$oresh@nniﬂﬂﬂyznmbshhtﬂn@epﬁﬁsﬂsﬁmiiﬁiigning
anehePVi s r to 300 nm

measur ed frf(yrﬁ tahgzniftgs(??%ftl%%ﬂ Z‘g%a SO. 15 Finally,

in order to forma depression insulation |ayer at
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the sewn?ond 5° ﬁﬁﬂéh iﬁ g%OtPn é@cBPdaW@é%Mqﬁ¢ from the
fi gubst3Bte suxfades@uent step, the insulation mask

15 layer 8 is renoved at least in the  bottomregion of

20

25

t he ;,source and drain depressions SV and DV,
pr ERBAIBN, dm AndelotFepferst ahiegression ansulagen layer

paati Qdast aAnRI& BictHose ﬁégbbﬁg Jret Bﬁe hel¥r£anhii®Mrain

OUeh s IEAL T A G EEFLLED! 005 LU A58 1ayer

8, 8 ol y fommedor i Bontalisar easear ¢ hencexposddi rsamiconductor

Caﬁﬁte%Zal or silicon is preferably nitrided with NH;
within a temperature range of 600 to 900°C. As an
alternative, however, it is also possible to carry out
a nltrlde deposition  for reallzlng the insulation mask

'layer 8. The silicon nitride thlckness sought, or
thickness of the insulation mask layér 8, is
approximately 1 to 5 nm, for example. In principle, an
additional thin oxide buffer 1layer (not illustrated)
may again be produced below. the deposited nitride for
the protection of the semiconductor material.

30

35

In accordance with figure 3D, in a subsequent step, the
insulation mask layer 8 is removed at least in the
bottom region of the source and drain depressions 8V
and DV, preferably an anisotropic etching method and in
particular an RIE nitride etching method being carried
out for uncovering the bottom regions. In the case of a
whole-area deposition of the insulation mask layer 8;
only the horizontal areas are uncovered in this case.
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Afterward, a depression bottominsulation layer 9 is
formed in each case in the uncovered bottom regi ons of
the source and drain depressions SV and DV, a thernal
5 oxidation, for exanple, being carried out on the
uncovered sem conductor materited .~ This results in the
formation of, by way of exanple, a silicon oxide |ayer
with a thickness of 20 to 40 nmin the bottomregion

of Af‘t@i‘w%%rCeaa%ﬂr&élcﬁ?pbgﬂﬁﬁbﬁrsln&ﬁ# S la er 9 is

aI tfernatlve to thermal oxidation
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fabrgéatl %%& t hod #ﬁféa(gctlve Iect ed or ﬁ

defBr&8sfo Eﬁﬁ’tﬁﬁ t¥9nd Pa%rl’g thet Ror&ghr gegdon of

t heheéusbhere?ante dmaiicaldegatesidicoraf. t he SELOX net hod,

in particular, -reference is nmade in particular to t he
literature reference N. Elbel, et al., "A new
STRSprak e trEatbre 4@ edhiermadxi dﬁidepéshti oht dts also

Syﬁ@@ﬁh.ﬁ![féon £g-S caf@?hn%&gy 4998 z}ﬁ %lﬁl%ﬂ method

? 501 atlon)‘r}&s %ﬁg not only
PZoREar Van®X/EI] | oﬁ?Eégnt USSR di 5% the selective
se@apaSetypnbuif f ant henswl 2t i edudeydrneoibghdmi céhe bottom:

Stf§§§ohn otfhet}‘f%ageﬁ!rc egﬁrﬁi] dggl{\nd%gﬁ%%%dsa%%% V‘%\y hand DV
ure 3E, furthernore
al gSC?B diggb¥e t k&S erijeﬁnﬁlrﬁg f?ﬂéul EhEOnSﬁ’aSReI apad 8 drain

atdépeess densl b eoftd e seb£en a@geﬂaﬁhg gaPEeFIMTation

g R B0 AR EpIERRLET 2 9 L cosion boccom
insulation layer 9. With regard to the further
technical details of the SELOX method, in particulaf,
reference is made in particular to the 1literature
reference N. Elbel, et al., "A new STI-process based on:
selective oxide  deposition* at Symposium on VLSI-
Technology 1998.

Accordingly, the insulation mask 1layer '8 not only
allows the horizontal - and vertical areas to be oxidized
separately, but furthermore reduces the mechénical
stress in the channel region.

In accordance with figure 3E, furthermore, it is
optionally possible also to remove the remaining
insulation mask layer 8 at the sidewalls of the source
and drain depressions SV and DV and to form depreésion
sidewall insulation layers B8A in the uncovered sidewall
regions of the depressions. More precisely, in order:to
remove the thin nitride layer 8 at the sidewalls, a
brief etching step is carried out and then a thermal
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regi ons of the depressions. Mre precisely, in order
tor renove the thin nitride |ayer 8 at the sidewalls,
a - brief etching step is carried out and then a
thermal 13 oxidation at a tenperature of

approxi mately 800C or a wet dgidation is carried out
in order to fabricate a depression sidewall

in6ﬁid&t®6n|a&€k18@eﬁ§éfﬁgu9e b@‘gﬁﬁ¥3%f35tely 800°C or a
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OX i i s a
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”Q?%(é@#ed Eeﬁl PEal OIO|¥ec@r‘#e’calplﬁ) ‘F%‘ﬂi’i}j n@?ﬁ%g used,
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|5§{=_%d |l'b}%:1€0rl@ancﬁf\ﬂetrﬂrafz‘dlurg.nSForﬁgﬁ S€ a seed
12 i s subsequently caused to recede rlg Into

| aye
I*Xf%to t'c’eoréndla%?ﬁl Hepredi cikesy 1avetv 10y |=1§S|§’Flefly
etwtmdtlgzémug B0tradedednduyt fafrtaarlys, o esleé@rfhsrdlayer 12
tiine, £ bymd@Y f re@d3WPIRpoG L T
be carrled gut rel atld%ip ach?éﬁgﬁSPS|ncgyoﬁg§ﬁg gﬁfrled
ofP4th EP%ﬁEethe whole area he sectlonal view illustrated
in figure 3E is obtained after the seed mask layer 12
has been planarized by means of, by way of example, a
chemical mechanical polishing method (CMP) using the °

seed protection layer 1l as a stop layer.

In accordanée wi;h figure 3F, the seed mask layer 12 is
subsequently caused to recede right into the source and
drain depressions SV and DV, a resist etching being
carried out after a predetermined time, by 'way of
example. Such a receding process can be carried out
relatively accurately sSince the height of the gate
stack is usually known Qery accurately. Using the seed
mask layer 12 that has been caused to recede right into
the source and drain depressions, the seedfprotection
.layer 11 is then partially removed, i.e. the oxide
and/or nitride layer are removed except for the region
covered by the seed mask layer 12. The seed mask layer
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stack is usually known very accurately. Using the seed
mask | ayer 12 that has been caused to recede right
into 35 the source and drai'n depressions, the seed.
protection layer 11 is then partially renoved, i.e.
the oxide and/or nitride |ayerd are renoved except for
the region covered by the seed nask |layer 12. The

sed® neiskt | ager caudded 12ot halcams ﬁ@ugassteé}uéﬁﬁg e dehoved,

su t rippin er ab
Dortg ek ok RS b o f ALy BT S Hlre
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dosPABLeEHRVE, PeniPef " pp ML €51 8RS afoQte @n ygride etching
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sapgotled¥8lon k& drests of the regions, which are
covered by oxide, remaining free of said growth layer

13. 20 In accordance with-figure 3H, firstly the

spaber s &matphohe gate stadkycryts talisoiidie %l@@@ersliﬁer 10
at I 0 are_renmpved
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r eghdd, growtdr deyererdy .t hin 30 |nterface | ayer (not
illustrated) made, for exanple, of

In accordance with figure 3H, firstly the spacers 7 at
the gate stack and also the spacers 7A at the shallow
trench isolation 2 are removed in order to uncover the
channel connection regions KA. This is preferably
carried out by means of a wet-chemical nitride etching.

It is optionally possible, in order to prevent grain
formation during a subsequent growth process in ' the
channel connection region, to form a very thin
interface layer (not illustrated) made, for example, of
silicon dioxide or silicon nitride. The growth layer 13
is subsequently formed on the seed layer 10 right into
a region of the substrate surface SO, in particular
doped or undoped amorphous or polycrystalline
semiconductor material beihg deposited éelectively
(with respect to silicon dioxide) up to a thickness of
approximately 50 to 400 nm. In particular, the various
process conditions for the deposition of ambrphous or
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silicon dioxide or silicon nitride. The growth | ayer

13. is subsequently fornmed on the seed |ayer 10 ri ght

into a region of the substrate surface SO, in

particular doped or undoped anorphous or

pol ycrystalline 35 sem conductb® +material being

deposited selectively (wth respect to silicon

di malde)rygrald iné hi€knessn of on apps Opd L@l el §u§%g&¢eoso are

n”ht 5] Qﬁ&i'cﬁh§rn t he varlous rocess conditions for
dép03|t|on 5t "Iror fhdts ottd  pdi ycFysealleRe “raised

S| Isuoeaﬁecfrﬁirmlfrf erSeqritucswse ros etshws eproduddéged during

thls step. A so-called "raised source/drain"

ct t hus praduced. 5 In accordance with '
fi g&r eé{é%ora ngesdg 'gauéfrﬁg"ﬁeep I.i gt aft atvevespeRrer step,
tl;llwpéaﬂm’m@%gznmess d{é%b]rf dfornidee ag.at ehét 8¢KeRh11s of
ehea S
s dsthe b8Pe BRCudL Pslinrion 1aver 6

at i cers 14 p
srg gn éiqqgéﬁ%®%rSP§F?§ﬁwéﬁipx¢@et&bk&nagk1hay©Mprlse-
10a5sdan com reEraniRle UBLV@r anAaxéQ@aﬁachtHQbha'Ea &Eg'ikcgayer

i sl n TEQS hard nask_| ayer belng caus
t ogr Zécéerge%ebu’?&?%‘t'géat"? NYefB 19%H%) §ttFB|ihnHayetF1'$e 6 trench
ar éSﬁiLet:é@péd Qandethapraesaticad apeser Faydr Eémﬁbl Yeaused

ey t
RS on sndoRat SSRGS e e
| ayer PEOT&N % pBPSpFﬂﬁﬂénqﬂﬁ}Qﬂﬁﬁpaqgnﬂ 10. Fhinally,

i n@hammaﬂanlnaltaoef ﬁeaiﬁdid;samsslais b?ff@%@édofofeabﬁﬁng the
magk i i.ng p SS urthernore t
cbeehaa kel § %xn 4 PQ3s ds?gﬁol Fh§ ggFopsh  layer 13

carr% ouf _a Ther mal Yanneal ing
ate the aPPrgREmtEs. Thaheonneeeonslafesouriae, This

anﬂnﬁl&hﬂaﬁi@nt ri.@ eEfFected 4y mRaQs af; oﬂiég%xffué Qesist
éggﬁhggg % do ed .polysilicon |ayers R &8

yerys (REﬁ%&#ﬂ%oﬁ@%%h@¥mﬂﬁ¢etbabarry

wgmmga|Mh§rmni anﬂealtagdmﬁuﬁ BOUbEEeWHY) dotivigte the

hiddp&h£d Usi on  constant al ong the grain boundarles
The resulting

The connections of source and drain are then effected
by means of outdiffusion from these highly doped
polysilicon layers, the doped polycrystailine or
amorphous  semiconductor material acting like, an
infinite dopant source owing to the high diffusion-
constant along the grain boundaries. The resulting
advantages are very steep diffusion flanks and high
dopings. 'Since the implantation I of the source. and
drain regions S and D takes place directly into the
amorphous or polycrystalline semiconductor material,
the underdiffusion of the channel connection regions KA
is not determined by -implantation defects since the
" latter recombine at the polysilicon grain boundarles
Owing to this fact, it is possible to use larger
temperature budgets in order to achieve better process.
control and higher activation of the dopants.
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advant ages are very steep diffusion flanks and high
dopings. Since the inplantation | of the source. and
30 drain regions S and D takes place directly into the
anor phous or polycrystalline sem conductor materi al,
t he underdi ffusion of the chahéel connection regions
KA is not determ ned by inplantation defects since

t s |ahtehﬂE%EHHHiﬁéattbhedHéyS&EbGQthbﬁ'nof undoped
boundar i e$ 'S ROSS

e oriucr e BB AL g L Pr b 18 S GuROSSible
betta edeposdéssin somr@bpedd sdmiemdacttiont matesfiafthe For

daparg Spul-ﬁosés aheal {,8Faat i e Eavgbspd%%taoqna%fﬁ Layer

ndope sem conduct or materl al or icon, it
o’éé‘i btee ¥eIueRoiPt PnIsi Nf'qrfopfeﬁﬁfésérﬁt&ﬁﬁjdﬁ ofhen Opened

rmstee]reca}lvé:w tbbpeﬂurmm@.cdﬂfimm\@épr mat@@v_aned i t hthen
r ng_t region. for

F BRI P8 WL o8 Pl pranisey is mepeated

smmm@nmeWaI PFETt heansdepossted only in this

regi on. The process is repeated correspondingly for

PEET tran ors. 10 Fi §4shovvs a_sinmplified
pAFHTUAC ohe BPOHS] i SHPWhT£164 | BaFFAAL SOt iHnsiew for
carlrlacd tixat iregi ohe \wWiemnel ngontisdopesl gegdeped when using

S&H ct.ar i nce. with,the third
o RERIEChY dIRE | SerliRAEERNARN SRac dEi I L A%, BkGSrdance
ar\th}B mwmmﬂ ¢x¢emplaryt enhatiineans descrébednabaive .

met hod steps in the fabrication of a field- effect
transi stor _with source/drain.insulation in -

alCIERR e 2R (3 ggurT}PP‘%xé:ﬁﬁlp isthodrrenpnal views of
i crdarailal emethode shapdml sndeﬂuegnﬁabﬂgc@tbmnbi | ZQeld-

| @ief"écd d&g&ﬂ&f‘ét&f %g%gei%%‘i' ol zg A ”uﬁé@i‘é@??on in

a repeated description
WWO%W I rWJa"ettor o%ncefWJe'F\ht heelpﬁféﬁb«h%’)ff ou?!‘hOdlment

e&eimi@raal Z&ﬂmé@ntsyﬂooﬁsscaemgﬁaciﬁggl ¥e8mehts or
aIIedcileId ff ct _transistars Wltf}: ¥

YL 1 e % cgl or correspondlng to hose n flgures 1

to 4 and a repeated description being dispensed with

below.

In accordance with - the present fourth exemplary
embodiment, a description is given of so-called field-
effect transistors with "fully depleted" channel
regions. Field-effect tran51stors of this type are
desirable particularly when reallzlng fast short-
channel transistors, since significantly increased
speeds and clock frequencies can be realized as a
result.

In this case, figures 5A and 5B correspond to the
method steps in accordance with 3D and 3E, a depression
31dewall insulation layer 8A which extends . far into a

~ region below the gate dlelectrlc 3 being formed in

order to realize the fully depleted channel regions.
More precisely, a 1large thickness of the depression



regions.. Field-effect transistors of this type are
desirabl e particularly when realizing fast short-
channel transistors, since significantly increased 30
speeds and cl ock frequencies. can be realized as a
result. In this case, figures-5A7and 5B correspond to
the nethod steps in .accordance with 3D and 3E, a

depr 3 I tdon

SepLgsaep % st pRlGRD Lo B8 Jkelve o 20 eo

bei ngVt Blmed Si iﬁ’romst@% tiP% cramRl e hl@Yffﬂ‘?iFl?/S depl exédation of

chantkk 1 egicovered Msbdgwarisel ¥f adnf gesduddeknessd drain

L - EpEREEBALO Ly Tand TR dnl DoHiBY iR P broduces a
anB%ébe°ﬁ€a9§ Fhepgatabkedfbodheonnchamnell region, thus

si devabhst@hgt A8 SOUFGE1 Fndepnaitla RS SHSVtﬁQd h 1
DV. This hlgh t hi ckness prodgbes ab plnchr%?f of chanme

so- cAfFP&8™body or channel region, thus. resulting |n a
fully depleted structure in the channel region The

adva@ﬁégeéd\% %égl %@ffecpéﬁﬁnéﬁé% rfb{%}]stc}r of this

1to?/pe parti cur FZi g Ci FEi t
| anSYBEor s Eﬂrﬁ%ﬁﬁéﬁéﬁy chHdher| |1egrftimingr e ciimguitise with

g r arsraheﬁstwrtsh oF Sd[\i)fl lfeﬁéﬁﬁnghahﬁfégt helh@st%st heyddil £¥at the
ep ucture | us e I N | re

t hei §£§§§§o atc"ea' t sgasneds tgﬂ ?&F‘fﬁ}os\he fully
frond&)jemsdsemr@@rtmasorndmmatsedmmﬁlgﬂmee 5B with their
trangs§bes vkt Bo@rerl %raﬁaxfél@g[ae €YD, aPSo 2 @Jlnse‘rom so1

used for m xed-sSig circul furthernore.ex

Ithe %%ﬂéGPB?u8F°EuI%1r?Péﬁ§rstWﬂ%Q%uuﬁheacéﬁﬁﬂﬁh@F?rS|ﬁ”lth a
a cushpgar yhaanedr lerytts aas\eite cANSECLE08 EBF mixed-signal

deflglpgu?tgot eELE@heEﬁog}e %Q:htci% rEnelt:heeg5:)%?1av1or of bulk )

Accor di ngl 0SSl abricate
quasFrwlﬁFﬁﬁ& arfls afrardingled b@l ka tquafsimany s manner,

Si mlﬂaaaeeausden1orb&ﬁee@m@nwfbhroueflml@@ AdbtéPBh1 in the
raaSkghgrsimla \{\‘%rgg"‘.olnn csé:%llfdl%llg}l%;” nigt 1s possible in this way
to fabricate quasi-SOI transistors and so-called bulk
transistors simultaneously on one chip without using
additional masks as it were in a self-aligning or
automatic manner. This means, in particular, an
25 advantage for SoC circuits, where fast digital circuits

and mixed—sig_nal circuits are to be realized on one
chip.

The invention as been descfibéd above on the basis of
30 silicon semiconductor circuits. However, it is not
restricted thereto and also encompasses in the same way
semiconductor circuits with alternative -semiconductor
materials. In the same way, alternative materials can

also be used in particular for the gate layer and the
35 £filling layer.



automati c manner. This neans, in particular, an 25
advantage for SoC circuits,-where. fast digital
circuits and m xed-signal circuits are to be realized
on one chip. The invention as been descri bed above on
the basis of 30 silicon._sem conductor circuits.
However, it is not restricted therdBo- and al so
enconpasses in the same way sem conductor circuits
with al tetsttpferefarenndusymbolgaterials. in the sane
way, alternative materials can also be used in
particular for the gate layer and the 35 filling

|l ayer. -18- ListSenrl¢endueres sybbokatd Seni conduct or
substrat® 2 Sha'Blh@]MéWeﬁﬁén&ﬁok%{kQPiog Gat e
dielectrjc 4 Gatéaatlzgycgr Hard mask layer 6 Gate

si dewal I” i nsul at7on | ayetSC%¥19A Spacer 8 Insul ation
“mask | ay"er 8A Déprtesslayesi dewal | insul ation layer 9
Depr essison bottqmg;@s,ﬁgsqgiggy%layer 10 Seed | ayer 11
Seed praotection |ayer 12 ed, mask layer 13 G owth
layer 14 | npl ant$ftiSreisipwall S18olatiom efapar D Drain
region 7G Gite sSymaderd Filling |ayer VI Depression

i nsul atigon | ayery, SV %uorrf%éjs rle%?égn

8a Depression sidewall insulation layer
9 Depression bottom insulation layer
lp Seed layer _

11 .~ Seed protection layer

12 Seed mask layer

13 ‘Growth layer _
14 Implantation spacer

S ' Source region

D Drain region

G Gate stack

F Filling layer

VI Depression insulation layer

sV Source depression '

DV '~ Drain depression’

I Implantation



DV Drain depression | Inplantation -19- Cains 1. 'A
field-effect transistor with [ocal source-drain

i nsul ati on, having a sem conductor substrate; a source
depression and a drain depression, which are forned
in a manner spaced apart fromone another in the

sem conduct or substrate- a ti®pression insulation

| ayer, which is forned at least in a bottomregion of
climmssour ce depression and of the drain depression; an
el ectrically conductive filling layer, which is
formed for_ realizing source and drain .regions and
lf.or A ITiekpteEfeotr tramsd s tdraiwi epl esal orwvatcdl@ain
surf agguafattis, Qgﬂﬁgﬁfion insulation |ayer. a gate

di el ectrig, ich is formed at the substrate 'surface

bet wBef STHEC: CO TP %® depr essi ons and a gate
| ayer véwwhces deprmexbici the swddcg @fair'i‘ecﬂﬂr%ssion,

dielectric‘mgf [ he rce.and drain depressions
have, in an uﬁ%grgr%égféﬁae wrdehi MG RiSth $paced apart:

pr edéFEMni PR @Ethenr ineathei mpmiedémbe-tohansebstrate .
connection regions, 2. The field-effect transistor as
claiged n clai.m1, wherein the depression insulation
Iayefge PEPERESHSTe S W el st @a¥esi dewal t which  is
. i nstpamidn dtaykeashiioh a sbbotemd riegibhe ofsi ge¥Akburce
regi @8pphskhgnsource i gpressi ons hut does
not touch the gate 5?@?5%:%%% S epression;

an electrically conductive filling layer,

which is formed for realizing source and drain

.regions’ and for filling the source and

drain depressiohs at the surface of the

depression insulation iaye% '

a gate dielectric, - which is formed at the

substrate 'surface between the source and

drain depression% and

a gate layeg which is formed at the surface

of the gate dielectric wherein the source and

drain depressions have, in an upper

region, a widening with a predetermined depth
for realizing defined channel connection

regions, '

2. The field-effect transistor as claimed -in

claim 1, wherein the depression insulation layer
furthermore has a depression  sidewall

-insulation layer, which is formed in the
sidewall region of the source and drain
depressions but does not touch the gate

dielectric.



- 20 - " 3. The field-effect transistor as clainmed in
claiml1l or 2, wherein the electrically conductive
filling layer has. a seed layer for inproving a
deposition in the-source and drain depressions, 4.
The field-effect transistor as claimed in claim1 or
2, wherein the gate |ayer has a gate insulation |ayer
formed at its sidewalls. 5;2'h§ field-effect
transistor as claimed in claim 1 or 2. wherein it is

bdundethby fisdiad nch_isql ations, 6. The
fiel d-gi;?ﬁtllt r anés)ﬂ\fsétcftﬁ %é'aBF&Fﬁ@a i&8 ckaafmédorie,
n i

wher ei n, has Yt er avhezednc e se Fa di00; . Th ,
fiel d-B¥hEbngt rhagest or as ghai ngd in cl a‘fgn%]fZ %?n‘g‘,‘c':l"e

“wher ei ingFsys r dr.ai.n -dgapre%??a nslA¥9E a dept hfor
of  approxi rr%?%l 3"858’2 PSEE1950 A the Thourcd daghf €§fain

transi SEOTCH5 ¥ ned in claim 2/ wherein the
depression sidewall insulation |ayer extends into a

MeEgi OfhpRel o e gate dielectric. 9. A nethod for
fabricati ngﬂ?ai&i%? SEFf ddensdatmistas  cuiatibhelioca

sour ce/ drai n $¥&imat Loar Mavi feethe, f.9/1 ow ng ‘st eps:
~a) fohaatian gaee PatdHITY of 'g gg?e t:git'z‘ac Qgt hayger
gate ggag&,aﬂg a gate d]i et rildver formed at its

5. The field-

- 4/ wherein it is bo
shallow trench isolations ) unded by

The field-effect transistor as claimed ih

-claim 1 or 2 .
1 wherein it
Structures < 100 nm. has lateral

7. The field-effect transistor as claimed in

clai . i
im 1 or 2, wherein the source and drain

depressions ' have a . depth - . of
~approximately 50 nm to 300 nm. 0

wherein the de i
' . ' pressio
51dewall ilnsulation layer .

region below the gate dielectric

extends into a-

9 . . . - .
| A.method for fabricating a field-effect transistor
with local source/drain insulatien, having' the
following steps:
a) formation and patterning of a gate stack with a

gate layer . and a gate dielectric on a
semiconductor substrate. | '
_ T



on a -sem conductor substrate. - 21 b) formation of

source and drain depressions at the gate stack in the
sem conduct or substrate. c) formation of a depression
insulation layer at least in a bottomregion of the

source and drain depressions -and d) filling of the at
| east. partially insulated 2source and. drain
depressions with a filling |ayer for realizing source

and gy afé‘rrﬁ&@i@z@so‘fm%rcﬁlfbe ' Qn?t QRah c}égzrec‘ﬁtsions

depressions are forned for realizing _
connection regions idFthRBe §&FecHTRADt or substrate, in
spacer stz &sérmidmddattbhesgabemtack and second

depressi Qns f d mask

in t'ﬁz #I rst@{d&Br ggg%ongéngSHSnt ﬁes gr%%lgﬁld %t%?r
substrate. 10. ®Ye AEBRGd &8 ctaibmictdm c¢legiimrm, of the
}A/nerel Nsourde S&e@ @i‘alﬂnd&&egﬁ‘ibﬁg, is carriedagt for
ormn ow n I sqQlatiLons.” an | antatlo
carri egd)ogi‘?i Jo?gfé) ﬁge q"1 iﬁﬁﬁtcﬁeﬁ:ﬁéﬁi&é’pl ﬁﬁsu ated
regi onssdur¢ée ag@hi doadnctdrpr esdistnat e a therndlth a

oxXi datlpﬂifhé;aigygg out for form gg) 98 £hg source
dlelec”'ciﬁ oSition of sem conductor Tt erial

carri e FRIHPRY t he gat ewWhgyein, aimeesep by,
deposi tfirst sdepresedonst for faferiMgrmed hesd paskizing
layer channel connection regions ' in the

semiconductor substrate

spacers are formed at the gate stack.

and
second depressions are forméd using the
spacers as a mask in the first depressions

and in the semiconductor substrate,

10. The method as claimed in claim 9, wherein,
in step a), '

" an STI method is carrled out for forming shallow
trench 1solat10ns/. _

an implantation is carried out for forming well
and channel doping regions in the semiconductor
substrate; ,

a thermal oxidation is carrled out for forming the
gate dlelectrlc; ,

a deposition of semiconductor material is carried
out for forming the gate layerl-

a TEOS deposition is carried out for forming a
hard mask layer: '

a lithographic method is carried out for
patterning at least the gate layer using the
hard mask 1ayer/ and '



a lithographic method is carried out for patterning
at. | east the gate | ayer using the hard mask |ayer and
- 22 a further thermal oxidation is carried out for
formng a gate sidewall :insulation |ayer at the
sidewal | s of the gate Iayer 11. The method as cl ai ned
inclaim9 or 10, wherein_the first: depressions are
formed using the gate stack and the shallow trench

i sol atal Ofukrayier a§hg sk do to a first depth of
appr ox rratelgy 10 to g 39 t’t‘ﬁé dfbsepareedurdatce for

by neans of%nfs &Fi §1d@ﬁ"@|3fllngln§121.atﬂ'tﬁ1 met Q, as ¢

cl ai mé&rei §ideniahlsd off tll-QQ ga/&erledlﬂ! before t
for mation of the spacers' SEm conductor
ot E‘C{’ll .on layer is for rred at | east at the channel

nnerc" Por¢&3pdnds 181lathedneirhod as cl qilr@iqnlg or 10,

cI ai nwh@rein 1Qhev\hgrj_g45Q 't cers are forned by
conf oggmy, de %Sltl on of si :&Fzgg%B%I iPPfde and @re formed
ani sotrop?c et bRE®Sk14. The net hod aasdctnerrgﬂawow-

cl ai ntoepeh P@Olﬂmmnltaly@zsecondage %eﬁ%gq{]s % ta a
0

f or megli rglevaepena dept iy of r.oxi nat
from the s]ggg%rate sur:‘?)af(c:)e I%glp%é??st Sy Jé}n%@ﬁ@pmc from

et chitiS 4 SYhathetNsdage ci ai miny imeaifi ot 9n9§otrop1c
10-. ,etwileimgn, in step c), an insulation mask |ayer 1S
formed in the source and drain depressions and
1rzenDYr613—1d .again at least in the bottom- region; and

e method as claimed in claim. 9 or 10

wherein, before the formation of the spacers, /

a first semlconductor DProtection layer is formed
at least at the channel connection regions,

13. The method as claimed in _ claim 9 or
10, wherein the. spacers | are formed. by
conformal deposition of silicon nitride - and
anisotropic etching-back. |

14. The method as cléimed in claim 9 or
10, wherein the second depress1ons are formed
down to a depth of approximately 50 to
300 nm from the substrate surface by means of

anlsotroplc etching.

15. The method as claimed in claim

9 or
10:, wherein, in step c),
an insulation mask layer is formed in the
source and drain depressions _ and removed
.again.at least_in the bottom region; and
a depression bottom insulation layer is in

each case formed in the uncovered bottom region.



a depression bottominsulation layer is in each case
formed in the uncovered. bottomregion. - 23- 16. The
method as clained in claim15, wherein, furthernore,
the remaining insulation mask |layer is also renoved
at the sidewal s of the depressions; and depression
" sidewal | insulation |layers argg _fornmed in the
uncovered sidewal |l regions of the depressions. 17.

ThE - nefhed mes helarid®dej gy £l ai M 15 wherein a silicon
nitridguggﬁggmb of orned asé?ngﬁlation fhakml dfer whanein,

a silicon dioxide’layer is fornmed as depression :
bot t onFHfid ZemAimING | imshatitadd ayglx 8., Ihe met hod

as cl aremovéa §takfL? 10, wherein, in$tep d) isdl plso
| Sghegggﬂgn°ﬁa§éﬁ dgndessieond ; mask

a see . a seed prot

|ayerd%%€*’$%%h%1a BVEPwahd whobelaceen dR)ybpe seed

mask |E8%med s ipauskd tunddeedsy i ght, hgto the source @r®

and dradprélaprgssi ons.  d3) the seed prot &R9eNs apdr the

is partially renbved using the seed nask | ayer as a

qg§k; d4) the seed -mask |ayer that was caused to

receddhes methv@d;asd5 eed- layer is

; as é:l&hx‘ﬂeé 9 'Y claim 15

wherein : : /.

‘mask layer/. and

a sili i i : .

- icon dlox?de layer is formed as depression
m and 51dewa11_insulation layer,

18. The method as claimed in
10, wherein, in step 4d),
dl) a seed 1aye§

@ seed protection layer
.and a seed mask layer are formed
over the whole area;

d2) the seed mask layer is caused to recede

right into thée source and drain depressions.
_ /

d3) the seed protection layér - is partially’
removed using  the seed mask iayer ‘as a
mask;

d4) the seed ‘mask' layer that was-caused to
recede is removed;

ds) thé seeg' lgyer is partially removed
using the seed Protection layer as a
mask; ' L

dé) the seed protection layer is completely
removed; and _ '

da7) .a growth layer is formed on the seed
layer right into a . region of the

substrate surface,



partially renmoved wusing the steed protection |ayer as
a - mask; d6) the seed protection layer. is conpletely
renmoved; and d7) a growth layer is forned on the seed
- layer right into a region of the substrate surface. -
24 19. The nmethod as clainmed in claim 18, wherein,
in step. d6), furthernore,~ £he spacers are renoved;
and in step d), d8) inplantation spacers are forned at
the gate stack d9) the hard mask | ayer is renoved;

laﬁ.d dll'l'@ arﬂef.:HBJiamé@ti Q aihismé: r\r/\i'ﬁdl g;terl.‘ of dcc.')lglrr]ng 18,

the gate |l ayer and al so e gro
- ‘'wherein,
in step. d6), ' furthermore, the spacers are -

- removed; and
in step d4d),
d8) implantation spacers are formed at the

gate stacky _
d9) the hard mask. layer is removed; and
dl0) an implantation is carried out for doping

the gate layer and also the growth layer,



