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Description Field-effect transister,—assoctated—use and associ at ed

fabrication method 5 The invention rel a(\\m@wﬂmﬂ field-effect tirlajidighjor

ini i ' hannel region, two term nal
containing, in nduct or | ayeﬂ"mﬂﬂ _
regi ons, which gpéaglﬁgg referred t : and source, respectively, a

ion, abebhohs also referreei®o as gate, and an el ectrical
?ﬁgblrg!ti ngregi 8%9821? Egﬁht he control region and the channel relgl on. The
sem conductor |ayer conprises a material having an 15 electrica Cor Cor
resistivity of Beenaearifcd $%/a91'§i§‘%o]:08 ‘%&ﬂ%ﬁﬁnﬁa er Cenéqls;eci%t)e{gh r
exanple sili coneQf Qal jélum arﬁenl e. The 'seni ¢ ctol Iaé‘fﬂer ) g y
exanpl e, a sem conduct ot B uBEthgte with an n-type doping or p-typeI opi ng.
However, thére are also 20 technol ogies in which t he sem conduct or __aKerSOI
has been applifgeon; MRS a_t]'_L aéubstrate, e.ig. in accordance wit
t echnol ogy (Silicon On Thsulatory. ﬁgl%‘-’efq eciieldnrfifaqy s taransistor
di fferentiated FHRPYE M charngl  semhsoatiocsoand ageatandelo gan%h%tﬁlqlrez
depencing.on { he=ayme, obvehashslu chelfpfl, | Dyl channel Tedi Ot A
mul tiplicity of_fi gdaeffect éranmstor arearr e 0 art ared
circuit arrangerren?e,' S0  that"evERUTSRul FeERBESIFRRHL S a0 caltrernatie@isrt, 0

. : . (] . . | e
' ti6f ohicH i 86 d-adfsfoectefennssttdy £anghead t,£onsi dera
iC(r)rBfE)\r/gfrelnt and dNneraases i XE@' o35 11 e obj ect of ‘?_h_ee EAtPdn to
specify a field-effect r_angl Stor°of S hplFECc o iRt i gegipinchendi he
particul ar, carf Yedp NGB in a si npl e manner and which, in particular,

can be fabricated vvith'a smal |

The semiconductor layer comprises a material having an
15 electrical resistivity of between 10-* Q/cm to 10° Q/cm
(ohms per centimeter), for example silicon or gallium
arsenide. The semiconductor layer is, by way of
example, a semiconductor substrate with an n-type
doping or p-type - doping. However, there are also
20 technologies in which the semiconductor layer has been
applied on an insulating substrate, e.g. in accordance
with SOI techno;ogy (Silicon On Insulator). |
Field-effect transistors are differentiated into
25 n-channel transistors and p-channel transistors

depending on the type of channel which forms in the
channel region.

A multiplicity of field-effect transistors are arranged
30 in an integrated circuit arrangement, so that eQen

small improvements or alterations to the construction

of a field-effect transistor can lead to considerable

improvement and increases in yield.

35 It is 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
__mTRReEE B Hhe
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area requirenent relative to the surface of the 11011111111112112 I | | |
101110212 1 L 1 Y11l ' *000002* 1 1 JAN 2007 1nl1232DE - 2 sem conductor

wafer to be processed. Mreover, the intention is to specify anigdagqgjated

use and an ass&c}éﬁed fabrication nmethod. .5 The object relating to the
field-effect tr %% is achieved by ne@ns of a field-effect transistor

having the fe e ecified. | atent claim1. Devel opnents are
specified in tﬂ%eé{ilu %‘F‘g‘f%%‘?r 0"t i & d-R8 f RFOqesaR st MorEroerdi ngheo t he
invention contdtfRRtipnepiession spediy seim CoMBELiYtdRY e t RGg CQQtT Ol

' d

region and the sdfedid e EM%EP&rr‘F&Q@ bei ng arranged in. sai
depressi on. The channel region runs al ong ?he depression in the
sem conductor |ayer. 15 The depression has an opening in a surface of the

seni conduct br |Eneerobhatti sellatiagresessed, £ Qe —éﬁé@ﬂ‘a{réxﬁg}r%ﬂ%#yg‘%g in
u y

the vicinity of;sai eQi,ng. __The other_termnal region I's
fromthe openiang teﬁ’aér?)t%é %'éara 'Sna?gré‘gifdr? St fars opeanaiseen Reviag
therefore ref elt&d ¥pareer abaalifiedi om renwdre: f £ DaImt D DRGBH BYmehhs

termnal regi onreempleriffiem the cRPNING Jigs at the end of the depression,
for exanple. In the field-effect transistor according to the invention,

the termnal region renote fromthe opening 25 | eads fromthe interior. of
the senicoliuctde IHhedefider asanssstbacacebriiagsad coaduehoL Layer

that contai nscbheagpenig Lsselectrigcally caonductively . connec €d to
an electricall gaﬁggd ct ia{]/eégg%ﬁg%%ﬁ%n%nmgﬁﬂ %«?HB§°P§UFH@1”SU]F5FS@1@. BbeThe

field-effect t Ft'or F8EEBRdI #adt o-here dlmantiican  Hasuhusiagl i sbgighf ect
transi stor wﬂobeinbamrﬂaﬂGHﬂcmn_%%EﬁﬁdéeﬁPeégfoX?rEh%mcﬁggégiiggg¥ggh
respect to they, e along the depression in the semiconductor layer.
15 The depression has an opening in a surface of the
semiconductor layer that 1is to be processed, one
terminal region lying in the vicinity of said opehing.
The other terminal region is further away from the
opening than the terminal region near the opening and
20 is therefore referred to as terminal region remote.from
the opening. The terminal region remote from the
opening lies at the end of the depression, for example.
In the field-effect transistor according to the
invention, the terminal region remote from the opening
25 leads from the interior of the semiconductor layer as
far as a surface of the semiconductor layer that
contains the opening, or is electrically conductively
.connected to an electrically conductive 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 least
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. 1In



surface of the sem conductor |ayer or at |east 35 transversely with respect
to said surface. As aresult, the area required for the field-effect
transi stor becones i ndependent of the channel |ength requireh]é4N2%écones

dependent given ai 5nc|ined position of the channel region only over a
factor of less tHaA34PEin | 1 JAN 2007 [ImB232DE - 3 conmparison with a

pl anar fi el d-ef Fansi st ar however, the integration of the transistor
into an integrgggéagﬁggPriéﬁﬁﬂ%ir%uiPlF§aﬁotfm@&ﬁﬂaﬁﬂﬂqb< terat iser grhe .

terminal regi onPERBEE. f rome t hievtoperi ngon 5 othi ehe’ egbQAskLESH NifHE n

interior of theisesgyeopddct gfeckaygL, | s.to the surface to be processed
or is electricglé%yggnd ctivgfy_cgﬁ%ecgggcyﬁgsaﬂﬁ sitacdqrsy eapplex
etg‘(?n

el ectrically con%_ _ nEE’E‘!'“bﬁ?ll(Fqgi%erdmpeborﬂmm ehet pening,
field-effect trenstlstoegiancandisngd orhde; hLRYENLL 00, %@%tg%%égg nal

regi ons have the,same t .concentration and dopant’s of
conduct i on typé?§¥;ef.git er ﬁ%coﬁgﬁct?ﬁﬁg% € g-oRGucpragessadoner is

TR e S i
C . .

Addi ti onal dopi ng regions between %ﬁe t‘gémér)\réﬁle?téjg‘?%ns are not present in

this refinenent. 20 In a next refinenent, the channel region has a length

correspondiflg tle atorleeasdevabophét €s et thﬁedeggglﬁiegkggﬁdegressLon.
only 10 the

n
this devel opmeniocditf flEPEESSION LS introduce P 1¥¢C&ssary
for obtaining .the req |r{é§ CHEhn&PVEBIdPR, 2Bhe n tweot termidesEl meudbhs t he

depression i s &aVende Fhee |depgiit ofohbentebLondaher MR e, kr apgi stor

width, i.e. asenidi GInRA@MWE ert the,field-effect transistor. I'n an
alternative deve_IC%%g%nt .. the 30 de)géee’ssi%)héis 31{;1%135 hBvFRgIdcEépeh @i ch

exceeds the D cting. In one refinement, the channel region has
15 a doping of the opposite conduction type to the
terminal regions and adjoins both terminal regions.

Additional doping regions between the terminal regions
are not present in this refinement.

20 In a next refinement, the channel region has allength
corresponding to at least two thirds of the depth of
the depression. In this development, the depression is
introduced only to the depth necessary for obtaining
the required channel length.

25
In another development, the depression is a trench. The
}ength of the trench determines the transistor Qidfh,
i.e,. a critical parameter of the field-effect
transis;or. - 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 of 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



di aneter or the width of the hole by at least two-fold, by ﬁay gf fﬁanple;
The diameter of the hole determnes the transistor width. T eiiﬁf bl
det'erm nes the gate Ilength. In the case of cylindrical holes,

' ' ' the hole wall. In a
lar, la be deposited very uniformy on
ﬁg;ilggvelopneﬁfﬁ%%§?ﬁ% field-effect transfstor according to the

' ' ' 32DE 4 both sides
' , the n ghenhies on 1.1 JAN 2007 1nl23Z b
BPV?REI?PenCh 6?&@@ ohat ebgnﬁ#féﬁﬁ%FFBhé?9 4419 hehfoPBtiBy wiertiphert,

t . .
t hese measur es,o‘? ?Eﬁggg‘to&tes Ravvagtaec ofpartedse enyabareg, t k2BSi3 e W dth

ri [ ' n..al ternative
Govel opment . ont he ot ner - poosERYe1T iee SAdh Akl SRS Sanoadser de

d | opment, o | hand

01?\/1(:3he|.o t renchr%ér hfaor%tl;}'e%ﬁeocﬁglrbﬁ ts’d?p]tﬁé‘_‘?ﬁrqlbhery of the hole. hus b

Tr ansi st or s®whi ch require only a conparatively small 10 mndLhofagt tﬁz

fabricated in aysi@@IglgggﬂggiveTQﬁggﬂx;e |qgs at %gg trenc e on thee

peri phery of the hol whi ch are no ocCupIs by t cﬁéﬁﬁé{ ; e

utilized for tﬁ§%¥4é;uﬁﬁﬁﬁﬁnoiléﬁh@PLmnqnnmmm5sodea§f[Eﬁé_%%Eﬁgﬁubg i ng
[ ' t .according to

enton b e O PO RO UL Gl e

i i t he i;nal._region remote fromt y
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arranged. ) wiidsh emanpiteis 20et hebfiehdeaf fact tgi%{ﬁétrggn,géégg %‘nggsé"‘“’

Siggn Ln in_th nner of "a casca
Cascading | eads fooazr o ke TEGeHPn Or Iy TBRE"ba® i phatyy efortibe Nbobever
the terminal r&Jt6R r 8RBt eRPEoONPCERRiOgenbrg they basnk €1 berbedof0 LA

i ' | ' er of
surface once peti2szédelfdrefiirnctatranssmidt ok Ngdepgndently of ttsheo unt
cascadi ngs.

15

part of insulating regions.

In a next development of the method according to the
invention, the terminal region remote from the opening
extends in the region of a plurality of depressions in
which control regions are arranged. By way of example,
- 20 the field-effect transistor contains two, three or more
' depressions lined up in the manner of a cascade. The
cascading leads to a further reduction of the area
requirement. Moreovér, the terminal region remote from

the opening only has to be led to the surface once per .

25 field-effect transistor, independently of the number of
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 tfansistor
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



' [ he control region and a
next devel opment, the depression for t _ (
ggp?ession filleg with an electrical 30 insulating material between the

field-effect transistor and an adjacent el ectrical conponent ha:(rgrmgfimﬁane

' ' icated in a sinple n a
depth. The two ons can thus be fabrica A
colromon it hogragﬁg‘&g?%ess. 35 In an alterrati ve devel opnment, by con

' hepgoptrol region has a smaller depth then a
depr o551 on_ comnrsLaly TTT1 SGPAFPRIRN Gk (Fies e tlasila) g amiady ) be

between the fi ePdeff eerTowmsi stot thand anixﬁkgi&@ﬁﬁh%. deél?ééts;ﬁoﬁsc‘flgﬂ’otmfrfﬁgem :
L TS ABOECR 18 Lol A0

. . O e . . . .
Icgsglb?} : ?3 inﬁt %&n%%‘f?%bnl%vi?‘ht &% @8fPt nsul ati on which, however, is n](c)]'E af
degp. 5 In & next devel opnent, the individual elenents of the field-effec

[ | [ It the sw tching
' h | n §qg{or a  structure which permt tt
E‘)]E a\r/lgi f;ges g;/en-drgg?%?&t Eian o\%ﬁgtf' gFESt nifyasiupg v@ld:ree_nﬁmto!fegﬁllea%?ng
than 30 volts: %fe9Rifieat ngtragsss thas, hyveay @@hed%adplse; é‘ﬂ'd/%lg K

' i ' 20 nm t

' f atstremsturkd WHYchNaPOPRE er YO of. .at .| east

fjr!stcgggzsbgt wee Lhe terni nal rzﬂi ons al ong °I5 &Pén@ep?gss\f@rf-a%%lt Olrfg?islt .

0.4 - )im(m cror?eterr),th?rhe9t ¥PhitRal eioms hhue dSshalltey depinge Gof |

g?adient 0 ab&hen280 mwltsdecade in conparl_sonI mnt?héhghgﬁrgagdggﬁng 5
[ -eff i |stors. In particular,

of planar field-effegk 1H§ﬁ¥ﬂé%ﬁ§nrggép has, b

\ Y way of example, an
i i ent can_be_ produce : '
profile grad 1nsulgt1ng thickness of at least

15 nm
(nanometers) or of at least 20 nm,

the distance between the terminal regions along
15 the depression is at least 0.4 pum (micrometer),

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 éimple

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
Dbroperties. The area saving is particularly'large in
the aforementioned range of switching voltages and

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

The invention additionally relates to a use of thee
field-effect transistor, in particular the field-effect
35 transistor for the aforementioned switching_voltages,
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



manner on account of different penetration depths of the dopants. The
measures -nentioned make it possible to produce 25 field-effect transistors
whicch only need | ess than half the area requirement in conpari slohJAN 1067
planar field-effect-transistors with the same electrical properties. The
area saving is {J%Jr;ﬁ%[?ﬁ arly. large in theéaftorenentioned range of

swi t ching vol tage arg% 30 si ggl ficantly outweighs the fabrication outlay
for fabricating 1he depP@sSPonedThé lpslennroaraddi t i omalwhiatel ady ta a
use of the fi@eFkigyt of anslisoran rbepaéfémaéi&ufﬂ?téﬁ@égs'f’%f e§§: o2
transi stor for REMR@MOr @ERRERPRE i tghing, vol tages, as drivihg transistor
at a word line or a bit iine of gﬁ rr%?és%B# aryofr ared 1 oRepdnfndred
switching vol taed'éosrlzﬁse? Tequired, in particular, for erasing but also for

progr anm ngSnonvol atile nenory cells, such as | 1 JAN 2007 1nl1232DE - 6
e.g. of so-callgd fL ri _in,which only a plurality of cells can
babe ‘f/‘g?%? ‘ o?‘:%eEEgR%‘Féﬁse}E/r i AN sl strarsabhecording

be erased sinultaneousl I

Pr ogr ammabl e R&E&J-THR yinyempiorsdresusedparitdhc & adegtde §f eggtgéggggon

transistors aced dtRE mdnd iJaMgnt Lon_gre., used with a degree

i ntegration OF.‘ fhe. e r]1y Ik(:lgl N array ?ﬁ9t hlencgtg‘(? of2SGhith e chrelbey
cel | array wou g_t ake (i%[ . eRET#HaMo3IR ofak@eup0 lefsisp eham Gh%a JEMBAY UN t
with the us® ofhpbanareaf il daefheabryr ansist Qs ofpthe dri \élfngw‘%ﬁgﬁet hod

invention addi fiignglk¥reeka rtdi cularly . sinple tabric
for fabricating the 15 f:te}tg-ag%gsgtogt%r i 5?‘& dxd¥dngi.ng to the invention,
in which: a sem conductor |ayer having a surface to be processed is

provi ded, ‘'The invention additionally relates to a particularly
simple fabrication method for fabricating the
15 field-effect transistor according to the invention, in
which:
- a semiconductor layer having a surface to be
processed is provided,
- a terminal region near the surface and a terminal
_20 region remote from the surface are introduced into’
the semiconductor layer by doping,
- at least one depression is etched for a control
region from the terminal region near the surface
. as far as the terminal region remote from the
25 surface,
- an electrical insulating layer is deposited in the
depression, and '
- an electrically conductive control region is
introduced into the depression.

30
In one development of the method according to 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 léading from
the terminal region remote from the surface to the
surface is doped. An electrically conductive connection



a termnal region near the surface and a termnal 20 region renote from
the surface are introduced into the sem conductor |ayer by dopin t

| east one depression is etched for a control region fromthe Eéjgﬂﬂﬁ”
region near the surface as far as the termnal region renote fromthe 25
surface, ;ﬁ;&%rical insulating Layer is deposited in the depression,
and an elec%rlc | y conductive control region is introduced into the
depression. 30 In one devel opnent of the nmethod according to the
|nventlon;StDEOd@©¢@gl@fthﬁesﬁ@%ﬁPﬂﬁPcFéﬁlbﬁgerl“p@erwgéﬁ BBPBFE the

et chi ng agg hbenfibEi pge0fiophey. depressions, thus resulting in sinple
processing. 35 In a next devel opment, a connecting region leading from the
termnal region renote fromthe surface to the surface is doped. An

el ectri cathyasenduet d¥eetopmeat oindul ag AMg206prebsnle88bEso-¢alilsdpr oduced

" {he semmconduelor Layehdn a8l MLe,JBNDer ¢y fas: Gl (e daping. In

anot her daUgl irnsul at’i'ng Ere53|ons so-cal |l ed |nsulat|gg
trenches, dapeeeSchedfar the sansreinsegdophelndepressitdRemsRty nE Eont rol

region. I9n98?a£§£bneﬁgpkes%ﬁ%nsin%@ﬁﬁlfﬂhékxgémélO@éphﬁveakhet&ane dept h
as the depression’f he control ion rnative %e

an_al
|nsulatln@eﬂéﬁﬁéé@ﬂoﬁ@raFéed§858F09h£ ItRE - ngrQQS?g SFEPC IR CORtr ol
regi on. |@n§ﬁd§tlhﬁ H@b&eea&engherenﬁeb@bmnghdepmessd@preSﬁl@nefor
devel opnen alit gra 1y _nmethod is perforned in addition to the
IithograpﬁbenﬁPHBHO ofegéﬁprcating the depression for the control region.
In the additional |ithography nethod, the insulating depressions are

et ched In order to fabricate the insulating depression, in one
development, a lithography method is performed 1in
addition to the lithography method for fabricating the
depression for the control region. In the additional
lithography method, the insulating depressions are etched
either to their entire depth or to the depth in which
they exceed the depth of the depression for the control

region.

In another development with depressions of different
depths, however, the depressions are etched by means of a
common etching process in which wider depressions are
etched considerably more deeply than narrower

depressions.

According to a specific expression of the invention there
is provided a field-effect transistor,

having a doped channel region arranged along a
depression,

having a doped terminal region near an opening of the
depression),

having a control region arranged in the depression,

and having an electrical insulating region between the

control region and the channel region,



either to their entire depth or to the depth in which they exceed the
depth of the depression for the control region. In another devel opnent
with depressions of different depths, however, the depressi orsl HENeygt ched
by neans of a comon etching process in which w der depressions are
etched consi derably nore deeply than_narrower depressions. According to a
specific &xp?édlEon of the invention’fhere is provided a field-effect
transi stor, having a doped channel region arranged along a depression,
havi ng a doped.term pal region._t a nin t siken), having
a controltpgg?bﬁfaf?gﬁﬁgé |ﬁgp gggéﬁrgggﬁgn% gﬁggﬁagﬁﬁaggﬁﬁgﬁectrical

i nsul at i ngordgibnebetweenat hét &oner oPfr agleROANdCEhé ER&AHel region, 1 1

JAN 2007 | p1232DE; 5-Zascthe fiekdsetieet teappirstengbei bglyg driove
transistor at a word [ine or at a blﬁ line of .a nennré %ell array, the
fiel d-ef f deprepansnstbr vBoAPr PsFRG LAY T6HEC d&pr 855F8H A which a control
region is-aprangedizeaharact efdzet tyrmigopededeomi nahoregifonmy &mst e from
the opening, .the termnal region renote fromthe opening | eading as far
as a surf&E&"¢BHrai ning the opening or being electrically conductively
connect edthe arerliectlricapiyn cemduet i feorofhectdrainkadi Agdipdt RE surface

O her devel_op ts ca he f1omdhecfiol | gweRangdeser i pidiowy of
exenpl ary%grrrbg%i%nerﬁ s%%fe% ar(;&%enbodi(%rents of %e i(l’g] enti an aglrle
expl ai ned eBelcowimplRy repefeRBEVEbY t KO HETGRFANY Pngdr StiSTdE S whi ch:

figures 1A t@uld;SRoOWonRkerRe aladshages ichet Barffakei.cation of a vertica
field-effect transistor in
Other developments can be gathered from the following
description of exemplary embodiments. Exemplary
embodiments of the invention are explained below with
reference to the accompanying drawings, in which:

figures 1A to 1J
show intermediate stages in the fabrication of

a vertical field-effect transistor in

accordance with a first exemplary embodiment,
figures 2A and 2B

show intermediate stages in the fabrication of

a vertical field-effect transistor in

accordance with a second exemplary embodiment,



accordance with a first exenplary enbodi nent, figures 2A and 2B show

I nternmedi ate stages in the fabrication of a vertical fiel d-effe?t
transistor in accordance with a second exenplary enbodi nent, 11 J AN 20097
In1232DE - 8 f] e 3 shows the use of vertical field-effect transistors
for driving a %,213;%” array in an EEPROM figure 4 shows a plan view

of a vertical f%%%@-ef ect. 5 traqpsistor, fg%yre 5 shows a section through
a vertical fieldeffect TIWRist € withedo®H y vesthdell ddedd-edifers, and
figure 6 shovs a plan vi watsimmats cleczornept oy 10 aedshoatel | el ect
yl'i ndricaly, g@éﬁdﬂg}ggl ons. The text bel ow explains a
process sequence which can be used fo fabricate vertical transistors for
switching 15 \fgﬁ“b@ees"" ofShMSeenPd afoMiswaref 28 vertscalt If ian carlFiedear y
cascadi ng ob gate regi onrdyikdyOcess steps of the process sequence can

be conbi ned w cess _,steps for fabricating other conponents of the
same int egratéfgdg{l%c%st sHMEhger@nt: SRELBETCar rihxpugt 20aj oi nekyicalg.

with process steps for fdielcatefipctsharhnwseenchyicsol @idns (SIkbalied
ts are

gate stacks of planar figld efldJaGnd T | stors. Two process variants
expl ai ned, the fiirst process vargﬁant 'o?a!}g%i ch relates to vertical

field-effect traqfsF&t &rs SRQ¥iSng @5 Planchesesf thE spapalepthcafdebsed

expl ained Wth referenceereildaguressid§oetdacFi gurter‘_ijréissr]:(g?gllﬂs51 gygi"q%g‘e(rjrade

sem conduct or substrate %:91i l.n.a fli rst nmethod step, an oxi
of 30 silicon dioxide i SYProSEcEdL WIFiténh B9800 hi ckness of 5 nm for

exanpl e, and has been produced at 800C by
The text below explains a process sequence which can be
. used to fabricate vertical transistors for- switching -
15 wvoltages of  between 9 volts and 20 volts with an
arbitrary cascading of gate regions. Many process steps
of the process Seéquence can be combined with process
steps for fabricating other components of the same
| integrated circuit arrangement and be carried out
20 jointly, e.g. with process stepé - for fabriéating
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 1is 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 thicknéss 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 layer 14 has. a thickness of 100 nm, for
example, and was produced for example with ﬁhe aid of
an LPCVD method (Low Pressure Chemical Vapor
Deposition). Afterward, shallow isolation trenches are



means of a dry oxidation for an oxidation duration of about ten mnutes. A
nitride |ayer 14, for exanple nade of silicon nitride, is sub ﬁquently
deposited. The 35 nitride |ayer 14 has. a thickness of 100 nm IflgfN 2007

exanpl e, and wasg P%% gged for exanple with the aid of an LPCVD nethod (Low
Pressure Chenical Deposition). AftePward, shallow isolation trenches

are | 1 JAN 200451 fEE -_ 9. optignally produced in other regions of the
silicon substrate ?%%ﬁ éﬁgx%ﬁﬁgtxﬁnofo NeT t Hegiaetsy oét hate f erild i n

5 region 16, a PHRTOFaEesiOfayer is subsequently applied on the nitride

| ayer 14, exposed and devel oped, a cutout being produced above the |ater
drain region 16, @%eion igglantation i s subsequently carried out, during
whi ch the-dgain regi on 98 texhedf | ¢ nl Hopedraphe. nEXhacUESES &N drkilype
dopi ng. The>redi&iemn 0i61 he phloabodiceSist 1 AYEr e I ed. A_next

l'i t hogr aphy metdypd s g&g@ggingl% sgurggé?%gioﬁé iggggqggﬁgg u8Rpilyed
carried out. To'tthat end, a 15 photor e st-.?’ﬁf/‘é’?e@o argl gfeivieddpted ,t ha
nitride |ayer A Oﬂﬁaqﬁkﬂ%rEEP@@Ceéyeboﬂa|uhaDmX¥é¥1&%E&&eygégpgﬁ%gto

produce a cutodin Zn timeghe A &h, 5 Jug supsequent ion | at’i on,
see arrows 24, .hons ggnet ate ri h%,i%%%g?%%e% §¥cga¥5b?6noﬁglt@u5én§oped.
20 The drajn region 1 andthE? s I+ egibonig 8 heawv ilys 0 n-Wepkahr i ¢aked '

using the %%neaﬁﬁ@ﬂ§#§skaﬁ theytywe daopenged &geha%%gfgagical Iatgrm
Fuct®t Ethe

extents. 25 Thehditsi-areecbetyeen the surface of the semcon
substrate 10 and hence the tg% SF%% & ePh&%&@%%@-region 16 and the center

of thF sour ce gegion 18 is 1 pin in the exenplary enbodi ment. Bybmay of
exanpl e, a cofcsaktali ' oping atons per cubic 30
| out. To that end, a
15 photoresist layer 20 is appliegd to the nitride layer
14. The photoresist layer 20 is exposed and developed
Lo produce a cutout 22, through which; during a
subsequent ion_ implantation, See afrows 24, ions
2o penetrate right into the source region 18 to be doped.
The drain region 16 and the source region 18 can also
be fabricated using the same photomask if they are
intended ;o have identical lateral extents.

25 The distance between the surface of the semiconductor
substrate 10 and hence the top side of the drain region
16 and the center of the Source region 18 is 1 um in
the exemplary embodiment . By way of example, a
concentration of about 10%° cm™ (doping atoms per cubic

30 centimeter) is chosen as dopant concentration in th
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 1is exposed and de&eloped 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



drain region 16 and in the source region 18. As illustrated in figure 1B,
after the renoval of the residues of the photoresist |ayer 20, a
photoresist 35 layer 50 is applied to the nitride layer 14. TFhepaN j

phot or esi st Iaygﬁlgg PE exposed and devel oged to produce a cutout zgfg above
the edge regions © % € drain region 16-ahd source region 18,

respectively. |onscepshELrate rQ the cutout 52 in a plurality of | 1
JAN 2007 1nl1232DE - 10 _sucgler&é[&aq% Tant atSité®sst epsitht h dierness g

i npl ant ati on dePtHs3 WAt PR i oephs dopehacker 1683l L CORRRET NG jon 54.

I n the exenpl argoremdoti m@ntegi B8 50N ty region 54 initially connects
qu'%ﬁg1§5gﬂP?8Fytﬁ@bPSﬁmePﬁpldﬁuation

the drain 5 regi the source region;

represent ed byg{icﬁ{el?%%%\gfl\g 56591 fi rgéi déB3d tigfllivhe cohakaresi shel aygra30 are
_rermyed. _ The | rﬁﬁ%lrﬁfat ilén Qnépstha_n shmcde ey iy "th.atAJE@%er tho poi nt's
intime if thi S a0 Pe Sl d é@ebco%ext of "t he OVEr al Dr d&8ss

i mpl ement at i on,ofe.r% after the etching of tPEnBRESWEQPSGT alshiec eisrigiudse
field-effect (randlS%EdIOtOResAs tSHANEY BT | e erdfpved hard mask | ayer 60 is
subsequently applied on the nitride |ayer 14. The hard nask |ayer 60

conpri ses TEOSptiety. rthosilicate) for exanple. In a |lithography
met hod, a otoresilsn?ﬁi%}g%/%ér)l?% ﬁt58§i R oRl$hebhambrmsindByet 68ter
¢t

exposed 20" andPPaftér Add time drfinarids the hard Q?gdﬁgnj:sigpﬁﬂgd in._ regions
e

62, 64, 66 andof8 tatwvevergneh e . produced, in an etc |ngcﬁf158é‘§s. In
a subsequent Rlaﬁchetchi ng step?%&r%s%arﬁ[g ERCBBAFEORhe - @t-i |8 ek | Ghe

produci ng trenches 78, ¥2, FENGRES76LPrnethlmi cat this 2% ordeigakepd ihe
drain region lérandigkomg the source region 18, respectively. The trenches
70, 72 and 74 have a wdth Bl of 150 nm for exanple, and a depth of 1
pm for eﬁ%rrplgs. Thg trench 76_has a width B2, which :

shown in figure 1C, a harg ‘mask layer 60 - is

subsequently applied on the hitride layer 14. The hardg
mask }ayer 60 comprises TEQOS (tetraethyl orthosilicate)
for ex.ample. In a lithography method, a phbtoresist-
layer_ 1s deposited on the hard mask layer. 60, exposed
20 and patterned. Afterward, the hard mask 60 is opéhed in

regions 62, 64, 66 and 68 above trenches to be
produced, in an etching Process. In a subsequent RIE
etching step, the hard mask 60 is then utilized for
bProducing trenches 70, 72, 74 and 76 lined up in. this
order along the drain region 16 and along the source
region 18, respectively. The trenches 70, 72 énd 74
have a width Bl of 150 nm, for example, and a depth of
? um, for example. The trench 76 has a width B2, which
is about .twiqe as large as the width Bl in the
30_ exemplary embodiment. The trench 76 also has a depth of

25

about 1 um in the exemplary embodiment. Al] 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. 1In another exemplary
embodiment, the trenches 70 to 76 are rounded at their

bottom to_ a Jgreater extent than is illustrated in
figure 1cC.



I's about twice as large as the width Bl in the 30 exenplary enbodi nent. The
trench 76 al so has a depth of about 1 pmin the exenplary enbodi nent. All
the trenches 70 to 76 reach as far as the source region 18 qmdmgggm

approximately i nter of the source region 18. The trench 7
| sol ates the drfa}llfni?zelgpi?on 16 35 fromthe denmecting region 54. In anot her

exenpl ary enbogi :t rench 70.t0._76 are rounded at their bottom
to a greater exrgﬁei{l;?\fisalﬁfgiﬁ}fifﬁ cBarft PagkreQcarel aNsRaOEntly
| n1232DE - 11 i lepa » h&he meskd Adsarss seipsequept L ved.
Optionally, thea4estahless@bsédeeriiyi dgel aygh 14 can_sub equeJri\%él %agfgq

" cWeahe Eﬁsi Hﬁ@s SKerRéaaMt ri de

renoved. In th pl ar enpodi ment owever, .
| ayer 5 14 ar eeeﬁg%&%r%{r?on ad. FREEYSY ysthgt e@sildueisgate B ahtrddédabier i s

then carri et odt¢ fereprotuciregometihi nas sdanidd taiAle Xt e d5 &l 100, havi ng
a thickness of oxk@a#or Ok s€X e..the oaéi dation Is carried out 'or 2
exanpl e at a tenperature _of 800C. G A ri%tci BPTniRFQIRCing em 10Rin
whi ch, by way GFCTxdmiied, REdds therkness00f Ghawimnd d s cphedueed Wth

the aid of an LBCHR,metdwodekbay] Bl essi e L.gal Vapor _Depqsition), is
then applied tg %@Sl%ag%ifi iaFy oxi de 15 g%g%fool.éDAga%bgﬁ iH%i §are 1E,
a bottom oxi de 120--T23°% 225CHRETaLIES O S8998&.i vel y optional I'y introduced
into the %®enches 70 to 76, e.g. in an HDP nethod (H gh Density 20

Pl asma) . The oxi dg;depesi ] id of the HDP nethod is etched back
3 Peig a\éﬁf%ﬁge?s%‘?ﬁi 11 & y WHEs ot bym waivdeof 20,

with the aid of an itchlng-, .

122, 124 and  $58"PeSped@iSvet ythibpknassapf he mot 4am 6k Hiodd&Ehgs 70 to

76. 25 the aid of an LPCVD method (Low Pressure Chemical Vapor
Deposition), is then applied to the sacrificial oxide

15 layer 100.-

As shown in figure 1E, a bottom oxide 120, 122, 124 and
126 1is respectively optionally introduced linto the
- trenches 70 to 78, €.g. in an HDP method (High Density
20 Plasma). The oxide deposited with the aid of the HD?
method is etched back with the aid of an etching-back
process until only the bottom oxide 120, 122, 124'and
126 respectively remains at the bottom of the trenches
70 to 76. "
25
The trenches 70 to 76. are then filled with an undoped
sacrificial polysilicon - 130. The sacrificial
polysilicon 130 is then removed in a planarization step
as far as the upper edge of the trenches 70 to 76, e.g.
30 with the aid of a chemical mechanical polishing méthod.

As shown in figure 1F, in a subsequent method step, a
photoresist 1layer 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 contfast, above
the trench 72. The sacrificial polysilicon 130 arranged
in the trenches 70, 74 and 76 is then etched
wet-chemically selectively with respect to the



The trenches 70 to 76 are then filled with an undoped sacrificial
polysilicon 130. The sacrificial polysilicon 130 is then renoved in a

pl anari zation step as far as the upper edge of the trenches 7§)1tJR 753 e.g.

30 with the ai dIo chem cal nmechani cal polishing nethod. As shoM {Tn

figure 1F, in a’s ent nethod step, a ldphotoresist |ayer 140 is applied
and. devel oped to produce cutouts 142, 144

to the planarizgeg. e xpased
35 and 146 above t%%fjt(?ie%gh%'}%,rl‘fif a9, 10&spethe valor.t omThex ot anesi st
| ayer 140 is cliddedangy bomt masminabove tihe E!&@HEﬂgZZvoTh% acrrﬁi ﬁiém

’ ched

pol ysilicon 13Gespangekly N gde; ches, 70, 74 and 76 1's { herf®
met-chenicalIytﬁglectively\Mt%?%%g%£6$9tBh?hBhPt@r9%$F20®ayerleQZBEe— 12

sacrificial nitric ﬁ%ﬂﬂﬁééi02. The. bottom oxide 120, 124 and 126 renmi ns
in the trenehes 70, 74 and 76, respectively. Residues of the photoresist

| ayer 140 are ihen . The _sacrificial nitride |ayer 102 can
optional ly be rem\s/égg??g%l?ze %’f-’f‘sg%f taven r éAehesa0 optaomad 136 b  a

subsequent etCHFW@V§@bﬁrqmthﬂﬂwallﬁsbfstm@ttr@@@ggytgby pgcgggazé because
the sacrificiah nigudsienldd aver P2 can.also remain in the t¥enc s*?0, 74
and 76, respgégivzl . As illustrated i n FPgur &OreYernsultdtison it enoal

150, e.g. TEGB>SP u%&&¥éqﬂ§ﬁ?ﬁ§aﬁﬁpd%¢¢%mbéntﬂhﬁ Eaerehesiallon7Pri 44 and

76. The insUl aleparndils i ahn15Q sl Seegxignds Wl %ee dge of the trenches
' , 72 A

70, 74 and 76,780 Eagﬁekkivgp |'s the trenches And & #Re sane
time acts as an insufation yer in other parts of the transistor. 20 As

shown in figure 1H a photoresist layer 160 is subsequently appli ed,
exposed and dexel apadisita-aHduss figure 1@, insulation material 150
| €e.g. TEOS, is subsequently deposited in the trenches'
15 70, 74 and 76. The insulation material 150 also extend;
over the edge of the trenches 70, 74 and 76, so that it
fills the trenches 70, 74 and 76 ahd at the same time

acts as an insulation layer in other parts of the
transistor. ' '

20

As shown in figure 1H, a photoresist layer - 160 is
subsequently applied, exposed and developed to produce
a ?utout 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 layer 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



a cutout 162 above the trench 72, in which a gate region is intended to be

formed. The insulation |ayer 25 150 is then renoved in the region of the

cutout 162. In a subsequent process step, the sacrificial pplysbggon 130

is removed frorP ét};%tﬂrench 72, e.g. with the aid of a wet-chem cal etching
[

process selecti Vi Bh respect -to the ddcrificial nitride |ayer 102

within the tre%%Qt%?l7%3fThg bOt%Pﬁ]O ide_ 122 remains in the trench 72..The
resi dues of the phot oresi st nger;ﬁﬁy re7%ub§€éueﬁﬂpWOQGﬂnnﬁhﬁ Aseghown

infigure 11, OREO§A&AON cPll wherigkcd ayeride35ih02tpad tdl gracid i ehal

oxi de |ayer 10Qozherhef drRMMEd,WM ty e.trench 72, with_the aid of two
et chi ng processes. As esult, the treﬁ%ﬂ§7ﬁaigh?rﬁﬁgl?%rofhﬁ BepB8¥PREi on

. a
of a gate oxidé g55adul: qEfPIed?hod step. The bottom oxi de 122 stil
remains at 3he 1 | JAN 2007 1nl1232DE - 13 bottomof the trench 72 and.

pronotes the ngat HAgRASI{}0 e, gate _oxide in the .region of the
corners of the tre?\(;-hm;z %%dnjlf%&f%&g %“ggi och Fhhe PORSE l8yg&Es 70t hés

trench 72. 5 AdSBR8MRSFn 2 | hee siFiewaldat eobxitte | tyeicl702i Svitdepeskt ed

at the sidewal &sdofoft he ttheRaR17ZoM 0168, ad O t hermal .oxi dation. The
gate oxi de Iayggmllzg) con‘gr.' ses silicon di oxiadg%, (‘%aot?e eXa Fe,laé’r?d: hggoa 10
thi ckness of 20°Tm ~P6F eXanpFBR THEO%EF8at | SATT orxappbduci agdt heagat @

oxi de | ayéid 17bhicknassi edf olk0 imma fenpenaimpie r ange 05x889C: LA 19%0,
for exanple. |Praagubsgaygnt Jg st ep, . anor us silicaon 172 i1s
deposited in the trencﬁ 72, s?lé:%zh%llé:ee;nl%’éleﬁgEEBdéﬁed:,arrfl@rd ShpiR, d@and
thus el ectricatTYPRHALYEE: TanoThef BPERENtP21090PC, | €drcentopaal |y for
exanple with the aid of an LPCVD nethod, so that no holes or voids are

produced m‘th'ﬂhtgeéﬂﬂﬁgéhég% ﬁé%ﬁ%ﬁ‘%%gpgeimﬂgéﬁgus silicon 172 is
15 deposited in the trench 72, said silicon being n-doped,

for example, and thus electricélly ' conductive. The

trench 72 is filled conformally for example with the

~aid of an LPCVD method, so that no holes or voids are

produced within the trench 72. a chemical mechanical

20 polishing method which stops on the insulating maﬁerial
150 is then carried out.

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
conne¢ting region 54 and to the gate regioh'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,



2 ol i shing nmet hod which stops on the insulating material 150 is then
cgrfied outg Optionally, an oxide cap is subsequently prpduceF 3§fve “the
trench 72 for exanple at a tenperature of 900C and 25 with an'¢ 208t i on
duration of tenrpi , for exanple, in a wet oxidation. process. Contact
hol es | eadi ng to tﬁe rain region 16, to thd - connecting region 54 and to

hed in
the gate regi on-fornggd 13 a hous SI| con 172 are etc
subsgquent grgret hod stepgaﬁerhegﬁégsn r‘re%ﬁoﬁes?ﬁﬁg f 6PO0f aBdi E82i ng

transistors are then performed. The resultlng MOS transistor (Metal oxide

. : icak sC | seribed L as follq -
35 Seni conduct OTI).GVVQ'E.It[ea N@.’Eg’ﬂll@ h.S W tli)l% ? % annc1: aP E% SF t

18 W, h eI ect ric
Z(rjglr(r:lerreggl)ﬁn ﬁuﬁiﬁl 28%‘}0% nll o £ draighnEpgieni ¢8 . (athdtveiarea) 180
and 182. The gald | ¥PRFP*isabelnl eqoal hEOdthéaﬁégtBEb\ﬁE%lﬁet Qefen%@lur

| to
region 16 and tdecelr giathed Hn 1t LRel O ay _@PRr,oxi mat el ua
thg depth of the trench. The g’%gavm tﬁ 'S equeé'fg"%b E th&ngran t72?e

trench 72, whi'oh 5% Hot"ShGPYh ihetke geeosecs ¢ontdnal addagingg p- channel

transi stor |sfabr|cated |n 10 principle, in the sane way as
fleldeffect In this case, however, an

th t to
o foped sj bi con Sureenged. o SRR PeaRe hbFor ddgedtaptiontedt aken as
a starting ém REINFHE 1fopi Hystheogdemed wairt has . exp s £ie® (oOthi GUreshALO0 1J

The
are perforned wot hEidapie) 1A5contgri ak, ht§1e osjite conduction type.
procgss sequencg {with tr nches 70, to 76 havin ao%)eﬁ Sh%‘ﬁ?t’é Chepth &sdé??&ldal ned

with reference to fcoélurs A3 19 %ﬂr%a@?rréaﬁsndonglyeduped s/aacpels
requi rement of t2&everas cal $ta:n'si:sgorp&1h@w Nth@ WeRIngat &L&RM Ly s en

-reference to figures 1A to 1J are performed with doplng
15 material of the opposite conduction type.

The process sequence with trenches 70 to 76 .having the
same depth as explained with reference to figures 1A to
1J already leads- to a reduced space requirement of

20 vertical ‘transistors having a long gate length- in
comparison with customary Planar trénsistors having the
same gate length. With trenches of different depths for
the vertical transistor and the insulation, this Space
requlrement 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
explalned with reference to figures 2A and 2B.

30_ In the second method variant, firstly all the method
steps explained above with reference to flgures 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 depthl 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



conparison wth customary planar transistors having the sane gate |ength.
Wth trenches of different depths for the vertical transistor and the
insul ation, this space requirement can be reduced further ihlaANepnd
met hod 25 variaphioEsggntially the process steps explained with reference
to figures 1A to 1J are perforned in the”ch3e~ of the second method vari ant

as wel | . Differepgesrare naplained;wiLh reference to figures 2A and 2B. 30
In the second rTJItst hod \Ll}aari ant, lf{gk':lrstf‘gl&/ggl 5@%%%@15@ p8neRplrHi trridieabove
f

with reference 13 ¥ gurds WALE®: forarbtpephotned idoweyviera ahthensh #ba
correspondi ng }avehel2aenabl 76handrbavhag b re i.dth Bl is .
fabricated, i -esukgé)t':‘faltzéef@?esA7 ato 76a,ha\|9§ :tﬁer@gne%& Wi & FBESH t he
same depth. _In figure 2A el enent$§2 ' dEREFCRI 166t Isose dsponidguges ol AHep 1B
are desi gnafed 9IRAR heegans rf er dneo Syindedt; 1 pubefigld awed By; de Il%yéé_; case
2a to

letter a. Thus,12zhe tmenchesnt@ad 0g46a tun Lhrough cuyt-out region
68a of a hard nggk Jayer 1 | JAN 20 ég |%§235%ﬁ -eg?)er-_l‘éOalle*Hé REP mask

| ayer 60a was applied orf B4fi% rieBlon al&k. 14a which, for its part, lies on
a thin oxide layer 12a. Al the trenches 70a to 76a lie in a silicon

substrate | Oa. pAdraidy, i O 6 rresponding to the 5 drain region 16,
lies di recﬂgly l%el Qw the&g% dzo%a%grg%ﬂﬁ rraiRsemeerisl 281l be@8aiekt and

right into Bdied S@krerd alegi2d , 18ahiEhe oenches e 2 763,48
subsequent |y fisklledtahtchya 13 d !l if@spf@é@” al 200, .whi ¢ch can easr| ydbe
renmoved sel ecé’h\égl ryﬁiw'th respect to silrcon, e’g. ﬁllbﬁﬁflores?sg,- a
pol ycrystal | i n8 gePr&firdhior poPPérysvaitialidrs | i conggemamaiuym 15 As
illustrated i npﬁﬂgureszallahbersiaildotnh@ggrﬁ{y}ﬁlmat hod has been carried out,
the filling material 200 is subsequently renoved again fromthe trenches
70a and 7165a vath,the aid of an etching step. An additional o

S illustrated in figure 2B, after a lithography method

has been carried out, the £filling material 200 is
subsequently removed again from the trenches 70a and
76a with the aid of an etching step. An additional
etching is then performed, during which the trenches
20 © 70a and 76a are deepened such that their bottom 202 and.

204,.respectively, lies significantly below the source
region 18a. '

The process steps explained with reference to figure 2B

are followed by the process Steps explained above with
reference to figures 1D to 1J.

25

b-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 i6a, for example only around 100
to 200 nm. | '



[ [ - [ 20 70a and 76a are
etching is then performed, during which the trenches : _
deepengd such that their bottom 202 and 204, respectively, lies

| ' ned
ignificantly below the source region 18a. The process steps; exq| ed
\?v:?ﬂ r ef eren>c/e 19 ﬁﬁ e 2B 25 are followed by the process steps @EI ai ned
above with referlenc o figures 1D to 13.1%-type field-effect transistors

| ' ined wwth reference to 30
roures 2 and S5 T he SBP0Becc Nar, HRE exi a) HEACAgst,  1e idougition
the gate regi ontlfasm.’rjr?r(@W%eZ%%ségt i2@I§I5C3pﬁJIest aﬁiﬂ;@?g B&éltﬁgrgg}oggggi 'Ithré_e
trench 72a. HowsaeticdheriBsylakir@pt fé&ég}tsrtorp %%é\ tPor2 4 aRBE e Pty

t onl s,a.wdth Bl of the c .trench 71
around 100 to Dodt ik 1YE 1U3aK 2607 whi¢h32pESEparhitgdr € rdms hows rdheyse of

vertical fieéld-GdklecarrayarsSiostins f230re03226, 0f & JRADY V: 56l ! a4 ray, 230.

' ' gﬁaunit
h tical f4..ldse t n rs 220 to 226 are ar]t of "a dri
;3(23, \\I/\ﬁirclhcﬁs sde:?g%at ggggroén%rﬁahékﬁé’ ry-2° c BEMmozyy a?eégo_amam R oy a

broken |ine 23£*3fRd€ drasronfing 2320 drthes sbecakleay sekl aebaya23Q.f or

[ 12 NGR ' he ND
| e accordi dr@ii t0-taad | dERtdod or accor d! ng to t
%?md. 10 Thea'\jtg:rticlgll@etransi stors 220 to 226 were fabricated by a nethod

in ] ) fi 1A to 1J or 2A to
as has been expl ained above with reference to figures
2B. Terninktds Zhe, vAAZic4 teomds 246006 Dhe ARSI StOL eiEQ%E\@/ZF?ézﬁﬁnd

a
' ' ' lals o 0
226, respectiwelporHdy tdd sp QL dfL . a8 At ;potenti a f
volts, -10 volts and +10 voll'l?s. .éSfle SH L0531l biserefermrce to

transi stors 2261857886 1&r &0 didven BA at@oRBL OlrettiihalBOt24d | Upis at gg.)l in
order to driventenpty cef | cHf thaBRRLY Cebbo?”f‘ﬁ(z,zsozﬂf a%cc:lcogzgr,lce
with a prOgra”gEQgeg%Eeg vor gkas%ggsnegggef, 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 H@mory 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 thejtransistor
226. A terminal 278 of the transistor 264 leads to an
auxiliary line 280, the potential of which does not
influence the programming énd erasing of the memory



20 However, the drive nmethods are not the subject matter of the present
application and are not, therefore, explained in any further qqp%§I07A'
basic circuit for a nenory cell 260 of the nmenory 25 cell array g‘?s
specified in figure 3. Further nmenory cells of a nmenory matrix are

i ndi cated by affdis 2862,  The ot her menor\7cel | s of the nenory cell array
230 are constru Hsd hbke the nmenpry cell 260. 30 The nenory cell 260
contains a nengﬁg r4R8i stdr DHAINGY 288 i 06 t e sitstaors i28®r TR64neisry
transi stor 264connegtiedel te ebf edrniiradisi 380r o tiha ¢RahdessLoring .
internedi ate | 2 e gate rmnal 270 and_ _a channel Tregion.
The gate terni§§?%27€§?€f%%ﬁngg%%d%%o §§e61Rﬁﬁ4fH§QR§'2?§§ wHiads | £8dsato a
term nal 274 ofUrhBeTrt Wexs dtise 288 amhich aig eronmatt &I 6rofat bermigAsi St or

226. A terrB nak9R7®foftHder #4:19615d €301 2264ah82¢S LO @) ;34 lzi%‘fy?éi 6528]9’
etas 0

t he potenti al I do not influence the progranmming an
the nmenory | 1ggiﬁgi%g7r ?2%232DE - 17 ~cell 260. Atermnal 282 of the

transistor 264 is connected to a term nal 284 of the transistor 266. A

gate term nal 28@eeinikRe tx i 5t 2 o] f.urther word. Iine 288,
whi ch is connect eg t,c:)L a %gr%q?\%? gﬁ%gg%bg?ggo rgﬁéi StPorCBBPhHRE tiP a2

termnal 292 of*bhdin§ af€fst dro 29Dich ttdreri Brliveodsft t BR2t mapdiisisora 266
i s connectléd twoatabet dfi ne BGrst cimhiceld thesdrie Iypﬁrg,{ﬁ@i pLigs a2 10
age

vol tage of 6 v ) f progranm ng and a vol1 ofT0 Vol ts in
t he case of ergéli?\%btghtgr}erregma‘?(glgﬁellp 260" ‘fﬁgené?ﬁ)r Grastng &bl anererwi t h

reference to fFglte280.15 are. nenory cells of an EEPROM In so-call ed
flash menory nodul es, there is only one nenory transistor in a nenory

cell 260. A dr,h\l/e transi stor. 266 is_not necessary. |n another exenplary
enbodi ment , the_%EWSPer 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 drivé transistor 266 1is not
.necessary. In another exemplary embodiment, the memory
transistor 264 and the drive transistor 266 are

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

_What-is common to all the cell structures mentioned,
however, 1is 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 fespect 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



transistor 264 and the drive transistor 266 are 20 realized in one
transistor, i.e. in a so-called split-gate transistor. \Wat |s]connnn to
all the cell structures nentioned, however, is that e8a5|ng vdltﬁ@e@ﬂbnd
ramm n 2 I es of conparatively high nagnitude are necessary,
\%iogh are geneaﬁ%&%h the aid of the-vasti-cal fiel d-efzfzgct trzggm ts:}ors
220 to 226. Throu he e of the yertical transistors to , e
drive unit 232 lgcgrt%l_"tt‘)ae r%tiﬁalnéstvlﬁﬁszeed %Jsr??ltel%gr%’é-- othé nt egeaanghe 30300
i ncreases in thékewisenahags the neidtly cel | aﬁ{&)ﬁ:e%'z%!zﬁ &h%h%lﬁ%ﬁaglzggﬁs a
lan view of thadveibnealyfiglgrefdgct, t#ansistor
Fabricated in ageqrdanc Wit ﬁ%r1 first 5‘6§g§é'va +%ﬁf.t ?réﬁﬂ&ﬁblénsoo
35 circumscri bées 8he TN ar®h ré& r F I t hé2t r aositstibute222d ncthgi ng
an insul ati%n Ereasanterwwikithespent dieectadiacen) SORRANEAL S 41, L psyLat o

1
IV it udi i recti f the rectang s*the
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width Bl of the trench n-rnsu . . o
In1232DE - 18 in the transverse direction of.. 'thleI regt a_ng![ edSQO f! i kre\ém Ze

i dt h BilguAetse il s Lt.iqQna epicted in figu :
e Cha ael| o mlﬁr&{ﬂ]ﬁ%el?}g%g%agffgcosh?%%%t EoPGackE 5310

i the walls_ o both.sides o : . 1 e
tSIr gﬁgi stor wi d?% g%ﬁé 8’?‘& ii&f‘} W f BREj genpedthny iregion cal as | ehge as
the trenchO engehied. upne 4eadditiagal | Yyhihhusts atgs, squgge 8§nttal_(l:%s 310

14, which ¢eag-yiat coppect. region 54 to the 10 burieéed source
region 18, Lyifa i Lhe [eFt AP FRECEFInBROIoN AEq Hve A Fefiantar o

to ) ( -
two drain cont% s82023nd WRdEh wWradh ¢@adh90dth&ndlr@gﬂorr1_egl!63rbé-t§%eb&t1Weﬁ?
the trenches Aheantdr@2chdwo7dr aind CONt afhs ézé%ﬁng 3 gfsﬁ'éy'@gg E,ar% 23e%1§r1ldgt he
of the trench lz}zid{gaglot nt he .dr.ai n 15 regi on Det viee nct .
trench 74. |n of 0 gr SvéritFithe®§i FRok remsdt rid el e@df tomthe ngrain
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 additiohal 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.



in the region of the field-effect transistor 222, there is a
gng;?‘fgte cont act g340 between the drain 20 contacts 320 and 322 and a
substrate contact 342 between the drain contacts 324 and 326. [Th&N 20976
substrate contagh$s34% and 342 are insulated fromthe drain region 16.
Separate n-type, p-type and so-called tripl@ -wells, as are customary

) | tacts 340
nowadays, can beogbyiat-ed 2 s the use of the substrate con
and 34)2/. I'n ot her tshéeengl ar % g%ﬁ%%?{r%@n{%se,t“feﬁ@ dh§ Frenghss |74z ard H4ie end
7

of the trenches™70 Tt £ ReT sdwlcel s regbon Itivegel hd heayiei Rigt ytkpgl t he
substrate surfadéstaBBeFbgtweeh THAWS rBCHRSS %e%tn'(fenmt hql‘gOﬁJ h a vertica

j ] VG itRE t he
field-effect tr W t ubl y cascaded ga X
f:agri cation of ?ﬁéh‘fg?g%d?ggf eac(41 7'?%(')aa'ns Rt 9Fdenotof gueateespace Ay, thb,

i . 76 and to
74b and 76b ar et38n od®éed, correspondi ng to the trenches 70 to
the trenches 70a toﬁﬁ6a. However, an additional trench 352 was also
produced betweepn the trench 72b and the trench 74b, said additional trench
havi ng the sane ° difiEnsi GHE Bhd Pehedsemerned | ingstiasutdies t r eneh J?at;mehZL
JAN 2007 | n12300ns dlondbvepugeal t Beadiisiagcgspebuean e tenches ¢
and 74b in theyiyags) sb(}rdﬁgeo {,as a ouaééwl ce as |largeé-as the i _
bet ween th(i- t renches §2 and” 74 and et m P& owsy &&e@fzaganm_d?l&?rtneeg -

cubrenencio36 % Ty e

order to cr8at R aFeadwapl@ecusren rofs r{e@g%% c%j% B%gbogot ae |

i e n rtical sidewalls
Ilrgﬁ::ﬁ 5172E)hgnd72?3f th r%%ﬁhgg%.% r%r océlovcshatsr'f% t'TEHS ndichhe toenches
fa}r’éf/v

' i hed 18¢e The
uadrupl e curren %Ef?orﬁ’t‘ﬁa‘i?he@ég‘i@ﬁ%lf{GConneateaouﬁCQaEQQ'l‘é'i, e I
gontrolO r egi onsanmedid dorsenches, 7@gean@r’§§%.a_rree | ectri @(I:I y connected in

- i | 2pe also

arallel, see oYpIrI=Te 380. The drai.n. regi 0 °c a a .

gl ectrical]y ccg%nect egjalci2§'parcﬁr’|nﬁc,te§ee 1@onRe&eilded, see connections
Th

2. € 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. : ' i

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=0.7um and a = 0.9 um. If such narrow transistors
are required, the highly doped terminal region 54, 54a
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 régions. It
goes without saying that it isg also possible, for
~example, to fabricate only one field-effect transisto
400 solely as a 'single transistor. The use of



15 382. The channel length 1 of a channel is represented by an arrowin
figure 5. In other exenplary enbodi nents, nore than two control regions
for nore than four channel regions are cascaded 20 in a transilgAbpgylin the
drive units for Igﬁ'bg'ggg a nmenory cell arrag transi stors having a m ni mal
wi dth Ware al so use o a large extent: #Qptcal values for a m ni mal
di mensi on of 25c@1thapskghor Lgped for, 5 volts are : W= 0.35 pun, L =
0.7 pun and A =_0.9 'dam | fdgﬁgﬁg%h??%wltsr aRSPdOPpriater eineqartecbulde .
hi ghl'y doped tefAF n4PTYeyion 5Zan54s toars , 5Hecean «ivec td i adi iy ot@«g:}té%ench
72b for the cohayoltregi@oh |Dsthhsr€ hannel faorms only at one
trench wall, e. g, gés%yg wal | 3§0h%f?t%§§%?%g§hch%§%. Y& lr €36 Sivicad pl an
vi ew of threse verrt)! c}g TFel cHeTf%c?lt?aﬁsqlsdﬁ)rs:rAm, 4B2rendud04s cqect ed
in 35 paraPl elPEWRRAY | pst edtk obifibR, t rr@NChes cnRavg, )l ndei cal
depressions fornghe onts oisrt_elgéop%diglt goes wi t hout .saéy% rfgftﬁﬁﬁ iSan&
al so possible, for exanple, fo fabricat® oh ¥ 6ﬁé1$@é}@abfﬂepre$shomistor
400 solely as a single transistor. The use of 11JAN2007 [1nl1232DE - 20
cylindrical depiresshenstiel@pereeet ate 4.k icular. for very wde
transistors, bq&a&&eﬁ&&e eduction of the . a%/%sut SHPderined @Peve umdrthy
high with cylindrica deEPe iBHSS YA Bopild hod<itguress \irer gnd ixp the 5
peri phery bF t deni ghrnnpil i seghen nuelcofp 1lh@152Me, ?ggFe?anr is6%g¢

ec

radi us of the eyigstdiEcecl AR Si In the fiéeld-e r ansi'st
expl ai ned abov it refer en%g§t ol |%€ﬁ | RYt N9 &menchgsr esn@Aiand 2B,

Wi
10 the channel %lhggi aﬁpFE ddhpltdeel Purhed @ de omt harasHbstdpts . Nage! y
lateral ly by th@cpmamchei_amﬁibntﬁrrb%%eﬂ%&kﬂ by, the buried source or drain
region. On acgquat ,of this arrangenent, sucH a UhhsPst brapsistor is
a @ way "to an SOI transistor (Silicon On
15 Insulatorxr) . The so-called punch strength of SOI

transistors is significantly better than thaﬁ 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 is 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



simlar in away to an SO transistor (Silicon On 15 Insulator). The
so-cal l ed punch strength of SO transistors is significantly better than
that of bulk transistors. This advantage al so applies to the ]v]ejAtNi ﬁ]@)
field-effect transistors. The depth of the wvertical transistors can“be
reduced as a re ﬁ?32y AO6r-8over 14t.190 .9 cal | ed driver capability of the

32599
vertical fiel d-ég?épgog/gﬁ&@tor i's inﬁ eased by the adoption of

properties of an SO transistor. The ftansistor width can thus be reduced
with the 25 el ecttdmtalclprioperti es otherw se remaining the sane. 11JAN2007
I n. | 232W0A06. dCc, 14.09. 04 PCT/ DEO3/ 01957 -. 21 -- Patent Clains 1. A
field-effect transistor, having a doped channel region arranged along a 5
depressi on, havitng a?®ddped d@afifientt teyghohshegr an opening of the
depression, havhagiagCondr oljope’di o&h@ﬁﬁgpgeqeigqo he , ﬂeésé.i on }1 10 and
havi ng an el.ect Eiiéal i_nsul ating region between the contr regi 88 &nd & he
channel region, Pﬁéasfgiléﬂnd-effect transistor being a drive transistor at.a

word |ine or athavidng lad ndopdd beérminedomeqiedd arraynéart B8 foF)‘*e'n‘in‘E;f feet .
transistor conpghsi AgpRls% Qe . depression k in which a control region is

arranged, . chaﬁact erized by 4 doped terninal 'region renmote 20 fromthe
openi ng, aving a ‘control region arranged in the
depression, ' ' :

’
10 and having an electrical - insulating region

between the control region and the channel
“"region,

the field-effect transistor | being a driVé
transistor at a word line or at a bit line

15 of .a memory cell array, _

the fieldéeffect.transistor comprising only one
depression in which a control region is
arranged, _ ) )

characterized by a doped terminal ' region remote

20 from the opening,
the terminal region N remote from .the opening
leading as far as a surface containing the. opening or
being _electrically conductively connécted to an
electrically conductive connection leading to the
25 surface.

2. The field-effect Eransistor .as claimed in

‘ claim 1,.wheréin the terminal regions contain

. the same dopant concentration and dopants of the same
30 conduction type.

3. The field-effect transistor as claimed in
claim 1 or 2, wherein the channel region has a léngth'
corresponding to at least two Ehirds of the depth
35" of the depression,

AMENDED SHEET



the termnal region renote fromthe opening |eading as far as a surface
containing the. opening or being electrically conductively connected to an
el ectrically conductive. connection |eading to the 25 surface. 2'. The
field-effect tyay sgclaimed in claimi,-wherein the t b1 dhha007

regi ons contai ?ghﬁ#gé%E 5an% cBRecBAtration and dopants of the same 30
conducti on type d-effect transistor as '"clainmed in claim1l1 or .
2, wherein the channel region has a | eng¢tr corresponding to at |east two -

thirds of the depth @B of dihe SeRIassic DED SHEET -1 n1232\WOA06. doc,
14.09.04 1 1 JAN 2007 PCT/ DE03/ 01957 - %%“SA%E‘Phe fiel d- &% egﬁaﬂ%l &Por

as clained in OHE offthBe pﬁéﬁﬁﬁqﬁ?Qﬂ%&%%msmh@hérﬁlnhéhkﬂﬁepmnssnmm ia
trench or a hol& teénclrhe fi edd-®fliecé.transi stor as claimed in one of
the preceding clainms, wherein the channel region |ies on both sides of the
trench or. algng the entire gerlphery of the hole. 10 6. The field-effect
transi st or cPai medhs férddoriflesitnstransistomher ei n t hes chasAgled €ghon

lies only on oomesiglie e theete@DE BNaQRkY K r t eriphery
of the hole. 15,2, Thg fiel q]eff ct trgnm Stor. %ggelc atlthrFe Illanrpn%ﬁerﬁg 1Phe
pr ecedi ng ol ai mb - Shhe? B P3He G5FEssPbn tH%r tEREONt 1 ol regi eAomad bhe

depr essi on f|II@&tWFﬁhP@Whﬂhanw|Qﬁﬂthm§m¢hetng mat eri al between the.
field-effect tran3|stor and an adjacent 20 electrical component have the

same depth., The ielg fec transistor,as clained in one of clains 1

to 6, whereih tﬁe depré&sst bf @o? fect transistor as claimed 'in
one of ‘claims 1 to 4, wherein the channel region lies
only on one side of the trench or only along part

of the periphery of the hole.

15 7. The field-effect transistor. as claimed in
one of the preceding claims, wherein the depression
for the control reglon and a depression
filled with an electrical 1nsu1at1ng material between
B the field-effect transistor and an adjacerit
20 electrical component have the same depth.

8. - The field-effect transistor as claimed in
one of claims 1 to 6, wherein the depression . for
the control region has a smaller depth than a
25 depression - filled with an eleﬂctrical

insulating material between the field-effect transistor
' ~and an adjacent electronic component .

9. The field-effect ltrénsist_:or - as claimed in

30 one of the preceding claims, wherein the insulating
region has an insulating thickness of at least
15 nm, preferably 20 nm.

10. The field-effect trénsisﬁor as claimed in
35 one of the preceding claims, - -

AMENDED SHEET



the control region has a smaller depth than a 25 depression filled with an
electrical insulating material between the field-effect transistor and an
adj acent ‘el ectronic conponent. 9. The field-effect transist or as clainmed in

30 one of the preeestidgos! abas, 1whesepr the insulating regiohl Wb 208h
i nsul ati ng thlﬁdqpmopfogﬁbeast 15 nm preferably 20 nm 10. The
field-effect transistor '‘as clained in g§ one of.the preceding clains,

AVENDED SHEET In1232VIﬁ06 doq 14. 09. 0 1 1 JAN 2007 PCT/DE03/01957 23-
wher ei n the di st@R%eiget iben dilsd anarani nal hegivatm @m@ngetrhﬁngqpr &FT
Sh

at least 0.4 pm and/ or vyﬁeg nrd 4 & erm naI egi on
dopi ng profile grad rﬁj per m fﬁé Sgﬂg{}m t chi n Ftiaﬁﬁs 6rﬂg“§'
magni t ude of great er than rﬁlf}ol‘?‘_s Faglredftne Fﬁaﬁllmglva'ng,orbut preferably

| ess than 30 véess.a 1shaThewusioming hprblfené egfrfdiﬁteritr aﬁﬁiéﬁobeﬁlgsoda
clainmed in one @fyithe iRigecC I rivin ansi stor at a wor
. F @nggg 4Py an E'E‘ﬁ?i%\f fro}f n8ygpEeT1thame

line or a bit line _of a flash nenory o
use of the fiel ¥1°11§c°‘t F aAERELEE a%hafl51§I ot |rbmep®feftelﬂabmﬁrecﬁélé§19

clainms for swtcthang3@ wxltsage havi ng a magni tude. of greater than 9 volts
or greater . than 15 volts, but preferably less than 30 volts. 20 .13. A

nmet hod for fabricati'nga field-effect transistor in particular' a
e

fiel d-effect trahsi sTHe asse clodi nebei rfiorld-of f £o @ mErJan%Qsjt%r havi ng the

fol | owi ng stoepsci&ombe penf osREd ¥t howt gigtio t he order

specified: 25 )Y QVvi si, on of a carrier mat erplt$&%1av?%g c;'l%ﬁ?“‘? a@ driving
ansistor at a word line. or a bit 1line

of a flash memory of an EEPROM memory module.

12. 'The use of the field—effect.transistor as
15 claimed in one of the preceding claims for switching a
" voltage having a magnitude of greater than 9 volts or

greater . than 15 Volts but preferably . less than
30 volts. ' '

20 .13. A method for fabrlcatlng a field-effect trans1stor
in particular a field- effect transistor as
claimed in one of claims 1 to 12,

haV1ng the follow1ng steps . to be performed without
restriction by the order spec1f1ed

25 prov151on of a carrier mater1al having a surface
to be processed '
format;on of a terminal region ' near the surface
and a terminal region remote from the surface,

formation of at least one depre551on, which leads

30 from the terminal region near the surface as far
as the terminal region remote from the surface or
which leads from a reglon for the terminal region near
the surface to a region for the terminal region remote
from the surface,

35 production of an electrical insulating layer (170f in

the depression,

AMENDED SHEET



to be processed, formation of a termnal region near the surface and a
termnal region .renote fromthe surface, formation of at |east one

depressi on which leads 30 fromthe term nal region near the ﬁpgé@@ﬁias far
as the term nal, E%in% Jenpte fromthe surface or which leads™Tr a

- R e i Tedl® - 14 - i
region for thgct%«;b@oggo I n e surface to a region for the
termnal region fenot ]%%on1the surfZce, 35 production of an electrical
insulating layer (170) in the depression, AVENDED SHEET Il JAN 2007

| nl 232W0A06. doént1ad0et4nPCHDERS / 04186Frica#1yi Ntbadueti9R Ofcclirol

el ectrically cpagdughi ve contpel, i e t he depression use of the
field-effect transistor at é wor %ﬁgggﬁﬁﬁgééﬁﬂm line of a nmenory cell

array 5 the fY8Fd9&f & Giedskiediffc eommuslisngoonty oneatdepwesd Qirid

which a control region is onrgapged.l ik 14. The et qg lLaipned _in claim .
13, whereig the formation of the term nal regi-gns %]s %@?]f%rgrrg b&FGPE the
formation. of the depression and/or before the filling of the depression,

15 15. The netHerl dedidmiaffedtn tranmisloar 14, - cepiphSisadt henfp! I9wi ng
step: fornmati Adepesis£OANECti Ng sHETLLHN Jiy oM t ermnal ,region renpte
fromthe surface to the surface of the se%;cgﬁ Eﬁ?gl TSYE?? 20 16. Hfe
met hod as_clmqﬁ§PQ$F ne of clains 13 to 15, wherein at |east one

insul ating depression is forned at the sane tine as the depression for

10 14. The method as claimed in claim 13, wherein the
formation of the terminal regions is performed before
the formation 0of the depression ~and/or Dbefore the
filling of the depression,

15 15. The method as claimed in claim 13 or 14,
comprising the following step:

formation of a connecting region - from the terminal
region remote from the surface to the surface of
the semiconductor layer, '

20
16. The method as claimed in one of claims 13 to 15,
wherein at least one insulating depression
is formed at the same time as the depressioh for
the control region.

25
17. The method as claimed in claim 16, wherein the
insulating depression X is formed with the
same depth as the depression for the .control

_ region.

30 -
18. The method as claiﬂed in claim 16, wherein the
insulating depression is made deeﬁer than
‘the depression for the control region.

35" 19. The method as claimed in claim 18, wherein the
insulating depression is wider than the depression
for the control region at least in an upper section,
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the control region. 25 17. The nmethod as clained in claim 16, wherein the

i nsul ating depression’is fornmed with the sane depth as the depression for
the control region. 30 18. The nethod as clained in claim16, wherein the
i nsul ating depressign | de deeper than the depression fdrl Mlelltlont r ol
region. 35 19.PE§§ Egsgagvéiccléﬂn@§JQ4 claim 18, wherein the insulating
depression is W P 4 depressign for the control region at least in
an upper section, AMENDED SHEET 1 ~I‘M 232W0A06. doc, 14.09.04 1 JAN 2001
PCT/ DE03/ 01957 and2 vhearedh heitei iwd h el elpaes sBTRS Sd AN S£ G Red OF FBY 1)@ Pmon
etching procesgtichiWai | - depr. ilons .are et ched considerably nore
deepl y than narfg&éﬁgzgﬁﬁﬂggﬁangﬁ A DaéaﬁﬁTéfqr?ﬂﬂ&ﬁﬂﬁﬂaanf§%§EE?List
of reference syfBSrEeIgP1¥0RZE deswlstithamtraradyed Xeké el dayer 14, 14a
Nitride layer 16, 16a, .16c Drain region 18, 18a, 18c Source region 20

Photore.9ist layer 22 Cutout 24 Arrow. 50 Photoresist |ayer 52 Cutout .
54, 54a, 54b Connecting-line - ' - '
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i 2a to 68b Region 70 to 76
60, 60a Hard mask 62 to 68 Region 6 _ to 7
??eﬁi%omgoa to 76a Trench 70b to 76b Trench Bl, B2 Wdth 100 Sacri f.i ci al

e . 30
i ificial nitride layer 120 to 126 Bot t ormy 9xj
e el elesiith 140 Photoresist layer 142 to 146 Cut out qg%ﬁ

Sacrificial polysi BSOH . Gate oxide 172
. layer 162 Cutout 170 Gate
| nsul ati ng naterpgk Y60 Pgoéﬁ;ﬁzgftre ?on 200 Filling material 202, 204

silicpn.,.180, 1 .
gg?{ggfggo to Zggsgbggigg ef?ﬁﬁ§i§¥8§;DE30 gbngzz fgl£4gr42¥niﬁgf ggbvfo
i ken |ine 11JAN2007 1nl12 - :
gg%tcéfg F;?ninam, 269 Menory §§iic §6§ ﬁgggg@e§64 ?@ng{%a}ran5|stor 266
Drive transistoy 268 I nt er medi at e ?ay P te ter
2, a Oxide layer
14, 14a Nitride layer
16, 16a, 16c  Drain region

18, 18a, 18c Source region

20 Photoresist layer
22 ' Cutout

24 Arrow

50 ' Photoresist layer
52 Cutout

54, 54a, 54b Connecting line

56 Arrow

60, 60a Hard mask

62 to 68 Region

62a to 68b Region

70 to 76 Trench

70a to 76a 'Trench

70b to 76b Trench

Bl, B2 “Width

100 Sacrificial oxide layer
102 Sacrificial nitride layer
120 to 126 Bottom oxide

130 Sacrificial polysilicon
140 Photoresist layer
142 to 146 Cutout

150 Insulating material
160 Photoresist layer
162 Cutout |

170 Gate oxide

172 Amorphous silicon
180, 182 - Channel region

200 Filling material
202, 204 - Bottom

220 to 226 Vertical transistor
230 Memory cell array
232 Drive unit

234 Broken line



i i i 280 Auxiliary line 282, 284
rd line 274, 276 Term nal 278 Ternlnal _ _
%Z?nygal 286 Gate term nal 288 VbrdllpnF t290,mfgthﬁ;n}pghcﬁ?ﬁﬂgz&;lngho

i i le A, A2 Insulating
2o source ooy ReCtaggO.to 326 Drain contact 340, 342 Substrate contact

to 314 Source c _ _ _ tac
350 vertical figﬂggg%cht transi stor 352 Bench 360 to 366 Sidewall 3

[ 400 to 404 Verti cal
to 376 Arrom/38@4o3§g.gggnectlegr%igg§nnel | engt h

transistor 250 to 256 Gate terminal
260 Memory cell
262 Arrow
264 Memory . transistor
266 Drive transistor
268 Intefmediate layer
270 Gate terminal
272 Word line
274, 276 Terminal
278 Terminal
280 Auxiliary line
282, 284 Terminal
286 Gate terminal
288 : Word line
290, 292 Terminal
294 Terminal
296 Bit line
300 Rectangle
-Al, A2 - Insulating width
Ll Trench length
310 to 314 Source contact
320 to 326 Drain contact
340, 342 Substrate contact
350 - Vertical field-effect transistor
352 Trench
360 to 366 Sidewall
370 to 376 Arrow
380, 382 Connection
1 | Channel length

400 to 404 Vertical transistor



