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(57) ABSTRACT 

A field effect transistor arrangement and a fabrication method 
thereof. The field effect transistor arrangement includes: a 
Substrate having a first crystal Surface orientation; a first layer 
formed above at least a first portion of the substrate, the first 
layer having a second crystal Surface orientation different 
from the first crystal Surface orientation; a second layer 
formed above at least a second portion of the substrate and 
adjacent to the first layer, the second layer having the first 
crystal surface orientation; a first buried oxide layer formed 
between the first layer and the substrate; a second buried 
oxide layer formed between the second layer and the sub 
strate; a first field effect transistor formed in or on the first 
layer, the first field effect transistor having a first conductivity 
type; and a second field effect transistor formed in or on the 
second layer, the second field effect transistor having a sec 
ond conductivity type different from the first conductivity 
type. 
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FIELD EFFECT TRANSISTOR 
ARRANGEMENT AND METHOD OF 

PRODUCING A FIELD EFFECT TRANSISTOR 
ARRANGEMENT 

BACKGROUND 

0001. The present invention relates generally to semicon 
ductor elements and the fabrication thereof. 
0002. It is desirable to enhance the performance of CMOS 
(complementary metal oxide semiconductor) devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. In the drawings, like reference characters generally 
refer to the same parts throughout the different views. The 
drawings are not necessarily to Scale, emphasis instead gen 
erally being placed upon illustrating the principles of the 
invention. In the following description, various embodiments 
of the invention are described with reference to the following 
drawings, in which: 
0004 FIG. 1 shows electron and hole mobilities for dif 
ferent Surface orientations; 
0005 FIG. 2 shows a conventional CMOS structure: 
0006 FIGS. 3A to 3F show different process stages of a 
conventional method of producing a CMOS field effect tran 
sistor arrangement; 
0007 FIGS. 4A to 4I show different process stages of a 
method of producing a field effect transistor arrangement in 
accordance with an embodiment of the invention: 
0008 FIG. 5 shows a method of producing a semiconduc 
tor element in accordance with an embodiment of the inven 
tion; and 
0009 FIG. 6 shows a method of producing a field effect 
transistor arrangement in accordance with an embodiment of 
the invention. 

DESCRIPTION 

00.10 Every new technology node in the international 
technology road map for semiconductors (ITRS) is accom 
panied by a shrinking of the gate length and the gate oxide 
thickness in field effect transistors. On the one hand, the 
reduction of both gate length and gate oxide thickness results 
in an increase of the transistor performance. On the other 
hand, however, the thinning of the gate oxide thickness causes 
a severe increase of the gate current and therefore also a rise 
of the standby power. 
0011 A possibility to reduce the gate leakage would be the 
introduction of a high-kgate material, that is a gate material 
having a higher relative permittivity k than that of silicon 
dioxide. Presently though, high-k gate dielectrics are still in 
an early stage of development. Therefore the thinning of the 
gate oxide thickness will slow down for future technology 
generations as already observed in the 45 nm technology 
node. 
0012. The poly length scaling (i.e., the scaling of the 
length of a polysilicon gate) has to be reduced as well in order 
to guarantee the electrical integrity of the transistors and 
control the short channel effects. 
0013 Due to the reduced scaling of both gate oxide thick 
ness and transistor poly length, the required performance 
increase has to originate from other sources. For example, at 
the 45 nm technology node the performance increase relies on 
stress engineering to enhance the charge carrier mobility. 
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0014. In case that a high-k dielectric is still not available 
for the 32 nm technology node, the carrier mobility could be 
further increased by a change of the Substrate orientation and 
keeping the stress engineering techniques. For example, the 
hole mobility benefits of a (110) surface orientated substrate 
whereas the electron mobility is maximum at the standard 
commonly used (100) surface and degrades when a (110) 
substrate is used, as is shown in FIG. 1 which shows, in a first 
diagram 100, the electron mobility and, in a second diagram 
150, the hole mobility for (100), (110) and (111) surface 
orientations, in each case plotted versus the effective electric 
field strength. 
0015. Accordingly, the maximum performance of a 
CMOS circuit would be expected if the NMOS (n-type MOS) 
elements were formed in or on a (100) surface orientated 
substrate and the PMOS (p-type MOS) elements were formed 
in or on a (110) surface orientated substrate. This approach is 
referred to as hybrid orientated technology (HOT). 
0016. The HOT concept uses a silicon-on-insulator (SOI) 
substrate with a buried (110) substrate (handle wafer) and a 
(100) top silicon layer. The NMOS is built up in or on the 
(100) top layer SOI substrate, whereas the PMOS is fabri 
cated in or on a (110) substrate. The (110) substrate results 
from the epitaxial re-growth of the handle wafer. 
0017 FIG. 2 illustrates schematically a conventional 
CMOS structure 200 which has been formed in accordance 
with the conventional HOT approach. The CMOS structure 
200 includes a first NMOS transistor 281a and a second 
NMOS transistor 281b formed in or on a (100) silicon layer 
(not shown, cf. reference numeral 303 in FIGS.3A to 3E) and 
separated from one another by a first shallow trench isolation 
(STI) structure 207. The NMOS transistors 281a, 281b are 
formed on a buried oxide layer 202, which is formed on a first 
portion of an in doped (110) silicon handle wafer 201. Each 
of the NMOS field effect transistors 281a, 281b includes in 
doped source/drain regions 204 and a p doped body region 
283 formed between the source/drain regions 204. A gate 
structure is in each case formed on the body region 283, the 
gate structure including a gate dielectric 205a, a conductive 
gate layer 205b formed on the gate dielectric 205a, and gate 
spacers 205c. 
0018. The CMOS structure 200 further includes a first 
PMOS transistor 281a' and a second PMOS transistor 281b' 
formed in a (110) silicon layer 206, which is formed on a 
second portion of the (110) handle wafer 201. The (110) layer 
206 has been formed by epitaxial regrowth of the (110) 
handle wafer 201 and clearly serves as an n-well for the 
PMOS transistors 281a', 281b'. The PMOS transistors 281a', 
281b' are separated from one another and from the second 
NMOS transistor 281b by means of second STI structures 
207". Each of the PMOS field effect transistors 281a", 281b' 
includes p" doped source/drain regions 204", with an in doped 
portion 286 of the n-well 206 in each case being disposed 
between the highly doped source/drain regions 204'. A gate 
structure is in each case formed on the n doped portion 286 
of the n-well 206, the gate structure including a gate dielectric 
205a', a conductive gate layer 205b' formed on the gate 
dielectric 205a', and gate spacers 205c'. 
0019. In the following, various process stages of a conven 
tional HOT process flow are described in connection with 
FIGS 3A to 3F. 

(0020 FIG. 3A shows a first process stage 300 of the HOT 
process flow, in which a layer arrangement is formed, the 
layer arrangement includinga (110) silicon (Si) handle wafer 
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301, a buried oxide (BOX) layer 302 disposed on the (110) 
silicon handle wafer 301, a (100) silicon layer 303 disposed 
on the buried oxide layer 302, and an electrically insulating 
layer 308 disposed on the (100) silicon layer 303. The insu 
lating layer 308 may include an oxide layer and a nitride layer 
disposed on the oxide layer. 
0021. The layer arrangement shown in FIG. 3A clearly is 
a (100) SOI substrate 302/303 formed on a (110) silicon 
handle wafer and covered by an insulating layer stack 308. 
The SOI substrate 302/303 may have been formed, for 
example, by bonding a (100) silicon wafer to the (110) silicon 
handle wafer 301 and subsequent deposition of the oxide 
layer and the nitride layer, thereby forming the insulating 
layer stack 308. 
0022 FIG. 3B shows another process stage 310 of the 
HOT process flow, in which a portion of the layer stack 
302/303/308 including the insulating layer 308, the silicon 
layer 303 and the buried oxide layer 302 is removed (for 
example, by means of an etching crosses), thereby exposing a 
portion of the upper surface 301a of the (110) silicon handle 
wafer 301, and also exposing sidewalls 328 of the remaining 
portions of the layer stack 302/303/308. In other words, FIG. 
3B shows an SOI/BOX stack etching process. In addition, 
FIG. 3B shows the formation of spacers 305 on the exposed 
sidewalls 328 of the remaining portions of the layer stack 
3O2/3O3/3O8. 
0023 FIG. 3C shows another process stage 320 of the 
HOT process flow, in which a (110) silicon layer 306 is 
formed on the exposed portion of the upper surface 301a of 
the (110) silicon handle wafer 301, such that the area between 
the spacers 305 is filled by the (110) silicon layer 306. The 
(110) silicon layer 306 is formed by an epitaxial growth 
process Such as, for example, molecular beam epitaxy 
(MBE), and the (110) silicon layer 306 may beformed in such 
a way, that it partially covers the upper Surface of the insulat 
ing layer 308. By means of a chemical mechanical polishing 
(CMP) process, that portion of the (110) silicon layer 306 
covering the insulating layer 308 may be removed, such that 
after the CMP the (110) silicon layer 306 and the insulating 
layer 308 have co-planar surfaces. 
0024 FIG. 3D shows another process stage 340 of the 
HOT process flow, in which the upper surface of the (100) 
silicon layer 303 is exposed by removing the insulating layer 
308. In other words, the thin oxide and nitride layers of the 
insulating layer are stripped. In addition, the (110) silicon 
layer 306 is etched back, such that its upper surface is co 
planar with the exposed upper surface of the (100) silicon 
layer 303. 
0025 FIG. 3E shows another process stage 360 of the 
HOT process flow, in which shallow trench isolation (STI) 
structures 307 are formed in order to laterally insulate the 
(110) silicon layer 306 and portions of the (100) silicon layer 
303 from one another. By means of the STI structures 307, 
active areas may be defined. 
0026 FIG. 3F shows another process stage 380 of the 
HOT process flow, in which a first NMOS transistor 381a and 
a second NMOS transistor 381b are formed in or on the 
insulated portions of the (100) silicon layer 303, and a PMOS 
transistor 381" is formed in or on the (110) silicon layer 306. 
The first NMOS transistor 381a and the second NMOS tran 
sistor 381b each include ndoped source/drain regions 304, a 
p doped body region 383 and a gate stack formed on the body 
region 383, the gate stack including a gate dielectric 305a, a 
conductive gate layer 305b formed on the gate dielectric 

Aug. 28, 2008 

305a, and gate spacers 305c. The PMOS transistor 381 
includes p" doped source/drain regions 304", an in doped well 
region 386 and a gate stack disposed on the well region 386, 
the gate stack including a gate dielectric 305a', a conductive 
gate layer 305b' formed on the gate dielectric 305a', and gate 
spacers 305c'. 
0027. As can be seen in FIG. 3F, the HOT fabrication 
process results in two partially depleted (PD) SOI NMOS 
transistors 381a, 381b formed in or on a (100) SOI substrate, 
and a bulk PMOS transistor 381' formed in or on a (110) 
substrate. In other words, the NMOS transistors 381a, 381b 
are fabricated on PDSOI whereas the PMOS transistor 381" is 
a conventional bulk device. 
(0028. The mixing of a PDSOI device with a bulk device in 
the conventional HOT concept increases the design effort. 
The PDSOI transistor suffers from a floating body and there 
fore from the well-known history effect, that is the depen 
dence of the threshold voltage of the transistor on the previous 
states of the transistor. This peculiar PDSOI feature has to be 
addressed during modeling and simulation. Furthermore, the 
characteristic of the NMOS transistor is affected by self 
heating which also has to be addressed during modeling 
development. On the other hand, the NMOS transistor may 
benefit from the reduced junction capacitance of an SOI tran 
sistor which may improve the dynamic performance. The 
PMOS device, however, is a standard bulk device without 
floating body effect, self-heating and reduced junction 
capacitance, and thus has significantly different device char 
acteristics. 

0029. The different device characteristics of the NMOS 
and PMOS transistors in the conventional HOT architecture 
complicate the circuit design. In addition, the HOT concept 
cannot fully benefit from the improvements of the SOI tech 
nology. 
0030. A field effect transistor arrangement in accordance 
with an embodiment of the invention includes a substrate 
having a first crystal Surface orientation; a first layer formed 
above at least a first portion of the Substrate and having a 
second crystal surface orientation different from the first crys 
tal Surface orientation; a second layer formed above at least a 
second portion of the Substrate and adjacent to the first layer, 
the second layer having the first crystal Surface orientation; a 
first buried oxide layer formed between the first layer and the 
substrate; a second buried oxide layer formed between the 
second layer and the substrate; a first field effect transistor 
formed in or on the first layer, the first field effect transistor 
having a first conductivity type; a second field effect transistor 
formed in or on the second layer, the second field effect 
transistor having a second conductivity type different from 
the first conductivity type. 
0031. A method of producing a field effect transistor 
arrangement in accordance with another embodiment of the 
invention includes providing a substrate having a first crystal 
Surface orientation; forming a first layer above at least a first 
portion of the Substrate, the first layer having a second crystal 
surface orientation different from the first crystal surface 
orientation; forming a second layer on at least a second por 
tion of the substrate and adjacent to the first layer, the second 
layer having the first crystal Surface orientation; forming a 
first buried oxide layer between the substrate and the first 
layer; forming micro-cavities in the second layer and oxidiz 
ing the micro-cavities, thereby forming a second buried oxide 
layer between the Substrate and the second layer; forming a 
first field effect transistor in or on the first layer, the first field 
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effect transistor having a first conductivity type; and forming 
a second field effect transistor in or on the second layer, the 
second field effect transistor having a second conductivity 
type. 
0032. A method of producing a semiconductor element in 
accordance with another embodiment of the invention 
includes forming micro-cavities in a Substrate; oxidizing the 
micro-cavities, thereby forming a buried oxide layer in the 
Substrate; and forming the semiconductor element in or on a 
portion of the substrate above the buried oxide layer. 
0033. A semiconductor element in accordance with 
another embodiment of the invention includes a substrate; a 
buried oxide layer formed in the substrate, wherein the buried 
oxide layer is formed by means of forming micro-cavities in 
the Substrate and oxidizing the micro-cavities. 
0034. In accordance with another embodiment of the 
invention, the substrate is a silicon substrate. That is, the 
Substrate may include silicon material or may be made of 
silicon material. 
0035. In one embodiment of the invention, the first layer 
and/or the second layer include? includes silicon. In another 
embodiment of the invention, the first layer and/or the second 
layer are/is made of silicon. 
0036. According to other embodiments of the invention, 
the substrate and/or the first layer and/or the second layer may 
include or may be made of other materials or material sys 
tems. Such as, for example III-V materials. In accordance 
with another embodiment, the semiconductor element may 
have a heterostructure such as, for example, a SiGe layer 
formed on a silicon layer, or a strained silicon layer formed 
(e.g., deposited) on a SiGe/Si substrate. 
0037. In accordance with another embodiment of the 
invention, the first crystal surface orientation is a (110) crystal 
Surface orientation and the second crystal Surface orientation 
is a (100) crystal surface orientation. Alternatively, the first 
crystal orientation may be a (111) crystal orientation. The 
terms “crystal surface orientation”, “surface orientation' and 
“crystal orientation' are used interchangeably hereinafter and 
refer to the surface orientation of a crystalline layer or layer 
arrangement (e.g. wafer). For example, the term (100) wafer 
refers to a wafer whose main processing Surface has a (100) 
orientation. 
0038. In accordance with another embodiment of the 
invention, the Substrate is a wafer, for example a silicon 
handle wafer, e.g. a (110) silicon handle wafer (that is, a 
silicon handle wafer having a (110) orientation of its main 
processing Surface). 
0039. In accordance with another embodiment of the 
invention, the first field effect transistor includes a first 
Source/drain region and a second source/drain region formed 
in the first layer, and a body region formed in the first layer 
between the first Source/drain region and the second source? 
drain region. 
0040. In accordance with another embodiment of the 
invention, the second field effect transistor includes a first 
Source/drain region and a second source/drain region formed 
in the second layer, and a body region formed in the second 
layer between the first source/drain region and the second 
Source/drain region. The source/drain regions may be highly 
doped, and the body region may be lowly doped, in accor 
dance with an embodiment. 

0041. In accordance with another embodiment of the 
invention, the first field effect transistor and/or the second 
field effect transistor include/includes a gate structure orgate 
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stack formed on the body region. The gate stack may include 
a gate dieletric layer formed on the body region and a con 
ductive gate layer formed on the gate dieletric layer. The gate 
dielectric layer may include a suitable dielectric material such 
as, e.g., silicon dioxide, and the conductive gate layer may 
include a suitable gate material Such as, e.g., polysilicon. The 
gate stack may furthermore include one or more gate spacers 
(e.g. nitride spacers), formed at one or more sidewalls of the 
gate stack, for example. 
0042. In accordance with another embodiment of the 
invention, the first field effect transistor is an NMOS field 
effect transistor (that is, a metal oxide semiconductor (MOS) 
field effect transistor having n-type conductivity), and the 
second field effect transistor is a PMOS field effect transistor 
(that is, a MOS field effect transistor having p-type conduc 
tivity). In other words, a CMOS field effect transistor arrange 
ment may be provided in accordance with this embodiment. 
0043. In accordance with another embodiment of the 
invention, at least one of the source/drain regions of the first 
field effect transistor may be highly doped, for example 
highly n-doped (e.g. n' doped) in case of the first field effect 
transistor being an NMOS field effect transistor. In addition, 
the body region of the first field effect transistor may be lowly 
doped, for example lowly p-doped (e.g. p doped) in accor 
dance with an embodiment. 

0044. In accordance with another embodiment of the 
invention, at least one of the Source/drain regions of the sec 
ond field effect transistor may be highly doped, for example 
highly p-doped (e.g. p" doped) in case of the second field 
effect transistor being a PMOS field effect transistor. In addi 
tion, the body region of the second field effect transistor may 
be lowly doped, for example lowly n-doped (e.g. n doped) in 
accordance with an embodiment. 

0045. In accordance with another embodiment of the 
invention, the second layer is formed by means of an epitaxial 
growth process. In other words, the second layer may be 
grown as an epitaxial layer on the second portion of the 
Substrate, for example using a molecular beam epitaxy 
(MBE) growth process, alternatively using any other suitable 
epitaxial growth process. 
0046. In accordance with another embodiment of the 
invention, lightions are implanted into the Substrate, thereby 
forming the micro-cavities in the substrate. The term “light 
ions' as used herein refers to ions having a low mass or Small 
mass number. 

0047. In accordance with another embodiment of the 
invention, the light ions are selected from a group of ions 
consisting of hydrogen ions (H, ions), helium ions (He 
ions), fluorine ions (F" ions), neon ions (Ne” ions), chlorine 
ions (Cl ions), argon ions (Ar" ions). 
0048. In accordance with another embodiment of the 
invention, the light ions are implanted with an implantation 
dose of approximately between 10 cm and 10 cm. 
0049. In accordance with another embodiment of the 
invention, the light ions have an implantation energy of 
approximately between 10 keV and 150 keV. 
0050 Clearly, by means of choosing the implantation dose 
and/or energy of the lightions, the depth and the extent of the 
region in which the micro-cavities are formed later can be 
influenced. In this context, the term “depth” refers to the 
distance from the Substrate surface (in general, from the Sur 
face of the region in which the lightions are implanted into), 
and the term "extent” refers to the extent in the direction of the 
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normal to the surface, for example, the extent in the 100 
direction in case of a (100) substrate. 
0051. In accordance with another embodiment of the 
invention, micro-platelets (that is to say, platelet-like defects 
in the crystal structure) are formed by the implantation of the 
lightions, and the micro-cavities are formed from the micro 
platelets, for example, by means of a heat treatment. 
0.052. In accordance with another embodiment of the 
invention, after formation of the micro-cavities and before 
oxidation of the micro-cavities, oxygen ions (e.g., O." ions) 
are implanted into the Substrate, thereby forming oxygen-rich 
precipitates in the substrate, for example forming SiO pre 
cipitates in a silicon Substrate in accordance with an embodi 
ment. By means of the O' implanta huge super-saturation of 
oxygen molecules may be introduced or formed close to the 
micro-cavities, and a continuous BOX layer may then be 
formed by the coalescence of close-spaced oxygen precipi 
tates upon an internal oxidation process, in accordance with 
an embodiment of the invention. 

0053. In accordance with one embodiment of the inven 
tion, the oxygen ions are implanted with an implantation dose 
of approximately between 10 cm and 10 cm. 
0054. In accordance with another embodiment of the 
invention, the oxygen ions have an implantation energy of 
approximately between 10 keV and 400 keV. 
0055. In accordance with another embodiment of the 
invention, the micro-cavities are oxidized by means of a high 
temperature treatment (high-temperature anneal) and intro 
ducing oxygen into the micro-cavities. 
0056. In accordance with another embodiment of the 
invention, the Substrate is heated to a temperature of approxi 
mately between 1000° C. and 1350° C. in the context of the 
high-temperature treatment. 
0057. In accordance with another embodiment of the 
invention, the Substrate is heated for a duration of approxi 
mately between 30 min and 2 h in the context of the high 
temperature treatment. 
0.058. In accordance with another embodiment of the 
invention, the oxygen is introduced into the micro-cavities by 
means of thermal indiffusion or implantation. 
0059. In accordance with another embodiment of the 
invention, the second buried oxide layer is formed by means 
of forming micro-cavities in the second layer and oxidizing 
the micro-cavities. The micro-cavities may be formed and/or 
oxidized, for example, in accordance with one of the embodi 
ments described herein. 

0060. In accordance with another embodiment of the 
invention, the first layer having the second crystal Surface 
orientation (e.g., a (100) Surface orientation) and the first 
buried oxide layer are formed by bonding a second wafer 
having the second crystal Surface orientation (for example, a 
(100) silicon wafer) to the substrate (for example, to a (110) 
silicon handle wafer) using, for example, well-known wafer 
bonding techniques. In this way, a silicon-on-insulator (SOI) 
substrate may be formed, including a top (100) silicon layer, 
a (110) substrate and a buried oxide layer between the (110) 
substrate and the top (100) silicon layer. 
0061. In accordance with another embodiment of the 
invention, at least one shallow trench isolation (STI) element 
is formed between the first layer and the second layer. By 
means of the STI element or structure, the first and second 
layer, and thus the first and second field effect transistor, may 
be laterally electrically insulated from one another. The STI 
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element may be formed, for example, using conventional 
lithographical or etching techniques. 
0062. In the following, various process stages of a method 
of producing a field effect transistor arrangement in accor 
dance with an embodiment of the invention are described in 
connection with FIGS. 4A to 4I. 

0063. In one process stage 400 of the method, illustrated in 
FIG. 4A, a substrate 401 having a first crystal surface orien 
tation is provided. In accordance with the embodiment shown 
in FIG. 4A, the substrate 401 is a (110) silicon wafer (e.g., 
handle wafer), that is a silicon wafer wafer having a (110) 
surface orientation. A first layer 403 is formed above the 
substrate 401, the first layer having a second crystal surface 
orientation different from the first crystal surface orientation 
(that is, the crystal surface orientation of the substrate 401). In 
accordance with the embodiment shown, the first layer 403 is 
a silicon layer having a (100) surface orientation. A first 
buried oxide (BOX) layer 402 is formed between the substrate 
401 and the first layer 403. The layer arrangement 401/.402/ 
403 may be formed, for example, by bonding a (100) silicon 
wafer to the (110) silicon handle wafer 401, thereby clearly 
forming a (100) silicon-on-insulator (SOI) layer on a (110) 
handle wafer with a BOX layer (first buried oxide layer 402) 
disposed between the (110) handle wafer (substrate 401) and 
a (100) silicon top layer (first layer 403). The wafer-bonding 
may be carried out, for example, by using Suitable wafer 
bonding techniques. In another process stage shown in FIG. 
4A, an insulating layer 408 is formed on the (100) silicon top 
layer (that is, on the upper surface of the first layer 403). In 
accordance with an embodiment, the insulating layer 408 
may include a thin oxide layer and/or a thin nitride layer 
disposed on the oxide layer, for example. The insulating layer 
408 may beformed, for example, by suitable deposition tech 
niques such as, for example, chemical vapor deposition 
(CVD). 
0064. In another process stage 410 of the method, illus 
trated in FIG. 4B, a central portion of the layer arrangementor 
layer stack 402/403/408 is removed, such that a portion of the 
upper surface 401a of the substrate 401 is exposed and that 
also sidewalls 428 of the remaining portions of the layer stack 
402/403/408 are exposed. The removal of the material of the 
first buried oxide layer 402, the first layer 403 and the insu 
lating layer 408 may be carried out by using suitable litho 
graphical and/or etching techniques, for example an anisotro 
pic etching process. In other words, FIG. 4B shows an SOI/ 
BOX stack etching process, in which a portion of the layer 
stack 402/403/408 including the first buried oxide layer 402. 
the first layer 403, and the insulating layer 408 is etched back 
down to the upper surface 401a of the (110) silicon handle 
wafer 401, thereby clearly forming a trench 409 with the 
exposed portion of the upper surface 401a of the substrate 401 
forming the bottom of the trench and the exposed sidewalls 
428 of the remaining portions of the layer stack 402/403/408 
forming the sidewalls of the trench 409. 
0065. In another process stage 420 of the method, illus 
trated in FIG. 4C, a second layer 406 is formed on the exposed 
portion of the upper surface 401a of the substrate 401, the 
second layer 406 having the first crystal surface orientation, 
that is the same crystal orientation as the substrate 401, i.e. a 
(110) surface orientation in accordance with this embodi 
ment. In accordance with the embodiment shown, the second 
layer 406 is a (110) silicon layer which is grown epitaxially on 
the exposed portion of the upper surface 401a of the substrate 
401. In other words, the second layer 406 is formed by means 
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of an epitaxial growth process, for example by means of 
molecular beam epitaxy (MBE). 
0.066. In the embodiment shown in FIG. 4C, the second 
layer 406 is formed in such a way that the trench 409 is not 
completely filled with material of the second 406. In other 
words, the upper surface 406a of the second layer 406 is lower 
than the upper surface of the insulating layer 408. As is 
shown, the upper surfaces of the first layer 403 and the second 
layer 406 are co-planar. 
0067. In an alternative embodiment, the second layer 406 
may be grown in Such away, that it at least partially covers the 
insulating layer 408. In this case, after the epitaxial growth of 
the second layer 406, those portions of the second layer 406, 
which cover the insulating layer 408, may be removed using, 
for example, a chemical mechanical polishing (CMP) 
method, such that the upper surfaces of the second layer 406 
and the insulating layer 408 become flush. In addition, an 
upper portion of the second layer 406 may optionally be 
removed, for example etched back, in accordance with 
another embodiment. 

0068. The second layer 406 is formed between those por 
tions of the buried oxide layer 402 and the first layer 403, 
which have remained after the etching described above in 
connection with FIG. 4B. Clearly, the second layer 406 par 
tially fills the trench 409 formed previously by the etching. In 
the embodiment shown in FIG. 4C, the second layer 406 is 
adjacent to the remaining portions of the first layer 403. In 
alternative embodiments, spacers (for example nitride spac 
ers) may be formed at the sidewalls 428 of the remaining 
portions of the layer stack 402/403/408, that is clearly at the 
inner walls of the trench 409, and the second layer 406 may in 
this case be separated from the first layer 403 by the spacers 
(not shown in FIG. 4C, compare spacers 305 in FIG. 3C). 
0069. In another process stage 430 of the method, illus 
trated in FIG. 4D, micro-cavities 432 are formed in the second 
layer 406. In accordance with the embodiment shown, the 
micro-cavities 432 are formed by means of implanting hydro 
gen ions (H, ions), designated by the arrows 431 in FIG. 4D, 
into the second layer 406. In alternative embodiments, other 
lightions may be used in addition or instead of hydrogen ions 
during the implantation. According to an embodiment, the 
hydrogen ions 431 may be implanted with an implantation 
dose of approximately between 10" cm and 10" cm, and 
the hydrogen ions 431 may have an implantation energy of 
approximately between 10 keV and 150 keV, in accordance 
with another embodiment. The insulation layer 408 may 
serve the purpose of an implantation mask during the hydro 
gen ion implantation 431, in that the insulating layer may 
prevent the implantation of hydrogen 431 ions into the first 
layer 403 (that is, the (100) silicon layer 403). By means of the 
implantation dose and/or energy, the concentration maximum 
of the implanted hydrogen ions 431 (in general, of the 
implanted light ions) may be controlled, and in this way the 
depth and/or extent of the region in which the micro-cavities 
432 are formed in the second layer 406 may be influenced. 
0070. As is shown in FIG. 4D, the implantation dose and/ 
or energy of the hydrogen ions 431 (in general, of the light 
ions) may, for example, be chosen in Such a way that the 
depth, in which the micro-cavities 432 are formed in the 
second layer 406, corresponds or is approximately equal to 
the depth of the first buried oxide layer 402. Thus, a second 
buried oxide layer 461, which is formed subsequently using 
the micro-cavities 432 may beformed in the same or approxi 
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mately the same depth as the first buried oxide layer 402, in 
accordance with an embodiment of the invention. 

0071. In another process stage 440 of the method, illus 
trated in FIG. 4E, oxygen ions (O." ions), designated by the 
arrows 441 in FIG. 4E, are implanted into the second layer 
406, thereby forming oxygen-rich precipitates 442 in the 
second layer 406 from the micro-cavities 432. The oxygen 
ions 441 may be implanted, for example, with an implantation 
dose of approximately between 10'cmi and 10" cm', and 
the oxygen ions 441 may have an implantation energy of 
approximately between 10 keV and 400 keV, in accordance 
with certain embodiments of the invention. The insulation 
layer 408 may serve the purpose of an implantation mask 
during the oxygen ion implantation 441, in that the insulating 
layer 408 may prevent the implantation of oxygen ions 441 
into the first layer 403 (that is, the (100) silicon layer 403). 
0072 By means of the O' implant 441, a huge super 
saturation of oxygen molecules is introduced close to the 
micro-cavities 432, and clearly, aband of close-spaced silicon 
dioxide (SiO) precipitates 442 is formed in the second layer 
406. According to the embodiment shown in FIG. 4E, the 
depth of the band of SiO precipitates 442 within the second 
layer 406 is the same or approximately the same as the depth 
of the first buried oxide layer 402. 
0073. In another process stage 450 of the method, illus 
trated in FIG. 4F, the remaining portions of the insulating 
layer 408 are removed. In other words, the thin nitride and/or 
oxide layer are/is stripped off, for example using conven 
tional techniques. In this way, the layer arrangement shown in 
FIG. 4F is obtained, with the epitaxial (110) silicon layer 406 
(that is, the second layer 406) having a co-planar or Substan 
tially co-planar upper surface 406a with the upper surface 
403a of the remaining portions of the (100) silicon layer 403 
(that is, the first layer 403). 
0074. In another process stage 460 of the method, illus 
trated in FIG. 4G, the micro-cavities 432 (more precisely, the 
SiO precipitates 442) are oxidized, thereby forming a second 
buried oxide layer 461 between the substrate 401 and the 
second layer 406. In accordance with an embodiment, the 
oxidation of the micro-cavities 432 may be carried out by 
means of a high-temperature treatment and introducing oxy 
gen into the micro-cavities 432. The high-temperature treat 
ment can be carried out, for example, in Such a way, that the 
Substrate is heated to a temperature of approximately between 
1000° C. and 1350° C. during the high-temperature treat 
ment. According to another embodiment, the Substrate may 
beheated for a duration of approximately between 30 minutes 
and 2 hours in the context of the high-temperature treatment. 
According to another embodiment, the oxygen may be intro 
duced into the micro-cavities 432 by means of thermal indif 
fusion or implantation. By means of the oxidation of the 
micro-cavities 432, a continuous second buried oxide layer 
461 is formed between the remaining portions of the first 
buried oxide layer 402, as can be seen in FIG. 4G. In other 
words, by means of the second buried oxide layer 461 the 
second layer 406 is electrically insulated from the substrate 
401 below. The second buried oxide layer 461 is clearly 
formed by the coalescence of close-spaced silicon dioxide 
precipitates 442 during the internal oxidation (ITOX) pro 
cess. In addition to the formation of the second buried oxide 
layer 461, according to the embodiment shown in FIG. 4G, a 
thermal oxide layer 462 is formed on the first layer 403 and on 
the second layer 406 during the oxidation process. 
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0075. In another process stage 470 of the method, illus 
trated in FIG. 4H, the thermal oxide layer 462 is removed, for 
example by using conventional etching techniques, thereby 
exposing the upper surfaces 403a, 406a of the first layer 403 
and the second layer 406. Clearly, the layer structure shown in 
FIG. 4H is an SOI substrate having silicon top layers 403, 406 
with different surface orientations formed on first and second 
buried oxide layers 402, 461, respectively. That is, a first 
portion of the SOI substrate includes a (100) silicon top layer 
(that is, the first layer 403) formed on a first buried oxide layer 
402, and a second portion of the SOI substrate includes a 
(110) silicon top layer (that is, the second layer 406) formed 
on a second buried oxide layer 461. 
0076. In another process stage 480 of the method, illus 
trated in FIG. 4I, a first NMOS transistor 481a and a second 
NMOS transistor 481b are formed in or on the first layer 403 
(that is, in or on the (100) silicon top layer), and a PMOS 
transistor 481' is formed in or on the second layer 406 (that is, 
in or on the (110) silicon top layer). The NMOS and PMOS 
transistors 481a, 481b, 481' are electrically insulated from 
one another in lateral direction by shallow trench isolations 
407 formed between adjacent transistors. The shallow trench 
isolations 407 may serve to define active areas for the tran 
sistors 481a, 481b, 481'. 
0077. Each one of the NMOS transistors 481a, 481b 
includes highly n-doped (n doped) source? drain regions 404. 
a lowly p-doped (p doped) body region 483 formed between 
the source/drain regions 404, as well as a gate structure 
formed on the body region 483, the gate structure including a 
gate dielectric layer 405a, a conductive gate layer 405b 
formed on the gate dielectric layer 405a, and gate spacers 
405c. 
0078 Similarly, the PMOS transistor 481" includes highly 
p-doped (p" doped) source/drain regions 404', a lowly 
n-doped (n doped) body region 483" formed between the 
Source/drain regions 404', as well as a gate structure formed 
on the body region 483, the gate structure including a gate 
dielectric layer 405a', a conductive gate layer 405b' formed 
on the gate dielectric 405a', as well as gate spacers 405c'. 
007.9 The formation of the NMOS transistors 481a, 481b, 
the PMOS transistor 481 as well as the electrically insulating 
STI elements 407 may be carried out by using, for example, 
suitable processes of a conventional CMOS process flow. For 
example, the STI structures 407 can be formed by trench 
etching in combination with oxide deposition. Alternatively, 
the shallow trench isolation structures 407 can be formed by 
any other Suitable technique. 
0080. The first NMOS transistor 481 a and/or the second 
NMOS transistor 481 b may be formed, for example, by 
performing a p-well implantation (for example, using boron 
ions as implant species), forming a gate structure orgate stack 
on the first layer 403, and performing a source? drain implan 
tation using the gate stack as an implantation mask, thereby 
forming highly n-doped source/drain regions 404, while a 
lowly p-doped body region 483 remains under the gate struc 
ture. The Source/drain implantation can be carried out, for 
example, by using arsenic or phosphorus as implantation or 
doping species. The gate structure may beformed by a known 
method, for example, in that the upper surface 403a of the first 
layer 403 is oxidized and a polysilicon layer is formed 
thereon. By means of patterning the polysilicon layer and the 
silicon dioxide layer, the gate structure with a gate oxide 405a 
and a gate electrode 405b made of poly silicon is formed. In 
addition sidewall spacers 405c may beformed at the sidewalls 
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of the gate structure, the sidewall spacers 405c being formed 
as nitride spacers, for example. The PMOS transistor 481 
may be formed in or on the second layer 406 by using equiva 
lent processes as described above in connection with the 
formation of the NMOS transistors 481a, 481b, wherein in 
particular arsenic or phosphorous may be used as n-type 
implantation species for the lowly n-doped body region 483 
and boron may be used as p-type implantation species for the 
highly p-doped source/drain regions 404'. 
I0081 Clearly, FIG. 4I shows a CMOS field effect transis 
tor arrangement in accordance with one embodiment of the 
invention, including a first NMOS transistor 481a and a sec 
ond NMOS transistor 481b, as well as a PMOS transistor 
481', wherein the two NMOS transistors 481a, 481b are each 
formed in or on a (100) silicon layer 403, and the PMOS 
transistor 481" is formed in orona (110) silicon layer 406. The 
NMOS and PMOS transistors 481a, 481b, 481' are laterally 
electrically insulated from one another by shallow trench 
isolation structures 407, and both the two NMOS transistors 
481a, 481b and the PMOS transistor 481' are electrically 
insulated from the substrate 401 by respective first and second 
buried oxide layers 402,461. In other words, the first NMOS 
transistor 481a and the second NMOS transistor 481b are 
electrically insulated from the substrate by the first buried 
oxide layer 402, and the PMOS transistor 481" is electrically 
insulated from the substrate 401 by the second buried oxide 
layer 461. 
I0082. The second buried oxide layer 461 may have been 
formed by an internal oxidation of micro-cavities which have 
been formed in the (110) silicon layer 406, for example by 
means of lightion implantation, as described above. Clearly 
in the CMOS structure shown in FIG. 4I, both the NMOS 
transistors 481a, 481b and the PMOS transistor 481' are 
formed in or on an SOI substrate. In other words, both the 
NMOS and the PMOS are formed in an SOI technology, in 
contrast to the conventional CMOS structure shown in FIG. 
3F, where only the NMOS transistors 381a,381b are based on 
SOI technology whereas the PMOS 381" is a conventional 
bulk device. 

I0083 FIG. 5 shows a method 500 of producing a semicon 
ductor element in accordance with an embodiment of the 
invention. 

0084. In 520, microcavities are formed in a substrate. The 
microcavities may be formed, for example, in accordance 
with one of the embodiments described herein. 

I0085. In 540, the microcavities are oxidized, whereby a 
buried oxide layer is formed in the substrate. The oxidation of 
the microcavities may be carried out, for example, in accor 
dance with one of the embodiments described herein. 

0086. In 560, a semiconductor element is formed in or on 
a portion of the substrate above the buried oxide layer. The 
semiconductor element may be formed in accordance with 
one of the embodiments described herein. 

I0087 FIG. 6 shows a method 600 of producing a field 
effect transistor arrangement in accordance with an embodi 
ment of the invention. 

I0088. In 610, a substrate is provided, the substrate having 
a first crystal Surface orientation. 
I0089. In 620, a first layer is formed above at least a first 
portion of the Substrate, the first layer having a second crystal 
orientation different from the first crystal surface orientation. 
The first layer may be formed, for example, in accordance 
with one of the embodiments described herein. 
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0090. In 630, a second layer is formed on at least a second 
portion of the substrate and adjacent to the first layer, the 
second layer having the first crystal orientation. The second 
layer may beformed, for example, in accordance with one of 
the embodiments described herein. 
0091. In 640, a first buried oxide layer is formed between 
the substrate and the first layer. The first buried oxide layer 
may be formed, for example, in accordance with one of the 
embodiments described herein. 
0092. In 650, micro-cavities are formed in the second 
layer, and the micro-cavities are oxidized, thereby forming a 
second buried oxide layer between the substrate and the sec 
ond layer. The micro-cavities may beformed and/or oxidized, 
for example, in accordance with one of the embodiments 
described herein. 
0093. In 660, a first field effect transistoris formed in or on 
the first layer, the first field effect transistor having a first 
conductivity type. The first field effect transistor may be 
formed, for example, in accordance with one of the embodi 
ments described herein. 
0094. In 670, a second field effect transistor is formed in or 
on the second layer, the second field effect transistor having a 
second conductivity type different from the first conductivity 
type. The second field effect transistor may be formed, for 
example, in accordance with one of the embodiments 
described herein. 
0095. In addition to the foregoing detailed description of 
exemplary embodiments, further features and effects of cer 
tain embodiments of the invention are pointed out in the 
following. 
0096. In accordance with one embodiment of the inven 
tion, a CMOS field effect transistor arrangement including an 
NMOS transistor and a PMOS transistor is provided, with 
both the NMOS transistor and the PMOS transistor formed in 
or on an SOI substrate, and with the substrate, in or on which 
the NMOS transistor is formed, having a different surface 
orientation (e.g., a (100) orientation) than the Surface orien 
tation (e.g., a (110) orientation) of the Substrate, in or on 
which the PMOS transistor is formed. 
0097. In accordance with another embodiment of the 
invention, internal oxidation of micro-cavities is applied to 
form a SiO, isolation of a PFET or PMOS in a CMOS struc 
ture having different substrate orientations for the NMOS and 
the PMOS, thereby further improving the performance opti 
mal CMOS structure. In other words, a buried oxide layer 
(BOX layer) may be formed below a PFET active area by 
means of internal oxidation of previously formed micro-cavi 
ties. 
0098. In accordance with another embodiment of the 
invention, the isolation of the PMOS allows for taking full 
benefit of the SOI characteristic of reduced junction capaci 
tance and performance increase due to the kink effect. Addi 
tionally, the PMOS is isolated from the substrate which may 
be beneficial for SoC (system on chip) applications. 
0099. One effect of certain embodiments of the invention 

is that well leakage paths are suppressed and well breakdown 
Voltages are increased which allows for a denser cell layout. 
0100. In accordance with another embodiment of the 
invention, the performance of the PMOS transistor in a 
CMOS structure is increased, which results inabetter ratio of 
the saturation current of NMOS and PMOS which may, for 
example, result in an area reduction for logic elements. 
0101. In accordance with another embodiment of the 
invention, a highly optimized CMOS structure is provided, in 
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which both NMOS and PMOS benefit from the advantage of 
the SOI technology, and in which an additional PMOS boost 
results from an optimal crystal orientation for the hole mobil 
ity of the PMOS. 
0102. In accordance with certain embodiments of the 
invention, the isolation of a PFET is carried out by internal 
oxidation (ITOX) of micro-cavities. In other words, a buried 
oxide layer (BOX) is formed by internal oxidation of micro 
cavities. According to one embodiment, an O' implant can 
be introduced prior to the ITOX process. This may help to 
form a continuous BOX layer. For example, by means of the 
O' implant, a huge Super-saturation of oxygen molecules 
may be introduced close to the micro-cavities. Upon the 
ITOX process a continuous BOX layer may then be formed 
by the coalescence of close-spaced SiO precipitates. The use 
of the micro-cavities may help to reduce the oxygen dose 
needed to form a continuous BOX layer compared to a con 
ventional SIMOX (separation by implantation of oxygen) 
process. In one embodiment, the oxygen dose may be reduced 
by a factor of for example, 100 compared to the conventional 
SIMOX process. 
(0103. In accordance with certain embodiments of the 
invention, a CMOS structure and a corresponding fabrication 
method are provided, which are based on a hybrid orientated 
technology (HOT) approach with an additional isolation of 
the PMOS transistor, thereby forming both NMOS and 
PMOS in or on SOI type substrates. This new technology may 
be referred to as isolated hybrid orientated technology 
(IshOT). 
0104. While the invention has been particularly shown and 
described with reference to specific embodiments, it should 
be understood by those skilled in the art that various changes 
in form and detail may be made therein without departing 
from the spirit and scope of the invention as defined by the 
appended claims. The scope of the invention is thus indicated 
by the appended claims and all changes which come within 
the meaning and range of equivalency of the claims are there 
fore intended to be embraced. 

What is claimed is: 
1. A field effect transistor arrangement, comprising: 
a Substrate having a first crystal Surface orientation; 
a first layer formed above at least a first portion of the 

Substrate, the first layer having a second crystal Surface 
orientation different from the first crystal surface orien 
tation; 

a second layerformed above at least a second portion of the 
Substrate and adjacent to the first layer, the second layer 
having the first crystal Surface orientation; 

a first buried oxide layer formed between the first layer and 
the substrate; 

a second buried oxide layer formed between the second 
layer and the substrate; 

a first field effect transistor formed in or on the first layer, 
the first field effect transistor having a first conductivity 
type; and 

a second field effect transistor formed in or on the second 
layer, the second field effect transistor having a second 
conductivity type different from the first conductivity 
type. 

2. The field effect transistor arrangement as claimed in 
claim 1, wherein at least one of the substrate, the first layer 
and the second layer comprises silicon material. 

3. The field effect transistor arrangement as claimed in 
claim 2, wherein the substrate is a silicon handle wafer. 



US 2008/0203484 A1 

4. The field effect transistor arrangement as claimed in 
claim 1, wherein the first crystal surface orientation is a (110) 
crystal Surface orientation and wherein the second crystal 
surface orientation is a (100) crystal surface orientation. 

5. The field effect transistor arrangement as claimed in 
claim 4, wherein the first field effect transistor is an NMOS 
field effect transistor, and wherein the second field effect 
transistor is a PMOS field effect transistor. 

6. The field effect transistor arrangement as claimed in 
claim 1, wherein the second buried oxide layer is formed by 
forming micro-cavities in the second layer and oxidizing the 
micro-cavities. 

7. A method of producing a field effect transistor arrange 
ment, comprising: 

providing a Substrate having a first crystal Surface orienta 
tion; 

forming a first layer above at least a first portion of the 
Substrate, the first layer having a second crystal Surface 
orientation different from the first crystal surface orien 
tation; 

forming a second layer on at least a second portion of the 
Substrate and adjacent to the first layer, the second layer 
having the first crystal Surface orientation; 

forming a first buried oxide layer between the substrate and 
the first layer; 

forming micro-cavities in the second layer and oxidizing 
the micro-cavities, thereby forming a second buried 
oxide layer between the substrate and the second layer; 

forming a first field effect transistor in or on the first layer, 
the first field effect transistor having a first conductivity 
type; and 

forming a second field effect transistor in or on the second 
layer, the second field effect transistor having a second 
conductivity type. 

8. The method as claimed in claim 7, wherein the second 
layer is formed by an epitaxial growth process. 

9. The method as claimed in claim 7, wherein the micro 
cavities are formed in the second layer by implanting light 
ions into the second layer. 

10. The method as claimed in claim 9, wherein the light 
ions are selected from a group of ions consisting of 

He ions: 
He ions: 
F" ions: 
Ne” ions: 
Cl" ions; and 
Ar" ions. 
11. The method as claimed in claim 9, wherein the light 

ions are implanted with an implantation dose of approxi 
mately between 10'cmi and 10" cm'. 

12. The method as claimed in claim 9, wherein the light 
ions have an implantation energy of approximately between 
10 keV and 150 keV. 

13. The method as claimed in claim 7, wherein after for 
mation of the micro-cavities and before oxidation of the 
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micro-cavities, oxygen ions are implanted into the second 
layer, thereby forming oxygen rich precipitates in the second 
layer. 

14. The method as claimed in claim 13, wherein the oxygen 
ions are implanted with an implantation dose of approxi 
mately between 10 cm and 10 cm. 

15. The method as claimed in claim 13, wherein the oxygen 
ions have an implantation energy of approximately between 
10 keV and 400 keV. 

16. The method as claimed in claim 7, wherein the micro 
cavities are oxidized by a high-temperature treatment and 
introducing oxygen into the micro-cavities. 

17. The method as claimed in claim 16, wherein the sub 
strate is heated to a temperature of approximately between 
1000° C. and 1350° C. in the context of the high-temperature 
treatment. 

18. The method as claimed in claim 16, wherein the sub 
strate is heated for a duration of approximately between 30 
min and 2 h in the context of the high-temperature treatment. 

19. The method as claimed in claim 16, wherein the oxygen 
is introduced into the micro-cavities by thermal indiffusion or 
implantation. 

20. The method as claimed in claim 7, wherein at least one 
of the substrate, the first layer and the second layer comprises 
silicon. 

21. The method as claimed in claim 20, wherein a silicon 
handle wafer is used as the substrate. 

22. The method as claimed in claim 7, wherein the first 
crystal Surface orientation is a (110) crystal Surface orienta 
tion and wherein the second crystal Surface orientation is a 
(100) crystal surface orientation. 

23. A method of producing a semiconductor element, com 
prising: 

forming micro-cavities in a substrate; 
oxidizing the micro-cavities, thereby forming a buried 

oxide layer in the substrate; 
forming the semiconductor element in or on a portion of the 

substrate above the buried oxide layer. 
24. The method as claimed in claim 23, wherein light ions 

are implanted into the Substrate, thereby forming the micro 
cavities in the substrate. 

25. The method as claimed in claim 23, wherein after 
formation of the micro-cavities and before oxidation of the 
micro-cavities, oxygen ions are implanted into the Substrate, 
thereby formimg oxygen rich precipitates in the Substrate. 

26. The method as claimed in claim 23, wherein the micro 
cavities are oxidized by a high-temperature treatment and 
introducing oxygen into the micro-cavities. 

27. A semiconductor element, comprising: 
a Substrate; and 
a buried oxide layer formed in the substrate, wherein the 

buried oxide layer is formed by forming micro-cavities 
in the Substrate and oxidizing the micro-cavities. 

c c c c c 


