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having a magnitude of greater than five volts or

greater than nine volts and has outstanding short-
channel properties, in particular a high drain current

20 and a good blocking property. Moreover, the intension
is to specify a use for said transistor and a simple
method for fabricating said transistor.

The object relating to the transistor is achieved by

25 means of a field-effect transistor having the features
specified in Patent Claim 1. Developments are specified
in the subclaims.

The field-effect transistor according to the invention
30 contains a usually doped substrate region surrounded,

for example completely or to the extent of at least

seventy-five percent by the following regions:

- two doped terminal regions,

- two electrically insulating control region

35 insulating layers,

- and at least one electrically insulating region,
whose thickness, in one configuration, is at least
twice or at least ten times the insulating
thickness of a control region insulating layer. ‘
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- and at least one electrically insulating region,
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The use of a substrate insulated by at 1least one
insulating region and the connection of the substrate
25 to one terminal region make it possible to suppress
parasitic bipolar effects without an additional area
requirement for terminals of the substrate, so that it
is possible to switch, inter alia, switching voltages
having a magnitude of greater than five wvolts or
30 greater than nine volts. By way of example, the
substrate region and the source terminal region are
kept at the same potential, a column terminal being
used. In one configuration, the Schottky barrier
between the silicide and the substrate is kept as small
35 as possible.

In one development of the field-effect transistor
according to the invention, the conductive connecting

region contains a silicide or comprises a silicide.
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30 In a next development, the individual elements of the
field-effect transistor have dimensions and/or
structures which permit the switching of voltages of
greater than five volts or even greater than nine volts
or greater than fifteen volts, but preferably less than

35 thirty volts:

- insulating layers for insulating the control
regions from the substrate region have an
insulating layer thickness of at least fifteen
nanometers or of at least twenty nanometers,



- insulating layers for insulating the control regions
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In another development, the substrate region 1is
monocrystalline and doped 1in accordance with one
conduction type. The terminal regions are likewise

25 monocrystalline but doped in accordance with another
conduction type. The substrate region 1is doped
homogeneously or inhomogeneously.

In a next development of the field effect transistor,

30 the control regions are electrically conductively
connected to one another, thereby producing a so-called
double gate transistor having outstanding short-channel
properties.

35 In a next development of the field-effect transistor,
the substrate region has six side areas arranged in
parallelepipedal form or in the form of a truncated
pyramid with respect to one another. The terminal
regions, the insulating layers with respect to the
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25 field-effect transistor according to the invention or
one of its developments for switching voltages having a
magnitude of greater than five volts or even greater
than nine volts or greater than fifteen wvolts, but
preferably less than thirty volts, in particular as a
30 driving transistor on a word line or a bit line of a
memory cell array. In one configuration, the memory
cell array 1is a so-called flash memory or an EEPROM
memory (Electrically Erasable Programmable Read Only
Memory). In the case of flash memories, only the
35 individual memory areas can be selectively erased, and
not, by contrast, individual memory cells or individual

memory words.



35 individual nenory areas can be sel ectively erased,

and mat2e6bpecontrast, individual menmory cells or
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Therefore, the invention’s use for driving the memory
25 cell array uses a field-effect transistor which has the
construction mentioned above and therefore also
exhibits the effects mentioned above, in particular
enables the switching of voltages having magnitudes of
greater than five volts or even greater than nine
30 volts, has a small area requirement, has outstanding
short-channel properties and is simple to fabricate.

The invention additionally relates to a method for
fabricating a field-effect transistor, in particular
35 for fabricating the field-effect transistor according
to the invention or one of its developments. In the
method according to the invention, the following method
steps are embodied without restriction by the order

specified:



The invention additionally relates to a nmethod for
fabrigh260DEa field-effect transistor, in particular
35 for fabricating the field-efflfeet transistor
according to the invention or one of its devel opnents.
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On account of this procedure, the technical effects
mentioned above likewise apply to the method. In one

15 development, the method is particularly simple if the
éonnecting region is fabricated by a method for
selectively applying a silicide.

Exemplary embodiments of the invention are explained
20 below with reference to the accompanying drawings, in
which:

Figure 1 shows an integrated field-effect transistor
with two control regions,

25
Figure 2 shows a plan view of the field-effect
transistor,
Figure 3 shows a sectional illustration of the field-
30 effect transistor in a section plane which

lies transversely with respect to the
channel direction and contains a substrate
region,

35 Figure 4 shows a sectional illustration of the field-
effect transistor in a section plane which
lies transversely with —respect to the
channel direction and contains a source
region,



Figure 14 shows an illustration of the field profile

in thel3uBErate region of the field-effect

transi stor, 25 Figure 15 shows &n-exenpl ary enbodi nent

with two parallel-connected field-effect transistors
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Figure 13 shows an exemplary embodiment of the field-
effect transistor with a connecting region
doped in portions,

20

Figure 14 shows an illustration of the field profile
in the substrate region of the field-effect
transistor,

25 Figure 15 shows an exemplary embodiment with two
parallel-connected field-effect transistors
and self-aligning contact holes,

Figure 16 shows an exemplary embodiment with three
30 parallel-connected field-effect transistors

and a polycrystalline connecting line, and

Figure 17 shows the use of the field-effect transistor
in a driving circuit for a memory cell array
35 in an EEPROM.

Figure 1 shows an integrated field-effect transistor 10
situated on an insulating layer 12. The insulating
layer 12 comprises silicon dioxide, for example, and is



15 channel |ength. The parall el epi pedal substrate
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25 from the substrate region 14 by a gate oxide layer (not
illustrated in Figure 1) having a thickness of fifteen
nanometers. The gate region 20 and 22 is adjoined by a
polyregion 24 and 26, respectively, likewise
compromising doped polycrystalline silicon.

30
The short narrow sides of the substrate region 14
adjoin the insulating layer 12 in the case of the
bottom area of the parallelepipedal substrate region 14
and an insulating layer (not illustrated) in the case

35 of the covering area of the substrate region 14. Part
of the covering area is covered by a connecting region
28, which extends further over the covering area of the
source region 16 and thus produces an electrically

conductive connection between the substrate region 14



15 shows a netal interconnect 50, whose | ongitudina

axi sIeX2@PmB at a right angle with respect to a

channel direction represented- by a direction arrow 52.
Connecting portions 54 and 56 extending through the

fillamg ctiaesdriceadrégbont 6 nettile | obeneanhagt H8&gion 28

to 20 gg§l£§£y%egiff§ 4 and 26, respectively. The
OXI

fillTR s hot illustrated in Figure 2 for
reasons of inproved clarity. Figure 2 additionally
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I nent gure shows a sectional 1llustration
of tﬂérﬁpélta@ffe’t@prf%ﬁm%@ or °¥0 i & tt?elrseec&wh pREREW  52.
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figures, 'sée for ‘exanple the substrate region 14 in
FlguF@psovﬁdlyéﬁyétﬁlllne regions are covered with 15
crosses, see for exanple the gate regions 20 and 22

and also t he_pol yr.egi.ons. 24 an
Regi BAFY ESnp?Ps?ﬁGlﬁéPﬁﬁ Ye ﬁg}gﬁgﬁasg?tlgg?lypOEéElonS of
dor exampbe tpeanesal ILDter Tunnelt 803 wiich tbeprasssciated

Cong%c%Eoﬁ Emei é?gff§ﬁyn%f'which are explained in more
detail below with reference to Figures 3, 4, 5 and 6.
Figure 2 furthermore illustrates a rectangular mask
window 58 enclosing the T-shaped source region 16. The

30 mask window 58 serves for selectively producing the
salicide in the connecting region 28 and also on the
rest of the covering area of the source region 16.

In another exemplary embodiment, at least two £field-
35 effect transistors 10 are connected in parallel. For
this case, the structure shown in Figure 2 1is to be
mirrored toward the left along a broken line 60. This
means, inter alia, that the source region 16 and the
drain region 18 are formed continuously toward the left .



20 Regions in which refractory netals are situated are
represebnée@bEby regions with grid network |ines running

hori zontally and vertically, serlfer exanple the

connecting portions 54 and 56. Regions in which 25
silitbdehearessi t aatad arfe tlepr Esehtedfbgcyr itdamstiwgiok . The
l'i neg. Lynnl ng %bqgné§é%ﬂ thgeti gHECS %ﬁdgbgﬁaﬁf%e region
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Idxi deegionpel@At andxilde iLBgFbEYre08 -and 102,

respectively, also extends al ong the source region 16.

In the section plane 1V, the sili %pe gl ass, | ayer 11Qy .
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C:erﬂ'pthéi g gsirkisC 0B edi oird@exanille wheenpllaatyrate region 14 in
enbodi. ment.. Regi Qn S| ne_Cco j i 0 :
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151 ncersisbieson séieoxXioge eofamrie ftild igRf & eRDIPIB0 j Fdhs22 and

the ?ﬁ%g \de 190309 0482, 24 espectryelivn BigdPetRe Regions

| eve t he connécting region 28 in the sectiqn plane
| V. FPgREésinghomet@lsec¥®naferFRgst r X6 o <G lohe See  for

fiel debhpgle t taBSI fken110iakergohhecsecsoon whifhguteémprises
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X ectric field in the substrate region 14. The

X- CORRANARAL 12:? Rﬂ‘%}h@ﬁ tzfe‘f@atctﬁ%r?/r %gtéfgi 84l uihea are

source-region 16. e y-conponent 172 points _into the

pl angepresgated by regions with grid network lines running
horizontally and vertically, see for example the
connecting portions 54 and 56. Regions in which

25 silicides are situated are represented by grid network
lines running obliquely in the figures. In Figure 3,
this applies to the connecting region 28 and also to
salicide regions 104 and 106, which are situated on
regions of the gate regions 20 and 22 that are near to

30 the source region 16.

Finally, regions in which a borophosphosilicate glass
(BPSG) 1is situated in the exemplary embodiment are
hatched with Dbroken 1lines, see for example an

35 insulating region 110 between the metal interconnect 50
and the filling region 30.

Figure 4 shows a sectional illustration of the field-
effect transistor 10 along the section plane IV. As can



20 drawing fromthe gate region 20 to the gate region

22. mmpreeEp® shows a sectional illustration of the
fieldeffect transistor 10 in 4 he section plane 1. It

can readily be discerned that the connecting region 28
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above the regions in which the filling region 30 is
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2ubsfiraweng efirom &HebgatalsegiSnaBOngothhesgateereglon 22.

region 16 and along the drain region 18.
Figure 6 shows a sectional illustration of the field-
effect transistor 10 in the section plane II. It can
readily be discerned that the connecting region 28 is
25 also situated above that region of the source region 16
which does not lead directly to the substrate region
14.

Figures 7A and 7B show a first fabrication stage in the
30 fabrication of the field-effect transistor 10. The
fabrication starts proceeding from an SOI substrate
(Silicon On Insulator) in which a silicon layer
situated on the insulating layer 12 has a thickness of
one hundred nanometers in the exemplary embodiment, and
35 1is already p-doped. A so-called hard mask comprising
silicon nitride 200 is fabricated on the silicon layer.
To that end, the silicon nitride 200 is produced over
the whole area. The layer comprising silicon nitride
200 is then patterned with the aid of a



Afterward, a layer conprising polycrystalline silicon
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9A and 9B, silicon dioxide is 35 deposited after the
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20hi chhotolithographic method. The gate regions 20 and 22
and the polyregions 24 and 26 are produced during the
patterning, see section III. In the region of the
section IV, by contrast, the polysilicon is removed
again during the patterning.

25
After the patterning of the polysilicon, an inclined
implantation of LDD regions (Lightly Doped Drain) is
carried out. Afterward, the source region 16 and the
drain region 18 are doped, e.g. heavily n-doped, 1i.e.

30 n+, with the aid of an ion implantation. The
polycrystalline gate regions 20 and 22 and the
polyregions 24 and 26 are doped at the same time.

As illustrated in Figures 9A and 9B, silicon dioxide is
35 deposited after the implantation in the filling region
30. The interspaces between different substrate regions
14 and different drain regions 16 or 18 are thus
filled. After the filling of the filling regions 30, a
chemical mechanical polishing method (CMP) is carried .



15 the connecting portion 28 is |later arranged. For
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30 alggen e@icvedet ween the connecting portion 56 and

the gate region 22. The netal interconnect 50 | eading

to the connecting portions 54 and 56 is then produced.
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case%% um%ﬁzrengl sghgpl [ edﬂ%\/er t e\/\hgﬁgégpégta%c}% at °
pat t @XeEw L t 1P Qhlegrres %eb‘hb‘{l%l i £PEHF aﬁhﬁélh'éﬂ%dcompound

I n t Hipsove@serediend®t abmb2y¥8ingS cMA\REL, Qa1 Ie. | NdB6ve the

glelcfll ﬁbove thlevalglllm(’:latl% 25 %Ieasgo&rlg al oggL the

30 region 20 and the gate region 22. The connecting region
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28 is produced on the uncovered part of the substrate
region 14 and the silicide regions 104 and 106 are
produced on the gate regions 20 and 22, respectively.

35 The nickel is subsequently removed in regions in which
silicide has not formed. By way of example, the nickel
is removed by means of a wet-chemical etching process.



Figure 13 shows an exenplary enbodi nent of a
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connecting region 28a. In another exenplary
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layer is removed again, inter alia, above the silicate

25 glass 110 along the section plane IV.

Figure 13 shows an exemplary embodiment of a field-
effect transistor 10a along a section Ia, the position
of which corresponds to the position of section I. Like

30 the field-effect transistor 10, the field-effect
transistor 10a contains an insulating layer 1l2a, a
substrate region l4a, a source region 1l6a, a drain
region 18a and a connecting region 28a. The field-
effect transistor 10a is covered by a silicate glass

35 110a, e.g. by borophosphosilicate glass (BPSG) which
serves for insulating metal interconnect 50a.

In contrast to the field-effect transistor 10, the
connecting region 28a is situated transversely with
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Hyverage free path Iength up to an inpact ionizationis
greater th e pa g | d 0 nd ;
102,&§e§%e3$F%%FvP é3e®g%%?§été$$%$§T%ﬁ% ggihghg transistor
di st abdestohtadf ém cRagyeecdrd,i etbeupalyarys tgdtldne silicon
OXI dgs 100 ALnldlieq rESHRE! LNE! KubkRPatRARGEIGA MY S so that
emt energy through phonon scattering, with the result
thatgﬁﬁgyqqqagmgﬁporrespondlng to the gate regions 20, 22

25 are electrically conductively connected to one another
via the doped polycrystalline silicon.

Figure 14 shows an illustration of the field profile in

the substrate region 14 and also in the substrate
30 region l4a. It shall be assumed that the source region

16, the gate region 20 and the gate region 22 are

connected to a potential of zero volts. The drain

region 18 is connected to a potential of 10 wvolts. The

field lines 240 illustrated in Figure 14 form for this
35 potential distribution.

The use of the SOI technique and the connection of the
substrate 14 mean that the following conditions result
for the so-called GIDL (Gate Induced Drain Leakage):



30 cannot take up enough energy for an inpact

i oni Z@t2@PDE On account of the small nunber of charge
carriers with long path di stanhcks,-the substrate can

take up the energy resulting fromthe phonon
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transisto a 5 se 0

position 0O 5? ﬁh?%hgggérééﬁJ S ?8 t%%jpggkk%%nt% heouse an
1Section |#valaochewbike, compaet hot@sizafiednnecthag gate-
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no fillinghrabehi aimBct enbonszdei veen m@etcomﬂecth@g charge
portions e t e
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essentially constructed ke the field-ef
transi st otMRACEN wRRhZREER? - FiTftire T®aSKows iPheother words,

field-effeghtt ltﬁ@S|aSﬁeQ‘ra‘§e27ﬁ:éé3 Pd¢h al engtn &pcttloorzm impact
I11b, the, gosltlon of, corr onds, to t

position ® nfﬁgtﬁggtﬁﬁh ?f?at§§ helfi B tﬁb to the gate
Afaterial 8Rider 100nrest i hiR porespasthbuelyat Ber awiyrast, for

pol ycryst ?ghgpgaﬁhl KGRk e§.' Ltatae%debgfaf&%?@é herriers up to

i ndi vi dua regi ons o the fie
tranS|stoF§32793t§72”§H332 0 HeRev ek 02F i | FERPeFRyVBRE, the

280, 282 andrg84, ¢LsPE&td VelahitCONRhiesighy Sthi6Q8h  phonon
scattering, with the result that they 1likewise

30 cannot take up enough energy for an impact
ionization. On account of the small number of
charge carriers with long path distances, the
substrate can take up the energy resulting from
the phonon scattering without an impact ionization

35 occurring. Consequently, it 1s also possible to
switch voltages of greater than five wvolts and
even greater than nine volts.



In1260DE - 19 dioxide are situated above the

substiat €omegi ons of the field-effect transistors 270

to 274. The filling regions 28014 0-284 are pattered in

such a way that overlying polycrystalline silicon 290
connegé s s tpoliyetintas| ivwtwergi opabbetraeen tdgion 14 or

of t hAEt PERy PP R e e A 7B "Ssqiop 238045 chosen
showsot be e s;h‘lofbun:hfateltdleefﬁeugqocﬁréh@r@t genegaged can
to 336 ¢ \,%%ya Qs) st edel Ié&lﬂé&lfrigelﬁoﬁé:t&@tzs or to

tranS|s r|V|ngtranS|stors for

Gel | tbﬁré@ﬁﬁ%—@-l ﬁ 8n FEPROGE T$1‘éb$*1'—’é4‘€eeflf4ec?r "™da is chus
tranﬁfé§8ﬁ§e§2Qﬂdﬁ:¥%hﬁﬁefmabﬁe@fWiﬁHI&h@ﬁgunbbr&Sérs By
is separated fromthe nenory cell _arr 3

15 FV@EFE617°5y ENGr REASHIRR B t%ﬂ%e%r|¢%¥ iﬁﬁqh voltage
332 _ﬁgbpéﬁtﬁ.he Emmnhyé cf&ldldarefaf;ecas(trfamsmtanplle) or 1l0a are
accor e SO- di D3 L0 £; -
t he RIR %Fﬁ%g efl\gé‘;l’?@%%ts?’;ng‘?g?%rs g’ field
1M 326fbatetbesalsabr56ated by a nethod as expl ai ned

above with reference to Figures 7A to 12B. Terminals
340, 342, 344 and 346 of the flel%y&ngCt transi.stors

320, F3gpre3ds shows2@n el en et gtye tield-
thi tseelféeitl :&a%fsﬂﬁ&:ﬂ i asel afndplwsz t eonuekted plrusparallel,
si xte olts us ten volt I

resp@gPF agfaqéhs qaﬁrﬁ%%ﬁgs§§6€%§fg %gﬂ%ﬁ#ﬁcted like the

IBeIdleﬂﬁeeﬁfbcanstsansssﬁﬁﬁ t 0 321 areaaly | v@sepy Higure 15
Contr w%méhé;¥§ iélé%%éé%eg%?ﬂglgégﬁé h@od%hﬁﬁzsz along a

ceIIs 0 e NenNory ce arra I nter
allasent3©@oﬂdéhbe & hoas pE bgr afhi i élﬁQﬂﬁR¥§ﬁ599¥ds to the

accopdaneg ow bl aheekazwionneithod. However, the
driving nethods are not part of the subject matter of

the present application and, therefore, are not
2xpl Bonedar) wontihast hesl atetfod | c@mnddging gdrtions 254, 256

addi ti an d% e0|%% g s L QUi ty f

oo SeBh e TG BEY ReBRIA S G [0 2.8 e mannes

cel | svi362 refspeeate oy Whﬁatpww&aﬂemqm@%t*é@ebgate reglons and

In12@@@§ regions. This means that no filling material 30
remains between the connecting portions 254, 256 and

25 258 and the polycrystalline silicon.

Figure 16 shows an exemplary embodiment with three
field-effect transistors 270, 272 and 274 connected in
parallel, which transistors are essentially constructed

30 1like the field-effect transistor 10 in each case.
Figure 16 shows the field-effect transistors 270 to 274
along a section IIIb, the position of which corresponds
to the position of the section III.

35 Neither filling material 30 nor connecting portions but
rather only polycrystalline silicon is situated between
the individual gate regions of the field-effect
transistors 270, 272 and 274. However, filling regions
280, 282 and 284, respectively, comprising silicon



- 20 arrows. The other nenory cells of the nenory

cel I Iat2@DB30 are constructed |ike the nenory cel

360. The nenory cell 360 contaih% &a nenory transi stor

364 5 and a selection transistor 366. The nenory

t r andickdde 38%ei situbieldabblectthier sndisiratenintdgizpns of the

char §§e§&9%£‘ gnt %E‘%ﬁ%'l@tt%rlsayej7 O’-)’68tcj.5)et 9egnN a,Igl%t € filling

term na nel regi on The gatetermna
370 regtenmed&H te 2%br @rei neaByore@adimgsuehga way that

: er %Gé{:lgﬂ}go‘c pbﬂ?c%QsE&@ﬂl%hét 0k13340and 2l9® a connects the
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he transistor 326. On the word
§72, P?Héc%‘ﬁ’f%b%”a? i AGEL P8R voPgiveEn pr St d%’rn]r% effect
pr ogtaam;ngtaﬁd a7voldcage7 of aﬁﬂu&tt ethevobdiges sofir edentfield-
durin S e the transistor 364
Ieadg g gﬁﬁ??ffg?y Ilné % %g , the potential of
whi ch has no i nfluence on the progranmm ng and erasure

of the gDrymCe' ls 3G Atfcisfmd?é 334 of fB’H? field-effect
aise 84 of the

transi is connected to a term nal

3Qeléréﬁﬁe§F°FFa§§HnQﬁ 3. W@b%?eaFﬁrﬁPﬁ§F3§QGQQ “ike the

t he ,seéeetéeﬂebta&&iasltsqrst&@{i 1®adsst aravaQgof Wridigyistors for
word |ine 388,

' t ed tQ | f
the. 2r BRGeEror et Thrit of 10t 2 neRa tasot R, £1E1& etrect
fiel drehfestorsadgi0sttar 322, af®m paetmpfdaldnavﬂﬁg wit 332,

vol t@ﬂ% ﬁf 1@ USe gga ?Jit% ?\ptfl?ée Eamgggn vo 1 afgay 330 in

programm ng and 0 us sixte
I5r esBhguger ilfg 26 er e nAlveem:iﬁél Modrweng unit 332

fiel Qr?(IE@Ctthter %Té?do?tyorcé%ﬁﬁ ksrspnneot %rt Q@ le | 40€ording
396, to which r|V| g unlt 332 applies vol ta

of CSER S SPRF RS 0ORn P S e thf the NAND
zer omg@hdd.during erasure of the menory cell 360. The
menory cells explained with reference to Figure 17 are
menory cells of an EEPROM In the case of so-called 35
40 as®heenbigldodlifest thepasistonky a2fenbpy 326 have been

tranghgt-9bakBad MRIOrY Caldendo. abssele 1 b9Aed above with
588 o

transi st or i S "not necessary. I n an her exe
embodEREBENCEN & OmErIINY S8 dfsitst Ir2Bye AL iR NS d} %42
tranghgt ¥46366f akte IMRAGDIIf fect]l transistors 320, 322, 324

and 326, respectively, are connected in this order to

25 potentials of plus ten volts, plus sixteen volts, minus
ten volts, plus ten volts, respectively. Gate terminals
350 to 356 of the field-effect transistors 320 to 326
are driven by a control unit (not illustrated) in order
to drive memory cells of the memory cell array 330

30 inter alia in accordance with a programming method or
in accordance with an erasure method. However, the
driving methods are not part of the subject matter of
the present application and, therefore, are not
explained in any further detail.

35
Figure 17 additionally specifies a basic circuit for a
memory cell 360 of the memory cell array 330. Further
memory cells 362 of a memory matrix are indicated by



realized in one transistor, i.e. in a so-called

spl iTyBE2 €0DE ansi stor. What is conmon to all the nenory

cell structures 5 nentioned, hawever, is that erasure
vol t ages and progranm ng vol tages of conparatively
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field-effect transistor 322. On the word line 388, a
voltage of plus ten volts is present during programming
and a voltage of plus sixteen volts is present during

25 erasure.

A terminal 394 of the field-effect transistor 366 is
connected to a bit line 396, to which the driving unit
332 applies a voltage of six volts during programming

30 and a voltage of =zero volts during erasure of the
memory cell 360.

The memory cells explained with reference to Figure 17
are memory cells of an EEPROM. In the case of so-called
35 flash memory modules, there is only a memory transistor
in a memory cell 360. A selection transistor 366 is not
necessary. In another exemplary embodiment, the memory

transistor 364 and the driving transistor 366 are



- 22 connected in parallel can be significantly

smal Iet2606BE woul d result frompurely geonetrica

consi deration. Therefore, singl2ltransistors are

sufficient for nost applications. 5 In another

exenpeal yzedbddi meret  t¥ansidetiar onite. t he saso-wialdesd split-

58 t%g{g Efaﬁé§§t? mask w ndow for the siliciding of
rarn region 18 The source region 16 and the

draln region 18 are as far as possible 10 conpletely
covefRrdcW 1§ stbhebHe 8b thelr @mermétgolayeacém orglefuctures
to reduce thg contact resistance and the s
n a

resi BE3htane CWEELax enpi ar§h%5b08Fﬁ§HF§ ' voltages and

explpragdammhﬂgsowmbtagésreqﬁ ocemparandveAly dhagh magnitude
egi ons 1 f e, t C .ed,

for %x%np%gengﬁg?unggten3%%n gﬁéféééﬁ %£E§ QggegyﬁjOf the

t hr o6gbltheffetkcatrang s 032Ad & e3dbe@¢t¢eeding to the

condy ﬁ%éﬁ@h%ncowﬂgnﬁggtgf'EB@r@Qgﬂ%QE%fb@t transistors 320
netallization |ayers In1260DE Li st of Reference

nbbPs BBS 1eams 19AH4, 294atheL GefFefs Rf 2bnbggration
26 28n3Pehskd, | ¥ne0 driving unit 332 can be miniaturized in

the same way as the memory cell array 330.

Both n-channel field-effect transistors and p-channel

15 field-effect transistors are fabricated. Moreover, as
hany field-effect transistors as desired each having
two control regions can be connected in parallel. The
current yield rises with the number of transistors
connected in parallel. In the case of conventional

20 transistors, this is achieved through a larger width of
the channel.

The threshold voltage vt of the field-effect
transistors can be set through the doping 1in the

25 channel and by way of the thickness D of the silicon
between the two gate regions. In the case of the
transistors explained above, the setting of the
threshold voltage 1is not problematic Dbecause the
threshold voltage Vt does not have to be prescribed by

30 way of the gate oxide thickness, the work function of
the gate material or the SOI oxide thickness.

The current yield of the transistors explained is also
described by the height of the silicon layer. Purely
35 computationally, the channel width W of a transistor is
equal to twice the silicon height. However, since
double gate transistors have a significantly better
current yield, e.g. a factor of two higher than planar
transistors, the required number of transistors



52 x 5-4, 56 58 60 100, 102 104, 106 110 150 170 172
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320 to 326 330 332 334 340 to- 345 - 23 Field-effect
transi stor Insulating | ayer Substrate regi on Channel
wi dt tochenned i@ngﬁlﬁaiﬁ'ﬁgkﬁé@s beowriea ifdgiast 1Ior fmpller than
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tran%?g%osﬁkgﬁ%?yggel?ﬁ%géajstr?£$% %hnﬁégkrgﬁgﬁ |n£or the
Gat esieiaif@ang of the drain region 18. The source region 16

and the drain region 18 are as far as possible

10 completely covered with silicide at their covering area
in order to reduce the contact resistance and the sheet
resistance.

In all the exemplary embodiments explained, the source
15 regions 16 and the drain regions 18 are, of course,
1ikewise contact-connected, for example with tungsten
contacts which extend through the silicate glass 110
and are electrically conductively connected to

interconnects in metallization layers.
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by two term nal regions (16, 18), by two electrically
i nsuLlriRAODENsul ati ng | ayers (100, 10 102), which are
arranged at nutually opposite-s2ées of the substrate
region (14) and are adjoi ned by control regions (20,
22),369 at | east one Meémeryieally insulating region
(12,3%?.110) , and by @Ptﬁégcﬁéhggglyegpgductlve
conneécting region (28§%gr a part (230) of an

el ecBPical |y conducti eBYNEERNRYSEREi on bet ween one

ternkggl region (16) eatedPibhersahsisabe region (14).
2. The field-effect trﬁnsistor

10) as _clainped. in
cl ai #P8, wherein the € ﬁH%EfFEgéﬁﬁﬁné%F?ﬁ@eagaF8n1?¥§f
cont ai7ps a net al - sem Gatnducéomivehpound or conprises a
25 | - sem conducto d, preferably a silicide
of gghgtal havi ng a n@???gggﬂgint of greater than 1400
degr 884, C8l’8i us and/oTeﬁmFéPEactory metal silicide or
a raggeoearth netal sihjgidearg018Ad/ or wherein the
conducti ve connecting _region_(230) contains
nmonodByst aBki ne sil i cORTBENESNpri ses monocrystal line
siliggm, the silicon paekerabhynh&i ng doped, 35 and/or
wher i% t he conductiv% cgn?ecting regi on (230)
cont as pol ycrystal | PRE%siHPEon or conpri ses
pol yeoystal 3i9%de silicBermihalpol ycrystalline silicon
pr ef giabl y bei ng doped; .nl260DE - 26 and/or
mhergﬁg t he conductivgigo%%g%ting region (28) contains
a nmetal or conprises a netal



3. The field-effect transistor (10) as clained in 5

cl aim1260DR2, wherein the insulating |ayers (100, 102)
for insulating the control regi®hns-(20, 22) fromthe
substrate region (14) have an insulation strength of
at | rasénfi€leemsnanoneters or at |east twenty
nanoneters, 10 and/or wherein the distance between the
termnal regions (16, 18) is at |east 0.3 m croneter
or al-|eadt bnuegFeredefspldanffertuhErRBFRSEAE (10)
termnal region (16) or both 15 term nal reglons (16,
18) have a shal | ow dopin rofil e gradi ent
6%rnh?¥lﬁgsﬁﬁFEH?ﬁﬁaGGIFgggoﬂa&ng ﬁuﬁﬁ@H??mge of
greater than five volts or greater than nine volts or
greater _thap 15.v L preger y less than thirt
vol t yonPeggr?ﬁa§h26e90 SE ﬁg#he field-effect Y
transi stor (10) as clalned in one of the precedi ng

cl ai %eréal%at'ﬁ‘ﬂéhecé nﬁ“' ahiNYat 850Nkl b sighardyeds (100,

an in ulatln carrlesarrultl plicity of
¥q el aoaﬁe@bltcbar?snes@f%areq%ﬁ a§5m&ﬁaﬁéﬂ-ymmsr+%esldes of

i nsukBki REGIsAYRItCORSGids $ILUD) Cemdli oxé dadgbinedprdysesontrol
silicon, d|0X|2§, gaglor wherein the other insulating

regi DRIETE8) (P87 36%part of an insulating |ayer (110),

whi ch |nsulates a nultiplicity of substrate regions

(14) %ect éé aoﬁé"é?%gsgl@§f+a?ﬁ§{14f§tiEEF reggon (12,

f|eI ransistor as c |n one 35
khe éi@éedlng claims, wherein the substrate region
(14) contains a preferably nnnocrystalllne

sem conductor nmaterial and/or is i n accordance

wi t haBfe B¥ndiRt iDPIYpE2Hnd R C.’flf\’ﬁe CePREREANG region

(28) or a part (230) of an electrically conductive
connecting region between one terminal region (16) and
20 the substrate region (14).

2, The field-effect transistor (10) as claimed in
claim 1, wherein the conductive connecting region (28)
contains a metal-semiconductor compound or comprises a
25 metal-semiconductor compound, preferably a silicide of
a metal having a melting point of greater than 1400
degrees Celsius and/or a refractory metal silicide or a

rare earth metal silicide,

30 and/or wherein the conductive connecting region (230)
contains monocrystalline silicon or comprises
monocrystalline silicon, the silicon preferably being

doped,

35 and/or wherein the conductive connecting region (230)
contains polycrystalline silicon or comprises
polycrystalline silicon, the polycrystalline silicon
preferably being doped,



I nN1260DE - 27 regions (16, 18) are doped in
accoidaaeeDRith the other conduction type. 6. The
field-effect transistor (10) as2elainmed in one 5 of

the preceding clainms, wherein the control regions (20,

22) ané/eremhemnyt@@ndg@mdw@ty%omwm@ﬂrm onegion (28)

anOtBSﬁtaZnsTHemEtﬁhdcﬁfESﬁbrlééBShshQEailo) as
claimed 1 n one of the preceding clains, wherein the

substrate reglon (14} ‘contains six side areas, or
whgl/rsl n thReSubbéI @t €f fegt o ki drasr Si XLOS)i dasareaS;Lmed in
0 ein the termnal regi.g are 1

r afi @am ﬁ ﬁﬁid2|Pgh%ﬁ%ﬁgl esﬁaggl%%lpﬁe SU5Etr a 102)
r egi oor( id)suleid/my mher@qmuﬁaicnaglghsrd@annﬁzzofrom the
22) g NS Si [ f
Subs?pg 25588 ?gg"ﬂ)n ZL%‘ %91 mlg%éﬁna%%%rp std¥hgth of at
|nsuﬂﬁ@ﬁﬁgfF@@E@ﬁsnéﬂ@mﬁﬁﬁﬁﬁgéﬁ at hBRGAI FYeBppoBpTIEMELErS,

sides of the substrate region (14). 25 8. The use of a
field-effect transistor, (10).with two_contro

1%o0, apgdyori %ﬁﬂeﬁh%.f%é?ﬁéﬁ??ecpeFWEﬁgungﬁé(]Eﬁrmlnal
as clagtedsi n16ne 16 tilke gur deaditngd A alixon@kdmoror at least
smntBhlng ggl% §§ having a nagni tude of greater than

five volts oP ater than nine volts or greater than
fifteen volts, but preferably less than thirty volts.

35 9an5|78rus%71'1%fréirf' ‘%r% efE@fﬁlﬁéﬁnsk%bQBnW‘ thehWwo or  both
control regions (20, i.n particul ar ghilel ef ect

13 an§re§wla%16)egagné| a(.lﬁed L8 o tHe ppig profile
cl ai gradasnd dwhithg damnisist ar owiachbng hidled@2having a

magnitude of greater than five volts or greater than
nine volts or greater than 15 volts, but preferably
less than thirty volts or less than 20 volts.

20
4. The field-effect transistor (10) as claimed in one
of the preceding claims, wherein one insulating region
(12) is part of an insulating layer which carries a
multiplicity of field-effect transistors (10),

25
and/or wherein the insulating layer contains silicon

dioxide or comprises silicon dioxide,

and/or wherein the other insulating region (110) 1is

30 part of an insulating layer (110), which insulates a
multiplicity of substrate regions (14), preferably a
silicate glass layer.

5. The field-effect transistor (10) as claimed in one
35 of the preceding claims, wherein the substrate region
(14) contains a preferably monocrystalline
semiconductor material and/or 1s doped in accordance
with one conduction type, and wherein the terminal



INn1260DE - 28 388) or a bit line (396) of a nenory

cel | I1at2&@9DE330), in particular of a flash nenory or

of an EEPROM nenory, the drivind7tfansistor preferably
applying a control 5 voltage to the word line (372,
388)regitwmst hd6bi 18)i nee( d0Ppd 1O aaratdegtef orith the other

fabriga hggl fgﬁﬁg effect transistor (10), in
ie d

particul ar effect transistor (10) as 10
clainmed in one of the ‘preceding clains, having the

rret hgd steps ewbodiedruibthewhnkesteiCt(1on by theiweterin one
ecified: 15 formation of a substrate regi on 4 .
rrraf-l dhSf PERECEERR 2 iy oWESF BT 1 eaFO%%(E)O,l regions

SUbSR26t822¢gaQﬁ €lértritaflaymator@uarfi ey connected to one

electrlgﬁlly insulating insulating |ayers (100, 102),

whi cfi 5rranged at nmutually opposite sides of the

substrate region (14) and are adjoined by contro

regi ens (2fe %géidzéfQQQth&gﬁgh@%on @n) adﬁﬁdléﬁﬁédfln one
conductive connecting region X

28
1 ecPfi &hQ yPESFRULRY v EL 1E‘§nné'@?%r% FQ?mshgn Str&fignregion

(16) (and "cbelt%.libl%_t rfit>e gf@é oaréid) . o030 whkrelhe tred hodostrate
as clalne E 5Iﬁ|n110 gre n the termnal regions
(16, rfgioﬁné 8) PRE EiBsPraPe®FEGPon (14) arelis

constructed on the basis of silicon, and/ or wherein

the CORNGELI RYLRILon 428) COMAINS adBons 18) are

net af’-'sem conduct or conpoun I'n particul ar
G | i erganges dﬁhpmp§é§1éMnQE@°%$%@céﬁ@%ﬁcﬁfcéﬁﬁbuﬁﬂbStrate

in p§@bhgﬁ|§ﬁ4$l|ICIde

and/or wherein the control regions (20, 22) are
arranged at mutually opposite sides of the substrate
20 region (14),

and/or wherein the insulating regions are arranged at
mutually opposite sides of the substrate region (14).

25 8. The use of a field-effect transistor (10) with two
control regions (20, 22), in particular a field-effect
transistor (10) as claimed in one of the preceding
claims,

30 for switching voltages having a magnitude of greater
than five volts or greater than nine volts or Jgreater
than fifteen volts, but preferably less than thirty

volts.
35 9. The use of a field-effect transistor with two
control regions (20, 22), in particular a field-effect

transistor (10) as claimed in one of the preceding
claims, as a driving transistor on a word line (372,



In1260DE - 29 and/or wherein the connecting region is

pr odoo2debpEneans of a self-aligning nmethod in which a
metal, in particular a netal haggng a nelting point of
greater than 1400 degrees Cel sius and/or refractory

net aBg88i) s or depmist tdhe Whs g6) fofna aemory cell array (330),

et al  SEHLEORIYGLOD CATROUR] FlnSEUT FONGUCLA £ESELA R emory
Pdnrrtiazyp P

in part asilicrde a ase regions,
and/or in mhlch the nmetal is rennved in regions in 10

whi CEh@“@fl@%C‘?;%‘:‘l%tl%rtocio;%i?éfér%?ayf CHMH&@ a control

particular no silicid as cl ai ned
A aj HPitage FP PR riHRe by €he3 B8 O 19 s’-’tl'}é?psblt line

15 prageksi.on of an SO substrate (12), patterning of

the silicon of the SO substrate, regions remaining in

whi ch the substrate region (14) and the 20 term na

regi dfs (A6metBpdarfer Mandedtinda af tehdesf fect transistor

o r3ab9n oo LBE-COOLIRL LCOLOMAZN ecd) RLLAL;LOB: (10) as

patt rnlhg, i n free _regions
the ﬁégﬂ@ﬁ§ ﬂﬁa?nﬁeﬁﬁlﬁhﬁlPﬁeéﬁdépécFﬂﬁé@Ehy
insulating material (30). 13. The nethod as clainmed in

one of ¢l ai char riz he fol
Step_aggng w%e meé%&gzstepszgﬁﬁ% é§j£?kﬁo§% ﬁ%séklcglon by

the order specified:
15 formation of a substrate region (14),

formation of two terminal regions (16, 18) at the
substrate region (14),

20 formation of two electrically insulating insulating
layers (100, 102), which are arranged at mutually
opposite sides of the substrate region (14) and are
adjoined by control regions (20, 22),

25 and formation of an electrically conductive connecting
region (28; 28a, 230), which electrically conductively
connects one terminal region (16) and the substrate

region (14).

30 11. The method as claimed in claim 10, wherein the
terminal regions (16, 18) and/or the substrate region

{14) are/is constructed on the basis of silicon,

and/or wherein the connecting region (28) contains a
35 metal-semiconductor compound, in particular a silicide,
or comprises a metal-semiconductor compound, in

particular silicide,



| eveling of the surface, preferably by chem ca
mechanlgaPDBol i shing, after the filling and/or after

the formation of the control tegfons (20, 22). 35 14.

The nethod as clainmed in claim 13, characterized by

t he &ondllowi ngheteps: tétech'cngnbatﬁ:ngf Yéel aontirsol produced by

regi gosyaf taf éh%eﬁ‘%' b§RiAY g rﬂrr%ttzzﬁcgcdp'z %&1&{‘dé°‘}neta1 in

performance_of a self- allgnlng ormn
net aPa5EAFESABUG oReERhPAAYERY napé\etlltélﬁllgarp%l%'él iodj gereater

et heHan~a 4wt %e@@@é@oeéqga% (&{H)/Qitndrefﬁa@@bt:y%ﬂe&:fal, is

a silicide Iaye ‘ﬁb g Eroduced in_the EH d- back

regi BRECSRER g ?Frﬁemﬁgﬁlloﬁef“ig DGNGFEF onPmpound

a tean pamircegiductckb)regions, in particular a silicide at
silicon-based regions,

and/or in which the metal is removed in regions in
10 which metal-semiconductor compound was formed, in

particular no silicide.

12. The method as claimed in claim 10 or 11,
characterized by the following steps:
15

provision of an SOI substrate (12),

patterning of the silicon of the SOI substrate, regions
remaining in which the substrate region (14) and the

20 terminal regions (16, 18) are intended to be arranged,

formation of the control region (20, 22) after the

patterning,

25 and/or filling of free regions between the regions that

remain with an electrically insulating material (30).

13. The method as claimed in one of claims 10 to 12,
characterized by the following step:

30
leveling of the surface, preferably by chemical
mechanical polishing, after the filling and/or after
the formation of the control regions (20, 22).

35 14. The method as claimed in claim 13, characterized
by the following steps:

etching-back of the control regions after the

polishing,
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and/or performance of a self-aligning method for
forming a metal-semiconductor compound, in particular a
salicide method, ' a metal-semiconductor compound, in
particular a silicide 1layer, being produced in the
etched-back regions and/or on the substrate region (14)
and/or on a terminal region (16).



