Sem conductor Device Conprising a Field-Effect Transistor in a
Silicon-On-Insulator Structure Field of Invention The present
invention relates to the manufacture of a field-effect transistor in
a siliconon-insulator structure and, in particular, to a

system on-chip conprising densely packed field-effect transistors
that may share functional regions. Background of the invention

Sem conductor-On-1lnsul ator (Se0l1) and, in particular,
Silicon-On-lnsulator (SO) semnm conductor devices are of increasing
interest in present and future sem conductor manufacturing, for
exanple, in the context of the Conplenentary Metal Oxide

very R gh number h“o"%f f Fhﬁ?@?ﬂhﬁﬂxs.tb?uﬂ’éﬁiéﬁgﬁfé?ﬁ?ﬁ%iQf;é el d et ect
capaci tors, and the |1 kePIPLCFEHEET CABSGBEI A, oo “Typi cal 1y,
feature sizes of these_gircuit eglenents are steadily decreasing with
the introduction of ev U'Q%'&Sﬁtﬂﬁsgéﬂipﬁ ,Ufigubgovi de

currently available integrated circuits with an i nproved degree of
performance in terns of speed and/or power consunption. A reduction
in size of transistors is an inportant aspect in steadily inproving
devi ce perf ogaRNGfvRhu&PMl ex integrated circuits, such as CPUs. The
reduction in size comonly brings about an increased swtching speed,
t her eby enhanci ng signal processing performance. 2 forned on a

substrat e i noleudledegt iBveditiyrSicRtdsitdBie SMLRONARWE b GEldlcfY® ransista NS h Sificdh-
el ements are thelqoninapt circuitrgl men
%%F 8 |cuf€‘a1r 0

t_in_highly. conplex
PRI SR St Loy Lot dr R e Gy  densel

i ntegrated circui
per f or mance RkAcketiekkefigeitrapeigtors that may share functional regions.

Background of the invention

Semiconductor-On-Insulator (SeOl) and, in particular, Silicon-On-Insulator (SOI)
semiconductor devices are of increasing interest in present and future semiconductor
manufacturing, for example, in the context of the Complementary Meta! Oxide Semi-
conductor (CMQS) technology. in modern integrated circuits, a very high number
of individual circuit elements, such as field effect transistors in the form of
CMOS, NMOS, PMOS elements, resistors, capacitors, and the like are formed
on a single chip area. Typically, feature sizes of these circuit elements are
steadily decreasing with the introduction of every new circuit generation, to
provide currently available integrated circuits with an improved degree of per-
formance in terms of speed and/or power consumption. A reduction in size of
transistors is an important aspect in steadily improving device performance of
complex integrated circuits, such as CPUs. The reduction in size commonly
brings about an increased switching speed, thereby enhancing signal process-
ing perfoermance,

During the fabrication of complex integrated circuits using CMOS technology,

millions of transistors, i.e., n-channel transistors and p-channel transistors, are



A MOS transistor, irrespective of whether an n-channel transistor or
a p-channel transistor is considered, conprises so-called
pn-junctions that are forned by an interface of highly doped drain
and source regions with an inversely or weakly doped channel region
di sposed between the drain region and the source region. The
conductivity of the channel region, i.e., the drive current
capability of the conductive channel, is controlled by a gate

el ectrode forned near the channel regi@n and separated therefromby a
thin insulating |ayer. The conductivity of the channel region upon
formati on of a conductive channel due to the application of an
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ing the channel length may necessitate an increase of the capacitive coupling

between the gate electrode and the channel region, which may call for re-



a sem conductor-on-insulator, in particular, a silicon-on-insulator,
SO, structure conprising a substrate, an oxide |ayer (BOX | ayer) on
the substrate and a sem conductor layer, in particular, a single
crystal silicon layer, on the oxide layer; with a
field-effect-transistor, FET, wherein the FET conprises a channel
region in the substrate; 4 a dielectric being at |least a part of the
oxi de | ayer of the sem conductor-on-insulator structure; and a gate
at least partially being a first part &f the seniconductor |ayer of

t he sem conductor-on-insulator structure. In one particular

enbodi ment the dielectric is a gate dielectric and the gate is a gate
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protections, Description of the Invention

In order to address the above-mentioned objects, it is provided a semiconductor de-

vice according to claim 1, comprising

a semiconductor-on-insulator, in particular, a silicon-on-insulator, SOI, structure com-
prising a substrate, an oxide layer (BOX layer) on the substrate and a semiconductor
layer, in particular, a single crystal silicon layer, on the oxide layer; with

a field-effect-transistor, FET, wherein the FET comprises

a channel region in the substrate;



5 conprise a gate dielectric on the floating gate and a gate

el ectrode, in particular, made of polysilicon, on the gate
dielectric. Again, a single crystal silicon - oxide interface can be
provided this tine between the floating gate and the tunnel
dielectric. The single crystal silicon - oxide interface results in

i nproved charge/data retention as conpared to the conventiona
polysilicon - oxide interface. Thus, this enbodinent is particularly
suitable for the manufacture of hlgh v&ltage FLASH nmenory devi ces.
Manuf acture of the floating-gate FET is conpatible with the

manuf acture of the FET conprising a part of the BOX | ayer as a gate
dielectric a@dle&cﬁabemglae@bgt@d@rﬁaaﬁe b:8dedlbydr@fte RmMidohdticRdRirliator
single cryst ilicon as described above. It should be noted that in
t he above- de%L?@EEH" xanpl es the substrate of the 501 structure may
be a polysilicon substrate and the BOX | ayer may be provided in form
of a silicon
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In another particular embodiment the FET is a floating-gate FET and the diglectric is a
tunnel dielectric and the gate is a floating-gate. The floating-gate FET may further



In order to address the above-nenti oned object the present invention
al so provides a nethod for manufacturing a sem conductor device,
conprising providing a silicon-on-insulator, SO structure conprising
a substrate, an oxide |layer on the substrate and a single crystal
silicon | ayer on the oxide layer; formng a polysilicon |ayer on the
single crystal silicon |ayer to obtain a polysilicon on SO

structure; and etching the polysilicon on 501 structure to forma FET
conprising a channel region in the subStrate, a gate dielectric made
froma part of the oxide layer of the SO structure and a gate

el ectrode at |east partially made of a first part of the single
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It should be noted that in the above-described examples the substrate of the SOI
structure may be a polysilicon substrate and the BOX layer may be provided in form of
a silicon dioxide layer, for example. The SOl structure may be obtained by the
SMARTCUT® process.

The above-described examples for the inventive FET are particular suitable for co-
integration with conventional bulk transistors on SO (MOSFETSs). Thus, the semicon-
ductor device according to one of the above-described examples may further com-
prise another FET comprising a channel region and source-drain regions both made
of a second part of the silicon layer of the SOI structure. Additionally, the other FET
may comprise a dielectric layer, particularly, comprising a low-k material, formed on
the channel region that is located in the single crystal silicon layer of the SOI and a
gate metal layer formed on this gate dielectric layer.

According to an embodiment, the first part of the silicon layer of the SOI structure is
different from the second part of the silicon layer of the SOl structure and an insulator
region, in particular, a shallow trench isolation, is provided separating the FET com-
prising the dielectric that is made from a part of the oxide layer of the SOI structure
from the other FET comprising a channel region and source-drain regions both macde
of the second part of the single crystal silicon layer of the SOl structure. Alternatively,
the first part of the single crystal silicon layer of the SOI structure and the second part
of the single crystal silicon layer of the SOl structure at least partially overlap each
other. In particular, the first part of the single crystal silicon layer of the SOI structure



removi ng the mask | ayer fromthe second region of the 501 structure;
subsequently formng a dielectric |ayer on the second region of the
SO structure; formng a netal |ayer on the dielectric |ayer; and
renoving the nmask layer fromthe first region of the SO structure;
and etching the netal layer, the dielectric |layer and the SO
structure in the second region to forma MOSFET in the second region
of the SO structure; and wherein the polysilicon layer is forned on
the single crystal silicon layer in thé first region of the SO
structure to obtain the polysilicon on SO structure and on the netal
layer. Co-integration with a conventional MOSFET can easily be

realized. Thignctidn®y dEQi gm@foa%thng thaRsi B iy IA KX LRmIVB¥ource
further conprise manuf ?%? ﬁﬁ{% g; fn the SO structure
conpri si ng t Ne"LP &IOSt e g EMPRRe Gl el ectric on the single
crystal silicon layer of the 301 structure; 8
In both cases the process flow for the manufacture of the transistors readily allows for
the co-integration of both transistor devices. When the first part of the single crystal
silicon layer of the SO! structure forms at least partially a source or drain region of the
other FET a very compact configuration arises that allows for minimizing the neces-
sary space.

Moreaver, the semiconductor device may comprise the FET comprising the dielectric
that is made from a part of the oxide layer of the SOI structure, a conventional MOS-
FET separated from that FET and an additional conventional MOSFET with a source
or drain region shared with the gate of the inventive FET comprising the dielectric that
is made from a part of the oxide layer of the SO structure.

In order to address the above-mentioned object the present invention also provides a

method for manufacturing a semiconductor device, comprising

providing a silicon-on-insulator, SO1 structure comprising a substrate, an oxide layer

on the substrate and a single crystal silicon layer on the oxide layer;

forming a polysilicon layer on the single crystal silicon layer 1o obtain a polysilicon on
SOl structure; and

etching the polysilicon on SOI structure to form a FET comprising a channel region in
the substrate, a gate dielectric made from a part of the oxide layer of the SOl structure
and a gate electrode at least partially made of a first part of the single crystal silicon
layer of the SOI structure and a part of the polysilicon layer formed on the single crys-
tal silicon layer. The etching may be performed based on a photoresist formed and
patterned on the polysilicon layer on the SOl structure.

Whereas in the following embodiments of the inventive methods are described with

reference to an SOI structure comprising a single crystal silicon layer on a buried ox-



formng a gate el ectrode on the gate dielectric; and form ng source
and drain regions such that one of the source and drain regions is at
| east partly formed of at | east a part of the gate electrode that is
at least partially made of the first part of the single crysta
silicon layer of the SO structure. Mreover, it is provided a nethod
for manufacturing a sem conductor device, conprising providing a
silicon-on-insulator, SO structure conprising a substrate, an oxide
| ayer on the substrate and a single crystal silicon layer on the
oxide layer; formng a dielectric |ayer on the single crystal silicon
| ayer; formng a polysilicon |ayer on the dielectric |ayer to obtain

a multil ayernd@taryacmwr.ﬁ@;plarmmy%tr@hsm@mb laemﬂwdubtb%%na%wsé Hsre% FusfPr m
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silicon Iayeﬁotpgstrk[égtésg StdMGtre, a gate dielectric nmade of a part
of the dielectric layer ?orned on the single crystal silicon |ayer

and a gate el ectrode conprising a part of the polysilicon |ayer
formed on t hehadheh&Cihsy fartheryemnprisA@ad dlepst he et ching step may be
performed based on a photoresist formed and patterned on the

pol ysilicon |ayer on 501 structure This nethod including the

f or mati on of fornifg amesnigyeyan éhet§QRsyigitrer nmay al so conpri se the steps
of formng a mask [ayer on the SO structure;

forming a shallow trench isolation through the mask layer extending to the substrate
and separating a first region of the SOI structure from a second region of the SOI
structure;

removing the mask layer from the second region of the SOl structure;

subsequently forming a dielectric layer on the second region of the SOI structure;
forming a metal layer on the dielectric layer; and

removing the mask layer from the first region of the SOI structure; and

etching the metal layer, the dielectric layer and the SOI structure in the second region
to form a MOSFET in the second region of the SOI structure; and wherein

the polysilicon layer is formed on the single crystal silicon layer in the first region of the

S0l structure to obtain the polysilicon on SOI structure and on the metal layer.
Co-integration with a conventional MOSFET can easily be realized. Thus, the method
according to the above examples may further comprise manufacturing a MOSFET on

the SOl structure comprising the steps of

forming a gate dielectric on the single crystal silicon layer of the SOI structure;



9 formng a shallow trench isolation through the mask | ayer extending
to the substrate and separating a first region of the SO structure
froma second region of the 501 structure; renoving the nmask | ayer
fromthe second region of the SO structure; subsequently form ng
anot her dielectric layer on the second region of the SO structure;
formng a netal layer on the other dielectric |layer; renoving the
mask | ayer fromthe first region of the SO structure; and etching
the nmetal layer, the other dielectric l8ayer and the 501 structure in
the second region to formthe MOSFET in the second region of the SO
structure; and wherein the dielectric layer is formed on the single

crystal siligainh 8%k e?eef#o&em%up@@féa.b;b&ﬁ@ah@yer Is formed on the
dielectric layer t0 obtain a nultilayer structure in the first region

of the SO structure. Again, co-integration with a conventi onal
MOSFET can efwhihg stiecd aal drziedegiohd wach thhiconeelf ktcedsonﬁzbaahedraﬁrore@ons is at
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Moreover, it is provided a method for manufacturing a semiconductor device, compris-

ing

providing a silicon-on-insulater, SOI structure comprising a substrate, an oxide layer

on the substrate and a single crystal silicon layer on the oxide layer;
forming a dielectric layer on the single crystal silicon layer;
forming a polysilicon layer on the dielectric layer to obtain a multilayer structure; and

etching the multilayer structure to form a floating-gate FET comprising a channel re-
gion in the substrate, a tunnel dielectric made from a part of the oxide layer of the SOI
structure, a floating gate made of a first part of the single crystal silicon layer of the
S0l structure, a gate dielectric made of a part of the dielectric layer formed on the sin-
gle crystal silicon layer and a gate electrode comprising a part of the polysilicon layer
formed on the dielectric layer.

Again, the etching step may be performed based on a photoresist formed and pat-
terned on the polysilicon layer on SO structure

This method including the formation of a floating-gate transistor may also comprise
the steps of

forming a mask layer on the SO| structure;



formng a gate dielectric on the single crystal silicon |ayer of the
SO structure; formng a gate electrode on the gate dielectric; and
form ng source and drain regions such that one of the source and
drain regions is at least partly forned of at |least a part of the
floating gate that is at least partially nade of the first part of
the single crystal silicon layer of the SO structure. 10 In the
above-descri bed exanples of the inventive sem conductor device and
met hod an SO structure is involved. THe 501 structure may have a BOX
| ayer with varying thickness. In particular, the thickness of the BOX
| ayer may be adapted to be suitable for a dielectric |ayer of a

/T ggoper I or mt@n@,sg E%tﬁananv tRenkM @a@ilondh.%h@p%lngasﬂfsay@r &At&%gngf&astu%sﬁéf
n Structure w a.va ness
b o ned by BHLSPRel &S aralh BENSHreulh 400 = Serend apn e S0

first silicostrgdirgoxi de | ayer on the substrate |ayer and a single
crystal silicon layer on the first silicon (di)oxide |ayer; formng a
second oxide layer on the single crystal silicon |ayer and a mask

| ayer on t he'®8W¥ipaiemast &verdipat ihe peopéragiongf S sleshtrioxi de | ayer
and the mask | ayer to expose a first part of the single crystal
silicon | ayerUbsequently forming another dielectric layer on the second region of the SO struc-

ture;
forming a metal layer on the other dielectric layer;
removing the mask layer from the first region of the SOI structure; and

etching the metal layer, the other dielectric layer and the SOI structure in the second

region to form the MOSFET in the second region of the SOl structure; and wherein

the dielectric layer is formed on the single crystal silicon layer and the polysilicon layer
is formed on the dielectric layer to obtain a multilayer structure in the first region of the
SOl structure.

Again, co-integration with a conventional MOSFET can easily be realized. Thus, the
method related to a floating-gate transistor according to the above examples may fur-
ther comprise manufacturing a MOSFET on the SOl structure comprising the steps of
forming a gate dielectric on the single crystal silicon fayer of the SOI structure;

forming a gate electrode on the gate dielectric; and

forming source and drain regions such that one of the source and drain regions is at

teast partly formed of at least a part of the floating gate that is at [east partially made
of the first part of the single crystal silicon layer of the SOI structure.



subjecting the resulting structure to an anneal process thereby
partially dissolving the part of the first silicon (di)oxide |ayer
beneath the exposed first part of the single crystal silicon |ayer in
order to obtain a thinned silicon (di)oxide |layer; and renoving the
second oxide layer and the mask | ayer. The thinned silicon (di)oxide
| ayer can subsequently serve as a dielectric |layer or tunnel
dielectric in the above-descri bed exanples of the present invention,
i.e. the part of the oxide |layer of thé& SO structure the gate
dielectric or floating dielectric is made fromis at |east a part of
the thinned silicon (di)oxide |ayer. The high-tenperature anneal

process can meth@sséverdmm@a e;@aﬂmﬁrﬁt#\%ﬁtl@seﬂ@&n@&& dé%@@aﬁ&nbtﬂo@n

anneal anbi ent 8?WF g Ar and/or N 2, there g parti al di ssal vi ng
the part of #h&OtH gfie, & 'Br@‘VFsyEP BERYEHe Y b B%'ﬁ%{ﬁbﬂﬁ%vqrweq)n
| ayer i n or diickbess.dbipaiticula, the nrs«tknbdsmmedaesx layeromymel adieptba@yete suitdble

Thus, syner gghg%kgz faggr cﬁq\ﬁ QGm{aﬁcePﬁ rdaet(amlieq)mg%&tﬂ%gftaaﬂﬁﬁ% -gate

structure wt yer arying ness suc
t hi ckness of FEhe BOX | ayer can properly be adapted to ful fil
standards for a gate dielectric or tunnel dielectric of a FET or

ho prosent TAOBNTERTE L0 mEREs WA BaE Lo e SHIGRDYCr yst

silicon |l ayer can be adjusted to the particular needs for a reliably

operating gaﬁr%w@h%ﬁﬁ 1@ QtaB cénh;ﬂ%FnP r&gsugﬁFa?e Ia@&sgﬂpﬁ L‘Mé%lny(dl c'xFle layer on
partl cul ar t he structure I n he above-descri b exa es nmay be

formed conpr NEiSHRFIRIsdavSE aa Falgereial aflicRy 'aer @@heé'fsé%‘lpoﬁé‘ﬁ)ﬁf‘@%lahﬂ a

substrate |layer, a first oxide |layer on the substrate |ayer and a

single cryst %}mtﬁ%la's%&{?\d o@?’égr[aﬁ(a{]oﬁ e snig Sérgs?%ﬁlsﬁgon I?%?rahdf o ;ar?%aegﬁn

second oxi de on the si con yer anc
| ayer on them§é@%ﬁéoﬁi¢6§”1ayer

patterning the second oxide layer and the mask layer to expose a first part of the sin-

gle crystal silicon layer;

subjecting the resulting structure to an anneal process thereby partially dissolving the
part of the first silicon (di)oxide layer beneath the exposed first part of the single crys-

tal silicon layer in order to obtain a thinned silicon (di)oxide layer; and
removing the second oxide layer and the mask layer.

The thinned silicon {di}oxide layer can subsequently serve as a dielectric layer or tun-
nel dielectric in the above-described examples of the present invention, i.e. the part of
the oxide layer of the SOI structure the gate dielectric or floating dielectric is made
from is at least a part of the thinned silicon (dijoxide layer.

The high-temperature anneal process can be performed at a temperature of 900 T to
1200 C in an anneal ambient comprising Ar and/or N ,, thereby partially dissolving the
part of the first oxide layer beneath the first thinned silicon layer in order to obtain a

first thinned silicon oxide layer.



patterning the second oxide |layer and the nmask | ayer to expose a
first part of the single crystal silicon |ayer; thermally oxidizing
t he exposed single crystal silicon |layer to forma silicon oxide

| ayer on the previously exposed single crystal silicon |ayer and a
first thinned single crystal silicon |ayer; and renoving the second
oxi de layer and the mask |ayer and the silicon oxide |ayer formed on
the previously exposed single crystal silicon |ayer; and wherein
first part of the silicon layer of thelSO structure is at |east a
part of the first thinned single crystal silicon |ayer. The therna
oxi dation processing can be perforned in an oxygen atnosphere, in

particul ar, ﬁ?ﬂp%éﬂg%%e%ygg\%n{?gg@%&%@d t%btg%/aj'@or%%’t{u% with a"’eox

terrperature 0 %)ers can be nitri
layers, in paYa ot dending tsppesoTYch thef Ngdhicldipes of e BYXslpyrsican properly be
oxi de/ ni tri dgdabfyed sfill %ﬁmdeorbr & bﬁe adkRvEC eKtaﬁFﬁJl @islefind ofaﬂfEJlS&rlﬂElgrnbhe

t hi ckness of _th er i e Ccr Iayer can
be repeat ed %E%‘Ptr%sgegtx IH 1 t|s manufacturecp ordln Xoeté? prﬁ,Pent é‘s%‘?q'ﬁg for

t hi nning the BOX | ayer may further conprrse the steps of formng a

third oxide Méﬂé@&er&ﬁ@'ﬂﬁ’dﬂﬁéé&% tH&Bs‘H@Ie' &Y sﬂlébrﬁ!@%r %érpgéﬁ&lué(téd ®lndpdrt  Of
the single cn%sta silicon ; patterning t oxide |l a %r

and the ot helUfaSReGedfe? ret"ﬁb')é%%'été‘gaﬁaéee‘é%ﬁ E)&F f‘°3c5‘F‘9 tgﬂ‘é ?Fﬂﬁf el
crystal silipotculagytes SOhptuctudjiretbt: iabgve-deacribed wikiémpigs sy be tiarmed tcom-
anot her anne@# RHAESE dihereby partially dissolving the part of the
first thinned silicol oxide | ayer beneath the exposed second part of
the single crystal silicon layer in order to obtain a second thinned
silicon oxi d@mmy@an s3I @idc!abbr)ipnstnfgea mma Ié:}r@mrfirﬁidi@letlé'y@r &h @R Qib-

t hermal oxid trop Jar o%qin & Ic G té% r% taI silicon |ayer
may further %5W%?Y§§ ?ﬁé‘%?é%% of °f'b H? %.é edh H M5k | ayer on a
part of the silicon oxide |ayer and thernally oxidizing a part of the
first thinned,sihy hGcefbnbiakre :Ay@@@ﬁ id sﬂ%\%eéwﬂaitsh@orﬂéﬁér R tn‘%’sk%yjer &N
oxi de layer that is not covered by the second mask’ | ayer thereby
form ng anot WEFEEN! PYEH'¥Li de | ayer and a second thinned single
crystal silicon layer. It should be noted that, in particular,

di ssol ution ' is
per f or med be?%trgémg%é ? &09{10; &ela ééeggﬁ‘r?%ésqnﬁ) agetto quosgg ﬁr%%? ﬁ%t {rﬂt%(r%mand
dopant |nplaﬁ?ﬁﬂﬁéhmﬁﬁﬂmuﬁffu5|on The STI is arranged at the
transition zones between the dissolved and originally provided BOX

| ayer thermally oxidizing the exposed single crystal silicon layer to form a silicon oxide layer
on the previously exposed single crystal silicon layer and a first thinned single crystal

silicon layer; and

removing the second oxide layer and the mask layer and the silicon oxide layer
formed on the previously exposed single crystal silicon layer;

and wherein first part of the silicon layer of the SOl structure is at least a part of the

first thinned single crystal silicon layer.

The thermal oxidation processing can be performed in an oxygen atmosphere, in par-
ticular, comprising O./Hs or Ox/HA/HCI or Ox/HCI and/or at a temperature of 800 T fo
1000 €.



Addi ti onal features and advantages of the present invention wll be
described wth reference to the drawings. In the description,
reference is made to the acconpanying figures that are neant to
illustrate preferred enbodi nents of the invention. It is understood
t hat such enbodi ments do not represent the full scope of the
invention. Figures la - Ig illustrate an exanple for the nmethod for
manuf acturing a sem conduct or device according to the present
invention, wherein an FET is formed th¥ conprises a part of a BOX

| ayer of an 801 structure as a gate dielectric. 13 Figures 2a to 2g
illustrate further exanples for the nethod for manufacturing a

sem conduct théj:%é(ékque@scn%rd@ ﬂthé FayérQQn 9£r§<§ﬁ’e{?tsntcﬂn\{ ﬁmmb%erSM%rsﬂcn oft
fl oating- gateFTlsforne rises $art of BOX | ayer of

an SO st ructiifenityde E‘V?fanﬁtsPs af @Pé"é? ampleg foreadiisiing ‘i}gtt‘?%@%s grihe
exanpl e of aB&EMyeoeduCthersirdeyirgeal adicar tiyergeanood Reeqed Shing thenwethtd on

Corvt L 110 R 8 VB BR i . BEL ) Dk o nd
Fi gures 4a, aiepiﬂiéprwwgualthltﬂsqwd&t@fewdéaawﬁn rgagkdaver prethpeynased frapart of

manuf act uri n@@.@%r@@mcbmbmray@bewammﬁg:cr@rtelirmgx.a@iay&earwrtﬂs &FHer mask
I nvention,

fl t hat
oo 08 s S Beusp SReety s bt shaleor B Fliforur it SRERbERES s,
Figures |a- tegulgmwusmaﬁgwsamfheaanmbmdmsemereﬂy weetiadly dissaivingntye gart of

sem conduct Of,e Ay i1GiEnRCHREA I0Rile [ el B&uehﬂﬂ‘éﬁé‘%k%e@%@co%@%‘éﬂ -of e é1§gle
provided an SO structure conprising a polysilicon substrate 1

oxi de | ayer FViEEKCILg¥E 0 Orﬁd%r“’ %gﬁ%iﬁﬁlsﬁconﬁﬁ"ﬂ@egﬁ"“ﬁnqu@%ﬁyﬁ' I oXi dé, and
a single crystal silicon layer 3. As shown in Figure Ib a hard mask
| ayer 4 is g 0

shown exar’rpl gwﬁeyhar Qtﬂgd r@ﬁw F?he ;r%%& Q@thgljnlall Sﬂ@a’ugrﬂ{o‘?(ﬁorﬁmg apth nngd 1d a
silicon nitrfigge p%{grtélrsﬂs:on )ﬁyahra@b?uéwwmp@sedé@é@m elforring ﬁéeq«vaﬁ maﬁlask

|7ay§r 4 ﬁnd l@@ért@r 2@ fop et SiRoh @&.aanayanam tréhﬁdnb @Wdizrng racﬂsart §f0th@~tfi|'59ns
. or tnis con

Uhe 0x 1 nyePsBE s Eeonidiie Ak P Ra R o s’ TRadafc Bac i Ripee st
partly into etiedbygtiteseretdgndsk lapaeherebh@ring aedihdrsilifan dxile ldper amba erc-

more di el ect thpthgﬁéueg,,llg?xg Systdi Qfiics@mpl e, silicon dioxide, and excess
dielectric is renoved Tromthe surface of the mask |ayer 5 by

chem cal -nechanical p | anarization. As shown in Figure |c, the hard
mask | ayer 4itissoulehnged fhahm peegiutnsiisdolaiis c(rssbmncemosseebaribeos]ﬂ@gﬂtae

t al | 1 i
FLyor s ot or SELhUA s fot k535 158 207 e 080 oSy BI B, Heplifih
formed on théombm@@ataémefr@cﬁé@si@m Ttha&Thip ﬁgarweélayt@@aansgionmrmﬁ bre*a@em 3

and silicon Heldskéleed AMRFigiRaigfordvREl poxBags Wel | as atop of the
shal l ow trench isolations 7 and, subsequently a netal |ayer 9 is

formed atop of the high-k dielectric layer 8 (see Figure 1d). The
hi gh- k di el eétidiiianal fagteres 8ndradrantages of the present invention will be described with ref-

erence to the drawings. In the description, reference is made to the accompanying
figures that are meant to illustrate preferred embodiments of the invention. It is under-

stood that such embodiments do not represent the full scope of the invention.

Figures 1a - 1g illustrate an example for the method for manufacturing a semiconduc-
tor device according to the present invention, wherein an FET is formed that com-

prises a part of a BOX layer of an SOI structure as a gate dielectric.



14 be made of silicon nitride or a conposite material (SiON, Al 203,
FIf02, etc...) and the netal |layer 9 may be nade of TiN, W TaN, and
ternary conponents (Ti-Ta-N) etc., for exanple In the stage shown in
Figure 1 e, the layers 8 and 9 are renoved fromthe regi on B between
the shallow trench isolations 7 and fromthe shall ow trench
isolations 7 and the remai ning mask | ayer 4 is renoved fromthe
regi on B between the shallow trench isolations 7. Subsequently, a
polysilicon layer 10 is deposited as it3is shown in Figure if. A

phot oresi st (not shown) is fornmed atop the resulting structure and
patterned for etching to formgate electrodes in the regions A B and
C (see Figurggled 2a iorhg |h%tr§t§@urm1|e?exa%@énoﬂtﬁ'e ,1:1'959195 ?or Jﬁ%nhﬂaﬁtg%glzge?m-afrﬁe

formed. In regions and C conventi onal MOSFE SO resul
channel regi ‘%ﬂ’i‘gu%cfr Cie}ﬁ'ée BERNA ?dﬂ%Preﬁ)‘E%IﬂE‘?E“OEOWB?*%‘”Iaof@éf"@dgaé%%%'st he
gat e di el ectmints=l iBaticomprizes s phit silcnBOXAesr a8 an A0) staente 45t iuhe! giblacthiel
regi ons source and drain regions are formed by n or p carrier type
dopants as known in the art. Gate el ectrodes of the MOSFETs 20 are
formed from ftigege @eﬂt&tratpwérexgn%{ﬁ@f alsewicprricigr devideeaceerding de Pl Bresent con

materi al 1 Onvenfibiecdmpyising hmﬁﬁ aHd d (SwérQlobBshed EANWHeRSh the amid &iehe

conventi onal gg?gfr}s @0 tb t he trench isolations 7. The inventive FET
30 i s charac! BShYHg88e* 878l ectric formed fromthe original BOX

| ayer 2 provefdedower pobitor®@EESt ruct ure shown in Figure la and a gate
el ectrode that conprises single crystal silicon 3 fornmed fromthe
original single crystal silicon yer 3 provided in the SO structure
shown in Fi gdﬁ‘é’e?éa 4bying 4¢ I”P?"E?Eﬁ"larl %egaew'elfe" the geffjod dormanyigatung ?)é‘?‘”ﬁ‘ of
t he gate el eginded®.deNc® acddrdiapanhs pedgrageritidhpwhdérein chifane]-gte GEDNs

Bna drain 1 cgneatl Rk dlEs 2 AR LC 0T B Sn SHFREELE G S BEBRYC T

in the inventive FET the BOX Iayer of an SO structure is used as the
gate dielectric and the single crystal silicon of the 501 structure

is used as Pa t he | ect r ode. a_better interface
botween ¢ he Gt B ol ot JaseF PLOHSIPBIT LS ARG AR BT ILE Pode
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in order to grow oxid ectric layer (see Figure
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| ayer, may be gromn or deposited on the exposed surface of the single
crystal sili aye S ent silicon layer | S
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16 formed on the nmetal gate layer 9 in regions A and C. The formation
of layers 8, 9 and 13 over regions A and C conprises continuous
formation of the |ayers over regions A, B and C and a |ithographic
step for renoving the layers fromregion B (and the insulation region
7) by enploying a photoresist mask (not shown) patterned to cover
regions A and C, respectively. After etching the regions exposed by

t he photoresi st mask the configuration shown in Figure 2c results.
Subsequently, the hard mask (5 and 6) % renoved in region B as is
shown in Figure 2d. The thus exposed crystal silicon layer 3 is
oxidized in region B to obtain an oxidized |ayer 11 as is shown in

Figure 2e. Abd plababi éll%bﬁ/nﬂrf%le%‘rﬁ'c%ﬁﬁ)ééat@ AR SléN'ﬁgdg m;det@n) ddd8ihe
exposed crystal silicon Subse uentl Cglmg silicon |a er 10

For “Tor m nt. HegHREEra B8 Foecs & IBpasi abaeubies Ty

2f . Ther eby, foaexaomple guration simlar to the one shown in Figure 2a
but including the thin polysilicon layer 13 is obtained. Simlar to
the exanpl e shown in Figure 2b by neans of an appropriately patterned
phot or esi st [7elB% si@ae &b IRFigure & thaulByers 8 apf Sviie iremeed dee tﬁ? rqaios B t .
This struct uww@anmé BB wIRheh iS61E166E UIaB8 foMIth& bii-Mbll trsndhns&eﬁgh@ﬂand\, B

and C. In particul.ar e ate structure e at e
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material 10" !Salﬂtmnet?’cﬁwe@mﬂv pmoysthdmdmr I QigatepdsBed as it sghows inAigunel C.

As it is desef hmgholstshy nﬁﬁéh%ﬁvﬁ)nzg%rﬁw@d %loﬂ%@n%séxlﬁ’t’ngtﬁrugtgre%g pﬁh&Hécﬁ%r 2a
to Zg the i nvent ive transj stor devices can_be nmanufactured
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i nvention a clmmlgtﬂﬂfaeetohectmivpﬂwmm@enaiﬂ%i’ particul ar manner a
conventional SO I\/%FET and an inventive FET is provided. According
to the shown_exa a_ conventional MOSFET conpri Si

el ect rode 105 AT ERR T P LpREn Seaeies [BiecOmanipel JPREE oA tthe
source and draich isoegbraTs The inbattine ER 60 ardiangtetitedSPla daerchaodiagyormade
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| ayer 230 of cr&ﬁ@l 7&&@5%@% Inngellsal Is@urbmr@ghmmmr@ﬁ@ M@mlcgﬁd
adj acent to

de 10
separated fr 8H?r ??p ﬁfﬁﬁ éﬁ%h rgﬁrﬁ?e'gﬁﬂ%%@atﬁﬁiefg?‘iee“ %382%‘%?&3@%86“ ke t op
source 120 aedutinte pegioraprovidedindghe 3&&%& abgat ¢thedaatd diekectric pdBide sburct he
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mat eri al 180 _coveri ng . The contacts
connecti on t BenfdtTale FRXAEH AP S %‘I“Ctérerf%’t’%ﬂdl ﬁsiﬁﬁ Q%ﬁd'%{fé? a"q Be sin-
exanpl e. TheglVRSEElsilicsn bitdé sat adiciaye iensal dsipaa of He das RedirarnTidby, a

better interface between the gate dielectric (silicon dioxide) and the gate electrode

(single crystal silicon) as compared to the art is achieved. Operation of high-voltage
high performance transistors can, thereby, be made more reliable. It is noted that de-
pending on the desired properties of the gate dielectric the BOX layer 2 may be pro-
vided with a lower thickness in region B than in regions A and C.



The single crystal silicon |layer 230 is |ocated atop of a BOX | ayer
190. The BOX | ayer 190 is | ocated above a substrate 200, for exanple,
a silicon substrate 200. However, according to the shown exanple the
drain 130 of the MOSFET indicated by the ellipsoid dashed contour

al so functions as a gate el ectrode designated as "bottom gate" of an
FET | ocated partially bel ow the MOSFET. The FET that is indicated by
the ellipsoid dotted contour conprises the part of the single crystal
silicon layer 230 that functions as a Hrain 130 for the MOSFET, a
part of the BOX | ayer 190 functioning as a gate dielectric and a
drain 210 and a source 220 region provided by appropriate dopants in

the substratgq&80o0fnd b8 u(PAte BhdihG eidiole A the@letlidiGorsMHuGRILARTa Bl N
regions of the two transistors (and thus the bottom gate of the | ower
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structure shown in Figw)e/ 1c. A high-k dielectric layer 8 is grown or deposited on sin-
gle crystal silicon layer 3 in regions A and C. A metal gate layer 9 is formed atop of the

high-k dielectric layer 8 {see Figure 2c¢). Subsequently, a thin polysilicon layer 13 is



19 G ains 1. Sem conductor device, conprising a

sem conductor-on-insul ator, SeOl1l, structure, in particular, a
silicon-on-insulator, Sal, structure conprising a substrate, an oxide
| ayer on the substrate and a sem conductor |ayer, in particular, a

single crystal silicon layer, on the oxide |ayer; with a

field-effect-transistor, FET, wherein the FET conprises a channel
region in the substrate; a dielectric being at | east a part of the
oxi de | ayer of the seniconductor-oninsifator structure; and a gate at

| east partially being a first part of the sem conductor

| ayer of the

sem conductor-on-insulator structure; and further conprising another
FET conpri si agné sBORRlal §281a98 ARkGRRAY AGRd ANl i@ atidrediRBs gidgy of

a second par

of the sem conductor |ayer of the )
e condunrola Bter [A9B0F A1 P BEES cRnng s aaalon ke Tyere Ay regions A,

B and C and a lithographic step for removing the layers from region B (and the insula-
fion region 7) by employing a photoresist mask (not shown) patterned to cover regions
A and C, respectively. After etching the regions exposed by the photoresist mask the

configuration shown in Figure 2c resuits.

Subsequently, the hard mask (5 and 6) is removed in region B as is shown in Figure
2d. The thus exposed crystai silicon layer 3 is oxidized in region B to obtain an oxi-
dized layer 11 as is shown in Figure 2e. Alternatively, a dielectric layer 11 is formed
on the exposed crystal silicon layer 3. Subsequently, a polysilicon layer 10 for forming
a gate electrode is deposited as it is shown in Figure 2f. Thereby, a configuration simi-

lar to the one shown in Figure 2a but including the thin pelysilicon layer 13 is obtained.

Similar to the example shown in Figure 2b by means of an appropriately patterned
photoresist mask an etching the structure shown in Figure 2f results. This structure
comprises gate structures for circuits in regions A, B and C. In particular, the gate
structures comprise the gate dielectric 8, gate metal layer 9 and both etched polysili-
con gate material 10” and etched thin polysilicon layer 13 in regions A and C.

As it is described with reference to Figures 1a to 1g and Figures 2a to 2g, the inven-
tive transistor devices can be manufactured in co-integration with conventional SOl
based transistors. However, it goes without saying that the above-described exem-
plary examples for the manufacture of the semiconductor device may be amended in

a manner not to include the formation of the conventional MOSFETs 20.

Not only co-integration of the inventive devices with conventional bulk transistors on
S0l is possible but rather a new densely packed combination of different transistors is
available. As it is illustrated in Figure 3 according to another example of the present
invention a configuration comprising in a particular manner a conventional SO MOS-
FET and an inventive FET is provided. According io the shown example, a conven-
tional MOSFET comprising a gate electrode 100 and sidewall spacers 110 used for
the formation of source and drain regions is formed according to SO! technology. The



the first part of the sem conductor |ayer of the Se0l1 structure and

t he second part of the sem conductor |ayer of the Seal structure at

| east partially overlap each other. 2. The sem conductor device
according to claiml1l, wherein the dielectric is a gate dielectric and
the gate is a gate electrode that, in particular, further conprises a
| ayer of polysilicon on the first part of the sem conductor |ayer of
t he sem conductor-on-insulator structure. 3. The sem conductor device
according to claim1, wherein the FET 15 a floating-gate FET and the
dielectric is a tunnel dielectric and the gate is a floating-gate. 4.
The sem conduct or device according to claim1, wherein the first part
of the sem coflGhbral¥gbnsl rhdWOSERT aRldolG M Pl R L6, BL 126354 op

partially a source or drain _region of
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the additional FET. 7. Method for manufacturing a sem conductor
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accordmg to the shown exampie the dram 130 of the MOSFET indicated by the ellip-

soid dashed contour also functions as a gate electrode designated as “bottom gate” of
an FET located partially below the MOSFET. The FET that is indicaied by the ellipsoid
dotted contour comprises the part of the single crystal silicon layer 230 that functions
as a drain 130 for the MOSFET, a part of the BOX layer 190 functioning as a gate di-
electric and a drain 210 and a source 220 region provided by appropriate dopants in
the substrate 200 of the SOI structure. All of the source and drain regions of the two
transistors (and thus the bottom gate of the lower positioned FET) are connected to
the contacts 170. Consequently, a very compact semicenductor device comprising a
MOSFET on SOl and an FET comprising a BOX layer dielectric and single crystal sili-
con gate electrode can be obtained.

Figures 4a fo 4c illustrate an example for the methed for manufacturing a semiconduc-
tor device according to the present invention, wherein a floating-gate FET that com-
prises a part of a BOX layer of an SOI structure as a tunnel dielectric and SO transis-
tors are formed.

The starting point for this exemplary inventive methed is the stack shown in Figure 1a.
A dielectric layer 11 is grown or deposited on crystal silicon layer 3 and a polysilicon
layer 12 is formed on the dielectric layer 11 (see Figure 4a}. The thin polysilicon layer

12 serves as a protection layer for the dielectric layer 11 during the further processing.



formng a polysilicon |ayer on the sem conductor |ayer to obtain a
polysilicon on Se0l1 structure; and etching the polysilicon on Se01
structure to forma FET conprising a channel region in the substrate,
a gate dielectric made froma part of the oxide |layer of the Se0l
structure and a gate electrode at |east partially made of a first
part of the sem conductor |ayer of the Se0l structure and a part of
the polysilicon |ayer formed on the sem conductor layer; and further
conpri sing manufacturing a MOSFET on tHe Se01 structure conprising
the steps of formng a gate dielectric on the single crystal silicon
| ayer of the Seal structure; formng a gate el ectrode on the gate

dielectric; amndedRhY, RHISQHCEyRRs ﬂfnﬂbcﬂ\oﬁ el M&%lEi&iﬁCIderrhgtan@@%ltﬂée the
source and drainr is a rt fornme at | east a part
op i he o Tk SRS biglo R B i e il reb e e el
part _of t he mmbammdgreprwranharpmheefaretMmeselﬁrﬁuggmtlayem:uree11 1215 pndd& e ng
a sem Conducéﬂéndma t%%%o@rglﬁ&n oAbkt to %EMJ%HWH%%PU.; g n%téfa tpate,

an oxi de Iay on"the substrate and a sem conduct or

oxi de | ayer ; Bingialafytrenchiisotagiens 7-Layely Srang P %Jﬂ@logémacfeﬂ%a@%ﬂurfnw@

process of etching the trenches. The dieleciric material filled into the trenches is pla-

narized with the nitride layer 8. The thus resulting structure is illustrated in Figure 4b.

Further processing similar fo the one described with reference to Figure 1c to 1g re-
sults in the structure shown in Figure 4¢. MOSFETs 20 are formed in the left and right
regions of Figure 4c that are separated from the central region by shallow trench isola-
tions 7. However, a floating-gate FET 30 comprising a floating gate 3' above a tunnel
dielectric 2 wherein the floating gate 3’ is separated from a gate electrode 10’ by a

gate dielectric 11" and thin polysilicon layer 12’ is formed in the central region.

Whereas in the description of the Figures processing of an SOI structure is described
a semiconductor-on-insulator structure in general can be processed according to the
described inventive methods. For example, germanium, silicon-germanium, strained
silicon sirained silicon-germanium, etc. can be used rather than conventional silicon in

the semiconductor-on-insulator structure.

All previously discussed embodiments are not intended as limitations but serve as
examples illustrating features and advantages of the invention. i is to be understood
that some or all of the above described features can also be combined in different

ways.



formng a polysilicon |ayer on the dielectric layer to obtain a

mul tilayer structure; and etching the nultilayer structure to forma
floating-gate FET conprising a channel region in the substrate, a
tunnel dielectric made froma part of %he oxide | ayer of the Se01
struct ur@®aimsf | oati ng gate nade of a first part of the sem conductor
| ayer of the Se0l structure, a gate dielectric made of a part of the
dielectric layer formed on the sem conductor |ayer and a gate

el ect rode coﬁ%ﬁvgﬁﬁﬁcﬁr6%$W%6PmPH@”%oIysiIicon | ayer fornmed on the
dielectric layer; and further conprising manufacturing a MOSFET on

the SeOl_ str %Céé#ilg rﬂﬁ%’%—'oﬁllnﬂllétgﬁ Sset('ﬁpgttrlﬁgturf of mpg'rgicﬁalgaat %jiginqclnr%?rltsma?or,
on the single crys?a SiI'i'con Tayer of e §é6& structure, ?ornlng a
gate el ectrod®lontrisieregap@prusieg ecsrbyratangn faxide yesoor ibe syigtrdieaipnd a

regi ons such sehadon@i@oOhyéhh BAYUEAS:, ANGInglE kRt 8BIcOMNFaykes Al thk @3&ke 1ayer;
partly fornmed. at least a part of the floating gate that is at

f
| east partiawvﬁ made of the first part of the silicon |ayer of the
Se01 structure. 9. The nmethod according to claim?7, further conprising

the steps forMddefedMaihskYSEcOMWRE RROREPLEMELLNS; form ng a
shal l ow trench isolation through the mask | ayer extending to the

substrate and separating a first region of the Se0l1 structure froma
second regi o gfanhdlee@ein Bersudsteate; renovi ng the mask | ayer fromthe
second region of the Se0l structure;

a dieleciric being at least a part of the oxide layer of the semiconductor-on-

insulator structure; and

a gate at least partially being a first part of the semiconductor layer of the

semiconductor-on-insulator structure;

and further comprising another FET comprising a channel region and source and
drain regions made of a second part of the semiconductor layer of the

semiconductor-on-insulator structure;
characterized in that

the first part of the semiconductor layer of the SeQl structure and the second part
of the semiconductor layer of the SeQl structure at least partially overlap each

other.

2. The semiconductor device according to claim 1, wherein the dielectric is a gate
dielectric and the gate is a gate electrode that, in particular, further comprises a
layer of polysilicon on the first part of the semiconductor layer of the

semiconductor-on-insulator struciure.

3. The semiconductor device according to claim 1, wherein the FET is a floating-gate

FET and the dielectric is a tunnel dielectric and the gate is a floating-gate.

4, The semiconductor device according to claim 1, wherein the first part of the
semiconductor layer of the SeQl structure forms at least partially a source or drain
region of the other FET.



subsequently formng a dielectric |ayer on the second region of the
Se0l1 structure; formng a netal |layer on the dielectric layer; and
22 renoving the mask | ayer fromthe first region of the Se0l
structure; and etching the metal |ayer20 the dielectric layer and the
Se0l1 structure in the second region to forma MOSFET in the second

region of th e r re. .and whereip the lysilicon |ayer i
f or med g‘sh t hgrhge%%%%]n uucgotlglrS?Vé%erac??{%'[”ﬁep% i°F'St gfé%el c?ﬁecggmtghg %ﬁlﬁurther
structure toceBPHSIAG taeagsiifional FET ospromisBE0d channet tregien and sonrdehand drain

nmetal |ayer. rdfonsl a8k ROGiraGer 6H 18 sefiddnalifbBiaybMbi RN sdrBIHduSion g n-
the steps form rag%ra%{lrﬁ%g&el ayer on the Se0Ol1 structure; formng a
I

shal | ow t rend®" through the nask |ayer extending to the
substrate and separating a first region of the Se0l1 structure froma

second reegi O haf sdiiBonkRior Sid Gt YE&rdih§MBVERG: teynBsk 11aYBfst flaAMi B
second region of the Se0l1 structure; ) o
semiconductor layer of the semiconductor-an-insulator structure is different from

the third part of the semiconductor layer of the semiconductor-on-insulator
structure and further comprising an insulator region, in particular, a shallow trench
isolation, separating the FET comprising the dielectric that is made from a part of

the oxide layer of the semiconductor-on-insulator structure from the additional FET.
7. Method for manufacturing a semiconductor device, comprising

providing a semiconductor-on-insulator, SeOl, structure comprising a substrate, an

oxide layer on the substrate and a semiconductor layer on the oxide layer;

forming a polysilicon layer on the semiconductor layer to obtain a polysilicon on
Se0l structure; and

etching the polysilicon on SeOl structure to form a FET comprising a channel
region in the substrate, a gate dielectric made from a part of the oxide layer of the
SeOl structure and a gate electrode at least partially made of a first part of the
semiconductor layer of the SeOl structure and a part of the polysilicon tayer formed

on the semiconductor layer;

and further comprising manufacturing a MOSFET on the SeOl structure comprising
the steps of

forming a gate dielectric on the single crystal silicon layer of the SeQl structure:
forming a gate electrode on the gate dielectric; and
forming source and drain regions such that one of the source and drain regions is

at least partly formed of at least a part of the gate electrode that is af least partially

made of the first part of the semiconductor layer of the SeOl structure.

8. Method for manufacturing a semiconductor device, comprising



subsequently form ng another dielectric |ayer on the second region of
the Se0l1 structure; formng a netal layer on the other dielectric

| ayer; renoving the mask | ayer fronlthe first region of the SeOl
structure; and etching the netal |ayer2! the other dielectric | ayer
and the Se0l structure in the second region to formthe MOSFET in the

second regi Oy ﬁhdlh%g s%%Q%)n%LEtHPFHrI%’UIaQ&dS}Qﬁ?rs'?rlulctutrgr% r'?snﬁi ugstraﬁ .

Is formed on't m conduct or
formed on théx#iedp¥esopitee Fl&gﬁér@tqwb@tsamwoadLmﬂrtweawerth%prcj@!aype |n
the first region of the SeOl structure. 11. The nethod according to

one of the clalns prov t he Se0l1 structure
conpri ses prOV|dn%ad5$%%W?@5ﬁ'theﬁSUVEPgFagﬁﬁierstack conprising a
substrate layer, a first silicon (di)oxide |ayer on the substrate

| ayer and a $br'9rg|l1§ aCd’oY)%ﬁ!%'on%)}éﬂd?ﬂh'e%f@@ctﬁﬂ Iéytb‘? th 1db8din %' thi?r%er structure;
(di)oxide layer; 23 formng a second oxide layer on the single

crystal SI|I68H | ayer and a nask | ayer on the second oxide |ayer;

etching the muiltilayer structure to form a floating-gate FET comprising a channel
region in the substrate, a tunnel dielectric made from a part of the oxide layer of
the SeOl structure, a floating gate made of a first part of the semiconductor layer of
the SeOl structure, a gate dielectric made of a part of the dielectric layer formed on
the semiconductor layer and a gate electrode comprising a part of the polysilicon

layer formed on the dielectric layer;

and further comprising manufacturing a MOSFET on the SeOl structure comprising

the steps of
forming a gate dielectric on the singie crystal silicon layer of the SeQOl structure;
forming a gate electrode on the gate dielectric; and
forming source and drain regions such that one of the source and drain regions is
at least partly formed of at least a part of the floating gate that is at least partially
made of the first part of the silicon layer of the SeOl structure,

9. The method according to claim 7, further comprising the steps
forming a mask layer on the $e0l structure;
forming a shallow french isolation through the mask layer extending to the
substrate and separating a first region of the SeOl structure from a second region
of the Se0l structure;
removing the mask layer from the second region of the SeOl structure;

subsequently forming a dielectric layer on the second region of the SeQl structure;

forming a metal layer on the dielectric layer; and



patterning the second oxide |layer and the nmask | ayer to expose a
first part of the single crystal silicon |ayer; subjecting the
resulting structure to an anneal process thereby partially dissolving
the part of the first silicon (di)oxi & |ayer beneath the exposed
first part of the single crystal silicon layer in order to obtain a

thinned silicgnofigh h%ﬁﬁ%\%ﬂ%f%‘%n% ﬁ(&%éﬁ%&‘éb ¥ e eh§ec§| dser?l?glrgxange | ayer

and the mask layer; ayér of the
501 structure is at |least a part of the t hi nned S|I|con (d|)0X|de

layer. 12. Thetdmidhod @e@Plgengné %e@@ﬂn@faybhan@ltzaé BBOV strGctdrk inWREIsREbnd
I ses I OV
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| ayer; patte
a first part of the single crystal S|I|con layer; thernally oxidizing

the expaged shaghany ¥Shlngld s XA Lf o, Sibi con oxi de

| ayer on the previously exposed single crysta 't coh | ayer and a
first thinned single crystal silicon |ayer; and
forming a mask layer on the SeOl structure;

forming a shallow trench isolation through the mask layer extending to the
substrate and separating a first region of the SeOl structure from a second region
of the SeOl structure;

removing the mask layer from the second region of the SeOl structure;

subsequently forming another dielectric layer on the second region of the SeOl

structure;
forming a metal layer on the other dielectric layer;
removing the mask layer from the first region of the SeOl structure; and

etching the metal layer, the other dielectric layer and the SeOl structure in the
second region fo form the MOSFET in the second region of the SeQl structure; and

wherein

the dielectric layer is formed on the semiconductor layer and the polysilicon layer is
formed on the dielectric layer to obtain a multilayer structure in the first region of

the SeOl structure.

11. The method according to one of the claims 7 to 10, wherein providing the SeOl

struciure comprises

providing a silicon-on-insulator, SQI, stack comprising a substrate layer, a first
silicon (di)oxide layer on the substrate layer and a single crystal silicon layer on the

first silicon {di)oxide layer;



renoving the second oxide |ayer and the mask | ayer and the silicon
oxi de layer fornmed on the previously exposed single crystal silicon

| ayer;

12.

23

forming a second oxide layer on the single crystal silicon layer and a mask layer on
the second oxide laver;

patterning the second oxide layer and the mask layer to expose a first part of the
single crystal silicon layer;

subjecting the resulting structure to an anneal process thereby partially dissolving
the part of the first silicon (di)oxide layer beneath the exposed first part of the

single crystal silicon layer in order to obtain a thinned silicon (di)oxide layer; and

removing the second oxide layer and the mask layer;

and wherein the part of the oxide layer of the SOI structure is at least a part of the
thinned silicon {di)oxide layer.

The method according to one of the claims 7 to 11, wherein providing the SeOl

structure comprises

providing an silicon-on-insulator, SOI, stack comprising a substrate layer, a first
oxide layer on the substrate layer and a single crystal silicon layer on the first oxide
tayer;

forming a second oxide layer on the single crystal silicon layer and a mask layer on
the second oxide layer;

patterning the second oxide layer and the mask [ayer to expose a first part of the
single crystal silicon layer;

thermally oxidizing the exposed single crystal silicon layer to form a silicon oxide
tayer on the previously exposed single crystal silicon layer and a first thinned single

crystal silicon layer; and

removing the second oxide layer and the mask fayer and the silicon oxide layer

formed on the previously exposed single crystal silicon layer;

and wherein first part of the silicon layer of the SOI! structure is at least a part of

the first thinned single crystal silicon layer.



