I N1248DE Descri ption *159159* Fiel d-effect transistor

with |l ocal source/drain insulation and associ ated

fabri gghgﬁ nmet hod 5 The present invention relates to

afie ect transistor with.l ocal source/ds

insulation and to an associated fabrication »mmw mmm‘mmmm

and, in particular, to a field-effect tranS|s or wih.,

st r UBEBEBEPFRORhe sub 10 100 nm range, which can be'

used in so-called m xedsignal circuits. The el ectrical
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transi stor. Such junction capacitances are caused in
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regi ons has been directly bounded by the insulation

region of the SO substrate or wafer. \What are
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account of space charge or depletion zones.

In order to avoid or decrease such junction
capacitances, so-called SOI substrates (silicon on
25 insulator) have conventionally been used, whereby at
least a lower region 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 increased
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 possibility
in order to prevent these regions from being charged
and in order to realize the highest possible linearity
of the characteristic curves. In the same way, a
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*@00002* 1 n1248DE - 2 connection possibility for the
channel region is also of inportance for the

so- % tching behavior of the transistors, in
order, by way of exanple, to engble an identica
behavi or of two identical transifstors in a 5

sem conductor circuit. Therefore, for _ m xed-signa
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ar e gisheyanégpensls in this case, however, are the

1roelatively i naccurate formation of these buried 20
i'nsul ati on regions, such as, for exanple, an unsharp
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i nvention object i's achieved by neans 0
f eat Laxer of Wbat:emrecldﬂsa@_vmuage@gaardnt thishgase, however,

fielgdr-effREt rE1RRSLELYN 138 CDYaRRAFSBfatlif® of these buried

20 insulation regions, such as, for example, an unsharp
lateral transition between implanted and non-implanted
region, and, in particular, a lack of applicability of
such methods to field-effect transistors with
structures in the sub-100 nm range.

25
Therefore, the invention i1s 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

30 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

35 measures of patent claim 10 with regard to the
fabrication method.



35 neasures of patent claim10 wth regard to the
fabrication nethod. 1[1nl1248DE - 3 |In particular

thr0ﬂ§fb£ use of a source depression and a drain
depression, which have a deprgsgign i nsul ation | ayer

at least in a bottomregion, and an electrically

conductive filling |layer, which is formed 5 for

real 13 P§ridGrdéranehoeugh tog orse ard far spukengenression

deprgsgi 0gs @ratife Wl dn t heyHEPReSBEOB a depression
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shalteal Dfe@CRUNRPIG Yadal | dtask ext BOSt DRe BF HRMECELPN mixed-
1regions for t.he channel reglon. 20 In order to realize

Ri gt ot L HEE Y et PRED ERBNNETE CHrhe S r 8§ ohgSs  than
t he 5@Urme. and drai n depressi ons may have a

predeterm ned width in the upper region with a
predeterm ned depth. In this way, the desired shall ow

25 RRWMERRS orfheegideRs essriomhebekafel iRsgiahsonanlager, the

r eal dg®ee y&1 on piﬁ§t§&EYoﬁn‘iaFr'éQ Wy 816! B¥e a depression
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30 w [ r re ciLbility_ar. a
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obvidekihedosvension arcoonnecotivheregpoessifor the channel
si deygliod nsul ation layers, it is possible to

significantly reduce the high | eakage currents and
2Punction capacitances that usually occur 35 in this

reginm. okdeer d®y 6aliPeoweE ghlgepasdlitHeDf 06BFSnEA channel
Egﬁ Sgr?rg%c‘:tfgrg %regi%ndse,prg g Osndc’dréeheagldecé;éfgl I<¥epressions
may have a predetermined width in the upper region with
a predetermined depth. In this way, the desired shallow
25 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)
30 with their poor reproducibility or a pre-amorphization
and defect implantations are obviated. However, on
account of the depression sidewall insulation layers,
it is possible to significantly reduce the high leakage
currents and junction capacitances that usually occur
35 1in this region. |

In order to improve a deposition process in the source
and drain depressions, the electrically conductive



In1248DE - 4 filling |ayer may have a seed | ayer, as a
result of which even very narrow and deep source and

dr ai e sions or holes can be filled sufficiently

wel Ifq ]%gDerEtshernDre, t he depresgion sidewal |

insul ation |layer may al so extend into a region bel ow

the gate dielectric or bel ow the channel region. What
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the optinal devices are produced both for digital
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The Tnvention is described in nore detail bel ow using

20 é)éé“n‘pﬁ"aﬁ‘%/ erifodi fidits wishiPhterdeamed t o tp@sistors are
dr awiritghl dded he fr@mreSthQS BQuBEtanre &nghowd odg-channel
lg;nﬁ!lfled sectlonaL Vi ew 0 i el deffect transi ak ﬁ e £
it 9Bt S8 ¥ d BFnsaﬁ‘fulwaﬁ 19N FrTetcor dahlESwPERT Y ©
a figsmexeinpl aty ehbodubsttrate. Thus, the optimal devices
are produced both for digital circuits and for mixed-

signal circuits. This is particularly advantageous for
an SoC (system on chip) integration.

15
Further advantageous refinements of the invention are
characterized in the further claims.

The invention is described in more detail below using
20 exemplary embodiments with reference to the drawing.

In the figures:

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

exemplary embodiment;

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

exemplary embodiment;

Figures 3A to 31
35 show simplified sectional views for
illustrating essential method steps in the
fabrication of a field-effect transistor with



Figure 2 shows a sinplified sectional view of a
fieldeffect transistor with | ocal source/drain

i ns t L n accordance with a second exenpl ary
enbg%'?ln%%l?é Figures 3A to 31 §hsw_si nplified sectional

views for illustrating essentiall nethod steps in the
fabrication of a field-effect transistor with
| n1248DE 5 10 Loggl | searceddrédrdr anauilasipat i ba iarcordance

accordance W tyf} tth tivrh X sy Da 8ot deifend gure 4
shows a partly enl arged sectional view of a

field-effect transistor in accordance with the third
exerpiqune elrbctiovent a ped tRiyguerbabdedndebBishaw view of a
inmplified secd. | Ad f [ddustrating esseni al .
?’ret hod steps |Cén eghraz.\l eféallfbes:l\q%att-'lorcr)‘-’lr{1 ‘J'olstLam{i e nd-caafcfceocﬁéan%e with
transi stor w tihe ddulrd cureny ey renbyaslinesn ton dnd

accordance with a fourth exenplary enbodi nent. 15

Figure 1 shows a sinplified sectional view of a

fielffF4eRS B ARFsIBr with local source/drain

i nsul ation in geserdagaepiitfied firgecexefrlary views for
1Srrbodi ment, in v@i ch case, in a semni.con

duct ar :
Substrate 1, which 158 Ors eFP55SP &8‘&1305‘8%8% aSEFPF ol the
sem conduct or fHbnietadriical ,oficai feeldgednscar erbasistor with

by nmeans of an 3H; ”%Bﬁ?g:e(/ﬁl%%{ihoy\’iﬁéﬁggg'é@:ﬁo'Jgr%;%{%cvc\?rdance

for form ng shallow trench i sol'ations ald
trench isol at iWd? 2 fRpHa SHRIRIEr Y EMROGHRARL i n

strip formin the sem conductor substrate 1, thus
1EESHILNG TP SholR WY Rt e S O i8R 8Y W fiera-
effect transistor with local source/drain insulation in
accordance with a first exemplary embodiment, in which
case, in a semiconductor substrate 1, which is
preferably composed of a silicon semiconductor
20 material, active regions are formed by means of an STI
method (shallow trench isolation) for forming shallow
trench isolations 2. Said shallow trench isolations 2
may be embodied for example in strip form in the
semiconductor substrate 1, thus resulting in strip-type
25 active regions situated 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 spaced apart
from one another in the semiconductor substrate 1, a
35 region which 1lies ©below the gate dielectric 3
representing a channel region. In this case, the
depressions formed may be cutouts, holes, trenches,



In this case, the field-effect transistor has a gate

stack G fornmed at the surface of the sem conductor
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al so an actual gate or control layer 4. At the sides

of the gate stack G a source depression SV and a
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1, a 35 region which |ies below the gate dielectric 3
representing a channel region. In this case, the
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|npl %5 AL1 &Q%GEQC?% §8HE8§ 8H9 dréﬁg Uﬂﬁﬂﬁftg8ﬂ§ce and

accor to the i"nven n are o Fmed T'n narro
dellﬁ¥@éﬂ iasuleniang aéﬁyréxagtw?|thlw;VEﬁtlon are formed

depr 8Sn@Rrofiit BT red NeabhebA- %ﬁﬂFCGef§a€§h§E99 in the
has $n el ectrically conductive filli | ayer
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the hatliag leestHdeing foomBattdtvd heiguihacelal,ether for
depress on, |ns§bat|on I ayer and fl|é aggthe source

d
20 o SFh- PP e 5EF0 RS HF A RPBe RS AbaiT £39A0gS ¥ and D,
fiel thef fetlingadsiystroF weingd ofatmeduate therd stirdfiare of the
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capaclitance at Its source an rain 2 regi
2é’nd R iRl APFesehans e8Vaakdnh¥et i on possibility for
t he channel region Iylng bet ween the source and draln

reg| ns. Int wa ffect transistors wt
| ongt iR an gk g | EREARrELaRE d AR ANty local
mat chougcer aner tdxesicannabiathen3Wiried | rad ian significantly
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| ocal sour I NSuU lfon alSo re
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Corrpg&llggg VgrE gal%ubgé&gggg In this way, field-effect
transistors with long channels and high linearity and
also outstanding matching properties can also be
30 realized in particular in mixed-signal <circuits.
Furthermore, such a local source and drain insulation
also results in a thermal 1linking of the channel
regions to the semiconductor substrate 1 which 1is
greatly improved in comparison with SOI substrates.
35 Particularly in the case of field-effect transistors
with lateral structures in the sub-100 nm range or
< 100 nm, it is thus possible to fabricate field-effect
transistors with further improved electrical properties



35 Particularly in the case of field-effect
transistors with lateral structures in the sub-100 nm
ran < 100 nm it is thus possible to fabricate
fielgjgng%%% transistors with_fyrther inproved

el ectrical properties 1nl1248DE - 7 |narelat|vely
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%ate stack G it is also possible to real i ze ot her
[~ayer structures as are known for exanple fromthe
fiel dibfcoonvdl atide, mehor y edeardre,s (ifsl asseBPREl] the gate
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desi gnating_elenents or _|ayers I dentl cal
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bottom 30 region of the source and drain depressions

SV and DV, but noreover a dhgressn on sSidewal |
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B A e E
4bsuakng gsggpﬁgﬁeﬂodﬁzﬁﬁglptlon being dispensed with below.

In the exemplary embodiment in accordance with figure
2, the depression insulation layer VI has not 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 insulation 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 1is thus .
possible to avoid the methods usually used for forming



In1248DE - 8 such shall ow connection regions by nmeans

of shall ow i npl antati ons, pre-anorphization or defect

irrpl rgf%a#e s and al so short RTP annealing steps

(rapi | process). The fagt that the dinensions

of the 5 source and drain depressions can be set very
accurately neans that the electrical properties of the
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out di ffusion
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fabrication ect transistor wth
sourt®7¥ir aPRCEGALRIYI at | BAYS ond@Sadding dehl| caﬁemlCOHdUCtor

r ef esssen Sy ol swdesi gnadi g 4 A1 ekearpbe _junction
ldentical.or simlar to those in figures 1 and 2 a

1D e pARAF YTt i on bei ng di spensed with bel ow 25 I n
accordance with figure 3A flrstly in a preparatory

h a nd _a gate
d| eI ec ggg&gﬁég?ﬁe Si)nugegem con uctfc%rﬁsﬁlgstﬁaabfer F. the
In teﬁét@’a%@ré)f o5y Eiera asitiiead, resiens yKhefmant doct seadiaed by

gat enduses e | bkky r#,Badn0Xi d@héPQB st & 86 1 Sopant
30 de$%f(s,1ted at the surface of the sem conductor

IoubRuh e 95 it $HAPPRIRYT RFREHRE 1 | ustrated) is

subsequently formed at the surface of the pad oxi de

h isola
he T HShaaE oS SObSITATL TLBy hEARE groational Views for

conviehtustred t 3% SEEsaent hatl @@it@ld%vsdemcM| sbleatfiadm)ication
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gain e or nore I nplantations are subsequent
2Qf f stBH 3 6k0% or nPREE wehPahRd/ dAeBRARAS @@pﬁm@nce symbols

r egi esi dria t 11y SeayE98dvet @l enlenk# 8 dent fal or similar to
those in figures 1 and 2 and a repeated description
being dispensed with below.

25 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

30 deposited at the surface of the semiconductor substrate
1 and a pad nitride (not illustrated) 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

35 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



substrate 1, it also being possible to realize a
multiple well construction depending on the
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The sectional view illustrated in figure 3A is obtained
in this way, it also being possible to carry out

30 alternative methods for forming and patterning a gate
stack with a gate layer 4 and a gate dielectric 3 on a
semiconductor substrate 1.

Afterward, source and drain depressions are formed in
35 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 V1 for
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Inl2 - 11 mask, thus essentially resulting in
elf-a |gn|ng nethods for a first depression V1. In
ccordance with figure 3C, second depressions V2 are 5
thenAfbenwdr@Athhndﬁm@ﬂﬁanﬁb dejressi guse ViBi, nsoaeers 7 are
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are preferably formed by conformal, i.e. uniformly
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, being used for the deposition. 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
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a2 nitride deposition for realizing the insulation mask
layer 8. The silicon nitride thickness sought, or

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

30
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 SV
and DV, preferably an anisotropic etching method and in

35 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.



As an alternative to thermal oxidation, it is also
possible to carry out a so-called SELOx nethod
(selfﬁ{jygDQX|de deposition process) for the selective
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fon of an insulating Iayfi only in the bottom
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reference N. Elbel, et al., "A new STI-process based on
selective oxide deposition" at Symposium on VLSI-
Technology 1998.

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

In accordance with figure 3E, furthermore, it 1is
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 depression
sidewall insulation layers 8A 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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In accordance with 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
30 carried out after a predetermined time, by way of
example. Such a receding process can be carried out
relatively accurately since the height of the gate
stack is usually known very accurately. Using the seed
mask layer 12 that has been caused to recede right into
35 the source and drain depressions, the seed protection
layer 11 1s 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



then allows a sel ective deposition or a growth of

sem conductor material on said |ayer, the rest of the
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25 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
30 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
35 semiconductor material being deposited selectively
(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 amorphous or
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25 empodhazEné, efdesqrdpEifapiba gifvem oftheeecallHifRthly doped

Lo Lol T e AL ELE g ST e

28esiaraiiphees t | cdmErdonddmor eamaziemg aflast acting like an

fﬂg:%:%%gf@é AR St Yotr s NoRiBGINEL! CARL! Yhigh 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

30 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 boundaries.

35 Owing to this fact, it 1is possible to ﬁse larger
temperature budgets in order to achieve better process
control and higher activation of the dopants.



30 speeds and cl ock frequencies can be realized as a

result. In this case, figures 5A and 5B correspond to

t he é?g%Dsteps in accordance with 3D and 3E, a

depr%% B5 sidewal | insulatip | ayer 8A which

extends far into a region bel ow & he gate dielectric 3

being fornmed in order to realize the fully depleted

chark®l pBgi GHs-evtlye eckeel ywhea | depesibhiakness ofundoped

t he Q&Q{@ﬁd@é‘tofnﬁlgﬁgpgal Jc>f7r Zétild:l.eél%l j psylatiy Bopsible

| ayer 8A, lying In a rang i'S produ
for EXafFROSHE rréanssb?u'o@@M| @@“@ﬁoﬂ@%@e’ov@ﬁ‘é@rlal For

si deywd & s pakpble, S%H@ewamerdrlad NcgeeregskaAth Y aRdk layer
V. Tthi i gh thick Eess produces a 5 pi.nch-off of the
c

h
o- cHt eﬁh%o’aﬁgb?n 8hnE&l 9r e §F G, tlrﬁlﬁ’§l|5é?§l§lst iy "1*%?1%1 opened
fullsyeblaaq:)ttme]jystrnlopade Igertitreharue r;rf;egtﬁmairhels then
adv e ct istor of this 10
CypeBsEr g, é?ﬁy B TS R TR Beokiel 1o mepeated
t rar@ourespordiny iy cf @nt PREBNedn$ beigohs, are that the
transistors with a short channel |ength have the fuIIy
Sepl et ed strucéares il ustrated in figure 5B with
hei TR cf afEAWSo e rS MR LR PaBR1At e S§F§6ORAWYIew for

frcwﬂfIisﬂﬁhsﬁm%c6H?UQMQMﬁ?ﬂW%bﬁ§hc@ﬁbﬂeré@@ons When using
transistors with,a e channel | en as are a
used'n#%?p?f?xga SRS cf gFP‘&SPFEuCFBFt ﬂréarrk'ﬁﬁjéa]exﬁpblacccordance
t he wiettaviloe ©fibhdl éxemplearstensoditen tcdos ot gk, above .

a customary nmanner, have a well connection for

defining a potenti aI in the 20 channel region.
1Accdrawees, Sht and pdBsighaw | pimpléfagf tepdtabmalat wiews of

quaSéss%ﬂtiéBnﬁéEhQ&S sQ:"éi:sSOIIQalth@d K dd@ansy Sé@r 8 field-
Si rrukesttﬁneous on one g iﬂ Eut usi ng addi ti onal

$18hog ‘%F PF RGYSFE G &As: ilqisulation in
rranrmcofl’damcereanmth n psart |ﬁm{r&rh are%;ﬂlﬁ&d@ﬂt agéndddliment,

SoC Cul ts
mi xeg%r%ﬂnéa ci'r c s ar edgt)%%e S ea S5t tnmo%e clh?nbents or
2%he lJawer |Uﬁela%l%bnode§@rrbénoaﬁwg @n theskadins fafgures 1

30 sid i gomrxenhCanglcdidg ChbeHt Sti AWy | hikSeAStd with

below.

In accordance with the present fourth exemplary

25 embodiment, a description is given of so-called field-
effect transistors with "fully depleted" channel
regions. Field-effect transistors of this type are
desirable particularly when realizing fast short-
channel transistors, since significantly increased

30 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
35 sidewall insulation layer 8A which extends far into a
region below the gate dielectric 3 being formed in
order to realize the fully depleted channel regions.
More precisely, a large thickness of the depression



restricted thereto and al so enconpasses in the sane

way sem conductor circuits with alternative

sem conductor materials. In the sane way, alternative

mat eF* 448N al so be used in partlcular for the gate

| ayer and the 35 filling | ayer. 17 1711248DE Pat ent

claims - 18 1. Afield-effect transistor with | oca
sourcsidewal h insulation, lhaern@AS dyseni danductaorge of 20 to

subs{y gL e (%%N§§o§§8é§6f8§p §§%§gg %§ éﬁﬁgz%fhéﬂféftlon of

depressi oh manner
aparthé r ounca¥esrot her dewalis séﬁﬁcoﬁ@@ctépu§955tﬁﬂxh drain

(1) ge dﬂPeésﬁ&?ée?s%' QUhd Ngyl atpheg | éx\ﬂ&kn@@gc@ﬂoﬁuces a
forme | east _In a bottomregion o he source

deprRsRtorei syt akbeo FofﬁéléﬁglPoégppgé§ﬁﬁﬁﬂﬁ@@reQﬁPn' thus
el ectesehtiygcondactivid v i dépIgrédystri€urpvhiah ke channel
formed for realizing source and drain 15 regions (S,

D) ah@®t¥3* filling the source and drain depressions

(SV, DV) at the surface of the depression insulation

| ay \ di.el ectr hl I a :
t heei;h%sta%dz;’tagm%gj{sa |C)%( S%) lgetl\(/\%zeenf t eﬂ:sogr%ggqan ‘} Bf tl'ns
18r ai FRIRpr e RATBHCYIRX1NDV) WhRd argatéziager @nycults with

whl c&aﬁsigwﬁﬂ 8t e reHdnic acrdnrdie g@ﬁ@cﬂg el gebrithat the
The fi el d- e&hect transi.stor

() find Syt e) G Bk el ALl RS CLSLICAAL D, ke £ully
| ayedepMefed usthechoreshadlasdepredsian fdigtewaldB with their

| NSULAL 60Dt 8Y Choli8A) acylihEhoLs f LRl n%g;tspsﬁog@}waééom SOI

regi on o ce and n depressio
1But mcm@u@bgth qircygdise 3wh@||l@| ethei ¢reg)sistors with a

large channel length, as are also used for mixed-signal
circuits, furthermore exhibit the behavior of bulk
transistors and, accordingly, in a customary manner,
have a well connection for defining a potential in the

20 channel region. Accordingly, it is 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-signal circuits are to be realized on one
chip.

The invention as been described above on the basis of
30 silicon semiconductor «circuits. However, 1t 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.



3. The field-effect transistor as clained in patent

?Iain11 or 2, wherein the source and drain depressions

SV have, in an upper region, a 35 wi denin V1
ﬂ“g\%lrsg&term ned depth (d1) for realizing dgfi(nezj

channel connect i on regions (KAJ. 8 “In1248DE - 19 4.

The field-effect transistor as clained in one of

pat dattegltaicdgimst o 3, wherein the electrically

conductive filling layer (F) has a seed |ayer (10) for

|n'prowngna dgé)sulonlnthe source and drain 5 ,

depressi gffect trpesipEpPy- afftdctlecahspopsre-drain

as cl ai rrqghsllﬂa(gri@nof h@@tlelrgt clains 1 to 4, wherein the

ate | ayer g : ha ate ulatlo Iayer (6) forned
t its 18 §i '8 dfifdct transistor as

cl ai med ian smmroé mﬁpe:msscdcm msSFI t @yl whetrmim | lepgession
bounded %v%ha' WYEA T QReN £5 ' PLS éz)nan? %Jilfed apart

field-effect tranS|stor as C in one O

cl ai ms 1freme, onpAerasigther has I'é]tlér aﬁensltcrqmiqqt@;r <sppgtrate
nm 20 8 'ghe field-effect transistor as clai ned |n

one of patent clainse 1 to 7,  wherein the source an

1@rain defr eSSRIRS (ISP BWSHA O delR¥eY d1+i3) - fWthh is
appr oxi metcemedhin &as80Gnnna Bt fom Theghioal dfef ket source

transi st as cl.aine 0 at t I 2. 1.0.8,
wherein & c?ee’ﬁrlé%]sl %ﬁ/ ) a&‘trsé\fvéﬁf rﬁg rfﬁc %”BR?&S l((%)Z?A) DV)

ext ends iamt o el edyiioraldet o dhdugaiee di B btingc (8yer (F) )
30 10. Aviﬁqtzg‘gio‘jlgorféﬁ@ééca{tdrngr@aﬁ.ﬁ.% Ldgefi6Gtce and drain

transi st or
5 regions (S, D) and for £filling the source and

drain depressions (SV, DV) at the surface of the
depression insulation layer (VI);

a gate dielectric (3), which 1is formed at the
substrate surface (SO) between the source and
20 drain depressions (SV, DV); and

a gate layer (4), which is formed at the surface
of the gate dielectric (3).

2. The field-effect transistor as claimed in patent
25 claim 1, wherein the depression insulation layer
(VI) furthermore has a depression sidewall
insulation layer (8A), which is formed in the
sidewall region of the source and drain
depressions (SV, DV) but does not touch the gate
30 dielectric (3).

3. The field-effect transistor as claimed in patent
claim 1 or 2, wherein the source and drain
depressions (SV, DV) have, in an upper region, a

35 widening (V1) with a predetermined depth (dl) for

realizing defined channel connection regions (KA).



with | ocal source/drain insulation, having the
follow ng steps: a) formation and patterning of a gate
sta Kk 2%&@ a gate layer (4) and a gate dielectric (3)
ng Gnduct or substrate_(é% _b) formation of
source and drain depressions ( DV, V1, V2) at the
gate stack (3, 4, the sem conductor substrate (L); F
6) An . . The| fimigbeffeny Eyansi#heromsofckaihed edsi gme of

i nsul ati ?thﬁierci§1ms 8A, @b at, | gasdrdih achett Qmactrlcally
region of the ource_and drain’ depresslons

and d) {FPRARGESTE: A it Ne e Far ) allep T eARe elbYEr (10)
sour ce amdigrim?god?ngessldm s(1$\z[,orD\zOn whd soufddlang drain
ayer or, .f,ea ing source and drain
%eglons gOTBFS RS +§&’nébﬁod as claimed in patent
claim 10, wherein, 10 in step a), an STI nethod is
cargi ed ayb fﬁrefcpré@f&éhekéﬁgvls%@ns@ |0k AhéANIn one of
(2); an inplantation is carried out for formng well
and/ or chakgEt GFEiMF rkgtend i iWhieeSentignddtcorlaver (4)

substratgagl)a adther MsuQsitdald onayercarsj ecktifed 0Ot its
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10.

forn1ng tggewgﬁae dielectric (3);

The field-effect transistor as claimed in one of
patent claims 1 to 5, wherein it is bounded by
shallow trench isolations (2).

The field-effect transistor as claimed in one of
patent claims 1 to 6, wherein it has lateral
structures < 100 nm.

The field-effect transistor as claimed in one of
patent claims 1 to 7, wherein the source and drain
depressions (SV, DV) have a depth (dl+d2) of
approximately 50 nm to 300 nm.

The field-effect transistor as claimed in one of
patent claims 2 to 8, wherein the depression
sidewall insulation layer (8A) extends into a
region below the gate dielectric (3).

A method for fabricating a field-effect transistor
with local source/drain insulation, having the
following steps:

a) formation and patterning of a gate stack with a
gate layer (4) and a gate dielectric (3) on a
semiconductor substrate (1);

b) formation of source and drain depressions (SV,
DV, V1, V2) at the gate stack (3, 4, 5, 6) in
the semiconductor substrate (1);



a deposition of sem conductor material is carried out

for forn1gg the gate layer (4); 20 a TECS deposition

is carri out for formng a hard mask layer (5); a
Iitﬁﬁbéégﬂﬁc method is carrledzﬁut for patterning at

| east the gate layer (4) using hard mask | ayer

(5), and 25 a further thernal oxidation is carried out

for fore nfoamghiensiodeial fepness hon oansayatipes) layer (8,
the sidewal gg ofgﬁheatga&%ak%yein(@ pAtolhe rRtiked 8¢ the

claimed in patent claim 10 or 11, 30 wherein, in stg
b), first dePRESS| BRY EVA}NaFePFBFREANE of SV ealPV )i ngl

channel gonpetlifng r&di aite (1A Bakle psedigdhgucivsulated

Tack (3, 86urgE S raih AT S o fuBier 2

are formed fslbgnyhéayspacets 107) aé)aﬂmﬂﬂ¢eailimng source
first depreéfaoaiaiévgﬁggggilQsthg sen1conductor

substrate ( 137" The net hod as
claimed in patent claim 12, wherein the first

depfessi efa fn\é%}xoar Qsf QrEBehdssiitg dhreerat €1 £#imcko ( Swherein,
4, 5, 6) ;and the s hal l ow trench 5 isolation [ayer (2)

1Gs a naskndﬁﬁﬁpté a first depth (d1) of approxi mately

1? to 50aﬁm§mnméhEOQUHSt redrerisad f ace (S0 Hyrmiespnsshallow
of aniso etc 10 The nethod as cl ai ned

in paten%rgggﬁ Fgfgs ﬁ%ireln before the

format | oanoflmmbaxsq,mtcmg (®),carfiedt osdni tondfemerng well
protectiangl gyelc héﬁﬁ%&'ﬁ%ﬁfﬂglfgﬁﬁoﬁg ihergbagegh conductor

connectl on regions

15 substrate

a thermal oxidation is carried out for forming the
gate dielectric (3);

a deposition of semiconductor material is carried
out for forming the gate layer (4);

20 a TEOS deposition is carried out for forming a
hard mask layer (5);

a lithographic method is carried out for
patterning at least the gate layer (4) using the
hard mask layer (5), and

25 a further thermal oxidation is carried out for

forming a gate sidewall insulation layer (6) at
the sidewalls of the gate layer (4).

12. The method as claimed in patent claim 10 or 11,
30 wherein, in step Db),

first depressions (V1) are formed for realizing
channel connection regions (KA) in the
semiconductor substrate (1);

spacers (7) are formed at the gate stack (3, 4, 5,
35 6); and |

second depressions (V2) are formed using the
spacers (7) as a mask in the first depressions
(V1) and in the semiconductor substrate (1).



15 15. The nethod as clained in one of patent clains
12 to 14, wherein the spacers (7) are fornmed by
conformal deposition of silicon nitride and

ani $BLEBPPE et chi ng- back. 20 1? The nethod as cl ai ned
in one of patent clains 12 to ﬁ,—mherein t he second
depressions (V2) are formed down to a depth (d1+d2) of
approximately 50 to 300 nmfromthe substrate surface

Eéi%%ﬁy @ﬁénﬁéyh !ﬂégnéfﬁ&ﬁE@tgﬂiﬁgte%Q kiaithel2, wherein

as clainmed 1n one of patent_ cl 0 to.16, .
wher ei n, the sk¥pEtk) 9e8ﬁeﬁﬁ§8F1§ti QY]l )?ragl?rélsaé%?m%%) Ysgng the

formed i gathe swudice (3nd 4y aisn depr essi otke ( Shalddw trench
and renoved [

30.agaip at _least in the hotto gi.on; :
2nd a deb?@%@%&ﬁ%bo£?%ﬁ¥in |aFFoﬁi|g§§¥J(§§&ﬁs'?ﬁ a tirst
eﬁCh casdepahmedln ¢fie approxémadelot tldn kegiSdnnmi girom the
The met h i ' at clal Myl IMEFel Bni -
o s naleStrBLE TEUrEAch! £8b) ol Tkl 01 By dBcropc
is al so eggbuad.at the sidewalls of the depressions;

and

and

I n1248DE - 22 depression sidewall insulation

| ayers (8A) are formed in the uncovered sidewal

19 egitdns B HEP S €8S .l@?qb?nTﬁéaﬁﬁhoﬂfggm 12 or 13,
cl ai med iwhepatient Wwdfime l7her féBmawieneiof aist | $paners (7),
nitride Layer is 1QrRd af deashl 4 00-0Bsk hayel (&) formed

at least at the channel connection regions (KA).

15 15. The method as claimed in one of patent claims 12
to 14, wherein the spacers (7) are formed by
conformal deposition of silicon nitride and
anisotropic etching-back.

20 16. The method as claimed in one of patent claims 12
to 14, wherein the second depressions (V2) are
formed down to a depth (dl+d2) of approximately 50
to 300 nm from the substrate surface (SO) by means
of anisotropic etching.

25

17. The method as claimed in one of patent claims 10
to 16, wherein, in step c),
an insulation mask layer (8) 1is formed in the
source and drain depressions (SV, DV) and removed

30 again at least in the bottom region; and
a depression bottom insulation layer (9) is in
each case formed in the uncovered bottom region.

18. The method as claimed in patent claim 17, wherein,

35 furthermore,

the remaining insulation mask layer (8) 1is also
removed at the sidewalls of the depressions; and



a silicon dioxide layer is fornmed as depression 10
bott om and/ or sidewall insulation |layer (9, 8A). 20.
The_nethod as clainmed in one of patent clains 10 to
19, IhéfePR, in step d), dl) a geed | ayer (10), a seed

protection layer 15 (11) and” a?

eed nmask |ayer (12)

are fornmed over the whole area; d2) the seed nask
| ayer (1@¢pressiagsedsidewatédeinsyhationo taeessur (@A) are

and drai g ? Qaeﬁﬁ%lgge(§%3c$3ér- Osqﬁkw%ﬁg Sféﬁﬁoni] of the

protectlon aye

is part| y removed usin

seed nasﬂepé9éﬁlemé) as a mask; d4) the seed nask
| ayer

ds)

(12) that mas caused to recede is renoved; 25

he seed | aye (10) tlaII renmpved usin the
%ee& pr ot BEt i o efs (f %? 37

da:Hbs atgsy t 18,

pr ot ect i @ehekrayar (11) is conpletely rennved and 30

?Zg)a gr \MJ]L]tlaCyO% {q]:a:ﬂi% f %%E@rg 94 t rrﬁ&?d layfl[lSUlatlon

right

0 a reqgion of ubstra e surface

(SO . 21maskelagehlodB8as endined in patent clains 20
and 12, 35 mher&dd. ghibx3kepr Ije@erfli”st hes FREE, adshedepression
1Pacers (o A ng o S adna "1k Ratlon 10522015, 8a).
20. The method as claimed in one of patent claims 10
to 19, wherein, in step d),
dl) a seed layer (10), a seed protection layer

15 (11) and a seed mask layer (12) are formed

over the whole area;
d2) the seed mask layer (12) is caused to recede
right into the source and drain depressions
(SV, DV);

20 d3) the seed protection layer (1ll) 1is partially
removed using the seed mask layer (12)'as a
mask;

d4) the seed mask layer (12) that was caused to
recede is removed;

25 d5) the seed layer (10) 1is partially removed
using the seed protection layer (11) as a
mask;

dé) the seed protection layer (11) is completely
removed; and

30 d7) a growth layer (13) is formed on the seed
layer (10) right into a region of the
substrate surface (SO).

21. The method as claimed in patent claims 20 and 12,

35 wherein,

in step d6), furthermore, the spacers (7) are

removed; and
in step 4),



- 23 d8) inplantation spacers (14) are forned at the
gate stack (3, 4, 6); d9) the hard mask | ayer (5) is
re vg ” d10) an inplantation (1) is carried out
for “doyfi g the gate | ayer (_4)23an_d al so the growth
| ayer (13).
dB8) implantation spacers (14) are formed at the
gate stack (3, 4, 6);
d9) the hard mask layer (5) is removed; and
dl0) an implantation (I) is carried out for doping
5 the gate layer (4) and also the growth layer

(13) .



