2007 *166166* Description Semniconductor conponent with trench
%qugyiqn an ' faBrication met hod 5 The present |nvent|0271JAN2m]7
relates to aj component with trench isolation and to
associ ated fabri, Ratdon nethod and, in particular, to a senlconducto[d
conponent with "a trench type, botton110 cont act-connected active shiel ding
and to an aSSOC|Q?§§rlP§ancat|on met hod. Isolations for defining, in
particular, active regions in semconductor substrates have usually been
formed by 15 thick,oxide filns, so-called |ocal oxidation regions (LOCGCS,
Local Oxidation BF&FPREBARFOTAs AWPINANgr afih Hemschy rissdatibavewatd
such conventi onaassQCDBteut fadsicateoAOmke@AgAr Suitable since they have a
high area reguirenment. Wat is nDrF theyfexhlblt fgfe?glfsllﬁdtﬁg bi rds

" phenonmenon, with insulation ayers form ng :
3??§ctPon of theTbétl@@eﬁegmongnvéﬁuwmdorfelaOegalt@d hremamﬂdyﬂdgdgg§

d I c ory ccor dance
gﬁgﬁlgaf?rengxel@gfg??gﬁtggﬁﬁ?l g§§ﬂgﬁl |sé}a?P|1§?eﬁEhQﬁ%q9&?%ﬁ4h

i nsul ati ng mater %? 1€atigRnednathede su¢¢@ce ofna geawtciondiect,or subst raat e.
Nevert hel ess, susanacmﬁueﬂbron@bmlbéﬁélﬁ@ lxﬁﬁilﬂ If?sé%%%%lr %%WQ{ LeR ot tom-

ff t oSi a L oug e
ggﬁrcohghg?or ng§§??%fg ééggfﬁggé E?gelégﬁﬁéglﬁgrﬁéﬁt§°aﬁ@ @@ﬁ&QMatad1
this case. In tﬁ%bék@¢©h@ncms9h0@ara3|t|c bi pol ar transistors may be

triggered by these | eakage currents and sem conductor conponents may

desiroyed, 35 Trench isolations with a shielding structure
ng;efore be {S ations for defining, in particular, active regions

in semiconductor substrates have usually been formed by
15 thick oxide films, so-called 1local oxidation regions

(LOCOS, Local Oxidation of Silicon). As the integration

density rises, however, such conventional LOCOS methods

are no longer suitable since they have a high area

requirement. What is more, they exhibit the so-called

20 "birds beak" phenomenon, with insulation layers forming

| laterally in the direction of the active regions.

Therefore, so-called trench isolations have been

developed, in which case, for example in accordance

with shallow - trench isolation (sTI), a shallow

25 isolation trench filled with insulating material is

- formed at the surface of a semiconductor substrate.

Nevertheless, such a conventional trench isolation is

also often insufficient since so-called punch-through

effects occur in the semiconductor material.

30. Undesirable;leakage currents are observed in this case.

In the extreme case, parasitic bipolar transistors may

be triggered by these leakage currents and
semiconductor components may therefore be destroyed.

35 Trench isolations with a shielding structure have
recently been developed in particular for the purpose
of reducing such leakage currents, in which case, in
order to realize a field shielding in the trench, an
electrically conductive material is embedded as
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recently been developed in particular for the purpose of reducing such

| eakage scurrents, in which case, in order to realize a field shiel bqg i n
the trench, an electrically conductive material is enbedded as |11 NﬂDW
TEEEE 1 11~~~ ~ *co0002* 17 JAN 2007 - 2 electrode and | eads

to inproved electrical properties. Such trench isolations with shielding
action are wusually contact-connected at thé& substrate surface or fromthe

substrate. 5 Watlaferdfisadwaht bemibristonipireveds el RIWaEN, Hpdties.

I nadequat e shi el ghvg agtd nd; . lncreased area _requirénment on
accouﬂt of the neces %;e?%r}fag{téglc%{n&ndec iovr"ﬁtelio ?ﬁé?%@b’r‘g, FE LRy et %N
i s based on the 55?%@?YOF°W£QEHTﬁQR?%FQﬁQﬁ@bn@hﬂ(BummmnﬂnsnbuwfbbetkﬁﬂCh
i sol ation and anfmssothat edbkabateati on nmethod, it being possible to
realize not @nly an inproved 15 shielding but also a reduced area

requi renment and thus an inproved integration density. According to the

i nvention, this Wppeceris dssidveedageousedns diis headept Hoasvel, patk@ntan
claiml1l with regprgaaéd t A, 60N : co nent._and by neaps of the
measures of patent clg?%gg j??ﬁﬁsgggfdggggghe a#%z#fcéfﬁohnﬁé?ﬁﬁﬁg Ig¥ ea
particul ar thr ougFTtHe"TER of O} sREFAMNErepéh tIe coneaetsawpi cledmsact
deep contact trerwmecthom.side wall insulation |ayer and an electrically
conductive 1pilling layer, which is electrically connected to a

pr edet er m ned dgping regi on of the sem conduct or
herefore, the invention is based on the object of

providing a semiconductor component with trench:
isolation and an associated fabrication method, it
being possible to realize not only an improved

15 shielding but also a reduced area requirement and thus
an improved integration density.

According to the inveqtion, this object is achieved by
o means of the features of patent claim 1 with regard to
20 the ~semiconductor component and by means of the
measures of patent claim 7 with regard to the.
fabrication method.

In particular through the use of a special trench

25 contact, which has a deep contact trench with a side
wall insulation layer and an electrically conductive
filling 1layer, which is electrically connected to a
predetermined doping region of the semiconductor
substrate in a bottom region of the contact trench, and

3Q. via which a trench isolation with active shielding is
contact-connected, substrate resistances, in
particular, can be significantly reduced, as a result
of which improved shielding properties are .obtained. At
the same time, the use of the trench contact makes it

35 possible to significantly reduce an area requirement
for a respective semiconductor circuit.

Preferably, a covering insulation layer of the trench
isolation is situated below the semicondﬁctor substrate



e in a bottomregion of the contact trench, and 30 via which a
f?g;iLaLsolation W t h ac?ive shielding is contact-connected, substt qgﬂzmn
resi stances, in particular, can be significantly reduced, as a resu th 0
Wwhi ch i nproved shielding properties are obtained. At the same tine, the
use of the trench contact makes it 35 possible to si gn!flc_antly reduce an
area requirement for a respective sen1coﬁd@cror circuit.. Preferably, a
covering insul at FerfRrageandf witthinr etricd 156Da8i bAN transhl Uahadnd el tihe

' AL 4 : ce and within the isqlation
Crenche whi on resgl Fore iGN Frodbied  EuBlhel, tone SR eI { y

on account of tRESPBREti vy EbEn siRkafdeeltl amvennsulwtiaoe ohnd@he an
conducti ve trenchnShlhtmgnfr@El5tﬂﬁmdU@@ma@bipM@rstréﬂeﬁ a%%gﬁg§gr from

i nt nnect | R ove the covering insulatio '
IDPefG(ra(r:gbl Y, ?hep?(?éﬁghgll‘s’%)l %E?S%ganéufzg‘eaﬁgn@h SRIONNRE S o MAEE Wi lvh a

i : ' i i ; depth of a
depth in the sent¥tRdudbevesthet eavering whiehatsohalggert han a .
regpective depl etion zone, as a result of which punch-through effects, -in

' ' - i sol ation
articular, can he reduced. |f wi dened or so-called shallowiso
?renches are 15pﬁ% %r%?f¥hetéﬁnFESRHBCESP1§EB§Préﬂd shef 4rench dontact

respective trenchresgbamednwitthen wWeethi 18dtRE BRAH c3GKLYEE ok Wt At 2

' ductqp s te.C ivated i.n a_sinple manner using
conventi onal’ ot mncor d- GotRSAST DOSH & &jeRib, Sfne Bemneshdve: Serdssarat e

has a multiple %% s@fucd uresulhe qﬁedb_tiehmmrb}dammg;g}egéﬁﬂgctr:}s, in
constituting a degptticwedt, stdnped-daeE&yN, as a result of Wm C

optimal |y adapted shi el dings can be
If widened or so-called shallow isolation trenches are
15 wused at the semiconductor substrate surface of the
respective trench isolation, then ﬁnrequired or non-
active regions of a semiconductor substrate can - be
passivated in a simple’ manner wusing conventional
standard methods. |
20
. Preferably, the semiconductor substrate has a multiple
well structure, the predetermined doping region
- constituting a doping well situated therein, as a
result of which optimally adapted shieldings can be
25 realized even in the case of complex semiconductor
circuits. In particular, a contact connection of well
regions is-significantly improved in this case since a
contact connection that has been made uniform is made
possible and potential fluctuations within a well are
30 ‘reduced. On the other hand, it 1is possible to
significantly' reduce an area requirement since
respective well contacts now no longer ‘have to be
routed to a semiconductor substrate surface.

35 Further advantageous refinements of the invention ar
characterized in the further subclaims. |

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



25 reali-zed-even in the case of conplex sem conductor <circuits. In

pariicular, a contact connection of well regions is significantl ynﬁrﬁmd
&

in this case since a contact connection that has been nmade unifor

possi bl e and potential fluctuations within a well are 30 reduced. On the
other hand, it is possible to significantly reduce an area requirenent
since respective well contacts now no lopger have to be routed to a
substrate surface. 35 Further advantageous refinenents of the

sen conduct or
i nvention are

described in nftee

charactérized in the further subclains. The invention is

to the drawi ng.there] AN 2003videdaa Acnordlint@idtd d ERRRIdNE %ﬁ{]heséiec}ﬂﬂho‘c
Corrponent Wt renc

the invention ftdhers1ich | fleeh ] ci or : f
def.i ni rl_%&agﬁe- regr?ioﬁé;n%%egwé;e‘%n?%jo%&'bra LAPLEPRARECL I t he

i solation for

trench isol ati osnuk??a i

layer a sidé wall i adtreorch |iasyelrataish ammelgety i Yi Cld v, il ing
| ayer, which iygte eeptég,‘;@Hryg cggggag;%‘e_g?},olg%{rgjr;ede%ém %‘%o%} ntgr,érdecgr} on
a bottom

of the sem conductor substrate in
trench, charactéi®fed?

r 8giSdii%alde drorkatiom

with a. side walhlichnsulsat iedredtayieraldng asbrideaidd cald vy c%%éﬂg&fdéd [
| ayer, which i i1 Wi el e i I SConctedtot%e pr edet er m ned
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dopi ng regi ﬁn of thé semcon )
dlch Te8L08r @tngheo 1aRdpkePNekFEBSS on of the invention there

contact ftr

uctor su

i s -provided a net hoghkoactalrizedt bgyg a semni conduct or
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35

a trench contact, which has a deeb contact trench
with a. side wall insulation layer and an electrically
conductive filling layer, which is likewise electrically

‘connected to the predetermined doping region of the

semiconductor substrate in a bottom region of the
contact trench. ' ' .

According to another expression of the invention there

. is provided a }method for fabriéating a .semiconductor

component with trench isolation having the following

steps: . '

a) Preparation of a semiconductor substrate with at
lgast one predetermined doping region;

b) Formation. of deep trenches as far as  the
-predetermined doping region for ' the purbose. of
realizing at least one trench isolation and ‘a trench
contact; |

c) .;Formagioh' of a side wall insulation. layer at. the

- side walls of the trenches: '

'd) Formation of an electrically conductive filliné

layer in the trenches;

-e) Removal of 'at least the electrically conductive

filling layer  in the upper region of the trenches
for the trench isolation for the purpose of forming
shallow trenches; and: ° ' '

AT BE o uSPRGLERenprRIrgs sithodiofentBe wi 1 hveref esrence

‘a deep isolation trench wth a covering insulation

B! a3fr eRLRCESACAdLY whPbHubhtve dBEpl homt aciyds,ench

ng

20



conmponent- with trench isolation having the following steps: a) Preparation
of -a seni conductor. substrate with at | east one-predeterm ned dopi Ng7 JAN 2007
rfegion; 25 b) Formation. of deep trenches as far as the predeterni ned

dopi ng region for the purpose of realizing at |east one trench isolation
and -a trench contact; c) Formation of a side wall insulation |ayer at'..
the 30 side walls of the trenches; d) Eogymation of an electrically
conductive filling layer in the trenches; .e) Renpoval of at |east the
electrically c%ducktgvme tifi |ling layer- in the upper region of the trenches
35 for the trench isolation f8F t Re PAYPHLRI ofirfslaitdgn shayeow i enclees:
and: 17 JAN 2007 shaplow tremahss of dfhea to@n@hi ngohRsYbat i on Fayer in. -
the shallow trenches. of the trench isolation. Further advantageous
refinements of the invention are 5 characterized in the further subclains.
The invention iFirde®er i §€@dahad®ses detedd |l usipng, exenpl ar
enbodi ment s 5w EARAACT [ ph g ?ﬁ% dr, ava?ﬂgf%n.é&%l‘}&?’%l\ﬁéo%‘}‘e 4frq?ﬁn?ﬁ%nf g Er es!
.Figures 1A to Stow airrpl P §0°s EEFE8R% sybedaimar 5. illustrating
essential nmethod steps in the fabrication of a sem conductor conponent
with trench isahatiivénticaecesdanaeMiddy ashi bah.exgmpl ary, enbodi ment; 10

ow using
exemplary embodiments with reference to the drawing. |



Figure 2 shows a sinpl

ified sectional view for

semd conduct or conponent wth trench isolation in accordance

exenpl ary enbodi nent ;

illustrating a semicon
accordance wth a thi
sinplified sectional v
trench isolation in ac

essential nethod steps
with trench isolation

15 Figure 3 shows a sinplified sectional

illustrating a

W th 3 ﬁﬂﬂoﬂlﬁ

vi ew f

ductor .conponent wth trench isolation in

rd exenplary enbodi nent; 20 Figure 4 shows a

iew for illustrating 4 seni conduct or conponent wth
cordance with a fourth exenplary enbodi nent; 25

Fi gures 5A to SHishewesiciglhirkised sectional views for "illustrating

in the fabrication of a seni conductor -

in 30 accordance with a fifth exenplary

conponent
.enbodi nent ;

and Figures 6A tBigEreRohAstnplNfi showeatingstal £ 1d EWe ek@h onh! UstEat i NG,

essenti al netshod steps
with trench isolation

35 in the If‘f’ﬁét"ﬁﬁé on _of a senj conductor_ conponent

49 xt AR b yre

in accordance W

Esbdistans 17

JAN 2007 - 5 First exenplary enbbdi hbat fAbgicesidA b laN sdmwdridadtds ed

sectional views of a
5 wi dened but shall ow

sem conduct OfoRPOERANENt Wi h @#énéﬁ' ains%tﬁ%&%é{lre ion -
|

trench isolation STI, a - 1n S upper

trench isolation TTI and an accordance with a first

10
Figure

15

Figure

20

Figure

25

Figures 5A to 5H

30

_ embodiment;

- thin
exemplary

2 : shows a simplified sectional view for

illustrating a semiconductor component

with trench . isolation in

accordance

with a second exemplary embodiment;

3 shows a simplified sectional view for

illustrating a semiconductor component
with trench isolation in accordance

with a third exemplary -embodiment;

4 shows a simplified sectional view for

illustrating a semiconductor component

with trench isolation in accordance
with a fourth exempléry embodiment ;

show simplified sectional views for

illustrating essential method steps
in the fabrication of a semiconductor
component with trench isolation in

accordance with a fifth
embodiment; and

Figures 6A to 6E show simplified sectional

35

exemplary

views for

illustrating essential method steps
in the fabrication of a semiconductor
component with trench isolation in

accordance with a sixth
embodiment.

exemplary



associ ated trench contact DTC (Deep Trench Contact) in accordance with a
first exenplary enbodinent. 10 In accordance wi-th Fi gure 1A, firstl Y7 JAN 2007
different doping regions are formed in a conmon carrier material such as
e.g. a semconductor substrate, 'the reference symbol 1 for exanple
representing a p-type sem conductor substrate or a deep p-type well, the
reference synbol 2 15 an n-type well and the reference synbol 3 a (shallow
p-type wel | . TheFwEFFse8rMRéprHgembgidément, 2 and 3 may be forned for
exanpl e by nmeans of ion inplantat ijon or other Ioloplz(r)lgBmat hods],c si | |rr;|02 R

referably bein ed as..sem conductor material. y way of exa ,

1I‘Oi rst i nsﬁl at i 0%?%}5#41% ':tche?Nf SriNofS 18P b imd | sgerionalepbsis edfora
grown at the suﬁelai;gooﬁuchersemrmm;m__t witﬁubgt Latig aﬁjgggﬁgg gggiﬁ% F-lee
wel | structurge igy 3N i IS Wway _in e sem conduct or subs

% §1@Qﬁ§? %@trkﬂﬁqfow ¥r688%d@ﬁé§

and can be used to realize, conplex sem 2 uPTe  afd, ~ i An its
particul ar, NVOS'PRFE PRESLPRansi stdiy. kereocher its@lraeg!omﬁe rxh}:gh-a\tm t age
circuits, the weassocbytoe teened WddtL¥ 9sPoRdilg —highsvel tage dopi ngs..
30 In accordance with Figure, 1B, a_hard nask a@gr% s gub%@é’%%ﬁttlym

formed at the sufface Ofcth& Firdi f1FREuesempharsyenbadiment exanpl e by

means of a deposition method, e.g. Si3N4 being deposited. f\l paf]E?regf[ 23 |b%
order To forma oorr e g PR B BF CR o hed Lrremit ARIN® Do
formed |ater. I7PYRED0Rwe Eorpadaibordenumon thrfigur matGridgepudy enches
T are e.g. a semiconductor substrate, the reference symbol 1
for example representing a p-type semiconductor
substrate or a deep p%typé well, the reference symbol 2
15 an n-type well and the reference symbol 3 a (shallow)
p-type well. The wells or doping régions 1, 2 and 3 may
be formed for example by means of ion implantation or
other doping methods, silicon preferably being used as
semiconductor material.
20 -
'~ By way of example, a first insulation layer 4 in the
form of an oxide layer is deposited or grown at the
surface of the semiconductor substrate. A double or
triple well structure is obtained in this way in the
25 semiconductor substrate and can be used to realize
complex semiconductor circuits and, in pafticular, NMOS
and PMOS transistors. In order to realize high-voltage
circuits, the wells may _be formed with corresponding
high-voltage dopings.
30
In accordance with Figure 1B, a hard mask layer 5 is
subsequently formed at the surface of the first
insulation layer 4 for‘example by means of a deposition
method, e.g. Si3N; being deposited. =a patterning by
35 means of conventional lithographic methods is
- subsequently effected in order'to form a corresponding

hard mask for deep trenches T that are to be formed
later.



ing the patterned hard mask or hard mask |ayer '5 by nmeans of e.g.
;grgﬁ?sg,tslrogi C et(F:)hi ng method in respective regions for a trgnclh ELWURNI‘F@P
with shallow 5 but w dened surface region STI, a thin trench i so ﬁ' I on
and a trench.contact DTC. By way of exanple, the anisotropic 3}19 Ihnger
met hod used may be a reactive ion etch (RIE), as a result of fIC \é i%
gdeep and exactly_ patternable trenches W thX tte same depth are ﬁrme
10 the sem conduéforage@sdance. Whtlpa_rftugnﬁear 1mend§§ppgt§e1g&ﬁ9§0rfr ar?re
denti cal v doped upetpatos i h oraey o tavoracsbary & Herparet dessgh
' ' ubstrate, | . . . : _
la? ? 22{3?”%3323?@& PREEr SHch&s9-i T apgésothania deptthiref xa?tmaoemat ed
depl eti on zone " vespeptiyger egigdbast Hair ae_[eti»@,ﬁ@ﬁdi%lgg@ﬁﬁogggh %{hgﬁgﬁé"s .
ot ond r i ghe Tl rbaeou1dnll BA00LARNERAMELN FhOVLE b i caste Aeoda iSen ng
extend right, into a prelaeterm ne dop?n_g r on ol . o
wel | 2, which, by hafnéf exhrpreh combadtt IWES. aByi daéhe OF t ypempebl @hea

' i i he forpmatiqn of
i Il stramisceropic| erassapdanagod thsEhopes 12 fhe forn n
ELIepldgege trenchgs. i oipen foll o%gd by the ?pr rra%?on 8f_a 3?8& Vﬁ/apz
i nsul ation | ayer %c t(gﬁe 5i 88 Ral AW (He WRidncHesy Tdeen ahidclexaasdy

firstly, after (PaeFeTrpbLe BOetbbesemital tofe tditndlrdeStichipg EBHAQBfT%nS'a

[ [ SRS cd trench T.
h i nsabat ie | drsad oL B ]_hg,\téyrface of the _ f
Hgggh i nsul gt ion | ayer Cisr§(%)r(gt1E er g%']?%/s‘%or ned as a so-called |iner oxide by

[ [ -ani sotropic reactive ion etch, for
means of a thermal oxidation nethod, an-aniso _
exanpl e,. 35 beily partiedlant wherorgeing Farsq?%%ha %80%% gomm]{e:,g: %e gf]deéi?g_e _
[ [ , 0 e .
trench !nSU| at!%éms ﬁ]éﬁ{e%t hselt'fuea evd’;1 only within a well or an
trench insul ation layer, thereby ' .
identically doped substrate, in order to avoid so-
15 called punch-through effects, the depth of the trenches
is larger than a depth of an associated depletion zone

of doping regions that are formed or are to be formed
later at the surface.

20 In accordance with Figure 1C, the deep trenches T
extend right into a predetermined doping region or a
predetermined doping well 2, which, by way of example,

constitutes a middle N-type well of a triple well
structure.

25

In accordance with Figure 1D, the formation of the deep
trenches T is then followed by the formation of a side
wall insulation layer 6 at the side walls of the
~ trenches T, in which case firstly, after cleaning for .
30 the removal of the dry etching pblymers, ‘a trench
- insulation layer is formed at the surface of the trench
T. This trench insulation layer is preferably formed as

a so-called liner oxide by means of a thermal oxidation
method, an anisotropic reactive ion etch, for example,

35 Dbeing carried out in order to remove a bottom region of
the-trench insulation layer. After the removal of the
‘bottom region of the :trench insulation layer, thereby
completing the side wall insulation layer 6, the trench

is filled with an electrically conductive material 7, a



i i i i ol h is filled with an
conpleting the side wall insulation |ayer 6, the trenc
eIgBtriea?Iy conductive material 7, a 17 JAN 2007 7 hi ghl y dopemlﬂ-JANm7
polysilicon, for exanple, being deposited whose doplng has the sa A
conduction type n as the predetermni ned doping region or the n-type we .

[ [ 5 subjected to an
Finally, the electrically conductive filling layer 7 is 2 (
anISOt¥OpIC et chi ng- back step, for exanﬁl%, as a result of mhlch the
sectional view PFBB&Yr&M@?drp¢ixﬁuknddhjsfobtékamglelngyg %?

I 1 t t he surface of t
E:a?nu::gnéﬁc?]; erwghdsa A dgo%%ile‘%?e Os%ﬁ:frenc éﬁ& |§y%%rr“esf>6noti}}ﬂgl y

trag
d r dBF 85 ?EQFPEQ a ﬂPdBﬁedr§9FPace°¥reﬁbﬁ STtype lvesist in
Pﬁf;eigglohnaﬁd Fhratilyucthbee electimiaadflen ehdue tihe Qﬁﬁﬂf&&'ﬂ%geﬂaﬁd QPSk

5. In ¥t a nvent i hal |l ow trench i sol at can
Lg¥ﬁ;d in 265?00%3%0§%¥e?eg?§n8§$0 %Hfégégoeéfede n%x?%%ﬁlts?ﬁpmwnﬁﬂf

even | arge area P%3TBhS  caRShed déﬁ%@lbat@ﬂ iwhiclsi nfile needteiona20 Wi ew

| ayer 8 is renoved or
cordance with Fljuserdfeafligr magdrehepf i 5SbpESESHSY |

gfrlpped and a second insulation layer. 9 is fornmed over the whole area, ;
preferably a silicon dioxide hard mask | ayer (e.g. TEOS) being: dep05|t§
by means a CVD nﬁ@h@@c?tﬁenﬂeanVhpFﬂgﬁSeD&EO&E&bQ&hrdA%IQ@%@@q 13,380

d by neans of
t |ayernolO i§ £ dafVehet B8 and patteyne
(r:g?li/Znt i o%al phot o 69’;3%%% ¢ et hggg N su%ﬁ1 ﬁﬁé‘{])‘ Oﬂ‘é’t CtOH U Baténhch

i sol ations STl & uncolee@d tarenalies r egicdn ifoor ddve-dgpRReti HeoRt act

DTC 30 conti nuasatttoemecpr@heotra@r It accor dance Mgl@nghg%‘%f Se Woncn

then.renoved in the ré
deposi ted seconqymtn%ﬂlatl%%é ay.er %hls hen, removed in t GG

transferred to the underlying. hard mask layer 5. 1In
15 this way, a conventional shallow trench 1solatlon can
be formed in semiconductor reglons to be passivated, as

a result of which even large area regions can be

deactivated in a simple manner.

20 In accordancé_with Figure 1F aftérward the first resist
o layer 8 is removed or stripped and a second insulation
layer 9 is formed over the whole area, preferably a
silicon dioxide hard mask: layer (e.g. TEOS) being
deposited by means a CVD method (Chemical vVapor
25 Deposition). Afterward, a second resist layer 10 is
formed over the whole area and patterned by means of
conventional photolithographic methods in such a way
that only the trench . isolations STI and TTI are

uncovered and the region for the trench contact DTC
30 continues to be protected.

In accordance with Figure 1@, the deposited second
insulation layer 9 is then removed in the regions for
the trench isolations. STT and TTI, in  which case
35 conventional etching methods can be used, and the
second resist layer 10 is then removed or stripped, as

a result of which the sectional v1ew illustrated in
Figure 1G is obtalned



N i . i i ' i | etching
olations STI and TTI, in which case 35 conventiona
;Qﬁhgégqggnlze used, and the second res!st Iaygr 1Q|:s Ehe? gerﬁvegﬁgﬁygmn

) s aresult of which the sectional viewillustrate
it;:gpggia?ned. 17 JAN 2007 - 8 In accordance with Figure 1H, ahfurther
‘etching method is then effected using the hgrd mask layer 5 in tlet_n

tegions of the trench isolations STl and TTI®and the second insulating
“layer 9 in the regt AFrdanrce rehth §igumeadt, DEC, feinet her St $ opaLicd 8"
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15 Since the side wall insulation layer 6 remains in
particular in the widened trench isolation STI with
shallow and widened surface region, by way of example,
an HF - dip for removing 'the residual side wall
insulation layer 6 is carried out in a subsequent step

20 in accordance with Figure 1I. In this way, in the
regions of the trench isolation STI and TTI, the side
wall insulation layers 6 are removed in an'upper région
of the deep trench T, as a result of - which shallow and
partly widened trenches ST are obtained. Furthermore,

25 in accordance with Figure 1I, the edges of the hard
mask layer 5 can also be etched back in the uncovered
regions of the trench isolations STI and TTI, which is
referred to as so-called "Nitride Pullback". This
fesults in a certain stress relief of the trench edées

30 for the furthér processing and also improved electrical

properties of CMOS transistdrs that are 1likewise
present, for example.

In accordance with Figure 13, a first covering
35 insulation partial layer 10 is subsequently. formed in
the shallow trenches ST of the trench .isolation regions
' STI and TTI that have been formed, which partial layer
preferably forms a so-called liner oxide as insulation

layer conformally once again by means of a thermal



[ [ further
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only the first example, a conventional CMP method (chemical mechanical
polishing) is carried out, the hard mask layer 5 being

15 wused as a stop layer. Accordingly, during - this step,

the second insulation layer 9 is also removed in the

region of the trench contacts DTC, as a result of which

the sectional view illustrated in Figure 1K is
obtained.

20

In accordance with Figure 1L, the hard mask layer 5 or
the silicon nitride layer. is then removed over the
whole area, as a result ~of which only the first
insulation layer 4, the second insulation layer 9 and

25 the second covering insulation partial layer_ll remain
on the semiconductor substrate. A particularly
simplified method step is obtained in this case in
particular with the use of silicon dioxide for these
layers.

30
In a. subsequent method step, in accordance with Figure.
1M, the residual first insulation 1layer 4, also
referred to as a silicon dioxide buffer layer, is
removed, in which case the second insulator layer 9 and

35 the second covering insulation partial layer 11 are
also correspondingly removed and should have
corresponding thicknesses in order to avoid short
circuits or unintentional topographies.



[ [ [ [ d 25 the second
insul ation layer 4, the second insulation layer 9 an _
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i sol ation that | Sncovered by means of conventional methods. The further
fabrication . methods for forming NMOS or PMOS
15 transistors are not illustrated in this case since they

correspond to conventional fabrication steps.

A semiconducﬁor component with trench isoiation that is
~contact-connected at the bottom side is obtained in
20 this way, said  trench isolatibn having an imprdved_
shielding action since, in particular, 'contact

- resistances in the predetermined doping regions or the
n-type well 2 can be kept minimal and, more‘over, an
.area requirement for contact connection from above can

25 Dbe obviated. More precisely, an optimum 'connection
' pbssibility can be found throﬁgh suitable positioning
of the trench contact DTC in the predetermined doping
region 2 with respect to each trench isolation situated
therein. On account of the covering insulation ‘layers

30 10 and 11 sunk in the trenches, it is ©possible,
o moreover, to prevent undesirable topographies, as a
result of which a further-reaching processing can be
simplified. Furthermore, by means of the method steps
illustrated in Figures 1A to 1N, both very narrow

35 trench isolations TTI and thus high integration
.deﬁsities and widened trench isolations STI at the
surface can be formed and connected effectively as
active shieldings in the semiconductor substrate,. as a
result of which not only is it possible to realize a



contact-connected at the bottomside is obtairned in 20 this way, said
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accordingly, to ceatermess even neelialshypbesvaeredonductor circuits with an
extraordinarily high integration 10 density since punch-through effects and

| eakage currents are_reliably prevented.
: Second exemplary embodiment

15 - Figure 2 shows a simplified sectional view of a

semiconductor component with trench isolatiom in
accordance’ with a second exemplary embodiment,

identical reference symbols designating- elements or

~ layers identical or corresponding to those in Figure 1,

20

for which reason a repeated description is dispensed

"~ with below.

25

30

35

In accordance with Figure 2, however, the semiconductor
component may not only be formed in a semiconductor
substrate with' a multiple well. structure, but rather
may have merely a single doping, as a result of which,
in particular for greatly simplified semiconductor
circuits, improved . shielding properties are likewise
obtained with a reduced area requirement.. The
semiconductor component illustrated in Figure 2 is an
NMOS transistor, for example, a p-type semiconductor
substrate 1 being used aﬁd, conseq\iently; a p'-doped
semiconductor material Dbeing used as electrically
conductive filling layer. An improved connection
possibility for the trench isolations that are contact-
connected at the bottom side is once again obtained on
account of the trench contacts DTC used, thus resulting
in an improved shielding with a "reduced area

requirement. In the case of such simple semiconductor



‘Second exenpl ary enbodi nent 15 Figure 2 shows a sinplified sectional view
of za sem conductor conponent-wi th trench isolation in accordance’ 1k\@y7
second exenpl ary enbodi nent, identical reference synbols designati ng

‘el ements or layers identical or corresponding to those in Figure 1, 20 for
whi ch reason a repeated descri ption is dispensed with below In accordance
W th Figure 2, however, the sem conductor -'d@rrpronent may not only be fornmed
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Third exemplary embodiment
5. '
Figure 3 shows a simplified sectional view of a
semiconductor component with trench isolation in
accordance with'a third exemplary eﬁbodiment, identical
| ‘reference symbols designating elements or layers
20 identical to those in Figures 1 or 2 and a'.repeated
description being dispensed with below..

In accordance with Figure 3, the semiconductor
substrate now has only a p-type well or. an actual
25 substrate 1 and an additional n-type well 2, the
electrically conductive f£illing layer 7 being connected
to. the p- type well or the substrate 1. This yields an
STI and TTI trench isolation for PMOS transistors, for
which reason the doping regions 13 are p*-doped.
30 Particularly when wusing “highly doped semiconductor
material, the electrically conductive filling layer is
accordlngly composed of a p'-doped polysilicon.

Improved shielding properties with a reduced area
35 requirement again result in accordance with. the first
and secondary exemplary embodiment.



sem conductor nmaterials as electrically conductive filling layer 7, an
out«di f fusi on takes place at the 10 foot of the contact during the ZJA%#M7
Subsequent process steps (not illustrated), as a result of which fu
inproved insulating properties can be produced. Third exenpl ary enbodi ment
15. Figure 3 shows a sinplified sectional view of a sem conductor
component with trench isolation in accordahte with a third exenplary
enbodi nent’, idenfFpuakh esempdace ephbdisedesi gnating el enments or layers 20
identical to those in Figures 1 or 2 and a repeated - description being

di spensed with bel ow. In accordance with Figure 3, the sem conductor
substrate nom/haglgHF? adp- EPpESwen &rimpdi faedualseczs osaBst vaeer 1 cnd aan
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TTI trench |g%la ggﬁrg cﬁwcé”%?%n5|§tor€ VRSP g as on

regions 13 are p*dﬂopeqal3®eﬁar8ncel&nhyxﬂhfnagsingdhsgbhatdﬁQGQQements
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accordingly conposed oOf _a_p+- I con
propertlgsymnth EePﬁﬁﬁﬁédd%?%E?PQBO?eﬁﬁ%ﬁ@n@hﬁpagaﬁﬂ wislyl belowaccor dance
with. the first and secondary exenplary enbodi nent. 17 JAN 2007 13

d sectional view of a
o conduct G coMBoRDH R S AT of BOFBRLPR i bhoasgeadnse dteneh
fourth exenpl ar ycenbadt méRC ifdent PHab rmfamﬁiuxbfsnﬂWQIsagg@hn]daﬁmgnqhgng
elements or |aygesordente Clchorib08E 4N E GUiesel w279 3:20d. 8. ¢ or an
: n-type well 2 in a p-type substrate 1 now being formed
again. In accordance with Figure 4, the bottom-side
15 connection of the trench isolation may accordingly also
be situated in the first n-type well 2, in which case
once again preferably n*-doped polysilicon is used and,
in order to avoid  punch-through ~ effects, a
correspondlng depth of the trenches is larger than a
20 depth of the space charge zones.

Once again improved shielding properties with a reduced -
area requirement for semiconductor components - witﬁ
trench isolations can be produced in this case, too, it
25 being possible to fabricate simultaneously both narrow
trench isolations TTI and trench isolations with a

- widened trench surface STI.

Fifth exemplary embodiment
30 |
Figures 5A to 5H show simplified sectional views for
“illustrating essential method steps in the fabrication
of a semiconductor component with trench isolation in
accordance With a fifth exemplary embodiment, identical
35 - reference symbols- designating 1layers or. elements
- identical or corresponding to those in Figures 1 to 4
and a repeated description being dispensed with below.



repeat ed description being dispensed with below. 10 An STI and TTIl trench
isal ation with associated trench contact DTC for PMOS transistors js.
Aagain known in accordance with Figure 4, a double well structure 0"7éA'N 2007
n-type well 2 in a p-type substrate 1 now being forned again. In
accordance wth Figure. 4, the bottomside 15 connection of the trench

- isolation may accordingly also be situatedidn-the first n-type well 2, in

whi ch case. oncermgatBopagheeakiyhnN+HiOPEds P9l ¥k i . nl
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sem conduct or cogponept-HeMi t t y solgt i C e ced in this
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trench isol ati on2® THHIENLY r&HEPl 1 E584ti ons with a widened trench surface

STI. Fifth exenplary enbodi nent 30 Figures 5A to 5H show sinplified

sectional views, il rati.ng .essenti al hqd steps in the_, '
fabrication of %I]ggé?nl%bngé%{egrg&équ%’oene%?msvi P%‘E%’Pgnc"‘ﬁf%p%oliﬁ i th Frigures
accordance with BAf itPt Hlzxarpl &dpishbefifaehed, i @snta caks@btr efferenteh a
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bel ow. 17 JAN 200PdUCqhve FALALRE: dANEE Wi 13 hEOFed hiBxEREPatyyenches
enbodi nent, nowTonly a wi dened trench isolation STI with a w dened

surface structure and an associ ated trench contact DIC are formed, as a

result of which the methqd stegs can 5 be slightly sinplified. :
: In a method step 1n accordance with Figure 5A, which

follows the method step in accordance with Figure 1D,
15 the hard mask layer 5, preferably comprising a silicon
nitride layer, is then completely removed and a new

second -hard mask layer 5A is deposited over the whole
area, by way of example.

200 In accordance with Figure 5B, in a subsequent method
step, once. again a first i‘_esist layer 8 for patt"erning'
" the region for the widened trench isolation STI is
applied and - patterr_led by means of conventicnal
_phqtolithog'raphi_c methods. Using this resist mask, the

25 second hard mask layer 5A is subsequentiy removed in
particular. in the region . of the widened trench
‘isolation STI,-as a result of which the sectional view
illustrated in Figure 5B is obtained.

30 In accordaﬁce with Figure 5C, afterward the first
- resist layer 8 is removed or a resist stripping is
effected and the electrically conductive £filling layer
7 and the semico_ndﬁctor substrate or the p-type well 3
are removed in an upper region of the trenches. This
35 stép essentially corresponds to the method step in
~accordance with Figure 1H of the . first exemplary
embodiment, firstly = the fir.st insulating layer or
silicon dioxide buffer layer 4 and . then the |

semiconductor material. being removed. This step is once

»



Firstly, however, the sane nethod steps as in Figures 1A to 1D are a%ain
eff.ected, as a result of which a side wall insulation layer 6 and &hJAN 2007
electrically 10 conductive filling layer. 7 are formed in deep trenches T.

In a method step in accordance with Figure 5A, which follows the method
step in accordance with Figure 1D, 15 the hard nmask layer 5, preferably
gonprising a siliconnitride layer, is thengonpletely réenmoved and a new
second hard nmask | ayer 5A is_deposited_over the whole area, ﬁ% maéPOfl
exanpl e. 20 In ak@dtWaReRCHHERIFPYufe C5BANLRIAPERBEREUBRE PReFABAT SLPER;
once. again' a fofstheesésidbayepoByherspatterning the region for the

w dened trench isolation STI is applied and patterned by neans of
conventional photolithographic, nethods. Using.this resist mask, the 25
second hard maskIRagefordapsesybtBqBaALrS PRroYBd PR SRR MBYI &F. 1Pn Y
region .of the wsdepednt heaekdaheel atithn FSblureadIa medulitfotliwpicky timeo
sectional view j]lustra N =l g Uk [\S..obt Al 3 n cardangggm th
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stripping is efb&cteotiighd tthe eleesideal | ystbhaoet i daokifei n§ifgye™al? and

the sem conduct of ngUhgthBhe 1¥ydre §- hype M@hdvel. aFrertReRnyed, i fioan tipper
regi on of the trenches. Thi

.S 35 st essentially corresponds.to the,nethod
step in accordaﬁEEeﬁFtW%%ﬁﬁﬁe?ékﬁﬁ? {HENHH 1 %b%&EnﬁPaF§cgén o%ﬁﬁﬁﬂ%g
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2007 15 again concluded % a_cl eani ng process(fr by the r angﬂ of the
resi dual p0|ynér§p_etch1ng— ack or thickness reduction of this layer in

the region of the trench contacts DTC as well.

15 ‘In accordanée with Figure 5E, once again the first
covering insulation partial layer 10 is then formed,
-and the second covering insulation partial layer 11 is
formed in Figure 5F, the same method steps as in
Figures 1J and 1K once again being carried out.
20 | | '
""" In accordance with Figure 5F, however, in particular in
the region of the trench contact DTC, in a trough in
the . second hard mask layer 5A, a second covering
insulation partial layer 11 in the form of a TEOS
25 silicon dioxide layer is likewise deposited by means of
a CVD method. ' '

Tn accordance with Figure 5@, the uncovered regions of
the second hard mask layer 5A are then also completely

30 ‘removed, but a part of said layer S5A remains below the
second covering insulation partial layer 11 in the
region of the trench contact DTC. '

Finally, in accordance with Figure 5H, once again the
35 first insulation layer 4 or the silicon dioxide buffer
' slayer is completely removed and a gate dielectric 12 is
formea over the whole area, a thermal oxidation
preferably 'being carried out in order to form a
conformal (uniformly thick) gate oxide.



in accordance with Figure 5D, in the sanme way as in the 5 step in
accordance with Figure 11, a brief dipping into hydrofluoric acid gfwkﬁhﬁ
~is carried out, as a: result of which the residual silicon dioxide d
wall insulation |ayers 6 are renoved. Furthernore, for the stress relief
of the trench edges, an etching-back of. 10 the second hard nmask | ayer 5A
is carried out, which is referred to as -sagealed nitride fallback and

| eads to an etching-back or thickness reduction of this layer in the
region of the trench contacts DIC as well. 15 In accordance with Figure 5E,
once again the fTR@t FRHRRST nFheRUI di9%n fesming  Ithyer d2Ding tHeFiPBENed,
and the-second cesetidl. ilayeat i amd pachitalct ayéledlare foy MeUlhstFagade .

5F, the sane neth step Fig r 1K on n b |ng rried
out. 20 In accorkc)ief?me vﬁ%sﬁ'—llencre %E’g\%evlg?gel n per Cjtel qﬁé’r |(r% Eﬁ
regi on of thé1%@?@#¢%E¢ﬁ@mt0tﬂthelﬁ#%ﬁtr%%@mpl¢IYt¢mb0¢%mﬁﬂd hard nask

| ayer 5A; a second coverlng i nsul ation partlal Iayer 11 in the fornlof a

TECS 25 silicon diOXI ﬂ¥ S Ilkemn g osi t by neanslpf a
net hod. In accorﬁ%ﬁ% Fi gur B2EE Y 8 coverB¥™ r egi OFR %ﬁanhe s@cond
hard mask. | ayer 5éma¢end®euonleomponphétwhyh 30wﬁdgneddtrbnthalpaﬂatdbnsald

'tﬁger A Iemal ns rPf'QM’l ﬁehggcgnglg%g@ 'Eg'eh%ﬁuls%tr'fggepaghbalfabg'%(%%ﬁ&%

regl on of t e trenc cont ac i h acchdrdance w
5H, once agdi®n tethed fanstbe nsdightdy | e :4f:oard,t h&metPYedn saul@%dé@g

buffer |ayerisppepeleiesywienoedrafdcaadalr@adi fhfcirderlt? bficel Qa6
over the whole area, a t hermal, oxidation preferably being carried out in

order to forma %ﬁﬂ$o?hﬁ?l?ﬁ rforn1y thi ck) gate oxide. 17 JAN 2007

The multlple well structure illustrated in Figure 5
15 may, of course, also be applied to other semiconductor

substrates and other well structures in accordance with
Figures 2 to 4.

Sixth exemplary embodiment

20 ' ' | . ,

- Figures 6A to 6E show simplified sectional views for

illustrating essential method steps in the fabrication

of a semiconductor component with trench isolation in

accordance with a sixth exemplary embodiment, the

25 trench iéolation merely having. a narrow trench
isolation TTI.

In accordance with the sixth exemplary embodiment,
firstly the method steps in accordance with Figures 1A
30 to 1D are once again carried out; once again a first
resist layer 8 for'covering the regions for the trench
contacts DTC being applied and patterned in a .
subsequent step in accordance with Figure 6A.
Accordingly, the regions for the narrow trench
35 isolations TTI are etched using this resist layer 8, as
a result 'of which ‘an upper region is removed for
 examp1e by means of an anisotropic etching method (RIE)
of the trenches or the electrically conductive filling
layer 7 situated therein. Consequently, the shallow



16 = The further steps for formng the doping regions, control, layers and
contact -holes are not illustrated below, reference being nade expl1TiAN 9007
to the 5 description of the first exenplary enbodi nent. Accordingly,

. particularly when realizing a sem conductor conponent with a w dened
trench isolation STl which has a wi dened trench surface, the fabrication:

10 nmethod can be slightly sinplified, inproved shielding properties with a
reduced area requirenent once again bei'n&705t ained. The. nultiple well

structure il Fusifeicsks nofi goemed ib5 timy urmex aeson it BHFPFRESt o

ot her -sem conductor__ subst € @{@n@&her wel | “structures in accordance
with Figures 219 %}c%i%%]%x%prm ary enbodi ment 20 . Figures 6A to 6E

show sinplified secti-onal views. for illustrating essential nethod_steps

in the fabricat{Qn, b Ra52a Genghic Faguzenpimieninwia hsupse@tensoMEEHeR i n
accordance with a sixth e

| di , ol 2t
merely havi rig asﬁgpro\khpr%ta{%%ﬁegfo%gﬁ%. gl he 2erdd R ot sal aldsdist

I n accordance V\{_lt h.t he SSH xth
exenpl ary enbodigeappini st lgantiedreenedasteshan H ot thnte #Eh "B ur es

1A 30 to 1D are_once.agai 19?]{4& a5k Ut pneBCEgagai ok Eitressr esildef] mfer 8
for covering thgaygﬁi gng%fcr}'? the trench contacts DTC being applied and
"patterned in a thebszeueht €9g€F-i n accordance with Figure 6A. Accordingly,

the regions for the narrow. trench 35 isolations TTlI are etched using this

resist layer 8, as a result of, i er, §E9rd Ssiereprediisxide
exanpl e by heanInoRCEPrEFISE r’”dﬁ-‘:M(; %%%En;é&;fet%od (R'E) of the trepches or
the el ectrical | y sConspptsdituad f prefagably by means of a TEO p

method and is planarized by ' means of a chemical
mechanical polishing method (CMP), the first hard mE.lSk
layer 5 serving as a. stop layer. The cqver%ng
15 insulation layer 11 illustrated in Figure 6C, which
coﬁstitutes a singlé layer in the sixth "_exemplary

embodiment, is obtained in this way.

In accordance with Figure 6D, '_iri a subsequent;_ method

20 step, the first hard mask layer 5 is removed by mea‘ms
of conventional etching methods and, in accordance Ylth
Figure 6E, the first insulation layer 4 orx sillcop.
dioxide buffer layer is eliminated over the whole area.
in the same way.

25 .
f‘inally, in accordance with Figure 6E, a gate
dielectric 12 is once again formed at the surface of
the semiconductor substrate or the well 3, a thermal
oxidati'on preferably being carried out in order to

'30' | prdduce a gatel oxide layer 12. The description.of the_

further method steps that are still required 1s once

“again dispensed with Dbelow and, in partic‘ulnar,

reference‘ is made to the desc_ription oﬁ the first

~ exemplary embodiment.

35 | |
In this way, an outstanding shielding with low
connection resistance and - a greatly. reduced are.a'a
requirement and a highly flexible possibility of use 1s
- obtained in particular by virtue of the combination of



layer 7 situated therein. Consequently, the shallow 17 JAN 2007 - 17
trenches ST fornmed in the upper region of the trenches are once again

obtained. In. accordance with Figure 6B, in a subsequent method 5 shleffN 2007
the first resist layer 8 is renoved or a resist stripping i's carried out

and-'then the first hard mask layer 5 is etched back once again for stress
relief of the trench edges. 10 in accorda with Figure 6C, afterward
silicon dioxide is deposited preferably b Cq“ﬂsans of a TECS depositio

met hod and is plana:rne;mda bysbieamenofthathdm capntasthadmeaftedl idthi ﬁg‘

met hod (CWP), hx[%’ {(t&ﬁt haed f'ES&Skche' Y1 5 SO NGE a8n aastopel apeeldIng
covering 15 insu

ron layer_ 11 illustr ,n FEi ur C
constitutes a siviytle Pa'y"eﬁnf’r”r FﬂEtQFﬁith Exg??fjlsa se 8| Hg%y&al 8% obta ned -
in this way. In ggencHangeluttibnki qle Gy be asedbéequénrthérhé@PrWeQ ep,
the first hard mas 4 by Ra ofneonueidddidl  erehichy
nmet hods and, In é’BES éﬁ&gnw t%ér?“?r—g%uéri% 6E, r1ews‘i'frﬁzst I nsul ati n Ia er 4 or
silicon .dioxideibalatiohgayefTEs Withi n‘&%‘éﬂn%@erq%‘:mr & hr

same way. 25 FinaLLYenl ntgggoréiaélcedmda Fagur €he 65ame gatiee doel eu r |<’=m 12
is once again forped at the s e of Jthe, ongdygt o Rstirake orgt he
well 3, a thernaPltS%'P&&fLVSn plgr‘gf% 01 bei né?%’}éé” ggg ogr% order9to %30

produce a gate odedetliapeding?. Jl'hegdesclmqw?réﬁr ofeft het Furt?ﬁé\‘l?@'{%%ﬁeps

that are stijf regyisheddes b@%an%gélfng@o%&?lﬂ%ﬁﬁn\&bkh bekthoaand, . in

particul ar, reference IS made to the description of the first exenplary

enbodi nent . :

' In the case of multiple well structures, in particular,._.
the wells now need no longer make contact with the
semiconductor surface, but rather can be  contact-

15 connected directly. By way of -example, a lateral
insulationnef an inner triple well can be achieved Dby

. means of a closed ring of the trench contact DTC.
Furthermore_, v1rtua11y every point within a well can
additionally be contact-connected via a DTC in order

20° that similar ‘or identical potential conditions are
produced in the entire_weli, as a result of which the

- characteristic propefties of a semiconductor component
can be -improved further. . Negative voltages, in
particular, can thus be insulated in a particularly

25' 'simple manner and be generated and switched on the
chip. '

The direct .bottom-side contact-connection of the
electrical shielding 'in the trench  isolation
30 furthermore .mekes it possible to disregard the
7 relatively 'high lateral parasitic resistances of the
wells, as a.result of which the shielding is once again
 improved.

35 The.invention has been described above using. a p-doped
semiconductor substrate.  However, an n-doped
semiconductor substfaté can also be used in the same

way, the doping used in the exemplary embodiments



35 In this way, an outstanding shielding with [ow connection resistance
and a greatly reduced area requirenent and a highly flexible possi bl%wﬁ%7
,of use is obtained in particular by virtue of the conbination of 1 fA
2007 - 18 a trench isolation that is contact-connected at the bottom
side for the realization of an active shielding with a trench contact. In
this case, the narrow or thin trench isolations TTI can be. used for
further inproved 5 integration densities, ile the wi dened trench
i sol ations' STl mshthonkedenadove eregiang  inenlaeadhpby’ thegicOrRrieni gy
-forned at the sgngikbge or as an alternative furthernore afford the
possi bility of qBac ivating large regions of the seni conductor 10
substrate by means of proven standard nethods. In the case of nultiple well
structures, in particular, the wells now need no | onger nmake contact wth
the sem conductor surface, but rather can be contact 15 connected . .
directly., By way of exanple, a lateral insulation of an inner triple well
can be achieved by neans of a closed ring of the trench contact DTC
Furthernore, virtually every point within a well can additionally be
contact-connected via a DIC.n order 20 that simlar or identical potential
conditions are produced in the entire well, as a result of which the
characteristic properties of a sem conductor conponent can be inproved
further. Negative voltages, in particular, can thus be insulated in a
particularly 25 sinple manner and be generated and switched on the chip.
The direct bottomside contact-connection of the electrical shielding in
the trench isolation



30 furthernore makes it possible to disregard the relatively high |ateral
parasiti-c resistances of the wells, as a result of which the shiel qiqr]gleﬁm
once again inproved. 35 The invention has been described above using. a

p- doped sem conductor substrate. However, an n-doped sem conductor
substrate can al so" be used in the sane way, the doping used in the

exenpl ary enbodi nents 17 JAN 2007 19 nenti o2ed above being reéplaced by
the conpl enent ary Lipirgscelqrande 19amors 20 List of reference synbols 1,
2,.3 Sem conductor substrate 4 First insulation |ayer 5, 5A First, second
hard mask | ayer %S£ wal | | nsul ation layer 7 Electrically conductl ve
filling layer 8 resi & 18RO e sivbsitirsudeat | on | ayer 10 First

covering insul ati ¢h partial El&)sa:r irkh 1SaG@H 1%9)@?i ng insulation partial
layer 12 Gate digjeafyic 13 n%(_:‘rcea(,hf](%q_l Deep trenches ST Shal |l ow
trenches STI Wdened trench i'501 dt i-on k d@xerr i sol ation DTC
Trench contact 17 SJAN 2007 Sigde F’@tlé-ntlnﬂlﬂ.laltB.On layer -

7 Electrlcally conductive. filling layer

8 First resist layer °

9 Second insulation layer

10 First covering insulatioh partial layer
11 Second covering 1nsulatlon partlal layer
12 ' Gate dielectric

13 Doping regions

T Deep trenches

ST Shallow trenches

STI Widened trénch iselatioh

TrI Narrow trench isolation

DTC Trench contact



1. A sem conductor conponent with trench isolation for defining. active
regions in a semconductor 5 . substrate the trench i'solation having a

deep isolation trench wi'th a covering insulation Iayer a side wall

insul ation layer and an electrically conductive filli ng layer, which 1'7SJAN-18][]
electrically connected to. a predeterm ned doping region of the !
sem conductor .substrate in a bottom regi@ of the isolation trench,
characterized Batent esitdim®nt act, which has a deep contact 15 trench with
a side wall insulation layer and an electrically conductive filling |ayer,
which is |likew se electrically connected to-the predeterm ned doping

regi on of. the keni dondestigonduglsorr acemponenbotwioth r egiemehof i §88a20on

contact trench. . 2. fJ}“Ed@ﬁﬂd&%@dUEEQRVEOHPQEfayea%JPl%'”Egmigoﬁgﬁggor

claiml1, g wher ei he covering insul ation ris
essenti al | y>bel ow a %ﬂ?ﬁtb’@rﬁﬁwtor substrate surface and within the

i sol ati on trench 3tﬂﬁhet&embhondsolatleﬁﬁponent as cl aipzRd nlgn ﬁazgﬁ%act

claim1l1 or 2, . C sqolation .and the trenc
have a | arger dept h JtE r‘laeﬂalnQm g%é()rg(fe}gt Qﬁtiae 81 SIEF Foh sk Tent@¥eEuct or
substrate. 35 4. The sem condacsddecorgonemsabatien ntdyen one Qﬁuﬂp@ﬁent

claims 1 to 3, . mherledutﬂ&m@enebnaﬁelt%bonfbfflﬁgW1%%%d whiah! o

i sol ati on ibench at -t.he sem cqnducto
electrically connected to. a predetermlned doplng

region of the semiconductor substrate in a bottom

region of the isolation trench,

‘characterized by

a trench contact, which has a deep contact
15 “ _trench with a side wall insulation layer = = and:

an electrically conductive filling layer)-.

which is 1likewise electrically connected to the
predetermined doping region of the semiconductor

| substrate _ -in a bottom region' of the
20 | contact trench. o
2. - The semiconductor component as clalmed in patent -
clalm 1,
-whereln the covering insulation layer _ /is
25 : formed essentlally below a semiconductor substrate

- surface and within the isolation trench.

3. The semiconductor component as claimed in patent
~claim 1 or 2, i
30 - wherein the trench isolation ' and the
| “trench contact have-a larger depth than an
associated depletion zone in the semiconductor‘
substrate,
35 4. The semlconductor component as clalmed in one of

patent claims 1 to 3
wherein the trench isolation ~ has a widened,
shallow isolation trench at the semiconductor



17 JAN 2007 22
regi ons.. -5. The sem conduct or conponent as.cl ai ned.

substrate surface for the purpose of filling non- active

in one of 5 pdtletN 2007

claims | to 4, wherein the predeternined constitutes a doping dopi ng region

wel'l of a multiple well structure.
clainmed in. one: patent clains 1 to 5, of
substrate Si,; the covering and si-de has _ wgl |

10 6. The seni conduct or- conponent as
‘wherein the.sem conduct or
insulation |ayer has Si02

opéd pol ysilicon. 7. A nethod for

and the. filling | ayemadSqekd-« Riahly. d .
J atk r%lorr%ﬁg HPFhtheepehrpose! 3 oglil%qgor%_ﬂe :
W at -

fabricating a sem conductor co

foll ow ng steps:
| east. one predeterm ned doping region.

| east one tr

wal | insul atlon | ayePatgntt pdasmselwabl g,of the treches;

a) algrtéb@r ZeLdAnsef.. a sem conductor substrate . /
b) Formation of deep trenches as

-on for the purpose of realizing at.

far as the predetergipe Qpi ng. regi
nch i s‘oI%tQi %ﬁqﬂlfgn%%tgrt réfBhotent aals; laiUd B ), nggf r?afOSi de
I o

d) Forma d an .

el ectrically conductiMeréih!in ayer_in.the trenches; 30 e) Renoval of
! naoEhs PTFRRGSBiRedi n tdhep iaper rI%iQﬁl of

at |east the electrical I%/, conductive
the trenches for the’¢¥
trenches;: .- - .  ‘Structure. - .

.0 6 The semiconductor component as  claimed in oo
' T : o in. one ‘o

“patént'claims 1l tos,’

Whgrein the semiconductor'substrate-'

t N i " .
S % ofatdaming Qwe_j.hé purppase, o{nuf,_gg_giggwséfﬁ [ va

has

si, veri : ide wal '
= the covering and side wall'insulation'layer
‘has Si0;.and the filling layer  pay

.,f;5  _ fT.highly.dopéd polYSiliéonﬁ';'

7. A method for icati ni condus "
A : d for.fgbrlgétlng‘a_Bemiconductor component
W;; trepch-lsolation'having the'following sﬁeps
a . . . N . . . BN ' :
. | ) Preparation of 4 semiconductor sﬁbstrate
o with . ~ one et |
| . _ at leaét One. predetermined doping

region . :

b)"Format;iqn Qf deep ‘trenches .

- Predetermined doping ‘region

Has-fér as ﬁhe
for ‘the purpose = -

25 . -1- Q#' r§a11z1ng_-§tf-;eas; one ‘trench isolation
- . -+~ - anda trench contact: : . o
CX“FC?mati°ﬁiof a'Sidefwall-insﬁfafionﬂla“'
.at -the SidéTWaIIS_Of'the'tfenéheéb g .ygr

.d) Formation of an électrically-conductive filling

layer in the ‘trenches -
. g : J)

30. | | y ' y & -
_ .e) R?moval of at.least the electrically conductive
| £illing layer .' in the upper regién of the

‘trenches for the trench isolation |

£ e - |
or the purpose of. forming shallow trenéhes'

‘and. . :

/

35 i overi '
~f) Formation of a covering insulation layer

in the shallow trenches

isolation,

Of.the trench

8. The method ‘as claimed in patent claim 7



and 35 f) Formation of a covering insulation layer in the shallow
trenches of the trench isolation, 8. The nethod as clained in patemyJAsz7

'17 JAN 2007 23 mherein in step a), a double or triple well

claim7,

structure is fornmed in the seniconductor substrate. 5°9.- The nmethod as

claimed in patent claim?7 or 8, wherein., in step. b), the deep trenches

are :formed using a. first hard mask Iayer means of an-ani sotropic
substr% . 10.10.. The nethod as

clainmed in one of patent cl'ai ng
oxidation is -carrieft SHFtPﬁe' order t dofratem a. i encly, d nsul'%g on

and an ani sotropi c .eschstgagethod is carried -out in or der®
bot t om regi on of the trench i nsul ation layer. 11. The nethod as clalned in

one of pate t clainms 7 20 10,7 wherein, i'n step d), a highly doped

seni conduct %ater?%? meth@ aﬂeclaﬂmed ggng%gghg %i%gg iznégf o
h h <l aimed in

pr edet er ni ned dopi ngwi &gk O, 'in \Aﬁgg | b e)d 5 beedegp i trendhest o reahrée a
S

one -of . patent C|aIan7 to
wi dened ormed u51ng a flrSt hard mask layer by méa '
o il nS..

~of an anlsotroplc etchlng " method in . -th"'
‘semiconductor substrate ‘ o

etchlng met hod i n t hgpesgri,con ctor -
n SEH bePg, aMherEel doulrlest 8P Cixiggh egétj]el
ayer

10

'10...The method dé.' ime i .6 | 7 '

; . clalmed in e K
. o oc N ne Of patent clalms tb
.whéreihf in ste c .la. ' .

. D ): thermal oxldatlon is

ccarri
ed out 1n order to form a. trench 1nsulatlon

15 -1
: ayer and an’ anisotropic etchlng method is carried

. out in order to. remove a bottom region of ‘the
_trench insulation layer.. R ' ©

11.‘.The method .as claimed infone of patent.claime 7T t
: _ o]

20 10,
Wh . ". . .. :
eretn,_lq step-d)- a hlghly doped semiconductor-
qmter;al hav1ng the Same. conduction type
as.  the predetermlned doplng - region C i
L deposited. o
25 S
12. . The method as ciaiﬁ in or B .
| . ed in o ant: i '
| o |  clad g de ot_patent;tlalms 7 to
wherein, én step e),. in order to reallze a Qrdened.
Ny ;reneh. isolation, : ‘the conductive f1111ng
- - layer, the side wall insulation layer “and

adjolnlng' reglons of the - " semiconductor substrate

, are removed in the u
| Dper region of 't
deep trenches, ‘ ' h o

35 .13. The method as elaimed.in one of patent claims. 7 to

12,
wherein, in step eX,_in order to~reelize a narrow
trench isolation, . only the conductive

filling-leyer' ' with or ‘without the-51de walI



trench. isolation, the.conductive filling 30 layer, the. side wall .
i nsul ati-on | ayer and adj oi ni ng’ reglons of .the sem conductor subsﬂmﬂﬁw%w7'
are renmoved in the. upper region of 'the deep trenches, 35 13. The netho

as clainmed in one of patent clains 7 to. 12, - wherein, in step e)., in
ordér to-realize a narrow trench isolation, only the conductive f|||ing
kayer' with or without the side wadll 17*JA% 2007. 24 insulation layer is
removed in the- uppeinsulaegbgn géyéﬁe tre éhes 14. The nethod as cl ained
‘in one of patent cl 7 erein, 9 stEpved dm oxxindat iy

carried out in order ?%)9cﬁ$n%P?|¢%ﬁn©beerlng i nsul at i on. artlagﬂﬁayer
and/or-'a deposition is carried out in order' to forma second covering
-insulatjon 1Q gar tgmad Aéﬁﬁgdiggté¥%f%gﬁlom/trench g

in o ' \
. 1 ne of patent claims 7 to

wherein, i
! . in step f)5 an oxidation ig carrled
An order to form a OUt

. flrs.t co )
partial layer vering insulation

and/or ‘a deposition is carrled

rm
a Second coverlng 1nsulat10n

1o L
1 partial 1aye; 1n the shallow trench



