;e3e{vvwy. Jy{6F{ T{i pKI n1232DE Description Field-effect transistor,

associ ated use and associ ated fabrication nmethod 5 The invention relates to
a field-effect transistor containing, in a sem conductor ed
channel regi opyibwepker m nal regions, which are al so ref "MW”M"M’MMr ain
and source, respectively, a control region, 10 which is also,hgsgrre to as
gate, and an gkgetkpeabni nsul ati ng regi on between the control égion and

t he channel region. The sem conductor |ayer conprises a nmaterial having an
15 electrical resistivity of between 10-4 S2/cmto 108 S2/cm (ohns per
centineter), Foeldxafiieetsitrarmisirormgal &$soebasedi dee Eiel sessconaued or

| ayer is, by %%%r%%a%§%ﬂp %th%dseniconductor substrate with an n-type
dopi ng or p-type doping. wever, there are also 20 technol ogi es in which

t he sem cdnductor | ayer has been applied on an insulating substrate, e.g.

in accordanceppet hy g0bnteehnolagyes | t6onaOnsl asglatpede Fiehds ebEsst
transistors are differentiated intq 25 n-channel transisfors_ and ﬁé%ﬂannel

transi stors JEPBRALAGTEN tiHe By FETCOIRMTTOr WY f oPnqRed nehe el
region. A mul rephibai,t wwd téehinelf ecigitonansiwiiDels are arrsngedfdbred an

i nt ted ci it t t hat Il i t
al terati ons t 6%t RS CHRIET Fet1 GIPBCH 11 BIRE ST TETYY t 1 AnET o, cARITRRY to

consi der &l e whprchyeinenaland defeeaskstonagi edake 35antd i anlebfreitadf the
| nvention to ?BEEFL ¥if f'P%%i?ﬁf%.%ttwtere%n.stﬁéorc.o?fctx%l”pfg SEQHSf?fnﬁF tﬁ@ .
a a 2 ich, in

whi ch, in parficular, can bricated in a sinple mannér an
particul ar, cghapaeflafedé®fed with a small area requirenent relative to the
surface of the *G00002* | n1232DE - 2 sem conductor wafer to be

processed. Moreover, the jntention is to sFecify an assqciated use and an
associ at ed f aBRfcHSHTIRAINTPT sLa¥RF obPERTIFEF afi MG YT e HIEHHE effect
transi st arsi s ecaehkitevded by awans wdiftya 51 ebetwdéecl 0t vaimstos haVi@gemhe

features specifi i a . Lml. ve S ecifi i he
ubel ai ms. |10 PGSt (. SPREHICEP NS S0 SRAINt ng e 6 Pho S aRtt DA
contains a depresviidie.i n The seemborridieter | ayavert héscontmol wagi onfand
the el ectricalypgdlat i R0 rLGLEUBRRIND AT TANRAd-d db Sahdcplepsesshopypdhe

channel region runs along the depression in the sem conductor |ayer. 15 The
depr essi on haSORATEpeditng A YRS urdRIEI DT (HRWVEERR contheX®r #55erdthat is

to be prozgsseechasacoeed nal wiedilonthyi Bemikohdactioe Nidyerofhsdi deepeni ng.
The ot her terninﬁL req%gn is.fur&her away fromthe opening than &he

term nal regi 8RPAEES (e FpehPRYLARINS0 SESEREFEr or%e Gef ¥ r 8HCPHIGECE

term nal regi endthesoile tiechmoillvgyod@iiligonTion tTersmlaadomegi on renote from
the opening lies at the end of the depression, for exanple. In the
field-effect transistor according to the invention, the term nal region
remote from t Fé<3peMifdgcrs | £xassissRrehe Plteri i L6PTERELIZERFCONEBEPOr

layer as f@r aschatmiciace wfarddiesteiy conghugt orpl @ygfinéhat eeahgi Bsothe
openi ng, or |Eﬁglectr|cally onductive connecLed t.0.an 6|e§tﬁhfaL£¥

|
conduct i ve coffREADGRMWPRN HigadsYRD (Hfe SUPRYTE, Which form

channel region.

A multiplicity of field-effect transistors are arranged

30 in an integrated circuit arrangement, so that even
small improvements or alterations to the construction
of a field-effect transistor can lead to considerable
improvement and increases in yield.

35 It 1s an object of the invention to specify a
field-effect transistor of simple construction which,
in particular, can be fabricated in a simple manner and
which, in particular, can be fabricated with a small
area requirement relative to the surface of the

(ARSI

*G00002*



30 The field-effect transistor according to the invention is thus a
field-effect transistor whose channel region extends in the vertical
direction with respect to the surface of the sem conductor |ayer or at

| east 35 tranﬁgfﬁ?ng w th respect to saind surface. As a result, the area
required for the Treld-effect transistor becones independent of the channel

I ength requirgdmdrohacerss deaeadentogi Men grotasseéacd Mosedven, of thde
channel region only, over, K a factor of %ess t n1l232DE -

: han 1. In I 3
conpari son wi tREEpLESRar 1Fi eFQ- eFPRELIYr afi sEB7OCHRNBT er U he® Tt P at i on
of the transi asebciatedafiabptegrabadmekrotini cal circuit is not nore conpl ex
because the term nal region renote fromthe opening, 5 which region lies in
the interior of the sem conductor |ayer, leads to the surface to be
processed or Theeladgtedtcatélatconduto vidle EbahBcedfiecd Jaiamsswtioacel¥ia an

electrical |y GAIMGELY S FOROREL! 2. o0iB1@nerdexel apidi <2l Naving
field-effect transistor "accor |_ng_ to the inventiaon, the two term nal

regi ons have the f@aud&SantP rabi BATERE JOFEA & of DRl QRRnts

conduction tygee kpBci€itBeinntiendudtiBdmer. p-conducting. In one
refinenment, the channel region has 15 a doping of the opposite conduction

type to the termnal regions and adjoins both term nal regions. Additional
dopi ng r €y onFhbetfirdmd -tdfef dctr M reks TegdoN8caoedhng poesem imvéntson

refinement. 2 e ' , «th a : ' a n
corr espondi nggf)égggn?e)a%té%é\%g%g??és o etflﬁé(; gggthﬁggghteﬁggdselﬁ,eés@i g%ﬁel n
this devel opnmsantrohe ¥egiessidwdi $hat L3@GEEd cad! yinsuLRELREPt AedieeRssary

for obtaini ngpbhgqr e drRibENaANQla il Niddre 51 diid. arakhaiheal opagnén t he
depression is a trench. e |length of, the, tregch det.er m pes theltranS| stor
width, i.e. aY¥RstiddnDabRfeCESPIEESHOS 18| §R8&f fs‘,fd‘tlcﬂlﬁ’s%%r ~3YRE an

al ternativ® devel ogaphéssibe Ahslepressbening aihol® kamifagea dépt bhahi ch

exceeds the dianeter _or the w_dth of ,the hale b | e -fold y way

of exanple . ?ﬁE‘I&PEﬁﬁFéProf\Tﬁ( rholt-'gl‘-’lg-‘et elrgm' nte(%s/ the té‘%%%légs\?%(ﬁ' Wi %ﬁlg The

depth det er m nesmihelgategilenglying ninheheayécéhicyl iafdrsaed tpewsngin 35

particul ar, | aKer Soealy De diapasii edaich UBK! OEE¥NGR hGN0le oAl thel N 2
P The field-e

next devel opnent o ect ‘transistor accordingto the invention,
the channel r€g§esAngi ddhash thentezpppal FegHRh IPAEs LHE (RS FEhCARBr

al ong the@nt iike theraFdeiey r@ff dhiedde aByt ainiintel of ed el er sOEHr €80m
transi stors haying a caqnpara ely |ar,

quhv g}% transistor wdth caﬂ gllnsotge
fabricated i nt2%si PRERRGer S FPEHLRL er2I1R VR BPmeht M onthe

ot her hand, tbpeaiagndliesegitortie endf re chepsesieiof, t fert egavhler only
al ong part of _the i phery qjof hol 1. i.sto weh require ly a
conpar ati vel y%lmaltﬁ?élo \?\A‘eﬁ%ﬁ ggtﬁgjt%ﬁus e '%‘ta)ér‘?(%:]}'sat eééfz}%’gggg?rrpf%i matrl:lﬁgr.
Those regi ons iavenitd ory erfdte ofexminak pegipRergnete Hedibl EhahPRARARE not

occupi ed Dy t R eRannely r e§Lon Rl i |dZ eghb ol i@ R RRGENHy &  gkher
conponents or as part of insulati ng regl ons. 15 In_a next 9eve| oprrgnt of
the nethod ac&8¥di A§ t & t RETLAFENt Pdn, thRe BEMAFRRAUFEGF onlf¥RbL e PREM t he

openi ng ext endsntainke tlegi @@eﬁﬁn@,pléw alist yelodfcdeipraddst oasndncwhizehy
control regio%%ﬁ%é%é&faqggdaﬁ%/gf%%é%iégffyleCOnductive connection
which leads to the surface.
30
The field-effect transistor according to the invention
is thus a field-effect transistor whose channel region
extends in the vertical direction with respect to the
surface of the semiconductor layer or at 1least
35 transversely with respect to said surface. As a result,
the area required for the field-effect transistor
becomes independent of the channel length required or
becomes dependent given an inclined position of the
~ channel region only over a factor of less than 1. In



20 the field-effect transistor contains two, three or nore depressions
IFined up in the manner of a cascade. The cascading |eads to a further
reduction of the area requirenent. Mreover, the termnal region renote
fromthe open; g g é% has to be led to 1 surface once per 25 field-effect
transi stor & pefidently of the nunber of cascadlngs In a next

devel opnent , gﬁgﬁegggﬁm drpr ghepggﬂtarrol 48891 o Ak @ d@pg§§§g@grf| | | ed

with an el ectr I nsu atlngnaerla between the field-effe
transi stor an8oWRV&djacEhe elRbeFTREiORoMoNH® h&\?éntsﬁét'?érrelﬂéﬁt h@The

two depressi Ofi%téé'%att@ds léﬁefc%li'&'déﬁt e¢iirtA tSi MY e detinefiotd ac@x@ﬁl@ﬂ
| it hography p 0oCess. an alt rnatl ve devel by cont rast, the

depression fo eFﬁelsgon‘E %I LEEGTER ha’ée%l%?mlrle ep{:Jf:F’If1 S 9BpPERYi on
conpl et el y5 f i whédhwirtdyiam €li=d ricakthensultatriiog e erhal sbmiu\eeduther

field- effect tlr %? st?%ag%d an E!:‘}'leacgﬁﬂrfglc%CtEB”'}:‘}e wgd Tlgirs asure

I n1232DE - epression for the insulati terial e nmade
narrower Wwt h@&tecltﬂrpalarlllwg qondluatsiviedyt mprawmsind ity $¢1l@o$r‘ﬁéf@§%n"%«ﬁt h a

wi der insul at i;@n WMaicghi cRAWEY fonduete 2ord@RRica.IN a next devel oprent,
the individual elenents of fthe field-effect transi stor have di mensi ons

and/or a structure which permt the switching of voltages of greater than 9

volts, gre@temnnt hameld adtdlpprisiit | a8 1thé hapi8Ddvetrfect - thanshsubati ng
region has, b vva%/r of exanp I% an |nsulat|n th| kness of. at. | east 15 nm
difg oh%t

(nanonet er s) SRR 4 SPihce"Bet Ve tHe T EPAPHR
regi ons al onghayet fta'lejepamesdo@am actorlcwstraﬂznéloruna(ldf copaetter )Qf - thhe

term nal regi %’&?neha\é% erwﬂ&;g ng lpré)fl |§11?}5€3[d eﬂlcﬁdﬁg Yt o209,.nm /

decade in conparison w e doping profiles anar ect
transistors. Progaductdngr, ThenhalsRaiihg Ber p‘F]BﬁIiHP%l gFﬁ@%%théﬁn be

produced 1% aasSi HIA nPNRET qgh@c?ggsme di & brededt i renetygé | oaodeghgs of
e

t he dopants. The ures nention make it ssible to. duce
el dobifoci termbraor E3qRonR omnd tpia Dol Ferfibal afeatons.

requirenent i adddniamniadordon iy pregaonsi bedwebhedthe riaamsnital sregtbnshe

sane electrlcal erties. The \; particularly large in the
af or enent i oned ran&p: e% REI ng: 19 tr%dflégl%g{ngltso significantly outwei ghs

the fabrication outlay for fabricating the depression. The invention

additionappy nel & eseke 2etifeRlenthe €H@|@|h§xfleléft rbb2B8l Hedf 1al NeRgt hi cul ar
the field-effect 35 transistor for the aforenentiaoned SV\AtChIé& ges,

as driving tr&eSEESHONINY P d 2t Nt atWPt Fhitdsroh &for O%4rray.
The af or enent ltmedi@uémdrg VDht 8Bes dieolegientd, the p@éﬁrés&ﬁdﬁn ter

?Lizgg%EbUt al; S%roguc%rdog fm % ngggmcﬁtl lhe HEORE ¥a£‘§| Itsc.'i;r: sgggagﬁing

the required channel length.
25
In another development, the depression is a trench. The
length of the trench determines the transistor width,
i.e. a critical parameter of the field-effect
transistor. In an alternative development, the
30 depression is a hole having a depth which exceeds the
diameter or the width of the hole by at least two-fold,
by way of example. The diameter of the hole determines
the transistor width. The depth determines the gate
length. In the case o0f «cylindrical holes, in
35 particular, layers can be deposited very uniformly on
the hole wall.

In a next development of the field-effect transistor
according to the invention, the channel region lies on



e.g. of so-called flash nenories, in which only a plurality of cells can be
erased sinul taneously, or of EEPROVs (Electrically Erasable Programabl e
Read-Only Menories). 5 In particular, the field-effect transistors
according to $he,dsnention are used withya_degree of integration of the
renory cell array 1n the case of which the nmenory cell array woul d take up

less than 30%0int Beqd offi RIY Gd-diict SENBIYnyNtheWeitiirke Y5 Kifep} anar
field-effect transistors for the drlvkgg.?The I nventi on additi onal
it

relates to a Phar tREuRS, SPHpVETFE6ri RS FelRBFVFSS f MFAEHIYRF S he 15
field-effect hiansysSholcorpeadiivglyo Iditgd nyeats Detor nwikithhcan also

sem conduct or Iaﬁg% hav%ng a surfacelto beﬂgrocessed is provided, - a
termnal regi®dn hERF ¢RAESSHPaReS MRS FaPRPhal 20 region renote fromthe
surface arse introduced into the sem conductor |ayer by doping, - at |east
one depressi of | %tnetaclh?eﬂrrfaocri\f’e C&geé%pﬁ@ﬂtpnow Rd hgeher Mhaak, ragion near
the surface as far as the termnal region renote fromthe 25 surface, - an
el ectrical inchprRehgrrgyer ildiafeRRIY cBRi ARENE IfSHreEsEBR, tEFFch f¥

electrically 59D9UChilbﬁfgCO'ﬁé10d regi ORhies igdrigshined i @to the deplession.
30 In one develognent of the nethod accordif to the inv nti?n, th%Tdoping
of the term naF3rayfbRES| & oF FHIBEF P Y hé& et ARPRREERYSEKe F19 41 ng of
t he depr agsi opsdthhoanr edulst ibey fabsicgpted pincessimple3mamer .neRiose

devel opnent, ctin egl ading . fr t pnal. <r egj o te
fromthe surfggéggggtég gﬁ%?g%ég?égdg%egF Aﬁﬂilég %?%%%?ybgongﬁ%prgggn
connection WhieB2DErei snet odecedriedt ey serieonchrRnrel | a5RF1GH 2% npl e

manner by meapg; of %Befggmﬂﬂé_df&éﬂ&gﬂgﬂtd@febgﬁgﬁnhombB%%h%@'H} as
depressions, 5so-cal [ ed insulating trenches, are etched at the sanetine as

the depressi oP®FttPE EBAVIBEIREGTBHLIONA: onerefi nenent, the insul at ng
depressi gk have the sanedepth as the depressionfor the control region. In

anal ternative, the insul atng.depressions_are _d t hanl10t he depr ion
for the cntranrébi%ﬁ*?ngﬁy%éppﬁgniaﬁ?'cgsg Pﬁﬁﬁgﬁga??ﬁ%r %9eg§ﬁd%? in
onedevel opneninvantibhogtpley testntiothli sreeidnr nredotaaddiom dihea copdring

| it hogr phy ne r .fabrjcaft i 5de C f t 08, S 4 rggion.
In the additi%%ggPﬁghéérgﬁﬁyq%%#%g%ﬁ§%h?n§gﬁg?FESYd§Erégg?onsJé?%%tched
ei ther to theWRifhecqaprplorads alife At ALTANECEh BHeadk de®*3PtMt h of

t he depregsi opnkok;ikhacentreek eaneRsZ0rl Roateliker Ry elpr@ntomi hdre
depressions of different depths, however, the depressions are etched by
neans of a coﬁﬁﬁﬁeéﬁéﬂpﬁgiﬂﬁﬁﬁisgpiﬁnwﬁﬂgﬁ RAHBFL déYr e8siGI7E 305 et thed
consi der abl y oaecdaenby 1deds nata ower £2btdepr essiuntsiorX kndr dheel @peent s
can a gathered _ fromgthe fo i na_desgri pLLon.: e Lar Y% Sphedi S.
%egF.tHS@@o r,. Gld Eé?ﬂl ;1 §§gggﬁb¥xa Qgggﬁﬂ%

Exenpl ary embOdrAent s € rove t'ion aré explainé W W t
reference to the aveodps wmy drasn trysbei hedhitohthie urdacen encd Pehow

intermed'a e g@g8sekRethe thabklicabion iolied dicdhtad fdelheffepiedt ransi stor
'n cascadings.
In a next development, the depression for the control
region and a depression filled with an electrical
30 insulating material between the field-effect transistor
and an adjacent electrical component have the same
depth. The two depressions can thus be fabricated in a
simple manner in a common lithography process.

35 In an alternative development, by contrast, the
depression for the control region has a smaller depth
than a depression completely filled with an electrical
insulating material between the field-effect transistor

and an adjacent electronic component. This measure



accordance wit 35 figures 2A and 2B show interned: of a vertices accordance
enbodi nent, a first exenplary enbodi nent, ate stages in the fabrication 1
field-effect transistor in ith a second exenplary In1232DE - 8 figure 3
shows the userQisyepkical transistors for driving a nenory in an EEPROM
figure 4 shows a plan view of a vertical 5 transistor, field-effect cell

array field-effestsftadr deprebBewsna feectthen indeding Malatieff acd be

transi stor w th_doubl ate regions, and vertical cascaded fi e 6 shows a
ol an view of BARSI | FOEDAREEL od"ADRORE 11 CHIPFIEHIC of (O t rAtRi it e vi t h
cylindrical gaapabtiivpsinThempextisbel ewtéxpl alinkera jpreodessi gequence, whi ch

can be used to_f [.ca tLgca ansi stors for switching 15 vol tages of
bet ween 9 Vo|$‘§‘”§?é£20£§o §{s: é\ﬁgthegﬁ'arbitrary cascadi ng of gate regions.

Many procéss steps of the process sequence can be conbined with process

steps for fabgjcalidgkiot BevetopREAENt $Hf {die wadEal Nbeamhahed ©f Cihd
arrangenent and be carried out 20, jointl ..Wth _proces%{lggtfaD s for

. , e.g
fabricating shaPtEuwPtfeREN iTARRY (S%F‘)’eor GNP S Pk s nar®
field-effect stanstatrer svhiloWw peawdEss vhei aswsteiin@xplfai nelltatbe fof st

process variant _of which relate o vertical field;eff transis
havi ng 25 treﬁ’éﬁ%gegf HrE s%rr\éog%épt hggﬁ%tlgg etxﬂpa}%ai %gdv\%ggﬁ’ rg’fuzr e%%[égto
figures 1A tothdn BFDgupét&A shows a p-doped sem conductor substrate 10. In

a first nmethod stepyca Y ef e 0Bl g 5 Of wad 1 6N Ai-gxd1de i $n
produced, which haghg gﬁ%&%géﬂf,e nm fors'ef;?rpl e and hggﬁbeén produced
at 800C by means oingudayiBgi datibridssan ofifdat idh dult&8SEn oflabdut ten

mnutes. A nitridechayiemetérshobres@anpkelaade ab sl icon nitride, is
subsequent |y deposited._ The 35 n a 4 has thickness of 100 nm

for exanple, and waBSpr&RLTES olrbteg‘f’%eﬁﬁ: e ﬁﬁrat THE -0 6F9AREPA/P et hod
(Low Preslsur e Chenthal deéppessbeposist ron)leaskt érdapo, (mbhakbowtiesol ati on
trenches are _ the terminal regions have a shallow doping profile
gradient of about 200 nm / decade in comparison
with the doping profiles of planar field-effect
transistors. In particular, the shallow doping
20 profile gradient can be produced in a simple
manner on account of different penetration depths

of the dopants.

The measures mentioned make it possible to produce

25 field-effect transistors which only need less than half
the area requirement in comparison with planar
field-effect transistors with the same electrical
properties. The area saving is particularly large in
the aforementioned range of switching wvoltages and

30 significantly outweighs the fabrication outlay for
fabricating the depression. '

The invention additionally relates to a use o0f the
field-effect transistor, in particular the field-effect
35 transistor for the aforementioned switching wvoltages,
as driving transistor at a word line or a bit line of a
memory cell array. The aforementioned switching
voltages are required, in particular, for erasing but
also for programming nonvolatile memory cells, such as



5 10 15 20 1n1232DE - 9 optionally produced in other regions of the
silicon substrate 10. In the context of a lithography nethod for a drain
region 16, a photoresist layer is subsequently applied on the nitride |ayer
14, exposed apfd;deygkoped, a cutout being produced above the later drain
region 16. An 1on Inplantation is subsequently carried out, during which

the drain regkog,1l6ofs dwavdlVed- doRRsh imefhord®EUi I €% aphftht ype1¢OpA Ng.

The residues of the,photaqresist |ayer. are then renoved. A next |ithography
Tothod For prBUHERMICH SqurEl hgiah 48 Fo8es SquH e OrA vk Fut oL To
that end, a pREPROHESI| S{Elayericdlly appidaddd oPrbgrammabde |Ryad-Ad4ly The
phot or esi st Iﬂgggrzgsss exposed and devel oped to produce a cutout 22,

t hrough whi ch,;""ddring’a subsequent ion inplantation, see arrows 24, ions
penetrate Tight into the source region 18 to be doped. The drain region 16

and the sour cen' goln df £AN 8480 Prefabet faded tuanRa ckbe s alecpRalgRsk | f

they are intend o have identical |ateral_ extents. he di stance

bet ween the s&Pf &€ VT 1T R dUEEDr W bBsfr ASITRS ffd HeHeEr 2 heCR op
side of the dpai ntieginnckd areliheaceayerirof thee cass cef eghdehl8the 1 ~zm
in the exenpl ary enbodi.nent. By way.af exanple, ,a _concentration of about

102 cm 3 (dopf“ﬁéoﬁﬁ'orﬁse raEﬁ#cwg}él%entt&} t 8P) liesssch%ééérh gbgd(?pfgn’fhe
concent r &0 onchiapt herea aiaf r agi memdBy anthiitn whéeéhsotinee ussgi ol 118l arar
illustrated ig.Lkgu : egnyal ,.af - i dues of the

phot or esi st Ig;%PQZ%?fégghg%%§%§%§?r§5%nggPQSS&?Sl% plied to the nitride

| ayer 14. The photoresist |ayer 50 is exposed and devel oped to produce a

cutout 52 abowget hen@ege: 6291008 taforiha r abNategi b 16 aps- 806E TLr 19gi ON
18, respectlveLé. | ons penetrat.e throquFége &#tout %%%Q a Iurallt% of

| n1232DE - 10518R&€esst AT tEMat i JIF s wi%h d ??ﬁ;#$plaﬁ? tion
dept hs, wig chfiels-pffdape trararidtoat aormedinggtoeghen Sdverdtnidrhe in
exenpl ary enb%gk nt, the connecting region 54 initially connects the drain
5 region 16 an € source region 18. After the ion inplantation
represented by theaar semscbaduchorr esbdess bavihe phot sneipse | Bgerb80 are

removed. The inpl aptallkeBesl 8RS p@Rridled0 be perforned at later 10 points in
tine if this is nore expedient in the context of the overall grocess

i npl enent ation, e.§ tEENAhEIEIR nged¥ thensmeSacs aubrd cBBTRYRehe
field-effapt transicghon Yoo teh@Mon tHd Burfdde @rdaithreghcéayent0

i ssubsequent |y applbgd on.the nitride |la e% 1§9 The hardmask | ayer 60
foF EXE

conprises TECS (t efPEetRFOPENGEPR L&Y mpPe. In a lithography

met hod, a photoresist | bgmst | sndepiepresksiomt he herahethskorayercéftrol
exposed20and pat t eragdo i siyate theard Mekif) hiagpansd Lareghans 62,
64, 66 and 68 above trenches to bepro ugeg' inan etching process. In a
subsequent Rl Eet chBfg 588p,as h&lear §eKRIRA60 T&I1PRN HANIHS edTPBY pEBBUC Ng
trenches 79, 72, 74ua%dcé&6 lined up in this25order along the drain region

16 and al ong the sourceregiqgn 18, respectively. The trenches 70, 72 and
74have a wi dth B1 &f Pg(ﬁ’c%rﬁl tel,ngaﬁtf}/ya(a%e]p? hé%?‘isl-t??f%,il?o}:hﬁxarrpl e
. The trench 76 hagleprésdtionB2andshi chis about twice as large as the width
Bl in the30exenp|a5% qupdIgﬁga%gget%éﬁg89t7geal%%P%§§%a qg%%ﬂngfaygut 1

. - C
umin the exenplary enbodt renches 7 reach as far as

|
the source regi on 1i8&medaweeddadpitoxitigt clepriasstiem.center of the sourceregi on
18. The tfgnch 74 isolates the drain region 1635fromthe connecting region

54. I n anot her exenpl ary' epbodi nent, the trenches. 70 to 76 are rounded at
thei rbottom t dPa §PEat 8PVRkPRRENEhanEi sEHF | FGTA%d ACFATGUHRg 180 the

invention, the doping of the terminal regions is
performed before the etching and the filling of the
depressions, thus resulting in simple processing.

35
In a next development, a connecting region leading from
the terminal region remote from the surface to the
surface is doped. An electrically conductive connection



In1232DE - 11 The residues of the hard nmask 60 are subsequently renoved.
Optionally, the residues of the nitride |ayer 14 can subsequently be
renoved. In the exenplary enbodi ment, however, the residues of the nitride
layer 5 14 arg poi,kenmoved. As illustrated_in figure 1D, an oxidation is
then carried ou or producing a thin sacrificial oxide |layer 100, having a
thickness of {10 YR RHeEX3AP! he T Sodu@ibt S 163 ednous fmpPeanpl e
at a tenperature of 800C. 10 A_sacrificial nitride layer 102, which, by way
of exanpl e, HBRNREY PYKARRRS oL gtHen AR RE - produced with the aid of an
LPCVD met hod (Low Pressure Chem cal Vapor Deposition), is then applied to

the sacrificigal oxide 15 l|ayer 100. As shown in-fiqure 1 { oxi de
120, 122, 124580 iﬁ%tfl‘ﬁrres(égé’feg%wn&ptior%é’lsl%ﬁtﬁ‘t rgodugieeﬁ%%l(ﬁ?e’
trenches B 0 $o-JabledainsglatingartiBR-hes hodre lHtghefenati the ZRi® asma) .
The oxi de deppsited . w t I t H Nod-d5 gLehed . bagk md h the
aid of an etc ?%%-%gcgﬁ%%é§§£%%%é§? gﬁnyﬁfgq%otlé%1oxige 120, 122, 124
and 126 respeeefiReyeremitie al NEHEAEANIORPT P2 NERYE 7BRB0 SANE 25 The

trenches 70 t@egénakg then dépressibhhfop whdopeshiasy i tegieh. panysdd i con
130. The sacriilcial olysigicon lﬁo LS then removed in a Ianaria?tion
step as far a8 Yﬁﬁnﬁbg%?'ea g oPSPh8ttren 8§e§5198s7§F%14%e3ﬁfv& H the
ai d of aiohentkal depréasical fpol thbi agnhevhodegisnshown in figure 1F, in a
subsequent nethod step, a photoresist layer 140 is applied to the

pl anari zed area, exposed and devel oped to produce cutouts 142, 144 35 and
146 above thelInrendar70o fabxagdare, thespasuledlipng PeRPEFFRIGTOsIEt MFer 140

is closed, byseenibgftnraboye thenbherphy’/2methRasadld figddomy/siii con
130 arranged In_the trenches 70, 74 and ¥6 S tgeg et%gﬁgrmet:chenlcally
sel ectively WAER1EERPeEP (tdh& nklthegEaRmpEmethod 98, (RN IAA NG i e | ayer
102. The 1ot t geppEsdeon2Eorl 24handciitfrglemeensonn the thencdddi Zilon&¥ and
76, respectivel Residues_of . t he photoresi_st, | Ay r ved. 5
The sacrificigfgﬂ?gF?H yla?&&h?gz c& eopﬁ%ﬁ%%ﬁ%?%% %%%5%5%%4%§Lt%§¥malls
of the trenchescéd @4thed b@iuheinnﬁgehm%n@eptbhbngﬁ@t¢@£ Hspsterint hi s
s not absol ubgl unneessalicdesane LappaAds e AheBirkbtdenl drdyeie 102

can also remarn Irn the-trenc and 76, respectively. As illustrated
in figure 1G cPRsupPAt refiifaterial 150, e.g. TECS, is subsequently deposited
in the trgnches, 15 70, 74 and 76. The insulation material 150 al so extends

over the edge_of the trenches_ 70, 74 and 76, _so that it fills,the trenches
70, 74 and 76TBnPRRH¥e SEVELOPRE™ECt ¥ ER éjr?ﬁl?%ﬁﬁlﬁr}sonoifay%r%?%r%?%er
parts of the 8BeppbRbst abweR@rAs thkovdiepresiiigmse altd, et gt dnesnedang ager 160
i s subsequently L.e davel Qﬂﬁff t 2
above the tre%cﬁggg%hi%tﬁﬁﬁgﬁsggogggsrgéﬁ3ﬁﬂsglﬁﬁf§%ged tdéﬁ%H%%$ﬁ%é§ The

i nsul ation | ageehed 1500nsidesablenmpya®rien t eardyi on ©ia he RIXERMESHE62. I n
a subsequent gegegssishep, the sacrificial polysilicon 130 is renpved from
the trench 72, e.g. with the aid of a wet-chem cal etching process
selectively with respect to the sacrificial nitride |ayer 102 within the
trench 30 72. otherbaidvDopiietsl22an el ngatledde fromchth&?. fdhkowisg dues

of the photorgsist ;1 aysh 16QA" e SURSAMSN  VeliSS®Rhes.  Exemplary
embodiments of the invention are explained below with
30 reference to the accompanying drawings, in which:
figures 1A to 1J
show intermediate stages in the fabrication
of a wvertical field-effect transistor in
accordance with a first exemplary embodiment,
35 figures 2A and 2B _
show intermediate stages in the fabrication
of a vertical field-effect transistor in
accordance with a second exemplary
embodiment,



As shown in figure 11, the sacrificial nitride layer 35 102 and the
sacrificial oxide layer 100 are then renoved within the trench 72 with the
aid of two etching processes. As a result, the trench 72 is free for the
deposition of ;g1g3bg0xide in a subsequergt _ret hod step. The bottom oxi de
122 still remains at the I n1232DE - 13 bottomof the trench 72 and

pronotes the ngﬁreeposshb% oftHde g@be Q%ﬁ deviemttibalr egf@@l@iefh@c@orners
of the trench 7 wer edges of the thench 72. 5

and in the region o{
A shown tn 1igure 10, GrASPASERTHe HoR R 1TONPs MCHRLPTEd BT FE LR feval |

of the trench 72 with tlina ahdeaPraM, her ral oxi dati on. The gate oxide | ayer

170 conpri ses 5| |co g{)h ®a foraﬁax,g{@l €y %hJ%:ﬁlacallo Ehi gng§§ei€% 20

nm for exanp &5 mI:ﬁe oxi produ0| ng oXi de ayer
carried ot in a tenper&rangisdnge of 800C to 1000C, for exarrpl e. In a

subsequent nethgd, st ep, sﬁa%ph%s Sib&PNod 72 khrbigiepos t edyépcibgrtrench
72, said silicon Bel ng n-doped, for exanple, and thus el ectricall

conductive. The trench ‘ﬁ2e|1§ EEEREY oAy YoFhefanhly V\F?ﬁcg‘ﬁ%‘iai d of
an LPCVD met hod, so thagake Er@lgean@r weidds are pr oduced wi thin the trench
72. A chem cal rrecha i cal 20 pali net hod Lo n | ati ng
material 150 F$9PREN°caPPPYd olft . }&) ¢ ond Y, an ox? e :(ED)]Z.%PI cs:ésu Jég;‘%ﬁently
produced HHbove the trenvert2ckdr exbiwpld affect enpérangietoirsO00Cvand 25

wi th an oxidation durat Eg@_ Bﬁrﬁ%ﬁlmﬁ% e§e fansexampl e, in a wet oxidation
process. Contact hol es | d to ra| region 16) to the connecting

region 54 and to the gate region forned by 30 the anorphous silicon 172 are

etched in subgsgguedt: Mol E:@N%inthe kilyedetdeistepsyl Dén fadnisat i ng
transi stors are then perfornmed. The resuhtl%%l\/m transmtorg&l\/bt al Oxide

35 Seni conducP8Ef wi® h T2RFCE el VERLARR TR e | 6OF aSWHBFIH0E: -
source rexg onvbbtragedr aiof r égiteeld W tioldsectandal2d evol el wéthf ahe

drain region, Fﬁbm@%%%% atscgféﬁngd%r}a %er cﬁls( aﬁ&éﬁé‘;ﬁ%@@%séé@tgﬁg 182.

The gate |eng is e |st en t e region and
the drain regedn tis prhacess tse@ienge appnohmc@@l@qdalwnttéﬁth?éoaépsh of

the trench. Tg%e%%t egyi-dt @a}blsléﬂf:'ﬁllgt biker | engidbRindde Jer ergh 7gamihi ch
is not shown In e Cross- SeCtI onal ~ draw ngs.
integrated circuit arrangement and be carried out

20 jointly, e.g. with process steps for fabricating
shallow trench isolations (STI) or gate stacks of
planar field-effect transistors. Two process variants
are explained, the first process variant of which
relates to vertical field-effect transistors having

25 trenches of the same depth and is explained with
reference to figures 1A to 1J:

Figure 1A shows a p-doped semiconductor substrate 10.
In a first method step, an oxide layer 12 made of
30 silicon dioxide is produced, which has a thickness of
5 nm, for example, and has been produced at 800°C by
means of a dry oxidation for an oxidation duration of
about ten minutes. A nitride layer 14, for example made
of silicon nitride, is subsequently deposited. The
35 nitride 1layer 14 has a thickness of 100 nm, for
example, and was produced for example with the aid of
an LPCVD method (Low Pressure Chemical vapor
Deposition). Afterward, shallow isolation trenches are



hl

A p-channel field-effect transistor is fabricated, in 10 principle, in the
sane way as explained with reference to figures 1A to 1J. In this case,
however, an n-doped silicon substrate 10 or a correspondingly doped well is
taken as a stfﬁi%@gDﬁoint. The dopings_p?OQUced with reference to figures
1A to 1J are péerforned with doping 15 material of the opposite conduction
type. The Pr ogses SEIVENGE Mdded I 8AChEENdL tradiaviRy the s dapth as
expl ai ned wit re?erence to figures 1A to 1J already |leads to a reduced
space requir ef#REtHRt20l0ertical transistors having a long gate Iength in
conparison wth customary planar transistors having the sane gate | ength.
Wth trenches_of different depths for.the vertical transistor_a t.he

i nsul ati on, thits cgopéﬁﬁfigre nt® cgﬁaggg%’ge%}gedn? Cf%erf%lrn 3 g&écaolr?ld

met hod 25 5varrapionEd$enta ghhiotdres jgtockagest éps savosleaiusad 1ui tdppleifest ence
to figures 1 o] ar. r{or N the c th ec, d variant
as well. D ff%ltrlen%%es arﬁe&g‘xép?airi%g'cff\?\ﬁ tl%'reggﬁgir%%g t%néi gcg%ges .Ag&z;'nd %B. 30
I n the secondowkehbdbearpamroduicest |abqel the hetRBdEEaPs T8GHA nl above
with referencgnt 9chi gpeantAtt onlEsactRfuentay. Jddawa\ey ok ! r@neihg 6a
corresponding to the tregﬁh,76 and.havigg t.he rencg width Bl.is .,
fabricated, ivBiCRoUTRE r SFGHEs ¥6H1P8 7632 Have PREdXne™38°RFAt h B and the
sanme deptilo | acfupvee 2An elrfregpe | dopirmgal tThée hosesiduksgurods ltthe o 1B
are desi gnated the. refe C t followed by a | ower-case
letter a. Thunggﬁgeg%éﬁc 8 8§Oéggog9§én?§ﬁcyggéugh cut-out regions 62a to
68a of a hard mask | ayer I n1232DE - 15 60a. The hard nask | ayer 60a was
applied on a Ritgideql i f Gy A ind | thidy gxi de
oo 12a. At ROt Fenindzenty iethed Hor prdiRlding dEedvde At A
drain region 18a, iSor FAFSMF 100 tFFBLRA ai AUFegi OR 1615 eSred Iy

bgl ow éhquiﬁﬁotayeéié%g&aﬂ%tzenq@HSaﬁégié@ &fg)g €né end ciiiglt 1‘&&@:? ed
“buried" sour regi on a. e trenches ato a_are subsequ ille
wih o 10 111 Fing IS SPGNOTRI0 S i eH ba? Conl | BaS FamA o Gl LhreR
with respect to spkbduome eag. catohdt or2esi stthymigicr ydtiatl i nedwektniaim or
pol ycrystal li L - gerpani ALl us ted, ig 2B; ter a
| i t hogr aphy ngﬁﬁgg&hggebegﬁlﬁgar#@eﬁu#l?rhe f%%?i ngrlrﬁg'ééri g@zo%?ﬁé
subsequent |y Pepgtsatagaiahtr dRrtehsher EauKEs 70918Rd1B65°oWPENIPRECI d of an
etching step. An additional etching is then perforned, during which the
trenches 20 70a and 76a are, dee gned such that their bott%§1202 and 204,
respectiver,TPPe§4ﬁ%ﬂﬂ?¢Q%9HI£ bePR&w LYUrce FEYFBH 18a.C3Fhe®piBcess
steps expl ai ned Walbriedeegnass iy f ither es@be2plastoMadt ovigd byet/heape ocess
steps expl ai ned, abqv ith_refer I J. p-type
field-effect %Pgﬁgggﬁoﬁé ggxgaﬁggﬂggc%§b§?g§%52 %%t%ﬁggéane way as
explained with reference to 30 figures 2A and 2B. In the process vari ant

expl ai nedyd astnet ke @R BEc{/88n0RHR TN Olcd Soki koW seepssondhatdy
determ ned by the depth _of the trench_ 72a. Howe ipsulation, 35 with

ver, the
respect to t h8UREFERERL 100RFSh&REN N 4O /R P BIERE TR HeERIPRNnch
76a, for examke 201 yteoueat2@0 dfO 2RO BBUrce region 18 is 1 um in
the exemplary embodiment. By way of example, a

“? (doping atoms per cubic

concentration of about 10%° cm
30 centimeter) is chosen as dopant concentration in the

drain region 16 and in the source region 18.

As illustrated in figure 1B, after the removal of the
residues of the photoresist layer 20, a photoresist
35 layer 50 is applied to the nitride layer 14. The
photoresist layer 50 1s exposed and developed to
produce a cutout 52 above the edge regions of the drain
region 16 and source region 18, respectively. Ions
penetrate through the cutout 52 in a plurality of



I n1232DE - 16 Figure 3 shows the use of vertical field-effect transistors
220 to 226 of a nenory cell array 230. The vertical field-effect
transistors 220 to 226 are part of a drive unit 232, which is separated
fromthe menogy536gk! array 230 in figuy@ 3 by a broken line 234. The
drive unit 232 drives the nenory cell array 230 for exanple according to
the so-cal |l edgNeRegBtiHied orimerpithtibd 0 t ke eNAND npt bRd. Ifedheasiaid i cal
transistors 220 io €26.Were faE{Ii cat elq.bl){ a, net hod+_%§ has been ex Iai'ned
above with retBPLAREAFLOR| gBPRERS A  BHAGHor 19RS 1 012 .Opleerrﬁ‘na‘fesr%, 242,
244 and 246 otothectiagsiregdon HA, D22th@24éxemdld2§, emdsydHetantel ythén this
order, are at kals 10cyol t:s,: . 2 t - | t n volts.
Gate term nal g&cz?éggf'%ﬁé%géglgﬁe P%ané’?%t%%%\i_%oﬁogr%%g\%r eéndérai \c:defn 0r§/ a
control udit tesion| |t amdedyrhien spdeeet oregicre dhor pLEerl sthe tHE nenory

cel | array 230njn,8650%6aN¢8pYebBnaelr B9 *MH RE JHRINOME Ore it asddiuedd hod.
20 However, the drive nethods are not the subjrgﬁgggatter of the present

appl i cati on af8 BRe RBPtorRereforaYeExplafhed ‘further detail. A

basic circuit for a nmenory cell 260 of the nmenory 25 cell array 230 is

specified in fjgure 3. Further menory cells of .a nenpry_pmaLri [

i ndi cat ed by i#‘gm?oé“p @ftafﬁé)not%%?p%ﬁﬁlfly %cé sb%f p?ﬁgxﬁ%lerr%r f)%cg?t%lfray

230 are ddnstpathed fnkéimke ifermbiip del Ima2e0.exxdiwn treiTDr the e¢ ¢n XSO

contains a Mege! id AverA ol g%c%eg 3 oyl et ANRISE OF . 66 2 £ TS MERDIrY
264 is a field-eff

transi stor _ ct transistor wwth a charge-stori ng

i nt er nedi at e PEgBENg6P hetmeBFhesgafert faRmdatiny afdea EhethetfFegf on.
The gate terntpahs2£Boks connected to 35 a word line 272, which leads to a
termnal 274 of the transistor 224 and to a termnal 276 of the transistor
226. A termnal 278 of the transistor 264 leads to an auxiliary |line 280,

t he poterty al Aef whowh daas mdiguref ldence t et ograsskr rigpyved ef@si g of

t he nenory LN 217 15 20 e 0-.,At i 282 of
the transi sto?uéégélu[)gngé ngggelé%tdo Oéizttekr?ér_:i ﬁgFgggg g%yt%%e lt%'an@%sntlgﬁa%. A
gate term nal m288 devele 60r Aeripstiges AEQeadsetraet ik t ethodt Hitape) 288,

which is connggtedotingn d er Mimnah 2P0 dgtdsny I ariRr é20RbEofes Bst )
term nal 292 of the transistor 222. Atermnal 294 of the transistor_266 is

, 2
connected to A2BRE HisneRBEL A whRcrhend'aRd vB2gki t-ay83 | | B¥PASFDI t age
of 6 vol tx i nahbepagserakdpr egrammand , anthed heald agsiof6® vl dsenedthe case

of erasing the nenory |1 0. e menpry. cells explained wth reference
to figure 3 aFggﬁgﬁ’Bry%gél I gq(jf E% EI?IQ%\AGan asboq‘f:eal | TR r‘r%?mr@é
nodul es, therproduoely dne eenmtchtimgnspsocessn dmeavspbsedue2d0. RAEdri ve
transistor 268.LR:Re0 JGESSSALL AL-aNaLEsr syemRl atyesmhediTen: 82

4 and the dri 266

menory transistor ' h ve transi stor are realized I n one
transi stor, iPeodpAiagsdremdhas stit7gat &4t rransi 3¢ ot inPRals s offdh to
all the oo | shkadet WiRshdERhEORGirNOMEYESn 18 tdid 8L88HNEN! §&@ese and

proar a9 veLERAED £, CmBAahY, M A i uce, 278, nepeosaly, I ch
226. Through hbheeuse wifddtheBVvesfi a0 tmanfost exsmp2e,t @anZze@ déstldrofe unit
232 can be m ni ﬁ.&.‘f”f%ﬁ‘rd e%?a@%deﬂgetf’énéﬂt 9@ AbikOn WHBASeS, Iymibg same
way as the nenory’cell arra 0.
is about twice as large as the width Bl in the
30 exemplary embodiment. The trench 76 also has a depth of
about 1 pym in the exemplary embodiment. All the
trenches 70 to 76 reach as far as the source region 18
and end approximately in the center of the source
region 18. The trench 74 isolates the drain region 16
35 from the connecting region 54. In another exemplary
embodiment, the trenches 70 to 76 are rounded at their
bottom to a greater extent than is illustrated in

figure 1C.



Figure 4 shows a plan view of the vertical field-effect transistor 222,

whi ch has been fabricated in accordance with the first process variant. A
rectangl e 300 circunscribes the chip area required for the transistor 222
including an ipsyhapgon clearance with_regpect to adjacent conponents. An
bnsul ation clearance Al in the longitudinal direction of the rectangle 300
has the widthrB: ofetbgubiensh The Ahdr®sUalkonegl earanceubRequémd 232DE -
18 in the transverse djrecti of the rectangle 300 likew se. h the width
Bl. A trench FERGVRIL1 PFé’&’&q[]iYana"rl’F%/ H%f)%@‘t‘g%l Ph U F 1§ aYehe
wal | s on bot hldi deanof st eguemtll y72 beontrenmuesi t 0 Irhe Bhe r agsespbarw dt h,
the el ectrical : Y, 1 Wi,s. twi | acg he. tfen ngt h
L1. Figure 4 addr F‘Ié%gllgzl’y%ﬂweuse{}r'at&elze s]\é%gggég%n?gc%ﬁl%lﬁl (%4?%?%

| ead via the énmexei ngtr egewoved. t A héliosbupted sbur éougg #1821 Lyi ng

to the left ob,tRgetbaNchs 72 HaH 1daerGQat r eht! eghoN pHRAIM AT ai NegoAt act s
320 and 322, which |lead_to the drain reghﬁg 1&@Petmeen the,t&enches 0 and
t

72. Two drai nS@6RE&ELSa3240%REe3262YST n VAinght 2of CRAEXPPERCHCY2 | ead
to the drain 19 hegi ofvbekwasplihe THenckidataod tie taentbd74ud nforder to
prevent the silicoggfu str%te 10 fromb igggg%arged in the region of the

field-effect EFENSLSt 6F 222" PREPEFS S sINSt rdte contact 340 between the
drain 20 bntacts 320 and 322 and a substrate contact 342 between the drain

contacts 324 %ﬂdsﬁéﬁi§19§a§Ub§£EPE&eCOP§f@£ZJ%ﬁ? angh ;342 a%?}!@ﬁylaéﬁd from

the drain region epar at e nitépe, pké%p and so-cal I'ed iple wells, as
are cust omar y eHowRdgy s hasand bEhép¥ngsed @ MBuBRdt A6 JRIPBICeheVstBstrat e

contacts 340 apd 343 Jh L h@cvexemBy andwdbr&sdsre LdRedi @41 vegbsn |ies
at the end of _the trenches 70 to 76 and .the source region.lies in_the

U cinity of Ct REPGRBSLPRIe. sif f BRER SPERASH o8 EABuS ST At T cPrife

t hrough awver lagelr flioel.d-ef fect transi stor 350 with doubly cascaded gate
regions. During the fabrication of the field-effect transistor 350, four

trenches 70b, 72b, 74b and 76b are 35 produced, corresponding to the
trenches 70 t&s76hand ti thoureddhes 7t ten Eaid erl2an H44i andnal

trench 352 wag gl sQgpr edupeechebweenchbechhengh 74brandcbhe Lhepchrréb,
said additional trench _having_the sane,di nensions and the s&ge fillings as

h
the trench 725XeNCHRE2IIDEQ 19, RbPeovdr 2% FDFiG bEt fReRepRaty
trenches @b @ndsidh .i Mrhideokidesiddmys i3l | wishothd Vva® 8% |tdtgeHBB t he

di st ance between.the trenches.72 _and 74 .and between the trench and
74a, in ordermte('fh(?r%eaﬁse @f)gﬁ%df %Pc?(héﬂé‘l’frg%%haé 2.OftAsa%aﬁgFfé%1§§r§§§]é

di scerned in pirgwess5,untiel comhynelthiodrns tairongxvde t 128l dizdowal24 880 to
366 of the trengh Je?éb%‘%vﬁw heerhd £RE Na 8520 A3 1Sk t End76rbAdheat e 10

t he quadrupl e current romdrain regions 16¢c to a source region 18c.
The control réddi &9 7fn the trenches 72b and 352 are electrically connected
in paral Iz, see connections 380. The drain regions 16¢c are al so
electrically nnect ed .in paral lel,. see connecti.ons .15 .382. The_channpel
length 1 of a%%ﬁaﬁﬁﬁnqggﬁezéeggnagj?ﬁﬁaﬁﬂg?rgﬁg?ﬁdﬂw & PH88Pﬁ§r
exenpl ary enbediordfticiatore plodystivdcoant r oll 30egi onSheor npaerﬂﬁéuiabur
channel T egi 00%,13/.9 142962900 20 | Mhdh LLARNSS O 4 Mol B8aPILE: 4Rl Leebor
driving a nenory-cél'l” array transistors having a mni nmal w are al so
used to a | args &arems theiurnew 2dgs 9brthe ntrenenesd ensPorbeofe.g.

30 with the aid of a chemical mechanical polishing method.

As shown in figure 1F, in a subsequent method step, a
photoresist layer 140 is applied to the planarized
area, exposed and developed to produce cutouts 142, 144
35 and 146 above the trench 70, 74 and 76, respectively.
The photoresist layer 140 is closed, by contrast, above
the trench 72. The sacrificial polysilicon 130 arranged
in the trenches 70, 74 and 76 1is then etched
wet-chemically selectively with respect to the



25 a transistor designed for 5 volts are . W= 0.35um L =0.7 ~.un and A
= 0.9 dun. If such narrow transistors are required, the highly doped
termnal region 54, 54a or 54b can directly adjoin the trench 72b for the
control regi Ofl? égzﬁgr s case, the channe{,forns only at 30 one trench wall,
e.g. at the ?’ 60 of the trench 72b. Fr gure 6 shows a plan view of three

vertical fiel Qa@fi?ﬁéléla@ﬁltﬁ:ﬁc&é 180er40DANdTABS KOEt @Shti@ 3o,
parallel, which, ins ei sof t he, trenches, have c Imdzbcal 8§§ss,} ns for

the control rleﬁrf“lor'f’é1 oe’ée’()ﬁ”t%utlnsa%?rgttr al s p ' for
exanple, to fabspeatﬁsvemyy neeibllekdoéf ftbet phoanxiestienr 4G eolBly ase a
single transrg%1 ms ﬁe of 5 10 15 20 25 1 nl1232DE - 20 cylindrical
depressions i 3BpF8 € in particular for very wide transistors, because
t he reductd on of the layout width is particularly high with cylindrical

depr essi ons. he ?s?fé {10 4 trﬁlt%ldgﬂer_syerl S1§he daef | BB@HSnQ'.‘LlS/heoéV' dth,

Pi is the nu esarre name _an IS the radius of (%llrndrrcal
depr essi on. | Ferpeedj Eramethecivaldgn oifsitdies tagncdiafed Cabo7\fje %4 ' § efrence

to figures 1Aatos%1~ﬂ)s%@ﬂlefdtguréi§crﬁ/hgandst2&3 t hgowbaapel regison iis cmml etely
msulatedfronb g strate, nanel Iaterallé%lbythe tenches, c%ntothe
depth by the BOF Htg Yir RCOPSER Y n CactBbht Fof 1 thi A II:Ja enent ,
such a triansi dageri 402 ntdmar allsoa manaim an 30e ttrmmlsemﬂ()& I74c oan@n

I nsul ator). S ch strength of SO transistors is
significantl yl?Eet ?egﬁ%hggvtg t of bulk transistors. This advantage al so

applies to the vertical field-effect transistors. The depth of the vertical

transi stors can he neducaddsia rayide 1M eonenlathenSentaidied drsyer
capability of the vertical field- effect tr nsrstor is in eased by the

adopti on of p?ogertrq’ﬁ@sg'ofl%rnsgéﬁe%ﬁ%ﬁ ¥t FHEPOHE ¢ ahBi 232N thus
be reduceds vm t7b thq e@hect7iel . c aheprioparlid oro triey oy isel rmiaﬂm eiat?e:sds;re

I n1232DE - t d A field-eff t t 2
dgped channel VS@ gﬁ‘ arefj%:?g&f &ttt nér%%h%esp?@s’sri)%ns@ 7 (3gn%h%pgﬂ ed
termnal regi (ﬁml(L$6)theeaIr%rmlmsan7<hg aft wmel deprandi sk (t?li_e) ,S&BR/i hyme doped

termnal regi télS% g;{rpt%rf‘sm@ttl% ORgYERy. 140 Ja¥dN0 ga 4Nt bel £rgi on
(172) arrange int epr essi on
transistor.
20
As shown in figure 1H, a photoresist layer 160 1is
subsequently applied, exposed and developed to produce
a cutout 162 above the trench 72, in which a gate
region is intended to be formed. The insulation layer
25 150 is then removed in the region of the cutout 162. In
a subsequent process step, the sacrificial polysilicon
130 is removed from the trench 72, e.g. with the aid of
a wet-chemical etching process selectively with respect
to the sacrificial nitride layer 102 within the trench
30 72. The bottom oxide 122 remains in the trench 72. The
residues of the photoresist layer 160 are subsequently

removed.

As shown in figure 1I, the sacrificial nitride layer
35 102 and the sacrificial oxide 1layer 100 are then
removed within the trench 72 with the aid of two
etching processes. As a result, the trench 72 is free
for the deposition of a gate oxide in a subsequent
method step. The bottom oxide 122 still remains at the



and having an electrical insulating region (170) between the control region
(172) and the channel region, 15 the termnal region (18, 54) renote from
the opening leading as far as a surface containing the opening or being
electrically ¢gpsyshivel y connected to_amelectrically conductive
connection leading to the surface. 20 2. The field-effect transistor (222)

as clai ned i npstabmm 1ofwhesred n thenbarrr'rmal drefi opsondBes 18xheontgéarx t he
sanme dopant cgncentratioq%gn pants of the sanme onductlon type., .25 3.
The fi el d- ef f 88RO+ BHSR st 9& Sl QFHEE i P It 129793 Kher® R the

channel regi otohasra bénghk @tpnchrﬂéspmddhmgtm@ meguannoﬁvwherﬁwwarof t he

depth of the SSkO 7 The field-effect transistor (222) as
claimed in ong8§%§t§£ E?écé%?ﬂgﬂcﬁglns wherein the depression is a trench

(72) or a%hole. 35 5. The field-effect transistor (222) as clained in one
of the precedhgg h&inTs. irvherigdurd ey Ch%nn@_ﬂatreEQbStE!db' e§a9@rb0117|05|ﬂ§5 of

the trench (72) or ,al ong the entire phe f the
5 10 15 20 2598posited HAfe Fhe &léiﬁr"gg L5t For (62"2‘3) 32 (‘f"lle}lne on one
of clains 1 teid, dmeéEIthe&'h\alem&l‘tﬁti’cﬁgl Omhbl @%MI@XQ@eoﬂeyﬁrdelm t he

trench (72 | t of .th hol &4 71T,
[ ol a-of fcbt TPRREERD Pob57ons otafhdR’ | h-ghe SFDRES or okl Rl o .

wher ei n tlie t ehitkakssegpdn 3A)m s erfote ferempilies ofbri ngxidation tﬁ@rreglon
of a plurali t]}5r8£1ui:.i§95'e%ﬁeor@a1 @ucfészﬂay@f ef{epably calri@aStoltwo; Pr 5 at

| east three depressions, contr ol glons are arranged and at which
channel regloﬁ§maﬁHaFéFﬁ1ﬁapgﬁeaﬁoﬁ905§68P hEP FrefBpeRiAGEl&re arranged,
and wherein the control regions and the term nal regions (16c) near the

openings are in each case electr gally connected .in garahLel (ﬁgg?..B. The
field-effect tPafsi Tt § RELEPY MEFPn THRERHC he pras i iy <1 5F s,
wher ei n tlte déepes$ted (A2 x hieort rielmehc G2, rcda:rc“egandmcamj ke depresdoped ( 70,

76) filled mnggf %aﬁﬁi |cagnh?sg*gélngl g{&gilg @ﬁg@%é?ﬁ% Lielggeffect

transistor (2 adj acen ectrlc sane dept h.
9. The field- @reech t%2an355tfdrll(@322yoa§oemalhﬁd fiar oﬁéamlel i 1the 7

wherein the dgphess Qh (/BdvHOhetiBACORY And€The&Nnbassa cxB}d Ris daiaéh t han
a depression é?Oa 76a) fil]ed th a Ieghrlcal sula |gﬁ nat er ai

bet ween the f EPGuE?ﬁeleqn%ﬁwl ort Y%ﬁé% d & &G %E??%h?%
conponent20 10poI|ilehang| teehibec whilchnstipe (222)e amsnh]aau:ﬂadglmabemaﬁ t he

precedi ng cl ai n S ting region (170) has an insul ating
t hi ckness of %Eﬁleasgh%é ﬁ%?rﬁFgfgpgbly 20 nm

Optionally, an oxide cap is subsequently produced above
the trench 72 for example at a temperature of 900°C and
25 with an oxidation duration of ten minutes, for example,

in a wet oxidation process.

Contact holes leading to the drain region 16, to the
connecting region 54 and to the gate region formed by

30 the amorphous silicon 172 are etched in subsequent
method steps. The known method steps for fabricating
transistors are then performed.

The resulting MOS transistor (Metal Oxide
35 Semiconductor) with a vertical channel can be described

as follows:

- source region 16,

- drain region 18 with electrical terminal 54 of the

drain region,



and/ or wherein the distance (1) between the termnal regions (16, 18) al ong
the depression (72) is at least 0 . 4 y.zm, I n1232DE - 23 and/or
wherein at | east one terminal region (16, 18) has a shall ow doping profile
gradi ent whi ch,pgsghts a switching voltagge bhaving a magnitude of greater
than 9 volts or greater than 15 volts, but preferably less 5 than 30 volts.

11. The use of thechhghdietbgebnt (aB8i§EOLrEdP2)808Safbaiprd in one of the
preceding clains as driving fransistor at a word line (272, 288) or a bit

line 10 (296) of a menory cell array (230), in particular of a flash nenory
of an EEPROM mrevigat@duéegti2isTheguske b tee fdbs dardé ebetivensi shor
(222) as claiped_in qQne.of t cedj ng j for._swdchj a.lb | t age
havi ng a mgn??‘ﬁﬁgeof%%r_lg%]t eir@t ﬁéﬁ qu{vegl?gé%ng?ggpgrﬁ%’ankﬁgtv&%t s%/&but
preferabl b | essyt BRRre8imakedy eguaih et kbe KCepthamf ddie grendh el Bhef f ect

transi stor 20g£8§2)w1djeh Part igiAr gof itld- ebhget Uranshet @rehe2)7as
claimed in one of clains 1 to 12, having the follow ng steps to be
performed wi t WBHERr &8t PPEL FBAWBY 1PhEDEr HEPSSpEEFFLeR2IpAEFIIPER - of a

carrier material (10) having a surface 25 to be processed, formation of a
termnal region (1 near the surface _and _a t.erm.nal_region 8). renpte
fromthe surfgca’cﬁzﬂrﬁhet' oh* &t é?Efi‘l%SEt %5ﬁgs&§&°§ssf%n%%!?f)l,c%d(th T8ads
from t he 1Cr nppahcip@eon ifil Ghenesame heagurbacxpdsifmd 30 s tédEetrenad nal
region (18) regolg ftam bhe irfAceror (phbclabeadnd /oA rapl fladolqt he
term nal region nedr the surface to a regron tor the termnal region renote
fromthe surfaééicppogubsitsatef 18n o& éctqarzgsRaingihFergerwellrodsin 35
the depressi opakdRd) .ad Nhr QG QY oéoﬁﬁt.el atld | @bl g opdeeticed centy ol
region (172) into the depr%sa on (72). In1232DE -_24 14., The_ neithod as
claimed in cl BPEPESCRhEPeitH SHHESt dAmdQ ¥ G & RETRFISH I HYi RIS

per f or med. Pef paeerhalf ofmaheonppbstihe deptdession agdeor before the filling
of the depression (72). 5 15. The nethod as clainmed in claim13 or 14,
conmprising the follow ng step: formation of a connecting region (54) from
the terminal Thgi orocEBs remmiende om tihetsenthee 76 tive Surhacindfth® t he

sem conduct or shﬁ&éeﬁeg%ﬂ) aslgaip-ﬁt%ﬁrfgﬁ RAG RS- & ARk 1¢) Of;fég);@feé:' PAMEo13 o

15, wherein at least one 1 nsulating depression (70, 74, Is formed at
the same tinmelds 2hecadyr dadm EP2)af oreducede SRS oF eABgrEAent of

20 vertical transistors having a long gate length in
comparison with customary planar transistors having the
same gate length. With trenches of different depths for
the vertical transistor and the insulation, this space
requirement can be reduced further in a second method

25 variant. Essentially the process steps explained with
reference to figures 1A to 1J are performed in the case
of the second method variant as well. Differences are
explained with reference to figures 2A and 2B.

30 In the second method variant, firstly all the method
steps explained above with reference to figures 1A to
1C are performed. However, a trench 76a corresponding
to the trench 76 and having the trench width Bl is
fabricated, i.e. four trenches 70a to 76a have the same

35 width Bl and the same depth. In figure 2A, elements
identical to those in figures 1A to 1B are designated
by the same reference symbol, but followed by a
lower-case letter a. Thus, the trenches 70a to 76a run
through cut-out regions 62a to 68a of a hard mask layer



17. The method as clained in claim 16, wherein the insulating depression
(70, 74, 76) is fornmed with the sane depth as the depression (72) for the
control 20 region. 18. The nethod as clainmed in claim 16, wherein the
insul ating dephesshep (70a, 76a) is madejgeeper than the depression (72a)
for the control region. 25 19. The nethod as clainmed in claim18, wherein

the insulati neoaepneﬁesilmm Smaslderlayl@an gde mraﬁﬁmed(w 4 onithedeontr ol
region at |east n, up ect nd wherein,the two_depr.essi on Qare
formed in a c Pr?fﬁﬁ %O‘laet @ﬁﬁﬁg‘ pr s Fn%ﬁ 3}8& Dep? esstdhs at & et ched
consi der abl y fayerdéegpl. yAﬂﬂarthmartrmmha:beﬂr(bss:lo)rﬂsGa lie in a silicon
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The process steps explained with reference to figure 2B
25 are followed by the process steps explained above with
reference to figures 1D to 1J.

p-type field-effect transistors can also be fabricated
in the same way as explained with reference ¢to
30 figures 2A and 2B.

In the process variant explained last, the length of
the gate region is likewise essentially determined by
the depth of the trench 72a. However, the insulation

35 with respect to the adjacent component only has a width
Bl of the deep trench 76a, for example only around 100
to 200 nm.
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according to the NAND method.

10 The vertical transistors 220 to 226 were fabricated by
a method as has been explained above with reference to
figures 1A to 1J or 2A to 2B. Terminals 240, 242, 244
and 246 of the transistors 220, 222, 224 and 226,
respectively, in this order, are at potentials of

15 10 volts, 16 volts, -10 volts and +10 volts. Gate
terminals 250 to 256 of the transistors 220 to 226 are
driven by a control unit (not illustrated) in order to
drive memory cells of the memory cell array 230 in
accordance with a programming method or erasing method.

20 However, the drive methods are not the subject matter
of the present application and are not, therefore,
explained in any further detail.

A basic circuit for a memory cell 260 of the memory

25 cell array 230 is specified in figure 3. Further memory
cells of a memory matrix are indicated by arrows 262.
The other memory cells of the memory cell array 230 are
constructed like the memory cell 260.

30 The memory cell 260 contains a memory transistor 264
and a drive transistor 266. The memory transistor 264
is a field-effect transistor with a charge-storing
intermediate layer 268 between a gate terminal 270 and
a channel region. The gate terminal 270 is connected to

35 a word line 272, which leads to a terminal 274 of the
transistor 224 and to a terminal 276 of the transistor
226. A terminal 278 of the transistor 264 leads to an
auxiliary line 280, the potential of which does not
influence the programming and erasing of the memory
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conn to a terminal 284 of the transistor 266. A
gate terminal 286 of the transistor 266 leads to a
further word line 288, which is connected to a terminal
5 290 of the transistor 220 and to a terminal 292 of the

transistor 222.

A terminal 294 of the transistor 266 is connected to a
bit line 296, to which the drive unit 232 applies a

10 voltage of 6 volts in the case of programming and a
voltage of 0 volts in the case of erasing the memory
cell 260.

The memory cells explained with reference to figure 3

15 are memory cells of an EEPROM. In so-called flash
memory modules, there is only one memory transistor in
a memory cell 260. A drive transistor 266 1s not
necessary. In another exemplary embodiment, the memory
transistor 264 and the drive transistor 266 are

20 realized in one transistor, 1.e. 1in a so-called
split-gate transistor.

What is common to all the cell structures mentioned,
however, is that erasing voltages and programming
25 voltages of comparatively high magnitude are necessary,
which are generated with the aid of the vertical
field-effect transistors 220 to 226. Through the use of
the vertical transistors 220 to 226, the drive unit 232
can be miniaturized as the degree of integration

30 increases in the same way as the memory cell array 230.

Figure 4 shows a plan view of the vertical field-effect
transistor 222, which has been fabricated in accordance
with the first process variant. A rectangle 300
35 circumscribes the chip area required for the transistor
222 including an insulation clearance with respect to
adjacent components. An insulation clearance Al in the
longitudinal direction of the rectangle 300 has the
width Bl of the trench 76. An insulation clearance A2
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' g ' llkew1se Cf‘las the width Bl. A trench length L1 is
additionally depicted in figure 4. Since the walls on
both sides of the trench 72 contribute to the

5 transistor width, the electrically effective width W is

twice as large as the trench length L1.

Figure 4 additionally illustrates source contacts 310

to 314, which lead via the connecting region 54 to the
10 Dburied source region 18. Lying to the 1left of the

trench 72 for the control region are two drain contacts

320 and 322, which lead to the drain region 16 between

the trenches 70 and 72. Two drain contacts 324 and 326

lying to the right of the trench 72 lead to the drain
15 region between the trench 72 and the trench 74.

In order to prevent the silicon substrate 10 from being
charged in the region of the field-effect transistor
222, there is a substrate contact 340 between the drain
20 contacts 320 and 322 and a substrate contact 342
between the drain contacts 324 and 326. The substrate
contacts 340 and 342 are insulated from the drain
region 16. Separate n-type, p-type and so-called triple
wells, as are customary nowadays, can be obviated
25 through the use of the substrate contacts 340 and 342.

In other exemplary embodiments, the drain region lies
at the end of the trenches 70 to 76 and the source
region lies in the vicinity of the substrate surface.

30
Figure 5 shows a cross section through a vertical
field-effect transistor 350 with doubly cascaded gate
regions. During the fabrication of the field-effect
transistor 350, four trenches 70b, 72b, 74b and 76b are

35 produced, corresponding to the trenches 70 to 76 and to
the trenches 70a to 76a. However, an additional trench
352 was also produced between the trench 72b and the
trench 74b, said additional trench having the same
dimensions and the same fillings as the trench 72b.
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72b and of the trench 352. Arrows 370 to 376 indicate
10 the quadruple current flow from drain regions 1l6c to a
source region 18c. The control regions in the trenches
72b and 352 are electrically connected in parallel, see
connections 380. The drain regions 1l6c are also
electrically connected in parallel, see connections
15 382. The channel length 1 of a channel is represented

by an arrow in figure 5.

In other exemplary embodiments, more than two control
regions for more than four channel regions are cascaded
20 in a transistor.

In the drive units for driving a memory cell array
transistors having a minimal width W are also used to a
large extent. Typical values for a minimal dimension of

25 a transistor designed for 5 volts are : W = 0.35 um,
L=0.7pum and A = 0.9 um. If such narrow transistors
are required, the highly doped terminal region 54, b54a
or 54b can directly adjoin the trench 72b for the
control region. In this case, the channel forms only at

30 one trench wall, e.g. at the wall 360 of the trench
72b.

Figure 6 shows a plan view ©of three vertical
field-effect transistors 400, 402 and 404 connected in
35 parallel, which, instead of the trenches, have
cylindrical depressions for the control regions. It
goes without saying that it is also possible, for
example, to fabricate only one field-effect transistor
400 solely as a single transistor. The use of
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cylindrical depressions is appropriate in particular
for very wide transistors, because the reduction of the
layout width 1is particularly high with cylindrical
depressions. U = 2 Pi r holds true, where U 1is the
5 periphery or the width, Pi is the number of the same

name and r is the radius of the cylindrical depression.

In the field-effect transistors explained above with
reference to figures 1A to 1J and figures 2A and 2B,
10 the channel region is completely insulated from the
substrate, namely laterally by the trenches and into
the depth by the buried source or drain region. On
account of this arrangement, such a transistor is
similar in a way to an SOI transistor (Silicon On
15 Insulator). The so-called punch strength of SOI
transistors is significantly better than that of bulk
transistors. This advantage also applies to the
vertical field-effect transistors. The depth of the
vertical transistors can be reduced as a result.
20
Moreover, the so-called driver capability of the
vertical field-effect transistor 1is increased by the
adoption of properties of an SOI transistor. The
transistor width can thus be reduced with the
25 electrical properties otherwise remaining the same.
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1. A field-effect transistor (222),

having a doped channel region arranged along a
5 depression (72),

having a doped terminal region (16) near an opening of

the depression (72),

having a doped terminal region (18) remote from the

opening,

10 having a control region (172) arranged in the
depression (72),
and having an electrical insulating region (170)
between the control region (172) and the channel
region,

15 the terminal region (18, 54) remote from the opening
leading as far as a surface containing the opening or
being electrically conductively connected to an
electrically conductive connection leading to the

surface.

20
2. The field-effect transistor (222) as claimed in
claim 1, wherein the terminal regions (16, 18) contain
the same dopant concentration and dopants of the same
conduction type.

25
3. The field-effect transistor (222) as claimed in
claim 1 or 2, wherein the channel region has a length
(1) corresponding to at least two thirds of the depth
of the depression (72).

30
4, The field-effect transistor (222) as claimed in
one of the preceding claims, wherein the depression is
a trench (72) or a hole.

35 5, The field-effect transistor (222) as claimed in

one of the preceding claims, wherein the channel region
lies on both sides of the trench (72) or along the
entire periphery of the hole.
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and wherein the control regions and the terminal

15 regions (l6c) near the openings are 1in each case
electrically connected in parallel (380).

8. The field-effect transistor (222) as claimed in
one of the preceding claims, wherein the depression

20 (72) for the control region and a depression (70, 76)
filled with an electrical insulating material between
the field-effect transistor (222) and an adjacent
electrical component have the same depth.

25 9. The field-effect transistor (222) as claimed in
one of claims 1 to 7, wherein the depression (72) for
the control region has a smaller depth than a
depression (70a, 76a) filled with an electrical
insulating material between the field-effect transistor
30 (222) and an adjacent electronic component.

10. The field-effect transistor (222) as claimed in

one of the preceding claims, wherein the insulating

region (170) has an insulating thickness of at least
35 15 nm, preferably 20 nm, _

and/or wherein the distance (1) between the terminal

regions (16, 18) along the depression (72) is at least

0.4 um,
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15 voltage having a magnitude of greater than 9 volts or
greater than 15 volts, but preferably less than
30 volts.

13. A method for fabricating a field-effect transistor
20 (222), in particular a field-effect transistor (222) as

claimed in one of claims 1 to 12,

having the following steps to be performed without

restriction by the order specified:

provision of a carrier material (10) having a surface
25 to be processed,

formation of a terminal region (16) near the surface

and a terminal region (18) remote from the surface,

formation of at least one depression (72), which leads

from the terminal region (16) near the surface as far
30 as the terminal region (18) remote from the surface or

which leads from a region for the terminal region near

the surface to a region for the terminal region remote

from the surface,

production of an electrical insulating layer (170) in
35 the depression (72),

introduction of an electrically conductive control

region (172) into the depression (72).
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The method as claimed in claim 13, wherein the
formation of the terminal regions is performed before
the formation of the depression and/or before the
filling of the depression (72).

15. The method as <claimed in claim 13 or 14,
comprising the following step:
formation of a connecting region (54) from the terminal
region (18) remote from the surface to the surface of
the semiconductor layer (10).

16. The method as claimed in one of claims 13 to 15,
wherein at least one insulating depression (70, 74, 76)
is formed at the same time as the depression (72) for
the control region.

17. The method as claimed in claim 16, wherein the
insulating depression (70, 74, 76) is formed with the
same depth as the depression (72) for the control
region.

18. The method as claimed in claim 16, wherein the
insulating depression (70a, 76a) is made deeper than

the depression (72a) for the control region.

19. The method as claimed in c¢laim 18, wherein the
insulating depression is wider than the depression (72)
for the control region at least in an upper section,
and wherein the two depressions are formed in a common
etching process in which wider depressions are etched
considerably more deeply than narrower depressions.



