Semiconductor Device Comprising 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 comprising densely packed field-effect
transistors that may share functional regions. Background of the invention Semiconductor-On-Insulator
(SeOl) and, in patrticular, Silicon-On-Insulator (SOI) semiconductor devices are of increasing interest in
present and future semiconductor manufacturing, for example, in the context of the Complementary Metal
Oxide Semiconductor (CMOS) technolo y. In modern integrated circuits, a very high number of individual
circuit elements, such as S afeotraekis@tOIf thhamhCe CMoR) pIWEI IPYIES 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 ifti@ldtdnfffeedryneanisig t@nersiod, to provide currently available
integrated circuits with an improved degree of performance in terms of speed and/or power consumption.

A reduction in size of transisto j$j@ompa@ant karsct it rdBimpeYng @evice performance of
complex integrated circuits, such as CPUs. The reduction in size commonly brings about an increased

switching speed, thereby enhancing signal processing performance. 2
Field of Invention

The present invention relates to the manufacture of a field-effect transistor in a silicon-
on-insulator structure and, in particular, to a system-on-chip comprising densely

packed field-effect transistors 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 Metal Oxide Semi-
conductor (CMOS) 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 performance.

During the fabrication of complex integrated circuits using CMOS technology,

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



formed on a substrate including a crystalline semiconductor layer. Transistor elements are the dominant
circuit element in highly complex integrated circuits which substantially determine the overall performance
of these devices. A MOS transistor, irrespective of whether an n-channel transistor or a p-channel
transistor is considered, comprises so-called pn-junctigns that are formed by an interface of highly doped
drain and source regions with an inversely or weakly doped channel region disposed 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 electrode formed near the channel re_?lon and separated
therefrom by a tﬂfﬁqﬁ%lﬂﬂtlﬂgslﬁiﬁéfatﬂw@EW&tﬂlﬂﬁf{ﬁtlénﬁh%Wéq%@%%daﬁ%rméﬁaﬂ%ﬁa conductive
channel due to ¢hereoieati dtme afcanrsp OpUEtel @ortroinvailgatyectoriblexgiate geidetr otleyiteyhiats on the
dopant concentgion gy BRIy HedNaiar it FhATaREBT RESAd i fQr @ given extension of the
channel region in the transistor width direction - on the distance between the source and drain regions,
which is also referred to as channel length. Due to the decreased dimensions of circuit elements, not only
the performanceé afiths individstal framssier elements mtebeaimcneatsadh dutralssi ttwir paekipg density
may be improvedoHiRlPLREING e RaIRAU b sALReAGIiEte e unctianally iafe a aiven chip

area. For this reason, highly complex circuits have been developed, which may include different types of

circuits, such aéoéﬂ‘ﬁgdﬂé A d0Hfargital Gitelivs AoRetheliig, ﬂ%éW%Jﬁﬂh%”énWt@s%té?ns ona
single chip (So@¢rddlg contiveiiy slmpeldagaaofrthlerhsghmstﬂsmhrmmenszehmwavemmwowgma plurality of

issues associatgd {hege d‘u%@ r‘%ﬁ tﬁ% AAERIRAF D AT &‘P&r‘r‘rﬂémgqgﬁ ﬂ‘etﬁ‘évéﬂv%ges obtained

by steadily decreasing t chan of MOS transistors. One major problem in this respect is to
provide for low %H@éf‘éﬁéﬂ%ﬂt%t%%ﬁ&?‘i’#ﬁtéﬁtW%@Ur@e%%@%@’ FhP6neAeedre8hnected
thereto and to rmatntednrelzannel chamedabiifio-anéxsypalaigadueingrthe elyaaneldengthanay necessitate

an increase of ﬁ'%%lgfp%'&" BHBHURfSF"Yﬁg'E\{Q%%t?e %WSS%} Ftﬂr%ﬁ SH"’W&' H#?é} p(ich may call

for re- 3 duced ness o e ate rhsulation layer. Presentl ickness of silicon dioxide based
gate insulation R{REr88s ?Wf’néoréh@ea@f)ﬂct’t‘)t'Q’F]éﬁo"f‘ﬁe?é}%r%HéFélr?%”ﬁu?ﬂhté?'téaﬁcﬁbﬁhl‘ﬁe%ﬁ% less
desirable in viemaftteatléagfepurfe@tsrvvtﬂehdypmllmxmnemiaﬂytiﬁ@rﬁaﬁﬁlm(hen tesluaijarine gate

dielectric thlckneﬁ';asf é/glev [ the d’nterfgtcg \}hre %qtgnglglrectpgg n&gg ryql |0¥1h"f‘r§ i}gqnvgntlonally

used for the manu fure 0 t gate e ectro eisc aracterlzed y grain bo aries affecting a uniform
dopant profile a¥ialtee MIEHY IH §B T ad KEsibg ﬁté}?éﬁi%@&ﬁbeﬁéhé'bﬂ|ﬁpfﬁi¢@ré§.dl\}l’(5?er(b\?ég'@r\ﬁen the

continually deciemisdslunsnaiens«f eiradicatginentsiyin. despite the recent engineering progress, there
is still a need for more compact configurations of transistor elements of different performance properties.

In view of the above, the present disclosure relates to methods for the manufacture of semiconductor
devices and seRfi€oiedietepeIearRassdiMRmtiansrahsisidiLiemgnie frneal e Rptreamedhthanner and

improved propefiRsavihiasiaet eiheriaifayisleritic aalealefitotheiniasiass density may be
improved, thereby providing the potential for incorporating increased functionality into
a given chip area. For this reason, highly complex circuits have been developed,
which may include different types of circuits, such as analogue circuits, digital circuits

and the like, thereby providing entire systems on a single chip (SoC).

The continuing shrinkage of the transistor dimensions, however, involves a
plurality of issues associated therewith that have to be addressed so as to not
unduly offset the advantages obtained by steadily decreasing the channel
length of MOS transistors. One major problem in this respect is to provide for
low sheet and contact resistivity in drain and source regions and any contacts
connected thereto and to maintain channel controllability. For example, reduc-
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-



Description of the Invention In order to address the above-mentioned objects, it is provided a
semiconductor device according to claim 1, comprising a semiconductor-on-insulator, in particular, a
silicon-on-insulator, SOI, structure comprising 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 4 a dielectric 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. In one particular embodiment the

dielectric is a gAHF AR IO W GalPls ANGHBIABIRYEE tHAE T PR N IRBARFHAESEbmprise a
layer of polysilicom eiotid st rattgsttha selaicon tyeter iayert(ioraxgenpiel tive2simgieoststal, silicon layer)
of the semiconqyeiPLANEIAFHIAPT STHGIUIE QY BRI defsliv uife [hat ftdragtRalfialixforms the

ate.
d which typically exponentially increase when reducing the gate dielectric thick-

ness.

However, the interface of the gate dielectric and polysilicon that is conventionally used
for the manufacture of the gate electrode is characterized by grain boundaries affect-
ing a uniform dopant profile and resulting in poor adhesion properties and reliability
failures. Moreover, given the continually decreased dimensions of circuit elements and
despite the recent engineering progress, there is still a need for more compact con-

figurations of transistor elements of different performance properties.

In view of the above, the present disclosure relates to methods for the manufacture of
semiconductor devices and semiconductor devices in which transistors may be
formed in a space efficient manner and improved properties with respect to the gate
dielectric — gate electrode interface.

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;



In the following, description is made for an SOI structure comprising a single crystal layer. However, it is
to be understood that any semiconductor-on-insulator structure without restriction to silicon can is
encompassed in the present invention. Thus according to the present invention, FETs with gate
dielectrics in form of parts of initial BOX layers of 501 gtructures are provided that, furthermore, have gate
electrodes that at least partially are formed from parts of the single crystal silicon layers of the 501
structures. Thereby, improved electrode characteristics due to the single crystal silicon are provided (in
the art, usually, polysilicon only is used for the gate material) and the material properties of the interface
between the didSHIRCENPRHEIA B QB R BE A Y S JUR GETHGRRILACL HBIDSHIREN - oxide
interface is proteduretweedn the gate electrode and the gate dielectric. According to the present
invention, a single crystal silicon - oxide interface is provided between the gate electrode and the gate
dielectric, thereby avoiding grain boundaries resulting in inhomogeneous do-pant profiles and affecting
the long time oFe¥aoff ﬁ(}']‘%‘ﬁ’iﬂﬁﬁ%@ffﬁ?ﬁﬁﬁ@g 8 SENGPIOLEIRrRAYEE UIAGTRRNIFGIEUIT variability.
Thus the provided drainsigtaes strecuaricularly suitable for high-voltage applications, for example, in the
context of RF devices and electrostatic discharge (ESD) protections, 5 comprise a gate dielectric on the
floating gate and a gate electrode, in particular, made of polysilicon, on the gate dielectric. Again, a single
crystal silicon - BXRIE PREIFLIRE 85#%%?89@@&@@%%?&%&%@%“@& PR REMhnel
dielectric. The silegleodeystai, silipanicuxid@apntertace s@aplisdm iByaovesbkdicge/ dathadtanar as

compared to th‘8f“tﬂBvﬁﬁi@]@\%ﬁg%ﬁ%ﬁ“&&@%ﬂ%rﬁﬂ‘e‘?siﬁfé]é’%r%{fﬁl %’MP&?}E{‘ P & pRrticyiarly suitable

for the manufacture o \ g H memory devices. Manufacture of the floating-gate FET is
compatible withCHEY RIS tREYCETec SR pRraAYP & pafe o Fivs BE X g et alsash R Hibectric and a
gate electrode tahistaé lgast partly made of single crystal silicon as described above. 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 SOI structure may
be obtained by thé"S NpARTEsL teSriipEeRds Made 49 7B- 8% GHHEH 1 aPRNES G AHEHOTHSEIFET are
particular suitabgdarieonaiegrationomid aemarerdideniap ik iransistac corsitMRBr sitrsgwtbus, the
semiconductor deige ASAIRngIe N, aie Bbovesdescibed expmples, iy Juriher comprise another
FET comprising a € annei region angl source-drain regions 'bot r%aae 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, foReg asiding eharngleagionibatids, lecatediin irsngleerstalisiisen payeropf the SOI

and a gate metal.%'a é%med on this gate dielectric layer. According to an embadiment, the first part of
tho slicon layer Sh D SR o 2 T ot Pt SR AR e e S
structure and aHQHSEIHRrFelgRsH PRY rlitiaifderAeh HRSn aEs oh RORINYA, G/ pRd videendayRifa®ing the FET

comprising the glglgoirigriiatissmadedbo nhib RAEDE B suddeh el péibe R tstHcHHgd e  the other
FET comprisinqafil channel rceg?ion angﬁ(gttirce-drainaﬁegions oth que of thdefse%%)endé})art o{ the single
e

crystal silicon Iaye?'c')(fotﬂea SIS 'r%%q : qtgftna?\lfe %’tﬂ(()al&f‘?r's' %%Hno\f {%g%elngf)er crys?a %iiéon layer of the

SOl structure aridireddoemipiriidloirorekiey el dhgstatesifeo PeiyeenitihedSBrieLRdratdatest partially
overlap each othgkubpa tisyhalcAh® fikssaaskof e singleysiriolicendayskrbiaasshaecture 6

(unctoning a5 & gae fof he nvenive, ransiion ey fo 2t east Rental & soutce or fai region of
the other (conveRtbNal) FET electric. Ing P invention,

a single crystal silicon — oxide interface is provided between the gate electrode and
the gate dielectric, thereby avoiding grain boundaries resulting in inhomogeneous do-
pant profiles and affecting the long time operation reliability of high-performance tran-
sistors, as well as contributing to Vr variability. Thus the provided transistors are par-
ticularly suitable for high-voltage applications, for example, in the context of RF de-

vices and electrostatic discharge (ESD) protections,

In another particular embodiment the FET is a floating-gate FET and the dielectric is a

tunnel dielectric and the gate is a floating-gate. The floating-gate FET may further



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 SOI structure forms
at least partially a source or drain region of the other FET a very compact configuration arises that allows
for minimizing the necessary space. Moreover, the segiiconductor device may comprise the FET
comprising the dielectric that is made from a part of the oxide layer of the SOI structure, a conventional
MOSFET 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 SOFSIPRERS S ARl FLSBSHARRIEGHLCAIR, it AR PRI e tHaY5re Le AR ATioN also
provides a metmoabéoofimalysiaciurmythesgareotindattor Agiice, sogipisyRtppitvichrgoaiddicoer-on-insulator,

SOl structure C%E@Qﬁi‘ﬂS&?&P&H@Fﬁift%@%ﬁﬁ@ﬂ@l@ﬁiﬁ&Pé{@éﬂd"ﬁ‘% RAING & GbeiR! siligon layer on

the oxide layer; forming a polysilicon layer on the single crystal silicon layer to obtain a polysilicon on SOI

POlys . /St .
structure; and TR PN N SIS ANEHfACEUIESH Tt BRERPE SRPREIARS e fgion in the
substrate, a gatdipéeetrio nhads mamtianznaydiicooxidexidgentef five SKBLsthid e anthaegaie electrode

at least partially,madg.of adifsiRaropf iie ﬂ&%%ﬁ(y@aéﬁiﬂﬁ‘ﬂ%@%geoﬁm%ﬁ%éﬁ’iHﬁIU&%\ﬁé&? part of the

polysilicon layer formed on the single crystal silicon layer. The etching may be performed based on a
photoresist fornYsM4agts ek s TR 96 Sifidols 1SYBPBIPIR VOIS DARITEC Y fael BfeF B principle,
any other suitablengeiviimpadict@f thatBde Gaetss usgate Tdielscititsainl begatdelsivodbttial theainvention

covers a SemiC%@Fﬁé‘?ﬂgﬁ’?ﬁi&@é‘lﬁ%&%“c%fﬁr Jorsxample. SOMARISING germanium or silicon-germanium

on an oxide layer, and is not restricted to an SOI structure.

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 SOI 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 SOl (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 SOI 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 made
of the second part of the single crystal silicon layer of the SOI 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 SOI structure at least partially overlap each

other. In particular, the first part of the single crystal silicon layer of the SOI structure



The method may further comprise the steps forming a mask layer on the SOI 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 SOI 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 crystdSTREINA ISP BN R MU BYRHERSIU MASTY Bbiets AR TN AIRVKSH sol

structure and onrtbeimetgidapéthe other (conventional) FET.

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 SOI 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.

Moreover, 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 SOI 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, SOI 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 to 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 SOI 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 SOI 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-



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 SOI structure comprising the
steps of 8 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 fgrmed of at least a part of the gate electrode that is
at least partially made of the first part of the single crystal silicon layer of the SOI structure. Moreover, it is
provided a method for manufacturing a semiconductor device, comprising providing a silicon-on-insulator,
SOl structure comprising a substrate, an oxide layer on the substrate and a single crgpstal silicon layer on

the oxide layer; $5riAYS5 1 AIUISHISC Y SIRH HlldifReQEARILSIRE SrAtSY 8l CAlHRRE e SRS don layer on

the dielectric layetidobebiaiesondtilzatcthstioatutienaruyers a semiconductor-in-insulator structure,
for example, comprising germanium or silicon-germanium on an oxide layer, and is
not restricted to an SOI structure.
The method may further comprise the steps
forming a mask layer on the SOI 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 SOI 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

SOl 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 SOI structure comprising the steps of

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



etching the multilayer 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 SOI structure, a floating gate made of a first
part of the single crystal silicon layer of the SOI structure, a gate dielectric made of a part of the dielectric
layer formed on the single crystal silicon layer and a ggte 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 patterned on the polysilicon layer on SOI structure This method including the formation of a
floating-gate transistor may also comprise the steps of 9 forming a shallow trench isolation through the

mask layer extdAUTHPH R SIBLPde Yhire8pis SIfGFL 8 fegion of the SOI structure from a second

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

subsequently fQHFﬁimQ?%‘aﬂesra%l?'&%‘iﬂcré%Ycﬁ{soéwﬂen%ﬁ%{édeeﬁ@@&Fr&@eaﬁ'&)ér%ﬁWFéBf&isf%'Hiﬂg a metal
layer on the other dielectric layer; _ _
least partly formed of at least a part of the gate electrode that is at least partially made

of the first part of the single crystal silicon layer of the SOI structure.

Moreover, it is provided a method for manufacturing a semiconductor device, compris-

ing

providing a silicon-on-insulator, 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
SOl 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 SOI structure

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

the steps of

forming a mask layer on the SOI structure;



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 SOI 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 obtpin 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 further comprise
manufacturing a MOSFET on the SOI structure comprising the steps of forming a gate dielectric on the
single crystal silf{BH &P L EHFRISRIAHAN FHRTY B aRsk BYRb A OIS a’%e(ﬁlépéa‘?f& and
forming source ant shEaratisgiensrsuctpibatod ieeoS hlessotee druindrasecegibregisradiaast pattly formed of
at least a part ogtmguﬂggting gate that is at least partially made of the first part of the single crystal silicon
layer of the SOI structure. 10

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

subsequently forming another dielectric layer on the second region of the SOI 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 SOI 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 SOI structure comprising the steps of
forming a gate dielectric on the single crystal silicon layer 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

least partly formed of at least a part of the floating gate that is at least partially made

of the first part of the single crystal silicon layer of the SOI structure.



In the above-described examples of the inventive semiconductor device and method an SOI structure is
involved. The SOI structure may have a BOX layer with varying thickness. In particular, the thickness of
the BOX layer may be adapted to be suitable for a dielectric layer of a high-performance FET or a tunnel
dielectric of a floating-gate FET. An 501 structure with @ varying thickness of the BOX layer may be
obtained by providing an 501 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; forming a second oxide
layer on the smlgle crystal silicon layer and a mask layer on the second oxide layer; patternln the second

oxide layer and th R i0eF TPE B R frsPHING SMEE e Y PGyt dsNBiBRHng the
resulting structure $Oastamneeal iprovebs thaiebhy Padialbiudes stlyihgub e foxokyres fiigt stigory (di)oxide

layer beneath theg &xR0S4f BQE&%F %Ehf%él&@?s%yﬂ@'siﬂ%?&@%ﬁww@&é&@@%%@ & fpraed silicon

(di)oxide layer; and removing the second oxide layer and the mask layer. The thinned silicon (di)oxide
layer can subséah@mww&ﬂaagffh%wr&eré?/&%ﬁﬁ&%a&aﬁ%' fHglsstdh ol e- bk examples of
the present invéition, i.e. the part of the oxide layer of the 501 structure the gate dielectric or floating
dielectric is made from is at least a part of the thinned silicon (di)oxide layer. The high-temperature anneal
process can be performed at a temperature of 900 C to 1200 C in an anneal ambient comprising Ar

and/or N2, theréHy R #iAS IR YONiR yanep AR dsnass AfdboREe 1ay8T HaK &5 ARIKNREXhinned silicon layer

in order to obtain a first thinned silicon oxide layer.
providing an SOI 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;

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 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 (di)oxide layer.

The high-temperature anneal process can be performed at a temperature of 900 T to
1200 T 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.



11 Thus, synergetically the advantage is provided to obtain an SOI structure with a BOX layer of varying
thickness such that the thickness of the BOX layer can properly be adapted to fulfill standards for a gate
dielectric or tunnel dielectric of a FET or floating-gate FET, respectively, that is manufactured according to
the present invention. Moreover, the thickness of the gingle crystal silicon layer can be adjusted to the
particular needs for a reliably operating gate electrode or floating gate, respectively. In particular, the 501
structure in the above-described examples may be formed comprising the steps of providing an 501 stack
comprising a substrate layer, a first oxide layer on the substrate layer and a single crﬁstal silicon layer on

the first oxide lay&f: féYﬂﬁFﬂffé\ el grasragds BreviRe iR ay<a e b Wi & Bk 1ayer on
the second oxideykyef vpaiiegrickties seocmdhaxithe [dyeknansl ohehe @k} dgpertcaxpogedyfist part of the

single crystal S'Hﬁg&é%yt%rﬁﬂﬂﬁ%&é%'%'Q%éﬂ?o“r’éﬁ@&?ﬁ%ﬂﬂﬂ!ﬁ%@éﬂ&'Wé‘#@feértﬂofé’t% a silicon

oxide layer on the previously exposed single crystal silicon layer and a first thinned single crystal silicon
layer; and remd{Atfythé L3R Yﬁle@%{yéwfﬁfé%gﬁfmp%‘atﬂ%%ﬂﬁ?@ﬁ'B‘)’(‘ftﬁ‘@%yer formed on the

previously exposed single crystal silicon layer;
Moreover, the thickness of the single crystal silicon layer can be adjusted to the par-
ticular needs for a reliably operating gate electrode or floating gate, respectively. In
particular, the SOI structure in the above-described examples may be formed com-

prising the steps of

providing an SOI stack comprising a substrate layer, a first oxide layer on the sub-

strate layer and a single crystal silicon layer on the first oxide layer;

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 layer to expose a first part of the sin-

gle crystal silicon layer;

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 SOI 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,/H, or O,/H,/HCI or O,/HCI and/or at a temperature of 800 T to
1000 <.



and wherein first part of the silicon layer of the 501 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
particular, comprising 02/H2 or 02/H2/HCI or 02/HCI and/or at a temperature of 800 C to 1000 C. 12 The
mask layers can be nitride layers, in particular, siliconypitride layers or a stack of oxide/nitride layers.
Steps of the above examples for adjusting the thickness of the BOX layer or of the single crystal silicon
layer can be repeated. Thus the method comprising the anneal processing for thinning the BOX layer may
further comprise the steps of forming a third oxide layer and another mask layer on the exposed first part

of the single crySt8IEARRYE)R PR RN da¥aitr T RAEERe AR AL G/ BV R gt %xpose a
second part of thedsiingtelerigstaissitboers |ay¢ne cadu g lgentiptp shie resijutngystnactiick iesandtiier anneal

process thereby gartigly; ddﬁ%ﬁ'YHé?sﬁhslé’%f&Qfaih&g@W fyaned silicop guide laygn daneaibiag exposed

second part of the single crystal silicon layer in order to obtain a second thinned silicon oxide layer.
Similarly, the metABH LBHBRIAG L Qe BN thEHANBRRY RO R Pt RFh MG P LRGTE S stal silicon
layer may furthetepsmpfismitiveastidps adidenayagaadanothd mask layer antbepagp adedthérsiligonaxide layer

and thermally oyjdizingi& B3ttt dhedrshibinnersiRg Y Rlideciad RERPAIPaST HigSilicon oxide

layer that is not covered by the second mask layer thereby forming another silicon oxide layer and a
second thinned'3YRG 1K G¥RRSF Aic6RRY ST IhBiqFHE!hi Gt E h SHIGRA D R L BP IS IETRf TR solution of
the buried oxidedsuttvegSDUsinctoranstperfanned peicrsstiteefabineapiiyesskwvoampesiag ST formation

and dopant im%ﬁ’gg%ﬂ% iﬁH@éﬂ”gﬁ@@ %Jéﬁsoéﬁ’@aﬁﬁq eaIe%B‘éstéﬂ”éé@BHoZBpQﬁso'?‘?ﬁ‘é(eéf jge dissolved

and originally prov BOX. layer Additional features and advantages of the present invention will be
described with FEYSRITHCEH tRECHARIARSIOl AR desRe ARt NeRe et NS YRS the accompanying
figures that are meant to illustrate preferred embodiments of the invention. It is understood that such

embodiments dgiﬁﬁéﬁgp{ﬁé‘“?ﬁ‘étﬂb% f&‘é'n?ﬁr‘?é?%g"%@Etl{b"‘éﬂﬂ%?nﬁi%&(%ﬁtﬁo% 'f&tngJHﬁE\:c)?ntae A fagmple for the

method for manufacturing a semiconductor device according to the present invention, wherein an FET is
formed that corf{pa&eS 4SHRIFAN BROUK IR T8I SemRiRGireSiRPa Yakiatkatkecond mask

layer on a part of the silicon oxide layer and thermally oxidizing a part of the first
thinned silicon layer located beneath the part of the silicon oxide layer that is not cov-
ered by the second mask layer thereby forming another silicon oxide layer and a sec-

ond thinned single crystal silicon layer.

It should be noted that, in particular, dissolution dissolution of the buried oxide in the
SOl structure is performed before the further processing comprising STI formation and
dopant implantation and diffusion. The STl is arranged at the transition zones between

the dissolved and originally provided BOX. layer

Additional features and advantages 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.



13 Figures 2a to 2g illustrate further examples for the method for manufacturing a semiconductor device
according to the present invention, wherein a floating-gate FET is formed that comprises a part of a BOX
layer of an SOI structure as a tunnel dielectric. Figure 3 illustrates an example of a semiconductor device
according to the present invention comprising a MOSEET and a lower positioned FET wherein the drain
of the MOSFET also functions as a gate of the lower positioned FET. Figures 4a, 4b und 4c illustrate an
example for the method for manufacturing a semiconductor device according to the present invention,
wherein a floating-gate FET is formed that comprises a part of a BOX layer of an 501 structure as a

tunnel dielectrid "HER) AP 189 IJUSHEH LHGEs SRMPEH Y dfdRE LR B RENARY e éhitBYiductor
device accordingtodb®ririesité acaredshgwntheé iprpsevidiedesnitids) Ivbaemuacfioatmgrigitg) BEJolysilicon

substrate 1, an gxidey I veToriBIRE ARk IPH BEKRIR Tade< SilicriL fioxide, ARd gigiglk crystal silicon

layer 3. As shown in Figure Ib a hard mask layer 4 is grown or deposited atop of the silicon layer 3. In the
shown example the hard mask layer comprises a thin oxide layer 5 and a silicon nitride layer 6. A
photoresist is dejyoséeibustizaechara axasiplayeT al semiquaiie oteddioridheatoomttip moothehalémentrench

isolations 7. For{hISRWBGHGrilie, NARABREY IaYe e SHGROLIY RESTARNRLHAM REGIAYes e etched

and the resulting trench is extended partly into the substrate 1. Then, the trench is filled by one or more
dielectric materfMAfSFdr eXSMNRCIANE®S iBRiBe, and excess dielectric is removed from the surface of the
mask layer 5 bytihenucel pwtiwrid #Eeianarization. As shown in Figure Ic, the hard mask layer 4 is
removed from regions A and C to expose the single crystal silicon layer 1 in these regions. Then, a high-k
dielectric layer 8 (for example, with a dielectric constant k more than 3.9 is formed on the exposed

surfaces of the GigigRSA9sth SNEAR AR AHRIREBIEHRFide SR IPTEfbH BCRE DR 8&Mitop of the
shallow trench isslations deafid, scdasaigyentiyea pnesahiayes i favnedatopefithedzighAcdiedectric layer 8

(see Figure 1d)foTrqgﬂ9&'§0%%lr?scég% @%@5]8&% layer of an SOI structure as a tunnel dielectric.

In Figures 1la — 1g show stages of an embodiment of manufacturing a semiconductor
device according to the invention are shown. It is provided an SOI structure compris-
ing a polysilicon substrate 1, an oxide layer 2 (BOX layer), for example, made of sili-
con dioxide, and a single crystal silicon layer 3. As shown in Figure 1b a hard mask
layer 4 is grown or deposited atop of the silicon layer 3. In the shown example the
hard mask layer comprises a thin oxide layer 5 and a silicon nitride layer 6. A photore-
sist is deposited on the hard mask layer 4 and patterned for the formation of shallow
trench isolations 7. For this purpose, the hard mask layer 4, the silicon layer 3 and the
BOX layer 2 are etched and the resulting trench is extended partly into the substrate
1. Then, the trench is filled by one or more dielectric materials, for example, silicon
dioxide, and excess dielectric is removed from the surface of the mask layer 5 by

chemical-mechanical planarization.

As shown in Figure 1c, the hard mask layer 4 is removed from regions A and C to ex-
pose the single crystal silicon layer 1 in these regions. Then, a high-k dielectric layer 8
(for example, with a dielectric constant k more than 3.9 is formed on the exposed sur-
faces of the single crystal silicon layer 3 and silicon nitride layer 6 of region B as well
as atop of the shallow trench isolations 7 and, subsequently a metal layer 9 is formed

atop of the high-k dielectric layer 8 (see Figure 1d). The high-k dielectric layer 8 may



14 be made of silicon nitride or a composite material (SiON, Al203, Hf02, etc...) and the metal layer 9 may
be made of TiN, W, TaN, and ternary components (Ti-Ta-N) etc., for example In the stage shown in
Figure le, the layers 8 and 9 are removed from the region B between the shallow trench isolations 7 and
from the shallow trench isolations 7 and the remainingnask layer 4 is removed from the region B
between the shallow trench isolations 7. Subsequently, a polysilicon layer 10 is deposited as it is shown in
Figure 1f. A photoresist (not shown) is formed atop the resulting structure and patterned for etching to
form gate electrodes in the regions A, B and C (see Figure 1 2 In the example, shown in Figure 1g three
FETs are formeif IRA%G IR0yt e R ROBRAP TSRS (S0 Alitrelite Aile: -ofhY&regions of
the conventionah &t Bi&TS 1iP@yabe Inedtedf bEiNyWih & gisieudlictectaiysc8ripdne rgBi¢onrTiayer 8c Adjacent to
the channel regigns, spiyice and drain regions are formed by n or p carrier type dopants as known in the
art. Gate electrodes of the MOSFETSs 20 are formed from the metal layer 9 and also include the etched
polysilicon material 10". The inventive FET 30 is formed separated from the conventional MOSFETSs 20
by the trench isblatierssage Tahewn entigieEle 3héslayaradtand e &y eegatecdidientticefoegied Brom the
original BOX laygr & BRAYIEISHI NG SHoh SLBEHHFR ShaMiibh LISl AN a-GRIR SRRt comprises

single crystal silicon 3' formed from the original single crystal silicon layer 3 provided in the SOI structure
shown in Figurd e SRR RER 6 RSI8BVRIHTNRE Aed5RIdt thEYURSRIBGHIREON B8 S Mopants
adjacent to the isbmitines regiobgamideyl b pbiysidasitaierlibatoue theigatadieie striovpriovikigusource and
drain regions. Aﬁ%’@?&&? S1S t‘}{’lﬁ%taafﬁ MQ&%EJ?%B ey, éﬁﬁ*ri‘ggéf? GRS ER s BOX layer

of an SOI structure i e gate dielectric an e sing Stal silicon of the SOI structure is used
as part of the g&te#8dadeen ?ﬁ@r@ﬂ%ﬁ@%ﬁt@r%ﬁéﬁ%’@@%@mﬁeé e (§egerinbrBCtAL (Bifiled®dioxide) and
the gate eIeCtrCuiﬁr(ISlﬂgie\Mﬁmt&h@liﬂém@ MBcCORIRY edetdotheartisragioiey @dataperadire ofdiigh-voltage

high performangg| %‘?‘%ﬁ@t%s SradNRISh ﬁé ’Q‘?ﬁ% g&g}&ﬂﬁ%‘%&té ﬁﬁ;}ﬁ%ﬁ%@?ﬁfé{:g&” the

desired properties of the gate dlelectrlct H}/be rovi ed with a lower thickness in region
B than in reglor%%%%e@ belgv-ifeaio diglReirs |ﬂd§tﬂéﬁe9 RRRHaY ¥xanmgiadaitifethSetRdRNr
manufacturing seginicentustandienineragonding fonthgl wpawtpw%ow@mma@HWﬁxample a

floating-gate FET fgr{negtrg (%890 rlso(ﬁ%&?(é 1E§¥?u ey‘%r r% S‘Iﬁc?r%]th S{rug %f?aaé:‘r %mdqel dielectric

and a part of a smg e crystal silicon ayer 0 ctute as a oatlng gate. One may start from the
configuration st¥sANEYCg e Richederalystisen Batesiee Bt the single crystal silicon layers is thermally
oxidized at some 700 C to 900 C, for example, in order to grow oxide dielectric layer 11 (see Figure 2a).

Alternatively, a |electr|rclzulvé/EH_]3C{or n;sr%aen e, rSI I(‘,é)FI %l =3 Igﬁ@e ma ap elielllieNels ?gjr}),qﬁlted on the
y Ia;)%rg I S

exposed surface of the Single crystar silicon sequenily, a po ys con Iayer d%posned on
the metal layer @QWFE@F&%@AS%J tf,ea'ﬁ‘(f6Wﬁ165'3'e3@d@r@%@éﬁelﬂleﬁ\wt%ed@glﬁﬂ%‘d BHed with

reference to Figwm lméfm.gmafigwtigybsbqymiaeﬁiww@dxs ffcbeeiryEeitafgure MuMQSFETSs 20 in
regions A and B #no %;]a%atlrr}%gate FET 40 'Stf rmed t%atfls sep rate from thel MOPFETS 20 by
the shallow trerﬂ: ISOIAtoNs %lscanbe procegrsq]neg S eps fe 'ga'}lngs 'B%Fe FET 40 in
region B comprixgsial @HQWN@Y@'Q%W@VW@QOH@@&@H%@!@W ehehawhé) dielsetde-2Polysiithrsides of the

;haﬂ nel fegioélE@?Hf QR F8 AL EABrARLIQRSRIE B HGRADY RpRIRRTIAI fomipa s higatdhsitigel. The
oating-gate

Lrthermore floatln ie 3' abovet unnel dielectric 2'. The floating
ot 3 12 s AR (R0 Y ERIRCARE P e AL ger e BT At 16 LEvotional
floating-gate FENY thaibeztoringeaorypriediliedre- 8055(&11@' (fioafigrga@in th_:llh@ tigrethead)vaterface allows

for improved dQWerﬂ?ﬂfﬂ%‘ yehek M‘%géﬁ%&uﬁl s &é%%ﬂaé&l?e"@ﬁfé‘%&!lé’&bftcﬁnd\t@@me
high-voltage FLASH de can, t us rowded It| oted th t&ependl on the gie& roperties of

the tunnel dlele%'t‘?lgrfﬁéa 'ﬁol'&)% %ﬁﬁ%eésdi lf&l'.?laé %g%?o?} A4S Wi ¢ hickness in
region B than |rbe@grom@ﬁﬁaand)e:t.\m:arammieed&)kamm(%mhedmada)‘mdr&ef@&mﬂﬁm@lmtor device

according to thegaedt, yeNfUh Sl PSS IS B-IaR 2° dendlelNOPERGRTS HHMgRIaSIRFOM the
structure shown in éﬂ‘c:\?ure 1c. A hig h k dielectric Ia%er 8 is grown or deposited on smgle c?/stal silicon

layers in region&% HREMRNrfd éﬂ'b*é%@fa;?éf‘g% &g SiBRcoTNE FilirRle bR ORIEI)aE #isee Figure
2¢). Subsequembndnthimnpbéy sitiscat lay@reli@sof the gate dielectric the BOX layer 2 may be pro-

vided with a lower thickness in region B than in regions A and C.



16 formed on the metal gate layer 9 in regions A and C. The formation of layers 8, 9 and 13 over regions
A and C comprises continuous formation of the layers over regions A, B and C and a lithographic step for
removing the layers from region B (and the insulation region 7) by employing a photoresist mask (not
shown) patterned to cover regions A and C, respectivply. After etching the regions exposed by the
photoresist mask the configuration shown in Figure 2c results. Subsequently, the hard mask (5 and 6) is
removed 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 layer 11 as is shown in Figure 2e. Alternatively, a dielectric layer 11 is
formed on the eXPUESFRYREARMNESHAG IS FXURAIETR) e SBRIGAME RFRY2EYIPIRFRRY a gate
electrode is deposidediars deiscshaveordirgigare2f piidsere byyentonfiguratidingitmitaistexheplee shown in
Figure 2a but ingiucling,the Hn ROPSHIGO hidV&Inati ORlpined: §!§H§;I594P8f%§19!%§@&\9’r@ in Figure 2b

by means of an appropriately patterned photoresist mask an etching the structure shown in Figure 2f

results. This strie@ e EGHBREELIG AR ARRTENER FIIAHENRAISIETRIYH B BEPE! R YHHIBFr, the gate
structures compri‘kmﬂp_g gatke djadaemu.{';c%rgmmmmdawﬂﬁ.tignctm. mﬂi@qq)mb/s'ﬁhemxgmmaterial 10"
and etched thingplysiligapdaysid 2rL e BRtshAgR0Gs fedhiRig SRriinaravibeTesEREqJ@Fdaures la to

1g and Figures 2a to 2g, the inventive transistor devices can be manufactured in co-lnte@ratlon with
conventional S&F 956G RIRIMRErRY R dRRABIG LhdkHEEtEABEERULEIHEY exemplary
examples for thevengrauditettittacobifee Serfocontucior dleNimen mayaiiean emgeok grawnasiizpoet to include

the formation ofﬁgaﬁ&p%ygr&%%&ﬂ%gg%ﬁ%%\l%& l%ﬁ%’tﬁﬁ@ﬁ#&%ﬂo th@e g\ggg%t&\(%irq@\{i%es with

conventional bulk transistors on SOI Is possi ut rather'a new densely pack mbination of different
transistors is aRA%blicOA 4368 HLiSuIRRASIPRIGN S HEES IR iRrBaRISeXANPIE 8P thepient
invention a contigugedienagemirising in a particular manner a conventional SOl MOSFET and an inventive
FET is provided. According to the shown example, a conventional MOSFET comprising a gate electrode
100 and sidewall spacers 110 used for the formation of source and drain regions is formed according to

SOl technologyT Revay dexficeed ipirainii sfirisiratfshaes fe tharecnbeisaias shavidp BSurce” 120
and "top drain" 30z4aspecively. driese teprsawscm 2 Ensl 1opndredivdsS A regiomsiargithiores in a single

tal sili I 2 ft l. lnsulati [ ' | h
courcelcrai rog N PHRL o) SR E S ebaaaie o e ARt AR o carea

between the to&atitdeiaieRhd téarinthe foAVEdeEy Resh i fesstitSERS. trethleaiengfi®xample, the
contacts 170 areeforaced irgioatBecshpiesiscarapienal ldfioeovemaostietMESFEdsw the eem@cts 170

provide connecéj%p (t:?r.rcnﬁtaAtirBtoetﬁlcg neg r%)ef &mnetgllrigalgorg cI)<';L1l¥er, fr% ﬁg(aqm Iel. r'1I'ShngOSI.: T is indicated
by an ellipsoid Sshed contour, The single crys?apsnicgn ﬂayer 536" focald ga(%op oraBA %yer 190.

The BOX layer 10enBritiierapgcohiBaisshaiatedo, oe xalinpiaate sikdotsiibEipaRomGoPlowever,

according to theyshevriexamariattne draik 188 whieedbREHET indicateghydhe sllipsejsheasiied contour
also functions gs a gate electrode designated as "hott ate" of an FET located partially below the
VOSFET. The e T b RS g I ol o B T Ao Bos AR e PR e erystal
silicon layer 230aptndrastsidrisTashedreiier Sodier ensRIGHREET, @xidet @PaiaB@Yelay@inne0diunctioning as

a gbate die';(%”(‘?@Eﬁli?oﬁﬁﬁiﬁa%%oaﬁﬂﬁﬁaf?@Wc&%@ ﬁ%%'ﬁeﬁﬁf{dﬂeﬂ% Qfﬁqr%ﬁtﬂ{@@émm iﬂsthde hus th
substrate of t structure. of the source a rain reg e two transistors (and thus the
oo gate o HE o &%ﬁg&%ﬁ%@g&ﬁ@%ﬁ%ﬁﬁi %5@%”5@@:&6. %an%mu%g%% ey
compact semicuidgdctbisdesire behrsising g soaGPDRETHesOFEE somgrisiiect ayer
dielectric and siggle eixstal gilicanrgrieseiestrodareandyeneliaiadd with a lower thickness in re-

gion B than in regions A and C.

An alternative example for the manufacture of s semiconductor device according to
the present invention is illustrated in Figures 2c¢ to 2g. The process flow starts from the
structure shown in Figure 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



Figures 4a to 4c illustrate an example for the method for manufacturing a semiconductor device according
to the present invention, wherein a floating-gate FET that comprises a part of a BOX layer of an 501
structure as a tunnel dielectric and 501 transistors are formed. The starting point for this exemplary
inventive method is the stack shown in Figure la. A digiectric 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.

18 Subsequently, a djelectric layer 5 is formed on the polysilicon_layer 12 and a nitride Ia%er 6 is

deposited on thQ@TELRHDFIES I8IARSG 7R EFIQBRAANITio NI BRRILY 1R RER Sgraphy and
trenches are etéRexv¢hregighdayersl Z; Sorhfridek Eoatulibusridrendtodoigh® HyenpalysiliegiossiBstrate 1 and

filled with 50meéjéﬂ&‘é%ﬁ‘é"iﬁﬁi@ér'é’FﬂfEtéiQp%?UQWJ\r/ SRR LAV B ?aﬂﬂ‘?r@ fHggon as a hard

mask during the process of etchingﬂ;le trenches. The dielectric material filled into the trenches is

planarized with tHB SRIRTe ) FEPEYNS R SRR DRSEANRS RO R M HIG GRYHT SBGRRer
processing simidaand therespedestyibdtntiohiateten cegionsigupeskd oy e ebolisésishenatkidiare shown in

Figure 4c. MO%ﬁng%?aQ@{%ﬁg\rNrﬂ%q I%H?@ weftandright regions of Figure 4c that are separated from the

central region by shallow trench isolations 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' ansutfsacpehtsilidon haye nibRkisSanmia) is itaocential regiors \Adherelaswn theidascription of

the Figures proggssifg }%ﬁé’é&%«g‘é&%@ﬁ%@ eéﬁi&'&?‘fé#‘?dsqssﬁ%&%ﬂqH%dr&?‘ﬁ%%%ﬁ%ﬂ?%%%fe in general

can be processed according to t ibed inventive methods. For example, germanium,
silicon-germanidi#e SRyt S 8RamBURAIEs e geMRIARIYE Gt S5IFHELSYETAthE B ¢onventional
silicon in the sepnitandxiedeedbrikalsiliobataeitire Shgpwatisly isguitised lagapadinerisrtg not

intended as limitafj . les | I . he inyention. Itis to
be understood t ﬁ%qgo%rkgg{r)(?%\l{%f?ﬁ}g %%g\%gjgg%ﬁté%qgE@ég%?éﬁg%gg’g%@rﬁ%}% g@fﬁgrent ways.
lar to the one shown in Figure 2a but including the thin polysilicon 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 la to 1g and Figures 2a to 2g, the inven-
tive transistor devices can be manufactured in co-integration with conventional SOI
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 MOSFETSs 20.

Not only co-integration of the inventive devices with conventional bulk transistors on
SOl 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 SOl MOS-
FET and an inventive FET is provided. According to 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 SOI technology. The



19 Claims 1. Semiconductor device, comprising a semiconductor-on-insulator, Se01, structure, in
particular, a silicon-oninsulator, SO1, structure comprising a substrate, an oxide 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 comprisgs;a channel region in the substrate; a dielectric
being at least a part of the oxide layer of the semiconductor-oninsulator structure; and a gate at least
partially being a first part of the semiconductor layer of the semiconductor-on-insulator structure. 2. The
semiconductor device according to claim 1, wherein the dielectric is a gate dielectric and the gate is a

gate electrode FRIGH FEHGERIRFEARDSSY B MR 1Al ST PR RO AR S B Srst 15571 8f TR
semiconductor tagier’ dBtheespattoeidutheseemsalater K2fuatdréop drain 130 regions are formed

in a single crystal silicon layer 230 of the SOI structure. Insulation regions 140 are
provided adjacent to the source/drain regions. The gate electrode 100 is separated
from the channel region 150 that is located between the top source 120 and top drain
region 130 by a gate dielectric 160. In the shown example, the contacts 170 are
formed in another dielectric material 180 covering the MOSFETs. The contacts 170
provide connection to metal interconnects of a metallization layer, for example. The

MOSFET is indicated by an ellipsoid dashed contour.

The single crystal silicon layer 230 is located atop of a BOX layer 190. The BOX layer
190 is located above a substrate 200, for example, a silicon substrate 200. However,
according to the shown example the drain 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 indicated 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 semiconductor device comprising a
MOSFET on SOI and an FET comprising a BOX layer dielectric and single crystal sili-

con gate electrode can be obtained.

Figures 4a to 4c illustrate an example for the method 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 SOI transis-

tors are formed.

The starting point for this exemplary inventive method is the stack shown in Figure la.
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.



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
one of the preceding claims, further comprising another FET comprising a channel region and source and
drain regions made of a second part of the semicondygtor layer of the semiconductoron-insulator
structure. 20 5. The semiconductor device according to claim 4, wherein the first part of the
semiconductor layer of the Se01 structure and the second part of the semiconductor layer of the Se01
structure at least partially overlap each other. 6. The semiconductor device accordln% to claim 5, wherein

the first part of HPSEMTYNa Gt BT Bl e MMagt QU sPANSIFRL YRt S OIS or drain
region of the otheeFETS defdséestnmcbadistotriehys acShaliog teeocte isdldiepregedmgreldems, further

comprising an gidiignay f@?aﬁ&”%@i%&%@%@%‘téﬁ%r%[]Qrﬁl%%‘F? Angl ﬁ!ia'{hreﬂﬁ&%r%ﬂge of a third

part of the semiconductor Iagﬁ of the semiconductor-on-insulator structure. 8. The semiconductor device
according to cl&tePRAPe] H@Wﬁ‘%ﬁ%ﬁ%@%érﬁ%ﬂ%wmﬁé‘?%f"ﬂ@%’é‘fﬁ%ﬁﬂ@c@r‘)% insulator
structure is diffesgnshalovthestitindpdatiaithe seyersohdnct@r flaryetioaf ke dearicoadk clotirgntiesulator

structure and fUiIRer CORRHSING AL INRHIRHOL reAloRelBRA! bR HA IRy Fﬁ%ﬁ?&h@r@étfé"aiasepara““g

the FET comprising the dielectric that is made from a part of the oxide layer of
semiconductor W'M%F@HJH{G%WSWMQ%%%%'Wt@CRH'&%@WWUfﬁWﬁ@a

semiconductor device, comprising
Further processing similar to the one described with reference to Figure 1c to 1g re-
sults in the structure shown in Figure 4c. MOSFETSs 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 strained 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. It is to be understood
that some or all of the above described features can also be combined in different

ways.



providing a semiconductor-on-insulator, Se01, 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 Se01 structure; and etching the polysilicon on Se01 structure to form a
FET comprising a channel region in the substrate, a gajfe dielectric made from a part of the oxide layer of
the Se01 structure and a gate electrode at least partially made of a first part of 21 the semiconductor
layer of the Se01 structure and a part of the polysilicon layer formed on the semiconductor layer. 10.

Method for mancl:JIfacturing a semiconductor device, comprising
aims

1. Semiconductor device, comprising

a semiconductor-on-insulator, SeOl, structure, in particular, a silicon-on-
insulator, SOI, structure comprising a substrate, an oxide layer on the substrate
and a semiconductor layer, in particular, a single crystal silicon layer, on the ox-

ide layer; with

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

a channel region in the substrate;

a dielectric 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 semi-

conductor-on-insulator structure.

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 semicon-

ductor-on-insulator structure.

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 one of the preceding claims, further
comprising another FET comprising a channel region and source and drain re-
gions made of a second part of the semiconductor layer of the semiconductor-

on-insulator structure.



providing a semiconductor-on-insulator, Se01, structure comprising a substrate, an oxide layer on the
substrate and a semiconductor layer on the oxide layer; forming a dielectric layer on the semiconductor
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 comp#ging a channel region in the substrate, a tunnel
dielectric made from a part of the oxide layer of the Se01 structure, a floating gate made of a first part of
the semiconductor layer of the Se01 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 dielectriclayer. 19 SPHUGHANTA" LO6FEIRG Y UainiCoCitifher WBRiRRSIG the &b Lkdfing a mask
layer on the Se01 strissimiegridneimdayesha ke Seichtisciatoamihiougéctne paskfldyesexiending to the

substrate and separamgtgrflg%lr%gmg §E§l%ﬁﬁ9&ré§9l@%@p§ﬂf£\Iy?‘&%?%?geé%ﬂi%&f the Se01 structure;

removing the mask layer from the second region of the Se01 strucCture;

6. The semiconductor device according to claim 5, wherein the first part of the
semiconductor layer of the SeOl structure forms at least partially a source or
drain region of the other FET.

7. The semiconductor device according to one of the preceding claims, further
comprising an additional FET comprising a channel region and source and
drain regions made of a third part of the semiconductor layer of the semicon-

ductor-on-insulator structure.

8. The semiconductor device according to claim 7, wherein the first part of the
semiconductor layer of the semiconductor-on-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.

9. 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

SeOl structure; and

etching the polysilicon on SeQl 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



forming a metal layer on the dielectric layer; and removing the mask layer from the first region of the Se01
structure; and etching the metal layer, the dielectric layer and the Se01 structure in the second region to
form a MOSFET in the second region of the Se01 structure and wherein the polysilicon layer is formed on
the semiconductor layer in the first region of the SeOJgtructure to obtain the polysilicon on Se01 structure
and on the metal layer. 12.The method according to claim 10, further comprising the steps forming a
mask layer on the Se01 structure; forming a shallow trench isolation through the mask layer extending to
the substrate and separating a first region of the Se01 structure from a second ref;ior_l of the Se01

structure: removing tHEGEIRGANRYHYHAYRE BB mE R GovCl eh e ARl BRG RO ey ATy forming
another dielectric laygponethersthecsaniegidnadriteye0l structure;

10.  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 dielectric layer on the semiconductor layer;

forming a polysilicon layer on the dielectric layer to obtain a multilayer struc-

ture; and

etching the multilayer structure to form a floating-gate FET comprising a chan-
nel 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 semicon-
ductor layer of the SeOl structure, a gate dielectric made of a part of the dielec-
tric layer formed on the semiconductor layer and a gate electrode comprising a

part of the polysilicon layer formed on the dielectric layer.

11.  The method according to claim 9, further comprising the steps
forming a mask layer on the SeOl structure;
forming a shallow trench isolation through the mask layer extending to the sub-
strate 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 a dielectric layer on the second region of the SeOl struc-

ture;



forming a metal layer on the other dielectric layer; removing the mask layer from the first region of the
Se01 structure; and etching the metal layer, the other dielectric layer and the Se01 structure in the
second region to form the MOSFET in the second region of the Se01 structure; and wherein 23 the
dielectric layer is formed on the semiconductor layer gnd the polysilicon layer is formed on the dielectric
layer to obtain a multilayer structure in the first region of the Se01 structure. 13. The method according to
claim 9, further comprising manufacturing a MOSFET on the Se01 structure comprising the steps of

forming a gate dielectric on the single crystal silicon layer of the Se01 structure; forming a gate electrode
on the gate dielectriC'fglmng a metal layef on the dielectric layer; and

removing the mask layer from the first region of the SeOl structure; and
etching the metal layer, the dielectric layer and the SeOl structure in the sec-
ond region to form a MOSFET in the second region of the SeOl structure; and
wherein
the polysilicon layer is formed on the semiconductor layer in the first region of
the SeOl structure to obtain the polysilicon on SeOl structure and on the metal
layer.

12. The method according to claim 10, further comprising the steps
forming a mask layer on the SeOl structure;
forming a shallow trench isolation through the mask layer extending to the sub-
strate 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 SeQl structure; and
etching the metal layer, the other dielectric layer and the SeOl structure in the

second region to form the MOSFET in the second region of the SeOl structure;

and wherein



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 at least partially made of the first part of the semiconductorlayer
of the Se01 structure. 14. The method according to claim 10, further comprising manufacturing a
MOSFET on the Se01 structure comprising the steps-gf forming a gate dielectric on the single crystal
silicon layer of the Se01 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 SeQ1 structure. 15.

The method accordind'fo BREBHTHAYEGIH LI 2N IR RS ISP {R¥eE&0T Lhq PRIe i prises
providing a silicon-oniaysulsttr s hrstbe klietaripnsaygrasubstratertay@ayar fatstsilicom (He dixste layer on
the substrate layer an@&cﬁjr}gl@]gggﬁlsﬁmgméayer on the first silicon (di)oxide layer; 24

13. The method according to claim 9, 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 SeOl 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 at least

partially made of the first part of the semiconductorlayer of the SeOl structure.

14.  The method according to claim 10, further comprising manufacturing a MOS-

FET on the SeOl structure comprising the steps of
forming a gate dielectric on the single crystal silicon layer of the SeOl 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 par-

tially made of the first part of the silicon layer of the SeOl structure.

15. The method according to one of the claims 9 to 14, wherein providing the SeOl

structure Comprises

providing a silicon-on-insulator, SOI, 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;



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 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 firgi 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 SO1 structure is at least a part of the thinned silicon (di)oxide
layer. 16.The method according to one of the claims 9 to 15, wherein providing the Se01 structure

comprises providing A8 A-GRAENIGHSE L8 AN B MY SHSAA YA FirliBsKide layer on
the substrate layer anidyesomyieecrystabikatnldgger on the first oxide layer; 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 layer to expose a first part of

the single crystal silicon layer;

subjecting the resulting structure to an anneal process thereby partially dissolv-
ing 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.

16. The method according to one of the claims 9 to 15, 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 layer;

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 layer to expose a first part of

the single crystal silicon layer;

thermally oxidizing the exposed single crystal silicon layer to form a silicon ox-
ide layer on the previously exposed single crystal silicon layer and a first

thinned single crystal silicon layer; and



patterning the second oxide layer and the mask layer to expose a first part of the single crystal silicon
layer; 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 25
removing the second oxide layer and the mask layer agd 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.

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 SOI structure is at least a part of

the first thinned single crystal silicon layer.



