Wafer with Intrinsic Semiconductor Layer Field of Invention The present invention relates to fully
depleted CMOS devices, in particular, wafers for the manufacture of embedded DRAM devices and
co-integrated on the same piece of substrate, fully depleted SOI transistors with back biasing
capability, wherein the wafers comprise intrinsic semiconductor layers. Background of the invention
Semiconductor-On-Insulator (Se01) and, in particular, Silicon-On-Insulator (S01) semiconductor
devices are of increasing interest in present and future semiconductor manufacturing, for example, in

the _context of the Complementary Metal Om ?IW tor (CMOS) technology. Embedded DRAM
devices become increasingly important for -perfo CMOS electronics, since compared to

conventipnal SRAMs the package density. can beg significantly incregsed. Besides the high integration
lower noise and power cohRETTHRS HE mm&uﬁﬁ){a Y &¥eved as compared to

external SRAM/DRAM architectures. In addition, planar fully depleted SOI transistors represent a cost
effective approach with respect to the scaling of transistor devices. Planar fully depleted SOI
transistors advantageously allow for back biasing in order to adjust the threshold voltage to reduce
leakage power and/or boost performances. With Back Bias Vt can be changed dynamically. Relatively

thin buriedfdRIdefdRYRNEORs, for example, with a thickness in the range of 5 to 50 nm, are necessary
to provide optimal back biasing benefit. 2

The present invention relates to fully depleted CMOS devices, in particular, wa-
fers for the manufacture of embedded DRAM devices and co-integrated on the
same piece of substrate, fully depleted SOl transistors with back biasing ca-

pability, wherein the wafers comprise intrinsic semiconductor layers.

Background of the invention

Semiconductor-On-Insulator (SeOl) and, in particular, Silicon-On-Insulator (SOI) sem-
iconductor 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.

Embedded | DRAM devices become increasingly important for high-
performance CMOS electronics, since compared to conventional SRAMs the
package density can be significantly increased. Besides the high integration
lower noise and power consumption as well as higher bandwidth can be
achieved as compared to external SRAM/DRAM architectures. tn addition,
planar fully depleted SOl transistors represent a cost effective approach with
respect to the scaling of transistor devices. Planar fully depleted SOI transis-
tors advantageously allow for back biasing in order to adjust the threshold
voltage to reduce leakage power and/or boost performances. With Back Bias
Vt can be changed dynamically. Relatively thin buried oxide (BOX) layers, for
example, with a thickness in the range of 5 to 50 nm, are necessary to provide
optimal back biasing benefit.



It is known to manufacture embedded DRAMs based on wafers with a pre-doped n-layer formed in the
handle substrates, directly underneath the BOX and rather thick to contain the entire DRAM capacitor
trench, typically several microns. For example, a phosphorous n+ layer with a concentration of 1019
cm may serve as a capacitor bottom plate. The n+2Iayer is crucial in terms of scaling of the eDRAMSs.
However, there arises a problem when a logic part comprising back-biased planar fully or partially
depleted SOI transistors shall be integrated together with embedded DRAMSs, since the pre-doped n+
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electrically insulated one from another in order for them e biased at different voltaﬁ%s without high
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substrate creating the need junctions, and cut then vertically by STI structures to insulatg one region
from the ofiFEORSIcR R GXERISIR ATRSRARTSSR MidRY B Wﬁh&f&&ﬂ?@d‘g&tr‘@ﬂg%iwthé%ick N+
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manufacture of a Wafer, coniprising the steps of 3 providing (e.g., forming) a first semiconductor layer
on the dopb@3aylyr;hampers the manufacture of the back-biasing features. Back bias re-

gions must be electrically insulated one from another in order for them to be

biased at different voltages without high leakage current. To achieve that insu-

fation, we will need reverse-biased junctions on the current path from one

back bias region to another. We will typically have N and P layers on fop of

the handle substrate creating the need junctions, and cut then vertically by ST!

structures to insulate one region from the others.

Such multilayer structure can potentially be manufactured starting with the
thick N+ layer required for the eDRAM, but would require high implantation
doses to be implanted through the SOI and BOX layers. This is not desirable
because it might create defects and also dope the SOl layer.

In view of this, it is a problem underlying the present invention to provide a
method for the integrated manufacture of both embedded DRAMS and back-
biased transistors.

Description of the Invention

In order to address the above-mentioned problem, it is provided a method for the

manufacture of a wafer, comprising the steps of

providing (e.g., forming) a doped layer on a semiconductor substrate;



providing (e.g., forming) a buried oxide layer on the first semiconductor layer; and providing (e.qg.,
forming) a second semiconductor layer on the buried oxide layer. The above-mentioned problem is
also solved by the herein provided wafer comprising a semiconductor substrate; a doped layer formed
on the semiconductor substrate; a first semiconductbr layer formed on the semiconductor substrate; a
buried oxide layer formed on the first semiconductor layer; and a second semiconductor layer formed
on the buried oxide layer. The thus provided wafer facilitates the manufacture of an embedded DRAM

integrated together with a_logic part comprising SOl transistors that,are back-biased for control of the
threshold %ﬁ&é&]%ﬁraﬁ@r&i'ﬂ& %f{:r ﬁgnééjleé%cﬁga'i'gé%fa}g?(%rr@/ncté‘r%p ica (gga Jrotessing of a
conventional wafer for preparation for the formation of back-biasing regions required by the provision
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layer allowR T eas Aversio n or p doped back-biasing regions tor the SOI transistors of the
logic part enabling a first level of Vt tuning by changing the back bias region doping between N or P.

According b‘?d?ﬁéﬁfg}’téfg‘%?(ﬁmﬁlﬁ&) the-sHRatER SoMAsiad I8y SBRRAEas, RRIGINpE) silicon. Both

the first and the second semiconductor layer may comprise or consist of silicon. The buried oxide layer
may comprise an Si02 compound. The doped layer may, for example, be n+ doped silicon, for

example, sitigoBIABRTSHIHREOPREISIE RORapisoiTbe bphicemisatiapaiited whfssphwngsisiogants may
be in the range of some 1018 to 1020 cm-3, in particular, about 1019 cm-3.

a semiconductor substrate;

a doped layer formed on the semiconductor substrate;

a first semiconductor layer formed on the semiconductor substrate;
a buried oxide tayer formed on the first semiconductor layer; and

a second semiconductor layer formed on the buried oxide layer.

The thus provided wafer facilitates the manufacture of an embedded DRAM integrated
together with a logic part comprising SOl transistors that are back-biased for control of
the threshold voltage. Contrary to the art there is no need for any complicated proc-
essing of a conventional wafer for preparation for the formation of back-biasing re-
gions required by the provision of the heavily doped embedded doped layer. Rather,
the provision of the first (intrinsic) semiconductor layer aliows for easy conversion into
n or p doped back-biasing regions for the SOI transistors of the logic part enabling a
first level of Vit tuning by changing the back bias region doping between N or P.

According to particular examples, the substrate is made of or comprises (poly- or
mono) silicon. Both the first and the second semiconductor layer may comprise or
consist of silicon. The buried oxide layer may comprise an SiO, compound. The doped
layer may, for example, be n" doped silicon, for example, silicon comprising phospho-
rus dopants. The concentration of such phosphorus dopants may be in the range of
some 10'® to 10%° cm™, in particuiar, about 10" cm™,



4 As far as the thicknesses of the individual layers of the provided wafer concerns the following
choices are, for example, suitable: The thickness of the first semiconductor layer may be in the range
of 10 to 300 nm, in particular, 50 to 150 nm. The thickness of the second semiconductor layer may be
in the range of 5 to 100 nm, in particular, 5 to 20 nf. An extra thin second semiconductor layer (5 to
15 nm) may be provided, if a fully depleted SOI transistor shall be formed in a logic part of the wafer. A
somewhat thicker second semiconductor layer (up to some 100 nm) may be provided, if a partially
depleted SOI transistor shall be formed in a logic part of the wafer. The thickness of the buried oxide
layer may be in the range of 5 to 200 nm, in particular, 5 to 25 nm and the thickness of the doped layer
may be in Asefaragetbé thickiesses Addbedindividaal dayeoslinidhe theovidest wafgbeonrainfathfired on

the basis qf paNSa ISR LeB AeRRo " diniMIEC TR RIRHELS b RRRRSenmiiRieshe Smart
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detaching the donor substrate. In some il, the manufacture of {%e \é\{ﬁfer acbcordin}agﬁoda& example
comprises theSRPsA HRIHYHTE LN OPAY HRISAYET e miBBHAD A PR IEWRT AR & growing
the first sepigoaguictedepdrahkiyer endhdddpenddyiara Togiapavcsfitetivats steponhidaraing the
second semiconductor layer an the buried oxide layer ma rise growing t :
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epitaxial firSt semiconductor layer grown on the dopéd layer by the first and/or second intermediate
buried layeand/trgdhickiesissehiie/dpped baebriay R/t %ﬁﬂﬁ?tﬁfrk@dﬂdﬁﬂayer, and detaching the
donor substrate (see also detailed description below). In such a manner the desired wafer can reliably
be formed avoiding significant defects of the semiconductor layers. 5 The method for the manufacture
of a wafer may further comprise doping at least a region of the first semiconductor layer by n or a p

dopants. FaEe3a1HYoSaMermpedivrRnothé thafirshagmieontimifictayed durithg: tbasisooftbonfiche same
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semiconductor device comprising an em RAM device in a first re%on of the wafer and a
back-biasedarasidistoatie ansbdomavaigiomay the Rbirinad pxrhanding: 189 Hsdanth HrR BRI the

manufacturg.gfia-sRINEONAYEIRIHaKE surRINBERIBING siepachRraviting donsfepktairad by a

method according to one of the above-described examples;
In some detail, the manufacture of the wafer according to an example comprises the
steps of growing the epitaxial doped layer on the semiconductor substrate and grow-
ing the first semiconductor epitaxial layer on the doped layer. The above-mentioned
step of forming the second semiconductor layer on the buried oxide layer may com-
prise growing the second semiconductor layer on a donor substrate to obtain a donor
wafer; forming a first oxide layer on the second semiconductor layer grown on the do-
nor substrate; and/or forming a second oxide layer on the epitaxial first semiconductor
layer grown on the doped layer; and bonding the donor wafer to the epitaxial first
semiconductor layer grown on the doped layer by the first and/or second intermediate
buried layer, wherein the first and/or second oxide layer form the buried oxide layer,
and detaching the donor substrate (see also detailed description below). In such a
manner the desired wafer can reliably be formed avoiding significant defects of the

semiconductor layers.



forming an embedded DRAM device in a first region (DRAM part) of the wafer comprising forming a
capacitor trench extending from the second semiconductor layer at least partly into the doped layer;
and forming a back-biased transistor in a second region (logic part) of the wafer that is separated from
the first region by a shallow trench isolation and cotprising forming a back-biasing region in the first
semiconductor layer. The formation of the back-biasing region may particularly comprise doping of the
first semiconductor layer of the wafer after it has been provided in accordance to one of the
above-described examples. By this method an embedded DRAM device can readily be manufactured
that comprises both a capacitor bottom plate for the DRAM in form of the relatively heavily doped layer
below the Tint (ietinsidpsdhscoadutactueey of anwaferatiayifiuihe T CGBPISE HPBOP B8R bAformed in

the first (SICLPGABALEIAICkIRICIE TALRBIATey Bepeib ARl Pédesampisoashvel prelovice,

comprising & wafer provi In accordance with one of the above-described examples; and integrated
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contact fordeigsirgainetsipnadroaith-biagigpagioomprising back-biased transistors is manufac-
tured based on the provided wafer.

The above-described examples of the inventive wafer can be used for the manufac-
ture of a semiconductor device comprising an embedded DRAM device in a first re-
gion of the wafer and a back-biased transistor in a second region of the wafer. In par-
ticular, it is provided a method for the manufacture of a semiconductor device, com-

prising the steps of

providing a wafer obtained by a method according to one of the above-described ex-

amples;

forming an embedded DRAM device in a first region (DRAM part) of the wafer com-
prising forming a capacitor trench extending from the second semiconductor layer at
least partly into the doped layer; and

forming a back-biased transistor in a second region (logic part) of the wafer that is
separated from the first region by a shallow trench isolation and comprising forming a
back-biasing region in the first semiconductor layer. The formation of the back-biasing
region may particularly comprise doping of the first semiconductor layer of the wafer
after it has been provided in accordance to one of the above-described examples.

By this method an embedded DRAM device can readily be manufactured that com-
prises both a capacitor bottom plate for the DRAM in form of the relatively heavily
doped layer below the first (intrinsic) semiconductor layer and a back-biasing region

for an SO fransistor formed in the first (intrinsic) semiconductor layer.



According to an example, in the provided semiconductor device the first semiconductor layer is doped
in an upper region adjacent to the buried oxide layer and undoped in a lower region adjacent to the
doped layer. By doping an upper surface region of the first semiconductor layer only a sufficiently high
resistivity in the lower region between two respectivg contacts that may be provided for back-biasing
two different transistors in the logic part of the semiconductor device is guaranteed. The
semiconductor device may comprise a number of back-biased SOI transistors separated from each
other and from the embedded DRAM device by shallow trench isolations extending from the second
semiconduEtSHEEP S IRSGBAHR RFRYIdeS aBUCPRANSTIOF ARWERe ERNESIRGUCtor substrate. Both the
control FET and the back-biased transistors may be provided as fully depleted or partially depleted

transistor devic?s. Addit'ogal featureés and advanta of the present invention will be described with
R OH ABESHLL R Ao

reference t8 tha ArRMHGS Y MRS RILBARAMN M SBRRLIR ARRYERPRR Rl SaRlAS g ARf R that are

meant to illgsttedeoprifet eafembodiments of the invention. It is understood that such embodiments do
not represent the full scope of the invention. 7 Figure 1 illustrates an example for the method for

manufacturing a wafer comprising an intrinsic semiconductor layer according to the present invention.
Figure 2 |ll@8tgmieddeshiiRoNedaviRa mpawismmecepnasitoiitrepablestandu G Gromahsiseronst a logic
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manufacturing a wafer in accordance with the present invention will now be described Wlthée?erence
to Figure 1R 8bMRIQU I INRSACaNH BRIBIFSAIHGER Ja¥aH AN by the implantation of ions. The
implantation of ions results in a weakened zone at the main concentration of the implanted ions. The
implantation %nek%.ma bg@a} ran%e of some 5 key to 2?? keV and the implantation dose may be
chosen to BeR the ?aﬁgg YRR GPMBHSIEN 2 B 2ARIJIRIR i Fa5EFA RSed on the
donor substrauti® iapenaedtly dapekineclabersihis fegioadratbp @Gfshessiicondayer Jaywrather
substrate 5 ;(Ha‘rﬂﬁl - a.Sil te b | ided. A doped layer 6, for example, a silicon layer
doped Withap ons?p orusﬁéﬁ)@ﬁc‘}sﬂ %fazgli %%%%ésﬁ?ra%é)%%éqlgﬁf Mem-3 , is formed on the silicon substrate 5.
A silicon layer 7 is formed on the doped layer 6. For example, silicon layer 7 can be grown by epitaxy
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atop. The structure comprising the donor substrate 1 and the silicon substrate 5 are then bonded to

each other'8f {R¥&AQRFIB201 YRR RRIMR T Rgeah tpdha huked aise lprsr RRMGwRSIPRe Eigure 1.
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The semiconductor device may comprise a number of back-biased SOI transistors
separated from each other and from the embedded DRAM device by shallow
trench isolations extending from the second semiconductor layer at least partly into
the doped layer or into the semiconductor substrate. Both the control FET and the

back-biased transistors may be provided as fully depleted or partially depleted transis-
tor devices.

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.



8 After detachment and a surface treatment like grinding and/or chemical-mechanical polishing the
wafer results that is illustrated in the lower sketch of Figure 1. On the silicon substrate 5 it is arranged
the doped layer 6. On the doped layer 6 it is arranged the first (intrinsic) silicon layer 7. On the silicon
layer 7 it is arranged a buried oxide layer 9 resulting from the bonded oxide layers 4 and 8. On the
buried oxide layer 9 it is arranged the second silicon layer 3. Exemplary thicknesses of the individual
layers of the wafer are as follows. The doped layer 6 may have a thickness of some pm, for example,
2 to 5 pm. The (intrinsic) silicon layer 7 may have a thickness of some 50 nm. The buried oxide layer 9
may have a thickness of 5 to 25 nm and the top silicon layer 3 may have a thickness of 5 to 20 nm. In
Figure 2 aRigonbedfledtBiRa Mt evampied@rEMeihod ok gratedpaivnincgo? wateistsrsrRifs@gic part B
for addressing th X r $houwadn Figure 1 is illustrated. On
the Ieft-ha%H-s@eﬁ?h%E %Mﬁ@%@#@c%ﬁﬁéﬁgﬁﬁ@%&éﬁeteﬁgérgig@m-hand s?ge of Figure 2 the logic part B
is illustrated. In the DRAM part A a capacitor deep trench 10 extending to the doped layer 6 that
functions gs@,rapafiienprekaR dris il aRAM RINEOITEF dtddswirbaddbiseDBAVpAH A with a
channel region formed in the upper silicon Iﬁyer 3. The.control FET, 11Hma{¥ ?g r%a]l_j!zeuciie% a fully
depleted of'BiRkMl 2i08Ie RAHRARK ARt SH; OB 0EGFIR OT e IR YRV RIS I EH8EEn accordingly.
The DRAM part A and the logic part B are separated from each other by a shallow trench isolation 12.
Transistors 13 formed in the logic part B are also separated from each other by shallow trench
isolation 12. Regions of the silicon layer 7 can be easily converted into doped regions in order to form
back-biasirg pagicuiafextnertafwistasuiationg zawafkr, ia raeferdanesamiiiche BREENBNRD the left
transistor 4 0 HIPA8RIBE LSRN Uk ARBRANIR & RRENRIPARHA UDBIAIS P R.bareas a

region of the silicon Tayer ow the right transistor 13'in the logic part B may be p doped with a
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centration of 10'° cm™ , is formed on the silicon substrate 5. A silicon layer 7 is formed
on the doped layer 6. For example, silicon layer 7 can be grown by epitaxy and some
dopant can be added during the epitaxial growth. Then, another oxide layer 8 is

formed atop.

The structure comprising the donor substrate 1 and the silicon substrate 5 are then
bonded to each other at the free surfaces of the oxide layers 4 and 8 as it is indicated
by the arrow in Figure 1. Next, stresses, for example, thermal and/or mechanical
stresses are applied to the bonded structure in order to detach the donor substrate 1
and the nucleation layer 2. For this, the Smart Cut® process may be employed, i.e. a
heat treatment is carried out at a temperature of about 500 °C to 600 °C, for a time
period of about 30 minutes up to about 3 hours, for example. Alternatively, a laser lift-
off technique that is also known in the art may be applied in order to detach the donor

substrate 1.



AII prev_iously discussed embodiments are not intended as limitations but serve as examples
illustrating fegtures 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. 10 Claims 1. Method for the

man_uf_acture_ of a Wa_fer, comprising the steps of pr8viding a doped layer on a semiconductor substrate;
prov_ldlng a first semiconductor layer on the doped layer; providing a buried oxide layer on the first
semiconductor layer; and providing a second semiconductor layer on the buried oxide layer.

After detachment and a surface treatment like grinding and/or chemical-mechanical
polishing the wafer results that is illustrated in the lower sketch of Figure 1. On the
silicon substrate 5 it is arranged the doped layer 6. On the doped layer 6 it is arranged
the first (intrinsic) silicon layer 7. On the silicon fayer 7 it is arranged a buried oxide
layer 9 resulting from the bonded oxide fayers 4 and 8. On the buried oxide layer 9 it is
arranged the second silicon layer 3. Exemplary thicknesses of the individual layers of
the wafer are as follows. The doped layer 6 may have a thickness of some pm, for
example, 2 to 5 pm. The (intrinsic) silicon layer 7 may have a thickness of some 50
nm. The buried oxide layer @ may have a thickness of 5 to 25 nm and the top silicon
layer 3 may have a thickness of 5 to 20 nm.

In Figure 2 an embedded DRAM device in a DRAM part A integrated with SO transis-
tors of a logic part B for addressing the DRAMs manufactured by means of the wafer
shown in Figure 1 is illustrated. On the left-hand-side the DRAM part A is illustrated
and on the right-hand side of Figure 2 the logic part B is illustrated. In the DRAM part
A a capacitor deep trench 10 extending to the doped layer 6 that functions as a ca-
pacitor back plate is illustrated. A control FET 11 is formed in the DRAM part A with a
channel region formed in the upper silicon layer 3. The control FET 11 may be real-
ized as a fully depleted or partially depleted device. The thickness of the upper silicon
layer 3 is chosen accordingly.

The DRAM part A and the logic part B are separated from each other by a shallow
trench isolation 12. Transistors 13 formed in the logic part B are also separated from
each other by shallow trench isolation 12. Regions of the silicon layer 7 can be easily
converted into doped regions in order to form back-biasing regions for the transistors
13. For example, a region of the silicon layer 7 below the left transistor 13 in the logic
part B may be n doped with a concentration of some 10'° cm™ whereas a region of the
silicon layer 7 below the right transistor 13 in the logic part B may be p doped with a
concentration of some 10" cm™ depending on the Vt shift we want to induce in the
transistor channels formed in the upper silicon layer 3. Figure 2, moreover, shows
contacts 14 for back-biasing. N back-biasing regions in the logic part B are connected
with each other through the n” doped doped layer 6. in order to ensure sufficient elec-
trical resistivity between iwo back-biasing contacts it might be considered necessary



2. The method according to claim 1, wherein the doped layer and the first semiconductor layer are
grown on the semiconductor substrate. 3. The method according to claim 1 or 2, wherein the wafer is
obtained by bonding the first and the second semiconductor layers by the buried oxide layer and
detaching the donator substrate. The method accoftling to one of the preceding claims, wherein the
buried _oxide is formed on the first semiconductor layer or on the donator substrate. 5. The method
according to one of the preceding claims, wherein the second semiconductor layer is grown on a

donor substrate. 6. The methqd,accqrding te.one of i j .t I [
an epitaxiatf’(%p?é)dslggfq& %%év?%qgﬁ {qu”gg'm Is(f:?ldcr:]o u&g&iﬁﬁ?ﬁéﬁ%ﬁiﬁ?&%ﬁﬁ% ?oﬁ %?r’?gﬁ?hs );ircgnd
semicondugtosilizgerlayetherbight e pidyidsdwibraghisksess of some 100 to 300 nm.

It should be noted that the shallow trench isolators 12 might be provided extending
partly into the doped layer 6. They might also be provided extending through the
doped layer 6 and into the substrate 5 thereby cutting the n" doped layer 6. Different
embedded DRAM blocks can be separated by such shaliow trench isolators 12 reach-

ing into the substrate 5.

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.



grovv_ing the second semiconductor layer on a donator substrate to obtain a donor wafer; and/or
form!ng a first oxide layer on the second semiconductor layer grown on the donor substrate; and/or
forming a second oxide layer on the epitaxial first semiconductor layer grown on the doped layer; and
bonding the donor wafer to the first semiconductorli@yer grown on the doped layer by the first and/or
second intermediate buried layer, wherein the first and/or second oxide layer form the buried oxide
layer, and detaching the donor substrate. 7. The method according to one of the preceding claims,
further comprising doping at least a region of the first semiconductor layer by n or p dopants. 8.
Method forthd Manufacture of a semiconductor device, comprising providing a wafer obtained by a
method according to one of the preceding claims; forming an embedded DRAM device in a first region

of the wafelr_; andMethod for the manufacture of a wafer, comprising the steps of
providing a doped iayer on a semiconductor substrate;
providing a first semiconductor fayer on the doped layer;
providing a buried oxide layer on the first semiconductor layer; and
providing a second semiconductor layer on the buried oxide layer.

2. The method according to claim 1, wherein the doped layer and the first semi-

conductor layer are grown on the semiconductor substrate.
3. The method according to claim 1 or 2, wherein the wafer is obtained by bond-
ing the first and the second semiconductor layers by the buried oxide layer and

detaching the donator substrate.

4. The method according to one of the preceding claims, wherein the buried oxide

is formed on the first semiconductor layer or on the donator substrate.

5. The method according to one of the preceding claims, wherein the second

semiconductor layer is grown on a donor substrate.
6. The method according to one of the preceding claims, wherein

the doped layer is an epitaxial doped layer grown on the semiconductor sub-

strate:

and/or the first semiconductor layer is an epitaxial layer grown on the doped

layer.



forming a back-biased transistor in a second region of the wafer that is different from the first region.
12 forming the embedded DRAM device in the first region of the wafer comprises forming a capacitor
trench extending from the second semiconductor layer at least partly into the doped layer; and forming
the back-biased transistor in the second region of the wafer that is separated from the first region by a
shallow trench isolator comprises forming a back-biasing region in the first semiconductor layer. 10.
The method for the manufacture of a semiconductor device according to claim 8, wherein forming the

back-biasing region in the first semiconductor layer comprises doping at least rt of the first
semiconductor laZ8PE& NSRRI BHG I8 @%@éﬁ%iﬁ? 'EPB%%(n%YeflPWﬁ r%'f)rﬂﬁ i€ a

semiconductor sygggegemprises

growing the second semiconductor layer on a donator substrate to obtain a do-

nor wafer;

and/or forming a first oxide layer on the second semiconductor layer grown on
the donor substrate; and/or

forming a second oxide layer on the epitaxial first semiconductor layer grown
on the doped layer; and

bonding the donor wafer to the first semiconductor layer grown on the doped
layer by the first and/or second intermediate buried layer, wherein the first
and/or second oxide layer form the buried oxide layer, and

detaching the donor substrate.

7. The method according to one of the preceding claims, further comprising dop-
ing at least a region of the first semiconductor layer by n or p dopants.

8. Method for the manufacture of a semiconductor device, comprising

providing a wafer obtained by a method according to one of the preceding
claims;

forming an embedded DRAM device in a first region of the wafer; and

forming a back-biased transistor in a second region of the wafer that is different
from the first region.

9. The method for the manufacture of a semiconductor device according to claim
8, wherein



a doped layer formed on the semiconductor substrate; a first semiconductor layer formed on the
semiconductor substrate; a buried oxide layer formed on the first semiconductor layer; and a second
semiconductor layer formed on the buried oxide layer. 12. The wafer according to claim 11, wherein
the semiconductor substrate and/or the first semicdriductor layer and/or the second semiconductor
layer comprises or consists of silicon. 13. The wafer according to claim 11 or 12, wherein the doped
layer comprises n dopants, in particular, phosphorus dopants. 13 14.The wafer according to one of
the claims 11 to 13, wherein the thickness of the first semiconductor layer is in the range of 10 to 300
nm, in particular, 50 to 150 nm; and/or

forming the embedded DRAM device in the first region of the wafer comprises
forming a capacitor trench extending from the second semiconductor layer at
ieast partly into the doped layer; and

forming the back-biased transistor in the second region of the wafer that is
separated from the first region by a shallow french isolator comprises forming a
back-biasing region in the first semiconductor layer.

10. The method for the manufacture of a semiconductor device according to claim
8, wherein forming the back-biasing region in the first semiconductor layer
comprises doping at least a part of the first semiconductor layer of the already
provided wafer with n or p dopants.

11. Wafer comprising
a semiconductor substrate;

a doped layer formed on the semiconductor substrate;

a first semiconductor layer formed on the semiconductor substrate,
a buried oxide layer formed on the first semiconductor layer; and

a second semiconductor layer formed on the buried oxide layer.

12.  The wafer according to claim 11, wherein the semiconductor substrate and/or
the first semiconductor layer and/or the second semiconductor layer comprises

or consists of silicon.

13.  The wafer according to claim 11 or 12, wherein the doped layer comprises n
dopants, in particular, phosphorus dopants.



the thickness of the second semiconductor layer is in the range of 5 to 100 nm, in particular, 5 to 15
nm; and/or the thickness of the buried oxide layer is in the range of 10 to 200 nm, in particular, 5 to 25
nm; and/or the thickness of the doped layer is in the range of I1to 10 pm. 15. Semiconductor device,
comprising a wafer according to one of the claims 13 to 14; and integrated on that wafer an embedded
DRAM device comprising a capacitor trench extending from the second semiconductor layer at least
partly into the doped layer and a control FET having a channel region in the second semiconductor

layer; and a backgptiése SOl transistor comprjsing,a ch ion 10 the second semiconductor
layer and addqpe‘ Wﬁ?ﬁfa%?ﬁa "Péa?ot\%’i the flirﬁs g?%?émféttc@g@éé?%ﬁﬁd a contact for contacting the
doped back-biasing region. 16. The semiconductor device according to claim 15, wherein the first

semiconductor layey i doRed U b ROPLRRANANRTIALE T HESE s IRVes 80d wiriaped I a

lower r_e_gion adjacen oped layer. 17. The semiconductor device according to claim 15 or 16,
comprising a nunpagticfiaya il atel 'so [aRgdiRistors separated from each other and from the
embedded DRAM device by shallow trench isolators extending from the

the thickness of the second semiconductor layer is in the range of 5 to 100 nm,

in particular, 5 to 15 nm; and/or

the thickness of the buried oxide layer is in the range of 10 to 200 nm, in par-
ticular, 5 to 25 nm; and/or

the thickness of the doped layer is in the range of 1 to 10 ym.
15.  Semiconductor device, comprising
a wafer according to one of the claims 11 to 14; and integrated on that wafer

an embedded DRAM device comprising a capacitor trench extending from the
second semiconductor layer at least partly into the doped layer and a control
FET having a channel region in the second semiconductor layer; and

a back-biased SOI transistor comprising a channel region in the second
semiconductor layer and a doped back-biasing region in the first semiconduc-
tor layer and a contact for contacting the doped back-biasing region.

16. The semiconductor device according to claim 15, wherein the first semiconduc-
tor layer is doped in an upper region adjacent to the buried oxide layer and un-
doped in a lower region adjacent to the doped layer.

17.  The semiconductor device according to claim 15 or 16, comprising a number of
back-biased SOl transistors separaied from each other and from the
embedded DRAM device by shallow trench isolators extending from the



14 second semiconductor layer at least partly into the doped layer or through the doped layer into the
semiconductor substrate.

14

second semiconductor layer at least partly into the doped layer or through the

doped layer into the semiconductor substrate.



