FABRICATION PROCESS OF A HYBRID SEMICONDUCTOR SUBSTRATE The present invention
relates to a fabrication process of a hybrid semiconductor substrate, and more particularly, relates to
simultaneous fabrication of hybrid semiconductor substrate. A semiconductor device, in which a
Semiconductor-on-insulator (Se01) region and a bulk semiconductor region are formed on the upper
surface of a semiconductor base substrate, wherein the SeOl region comprises a buried insulating oxide

layer (BOX) and/&BRIC2aNTro PROCE $3/OF ia knMRIBSE yO N ERITTaRIBCBISTRACEE Such a device
can be used in memory cell. FIG. 1 is a cross sectional view of a known hybrid semiconductor device 101,
like for example disclosed in Yamaoka et. al., IEEE Journal of Solid-State Circuits, Volume 41, Number
11, page 2BB6RIESE INEVEPRUEIEDE ASLSHEMIPIRERiAd I HATIBCoERTES fubeiR @levice 101

includes azpgQioiegianiddargorapiising arRRxnt(ey fibhcatichaBetidoyenidordinteredigrai®ulk substrate
103 and a bulk semiconductor region 111 formed on the same bulk substrate 103. The Se01 region 113

and the bulk semiconductor region 111 are usually separated from each other by a shallow trench
isolation ($T$emP@nductor device, in which a Semiconductor-on-insulator (SeQl) region and a bulk

semiconductor region are formed on the upper surface of a semiconductor base substrate,
wherein the SeOl region comprises a buried insulating oxide layer (BOX) and a thin
semiconductor layer, is known as a hybrid semiconductor device. Such a device can be

used in memory cell.

FIG. 1 is a cross sectional view of a known hybrid semiconductor device 101, like for
example disclosed in Yamaoka et. al., IEEE Journal of Solid-State Circuits, Volume 41,
Number 11, page 2366 — 2372, November 2006.

As shown in the drawing, the hybrid semiconductor device 101 includes a SeOl region 113
comprising a BOX layer 105 and a SeOl layer 107 formed on a bulk substrate 103 and a
bulk semiconductor region 111 formed on the same bulk substrate 103. The SeOl region
113 and the bulk semiconductor region 111 are usually separated from each other by a
shallow trench isolation (STI) 123.

Devices comprising SeOl regions offer several advantages over more conventional
semiconductor devices. For example, SeOl devices may have low parasitic capacitances,
lower power consumption requirements than non-SeOl devices that perform similar tasks,
and, hence provide faster switching times for the resultant circuits. Since the SeOl region
can be provided with an ultra-thin BOX layer, threshold voltage (Vt) can be controlled by
changing the voltage of the underlying well and hence it enables back gate control with low
bias voltage. This back gate bias is applied through a well contact formed through the BOX
layer, wherein the wells within the SeOl region and the bulk semiconductor region are
separated from each other by STI.

However, the hybrid semiconductor devices such as the conventional device have the

following drawbacks.



Devices comprising Se01 regions offer several advantages over more conventional semiconductor
devices. For example, Se01 devices may have low parasitic capacitances, lower power consumption
requirements than non-Se01 devices that perform similar tasks, and, hence provide faster switching times
for the resultant circuits. Since the Se01 region can be provided with an ultra-thin BOX layer, threshold
voltage (Vt) can be controlled by changing the voltage of the underlying well and hence it enables back
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P SeOl transistors. The formation of the backside electrodes is achieved with different implant

conditions thus also with a different mask.

Thus, the fabrication of a hybrid semiconductor substrate, comprising a SeOl region and a
bulk semiconductor region, requires different implant conditions for each region. The
process cost and time for the said fabrication thus increases due to the need of a plurality of
different masks to be able to carry out the implant steps in both the regions and thus a

higher number of process steps.

It is therefore the object of the present invention to provide an improved manufacturing

process of the hybrid semiconductor substrate.

This object is achieved with a method for manufacturing a hybrid semiconductor substrate
comprising the steps of: (a) providing a hybrid semiconductor substrate comprising a
semiconductor-on-insulator (SeOl) region, that comprises an insulating layer over a base
substrate and a SeOl layer over the insulating layer, and a bulk semiconductor region,
wherein the SeOl region and the bulk semiconductor region share the same base substrate;
(b) providing a mask layer over the SeOl region, and (c) forming a first impurity level by
doping the SeOl region and the bulk semiconductor region simultaneously such that the first

impurity level in the SeOl region is contained within the mask layer.



It is therefore the object of the present invention to provide an improved manufacturing process of the
hybrid semiconductor substrate. This object is achigyved with a method for manufacturing a hybrid
semiconductor substrate comprising the steps of: (a) providing a hybrid semiconductor substrate
comprising a semiconductor-on-insulator (Se01) region, that comprises an insulating layer over a base
substrate and a Se01 layer over the insulating layer, and a bulk semiconductor region, wherein the Se01
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helps in suppressing the threshold voltage (Vt) fluctuations in transistors in the SeOl region
and, in case the obtained hybrid substrate is used in SRAM applications, an improved
SRAM stability can be achieved.

Advantageously, the method for manufacturing the hybrid semiconductor substrate can
further comprise a step of: (e) forming a third impurity level by doping the SeOl region and
the bulk semiconductor region simultaneously such that the third impurity level in the SeOl
region is below the second impurity level within the base substrate and further away from
the insulating layer. Such an implant profile helps in suppressing the threshold voltage (Vt)
fluctuations in the SeOl regions and hence improves SRAM stability. Furthermore, a
simultaneous creation of backside electrodes in the SeOl regions and the channels of the
transistors in the bulk semiconductor regions in the hybrid semiconductor substrate can be

achieved.

According to a preferred embodiment, the method for manufacturing the hybrid
semiconductor substrate can further comprise the steps of: (g) providing a SeOl substrate;
forming the mask layer on the SeOl substrate; and removing a predetermined area of the
mask, the underlying SeOl layer and the underlying insulating layer to obtain the bulk
semiconductor region. Thus, the bulk semiconductor region and the SeOl region can be
formed starting from the same SeOl substrate. Compared to the prior art technique of the
Epitaxial Layer Overgrowth that can be used to obtain SOI islands within Si bulk starting
from a bulk substrates, the inventive method provides a simpler process and less crystal

defects.



Advantageously, the method for manufacturing the hybrid semiconductor substrate can further comprise a
step of: (e) forming a third impurity level by doping the Se01 region and the bulk semiconductor region
simultaneously such that the third impurity level in the Se01 region is below the second impurity level
within the base substrate and further away from the insulating layer. Such an implant profile helps in
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kept undopeSeOl region can thus be kept undoped.

According to a preferred embodiment, the mask layer and/or the insulating layer can be
made of an oxide, in particular deposited by a chemical vapor deposition (CVD) process.
Such a mask layer is thus easy to obtain and furthermore suitable to trap the dopants. A
deposited silicon nitride layer or combination of deposited oxide and nitride layers can be
used as a mask. A CVD oxide is, however, the most practical from a technology point of

view.

Advantageously, the method for manufacturing the hybrid semiconductor substrate can
comprise a step (j) of providing a spacer in an edge region of the SeOl region adjacent to
the bulk semiconductor region such that the spacer extends at least from the surface of the
base substrate till the SeOl layer. The spacer can protect the SeOl layer and the insulating
layer of the SeOl region from damage while the mask layer is removed from the hybrid
semiconductor substrate, e.g. by etching, during step (i). According to a variant the spacer

can be removed after step (i), e.g. by a wet etch using phosphoric acid.



According to a preferred embodiment, the mask layer and/or the insulating layer can be made of an oxide,
in particular deposited by a chemical vapor depositign (CVD) process. Such a mask layer is thus easy to
obtain and furthermore suitable to trap the dopants. A deposited silicon nitride layer or combination of
deposited oxide and nitride layers can be used as a mask. A CVD oxide is, however, the most practical
from a technology point of view. Advantageously, the method for manufacturing the hybrid semiconductor
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MOSFET transistor can be formed in the bulk semiconductor region of the hybrid

semiconductor substrate.

Advantageously, the SeOl layer can have a thickness of at most 20 nm, in particular, the
thickness of the SeOl layer is not less than 10 nm and not more than 20 nm, and/or the
insulating layer can have a thickness of at most 20 nm, in particular, the thickness of the
insulating layer is not less than 10 nm and not more than 20 nm. By having such a thin
SeOl layer and thin insulating layer, the Groundplane and if present Well-doping level in the
SeOl region of the hybrid semiconductor substrate can be positioned under the insulating
layer, while at the same time those implant levels can be provided at correct depths within
the bulk semiconductor region. Thus, characteristics such as suppression of threshold

voltage fluctuations and hence SRAM stability can be achieved.

Preferably, the method for manufacturing the hybrid semiconductor substrate can further
comprise a step of providing a shallow trench isolation (STI) to separate the SeOl region
and the bulk semiconductor region. By having such a STI, the well regions of the SeOl
region and the bulk semiconductor region can be separated and thus, the back-gate voltage

of each region can be better controlled.

The object of the invention is also achieved with a hybrid semiconductor substrate
according to claim 14 comprising: a semiconductor-on-insulator (SeOl) region, comprising a
base substrate, an insulating layer over the base substrate, a SeOl layer over the insulating

layer and a mask layer over the SeOl layer, a bulk semiconductor region provided adjacent



Advantageously, the Se01 layer can have a thickness of at most 20 nm, in particular, the thickness of the
Se01 layer is not less than 10 nm and not more thag 20 nm, and/or the insulating layer can have a
thickness of at most 20 nm, in particular, the thickness of the insulating layer is not less than 10 nm and
not more than 20 nm. By having such a thin Se01 layer and thin insulating layer, the Groundplane and if
present Well-doping level in the Se01 region of the hybrid semiconductor substrate can be positioned
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SeOl region and the bulk semiconductor region wherein the third impurity region in the

SeOl region is below the second impurity region within the base substrate and further away
from the insulating layer. By having such an impurity region under the insulating layer,
threshold voltage (Vt) fluctuations can be suppressed and hence SRAM stability can be
achieved.

Advantageous embodiments of the inventive method will be described in the following by

referring to the Figures. It is shown in:

FIG. 1 shows a cross-sectional view of a conventional hybrid semiconductor device known
from the prior art;

FIG. 2 shows a cross-sectional view of the hybrid semiconductor substrate according to a

first embodiment;

FIGs. 3a - 3h illustrates a method for manufacturing the hybrid semiconductor substrate
1 of the first embodiment of FIG. 2;

FIGs. 4a - 4h illustrates a method for manufacturing the hybrid semiconductor substrate

1 according to a second embodiment;



Preferably, the hybrid semiconductor substrate can comprise: a third impurity region in the Se01 region
and the bulk semiconductor region wherein the third,impurity region in the Se01 region is below the
second impurity region within the base substrate and further away from the insulating layer. By having
such an impurity region under the insulating layer, threshold voltage (Vt) fluctuations can be suppressed
and hence SRAM stability can be achieved Advantageous embodiments of the inventive method will be
described in the following by referring to the Figures It is shown in: FIG. 1 shows a cross-sectional view
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respectively are replaced by a single implantation step;

FIG. 6 illustrates a step of providing a spacer 29 according to a variant of the second

embodiment as illustrated in FIG. 4c; and

FIG. 7 illustrates a further variant of the first embodiment.

In the following, features and advantageous embodiments of the method and the device

according to the invention will be described in detail.

FIG. 2 illustrates a hybrid semiconductor substrate 1 according to a first embodiment of the
invention. The fabrication method to manufacture the hybrid semiconductor substrate 1 will
be described with respect to FIG. 3a to 3d.

The hybrid semiconductor substrate 1 comprises a base substrate 3 with a semiconductor-
on-insulator (SeOl) region 13 that comprises an insulating layer 5, a semiconductor layer 7

also called SeOl layer, and a mask layer 9.

The hybrid semiconductor substrate 1 furthermore comprises a bulk semiconductor region

11 adjacent to the SeOl region 13 and which share the same base substrate 3.

In this embodiment, the base substrate 3 is a Si wafer, the insulating layer 5 is a silicon
oxide layer also called buried oxide layer (BOX), and the SeOl layer 7 is a silicon containing
layer. The material choice is nevertheless not limiting and other suitable materials, like
germanium, gallium arsenide etc. could find their application for the substrate 3 and the
SeOl layer 7. Concerning the insulating layer 5, other insulating materials than silicon oxide

can also be used.



7 FIG. 5 illustrates the steps of providing impurity levels according to a variant of the first embodiment,
wherein the two implantation steps illustrated in FIG; 3d and 3e, respectively are replaced by a single
implantation step; FIG. 6 illustrates a step of providing a spacer 29 according to a variant of the second
embodiment as illustrated in FIG. 4c; and FIG. 7 illustrates a further variant of the first embodiment. In the
following, features and advantageous embodiments of the method and the device according to the
invention wilbeidieseset tiedesal. IBler 2 ilusikatasdiyiaid sesnicoadectorasubsitate hracgording to a
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thickness of at most 20 nm, in particular, a thickness from about 10 nm to about 20 nm.

According to the invention, the SeOl region 13 further comprises a mask layer 9 over the
SeOl layer 7. The mask layer 9 in this embodiment is a silicon oxide. In this context, an
oxide deposited by chemical vapour deposition is preferred. A deposited silicon nitride layer
or combination of deposited oxide and nitride layers can also be used as the mask layer 9.
The mask layer 9 has a thickness of at least 20 nm, in particular, with a thickness from

about 20 nm to about 30 nm.

The hybrid semiconductor substrate 1 further comprises a first impurity level 17a in the
SeOl region 13 and a first impurity level 17b in the bulk semiconductor region 11, wherein

the first impurity level 17a in the SeOl region 13 is contained within the mask layer 9.

FIGs. 3a) through 3d) illustrate a method for manufacturing the hybrid semiconductor

substrate 1 of the first embodiment illustrated in FIG. 2.

FIG. 3a illustrates a semiconductor-on-insulator (SeOl) substrate 1a. The SeOl substrate
1a, in this embodiment, comprises the base substrate 3, the insulating layer 5 over the base
substrate 3 and the SeOl layer 7 over the insulating layer 5. The SeOl substrate 1a can, for
example, be obtained by SmartCUT™ technology, or any other suitable semiconductor-on-
insulator manufacturing method. The SeOl substrate 1a may have any suitable size or form
such as, for example, 200 mm or 300 mm type wafer. The layers 3, 5 and 7 have the
properties concerning material and thickness like already mentioned above with respect to
FIG. 2.

Prior to the following process steps the surface 1b of the SeOl substrate 1a may be cleaned

using for instance a Radio Corporation of America (RCA) cleaning.

Referring to FIG. 3b, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, comprises a step of providing a mask layer 9 over the
surface 1b of the SeOl substrate 1a. The mask layer 9 is an oxide layer, in particular a

silicon oxide layer. In this context, an oxide deposited by chemical vapour deposition is



The hybrid semiconductor substrate 1 comprises a base substrate 3 with a semiconductoron-insulator
(Se01) region 13 that comprises an insulating layerg, a semiconductor layer 7 also called Se01 layer, and
a mask layer 9. The hybrid semiconductor substrate 1 furthermore comprises a bulk semiconductor
region 11 adjacent to the Se01 region 13 and which share the same base substrate 3. In this
embodiment, the base substrate 3 is a Si wafer, the insulating layer 5 is a silicon oxide layer also called
buried oxigeckeyed(BOXp cuie dhsliSed hitager | Zyisr asitombinatibainingdpysited lxideatedahithdgice is
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Referring to FIG. 3c, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step of removing, for example, by
plasma etching, a predetermined area of the mask layer 9, the underlying SeOl layer 7 and
the underlying insulating layer 5 to obtain a bulk semiconductor region 11, like illustrated in
FIG. 2. The region other than the bulk semiconductor region 11, thus without material
removal, forms the SeOl region 13, like illustrated in FIG. 2. Thus, the bulk semiconductor
region 11 and the SeOl region 13 are formed starting from the same SeOl substrate 1a.
The dimensions of the predetermined area removed above is determined, for example, by
the circuit design. The order of magnitude of the predetermined area can be, for example,

several square micrometers.

According to a variant of the first embodiment, the steps illustrated in FIG. 3b and FIG. 3c
can be exchanged. Thus, the bulk semiconductor region 11 can also be formed by
removing only a predetermined area of the underlying SeOl layer 7 and the underlying
insulating layer 5 and the mask layer 9 can then be formed independently over the SeOl

region 13.

A step height h, as shown in FIG. 3c, of about 40 nm to 70 nm, can be observed between
the bulk semiconductor region 11 and the SeOl region 13. This is, however, not an issue for

the subsequent process steps, like photolithography.

Referring to FIG. 3d, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step (h) of providing a second
mask 15 with a predetermined pattern over the hybrid semiconductor substrate 1. This
second mask 15 provides the pattern for the doping steps. Indeed, the second mask 15
prevents the formation of an impurity level in the underlying area masked by the second
mask 15.



According to the invention, the Se01 region 13 further comprises a mask layer 9 over the Se01 layer 7.
The mask layer 9 in this embodiment is a silicon oxjde. In this context, an oxide deposited by chemical
vapour deposition is preferred. A deposited silicon nitride layer or combination of deposited oxide and
nitride layers can also be used as the mask layer 9. The mask layer 9 has a thickness of at least 20 nm,
in particular, with a thickness from about 20 nm to about 30 nm. The hybrid semiconductor substrate 1
further cormpeisesaniinsikkkpgrdyde vek héacssHniey Hadd wepioin ¢t3nand Wit sterspiisdy Evee bakkin the bulk
semicond req [ igst A ' vel in the ) i | ined within the
mask layer B T e P e o
substrate 13 688 filaq bantrsdhre e Resaatenankris as ilsyagdiiusitatés a semiconductor-on-insulator
(Se01) substrate 1a. The Se01 substrate la, in this embodiment, comprises the base substrate 3, the

insulati h 3.and Se01 | { insulating, | . The Se01
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semiconduetonamifrtilaies fantfadeu FRGimetisiR TSt SubsiRadiatmaladineeahyuthtible size or

form such asmiricexansele o2fPrmy arfisdthipanityResvater. I7Relayemg teasubl g e pi@perties
concerninthéw%g?l{ial and thickness like ﬁlread mentiqned.above W"lgl “?SrP?Ct to FIG. 2_Prior to the
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following process § é?)'g%ﬂguguorﬁ‘er\%%'?g {he’ te TSubstrate’ Igr%%? & ¢ earﬂglcﬁlrbglt'r?é] 'fgr ihStance a Radio

Corporatiompenigiriciq RORYeleme sy cRETatitg) fitsHEranwiy ReeinbéniivehemeaidaesiomadRufacturing the
hybrid semiggaméstarigiipstiatenhsin HRfist eRbadingnle FasBrsasRcaIpPREEAYIEING\A tmask layer 9

over the syriace ib plihe 3301 sbstrgle da. Ine mapkayer lsan.ode lavey, in parfigylarca silicon
oxide layer. Inthis context, an oxide deposited by'‘chemical vapour dePOS|t|dn iS

between for example 10keV-500keV and with doses of e.g. 5 x 10*%-5 x 10 atoms per cm?.
The doping is called a Vt-doping and creates a shallow impurity level 17a in the SeOl region
13 and a shallow impurity level 17b in the bulk semiconductor region 11 which can be used

for suppressing the threshold voltage (Vt) variations..

Referring to FIG. 3e, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step of forming a second impurity
level 19a, 19b by doping the SeOl region 13 and the bulk semiconductor region 11
simultaneously again using ion implantation. The ion implantation 16 is performed such that
the second impurity level 19a in the SeOl region 13 is under the insulating layer 5 and
within the bulk semiconductor substrate 3. The doping is a so called Groundplane-doping
(GP) and thus, creates an impurity level 19a, 19b that is deeper than the first impurity level
17a in the SeOl region 13 and the first impurity level 17b in the bulk semiconductor region
11.

Referring to FIG. 3f, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step of forming a third impurity
level 21a, 21b by doping the SeOl region 13 and the bulk semiconductor region 11
simultaneously again using ion implantation. The ion implantation is performed such that
the third impurity level 21a in the SeOl region 13 is below the second impurity level 19a
within the base substrate 3 and further away from the insulating layer 5. The doping is a so

called Well-doping and thus, creates a deeper impurity level than the second impurity level



9 preferred. A deposited silicon nitride layer or combination of deposited oxide and nitride layers can also
be used as the mask layer 9 according to a variant, The mask layer 9 is deposited over the surface Ib of
the Se01 substrate la, for example, by a chemical vapor deposition (CVD) process. The mask layer 9 has
a thickness of at least 20 nm, in particular, with a thickness from about 20 nm to about 30 nm. Referring
to FIG. Sc, the inventive method for manufacturing the hybrid semiconductor substrate 1, in the first
embodimerdafirtirer sedipriggsnaltemofthensevorg, fopbexgniplel byhplasma rikhirgieopterdeiermined area
of the maslléé%/ 5?, the underlying Se01 layer 7 and the underlying insulating layer 5 to obtain a bulk
semiconductor region 11, like illustrated in FIG. 2. The region other than the bulk semiconductor region
11, thus without material removal, forms the Se01 region 13, like illustrated in FIG. 2. Thus, the bulk
semicondugiesrtrgian ddriant the seglanegidnk3cy erfprmedsiatipg ilosndhe sameSadlieabstrate 1a.

The. dlmengallﬁrlljs %g(%%rprgéiq@rsr%?ﬁgn%%ag%w g%% .bove is determined, for example, by the circuit
design. The order o maggnltu e of the predetermined area can be, for example, several square
micrometers. According to a variant of the first embodiment, the steps illustrated in FIG. 3b and FIG. Sc

can be exghpgesy ThHsuihebrikaenicaadisteniagipnedi srNsMpq el medhy sempyaagonly a

predetermjned area of the underlying SeQl layer 7 and,the underlying in ting layer. 5 and the mask
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region 13. shaigrisnhawevecMotdnpgastedordhery begausntpresassstepst ik aotlitiography.
17b by doping the SeOl region 13 and the bulk semiconductor region 11 simultaneously as
illustrated in FIG. 3d and (2) forming another impurity level 18a, 18b by doping the SeOl

region 13 and the bulk semiconductor region 11 simultaneously.

The simultaneous doping is done such that the said impurity level 18a in the SeOl region 13
is under the insulating layer 5 and within the base substrate 3. The said doping is a deeper
level doping and thus, creates a deeper impurity level than the first impurity level 17a in the
SeOl region 13 and the first impurity level 17b in the bulk semiconductor region 11. Thus,
according to this variant, the bulk transistor in the bulk semiconductor region 11 may

comprise just two impurity levels.

The second mask 15 is then removed after the above-mentioned implantation steps, e.g. by
etching.

Referring to FIG. 3g, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step of removing the mask layer 9
from the SeOl region 13. By doing so the first impurity level 17a is removed which is
typically not useful for the formation of the electronic devices in the SeOl region 13. The
mask layer 9 is typically removed by etching. For the oxide mask usually a HF dip and for
nitride for example H3PO, can be used. The dopants in the mask layer 9 have the positive

side effect that the etching is achieved faster than in case of an undoped mask layer 9.



Referring to FIG. 3d, the inventive method for manufacturing the hybrid semiconductor substrate 1, in the
first embodiment, further comprises a step (h) of prﬂ;]iding a second mask 15 with a predetermined
pattern over the hybrid semiconductor substrate 1. This second mask 15 provides the pattern for the
doping steps. Indeed, the second mask 15 prevents the formation of an impurity level in the underlying
area masked by the second mask 15. 10 The second mask 15 does not necessarily have to be in contact
with the surface hihedsdknimicend utiostragi nathieved! o Sroh s2@ondBisdasduingdtmaneariant, a

contact le . q ?[Iﬁ a 5 illys n FIc. SMﬂ?equent to
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semicond FEBICONBYEAtenig tHe FREIRSITHBURA ERPUIMIRMEEHBIid8R 2 Kep of forming a first impurity
level 17a, 17b by doping the Se01 region 13 and the bulk semiconductor region 11 simultaneously using

preferably ipon implantation. Jhe ion. implantation 16 | rfor th first impurity. level 17a in
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Referring tOFTeRides iHcantldRtivaaied s RIQYRIMFIORIANG dHB PYBY deseln ko dicot Gub8rate 1, in the
first emboditpesnts lustheecanersisrsa siepifdpMindAdkergel rasvyjeyebl@potibdoyidering the

o mplantB15n 251 BRABTMUNACRR (et he Ll AR i B ARG BE6YEgi0n A5 s undor
the insulatimglrifeacBvaienathigetiséebulk semiconductor substrate 3. The doping is a so called
Groundplane-doping (GP) and thus, creates an impurity level 19a, 19b that is deeper than the first
impurity leyal 148 10 e SRt ISHon i ARt g frstimpuritigvel L b dnihe BUlk Semicodkctor region

semiconductor substrate 1 in a cost effective manner for the following reasons: both regions

of the hybrid semiconductor substrate 1, the bulk semiconductor region 11 and the SeOl

region 13 are doped under the same implant conditions using a single doping mask 15.

Thus only one protective mask needs to be provided per transistor type (n- or p-type) in the

bulk semiconductor region 11, while simultaneously creating the backside electrodes of

transistors in the SeOl region 13. For the fabrication of the other type of transistors in the

bulk semiconductor region 11 only one additional mask is necessary. Thus, the process for

manufacturing a hybrid semiconductor substrate can further be optimized such that a lower

cost manufacturing can be achieved.

As the first impurity level 17a, which is not needed for the devices, is contained within the
mask layer 9, it can be removed together with the mask layer 9 after any one of the
implantation steps illustrated in FIGs. 3d, 3e and 3f. Thus, the mask layer 9 may just be

seen as a sacrificial layer.

Furthermore, the implantations conditions can be adjusted such that the deeper impurity
level 18a or 19a in the SeOl region 13 is under the insulating layer 5 and within the base
substrate 3. Such an implant profile helps in suppressing the threshold voltage (Vt)

fluctuations in transistors in the SeOl region 13 and, in case the obtained hybrid



Referring to FIG. 3f, the inventive method for manufacturing the hybrid semiconductor substrate 1, in the
first embodiment, further comprises a step of forming a third impurity level 21a, 21b by doping the Se01
region 13 and the bulk semiconductor region 11 simultaneously again using ion implantation. The ion
implantation is performed such that the third impurity level 21a in the Se01 region 13 is below the second
impurity level 19a within the base substrate 3 and further away from the insulating layer S. The doping is
a so called:svedodoping anosthuts, Cieates andSRp&I uppliviiyoleyelrthap e ssrond sempiijydavel 11 19a in
the Se01 rglgbog 1%&@9 t@e second impurity level 19b in the bulk semiconductor region 11. According to
variant, the sequence o? the ion implantation steps illustrated in FIGs. 3d to 3f can be exchanged, thus
performed in any order. According to a further variant of the first embodiment, the step (d) and (e) can be
replaced by sesth@leappina&iepripeidierideniesiogs deepakdopiPgievel.(d at tsmlm'aieu&ative method

f f he h 1, dj G 5,
comprise 115 TopiFl AARLERT () TR e 8 o AR ORI D BN 5h 0L o 15 an

the bulk séﬁﬁl@@n%ﬁjé‘fbﬁ?@@ié@l the §Mﬁ1ﬁ%€ﬁ@@ﬂ§l§ﬁ5§ rwa&raiéd Trﬁ'qfﬁgij@@rbﬁhéF(%%?r?n%%ther impurity
level 18a, 38bday FeHife terSe0ds trgianKlsk mnsbiaa diodk sesmigenducias s@ivmyler simultaneously.

The second embodiment comprises essentially the same process steps as in the first
embodiment, and therefore the description of the steps illustrated in FIGs. 4a, 4b, 4d — 4f
and 4h is not repeated again but is incorporated herewith by reference. Elements having
the same reference numerals in FIGs. 3a to 3h and FIGs. 4a to 4h correspond to each
other, and their properties are therefore not repeated again in the description of this

embodiment, but are incorporated herewith by reference.

According to the second embodiment the inventive method for manufacturing the hybrid
semiconductor substrate 1 comprises a step of providing a spacer 29 in an edge region of
the SeOl region 13 adjacent to the bulk semiconductor region 11, illustrated in FIG. 4c. The
spacer 29 extends at least from the surface of the base substrate 3 till the interface 31

between the SeOl layer 7 and the mask layer 9.

The spacer 29 protects the SeOl layer 7 and the insulating layer 5 of the SeOl region 13
from damage while the mask layer 9 is removed from the hybrid semiconductor substrate 1,

e.g. by etching, during the step (i) illustrated in FIG. 3g and FIG. 4g.

According to this embodiment, the spacer 29 is a nitride. A nitride is one example of a
suitable material to protect the insulating layer 5 during etching of the mask layer 9, as it
has different etching properties compared to the oxide used for the mask layer 9 and the
insulating layer 5. This effect is thus achieved for any material choice for the spacer 29 and

the mask layer 9 showing different etching properties.

According to a variant of the second embodiment, illustrated in FIG. 6, the spacer 29
extends at least from the surface of the base substrate 3 till the upper surface 33 of the

mask layer 9.



The simultaneous doping is done such that the said impurity level 18a in the Se01 region 13 is under the
insulating layers and within the base substrate 3. The said doping is a deeper level doping and thus,
creates a deeper impurity level than the first impurity level 17a in the Se01 region 13 and the first impurity
level 17b in the bulk semiconductor region 11. Thus, according to this variant, the bulk transistor in the
bulk semiconductor region 11 may comprise just two impurity levels. The second mask 15 is then
removed after the above-mentioned implantation steps, e.g. by etching Referring to FIG. 3g, the inventive

thod f h
method foy pamgeliing e Xg”ﬁ@% sgpgaqgor ?ﬁ&%em . onl %Ec doméﬂ;@ﬁﬁ% %r jper

comprises a step of removing th mask ayer 9 from Irst impurity
level 17a i85€rA é@‘%/\fﬁi@ﬁ‘@'l‘}@&%\ﬁ?‘?%‘@dﬁéﬁbl YorMLthermatloeT the electronic devices in the Se01
region 13. The mask layer 9 is typically removed by etching. For the oxide mask usually a HF dip and for
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two impurigyiieiedschPa, it 1he Whekaayelrarsistes piavidiedaulk semiconductor region 11, comprise three

impurity levels 17b, 19b, 21b.
Thus, with the above disclosed embodiments and variants of the manufacturing process of
the hybrid semiconductor substrate 1, it is possible to achieve a manufacturing process that
is cheaper to carry out as for doping of both regions only one mask 15 needs to be
provided. Furthermore it is at the same time possible to control the electrical characteristics

of the devices formed on the hybrid semiconductor substrate 1.



Referring to FIG. 3h, the inventive method for manufacturing the hybrid semiconductor substrate 1, in the
first embodiment, further comprises a step of providing a shallow trench isolation (STI) 23 between the
bulk semiconductor region 11 and the Se01 region 1, in particular between electronic devices formed
therein, to prevent current leakage between the regions 11 and 13. The regions above the implanted
impurity levels 19a, 21a, 17b,19b, 21b and betwe€hAHNESTIs 23 are filled by an oxide layer, preferably
CVD deposited silicon oxide, 25a, 25b and a nitride 27a, 27b. The STI densification is at the same time

used as an implant actialignARNEALAIER- Y A5 Ao desales anulactyipa.prpgess, it becomes

possible to obtain a hybrid semiconductor substrate 1 in a cost effective manner for the following reasons:
both regions of tﬂ@pﬁfﬂrid semiconductor substrate 1, the bulk semiconductor region 11 and the Se0O1
region 13 are doped uriaeprtivid sgrachiimlasenuontiticng sisisigaie SiogleisiopiagemisiodE:tdrhus only one
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not needed for the dev&gsaﬁmi\ﬁcﬁﬁ)&?gﬁ%%t\gygjragsfbglgp_ﬁ%ké%ﬁe%kjh @g};be removed together with the

mask layer 9 after any one of the im ion steps illustrated in FIGs. 3d, 3e and 3f. Thus, the mask

layer 9 may just be se€RMREEZRA fCRAA)R MR BITHBT SOMRITEHIBH BRI conditions can be adjusted
such that the deeper inipuntyileyel fi8aiopddn ievehél%e 017 pgiordd isf uindSethiaegBuldliB)y layer 5 and
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fluctuations in transistors in the SeOiL reqion 13 and, In cahsehthe obftalned hybr‘d 1[3 .

semiconductor region 11? imultaneously such that the first impurty level (17a) in

the SeOl region (13) is contained within the mask layer (9); and

(d) forming a second impurity level (19a, 19b), in each of the SeOl region (13)
and the bulk semiconductor region (11), by doping the SeOl region (13) and the bulk
semiconductor region (11) simultaneously such that the second impurity level (19a)

in the SeOl region (13) is under the insulating layer (5) and within the base substrate

@3).

2. The method for manufacturing a hybrid semiconductor substrate according to
claim 1 further comprising a step of:

(e) forming a third impurity level (21a, 21b), in each of the SeOl region (13)
and the bulk semiconductor region (11), by doping the SeOl region (13) and the bulk
semiconductor region (11) simultaneously such that the third impurity level (21a) in
the SeOl region (13) is below the second impurity level (19a) within the base

substrate (3) and further away from the insulating layer (5).

3. The method for manufacturing a hybrid semiconductor substrate according to
one of claims 1 to 2 further comprising the steps of,

(g) providing a semiconductor-on-insulator (SeOl) substrate (1a);

forming the mask layer (9) on the SeOl substrate (1a); and

removing a predetermined area of the mask layer (9), the underlying SeOl
layer (7) and the underlying insulating layer (5) to obtain the bulk semiconductor

region (11).



semiconductor substrate 1 is used in SRAM applications, an improved SRAM stability can also be
achieved. A second embodiment of the inventive method is illustrated in FIGs. 4a to 4h. Compared to the
first embodiment, an additional spacer 29 is providedén an edge region of the Se01 region 13 adjacent to
the bulk semiconductor region 11. The additional spacer 29 extends at least from the surface of the bulk
semiconductor stibstrat@estitns S ramfestorinpheybEE 56 BiHIHRIRE A RBIAISrRAEe dgdAtially the same
process steps asne theldirst emls disnmntiang skerefore the description of the steps illustrated in FIGs. 4a,

4b, 4d - 4tand 4his ”%If eREARTA9U0BH iﬁqﬂl‘ﬁoéi’éir%fﬁﬁj Q%%W&%MJ@JG{SEQ&% 5lemgats having the

same reference numerals in FIGs. 3a to 3h and FIGs. 4a to 4h correspond to each other, and their

properties are tHRIE R AR AUPE e B A5 5P tRE YL ARIBHNGH i O e AR BB E St BSincorporated
herewith by refereercenadkazbbglitheg tethedseasin( Drbodimdeashenmotsitipe anefrrod Br manufacturing the
hybrid semiconductor substrate 1 comprises a step of providing a spacer 29 in an edge region of the

Se01 region 13 adjacent to ihe full semisonductorregion 11, llusrated I FIG e, The spacer 29
extends at least Trom thé sUITace of the base substrate' 3 fifi the interface St between e01 layer 7

and the mask lagee 9f atpespdedrergpiisitsstie Be01 layer 7 and the insulating layer 5 of the Se01

region 13 from damageiwéieihg fasiedayefed (9 remareddorretienybytseswigenductor substrate 1,
e.g. by etching, during the step (i) illustrated in FIG. 3g and FIG. 4g. According to this embodiment, the
spacer 29 is a nitride. A nitride is one example of a suitable material to protect the insulating layer 5

during etching oPthe mHSk TR 0L BRWERCHIRS 8V BHh G S PO AR S TSR 'Bxide used for
the mask layer Daadtirimsulatiing lagersn Thesreffdctageth(9s acthiwvibd foswatingnaterigbrivoice for the
spacer 29 and thg,masklaygs® showing different etching properties.

7. The method for manufacturing a hybrid semiconductor substrate according to
one of claims 1 to 6 further comprising a step of:

() providing a spacer (29) in an edge region of the SeOl region (13) adjacent
to the bulk semiconductor region (11) such that the spacer (29) extends at least from
the surface of the base substrate (3) till the SeOl layer (7).

8. The method for manufacturing a hybrid semiconductor substrate according to

claim 7 further comprising a step of removing the spacer (29), in particular after step

OF

9. The method for manufacturing a hybrid semiconductor substrate according to
one of claims 7 or 8, wherein the spacer (29) is made of a different material than the

mask layer (9), in particular is a nitride.

10. The method for manufacturing a hybrid semiconductor substrate according to
one of claims 1 to 9, wherein the mask layer (9) has a thickness of at least 20 nm, in
particular, the thickness of the mask layer (9) is not less than 20 nm and not more
than 30 nm.

11. The method for manufacturing a hybrid semiconductor substrate according to
one of claims 1 to 10, wherein the SeOl layer (7) has a thickness of at most 20 nm, in
particular, the thickness of the SeOl layer (7) is not less than 10 nm and not more

than 20 nm, and/or wherein the insulating layer (5) has a thickness of at most 20 nm,



According to a variant of the second embodiment, illustrated in FIG. 6, the spacer 29 extends at least
from the surface of the base substrate 3 till the upper surface 33 of the mask layer 9. 14 Like illustrated in
FIG. 4qg, the spacer 29 is removed, e.g. by a wet etch7using phosphoric acid after the removal of the
second mask 15 and the mask layer 9. The second embodiment of the manufacturing process according
to the invention HeRAteURIdi® HAFdFambGe, frHERIUARS CUtterbiafetiasulatg #Pet® and the SeOl
layer 7 during etehirgreitbe mask layer 9 can be prevented. Thus, with the above disclosed embodiments
and variants of the manufacturing process of the hybrid semiconductor substrate 1, it is possible to
achieve a manufacturing process that is cheaper to carl{%ﬁout as for doping of both reigions only one mask

15 needs to be provided' FURABIRS @30 AR B inTe oMM ASHBTHAY HSBRMRal
characteristics ofltiresdetacks farthee danptismbEsidpseimiocvdthgciahslbstrateliisolation (STI)

(23) to separate the SeOl region (13) and the bulk semiconductor region (11).

13. A hybrid semiconductor substrate comprising:

a semiconductor-on-insulator (SeOl) region (13), wherein the SeOl region (13)
comprises a base substrate (3), an insulating layer (5) over the base substrate (3), a
SeOl layer (7) over the insulating layer (5) and a mask layer (9) over the SeOl layer
(7); and

a bulk semiconductor region (11) provided adjacent to the SeOl region (13),
wherein in the SeOl region (13) and the bulk semiconductor region (11) share the
same base substrate (3);

characterized in that, the substrate further comprises,

a first impurity region (17a, 17b) in each of the SeOl region (13) and the bulk
semiconductor region (11) wherein the first impurity region (17a) in the SeOl region
(13) is contained within the mask layer (9); and

a second impurity region (19a, 19b) in each of the SeOl region (13) and the
bulk semiconductor region (11) wherein the second impurity region (19a) in the SeOl

region (13) is under the insulating layer (5) and within the base substrate (3).

14. The hybrid semiconductor device according to claim 13, further comprising a
third impurity region (21 a, 21 b) in each of the SeOl region (13) and the bulk
semiconductor region (11) wherein the third impurity region (21a) in the SeOl region
(13) is below the second impurity region (19a) within the base substrate (3) and

further away from the insulating layer (5).



