. e3e($%%&" ' ON(6(T([ 21 n1231DE Description ' *159159* Sem conduct or
conponent with trench isolation and associ ated fabrication nethod 5 The
present invention relates to a sem conductor conponent i

i sol ation andrthgoanapassoci ated fabrication nmethod, andm&"mﬂﬂmﬁﬂlﬂﬂ%r to a
sem conduct or _conpqnent with a trench-type, bottom 10 c - ted

active shiel dPR§CEAEEERan associ ated fabricati on method. | &618tions for
defining, in particular, active regions in sem conductor substrates have

usual | y been f t hi 00Xl fil sQ-cal L ed | ocal, .oxidatign
regi ons (L@&%ﬁqggéﬁ%é%?gat icgér%n%gﬂ‘%ﬁ i cOn h Ag rteﬁlgkli ntlesgor a5 o deﬁglgt y
ri ses, howevegssogdhteshiahriieaslionooeshest hods are no | onger suitable
since theyghave a high area requirement. Wiat is nore, they exhibit the
so-call ed 20 "birds beak" phenonmenon, with insulation |layers formng

laterally in The diR%RI9Hn ofPYRRLLeR| vESLB8EPEns . tOThet of BEBICIBAREFPEd

trench isol at icofponave beeth devenepedi sblavhosh t@secof @in e¥agpteatad
accordance w th.shall qw trench it%ol atiog (STL), a_sh I.Ioi/ 25 isgl ation
ri aP?s for 8Ff ace

trench filled \APER AT at | AT *RQEe d BETFASY 8f a2
senm conduct or ssnbsongiuetoeveotpenens, with aacohventhehgpetlr enohtomel ati on

is also en fhici i -cal - ough_ ef . rin
the sem gééldugfgr%%%t gro?lglte.&fg:%nc}gsvi%r aéb}ﬁ(eé]]%eig%ggée&gu#?e%lﬁsgg%éé%%gégved in
this case. |nfahricrtiom mesded.parasitic bipolar transistors may be
triggered by these | eakage currents and sem conductor comnmponents may

therefore be destroyed. 35 Trench [solations with_a shieldjng structure
have recent |y 1583 tdEVS %0 FREPBIEY cuftBr PRGE 4 8Fur RISE W FeFUeRAg such
| eakage curredns,seni cdhidilt tRAS Gubstratsy Hard apduaEly héeh dfshneiidbpg i n
the trenc an.electrically..conductive terigl is enh ed_as .1 n1231DE
e oot oad ik | RhERe, MU ER BRTRER (B oqf o pRRere oS £ Aot PR o

i sol ations wi t(B:OSKWiSe| diavg ladhiigiatairen (sfuai )i conk acks coheetntdgnatihe _
substrate suriegi@y iEd he\GHRAF Al& ey et fordlh £2H¥BHE 2PELHSaLN thi s

case, however, are an Jj nadequate shielding action and/or an_increased area
requi renent oRT&EccBANtIVIIhe SHEEEDLEr ySERFE adtPVoNRBYEI . PEELThRFERor €,

the invention riegrfiase®ren titea®bjiecimadfe prenégdi egnapsen wandyet ea1Teaponent

with trench isol.atjon and an associated fabrjcatjon, nethod, it _bein

possi bl e ?@ regﬁ'r r?oe[aq%nlé}“eoﬁ?r?‘?ﬂﬁlbve‘ﬁl% JSIF\‘T’%Jr%I\;h%n bg‘f‘yﬁﬁofﬁrﬁ“éggced
area requir endatt eanad tyhusnan thepr dieecicibegr affi obhdenatctyveAceegdlong.t o t he
i nvention, thi j is hj by ans, of re pa claim
1 wth regardT?ler%ldc'%?ﬁe’ se?ngc%%%gg?or tér%nponenfégﬁagggﬂ%ea%lsaqé t%ggIl
measures of p&e¥flopesim FIwivkegsega o fAE feHAMRER | ¢ nBcheydange

particul ar thkaugh tBRaUsewOf wr&iaci aksbnarebn25 contact, avhi ghahaswa deep
contact tﬁgncqg@fggi%mPig%ench 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

R
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wal | insulation layer and an electrically conductive filling |ayer, which
i-rs electrically connected to a predeterm ned dopi ng regi on of the

sem conductor substrate in a bottomregion of the contact trench, and 30
via which a trgnehR ipxol ation with active shielding is contact-connected,
substrate resistances, in particular, camhe significantly reduced, as a

result of which inpraved shieldi.ng properties are obtained. At the sane
time, the useeg'lectr{ir’)fé’%ter eﬁ{bﬁ ﬁ%ﬁ@ﬁct‘zon&l{%q‘@e%éﬂp%%%ﬂﬁ%ltBrQPSHFFFEantIy

reduce an areduocdquitmsmeit f bsodhatbspect wiehsemstiaridiicicor actlont . are
Preferably, a rHing.| 1] ft trench_isal at | | S situated
bel ow t he semu%gl\rég&go?&g'%%é?r%?Ighéé%lﬁézgfﬁe SSug)%F g§§ :‘dtnddrofvé‘%%i %rt he

i sol ation trerfaem wWhieclsuhsdate.in particular in an inproved further
processabigity on account of the relatively even surface and an insulation
of the conductive trench filling from5 conductive |ayers, such as e.g.

i nt er connect s Whess 441 i SRAPRRRRIRCERelBoFBAEN FASRUI RATVRY ay@Fe an

Preferably) tHeddeRfeitd sshaklaingntdditon r anah ogondAct ryredsydredreht h a
depth in the sem conductor substrate JEO which_is larger than a degth of a
respective deplf@¥ dit"soite, B8 a¥FESURT oftwni ERCpuMtT=THitugh EPREEES, in
particul ar, caoenmeatéduced. |f wi dened or so-called shallow isolation
trenches gpe 15 used at the sem conductor substrate surface of the
respective trench isolation, then unrequired or nonactive regions of a
sem conduct or B§F&fonee chhebelprgRtieR ed S nbasednppe nemechisiorg of

conventional grard@ihgret BodsserDcER@EEESB! VY, cdnkpsoridid condust or tsdRshrat e
has a multiple t he predeterm onstituting

[l ,structure, ed doping regio
a dopi ng wel | 1&%@% i A7 a@S§OFd8GeL o ileﬁtagfli ng‘FFgogdapiLEd
shi el di ngs cabdimg?5 pessilzbd even iredliezeasrodl oanpl exarsenimprdietior

circuits. n r.ti lLar, c ct connecti on of well, regions_i
signifi ca%l%l y ?’r%ﬁrlo(a\}llé% i]%uqi h%)gg%agerg?iﬁggda SR TSR o?‘lnéthuﬁas
been made uni fagr mnipyrovede ipdergdste candiquatidnt.i al 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 | onger have to be

routed to a s&RFHHRG dr© stbet FRVENELPRac&N1S5 adterl 21d9Eht ayeduBY

refinenents ofmdadis o etlhé OfeatereBabacpatiened dlainhel ful theregabel abns.

The i nvenﬁbonti s described.in nore_detail Qel g‘ﬁvd“Sib@g exenpl argfen‘ggdi ment s
e

with refefénce to t%%m%?%r\l/ﬁhﬁcgt.or componen means
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 layer, which is electrically connected to a
predetermined doping region of the semiconductor
substrate in a bottom region of the contact trench, and

30 wvia 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 semiconductor substrate



n1231DE In the figures: - 4 Figures 1A to 1IN show sinplified sectional
views for 5 illustrating essential nethod steps in the fabrication of a
sem conduct or conponent with trench isolation in accordance with a first
exenpl ary enmbedhpBAby 10 Figure 2 shows a sinplified sectional view for
I"llustrating a sem conductor conponent w4 h trench isolation in accordance
with a second exenplary enbodi nent; 15 Figure 3 sho a simlified
sectional Vi e\ﬁ/uF%raciel AR W at]§%ml§8hlgﬁéf’5‘r & er’(f%% hEEFR_hER

i solation in aacqedaricmlsird him &hi dehpexespl duy terodrerdssai Higurend
shows a sinplified sectipnal ,view for illustrating a_sepiconductor
conponent wt ﬁctcl%lﬁ%h i%%l attlhgn iﬂeg%%%‘r’%g)ﬁceev\ﬁet% as‘flgg‘]’r‘%% le%glr?gl a‘?rﬁ
enbodi nent ; 23nEudatéonsA af Sthehorendupkiveed teeauchonafiliievs f rom

II1ustratigg ﬁgaaﬁkit%b_em}a@%&s%t QR%H had @.éﬁbiﬁ@@fé&ﬁ‘n@ét% SEgkSPPLYICt O

conponent with trench isolation in 30 accordance with a fifth exenplary
enbodi nent ; ardiPdy@Peyes Ao CONCXRHT dPFHetied d&¥SFonal views for
illustrating essential method steps 35 in the fabrication of a

senm conduct or _conponent wi.th trench isolati.on in accordance with sj xth
exenpl ary enb@&‘ie:%ﬁta.%q 1tI5I:en-cq"5 igqlafiqa aC‘S‘/e e%%ﬁ?%ﬁ?ng?ﬁ res 1A
to 1IN show si ajplel ficadhesbobitnad depth dh alsensemichmdwetaonpobshrateth a -

in an upp. regi. . | shaljl tr ' | S = bnits
upper regron ViR, ik chEGRRE Phhn Sellpti (BT LSPELEDe MLp1Beiohl (1
DTC (Deep Trer®meCorack) Feswkiopdardelch t RUBChEBrovgbmstisetevodnment .

particular, can be reduced.

If widened or so-called shallow isolation trenches are
15 used at the semiconductor substrate surface of the
respective trench isolation, then unrequired or non-
active regions of a semiconductor substrate can be
passivated in a simple manner using 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 are
characterized in the further subclaims.

The invention is described in more detail below using

exemplary embodiments with reference to the drawing.



10 I n accordance with Figure 1A, firstly different doping regions are
formed in a conmmon carrier material such as e.g. a sem conductor substrate,
the reference synbol 1 for exanple representing a p-type sem conduct or
substrate or gnédegppp-type well, the reference synbol 2 15 an n-type wel |
and the reference synbol 3 a (shallow) p-gtype well. The wells or doping
regions 1, 2 and 3 may be forned for exanple by neans of ion inplantation
or other doping nethods, silicon preferably being used as sem conduct or
material. 20 By whg O6figexemple, a first insulation layer 4 in the form of
an oxide layer is deposited or grown at the surface of the sem conductor
substrate. A double or triple well structure is obtained in this way in the
25 sem conducFégusgbsipate aNd shewbe iprdd fied egleckd odddp| ¥xe¥enm Edhduct or

circuits apd, in particular, NVOE @gr£MEgtragsestPas. heécwsderstepseal i ze
hi gh-vol tage circuits, the wells ma% b%ﬂ;)gr,rred,with corres ondljh%g

hi gh-vol t age dopi ngs. 30 In accttdiii€e ACRE4OPe OfB 2 SHATPHIEKEPhyer 5
is subsequently forned at the stofporent thethirstendcisul séobatiayerid for
exanpl e by nmeans of a depositiop net e.gd. .9 3 i de i A
patterning by 35 neans of conve%f?%ﬁggg?lethgé}zgph% brr@ll%gcds ?’g&%séj%%reﬁuently
effected in order to forma coresbpdiménty; hard mask for deep trenches T
that are {p be forned later. In1231DE - 6 |In accordance with Figure 1C,
deep trenches T are forned using the patterned hard mask or hard mask | ayer
5 by neans of Fég§rean ani sotropg]éo‘é‘% chi rigmRedifegdi Facddpeedi velewegtehs for
a trench isolation with shall owibllstravidrnes seffiaeRAEGHONcShbonént hi n
trench isolation TTI and a trench_contact DTG By way of exanple, the

ani sotropi c etching nmethod used"hey bt'er%i“‘%aclﬁcilaéatilgﬁ‘ et'lh F%EEfa?nﬁg a
result of which very deep and ewatchl|y gEddret rsdeielargneesdimertt it he sane
depth are dormed in 10 the sem conductor substrate. In particular when
using a trench structure, the deep trenches being situated only within a
wel | or an i dBAgu&sl By doped suBBevat e, simrdddded seatdianado MiEwafPed

punch-through effects, the depth1ohsthgidenghesmisohangesrt Bafpaneept h of
an associ at ed depl etion zone of dolgl)l ng}aée Ions that are . forned or,_are to be

formed later at the surface. 20%+Hlac ce SRl utE 18°°PRERRESp
trenches T extend right into a wieheiethd s dexteap ey yr eybodioens ;

pr edet er '(?ed doping well 2, which, by way of exanple, constitutes a mddle
N-type we of atriple well structure. 25 In accordance with Figure 1D,
the formati onFauriee 4ddeep trenchbswd s simmi iffdledoveattinonale Yewafdon of a
side wall insulation layer 6 at;{ihessigdei gl 5s sehibBRahEEBENESmbonkAL Wi Ch
case firstly, after cleaning for 30 the renoval of the dry etching

pol yners, a trench insulation |YyER iSreRfhed sRlatie®rsuifac8C6PTERBCEr ench
T. This trench insul ation | ayerwkghpsefeuabhyekonpedrasembs@inahted |iner
oxi de by ans of a thermal oxidation nethod, an anisotropic reactive ion
etch, for“exanple, 35 being carried out in order to renbve a bottom region
of the trench Filigsulest i5én tloapdy . shbwersihel i Ehedalsesftitdra bottiemsr e§pon of

the trench insulation |ayer, thﬁigagteeﬂmhgtieg theighdemwehbal ngukgki on

| ayer 6, the trench is filled with an elec ,ricaFIy conductive matertal 7, a

in the fabrication of a semiconductor
component with trench isolation in

30 accordance with a fifth exemplary

embodiment; and

Figures 6A to 6E show simplified sectional views for
illustrating essential method steps
35 in the fabrication of a semiconductor
component with trench isolation in
accordance with a sixth exemplary

embodiment.



| n1231DE _ 7 hi ghl y doped polysilicon, for exanple, being deposited whose
dopi ng has the same conduction type n as the predeternined dopi ng region or
the n-type well 2. Finally, the electrically conductive filling layer 7 is
S subjected tgnaniapEsotropi c etching-back step, for exanple, as a result
of which the sectional viewillustrated ign Figure 1D is obtained. In
accordance MA%h Figure 1 fte rd_a reS|st |l ayer 8 10 is formed at the
surface of thé*&&h EFFIR FﬁgFg and of the filled trenches and is
correspondi ngly patterned |n order to realize a wi dened surface trench STI
at least int e C a : t erlying
hard mask |ay2?§§&%% q%gagﬁ gﬂﬁéiﬁkg.%o fl%%agéggiﬁﬁ%&/8?%%§%qﬂgo ation
can be fornedSﬁﬁﬂ§@@ﬂ@§mmmxQﬂmHQﬁﬁQﬁwwl@hbé pas§¢véﬂe@PR@§z¥¢Qﬁﬂnt of

whi ch evens | aRg@eaRR K99 eRa 1380 tterecifca{:tw@i&@llbﬂ @mai, "4 e _naei £520 In
accordance wth Figure 1F afterward the first I es st Iayer 8 is renoved or

stripped and APOEXond SHHSR ati orFHdyert2en@ f ot o~ tHEL whdPe afBa,
Ereferabl y a &@bb@:@.ﬁt@%ﬁ@d??@bﬂﬁ&&ﬂﬁ&‘er ®%epg TrEE@bf d&e:mgctd)epoﬁl teg
y means a CVD net em cal Va p05| Af t er war a secon
resist |ayer £59 P§%% %b Fﬁé%&hﬁﬁﬁﬂ§ 84 Yar 6%??? ed by neans of
conventi onal photollthographlc met hods in such a way that only the trench

i sol ationgq ST A e dqthe f ﬁgeag gQnt act
DTC 30 contl nt}élsr%jcoc%ed%cget g@f% ngggco%‘danfc%ggvﬁi@ ﬂfﬁ&?e ﬁl d
deposi t ed secdf@ionsulagta dipumgrerim 3 CFRR rWW|Iﬁa¥ﬁ’é’-?%gF‘6ﬁ§ #£8r the
trench isol atieos S s@fdeddductor Welipbtease, 3rheonerdtditad €haibdbNgl

nmet hods can be used, and the second resi st Iayer 0 is then, re

T o s Fate e raBp L RO PaS ek Thg it T Bt YEE st FaTEHOTRVERREr ¢ 10
IS obt ai ned. sulbslk22tleF or ;g déefp ap:cwmnwlw t théi pef erdhteasymbohe

1T, Mok A AT S0 PRI (i e

of the trenhchis e Second T nsul ayer 9 in
t he region of pt—rtemerm@i 5 'Rimtve@llsjm dering eegieoneohdudt andnat weval or

silicon of thed opimsda pf5¥p% ‘éﬁplegr}:%ﬁdméélné'pggr 1ro‘i"9'ﬂﬁb95n td€on or

el ectrically conductive, fi a or of the hi doped polysilicon
bei ng r enoved Qe @ﬂﬂﬁn%ymﬁﬁ%ﬂgsofSéﬁlﬁﬁps@FF@@Q?&%W%P?&PQmHﬁ%@ a%his is
10 preferabl y sdiednduserais meftexirsdacti ve ion etch. A cleaning process is
then effe @ed, in which the polyners arising during the previous dry
etching nethod are also renoved, inter alia. 15 Since the side wall

insul ation | ayyr @ayemdi rexamplear t & cfliasti ninswlati demedayveendh imokhei on
STl wi th shal 'fﬁﬂ‘n@”g £ Wig Qf'nsglagrfl% feg$oaep%1m A €¥2BRHE. a@NLhE di p

for renoving t resi dua insulation |ayer 6 iS carried out in a
subsequent st &prfRge gécofRNGEMIGNINRTe EHOSERALRI s AayouHt & her

regi ons of thetxtlr;ﬁ_raachwem %ttlx%tﬁ}le argl dbtaihba Silrdetmél w'a@'SLH.r@t Lae

| ayers 6 e renoved an upg& %an of, the d§9€ trﬁﬁf as ? resul

of which §Ral ISSRHHRT ﬁqﬁ/\ﬁ S eAPResC&t n§8 EGP ﬁéFnDre
complex semiconductor circuits and, in particular, 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. 8Si3Ny; 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.



25 in accordance with Figure 11, the edges of the hard mask | ayer 5 can
al so be etched back in the uncovered regions of the trench isol ations STI
and TTI, which is referred to as so-called "Nitride Pullback". This results
in a certain ghigsspeelief of the trench edges 30 for the further
processing and al so i nproved el ectrical- graoperties of CMOS transistors that
are |ikew se gresent éor exaqPIe. N acco&gancg wi th Figu&e 13, a first
covering 35 i NBul&FFIRAFATEi ATy &S s 1Subs 8§58t FYSRGRARd T n T4t
shal | ow trenchesm&I ufihbetheepaltiesalkedt hardr egistn®©rSHarahdnalH ldedr have
been forned, i Lal 4 ayer prefe ; -cal | Lper. oxi de
as insulati on%%ﬂrmgéﬁ oron’éal 3'/£’(')nca§'I aégi?%)sl%;g%ggnge%%lﬁ hglrgﬁ%lFa JII§1)1231DE
g _ oxi dati vaspeative §&|§IéOW§y,f%v@véF?an isodbsdopossithl eshalkewry out

al ternative nphbogsabaedl Quiraget Regionswati an didyeredsitah Asoration ayer
structures). 5 In accordance ﬁf;ﬁ Figure 1K, a secondafoverlnq |ns%gat|on
I

partial |ayerTTi 8% hsEGEBRA PRt hEYsHRY ofF t ERERET rR&t the
surface of thentbostopoverdtnfings thethod paedi alayl dyer al@eazt@vie degosi tion
of Si02 (e.g. _TEQS) ferably bei Cafr] ut...Th shal | renches
ST are conple?gfgsﬁﬁﬁﬁzdiﬁ$t i%F%é%k ?n gﬁ gﬁ %8r5|§ﬁ%gifgl H%Q%%% d
covering i nsubatiennphiei drehahes Witdepdss t eaméndents wag, foprmed) of

exanpl e, co Nt, LQE t i cal nechanical polishing) is
1% FE% %g@g@%@gfﬁ bagdstehed

carried out, ayer 5 being 15 used as a stop |ayer.
Accordingly, during this step, the second insulation layer 9 is also

rempved in thenreix¥l cefldrhaviiéengBiagntaact SedJC, sesudtuesyl tthef adegh the
sectional view ill stra&ed in Flgurg %K is,obtained. 20 In cordance with
Figure 1L, thgrﬁa‘r“ SRaskFJer S5 B BHe SFY cof RitPi d@ 1456t i< ¢ HEh
removed over tHenthohélzyredoped asulsstutdtef i clordelry the &vosd iswsul ation
layer 4, fdfie 88&9?8 gﬂﬁ%h‘i%h%u BYQE£2cald 29 d *a%a;sc%ccap ﬁgé/etgf&gch%:q

I re u subs

insulation partia yer 1 i'n on the sem conductor trate.
particul arly &Enplermiedd tharha derbhi efopnaiase@ciimtesl demktion pzene cul ar

with the use gk ddieen pél_g%&e £Ritt Bese AAYRIS 030at8 @oSURsefidamdg et hod

step, in accordance with Figure 1M the residual first insulation |ayer 4,
al so referredlf&®isas §PPi EBRLAFSxi de buffer layer, is renoved, in which
case the second insulator layer 9 and 35 the second covering insulation

Part o o b, BLEaBhaRe R ROy, TR bt St
t opogr aphi es. extpnd231iht 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 polymers, 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 being 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



- 10 Afterwards, a gate oxide layer is forned as gate dielectric 12, for
exanpl e by neans of thermal oxidation, it being possible for this gate
dielectric 12 also to be forned by neans of alternative nethods 5 and
alternative magphhalpg. The actual formation of switching el ements in the
active regions of the senlconductor substrate or the p- type well 3 is then
usual ly effected re indic t|n n+- e ing regiong 13.
In the reglonkﬁphﬁﬁéq#ﬁgﬁ%hpgﬁ% TREtCYY D %?@ﬁFﬂﬁF qb gﬁ ? é

cont act openi mipofser dehmng(hHHachaM$$m¢h@qh§gmﬁuﬂypéymelhlzaﬂemhhe
electrically i fidli ye al.so over y S
conventi onal %%Q%&%E %ﬁﬁgdfuppﬁébgfagﬁééggloh§negﬂ%dsg ggpgorﬁ?%g N%CS or
PMOS 15 transiF$neddvar éheotelidqtmiiqadiled danduitslwaski biine 1aegr coriespond

to convents onalabitiecat icgn §‘hep§.n1§o§§6'ﬁ§€ndHEEHEnQOHH@RenEt%th gpench
isolation that 1S contact-connected at t on15|de IS obtalned in 20

this way, sai #*BHch i §8 afi of SR¥dngO4n WﬁﬁF vel §h|§F8Fhan8ct|8ﬁe§|nce

in particul ar ilQenitacit geSins tFaRaes 1D tike gutedeleey.m ned dopi ng regi ons or
the n-type well 2 can be kept mininmal and, noreover, an area requirenent
for contact connection from above can 25 be obviated. Mre precisely, an
opti mum connedi @equusiaryd iwitlodiderd ciida f tewwapd sai rasl et pbaverofi ng of

the trean%COQtsa%z%% It tige pélﬁ:.d{%@é %@eehéogéﬂgcéﬁshﬁeoz wbAckgemect to

each trench isolation situated ein account .of the covering
i nsul ation | ap®% 9F 16hend £111eGhk tranchest r 8Reheds |F°F§eﬁﬁ§§ﬂbpgly

noreover, to RaRtRi¥ndddasi 6286 tePeakapkees @Sd@:lé@ssluff@éeweréhca
further-reacmi¥ifwoce S|ng can b€%5|npllf1ed F%%th g & nmeans of the
met hod steps iAdtusfrat e§2Fh FHHur B3 3A 1F4ARE 56t farP6w S t FEnch

i sol ati ons TTltrans fidredhi gb ithegnatieedydegsihard madkw teped tS.enth
isolation STl.atg t surf or t ff.ecti as
active shleldlﬁgé §¥he552%$1 Léﬁ%ﬁlsgﬁg%?gge%ggggg ﬁgi %éaéﬁwﬁkﬁh not
only is it pods mcgmetsi rlé’alﬁi%l%pndum%lmmrﬂ toebpy BaBFivared. as

requirement fqr aelhve C@'?:‘DOWEEJEE bareR! SPaACd | - dL01@R8 drliat cahe Bet
desired or required can be deactl%ﬁFed w thout difficulty by nmeans of the

wi dened trenchSAHIHRGS 182 SRS MRS of the multiple well structure

illustrated in Figure 1N, in partlcular it is pOSSIb|e accordingly, to

realize e very, compl ex senl uct xtraordinarily
hi gh inteéﬁat QR% %%/@5 1ﬁ9 r%ﬁ%%é ﬁe gérfg gaég£
currents arelﬁﬁyaﬁﬂ& psevembedd Sec&ﬁ¢m@paﬂﬂ&n®'@nﬁedon@nunﬁﬁlﬁtggne 2

shows a sinplijf]ed sgctionab MEgW Rfed SRE] %Mtg:t Qﬁrgﬁo”pﬂ@f@ra\%ff grench

isolation in accordance wi th a second exenplary enbodi nent, i dentical
reference synmfoil Qs gHAXME elhdhsht S3FK | z})?éﬁ‘% i déndi-callEQS) coPP&BBondi ng

to those in Figsgssilked0 H@r whheh reaasqvmm repasded desemipalonvepor
dispensed2gﬁtfbé%%é%%ion). 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 1G, the deposited second
insulation layer 9 is then removed in the regions for
the trench isolations STI and TTI, in which case

35 conventional etching methods can Dbe used, and the
second resist layer 10 is then removed or stripped, as
a result of which the sectional view illustrated in
Figure 1G 1s obtained.



Iln accordance with Figure 2, however, the sem conductor conponent may not
only be forned in a sem conductor 25 substrate with a nmultiple well
structure, but rather may have nerely a single doping, as a result of

whi ch, in partigylzapg or greatly sinplified sem conductor circuits,

i mpr oved shi el di ng properties are |ikew sg obtained with a reduced area

requirenment. e 30 sem conduc gnent illustrated ure ,S an
NMOS transi st 0% aﬂﬁﬁe é\ p-Ff'ggg sz'%l oﬁﬁtg} €5ub %{:]ll} Bﬁf’ﬂg used
and, c_onsequeritst ythen pefdgededds ens tond trdeorhamed emaak e yeyr u§ed1rasthe
electrically lb‘hté V& T ikl r&?rér?é’r?r i 56%at TBRQY &H1COPAE ClirN a}r’%t he

possibility for e trench 1solations at are contactconnecte
bot t om si de i ssetﬁ?@éi ats Wl obiRg ndayes z?cclé’unt'vh%f regéopr &fchtrontgenshprc

used, thussresdrtatd ifr@N B ovesl §éth§é<§&'1<ﬂ‘@c%f hnatéedsitedrakedicon
requirenment . r?qugfﬁ'ﬁ case of. such si nple s nduct or | n1231DE
[

substrat es, GARRBOS Y RidpiRe d‘f’e]t]heaet?% cfresUEBRBHI HeﬁeOPaPGeF%Fhan a
dept h of t he (ﬂmcainmlz]@ne&omdﬂmm by itlhd ndopilageregi’lonerl3pfi ntheder to

effectively p }{%gg" L . d@ﬁagal% é)uitcéto h'b%‘i%% ef&egt%d Furft her gLDr ebyl t

shoul d be poin 5 eu ar y wher using
pol ycryst al | i meageri cohduadnor anaser-lrapscas egloddmng catlét;hqxi)nducltuﬂe fielling

layer 7, gp oy didduign hakes 'a%ea%fs the 10 faabefet h ot WAL, dyring

t he subsequent process “steps (no | Tustrate resu of which
further inprore®atag atP?@C?ﬁ%petﬁl e§hean ngﬁcd'@ﬁoed ml'hl‘f’]éllﬁlitenﬁhﬁry

enbodi ment 15 goighiiedrs3 SR &nfmtgfu%l pesviongl avyestehingsastaegduct or
conponent with trench isolati accardance with a third exenpl ary

embodi nent, i &t %A fTEE ?{}tﬁf fesi gnating el ements or |ayers 20

i dentical to those in Fi gures 1 or 2 and a repeated descripti on bei ng

di spensed; i t 1‘??&é3wth'en é‘i‘c‘i%r d@QQF V‘izﬁ.@ufé@i’éﬁ 3152} %emr% %t Oén

substrate now has only a p-t an act ual substra
addi ti onal n- tBaxEA@Ian lt'lhet]e?ed'tltq%’tﬁq ytgenshctts/elatwmn@’nIaywth be| ng

connected to tdaIp-dw REndedideheliNgusehskr #eRibn, Ty Wi el 88 aRampheand TTI
trench isolation for P transistors, B for V\/ﬂlch reason t he d@g %etlig' ons
nd

13 are p+- dopéd 3B PaftPcul y TRBAVIRY ngtABghINPSISPEd seft
mat eri al , the ieleadiatical | yayeandectsveakidileidn@utayiat aSSabseqdeﬁgl ytepnposed

of 2 52 9g1°0 901 YEhillcol THEBHCCe LR, 0100 PRRDELALES AT Srolged
exenpl ary enbotfigients of the trench isolation STI and TTI, the side
wall insulation layers 6 are removed in an upper region
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
results in a certain stress relief of the trench edges
30 for the further processing and also improved electrical
properties of CMOS transistors that are likewise

present, for example.

In accordance with Figure 1J, a first covering
35 1insulation 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



In1231DE - 13 Fourth exenplary enbodi nent Figure 4 shows a sinplified

sectional view of a sem conductor conponent with trench isolation in 5

accordance with a fourth exenplary enbodi ment, identical reference synbols

agai n desi gnatjjigzalments or |ayers identical to those in Figures 1 and 3

and a repeated description being dispensegl with below. 10 An STI and TTI

trench isolatign w.t.h assq&iah&%ftrench contact, DIC for P transhgtors IS
th gn

agai n known i P7A¢ES $Ehce guiFEG, WhoubtAVGRTT stThict uPe 8
n-type wel |l 2possible ype sabsyr aiwet lahberbetinygef oetvhddsgafor Epradogr dance

with Figure 4,.:he hatt S o) [ of t NG [yon may
accordi ngly altsl-%h'ﬁel Sl tl%g{l?ép?n t Ig (;Hlﬁfcg{[ a%?tey e \I}éylterrg i r#avﬂ%%)c'ase once
again preferably n+-doped polysilicon is used and, in order to avoid

pugghat h{ ﬁygp Itefhf %é’or&axﬁ@éreﬁi?@ﬂdi @gggeethﬂgf, the té@@@ﬁ'&ﬁ_ 'blgg_leg&ggr than
a epth of the space charge zones. ce again_inproved shjel ding,
properties vwtH?%?%A&d&Ebdp%¥gh§fe&ﬁ?@én&ﬁt t r%&Qﬁqgﬁﬁ@ﬁgﬂbré%ﬁW%gnéﬁts
with trench i sdleat slsaslown thenphodTedri matt hilse casefateo,ofi ttRe fiersg
possible to f j Sj equs row.ty ench-i.sol.atioas.TIl and
trench isolat?%ﬁéﬁaéﬁ% %ﬁ%&%égkéﬁnééﬁgﬁggu??ggg é%*.qii$ g%éﬁ%?§%§l
enbodi ment 30 Hi g8+@s $A.-go SHOSHowmiprdhlwedbedngi ewalr ieideveut or The
i1lustratipg essantdw! c PBINNLs SEBParkn cbhe,lfe%wlyc?i;l%rzﬁﬂ%ﬁ SR{L cRaguct or

conponent with trench isolation in accordance wt _ exenpl ary
embodi nent, i déht PEAPT IS ePAPBAEEZ8Y S s SBESRENRIVYRF I et BSHLAELBRENt S

identical or gRirtEspondiagert o1ihasepdst fe@uries thie 4wapd ay epeat edf
description bein i spensed wi th, bel Iaﬁ%S%DE - 14 in ac ordag e wth
the 11Tt exerPIaI; Shtbdt FRATA IO breyP "G BehodoPPBACAL | BEFBRPSRAST
with a w denedclursteiosy)stisictareieddonn, ashecihatred nassnchayeant AcbeDRg ar e
formed, agsa MEIY ta0f aMSENpt Re TR NORLSLLREN SRR, S dieiy' ANy staplified.
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 11 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 layer 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.



Firstly, however, the sane nethod steps as in Figures 1A to 1D are again
effected, as a result of which a side wall insulation |layer 6 and an

el ectrically 10 conductive filling layer 7 are fornmed in deep trenches T.
In a method stepshkApgccordance with Figure 5A, which follows the nethod
Step in accoréﬁnce wth Figure 1D, 15 theghard mask |ayer 5, preferably

conprising a silicon nitride |ayer, t hen conpl et el ved and_a new
second hard nm&dEaT S5A Ps §856si f’é&dSveEaVﬁE whBl e¥8¥@§8 b$ S wa2 bf
exanpl e. 20 | disdeatddrce 12 f h Eogur e:d'alﬂ;pljen abysubmeqnent afet hodeshap, once

again a first Laush daver, SpbonPYJLNNG Lhe tRgLonJor Lhe uhdened
trench isol ation iI's applie gn Terne y nEan o conventronal
phot ol i t hogr apRi cahse héds beUszgmeﬁl byr geeans mask altteres issec ondthadd nask

llayer 5A i S%%e%mtelr;ﬁ t%%veﬁa't@f@a&%' CU'rﬁE i Bethg1r egbpRaet ohheow dened

trench isolation STlI, as resu whi ch the sectional viewillustrated
in Figure 5B iS¥idishdinged eMaN-Sicch? dahBe wWACH IMEgueHOnSf t &F wabRet he

first resist |s%)?ﬂrco%du$:trc_&m)${@]§|s@fa6er©&1 sth&t pi-ppbeg wel ef Bectedened the
electrically SHUGL Ve LLLRS LaxSre T s SO sulstigl e o
step essentl aldopicgr rmmn’ds 1. the tbehoegivep din Hozortdamcle wbnhaftgure
1H of the ?rcg ?P!:ﬁ%kﬁ@oﬂbffa’ﬁt urf'ﬁﬁﬂlé}' tahecia ESbe! %rgitddﬂ'gf ayer or

silicon d| OXI | ayer 4" and then sem con uct or rial being
renoved. Thi snﬁkéﬁg scgﬁééCt IHaEB1the. d8ep aduitYROn¥Phded byid cFB&ni ng

process or by etlfé%trrqr&\aqu ofcéﬂ@ué@;@vélualflaqlmger Slayél acqor danceansbh

Figure 5D, in the sane as in ste ccordance th Fl re 11, a
br Dot i i ng URey SR oo ans 6F corrent e £ Bereds . othe "shrBhEE L

of which the rfedbrdualtitin i carettiodds de fsurde fermingsul smMogn | a;ter spﬁosre

removed. fgrtgfrafgﬁeﬁ%zor%r Lhe ttJ_' eSﬁJ{é#aege&)st,xh&{éGQQQeeQ%?e \%ﬁ?gh i o

et chi ng- batk E*Sedond th s carriéed ou

referred to a§Qﬂ$&ﬁﬂdnﬁiUﬂtqqnngﬁtﬂdﬂﬁ%ﬂéahniqa&mﬁ?t&tqn$enchlng-back or
thi ckness reduction of this layer in the region of the trench contacts DIC
as well. 15 In accordance with Figure coverlng insul ation partial and the

second coveri fy S CTHHREPT FIRRRA S PL i CreReh edsababher 1 kP8RcéSagai n
20 5E, once agwn’taid@d‘drrrﬁelcdeﬂ/eatl%hé tldafﬂtdnor mede zi @t ictadardd alinl ayer
11 is sarrg rmttﬁ‘ ad, st e asal ﬁ bei Q}g carrsl ? nvaccor dance_w tl\‘l’eFl gure
5F, howev P 1rf"artwl ul aP3tH the %Bl on ¢ nclh Coffact™PTe " n a
trough in the svcdntinwr d ardsion ayeinsk, a s@conaaccvenﬂng,l nsabataoh
partial 1ayer /L 'é%a?-llf‘eé Of N Qﬁﬁ 8¥E@§t%§m§h§b¢%p@, Pé‘gicﬁi@fofsthéke"“ Sé

deposi ted by neans I'n accordance WI Figure 5G
uncover ed regitorea/ RS Wﬁélse?coﬁanhat?‘?j kaek (miyEmeda aRe. t T 99ERY cofBl etel y

area requirement for contact connection from above can
25 be obviated. More precisely, an optimum connection
possibility can be found through 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, 1t 1is possible,
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
densities 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



30 renoved, but a part of said |ayer 5A remai ns bel ow the second covering
i-nsul ation partial layer 11 in the region of the trench contact DTC.
Finally, in accordance with Figure 5H, once again the 35 first insulation

| ayer 4 or thgng?;hggn di oxi de buffer layer is conpletely renoved and a
gate dielectric I's formed over the mhg?e_area, a thermal oxidation
preferably being carried out in order to forma conformal (uniformy thick)

gate oxide. VPRY2FMEL FBeaTREMILEHENtstks REELVE: MAPMRE HopPhly
regi ons, contaldlol ayetsvandegobhacttHyd earar ;idtot desiveir alredr bgh Dived

reference bein e explici to. descr.i pti.on of the fir enpl ary
enbodi nment . AE%SF?? ng??/fgc%%a\rféll:éﬁl grl}tgg\l/\lk%]er&rfg% ciDuz]it-ﬁ’g g sglﬁlaggnc?uséct?rl(e
conponent wi t widenede tagénchensioliagdloasi SAISTI which has a w dened trench
surface, tde fabrication 10 nmethod can be slightly sinplified, inproved
shielding properties with a reduced_area requirenment once agai n bein

obt ai ned. The IRulthase| L sthgcydé iplieustaldt s TyrRixRir el bugsraggd of

course, also he appigegdet 0 0§ her isem gonduet Dar substy at ¢g angdoosiere el |
structures in accordance with Figures 2 to 4. Sixth exe Iar¥ eﬁq‘oodi nment 20
Fi gures 6A t 03ECLHIRISYplHSF it&f IO NS ORI S | PO FRRFRGteT
essenti al net kddcstieps iwitlhe aabriegatriotrddhazidem darghict integnpohent wth

trench isplati Is ccQt ce j ex e i me 25
trench i s%%) at id%%sr}gygl y%gglgn %S&rt}l%rl%l\?\%%ﬁr%%ch [ scﬁa':{att)él ogg% : P%a}éécggr dance
Wi th the sixteugxemsisasyee edpdit previesitieg .t he net hod steps in accordance
with Figures 1A 30 to 1D are once again carried out, once again a first
resist layer 8 for coveri the regi,ons for the trench contacts DTC bei ng
‘applied and pé:;tetc@ﬂﬁle(?xieﬁ‘Pgr b &ep in accordance with Figure 6A.
Accordingly, the regions for the narrow trench 35 isolations TTl are etched
using thi 5re%ji turleayezr 8sh as. a result o.ff

for exanple by Ans 6f an am sdt rospjimcplelt cﬁ%ghsneg%%%p%l rE‘je éo“f(')nt(:zlg [%gﬁ\éﬁgs
or the el ectrisealilopndmediest | veorfipdheny | ayigh 7 trewnehed itsedadiiion  in
Consequent |y, e RHJOPW 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.

In accordance with Figure 2, however, the semiconductor
component may not only be formed in a semiconductor
25 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
30 semiconductor component illustrated in Figure 2 is an
NMOS transistor, for example, a p-type semiconductor
substrate 1 being used and, consequently, a p’'-doped
semiconductor material being used as electrically
conductive £filling 1layer. An improved connection
35 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



INn1231DE - 17 trenches ST fornmed in the upper region of the trenches are
once agai n obtained. In accordance with Figure 6B, i.n a subsequent nethod
5 step, the first resist layer 8 is renoved or a resist stripping is
carried out arpdibRepgthe first hard mask layer 5 is etched back once again
for stress relief of the trench edges._19,In accordance with Figure 6C,

afterward silicon dioxide is deposjte referaply_ by ans of a TECS
deposi tion maFHgatﬁﬁ&er p?’ﬁna‘?ﬁE)E%Jd:‘bﬁa arfs glbePa?hchQEfrl?c Ne nelhenrRes

pol i shi ng net badulE@VR)e Llaegérr sthamral depkhl ayfer theseleplet iah azohieP

| ayer. The coyerisn 5 khpsul.ation 11 ] trated i.n Fi e 6C._which
constitutes apgloﬁbl?gal a;})é’f |t$1H% hedéﬁ?%(/r?% e%g%%ggy gtﬁbodilr?ent?c&u&l%r obt @i ned
inthis way. effgctévedncpraventFagereceblednpanshbsbgongh méflecd -20 st ep,
the first hard nmask layer 5 is renoved by neans of conventional etching
met hods and, in accordance with Figure 6E, the first insulation |ayer 4 or
silicon di oxi EBYEHEEBPYRayer dits elSHAWAE ed Rver RHEERDI e Atea i Fhe sanme

way. 25 Final bgrtieuaeeakdapeen Widdidg gwigHll dopate sbeyeeyst&1lenés once
again formed at _the surface of the sem conductlor substrate or the well 3,

thermal oxi dafCBACRPEPEERBI y BTt &kt ri 88 o AGHhFer% o SPPYFOHtYR a

gate oxi de | afedlifg Thayetesdri panomuwfditfifusiort heakeot hwthot eps ttlae¢ are
Gill . ) ) . . . !

et er enoay o hods P e densA ol TRk e e dlithe SeOREL THL B o

In this way, dRosut stldnitaptadlel diggy wht hresWleonedct i ¢lesi Benreer and a
greatly reducegpzbed eadunareny ardparitkiall vah! % Breqpessi bility of use
is obtained in particular by virtue of the conbination of In1231DE _ 18 _
a trench isolation that is contact-connected at the bottomside for the
real i zati on offhagrdaeiiew®laliyelethooginiehlt a trench contact. In this case, the
narrow or,thin trench isolations TTlI can be used for further inproved 5
integration densities, while the widened trench isolations STI with w dened
trenches in t Régugger 3r eghows hat arientflorfiieatl atsedtsl amade tview orofis an

al ternative fuchhieoieie takf orfodbendossi iilent Y ofef@act ii\hiaRg Jnar 9en
regi ons of the sem conductior 10 substrate by neans of,6 proven, standard
met hods. accordance with a third exemplary embodiment, 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 filling 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 using highly doped semiconductor
material, the electrically conductive filling layer is
accordingly 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.



In the case of nmultiple well structures, in particular, the wells now need
no | onger make contact wth the sem conductor surface, but rather can be
contact 15 connected directly. By way of exanple, a lateral insulation of
an inner tripl®gwelipscan be achi eved by neans of a closed ring of the
trench contact DTC. Furthernore, virtual hy every point within a well can
additionally he contact-cannected vi,a a DTC in order 20 that simlar or

i denti cal pot &MU EXTIR NS 9 ed inthe entire well, as a result
of which the characteristic properties of a sem conductor conponent can be

i nproved furthar ggt i\, t ages,. | riicu ; t e jpsulated
in a particulgﬁﬁyzgg ?inp é%ﬁ%nﬁ%r %hd&%géﬁg%er%%é&ﬁéﬁ%?su#f%ﬁedbgn_ he
chi p. The di r ssmisoncwatsirde eomperentonmddti ontvenche dissdtatiics shhel di ng

in the tregch JeQrdfdrie 30 fikht hepmor eouekes iEx@ﬁ%ihébe temdbaigeatd the
relatively high |l ateral parasitic resjstances of the wells, as_a result of

whi ch the shi 9T Gad orRECERRE® FIPBYEd 2985 NTIHRES IHRA I RASMBRER
dezcri 3ed abO\&dupaimr@ ﬁddﬁ@ﬂdaﬁeﬁbcfmﬁwé Qi Slg_b@hf@i el H@i\de\/frandiﬂa
n- doped sem conductor, substr.ate can al so he use n.the.sanme way, the
dopi ng used i ﬁet%gtéger%sﬂpm&imgs ﬁﬁpﬁ’f\?ﬁ}@l-thl§eﬂ‘r%ti oned above
being replaced by the conpl ementary dopings. I'n1231DE Patent clains - 20
1. A sem ggndygl aip£ogpanga W&%Bchr%@%}gﬁ%§ﬁ“gf¥hfé%?é%{éﬁéggtggﬁbﬁe
regions in a sem conductor substrate (1, 2, 3), the trench_ rsolation
(STI, TTI) haAWFaEtdeBRCi sbPht iBIOS r EASRSHSERTE coTerddRi T nd@oami ohnl ayer
1£'1Pi 11) | a si %@:V\%wdﬁqdés%iasr{ CF‘!i:[dLQ.’:/@lrtll,(@ @cﬁlﬁo_f[?éldﬁ%ﬁptétﬁ@%t%{réoagugthe_
illing I ayer, ich i electrically connecte 0 a predetermne opi ng
region of the 'SémMPo of %ﬁb?tpﬁngFn%¥Q§§ﬁ%5ﬁr%xﬁ?m B?l?ﬂe¥%§ﬁﬁgtion
trench, 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
corresponding 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 with
trench isolations can be produced in this case, too, it

25 Dbeing 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 layers or elements
identical or corresponding to those in Figures 1 to 4
and a repeated description being dispensed with below.



characterized by a trench contact (DTC), which has a deep contact 15 trench
with a side wall insulation layer (6) and an electrically conductive
filling layer (7), which is |likewi se electrically connected to the

pr edet er m ned 1¢aphkA@E’ €gi on of the sem conductor substrate (1, 2, 3) in a
bottom regi on of the 20 contact trench- 24 The sem conductor conponent as

clainmed in patent_claim11, whereip the, ering i.nsul ati.on.layer (10, 11)
is 25 forned g&eﬁrﬁqoﬁc{%’doeel%wré gg?ﬂ %&%g ctBY Y a?néb%%r?%&te’ ahd@¥wi t hi n
the isol ati ononlgnca. Wdidded semenmidudsoiatdopongNI asitd aienedidengdt ent

claim1 or 2, 30 paher eé'trk&é‘c%d:gép f%?n?hgﬁma%tsio%qa(:g&l ’td:-léyec)& agh L e theach
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cl ai med i ngonge0fsipatRnt, @idigm tidae 3, wherein the trench isolation (STI)
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21 substrate surface for the purpose of filling nonactive regions. 5. The
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In a method step in 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.

20 In accordance with Figure 5B, in a subsequent method
step, once again a first resist layer 8 for patterning
the region for the widened trench isolation STI is
applied and patterned by means of conventional
photolithographic methods. Using this resist mask, the

25 second hard mask layer 5A is subsequently 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 semiconductor substrate or the p-type well 3
are removed in an upper region of the trenches. This

35 step essentially corresponds to the method step in
accordance with Figure 1H of the first exemplary
embodiment, firstly the first insulating 1layer or
silicon dioxide buffer layer 4 and then the

semiconductor material being removed. This step is once
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15 In accordance with Figure B5E, once again the first
covering insulation partial layer 10 is then formed,
and the second covering insulation partial layer 11 is
formed in Figure 65F, 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.

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

30 removed, but a part of said layer 5A 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
layer is completely removed and a gate dielectric 12 is
formed over the whole area, a thermal oxidation
preferably being carried out in order to form a

conformal (uniformly thick) gate oxide.
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STI which has a widened trench surface, the fabrication
10 method can be slightly simplified, improved shielding
properties with a reduced area requirement once again

being obtained.

The multiple 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 isolation 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 i1is removed for
example by means of an anisotropic etching method (RIE)
of the trenches or the electrically conductive filling
layer 7 situated therein. Consequently, the shallow
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trenches ST formed in the upper region of the trenches

are once again obtained.

In accordance with Figure 6B, in a subsequent method

5 step, the first resist layer 8 is removed or a resist
stripping is carried out and then the first hard mask
layer 5 is etched back once again for stress relief of
the trench edges.

10 In accordance with Figure 6C, afterward silicon dioxide
is deposited preferably by means of a TEOS deposition
method and 1s planarized by means of a chemical
mechanical polishing method (CMP), the first hard mask
layer 5 serving as a stop layer. The covering

15 insulation layer 11 illustrated in Figure 6C, which
constitutes a single layer in the sixth exemplary
embodiment, is obtained in this way.

In accordance with Figure 6D, in a subsequent method

20 step, the first hard mask layer 5 is removed by means
of conventional etching methods and, in accordance with
Figure 6E, the first insulation layer 4 or silicon
dioxide buffer layer is eliminated over the whole area
in the same way.

25
Finally, 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
oxidation preferably being carried out in order to

30 produce a gate oxide layer 12. The description of the
further method steps that are still required is once
again dispensed with below and, in particular,
reference is made to the description of the first
exemplary embodiment.

35
In this way, an outstanding shielding with 1low
connection resistance and a greatly reduced area
requirement and a highly flexible possibility of use is

obtained in particular by virtue of the combination of
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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 improved
5 integration densities, while the widened trench
isolations STI with widened trenches in the upper
region that are formed at the same time or as an
alternative furthermore afford the possibility of
deactivating large regions of the semiconductor
10 substrate by means of proven standard methods.

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
insulation of an inner triple well can be achieved by
means of a closed ring of the trench contact DTC.
Furthermore, virtually 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 well, as a result of which the
characteristic properties of a semiconductor component
can Dbe 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 makes it ©possible to disregard the
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 substrate can also be used in the same

way, the doping wused in the exemplary embodiments
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isolation trench with a covering insulation layer
(10, 11) a side wall insulation layer (6) and an
electrically conductive filling layer, which 1is
10 electrically connected to a predetermined doping
region of the semiconductor substrate in a bottom
region of the isolation trench,
characterized by
a trench contact (DTC), which has a deep contact
15 trench with a side wall insulation layer (6) and
an electrically conductive f£filling layer (7),
which is likewise electrically connected to the
predetermined doping region of the semiconductor
substrate (1, 2, 3) in a bottom region of the
20 contact trench.

2. The semiconductor component as claimed in patent
claim 1,

wherein the covering insulation layer (10, 11) is

25 formed essentially below a semiconductor substrate

surface and within the isolation trench.

3. The semiconductor component as claimed in patent
claim 1 or 2,

30 wherein the trench isolation (STI, TTI) and the
trench contact (DTC) have a larger depth than an
associated depletion 2zone 1in the semiconductor
substrate (1, 2, 3).

35 4. The semiconductor component as claimed in one of
patent claims 1 to 3,
wherein the trench isolation (STI) has a widened,
shallow isolation trench at the semiconductor
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constitutes a doping well (2) of a multiple well
structure.

10 6. The semiconductor component as claimed in one of
patent claims 1 to 5,
wherein the semiconductor substrate (1, 2, 3) has
Si, the covering and side wall insulation layer
(6, 10, 11) has SiO; and the filling layer (7) has
15 highly doped polysilicon.

7. A method for fabricating a semiconductor component
with trench isolation having the following steps:

a) Preparation of a semiconductor substrate (1, 2,

20 3) with at least one predetermined doping
region (2);

b) Formation of deep trenches (T) as far as the
predetermined doping region (2) for the purpose
of realizing at least one trench isolation

25 (STI, TTI) and a trench contact (DTC);

c) Formation of a side wall insulation layer (6)
at the side walls of the trenches (T);

d) Formation of an electrically conductive filling
layer (7) in the trenches (T);

30 e) Removal of at least the electrically conductive
filling layer (7) in the upper region of the
trenches for the trench isolation (STI, TTI)
for the purpose of forming shallow trenches
(ST); and

35 f) Formation of a covering insulation layer (10,
11) in the shallow trenches (ST) of the trench
isolation (STI, TTI).

8. The method as claimed in patent claim 7,
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semiconductor substrate.

10
10. The method as claimed in one of patent claims 7 to
9,
wherein, in step <c¢), a thermal oxidation is
carried out in order to form a trench insulation
15 layer and an anisotropic etching method is carried

out in order to remove a bottom region of the
trench insulation layer.

11. The method as claimed in one of patent claims 7 to
20 10,
wherein, in step d), a highly doped semiconductor

material (7) having the same conduction type (n)

as the predetermined doping region (2) is
deposited.

25

12. The method as claimed in one of patent claims 7 to

11,
wherein, in step e), in order to realize a widened
trench isolation (STI), the conductive £filling

30 layer (7), the side wall insulation layer (6) and

adjoining regions of the semiconductor substrate
(1, 2, 3) are removed in the upper region of the
deep trenches (T).

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

12,
wherein, in step e), in order to realize a narrow
trench isolation (TTI), only the conductive

filling layer (7) with or without the side wall
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partial layer (10) and/or a deposition is carried
out in order to form a second covering insulation
10 partial layer (11) in the shallow trench (ST).



