FETTLEETTEEE L LTI =TT~ r=rirritiil 17 JAN 2007 *166166* Description
FEETrrrrrrrtl IIIIIIII (1111l *000002* Sem'conductor conponent
with trench isol ation ﬂﬂ’j)@ ]HMMM&H ed fabrication method 5 The |pri88effy
invention relates to or COWI sol ati on and
to an associ at ed fabr| caf'f®#” met hod, and, i cular, to a

sem conductor conponent with -a trench type, mwmwﬂm nt act - connect ed
active shi el dil:ﬁeg‘5 _ %%°™hn associated fabrica | sol ati ons for
defining, in particular, active regions in sem t8iteduct or "substrates have

usual |y been fgied, th f| I o caI I ed | ocal -oxidation.
regi ons (LOCOSSE Locz;’%&{1 t:Jc’cls]tat i %%Kp&égﬁ con) hintsfaliidh @edsity
ri ses, howeveSSQ5a tashvidhnisadiaromest hast hods are no | onger suitable
since theyShave a high area requi rerrent What is nore,. they exhibit the
so-cal l ed 20 'hi. rdsplbe e" phenorre H i nsul ation | ayers form ng
laterally in the difec ot YR h%’?l vée 8§e8ns .to Ther efemEcorRGuCHOT ed

trench i sol at COTPORSRE bveehh tdf@mﬂnpedelanlmhl @I’mcpaﬁg, drOr a 8X8EPA €l N

accordance Wifabrskaltiow tr geeRolasol atahgn (S;[ Fal I oW 25 isolation
trench filled wthlgyutatlng material is orrrea 1PREEur f 2t of2a
seni conduct or SSUBSPPSEE FOINe YOPPREERS s, WikBh & cbnerehtbyle. t restctom-

i sol ati oml@s cantecstrennectedf acitdme $Hi£éicﬁergﬁ%ldcﬁctd)% had ¥ ouaheg

effects occurfabkachggoﬁemEQQBQUctor material. 30.Undesirable Ieakage
currents are observed in.this case In the extrene case, parasitic bipolar

transistors may - be triggered by . these | eakage currents and
seni conductorIsompomentsﬂm:y dédirefaf £ DR $Rskid8dr, active regions

in semiconductor substrates have usually been formed by
15 th’l-Ck oxide films, so-called local oxidation reglons'
(LOCOS, Local Oxidation of Silicon). As the integration
density rises, however, su_ch conventional LOCOS metho-ds
are no longer suitable since they have a high area
. requirement What is more, - they exhlblt the so-called
‘20 "birds beak" phenomenon, with insulation layers form:.ng
laterally in the direction of the active reglons.
Th_erefore, . so-called trench isolations have been .
developed, in which case, for example -in accordance
with = shallow trench isolation (STI), a shallow
25 isolation trench filied with insulating" material is
formed at the surface of a semlconductor substrate.
_ Nevertheless, such a ‘conventional trench 1solat10n is
also often insufficient s:.nce "S0- called punch~-through
effects ' occur . in the semiconductor material.
30 Undesirable leakage currents are observed in this case.
In the extreme case, para51t1c bipolar tran51stors may
be trlggered by . these leakage currents and
semicopductor c'om'ponents may’ therefore be destroyed.

35 Trench isolations with a shielding structure have
recently been developed in partlcular for the purpose
of reducing such leakage -currents, in wthh case, in
order to realize a fleld shleldlng in the trench an
‘electrically conductive material is embedded as



35 Trench isolations with a shielding structure have recently. been

devel oped in particular for the purpose of reducing such Ieakag?

currents, in which case, in .order to realize a field shielding T 6Py 27
trench, an electrically conductive material is enbedded as 17 JAN 2007 -
2 electrode and. leads to inproved electrical properties. "Such trench

I solations with shielding action are usgally contact-connected at the
substrate surdp&e: f t u r are, di advanta eous in
this case, hdaeverﬁggﬁeégﬁ]lgﬁg qugtgﬁéﬁle?%%ﬁEEEEFﬁﬁﬁ aRdPBFT&RSSncr eased
area reqU|réﬁﬁﬂi ﬁréﬁﬁbunﬂséﬂaﬁh@nﬁece@sdry siote hiting coasetdbhonard0 '

Ther ef or e, trusuannantcaﬁtaatbaéﬁﬂe@BeHhanbtﬁét W d
sem conductor I[C%U'ﬁ;‘}[‘ent wi.th trench isolation ang)sa:%ag:sso%:&g%a%e or
fabrication meth 9ﬁ§5ﬁf?x53|ble to.. realize not only an inproved 15

shi el di ngobut al so a reduced area reqU|renent and thus an inproved

| ntegration densi (e ASEOLELDGEIOLLNE LAVERILON.. LI g oblect 1< achieved by

means of the features of. patent clarm eﬁﬁ
seni conduct ot ESIRBIRR  SRdebgingaracbion h@l’l@e’@surms dinqataerdd chakar 7 with

regard to theedudlfeneait onofet Aedount pPasti Cyhar t ough 1 he
special trench 22+G Qat act, whi ch has a deep conté@% tre:%y H?ﬁtgéglde

wal | |nsulat|onrﬂayer and an electrically conductive filling layer, which
is electtPcally connected to a predeternined doping region of the

sem conduct ofther@#sel, at enhkN SR L5 r gy OBaQEdthgﬁCQH}aC%bBEE”Ch and
.~ 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 requlrement "and thus
-an 1mproved 1ntegrat10n den51ty

ACcording to the ihventibn, this object is achieved by

means of the features of patent claim 1 with regard to

ZQ the semiconductor component and by means of the

_ measures of patent claim 7 with regard 'te 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 electrlcally conductive
filling layer, which is electrically connected to a
predetermlned doping reglon of the semlconductor
 substrate in a bottom region of the contact trench, and
30 vwvia whlch a trench isolation with active shielding 1is
contact—connected, substrate resistances, in
particular, can be significantly reduced, as a.result
of which improved shielding propertiee are obtained. At
the same time, the use of the trench contact'makes it
35 possible to significantly reduce an area requlrement .
for a respectlve semiconductor c1rcu1t

Preferably, a covering insulation layer of the trench-
isolation is situated below_the semiconductor substrate



30 via which a trench isolation w tth active shi Sla(rjlt Ingu: Zr can bp]
-connected, substrate' resistances, in r, ci _
giogil?ﬂc;ﬁtly reduced, as a result of which inproved shielding pré“d‘e_?[l”? es
are obtained. At the sane time, the use of the trench contact nekes it 35
pbssi ble to significantly reduce an area 'requirenent for a respective
semi conductor circuit. Preferably, a coverimg insulation |ayer of the
trench isol ashohacs sntiuatiathibel tive t heosei éAndveheh , SYhsidt fodif] JAN 2007

L bl isql ation trench, which results in _particular in
an M oved {1 REF BFoUREsanl 11y SRFSREHo T CBE! e AR v
surface and a®cCPHaEl at9fon bhet healmtuctliwe E'vench_éxfﬁﬁacfm_faﬁgleVaenthe
conduct | ve | ayesslasloh ap:e ¢nd NESRGNIERtS. PAIALR Y eilllg above, the

covering innsulation |ayer. Preferably, the trench isol ation~and tf _
cont act ’ are. 9% W‘éﬁl‘ﬂ\%t%aﬁeﬁ%pt AUFh PRe Ss@ni dRtRFraInNesisst reassilly whi ch

is larger thalyingephdveftie respecinyeideplgtion zoper . as a result of which
punch-through effects, in particular, can be reduced. |If w dened or

so-cal | ed shal | ow isolation trenches are 15 used at the semi conductor
substrate surFZREEmbIhe thesprentheisodathonsahdt ithe, tirteerchini@msaded or
non- active r£gs ORSréd awseAl GORUKLPr ;3 SU ﬁgrg%ﬁéggﬂgg%ﬁogﬁssﬂb\éﬁa%;%ch| n a
si npl e magner ﬁJSi ng, co ventlon??\’l6 st anaar rrgt ods. ref era ,_ the |
seni condtdt orV B 113t LARGET 2 thERt PpI PRl L st r yesestiviee dandddtion ne
dopi-ng regi oreorsonsast @t i ngsal dopiMowheth Punedi-@tlNRei Brrastd, nesult of

whi ch opti maldpadaptad Yy ehel nas; 6an, be 25 realized even in the case .of
conpl ex sem conduct or :

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 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 cdnnection-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  is possible to
significantly reduce an areé requirement since
respective well contacts now no longer have to be

routed to a semiconductor substrate surface.

35



Circuits. In particular, a contact connection of well regions is _
significantly inproved in this case since a contact connection tHhatjARag)
been nade uniformis nmade possible, and potential fluctuations within a
well are 30 reduced. On the other hand, it is possible to significantly
reduce an area requirement since respegtive well contacts now no |onger
have to be routed to a sem conductor Substrate surface. 35 17 JAN 2007 -
3a. According to a specific expression of the invention there is provided
a sem conducRocoedipgonetd i t spacdifdl  iexplrakksabnf 06 £ defhdli NchwvaGit i\
regions in a Lcond : bst rench i at . aving a deep
isglation trgﬁggb %?tﬁﬁégéégﬁﬁi%gggﬁgﬁfg?ﬁgﬁo#aggﬁpgnéggewﬁgﬁlEﬁ? ation

| ayer and ani@Pé@fiPRafPy e€gfdndnpyeéctive Fgdigpsr in whissmiceorslusttar cal |y
connect ed tosabptedeeerm ned doping region of the sem conductor substrate
in a bottom 10 regiop_of the_isolation _trench, characterized by a trench
cont act , ﬁhich haggg geﬁc%oﬁﬁggﬁtfpgngﬁVlﬂﬁtﬁ &°EPde ST 1M HERNDh | ayer
and an el ect Vithl py coverduet ivesylidtion layer, awaidh wsallli kewiwsletion

el ectrical | y1dpegonaggt esht ae1der pr&giet ¢r e diesh dopidg £ €gi 9y of1 416,
senlconducto& su strgte hn g botggn1re I on gf the contact trench.
Accor di ng t 0" ahoP het SexBr8§5F 241 Yt hEOPREERE on trnefe PXPISESHtisted a

met hod for fdbpicatragiansefii tbrdsemdcondopomestibsitichtier dmcla iksadtatni on

having tie febyp¥hndr eh&PsSsofdtPoRPRFGLERN Of a sem conductor substrate

W th | east " one predeterm ned dopi ng region;
t at chgracter{zed by P ng g

a trench contact, which has a deép contact trench

with a side wall insulation layer and an electrically

_ conductive filling layer, which is likewise electrically

15 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
20 is provided a method for fabricating a semiconductor
component with trench isolation having the following

steps: . '
a) Preparation of a semiconductor substrate with at

~ least one predeterﬁined doping region;

25 D) Formation of deep trenches as far as the
-predetermined doping region for the purpose of

realizing at least one trench isolation and '‘a trench

contact; _
c) Formation of a side wall insulation layer at . the
30  side walls of the trenches; ' ' '
'd) Formation of an electrically conductive filling

layer in the trenches; ,
e) Removal of at 1least the electrically conductive
filling layer in the upper region of the trenches
35 for the trench isolation for the purpose of forming
. shallow trenches; and ° '



25 b) Formation of deep trenches as far as the predeterm ned doping region
for the purpose of realizing at |east one trench isolation and a]1g@pﬁmr
S

contact; c) Formation of a side wall insulation |layer at the 30 side wa
of the trenches; d) Formation of an electrically conductive filling |Iayer
in the trenches; e) Renmpval of at |eastthe electrically conductive
filling layer in the upper region of the trenches 35 for the trench

i solation for the purpose of formng shallowtrenches; and. 17 JAN 2007
- 3b f) Forfhti Barmvétaosovef i ry icosglrdnigonihayeationt heayshalimowtheenches
of the trench isg}|aihg8p. % refi s of the invention
are 5 character?gg%h?ﬂ %Egﬁ%ﬁg%hgg gﬁ%i?ﬁ?ﬁéb %P?ﬁgg%tion i s described
in nore detail below using exenplary enbodinments with reference to the
drawi ng. 17 JAN 2007. 4 In the figures: Figures |Ato 1IN show sinplified
sectional viEwstheF asviantageoms ngeéinenents mft hobestigpeent ipn hare
fabricati®n ohapasesi LoadUDt Ofhe COTPENENtsWhd thtmench i sol ation in
accordance with a first exenplary enbodinent; 10 Figure 2 shows a
sinplified sectional view for illustrating a sem conductor conponent wth
trench isol afheninyeatdondait edencrhbgdsdgondorgemsitaryl epbbolr mesting
exemplary embodiments with reference to the drawing.



15 Figure 3 shows a sinplified. sectional view for illustrating a
sem conduct or conponent wth trench'isolation in accordance mnth thlrd

exenpl ary enbodi ment; 20 Figure 4 shows a sinplified sectional vild
illustrating a sem conduct or component w th trench isolation in accordance

with a fourth exenpl ary enbodi ment; 25 Figures 5A to 5H show sinplified
sectional views for "illustrating essentuaL nmet hod steps in the
fabrication of a sem conductor conponent with trench isolation in 30
accordance wwth a fifth exenplary enbodinent; and Figures 6A to 6E show
sinplified séhilﬁhﬁufkgwn&sfcw illustrating essential nmethod steps 35 in
the fabrication of a sem conductor -conponent with trench isolation in
accor dance ﬁkph a sixth exenplary enbodinent. . 17 JAN 2007 5 First
exenpl ary e I 1APPY | RERRGIE Sedpl 96 teibrsect vieals. foews of a
sem conduBt or conponent W th alilu@taatgagereggghggal 5mEk gReds ¢ %
shal l ow trench isolation STlI, a_- .in g%ﬁﬁﬁﬁ$ region - I n tren

i solation TTI and an - associ at &% { h N %ﬂﬁoqﬂ?f(%béﬁm¥F%ﬁ€%CE%ﬁtact)
in accordance with a first exenppanynEnbwdthentreﬁehlnlaom@td@ﬁCelmﬂth

Figure 1A firstly different dgpbBgqahe@i Ogseare Jorpepdin a ¢ Q0100 carrier

mat eri al such as
embodiment;

lO
Figure 2 shows a simplified sectional view for
"illustrating ka'semiconductor component
with trench isolation in accordance
| with a second exemplary embodiment ;
15 - |
Figure 3 . shows' a simplified.sectional.view for
illustrating a semiconductor component
with trench - isolation in accordance
| with a third exemplary embodiment;
20
Figure 4 - shows a simplified sectional view for
o illustrating a semiconductor component
with trench isolation in accordance
with a fourth exemplary embodihent}
25
Figures 5A to 5H show simplified =sectional views for
illustrating 'essential method sceps
in the fabrication of a semiconductor
component with trench 1solat10n in
30 : ' accordance with a fifth exemplary
embodiment; and

Figures 6A to 6E show "simplified sectioﬁal views for
| illustrating essential method steps
35 | _ in the fabrication of a semiconductor
' component with trench isolation in
accordarice with a sixth exemplary
embodiment.



&.g. a semconductor substrate, the reference synbol | for exanple

representing’ a p-type sem conductor substrate or a-deep p-type well, the
teference synbol 2 15 an n-type well and the reference synmbol 3 a]fﬁmglzﬁﬂ?vv)
p-type well. The wells or doping regions 1, 2 and 3 nay be forned for *°

_exanpl e by nmeans of ion inplantation or other doping nethods, silicon
preferably. being used as semiconductor graterial. 20 By way of exanple, a
first insulati | .a in.the, farmof an oxide |layer is deposited or
grown at the th%rs a)cég{reo .latr eeg@r‘ﬁd&g}?d"&ct or substrate. A double or triple
wel | structure is obtained in this way in the 25 sem conductor substrate -~
and can be usedgu@ekeals z€s ERMLY SEITh P{lg or cjtcuits and, in
particular, NVOS. an%ﬁPlt\:/DS transi stors. ,I?n olr»,éééer_s‘?ﬁ Jr‘é%‘f‘#zé”ﬁ?"ﬁh-%l?age
circuits, the WBrFEIREyRE FCOIMAPSHY R r 8sporidi ngn kipgkzvaldgdge dopi ngs.
30 I n accdr dawédenetih HitguskalBowa thamndhresso ] &y E6n SSiﬂf subseqyenty
formed at theygyeiacegh he_fitst  insulation |ayer, 4 for exanple by neans
of a depositi 3%5- et hgg, OIél. g. Sitglklﬂx b%rneéqc%‘epdﬁ"t 108 pditler My WA 35
nmeans. of con®&APFOALRY| itEREGhasiantant OB i(Beepulisequinidonteldactiad in

order to fornmacopdarsponiltRga bardtMBgkmboLrJEE s T that are to be
formed later. 17 JAN 2007 6 In accordance'rgm' tﬁb%g‘ﬂggglq deep trenches

T are formed using the patterned hard mask or hard nask layer 5 by neans
of e.g. &P aniBorrFsprdascehmighmRimire nlAr eSpestiye diee@@se (dpidd 'ench
!SO:at!On Wi theghehs oMré BYyimuidened %%Hh%ﬁecaE%qg%“n% %Ti%ltgh%htgngh
I'solation ,;e.g. a semiconductbr substrate, the reference symbol 1
for example representing a p-type semiconductor
substrate or a deep p-type well, the reference-symbol 2
15 an n-type well and the reference symbol 3 a (shalloQ)

- P-type well. The wells or doping regions 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 déposited- 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 semiconduétor circuits and; iﬁ particular, NMOS
and PMOS transisﬁors.'In order to realize high—voltége
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 exampie by means of a depoéition
method, e.g. SiiNg 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.



TTlI and a trench contact DTC. By way of exanple, the anisotropic etching
met hod used may be a. reactive ion etch (RIE), as a result of mhiﬁEMyery
deep and exactly patternable trenches with the sane depth are fo 70
10 the sem conductor substrate. In particular when using a trench.
structure, the deep trenches being situated only within a well or an

i dentically doped substrate, in 'order_tg avoid so 15 call ed punch-through

ef fects, thezﬂ§pthcpf he tre %Egs i s Iarger than a depth of an associ ated
depl etion zone & TOPNT S e&fL FREETSr eIf or RRERY tdiemah®he Tf orfed .

later at the i%ﬁmmieﬂ:elsmItrh@qwt:tiaxmedv\hahdHh@suﬁeoﬁqqa{:aemgggplgf,ggches T
extend right g ng q,nd;g eler d pi redet erm ped dopi ng
D e s, dorar (e e BaPE Rl Al Frof

well 2, which ‘i/Fc‘i exanp constit
triple well td'r"ee W%?P%c@%déncté%ql’h JF-?rcg]LﬁrtelOID Withle sbahbowon of
t he deep 5t rénn:ha&dl'eneﬁi tdlﬁffafcﬁé eyeiomysthe 4 ofRphi ef‘eﬁéhaléb%%léé@' !

i nsul ation | gyer t .the si trenches T, case
firstly, after cI%%érilll ng S ?%nL?%ﬁD\PgFF‘L of ¥ hB2¥r Pt AL ol thers, a
trench i nsuld®isetuopjisr ¢%Chmmemeah0dhelsad frece bé hhe:éa@rmfe fonThi s

trench insul aticen dp@mf | $s p£e§GEQQEYOff0m%ha§re13, SPs& Llfr?&' Liner, 9xi de by
means of a ther.mal oxi.dation _nethod, an anisotropic r ac ive 1To0n eYch for

exanpl e, 35 BANGTEA S FSHCHET ek EBer eamee deptdt taym rieqpimed oin the
trench i h@ul ahieosemdyendubitoer subetreneval of the bottom region of the

trench insulation |layer, thereby conpleting the side wall insulation |ayer
6, the trench is filled with an electrically conductive material 7, a 17
JAN 2007 - #n particular when using a trench structure, the deep

trenches being situated only within a well or an
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 -f
extend right into a predetermined doping region or a
p;edetérmined doping well 2, which, by way of example,
constitutes .a middle N-type well of a triple well
structure. ' '

25 ' ,

In adcordance 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
completlng the 51de wall insulation layer 6, the trench

is fllled with an electrlcally conductlve material 7, a



~highly doped polysilicon, for exanple, being deposited whose doping has
the sane conduction type n as the predeterm ned doping region or the.

n-type well 2. Finally, the electrically conductive filling layer_ 7 is 5
subj ected to an anisotropic etching-back step, for exanple, as a.ltésNiltn
of which the sectional view illustrated in Figure 1D is obtaihed. In

accordance wth Figure 1E afterward a regist layer 8 10 is fornmed at the

surface of tq%_§%p10$ndqgtor subztrate and of the filled trenches and is

cor r espondi ngFy7 pat TR TR IPPAYSEd&FORe | i 9nplg debetngudfresitednch

STI at |east whpsi dopéggorhamd thee shmactesreiictidd aRgher red 40 the. '

under|lyi ng hagbdBsdenie] Jodihal® Ay, a.conventional shallow trench
4 T opitha ijelég[lo%n % &S onﬁéyBﬁssY@g?

i sol ation can_, be formed In sém con r"regio ed?-as a
result of whifclaheh IR RYE Fep bnscerdudiel velefic 1imd ethyer a7 stapl e

manner. 20 | ACjieatdENce o & F'agu@,e,tirlapafcte@e@hgnbhgagi{rsg E"?Si s%orl ayer 8
I s renoved ory, ilp edaand a-secorig in%ul ati,on layer I S Fo fred over the
whol e area, prereratly®8 §il FESH-&i oRifdeW hahd RSk Fageiopelg. viwes)

bei ng deposiitld®siyrakesing na FiyDneetlifod s( Gharsicadd . Vapor 25 Deposi tion).
Afterward, a second resist layer 10 is fornmed over the whole area and
patterned by nmeans. of . conventional photolithographic nethods in such a way.
that only thd™ ASTOFGaaGeamidds Figursd BBt terwandcoveesisantayde 8 egi on

for the t®endls Contreet aBTGhBBUAHINUSS tie b@@{@éﬁ&&@&r'&%@é@@me
wi th Figure %ﬁd tg% d?ggsi hﬁllaﬁcogg icgsu! atign | ayer 9 i1s then renoved in.
the regions for ' the trench™isofat onS orf afB9TTHS | FeTRESPPREROBS
conventi onal Péﬂléﬁ#ﬁgdm_}mhm%nt@eraeédze anwitdemeds ennffhdeest S&éndrayer 10
is t hen regn\_se'd oatStieaped ims crid eddidd WlChenbhessegiLopgl Ml ew
' ustrate Egansferred to the underlying‘ hard mask 1layer 5. 1In
15 this way, a conventional shallow trench isolation can

" be formed in semiconductor regions to be passivated, as

a result of which even large .area regions can be

deactivated in a simple manner.

20 In accordance with Figure 1F afterward the first resist
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 Vapor

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 .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 be used,. and the
second resist layer 10 is:then removed or stripped, as
d result of which. the sectional view illustrated in

Figure 1G is obtained.



Figure 1Gis obtained. 17 JAN 2007 -8 In accordance wth Figure 1H, a
further etching method is then effected using the hard nask layer 5 in the
tegions of the trench isolations STI- and TTI and the second insul ating
layer 9 in the region of the trench 5 contact DTC, both the semi cdidiAdit g7
material or silicon of the topnost p-type well 3 and an upper region of
the electrically conductive f||||ng | aygr_7 or of the highly doped

pol ysi licon i n ved pre by ..means_of an ani sotropi ¢ et chi ng
met hod. Thi sbfns g‘i%" T ‘ﬁ’ré dgﬁgx‘ﬁf fehn of urthemcerobingnmetbpd A

cl eani ng pr oCies s thent lefif exftfegt @dingn bt Chafcﬂ&ma@(}ﬂ Y@y Sr a|5| slrpgtggrl ng
Lhe previous iy e nb RO Rl NOfbnd €1 36905 BARV Ay | ILET (Al &5, 45 Sl nce the
rench

si-de wall insulation |ayer 6 renalns par
i sol ati on STIS§GI Js%%t‘l‘]r%%%dlwaﬁn& yr f—h@erﬁegpun ofbytlvmytnénelxarrpl e,

an. HF di p f aforrterewy iDm t flﬁ)ﬁ’}ﬁsﬁlﬁla&,erﬁié’@h&@éﬂ:or'rﬂét‘éf‘ié?nofa¥§i1§o S
carried. out |g1é% bseq{ éﬁp %f fccquance wth Figure 1I. In this
way, in the reglons elfr Y TS WARSTTY 9L pre %dehemall

i nsul ati on | &i@ctrdcald yr econddatd van tfppéunlgeguayerof 7t herdeeﬁ tegach T,
as a-result ofigMivchashed! Qy1_Ad 1R | }se%%?ng%h élChrefST bt ai ned.

Fur t her nor e, 25 in afgcordance with Figure edges ot e ha’é mask

| ayer 5 can - d1%0%e. %t ctfdd BﬁéﬁoFﬁoPhﬁ ueEshdned meéf@Qﬂws dTth$1e tsench
i sol ati oh@ S"ﬂreafrecta‘b'lrly dbneh Hys meaherrefl 20 asaseical | £5h " Niklhi dey

Pul | back".. ThHignilk ddid fétakﬂeﬁtree%%gr:?g'fiffcﬁf the] trenc&edges 30 -

for the further pro es I ng and SO I'nprove
CMOS transi sPOLy™MeR st axisinok dMrsag pgihe eoneviars eiaanpétachlng method

are also removed, inter alia.

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 remov1ng the residual -31de wall
insulation layer 6 is carried out in a subsequent step

20 in accordance . with Figure 1I. In this way, in the

' reglons of the trench isolation STI and TfI, the side

_wall insulation_layérs_G are removed in an upper region
 of the deep trench T, as a result of Wthh shallow and
~-partly widened trenches. ST are obtalned Furthermore,

25 1n_accordance with Figure 1I, the edges of the hard
mask layer 5 can also be etched back in the uncovered
regions of the trerich isolations STT and TTI, which is-
referred to as so-called fNitride Pullback;, This
results in a certain stress relief of the trénch edges

30 for the further processing and also improved electrical

. properties of CMOS transistors that are 1likewise

pfesent, for example.

In accordance'_with Figure 1J, a first coverlng
35. 1nsu1atlon partlal layer 10 is subsequently formed in
the shallow trenches 8T 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 -



-Fn accordance .with Figure 1J, a first covering 35 insulation partial

| ayer 10 is subsequently forned in the shallow trenches ST of, the trench
isolation regions STI and TTI that have been formed, which par tli7aNI8§7er
preferably forns a so-called liner oxide as insulation I|ayer- conformally
oRnce, again by neans of a thermal 17 JAN 2007 9 oxidation. In the sane
way, -however, it is also possible to cagry out alternative methods for

It
formng this_] | on ye such as e.g.-layer structures). 5 In
accor dance W ?ﬁﬁél g"ﬁ{)}é 1K',kga élé‘%onﬁag‘Svef“’lag(g NRYEVEEi onipar disal alsper 11
i s subsequentP§SEdPhedtion canry stat| el tererath vBT mst1adad heosurfagg nef t he -
first coveriegisnshsaldOloPaldved | aYEX , D deposition of Si02
(e.g. TEOS) preferably being ca*ri e(kj out .é%)'h%'qoqs/%‘ﬁ CWITEREHY st are
conpletely filled in. this way. In order to planarize the second covering

insulatiof pEmtiatcbagencél depasi tRednide this, way, buc¥BY OLoveyanpl e, a

conventional \NB, &t ol cal | cal lishing) is_carried out,
the hard nmask Ialile.r %&ge#%gg%iué}gg}%gagisfgp '%F&queﬁgc]@(r af PgPse d8ring
this step, tHE s8RBhYOVnSHeRChorST agsr at i shal sorfemeved | thé hgirkegi on of

e D oG st U, ST

illustrated i Fggare(éK i's ogj?tai n?erg. Zg . .

the hard_mask 1ayer?s'5i9-t AEOS| iROTE H 1 fiePPaler Gagnilpsh ewthrovEdeover
the wholt8 arg®lloy strenches ofTwhireh compl et vf i3S ed Nisul ghionyhayer 4,
the second insyl gtier l@yep19napd,_25 covering insulation partial
| ayer 11 remain .oqstge se%i cgndugtgorgﬁs%bggggﬁg. C,&’vpedﬁ‘r&ufﬂﬂ‘ ation _
sinplified. MR st BYEE obt aidrRPSitedi drcasbibn way, by way of

example, a conventional CMP method (chemical mechanical
polishing) is carried out, the hard mask layer 5 being
15 usged 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 reéulﬁ-of which
the sectional view . illustrated in ‘Figure 1K . is
obtained. | '
20 _
;n accordance with Figure 1L, the hard mask léyer 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 layér 9 ahd
25 the second covering insulation partial layer 11 rémain
on the semiconductor 'substrété.' A particularly
simplified. method step is obtained in this case in
particular with the use of-siliconidioxide for these
layers: h
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 layér 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.



particular with the use of silicon di oxi de for these
in accordance with Figure

subsequent net hod step,
tnsul ation |layer 4, also

| ayers. 30 In a
.1IM the resiuiN jpif st

referred to as a silicon d|0X|de buf f er

| ayer,

is renoved,

in which case the second i nsul at or

| ayer 9 and 35 the second

covering insulation parti al
shoul d have

1 ayer (
correspondi ng thi cknesses_ifigorder to avoid short

11 are also correspondingly. renoved and
circuits or

a gate oxide

I i es 17. JAN 20 0 Afterwards,
"ayer 1s. fornageacialldl SGa o\ el CoRhae fRushin thommes o - edaral

| ayer
oxi dat i on,

by means of abke@agibMe el f‘z%iﬁqé BBLsabi & Rl Ve

formati on of smntchln
seni conduct or substf%l%

i t dbelagtpdssi BRe f ofox hi sxgmpiedi elyeCthdsns 120@ S@HARq forned
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ehlrgrsat gt ‘:af qlﬁ heectaflc

re IO

| enen n the active
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Fi gure | N3rerang mhtematmgvm+ mlmmllampl Nthd eggcctrgﬁallS £drhalth® o egigon of
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maki ng contact wth t eep n-

in tjme, a contact- opening fo

thl% p% VSEYR EPSEPRS caPEy @bﬁductlve

ypée wel

filling Iayers?m}%P%ﬁ%EFO%néébéﬁﬁétﬁyCWEahheo&rdqnxﬁnweDDab nes hedsn The

further
not iIIustrat
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fabricatiaon st ps.

A SIS n%lzlc? %F‘ (F
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cont act resi Slt rical

uncovered by means of conventional methods.
methods

fabrication

ces |q_the pre e$g¥ﬁ$h§é éoq}

conductive

ction S|nce ln partlcular

@ghEhd of he

fllllng layer 7 is also
The further
for _ fbrming NMOS or PMOS

15 transistors are not illustrated in this case since they

20

25

30

35

‘contact-connected at the bottom side

correspond to conventional fabrlcatlon steps.

A semiconductor component with trench isolétion-that'is

is obtained in
this
shielding

way, said trench isolation having an improved

action since, in particular, contact

' resistances in the predetermined doping regions or the

n-type well 2 can be kept minimal and, moreover, an

area requirement for contact connectlon from above can

be obviated. More prec1sely, an optimum connection

p0331b111ty can be found through suitable p051t10n1ng

of the trench contact DTC in the predetermined doplng

region 2 with respect to each trench isolation 51tuated'

therein. On account of the covering insﬁlation layers -
10 and 11 sunk in the trenches, it is 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
trench isolatibns TTI and thus high integration
densities and widened trench isolations STI at the

formed and connected effectively as
active shieldings in the semiconductor substrate,

surface can be

as a
result of which not only is it possible to realize a



n-type well 2 can be kept mnimal and, noreover, an area requirenment for
contact connection from above can 25 be obviated. Mre precisel )] JaR 2007
opti mum connection possibility can be found through suitable positioning
of. the trench contact DTC in the predetermnined doping region 2 with
respect to each trench isolation situated therein. On account of the
covering insulation layers 30 10 and 1lligunk in the trenches, it is

possi bl e, over. to prevent undesirable topographies, as a result of
STy At ho ;

whi ch a further?r e PFBc eSS Wi thel 0% ABEL TR e ¢ompPonemdsmdvet by

means of theadschoakstwpsreplibust ridted apeFirgity eGedfré@ b Rahbh Mgy

narrow 35 tr hdsS0 | ] s i I ntegration densities and
w dened tren%%ﬁi sﬂoﬁga(??%%%){%ﬁgg%t @E%éﬁalﬂgur acécélgﬁygeb¥ oPfg8Sand ddithect ed
ef fectivel y ¥ddened; f&earheiaprhgsirast B8Isen conduct or substrate, as a
result ofswhich not only is it possible to realize a 17 JAN 2007 - 11

very smal | a&eatﬁ,ltaequi rement- for active_conpgonents but. also -active regions

that are not destrted i r UFRRAMULEAPRE #Eddt iSFAUSE NS Hodushigatiasul ty by
means of theinw d&i@uire reddh i sbhat immstiShilab, | nithe ¢ase f¥sdidnul tiple
wel | structupgchbihyaligt edo LRATL QWS , Jn.particular, it is passible,
accordi ngly, {0 real%zg,eggnk§8§§ggo%g%g&?§g-'é%ﬁ‘ &or 52 4%§%ﬁth'an
extraordi narFEYCHEGR | WiEGr atdTbn eBtHepsdipasihre pdogbh- timtmgylatdfdrect s and
| eakage 1urdensstar e sildeabl ypupic@aMRhghSeCRRE-LXENP! gty enhedimmnt 15
Figure. 2 sh Lplified. sectional view of a sem conductor conponent

with trench rso Ion acc "second exenpl ary enbodi nent,

Second exemplary embodiment

15 Figure 2 shows a simplified sectional view of a
semiconductor component with treneh -ieolation in
accordance with a second exempiary 'embodimeﬂt,
identical referencel symbols designating elements or

. layere_ identical or cofresponding to those in Figure l',..

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'strueture,‘but rather -
may have'merely a single doping, as a result of which,
__in particular for greatly simplified semiconductor
circuits, improved shielding pfoperties are likewise
obtained with a reduced area- reQuirement.' fhe

30 'semiconductor component illustrated in Figure 2 is an
NMOS transistor, for example, éilpftype semiconductor
substrate 1 being used -andj consequently, a p'-doped
semiconductor material being used as electfically
conductive filling 1layer. . an improved connection
35 _possibility.fer 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 semicondﬁctor



i'dentical reference synbols designating elenents or . layers identical or
corresponding to those in Figure 1,. 20 for which reason a repeated '
description is dispensed wth below. In accordance with Fi gure1bJANﬁﬁﬂﬂ%ver,
t he sem conductor .conponent may not only be formed in a sem conductor 25
substrate with a nultiple well structure, but rather nmay have nerely a
single doping, as a result of which, im-particular for greatly sinplified

sem conduct or i its, i.nproved.shi.el ding properties are |ikew se .-
obt ai ned wit hs%ﬂéégu%ée%’ ardh PRI FEETY. ghed%téerﬁfcorw@ct srevehpenent

il lustrated ipPibdrbe2 larger NMDS tar abspit obf frdle examl®iod Roh¥Re
sem conduct orpr&dsdd aty, 1 BRENI gWs8H AN nseq tly, a p+-doped

seni canduct or_pat erj al lg)éi ng used g’s egfie%teﬂ%%g% yli%gond’(fbtigjéd?ﬂ | FAg
layer., An i nprioved EonhaisEns® Riysgakled yurnsth-tthe dugdn et fiexd .at i ons
that are éontact- connected at the bottomside is once again obtained on

account of t ontacts DTG used, thus resulting in an inproved -
shi el di ng wi Pﬁutag_re ucrged ar ea res(qu??]gﬂentl?el n PPENkede oPuBuchtbatple -
sem conduct orPAFAIAN G077 when suptngatleighin gapedcupalycaydepi Digé t he

trenches shaidnd ddu@de@s’ theerfo figpt  Of nl etion zones r oduced
by the doping.r e_lg ons, 13, in ordré_r to _e fec%llhe\e/ce ylcp?slel\yentc%n‘g%?EgY?ed
punch-t hr ough eft&& . 8 8r ther ABr LUTL SHerd on bsapesntrkharit athathe

parti _cu: W1y ﬁﬁ{%in fosiu;ﬁ mcgiﬁqctd@ﬂdirm)!?&@yﬁ?éé@gg%t .w%q%‘?&%
materials as @oRCt riice Lpduct i illing,layer. 7, .an outdiffusion
t akes place at the 10 _fo%i‘t of ‘t'he a(;%nt éc_t 3 Er%ilﬁg He ABBHuerhetess
steps (not- HPESVES da@Fulasingr esopersteshicen ber preduced.

| Third exemplary embodiment
15 .‘ .
Figure 3  shows a simplified sectional view of a
semiconductor component with trench isolatioﬁ in
accordance with a third exemplary embbdiment, identical
refgrence _ symbols designating elements or ldyers
20_ identical to those in Figures 1 or 2 and a repeated
description being dispensed with below.

| In accordance with Figure 3, thé' semiconductor

, substrate now has only a .p—type well or an aCtual.

25 substrate 1 and an additional n-type well- 2; the

~€lectrically 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*—doﬁed;

30 Particularly when using highly doped semiconductor

materiai, 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.accordancé with the first

and secondary exemplary embodiment.



i.nproved insul ating properties can be produced. Third exenplary enbodi nent .
15 . Figure 3 shows a sinplified sectional view of a- sem conductor
conponent with trench isolation in accordance with a third exenpl Al 2007
enbodi nent, identical reference synbols designating elenments or |layers 20
i dentical to those in Fi gures- 1 or 2 and a repeated description being

di spensed. with bel ow. In accordance withfigure 3, the sen conductor
25 substrate 1 and an

substrate now n -1ype vell an actual
addi tional n- t§g€t§e{a¥e’§?fﬁl% %%%%?W%%FI y conductive filling |ayer 7 being
connected to the p-type well or the substrate 1. This yields an STI and -

TTI trench ispighten forgkddd tgan or, ich.reason th dopi ng
regions 13 are_bi- docﬁ)ed SSO Partlcﬁ?il??ﬁv\ﬁén ﬁgFﬁhoﬂ?thVIBBDeﬂ%
seni conduct or® BT BT AT EOF he COMROREFEAI I‘yl’é%ndlt}elenvh fildokariayer ihs

accor di ngby cvegposdahaod a visthloped pdoisidH Corxehpaeyed shiehdiad:
properties Wicﬁbx@tf@éjijcfgféfgﬁce %ﬁ%%‘i‘ re”e”t g?m%,;,gg;é\;z'eg?mgggggdance

with the first and secondary exe
Fourth exenpl ¥ yl&Y®6%i Fr@ﬁPtFF@hr &o4 tshm msFmphréseal eKl ipnahdvhew of a

sem conduct orxearpanelds it dore L ol AN I yiAGgardANCe W th a

fourth exerrpl ary enbodi nent, identical reference sy I's "agai n desi gnating
el enent s | ayers i dentical to those in Fi gures 1 and 3 and a repeated
descri pt |18n B8t T Hi ap@nTEE wirehchelimolatd odn WS afgsddiaté@nePeh syl ation

with associ ato&dadar&anTcCOftSf‘CthBEC ft‘} PQIYQ%JH ansi st O&(ﬂi’- | s, again known in

accordance wi_th. d % e 4, a _double struc Sorf
_ acCordance with Figure 4, a double well structure or an

n- type well 2 in a p-type substrate 1 now belng formed
again. In accordance w1th Flgure 4, the bottom-side
- 15 connection of the trench isolation may accordingly aiso
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 agaln 1mproved shleldlng properties with a reduced
area requirement - for semlconductor components with
trench isolations can be produced in this case, too, it
25 belng possible to fabrlcate 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 semiccnductor component with trench isolation in
" . . accordance with a fifth exemplary embodiment, identical
35 reference symbols de51gnat1ng layers or . elements
1dent1cal or corresponding to those in Figures 1l to 4
and a repeated description being dlspensed with below.



n-type well 2 in a p-type substrate 1 now being forned again. ILn
accordance with Figure 4, the bottomside 15 connecti.on of the ﬂﬂe%§QM7
ksol ation 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;jhe space charge zones. Once again

i mproved shi eldi roperties wth areduced area requirenment for
sen1conductor&go%%gﬁéﬁggqﬁ1ﬁ%€%réhﬁhngBPaF38ﬁ§lé§H sEbpdémgosd inovt his
case, to00, itoRbYbed nyiseosidnl brenchabischa eich Mytangous! Ya botidpaky ow
trench isol at sehAsadd! saprdct18BCRLAl ti ] a__w dened trench surface
STI. Fifth exengl%r¥ egbodinent%nggq%?gﬁggécﬁégggotﬁﬁpg oﬁPE#ﬁﬁFiFﬂEﬂ :
‘sectional vieWsTf5PTTFPPr uSr. 4t i SRS eREi ahimdt Hote sheplsod nsthpsf aani cati on
of a seni cdondoet stigbbhpnettpld fiedrench i-solation in accordance with a
fifth exenplary enbodi nent, identical 35 reference synbol s designating

| ayers or elenents. identical or corresponding to those in Figures 1 to 4
and a repeat FERSEY i phPEAVEEI n§hdl spums edenholl Istleps. 47 IANFRGAZFesld | n

accordance witA-tbe 1o f hhe exeERharys eobodh Meql, oy, only & widened trench
i sol ati on SﬂWsﬂéth a W dened _ surface.structure and an associé%b t Pench

contact DTC are foffred, H&SULAtin|(layeruwnpchanfle amt hedestepsaddm 5 be
sl i ghtly18i nptdriductive rfillindobeyer, 7t haresaformmt hod §t&PScaankReEi gures
1A to 1D aremgain effected, as a result of ‘which a side wall insulation °
ayer 6 and an electrically 10 conductive filling. layer 7 are fornmed in

deep trenches - : '
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
ni;ride 1ayer, .is then completely- removed and a new
second hard mask layer 5A is deﬁosited over the whole
area, by way of example. '

20 In accordance with Figure 5B, in a subsequent methoé
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 conventionai
'photolithographic methods. Using this resist mask, the.

25 second hard mask layer 5A is subsequentiy removed in

particular in_uthe 'region- of the widened trench
isolation STI, as a result of which the sectional view
illustrated in Figure 5B is obtained.

30 In accordance with Figure 5§C, 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 tfenches.'This

35. step essentially corresponds to the method..étep 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



T. In a nmethod step in accordance with Figure 5A, which follows the nethod
step in accordance with Figure 1D, 15 the hard. nmask |ayer 5,_pr3ﬁemﬂqu
conprising a silicon nitride layer, is then conpletely renoved and'a new
second hard mask |ayer 5A is deposited over the whole area, by way of
exanple. 20 In accordance with Figure 5B, in .a subsequent nethod step,
once again a first resist layer 8 for patgerning 'the region for the

wi dened trenchqisgl @ Led and patterned by means of
convent i onal gphoto%#?gggggph?c ?ﬁo ngU?FﬁﬁeFﬁler€¥|§Pen§§W°VPHe 25
second hard nRfkthayeestauak B%h@@qn%ntly removed' in particular in the
regi on of the w dened trench |solat|on STlI, as a result of which the

secti onal vi ééé %rated ggre 5B is obtained. 30 In accordance with
Figure 5C, afterward %%c?|W%? YE¢ PQyeingthe pamsvedyomsaineshst

strlpplng5|s S@#mecmedcewmﬁammeeWethrthhkg mmnducbkygffahbbggglgﬁgg 7 and

the sem condugy o suhstfat pe re renoved i n an upper
regi on of thg%%ré%ches @H%%ﬂgS feal séﬁn%ﬁﬁﬁ} rPHspo?iis@t SFHé tmet hod.

step in accdt ah%%lﬁﬁththﬁguféslﬁwmittﬂ;fuqqn edrmxﬂd&y'sfdbodwammt

firstly the f:lrtmlatrhsoﬂ alaygré a‘ﬁera,_cg rginb{,ggn «;P}%lff f erfézayg 4 and
then the serg # te%l bei ng renoved i's orice 17 JAN
2007 15 agaln conc b? a eaﬁ?%@c r §6ges. oﬁqnﬁﬁ¢h¥nthﬂQH obf the

resi dual 1Bol W@§e¢¢n®ch@r@ancekmﬂayeh?l Gar e.aﬁ&aﬁﬂé&%&@rmwﬂ\@&ha%' n the
5 step in acefdane® Wd hafi gatéaﬂedanliﬂc&% LS%H?W%F' ”taf}&"%ﬁ f1uoric

acid (HF dlp) |s c rrieqg oyt, as r esul SsFPicon-
dIOXIde Si de 3k ing- ack or thlckness reductlon of this 1ayer in

the region of the trench contacts DTC as well.

15 In .accordance 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 Flgure 5F, the same method steps as in
-Figures 1J and 1K once again being carried out.

.20 o
In accordance with Figure 5F, however, in particular in
the region of the trénch 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 llkew1se dep051ted by means of
a CVD method.

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

30 removed, but a part of said layer 5A remains below ‘the
second covering insulation partial layer 11 in the
reglpn 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 thé whole area, a thermal oxidation
preferably ' being carried out in order to form a
cdnformal'(uniformly thick) gate oxide.



I'nsul ation layers 6 'are renoved. Furthernore, for the stress relief of
the trench edges, an etching-back of .10 the second hard nask | ayer 5A i s
carried out, which is referred to as so-called nitride fall back ahdANdelds
to an et chi ng- back or thickness reduction of this [ayer in the region of.
the trench contacts DTC as well. 15 In accordance with Figure 5E, once
again the first covering.. insulation pgtial layer 10 is then fornmed,

and the second covering i nsul ati on partial layer 11 is formed in Figure
5F, the sane nethod steps-as in Figures 1J and 1K once again being carried
out. .20 In thor daHcihen t stRinur £B&F, flrowever , the pabph eyl ag-ebmonghe --

region of thedrtersh gapbast AL cbAtrack Wtk Lh ool
| ayer 5A, a ngnd coveg} |nsu£at,| or? parha% Fay enq ﬂuf’ﬁ tggorm of
a TECS 25 si ITToN di ofi €rl & i SeLPRewi @%dﬂep(ﬁ?mbwlmﬂmamg of tha CVD

met hod. | A achescaipne od tdf Rilgurfd ¥ =8 dstempingey ensbdie@imns of the second
hard mask |ayer 5A are then also conpletely 30 renpved, but a part of said
| ayer 5A remai ns bel ow the second covering insulation partial layer 11 in
the region SCAWEiNAE0h compartierrrEynal | when acansadancimgi th &i gure

SH, once agaisertitonditds Sonisal 16K 8 of defla BEUAT £OM ghoxLTE
buffer |ayer ,I|Is %org%ﬁq_t ely rerrcgved and a gate ectric 1 T

over the whole farss e rthedl* %ﬂ%t?{)‘ﬁqc}gr%‘%ﬁﬁ‘%y bee nfakni¢aedonut in
order tolfor mexhagontan nbk (sﬁmg‘mﬂrﬁystmpa&flgat,e1%1@,,3(31751410@&@9,9& 16
The further shepedqlesf gat g n cont I'ayers and - -
contact hol e%)t are rt1: to quilrjgr?rgt 2% Eeld(;wa£§%f gr %H&EGB‘SP g WeFe %9(‘?)1‘1?m tly

to the ng tained

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 v1ews for
-111ustrat1ng essential method steps in the fabrlcatlon
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 lembodlment
flrstly 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.
Accordingiy, 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
example by means of an énisotropic etching method (RIE)
of the trenches or the eléctrically conductive filling
layer 7 situated therein. Consequently, the shallow



5 description of the first. exenplary enbodi ment. Accordingly, particularly
when realizing a sem conductor conponent with a w dened trench i so,l ﬁf I on
STI which has a widened trench surface, the fabrication 10 nethod cd ANe2007
slightly sinplified, inproved shielding. properties with a reduced area
requirenent once again being obtained.. The nmultiple well structure
illustrated in Figure 5 .15 may, of course, also be applied to other

sem conduct or ésrga_%tra%,gs and_oqt her |1: structures in_accordance with
Figures 2 to Z TS5 3%h 2xefBFEFY &RbJRSeiPeDOr $94RR eof 6RRE0 LT ERCEREW

sinplified setx¢ orrde vagawen falytainedistrati ng essential nmethod steps in the
fabrication of a sem conductor conponent with trench isolation in

accordance with a sixth exenplary enbodinent, the 25 trench isolation
merel y havi ng™a ASFPEAARFENOH th sBLEuren 6BFI . imnaacodrslsmomtni mhthbd sixth

exenpl arySenbckpenthe Fhirst! yelsie tretdinsk steps i’x‘én@a%f%lr%m& whLhgFigures
1A 30 to 1D gr.e agai n_catri,ed_ qut n again a first resist [ayer 8
for covering t %F&{e]ﬁfgpnggf SPITRE%: roé‘l(n%chan€oﬁg§8t §k‘BTélﬂfétnd"%iﬁblﬁ“éﬁkand
patterned i n RYeubselsentchedpbhakacnsed @usd nii fdr Fgress 6helidecordi ngly,
the regions fufe thent rMdy.ench 35 isolations TTl are etched using this
resist layer 8, as a result of which an upper region is renoved for

exanpl e bg means of an anisotropic etching method (RIE) of the trenches or
t he el eciPi cdn paanmtlesideyaviftii IRignre a§@r Jfeétwat@dsihessh Ndioxide

Consequent |y 1 d gesfied L 37e20hBRY7 byl e dd 7603 Had @' GBY,L1: L g upper
regi on of the tli’le ches , . -
) . metho and 1is. planarized by means of a chemical

mechanical polishing method (CMP), the first hard mask
’ layer 5 serving as a stop .layér. The covering
15 insulation layer 11 illustrated in Figure 6C, which

-constitutes a single .layer in the. sixth éxemplafy

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 iayer 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 sufface 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'sﬁill required is once
again' -dispénsed with below. and, in particular,
reference is made to the description of the first
exemplary embodiment.
35 ' .
In this way, an outstanding shielding with low
connection resistance and a greatly reduced area
réquirementland a highly flexible possibility of use is

obtained in particular by virtue of the combination of



are once again obtained. In accordance with Figure 6B, in a subsequent

method 5 step, the first resist layer 8 is renoved or a resist it R&a@gng
iLs carried out and then the first hard mask layer 5 is etched ba IJ

again for stress relief of the trench edges. 10 In accordance with Figure
6C, afterward silicon dioxide is deposited preferably by means of a TECS
deposition nethod and is. -planarized -bylgreans of a chem cal. nechani cal

pol i shi ng matggo AEMR) | t 5 serving as a stop

| ayer. The ¢ GL i N 15 %%ES Tz;'ltil{ngn tPi';?é/er ?Pgé?ﬁai’"gﬂn?ﬁt g@%e 682  which
constitutes eStdgeforn thie r%ﬁ%@tﬂ@teb@hm@wn anbbdenmehtielidsngbt ai ned
in.this way. Wmlac&otﬂamcle voibadt gure 6R;si BaéeSUPﬁéqHSProWBBQOQ ﬁo step,

the first har éﬁ‘\:% ved convent | onal chi ng
met hods and, th:n acco#%%ﬁ%‘él%&%h&@ Capeq%“E effi ?‘??sf“ﬁ%ﬁ?aﬁ@@ﬁ%’ﬁ?er 4 or
silicon @i oxinfeenatiican | a@@rlsn;(:l@IShm nahédeovethé¢ he wildenedar egarehBht he

sae vay. .. Audidwldds gt asaedagas g 6 a, gate
odd) crondies O *end® Spper. or

dielectric 12 | S, once, agai %
substrate or THE el FheT 52 Fﬁerﬁ%‘fme xidat it8¢ peamer abliye baimgasar aned, out
in order to 30 yEwditieren gﬂh:etlwmd@réayalfbed T%@e%‘déﬂﬁm the

further nethogd i jred 1 ain ensed
w th bel ow. an(?%tﬁﬁ,%péal:}ﬁ IElgrag e¥e§‘g§% i & ?’teo tﬁgmﬂﬁgﬁﬁi?ﬁ ?Bn of
the firstV e@WAtaareiomarss OfBPrOWGm tsmasidmyl rerthoidsst andi-ng shi el di ng
with | ow connectlon resi stance and a greatly reduced area requirenent and

a h'ghly er&|m€%éM§§géﬂg tﬁhfﬁiﬁfga&gll structuree in barticular
the wells now need no longer make contact with the
semlconductor .surface, but rather can be contact-

15 eqnnected directly. By way of example, a lateral

_insulation of-an-inneritriple 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 cohditions are
produced in the entire well, as a result of which the

'rcharacteristic_properties of a semiconductor component
can be improved- further. Negative voltages, - - in
particular, can thus be insulated in a partlcularly

25 s1mple manner and be generated and switched on the
chip. '

- The direct bottom-side contact-connettion- of the
electrical . shielding in  the trench -isolation
30 furthermore makes it _possible to aisregard the
relatively high lateral parasitic resistances of the
wells, as a result of which the shleldlng is once again

e

improved.

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

way, the doping used in the exemplary embodiments



obtained in particular by virtue of the conmbination of 17 JAN 2007 18 a
trench isolation that is contact-connected at the bottom side figr gy
realization of an active shietding with a trench contact. In this case,
the narrow or thin trench isolatiaons TTlI can be used for further inproved
S5 integration densities, while the widened trench isolations STI with

w dened trenches in the upper region thay are formed at the sane tinme or
as an alter i t e,afsford _the possipility of deactivating.

| ar ge regiongﬁ%?g?ﬁéggegﬁ%%ﬁ%ué%%fg{168§§8§F atgybfﬂﬁéaﬁ$mﬂlﬁ&%§ﬂﬁ¥y
standard met hQ@RiNgH-t he case of mul tiple well structures, in particular,
the wells now need no | onger nake contact with the sem conductor surface,
but rather can be contact 15 . connected directly. By way of exanple, a

| ateral insulation of an inner" triple well can be achieved by neans of a
closed ring of the trench contact DIC. Furthernore, virtually every point
within a well can additionally be contact-connected via a DTC in 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 conduct or component can be inproved .further. Negative voltages, . in
particul ar, can thus be insulated.in a particularly '25 sinple manner and
be generated and "switched on the chip. The direct bottom side'
contact-connection. of the electrical shielding in the trench isolation
30 furthernore nmakes it possible to disregard the relatively high |lateral
parasitic resistances of the wells, as a result of which the shielding is
once again “inproved. - - '



35 The invention has been described above using.a p-doped seniconductor

substrate. However, an n-doped sem conductor substrate can al so Rﬁ gged in

~the sane way, the doping used in the exenplary. enbodi nents 17 JAl é 2007 T
19 nmentioned above being replaced by the conplenmentary dopings. 17 JAN.

. 2007 20 Patent clainms 1. A senicondgc%gr_conponent with trench isolation
for defining_active regions in a sem cofiductor 5 substrate, the trench

i sol ati on haVPh§PE G&8p™S.isolation trench with a covering insul ation |ayer

a side wall insulation |ayer and an electrically conductive filling |ayer,

which is. 1oleleckricgll% connected to a predeterm ned doping region of
t he seni conduét or “suBSTTaPRNW AT b RAVERRRFRY ofitdF tmenichol asbdatioench,
characterized by §otredehinimgacictive chrdipsorss dgep §0NEaKE cod@ {:{:gpch W th
a side wa | insul giigp.Layer and an electrically conductive any I'ng |ayer,
which is likew se electrically connected to the predeterm ned doping '

region of . the seff€ontlierer isakatioem in a bottom r égivangof at hgeegd
contact trench. 2isdhet$eAl ¢QRE GFi £160gPQ a3 ¢lal in patent claim
1, wherein the covering insulation Il er_'s%%gkg%%bfﬁgﬂﬂg§§%ﬂii FYS* bel ow a
senm conduct or substrate sut f3te®alfd-wi titsidelasolayeon tremid an

electriqally conductive f£filling layer, which 1is
10 _électrically connected to a predetermiﬁed doping

region qf 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 électrically. conhected éo the

predetermined doping region of. the semiconductor

substrate in a bottom region of the
20 | contact trench. '
2. The semiconductor component as claimed in patent
- claim 1, , | )
‘wherein the covering insulation layer . is
 ;25 o 1formed essentially below a semiconductor substrate

surface and within ‘the isolation trench.

3. The semiconductdr_cOmponent'as claimed in patent
claim 1 or 2, _ |

30 :, . wherein the trench risolation and the

~trench contact have -a larger depth than ah

associated depletion =zone in the semiconductor
substrate,

35 4. The semiconductor component as claimed ih one of
patent claims 1 to 3,
wherein the trench isolation . has a widened,
shallow isolation trench. at the semiconduétor



3. The seniconductor conponent as clainmed in patent. claim1 or 2, 30
.wherein the -trench :,-isolation and the trench contact have a Iarger
depth than an  associated depletion zone in the sém. conductor suljsiANaz)g).
35 4. The sem conductor conponent as clained in one of patent clains 1 to
3, wherein the trench isolation has a wi dened, shallowisolation trench at
t he 'sem conductor 17 JAN 2007 21 substdlate surface for t he  pur pose of

filling non- acti \Fabsdgiades. suffadéefsemuﬂgugﬂé?g g a§ ckglned in
ternlne oping gl on -

one of 5 patent @il kdhs Wherein the prede
constitutes a doping well anmultiple well structure. 10. 6. The

sem conduct or conponent as clainmed in one of patent clains 1 to 5, wherein
t he sem condéct or Mebséézﬁt@ﬂm&té, bRSogaYerin d,side wall insulation
| ayer Si 2 a% L glllng Iayef hgg g%& hﬁ%h?@aaﬂﬁgdﬁﬁﬂﬂﬁﬁlpéon. 7
A nethod or fabrfcati g dor@uétor conponent: with trench isolation

having the fol | owwhgrstieps: thp Prepsedbiern9hed Seﬁh§9ﬁ§UCt°r sugétrate
tion™® ep

20 with at | east @pg rmn ng.,.region b
trenches as far as tﬁgEEQEESeELﬁ%g%%ﬁg 8%lﬁg regl%ﬁ Pormuuiple poskl of

realizing at', Ieﬁ%FUSHErFFenCh i solation.

10 6. The semlconductor component as - clalmed in one'of

patent claims 1 to 5, '
wherein the semlconductor substrate has
Si, the coverlng and side wall insulation layer
has Si0;. and the filling layer has‘

15 highly doped polysilicon.

7. A method for fabricating a semiconductor component

with trench isolation having the follow1ng steps:

a) Preparation of a semlconductor substrate

.20 _ with at least one predetermined doping
region ; .
b) 'Formation of deep trenches . as far as the
predetermlned doplng reglon for the purpose
| of reallzlng at . least one ‘trench isolation.
25 - L ~and a trench contact; | - -

c) Formation of a side]wall'insulation layer.
at the side walls of the trenches/
d) Formation of ‘an electrlcally conductlve filling
layer in the trenches'
30 e) Removal of at least the electrically conductlve
filling layer in the upper region of the
~trenches for the trench isolation

for the - purpose of forming shallow trenches -
/J

and
35 f) Formation of a covering insulation layer

in the shallow trenches of the trench
isolation. ' '

8. The method as claimed in patent claim 7,



25. and a trench contact; c) Formation of a side wall insulation |ayer at
the side walls of the trenches; d) Fornmation of an electrically conductive
filling layer in the trenches. 30 e) Renoval of at . |east the eI¢¢gANZ®ny
conductive filling layer in the upper region of the trenches for th
trench isolation for the purpose of form ng shallow trenches; and 35 f)
Formation of a covering insulation |ayer22n-the shall ow trenches of the

trench isolation, ¥Berghe, nethodstas clagi,ned i gopatent .claim7, 17 JAN 2007
i PPBAET of Xlnle sl i n

22 wherein, in step- double or _triple well structur
t he seni conduct or Jﬁ%‘%‘#ﬁ? e. ggg fl'ﬁ’émﬁ’@t hod™as dhsé nedsemi quatdanitod ai m 7'
or 8, wherein, irf %ﬁf%ﬁ?-the deep trenches are formed using a first
hard mask | ayer by neans of an anisotropic etching nmethod in the
senicondugtog;sub;ﬁkg%gwi(%9 10. The nethod as clainmed in one of patent .
clains 7 To 9, wherein, b A2 F3imed tHerpatenki dbaimm isr garried out in
order to forma. tWhawrsin.nsuhatstosp L3, ayge Qﬁgﬂgntgghgggropic et chi ng
method is carried tndd QL de %ofggs vgﬁ%_botton1reg|on of the EFé&nch
i nsul ation I ayer. %;. The metthod as™clai &iW?%ﬁm#%Ne@atentbzlmbﬁ&s7 to
o an  anisotropic  etching method in . the

semiconductor substrate..

10

10. -The methpd as claimed in one of patent claims 7 to
9,
whérein, in step c), a thermal oxidation is
;carr;ed ogt in order to form a. trench insulation
15 - layer and an anisotropic etchihg method is cérried
out in order to remove a bottom region of the
t;ench insulation layer. ' '

115 The method as claimed in one of patent claims 7 t
20 10, - °
whereip, in step-d){ a highly doped semiconductor
material | having_the same_conductioh type
as- the predetermined 'doping region ié-
_ 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, the conductive filling
30 : layer, | _;he side wall insulation layer and
adjoining regions of the ' semiconductor substrate
_ are removed in the upper region of the
deep trenches,

35 13. The method as claimed in one of patent claims. 7 to
12,
wherein, in step e),_in order to>reélize a narrow
trench isolation, only the conductive
filling laygr with or without the side wall



20 10, wherein, in step d), a highly doped sem conductor material having
the sane. conduction type as the predeterm ned doping region is deposited.
25 12. The nethod as clainmed in one of patent clains 7 to 11, whdﬂemw,ﬂmp
~step e), in order to realize a wdened trench. isolation, the conductive
filling 30 layer, the side wall insulation |layer and adjoining regions of
the sem conductor ,substrate are removed 3 1 t he upper region of the deep
trenches, 35 13. TREYTAHER adaytedi med i n iene refmdplent ! ays {40, 12,
wherein, in step epgion @fdehd @ l@]HAE @ narrow trench iso atpgﬁf only
the conductive filling layer with or wthout the side wall 17 JAN 2007 23
i nsul ati on Iizer &a@renn¥§gbin the upper region of the trenches. Peer 14.
The met hod as*cl atRedMes asf qlatiersdd clrmi Tt : ereip, in step
f), an o¥dation fg,carried out in order t%??cﬁ%ﬁ%??%%étcigﬁﬁfiﬁgto

i nsul ation partia# Iaxer and/ or a deposition is carried out in order to .
form a second cove&PFh§ Pnsdatsesp f0.part i akidayesni Bt t&%ﬂéé%g(\évugrench,

17 JAN 2007 - 25inlistdet reberesgs symbpls 1, émérf’r?g" Cfnsul t1
ation:

substrate i \
. part%al laye? ~and/or a deposition is carried
-Out.ln order to form @ second covering insulation
10 partial layer .

in the shallow trench,



4 First insulation layer 5 5A First, second hard nask |ayer 6 Side wall
insul ation layer 7 Electrically conductive filling layer 8 Flrstlrﬁﬁ¢gm
lLayer 9 Second insulation |ayer 10 First covering insulation partial Iayer
11 Second covering insulation partial layer .12 Gate dielectric 13 Doping
‘regions T Deep trenches ST Shallow trenches STI Wdened trench isolation

TTI Narrow trench isolation DTC Trenchzgontact

List of reference symbols

1, 2, 3 Semiconductor substrate

4 First insulation layer

5, 54 . First, second hard mask layer

6 Side wall insulation layer

7 - Electrically conductive filliné layér ..
8 First resist layer

9 Second insulation layer

10 First covering. insulation partial layer
11 Second covering insulation partial layer
C12 Gate dielectric

13 Doping ‘regions

T Deep trenches

sT Shallow trénches ,

STI Widened trench isolation

TTI Narrow trench isolatioﬁ-

DTC . Trench contact



