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(57) ABSTRACT 

The present invention provides a semiconductor structure in 
which di?cerent types of devices are located upon a speci?c 
crystal orientation of a hybrid substrate that enhances the 
performance of each type of device. In the semiconductor 
structure of the present invention, a dual trench isolation 
scheme is employed whereby a ?rst trench isolation region 
of a ?rst depth isolates devices of di?cerent polarity from 
each other, while second trench isolation regions of a second 
depth, which is shallower than the ?rst depth, are used to 
isolate devices of the same polarity from each other. The 
present invention further provides a dual trench semicon 
ductor structure in which pFETs are located on a (110) 
crystallographic plane, while nFETs are located on a (100) 
crystallographic plane. In accordance with the present 
invention, the devices of di?cerent polarity, i.e., nFETs and 
pFETs, are bulk-like devices. 
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FIG.1 (Prior Art) 
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DUAL TRENCH ISOLATION FOR CMOS WITH 
HYBRID ORIENTATIONS 

RELATED APPLICATIONS 

[0001] This application is a divisional application of US. 
patent application Ser. No. 11/207,216, ?led Aug. 19, 2005. 
This application is related to co-pending and co-assigned 
US. patent application Ser. Nos. 10/799,380, ?led Mar. 12, 
2004, 10/696,634, ?led Oct. 29, 2003, and 10/250,241, ?led 
Jun. 23, 2003, the entire contents of each application are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to high-performance 
metal oxide semiconductor ?eld effect transistors (MOS 
FETs) for digital and analog applications, and more particu 
lar to MOSFETs utilizing carrier mobility enhancement 
from surface orientation in Which a dual trench isolation 
design is employed. Speci?cally, a ?rst trench isolation 
region having a ?rst depth is used to isolate nFETs from 
pFETs, While second trench isolation regions having a 
second depth, Which is shalloWer than the ?rst depth, are 
used to isolate nFETs from nFETs and pFETs from pFETs. 

BACKGROUND OF THE INVENTION 

[0003] In present semiconductor technology, complemen 
tary metal oxide semiconductor (CMOS) devices, such as 
nFETs or pFETs, are typically fabricated upon semiconduc 
tor Wafers, such as Si, that have a single crystal orientation. 
In particular, most of today’s semiconductor devices are 
built upon Si having a (100) crystal orientation. 

[0004] Electrons are knoWn to have a high mobility for a 
(100) Si surface orientation, but holes are knoWn to have 
high mobility for a (110) surface orientation. That is, hole 
mobility values on (100) Si are roughly 2><-4>< loWer than the 
corresponding electron mobility for this crystallographic 
orientation. To compensate for this discrepancy, pFETs are 
typically designed With larger Widths in order to balance 
pull-up currents against the nFET pull-doWn currents and 
achieve uniform circuit sWitching. pFETs having larger 
Widths are undesirable since they take up a signi?cant 
amount of chip area. 

[0005] On the other hand, hole mobilities on (110) Si are 
2>< higher than on (100) Si; therefore, pFETs formed on a 
(110) surface Will exhibit signi?cantly higher drive currents 
than pFETs formed on a (100) surface. Unfortunately, elec 
tron mobilities on (110) Si surfaces are signi?cantly 
degraded compared to (100) Si surfaces. 

[0006] As can be deduced from the above discussion, the 
(110) Si surface is optimal for pFET devices because of 
excellent hole mobility, yet such a crystal orientation is 
completely inappropriate for nFET devices. Instead, the 
(100) Si surface is optimal for nFET devices since that 
crystal orientation favors electron mobility. 

[0007] Methods have been described to form planar hybrid 
substrates With different surface orientations through Wafer 
bonding. In such endeavors, the planar hybrid substrate is 
obtained mainly through semiconductor-to-insulator, or 
insulator-to-insulator Wafer bonding to achieve pFETs and 
nFETs on their oWn optimiZed crystal orientation for high 
performance device manufacture. HoWever, at least one type 

Feb. 14, 2008 

of MOSFET (either pFETs or nFETs) is on a semiconductor 
on-insulator (SOI), While the other type of MOSFET is 
either on a bulk semiconductor or an SOI With a thicker SOI 
?lm. 

[0008] A method to fabricate planar bulk-like nFETs and 
pFETs on a hybrid orientated substrate through silicon-to 
silicon direct bonding to achieve both kinds of devices on 
their optimiZed orientation for highest performance has been 
disclosed, for example, in US. application Ser. Nos. 10/799, 
380, ?led Mar. 12, 2004 and 10/696,634, ?led Oct. 29, 2003. 

[0009] In today’s conventional CMOS integrated circuits 
(ICs) With bulk-like pFETs and nFETs, isolation usually is 
achieved by shalloW trench isolation (STI). Such a structure 
is shoWn, for example, in FIG. 1. In the prior art structure, 
reference numeral 100 denotes the semiconductor substrate, 
reference numeral 102 denotes a p-Well, reference numeral 
104 denotes an n-Well, reference numeral 106 denotes 
shalloW trench isolation (STI), reference numeral 108 
denotes an nFET, reference numeral 110 denotes a pFET, 
reference numeral 112 denotes a p-Well (or substrate) con 
tact and reference numeral 114 denotes an n-Well (or sub 
strate) contact. 

[0010] In the prior art structure shoWn in FIG. 1, each STI 
106 is formed by ?rst etching relatively shalloW trenches (on 
the order of about 0.3 to about 0.5 pm), Which are shalloWer 
than the depth of the Well, into the semiconductor substrate 
100 and then each trench is ?lled With a trench dielectric 
material such as an oxide. The surface is planariZed after 
trench ?ll to complete the isolation structure. HoWever, as 
the ground rule shrinks, the Width of the STI reduces, 
resulting in a higher aspect ratio. Thus, it has become more 
dif?cult to obtain void- and seam-free trench ?ll. 

[0011] On the other hand, CMOS isolation exists not only 
betWeen like-kind of devices, e.g., betWeen tWo nFETs or 
tWo pFETs, but also betWeen opposite polarity, i.e., betWeen 
nFETs and pFETs Which are separated by at least one Well. 
In general, isolation for the latter, including nFET and pFET 
isolation and latch-up, consumes much more chip area and 
requires much deeper STI depth. 

[0012] In vieW of the above discussion, there is a need for 
providing a structure having both pFETs and nFETs on a 
hybrid oriented (HOT) substrate With different crystal ori 
entations, Wherein both the pFET and nFET devices are 
bulk-like, and Wherein the pFET and nFET devices are 
separated from devices With opposite polarity. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a semiconductor 
structure in Which different types of devices are located upon 
a speci?c crystal orientation of a hybrid substrate that 
enhances the performance of each type of device. In the 
semiconductor structure of the present invention, a dual 
trench isolation scheme is employed Whereby a ?rst trench 
isolation region of a ?rst depth isolates devices of different 
polarity from each other, While second trench isolation 
regions of a second depth, Which is shalloWer than the ?rst 
depth, are used to isolate devices of the same polarity from 
each other. 

[0014] The present invention further provides a dual 
trench semiconductor structure in Which pFETs are located 
on a (110) crystallographic plane, While nFETs are located 



US 2008/0036028 Al 

on a (100) crystallographic plane. In accordance With the 
present invention, the devices of different polarity, i.e., 
nFETs and pFETs, are bulk-like devices. 

[0015] In broad terms, the semiconductor structure of the 
present invention comprises: 

[0016] a hybrid oriented substrate having at least tWo 
coplanar surfaces of different crystallographic orientation, 
said surfaces de?ning at least a ?rst device region and a 
second device region; 

[0017] a ?rst trench isolation region of a ?rst depth 
separating said ?rst device region from said second device 
region; and 

[0018] a plurality of second trench isolation regions of a 
second depth Which is shalloWer than the ?rst depth located 
in each of said ?rst and second device regions, Whereby said 
?rst trench isolation region is employed in separating semi 
conductor devices of different polarity from each other and 
said plurality of second trench isolation regions are 
employed in separating semiconductor devices of the same 
polarity from each other. 

[0019] The present invention further includes the semi 
conductor structure as de?ned above in Which ?rst semi 
conductor devices of a ?rst polarity are located in the ?rst 
device region and second devices of a second polarity Which 
are opposite from the ?rst polarity devices are located in the 
second device region. The semiconductor devices employed 
in the present invention are typically nFETs and pFETs. 
When such semiconductor devices are used, the ?rst trench 
isolation region (having the deeper depth of the tWo isolation 
regions) is used in separating nFETs from pFETs, While the 
second trench isolation regions (having the shalloWer of the 
tWo trench depths) are used in separating like-kind devices, 
i.e., nFETs from nFETs and pFETs from pFETs. 

[0020] In addition to semiconductor structures, the present 
invention also relates to methods of forming such structures. 
In broad terms, the method of the present invention com 
prises the steps of: 

[0021] providing a hybrid substrate comprising a ?rst 
loWer semiconductor layer of a ?rst crystallographic orien 
tation and a second upper semiconductor layer of a second 
crystallographic orientation Which differs from the ?rst 
crystallographic orientation, Wherein a conductive bonding 
interface separates said semiconductor layers from each 
other; 

[0022] providing at least one opening of a ?rst depth in 
said hybrid substrate Which exposes said ?rst loWer semi 
conductor layer; 

[0023] forming a spacer Within said at least one opening 
having said ?rst depth; 

[0024] regroWing a semiconductor material on said 
exposed ?rst loWer semiconductor layer, said semiconductor 
material having said ?rst crystallographic orientation; 

[0025] planariZing said semiconductor material to an 
upper surface of said second upper semiconductor layer to 
provide a structure having at least tWo coplanar surfaces of 
different crystallographic orientation; and 

[0026] forming trench isolation regions having a second 
depth Which is shalloWer than the ?rst depth of said opening 
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in said at least tWo coplanar surfaces, Wherein said spacer 
provides isolates betWeen the coplanar surfaces of different 
crystallographic orientations. 

[0027] In accordance With the present invention, the 
method of the present invention further comprises forming 
?rst semiconductor devices having a ?rst polarity on one of 
said coplanar surfaces of different crystallographic orienta 
tion and forming second semiconductor devices having a 
second polarity on the other coplanar surface. Thus, nFETs 
can be built into one of the crystallographic surfaces, While 
pFETs can be built into the other crystallographic surface. In 
accordance With the present invention, the pFETs are built 
into a crystal surface that provides those kinds of FETs With 
optimal performance (usually a (110) crystallographic 
plane) and the nFET are built into a crystal surface that 
provides those kinds of devices With optimal performance 
(usually a (100) crystal plane). When such semiconductor 
devices are formed, the spacer Within the opening de?nes a 
?rst trench isolation region of said ?rst depth that isolates 
nFETs from pFETs, While the shalloW trench isolations of 
said second depth de?ne second trench isolation regions that 
separate nFETs from nFETs and pFETs from pFETs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a pictorial representation (through a cross 
sectional vieW) illustrating a prior art structure including 
MOSFETs on a bulk substrate in Which isolation betWeen 
nFET and nF ET, pFET and pFET, and nFET and pFET is 
done simultaneously. 

[0029] FIG. 2 is a pictorial representation (through a cross 
sectional vieW) shoWing a hybrid substrate that can be 
employed in the present invention having different surface 
orientations Which is obtained by semiconductor-to-semi 
conductor direct bonding. 

[0030] FIGS. 3-6 are pictorial representations (through 
cross sectional vieWs) shoWing the basic processing steps 
that are employed in the present invention using the hybrid 
substrate shoWn in FIG. 2 as the starting substrate. Note that 
in the inventive process deeper trench isolation has been 
formed betWeen nFETs and pFETs. 

[0031] FIG. 7 is a pictorial representation (through a cross 
sectional vieW) shoWing shalloWer trench isolation located 
betWeen like-kind FETs. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The present invention, Which relates to dual trench 
isolation for CMOS devices located on a hybrid oriented 
substrate, Will noW be described in greater detail by referring 
to the draWings that accompany the present application. It is 
noted that the draWings of the present invention are provided 
for illustrative purposes and thus they are not draWn to scale. 

[0033] Reference is ?rst made to FIG. 2 Which shoWs an 
initial hybrid substrate 10 having different crystal orienta 
tions that can be employed in the present invention. Spe 
ci?cally, the hybrid substrate 10 includes a ?rst (i.e., bottom) 
semiconductor layer 12 and a second (i.e., top) semicon 
ductor layer 16 having a bonding interface 14 located 
therebetWeen. In accordance With the present invention, the 
?rst semiconductor layer 12 has a ?rst crystallographic 
orientation and the second semiconductor layer 16 has a 
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second crystallographic orientation Which differs from that 
of the ?rst crystallographic orientation. 

[0034] The ?rst semiconductor layer 12 of the hybrid 
substrate 10 is comprised of any semiconductor material 
including, for example, Si, SiC, SiGe, SiGeC, Ge, GaAs, 
InAs, InP as Well as other III/V or II/VI compound semi 
conductors. Combinations of the aforementioned semicon 
ductor materials are also contemplated herein. The ?rst 
semiconductor layer 12 may be strained, unstrained, or a 
combination of strained and unstrained layers can be used. 
Typically, the ?rst semiconductor layer 12 is a Si-containing 
semiconductor material. 

[0035] The ?rst semiconductor layer 12 is also character 
iZed as having a ?rst crystallographic orientation Which may 
be, for example, (110), (111), or (100). The ?rst semicon 
ductor layer 12 may optionally be formed on top of a 
handling Wafer. 

[0036] The thickness of the ?rst semiconductor layer 12 
may vary and is not critical for practicing the present 
invention. Typically hoWever, the ?rst semiconductor layer 
12 is a bulk handle Wafer, its thickness is the thickness of a 
Wafer. 

[0037] The second semiconductor layer 16 is comprised of 
any semiconducting material Which may be the same or 
different from that of the ?rst semiconductor layer 12. Thus, 
the second semiconductor layer 16 may include, for 
example, Si, SiC, SiGe, SiGeC, Ge, GaAs, InAs, InP as Well 
as other III/V or II/VI compound semiconductors. The 
second semiconductor layer 16 may also include combina 
tions of the aforementioned semiconductor materials. Sec 
ond semiconductor layer 16 may also be strained, unstrained 
or a combination of strained and unstrained layers can be 
used, e. g., strained Si on relaxed SiGe. Typically, the second 
semiconductor layer 16 is comprised of a Si-containing 
semiconductor material. 

[0038] The second semiconductor layer 16 is also charac 
teriZed as having a second crystallographic orientation, 
Which is different from the ?rst crystallographic orientation. 
Thus, the crystallographic orientation of the second semi 
conductor layer 16 can be, for example, (100), (111), or 
(110) With the proviso that the crystallographic orientation 
of the second semiconductor layer 16 is not the same as the 
crystallographic orientation of the ?rst semiconductor layer 
12. 

[0039] The thickness of the second semiconductor layer 
16 may vary depending on the initial starting Wafer used to 
form the hybrid substrate 10. Typically, hoWever, the second 
semiconductor layer 16 has a thickness from about 50 nm to 
about 200 pm, with a thickness from about 150 nm to about 
2 pm being more highly preferred. 

[0040] The bonding interface 14 that is present betWeen 
the ?rst semiconductor layer 12 and the second semicon 
ductor layer 16 is conductive. The bonding interface 14 
typically has a thickness from about 10 nm or less. The 
thickness of the bonding interface 14 is determined by the 
bonding process used. 

[0041] The exact crystal orientations of the ?rst semicon 
ductor layer 12 and the second semiconductor layer 16 may 
vary depending on the material of the semiconductor layers 
as Well as the type of semiconductor devices that Will be 
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subsequently formed thereon. For example, When Si is 
employed as the semiconductor material, electron mobility 
is higher on a (100) surface orientation, and hole mobility is 
higher on a (110) surface orientation. In this case, the (100) 
Si surface is used as the device layer for nFETs, While the 
(110) Si surface is used as the device layer for pFETs. 

[0042] The hybrid substrate 10 shoWn in FIG. 2 is formed 
in the present invention through semiconductor-to-semicon 
ductor direct bonding. In such a process, tWo semiconductor 
substrates or Wafers are directly bonded together Without the 
presence of an insulating layer therebetWeen. The tWo 
Wafers used in fabricating the hybrid substrate 10 may 
include tWo bulk semiconductor Wafers, a bulk semiconduc 
tor Wafer and a Wafer containing an etch stop layer and a 
handling Wafer, or a ?rst bulk Wafer and a second bulk Wafer 
Which includes an ion implant region, such as a hydrogen 
implant (i.e., H2) region, Which can be used to split a portion 
of at least one of the Wafers during bonding. 

[0043] In some embodiments of the present invention the 
bonding process described in US. Ser. No. l0/250,24l, the 
entire content of Which is incorporated herein by reference, 
can be employed. 

[0044] To achieve a good conductive bonding interface 14 
through semiconductor-to-semiconductor direct Wafer bond 
ing, it is usually, but not alWays, required to perform a 
surface treatment step on at least one, preferably both, of the 
Wafers, before bonding to obtain either hydrophilic or 
hydrophobic surfaces. 

[0045] Hydrophobic surfaces can be achieved, for 
example, by utiliZing a HP dip process such as disclosed in 
S. Bengtsson, et al., “Interface charge control of directly 
bonded silicon structures”, J. Appl. Phys. V66, p 1231, 
(1989), While hydrophilic surfaces can be achieved by either 
a dry clean process, such as, for example, an oxygen plasma 
(See, S. Farrens, “Chemical free room temperature Wafer to 
Wafer bonding”, J. Electrochem. Soc. Vol 142, p 3949, 
(1995)); an argon high-energy beam surface etching, and/or 
a Wet chemical oxidiZing acid such as HZSO4 or HNO3 
solution. The Wet etching process is disclosed, for example, 
in M. Shimbo, etc. “Silicon-to-silicon direct bonding 
method”, J. Appl. Phys. V60, p 2987 (1986). 

[0046] Although hydrophobic surfaces may provide better 
electronic properties, hydrophilic surfaces may provide suf 
?cient conductivity because the native oxide present at the 
bonding interface 14 is usually only 2-5 nm. Moreover, 
substrates formed by the direct bonding of tWo hydrophilic 
surfaces tend to have a large leakage current. Furthermore, 
crystalline junctions can be formed after a high-temperature 
anneal step is performed to further enhance the current ?oW 
across the bonding interface 14. 

[0047] Direct semiconductor-to-semiconductor Wafer 
bonding (With or Without the surface treatments mentioned 
above) is achieved in the present invention by ?rst bringing 
the tWo Wafers having different crystal orientations into 
intimate contact With other, optionally applying an external 
force to the contacted Wafers, and then optionally annealing 
the tWo contacted Wafers under conditions that are capable 
of increasing the bonding energy betWeen the tWo Wafers. 
The annealing step may be performed in the presence, or 
absence, of an external force. Bonding is achieved typically 
during the initial contact step at nominal room temperature. 
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By nominal room temperature, it is meant a temperature 
from about 15° C. to about 40° C., With a temperature of 
about 25° C. being more preferred. 

[0048] After bonding, the Wafers are typically annealed to 
enhance the bonding strength and improve the interface 
property. The annealing temperature is typically carried out 
at a temperature from about 900° to about 1300° C., With an 
annealing temperature from about 1000° to about 1100° C. 
being more typical. Annealing is performed Within the 
aforementioned temperature ranges for various time periods 
that may range from about 1 hour to about 24 hours. The 
annealing ambient can be 02, N2, Ar, or a loW vacuum, With 
or Without external adhesive forces. Mixtures of the afore 
mentioned annealing ambients, With or Without an inert gas, 
are also contemplated herein. 

[0049] Although high-temperature annealing (as 
described above) is often used, it is also possible to use a loW 
temperature anneal (less than 900° C.) Which can also 
achieve good mechanical and electrical properties. 
[0050] It should be noted that the annealing step that 
folloWs the direct semiconductor-to-semiconductor bonding 
step can be performed at a single temperature using a 
speci?c ramp-up rate, or it can be performed using various 
temperatures in Which various ramp-up rates and soak cycles 
are employed. 

[0051] To obtain a certain predetermined thickness of the 
second semiconductor layer 16, various layer transfer tech 
niques can be used in the present invention. One direct and 
simple approach that can be used in the present invention is 
to use Wafer grinding, polishing or an etch back process. To 
provide better control of the layer transfer process, an etch 
stop layer located betWeen second semiconductor layer 16 
and a handling Wafer can be used; the etch stop layer and the 
handling Wafer are both removed after Wafer bonding. The 
etch stop layer can be an insulator, such as an oxide, nitride 
or oxynitride, Which means the starting top Wafer may be an 
SOI substrate. Alternatively, the etch stop layer can be 
another semiconductor material Which can be removed 
selectively from the second semiconductor layer 16 after 
bonding and also serves as an etch stop to remove the 
handling Wafer. 
[0052] Another layer transfer technique, applicable to 
embodiments Where one of the Wafers includes an ion 
implant region. In this case, the ion implant region forms a 
porous region Which causes a portion of the Wafer above the 
ion implant region to break off leaving a bonded Wafer. The 
implant region is typically comprised of hydrogen ions that 
are implanted into the surface of one of the Wafers utiliZing 
ion implantation conditions that are Well knoWn to those 
skilled in the art. After bonding, a heating step is typically 
performed in an inert ambient at a temperature from about 
100° to about 400° C. for a time period from about 2 to about 
30 hours to increase the bonding energy. More preferably, 
the heating is performed at a temperature from about 200° to 
about 300° C. for a time period from about 2 to about 20 
hours. The term “inert ambient” is used in the present 
invention to denote an atmosphere in Which an inert gas, 
such as He, Ar, N2, Xe, Kr or a mixture thereof, is employed. 
A preferred ambient used during the bonding process is N2. 
The layer splitting at the implant region Will take place 
during a 350°-500° C. annealing afterwards. 

[0053] The hybrid substrate 10 shoWn in FIG. 2 is used as 
the starting substrate for the method of the present invention 
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that is depicted in FIGS. 3-7. The process How depicted in 
these draWings Will noW be described in greater detail. 

[0054] After providing the hybrid substrate 10 shoWn in 
FIG. 2, a hard mask, i.e., pad stack, 18 is formed on an 
exposed upper surface of the second semiconductor layer 16 
utiliZing a deposition process such as, for example, chemical 
vapor deposition (CVD), plasma-enhanced chemical vapor 
deposition (PECVD), chemical solution deposition, atomic 
layer deposition, or physical vapor deposition. Alternatively, 
the hard mask 18 can be formed utiliZing a thermal oxida 
tion, nitridation or oxynitridation process. 

[0055] The hard mask 18 is composed of a dielectric 
material such as, for example, an oxide, nitride, oxynitride 
or a multilayered stack thereof. The thickness of the hard 
mask 18 may vary depending on the composition of the 
mask material as Well as the technique that Was used in 
forming the same. Typically, the hard mask 18 has, an as 
deposited thickness, from about 5 to about 500 nm. 

[0056] The hybrid substrate 10 including the hard mask 18 
is then patterned by lithography and etching to provide a 
patterned structure such as shoWn, for example, in FIG. 3. As 
shoWn, at least one opening 20 is provided in the hybrid 
substrate 10 including the hard mask 18 that exposes a 
portion of the ?rst semiconductor layer 12. The lithographic 
step includes applying a photoresist to the hard mask 18, 
exposing the photoresist to a desired pattern of radiation and 
developing the pattern into the exposed photoresist utiliZing 
a conventional resist developer. The etching step used in 
forming the structure shoWn in FIG. 3 may be performed 
utiliZing a single etching process or multiple etching steps 
may be employed. The etching may include a dry etching 
process such as reactive-ion etching, ion beam etching, 
plasma etching or laser etching, a Wet etching process 
Wherein a chemical etchant is employed or any combination 
thereof. 

[0057] In accordance With the present invention, the etch 
ing depth of the opening 20 can be designed to match the 
requirement of isolation betWeen opposite polarity devices, 
i.e., betWeen nFETs and pFETs. The block level lithography 
used in providing the structure shoWn in FIG. 3, Which 
de?nes the area of the nFETs and pFETs, has large features, 
usually several times larger than the critical dimension, and 
thus the at least one opening 20 does not have as high an 
aspect ratio as a normal litho level Which de?nes the active 
area. 

[0058] In the structure shoWn in FIG. 3, the area of the 
hybrid substrate 10 that is protected by the patterned hard 
mask 18 is referred to herein as a ?rst device region 50, 
While the area that is etched and Was thus not protected by 
the patterned hard mask 18 is referred to as a second device 
region 52. In accordance With the present invention, the ?rst 
device region 50 is the area in Which a ?rst device having a 
?rst polarity is built, While the second device region 52 is the 
area in Which a second device having a second polarity that 
is opposite to the ?rst polarity is built. 

[0059] Next, a spacer 22 is formed in the opening 20 on 
the exposed sideWalls provided by the above processing 
steps. The spacer 22 is formed by deposition and etching. 
The spacer 22 can be comprised of an insulating material 
such as, for example, an oxide, nitride, oxynitride or any 
combination thereof. The spacer 22 may be a single spacer, 
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as shown, or it may comprise multiple spacers. The spacer 
22 employed in the present invention should cover the 
sidewall of the second semiconductor layer 16. The resultant 
structure including the spacer 22 formed into the opening 20 
is shoWn in FIG. 4. 

[0060] The thickness of the spacer 22 should meet the 
requirement of isolation spacing for an inter-Well betWeen 
nFETs and pFETs, Which is mainly determined by lateral 
straggle of the high energy Well implantation and dopant 
redistribution and interdi?‘usion at the Well borders. Typi 
cally, the spacer 22 has a Width as measured along the 
bottom surface from about 10 to about 1000 nm, With a 
Width from about 50 to about 200 nm being even more 
typical. The insulating material of the spacer 22 should be 
different from that of the bard mask 18 so that the hard mask 
18 can be removed selectively to the spacer 22 in a subse 
quent processing step of the present invention. In accor 
dance With the present invention, the spacer 22 is a ?rst 
trench isolation region having a ?rst depth that is used in 
separating devices of different polarity from each other. 

[0061] In some embodiments of the present invention (not 
shoWn), a deep Well implant may be performed at this point 
of the inventive process into the opening 20, after spacer 22 
formation. In such embodiments, the implantation energy 
can be reduced because the ions have a shorter distance to 
travel. LoWer implantation energy corresponds to less lateral 
struggle, Which alloWs for less inter-Well isolation spacing. 

[0062] A semiconductor material 24 is then formed on the 
exposed surface of the ?rst semiconductor layer 12 to 
provide the structure shoWn, for example, in FIG. 5. In 
accordance With the present invention, semiconductor mate 
rial 24 has a crystallographic orientation that is the same as 
the crystallographic orientation of the ?rst semiconductor 
layer 12. Although the regroWn semiconductor layer 24 Will 
have the same surface orientation as the ?rst semiconductor 
layer 12, it can be of a different semiconductor material than 
the ?rst semiconductor layer 12. 

[0063] The semiconductor material 24 may comprise any 
semiconductor material, such as, for example, Si, strained 
Si, SiGe, SiC, SiGeC or combinations thereof, Which is 
capable of being formed utiliZing a selective epitaxial 
groWth method. Semiconductor material 24 can be strained, 
unstrained, or it can be comprised of stained and unstrained 
layers, e.g., strained Si on a relaxed SiGe layer. 

[0064] In some preferred embodiments, semiconductor 
material 24 is comprised of Si. In other preferred embodi 
ments, the semiconductor material 24 is a strained Si layer 
that may or may not be located atop a relaxed SiGe alloy 
layer. 

[0065] To achieve a high quality regroWn semiconductor 
layer 24, selective epitaxy is recommended Where there is no 
polysilicon or amorphous silicon formed on top of the 
patterned hard mask 18 outside the opening 20. To eliminate 
a facet formation during the epitaxy, the semiconductor 
material 24 can be groWn, in some embodiments, higher 
than the patterned hard mask 18 and then it is polished doWn 
to the patterned hard mask 18. 

[0066] In other embodiments, the regroWn semiconductor 
material 24 may be recessed at this point of the present 
invention utiliZing a timed etching process such as a timed 
RIE. One or more additional semiconductor layers can be 
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formed directly on top of the recessed surface. The semi 
conductor materials formed Would each have the same 
crystallographic orientation as that of the ?rst semiconductor 
layer 12. 

[0067] To achieve a coplanar surface, the semiconductor 
material 24 may need to be etched back to the same level as 
the second semiconductor layer 16. This etching can be 
performed by dry etching, Wet etching or oxidation of silicon 
and then stripping aWay the oxide. If there is little or no facet 
groWth, the thickness of the epitaxy material, i.e., semicon 
ductor material 24, can be controlled by groWth time so that 
the upper surface of the epitaxial material is substantially 
coplanar With the upper surface of the second semiconductor 
layer 16. 

[0068] In some embodiments of the present invention, the 
semiconductor layer 24 can be formed by an in-situ doped 
epitaxial groWth process. In-situ doping can achieve better 
control of the location of the dopant Well, for example, the 
vertical dopant pro?le can be much sharper than the one 
obtained through implantation. Also, in-situ doping can 
reduce the traditional problem of dopant redistribution and 
interdilfusion at the Well borders When both the n-Well and 
the p-Well are formed by ion implantation. 

[0069] The patterned hard mask 18 is noW removed from 
the structure utiliZing a conventional stripping process that 
is capable of selectively removing the patterned hard mask 
18 from the structure, especially to the spacer 22. The 
structure that is formed after the patterned hard mask 18 has 
been removed is shoWn, for example, in FIG. 6. In this 
structure, the ?rst semiconductor device surface, i.e., second 
semiconductor layer 16, is substantially coplanar to the 
regroWn semiconductor material 24. 

[0070] After providing the structure shoWn in FIG. 6, 
standard CMOS processing can be performed. First, a shal 
loW trench isolation regions 26 are formed, Where the trench 
depth is determined by the isolation of like-type devices 
(see, FIG. 7) betWeen nFET and nF ET, and pFET and pFET. 
Note that the depth of the trenches of the shalloW trench 
isolation regions 26 is shalloWer than the depth of opening 
20 and thus the spacer 22. In accordance With the present 
invention, the shalloW trench isolation regions 26 form the 
second trench isolation regions having a second depth that is 
shalloWer than that of the ?rst trench isolation region, i.e., 
spacer 22. In case the spacer 22 has been attacked during the 
hard mask 18 removal process, this shalloW trench isolation 
can also be formed betWeen nFET and pFET, simulta 
neously. ShalloW trench isolation used at this point of the 
present invention in the dense area Within like-kind devices, 
greatly simplify the isolation process. 

[0071] The shalloW trench isolation regions 26 are formed 
utiliZing processing steps that are Well knoWn to those 
skilled in the art including, for example, trench de?nition 
and etching, optionally lining the trench With a diffusion 
barrier, and ?lling the trench With a trench dielectric such as 
an oxide. After the trench ?ll, the structure may be pla 
nariZed and an optional densi?cation process step may be 
performed to density the trench dielectric. 

[0072] Next, Well regions (not speci?cally labeled) are 
formed into the exposed semiconductor device layers, i.e., 
layer 16 or the regroWn semiconductor material 24, by 
utiliZing ion implantation and annealing, both of Which are 
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Well known to those skilled in the art. The Well regions may 
be n-type Well regions or p-type Well regions depending on 
the type of semiconductor device to be formed on each 
semiconductor layer, i.e., second semiconductor layer 16 
and regroWn semiconductor material 24. For example, if the 
semiconductor device is a pFET, the Well region Will be an 
n-type Well, While if the semiconductor device is an nF ET, 
the Well region is a p-type Well. Doping of each Well is 
performed in different implant steps in Which an implant 
mask is formed atop locations in Which the speci?c dopant 
is not intended to be implanted into. The depth of the Well 
regions can vary depending on the implant and annealing 
conditions as Well as the type of dopant used. 

[0073] After Well formation, semiconductor devices, i.e., 
pFETs and nFETs, are formed on the exposed semiconductor 
layers, i.e., second semiconductor layer 16 and regroWn 
semiconductor material 24. Speci?cally, a ?rst semiconduc 
tor device 32 is formed on a portion of the second semi 
conductor layer 16 (in the ?rst device region 50) and a 
second semiconductor device 30 is formed on the regroWn 
semiconductor material 24 (in the second device region 52). 
In accordance With the present invention, the ?rst semicon 
ductor device 32 may be a pFET or an nF ET, Whereas the 
second semiconductor device 30 may be an nFET or pFET, 
With the proviso that the ?rst semiconductor device is 
different from the second semiconductor device and that the 
speci?c device is fabricated on a crystal orientation that 
provides a high performance device. 

[0074] The pFETs and nFETs are formed utiliZing stan 
dard CMOS processing steps that are Well knoWn to those 
skilled in the art. Each FET includes a gate dielectric, a gate 
conductor, an optional hard mask located atop the gate 
conductor, spacers located on sideWalls of at least the gate 
conductor, and source/drain diffusion regions. Note that the 
pFET is formed over the semiconductor material that has a 
(110) or (1 ll) orientation, Whereas the nFET is formed over 
a semiconductor surface having a (100) or (1 l l) orientation. 
The resultant structure including bulk-like FETs is shoWn in 
FIG. 7 

[0075] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in forms and details may be 
made Without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described and illustrated, but fall Within the scope of the 
appended claims. 

What is claimed is: 
1. A semiconductor structure comprising: 

a hybrid oriented substrate comprising a ?rst device 
region having a ?rst crystallographic orientation and a 
second device region having a second crystallographic 
orientation Which differs from the ?rst crystallographic 
orientation; 

a ?rst trench isolation region of a ?rst depth separating 
said ?rst device region from said second device region; 

a plurality of second trench isolation regions of a second 
depth Which is shalloWer than the ?rst depth located in 
each of said ?rst and second device regions; and 
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?rst semiconductor devices of a ?rst polarity located in 
said ?rst semiconductor device region and second 
semiconductor devices of a second polarity that differs 
from the ?rst polarity located in said second semicon 
ductor device region, Wherein said ?rst semiconductor 
devices are separated from said second semiconductor 
devices by said ?rst trench isolation regions and said 
plurality of second trench isolation regions separate 
like-kind devices. 

2. The semiconductor structure of claim 1 Wherein the 
?rst crystallographic orientation is (110) and the second 
crystallographic orientation is (100). 

3. The semiconductor structure of claim 2 Wherein said 
?rst semiconductor devices are pFETs and second semicon 
ductor devices nFETs. 

4. The semiconductor structure of claim 1 Wherein the 
?rst crystallographic orientation is (100) and the second 
crystallographic orientation is (110). 

5. The semiconductor structure of claim 4 Wherein said 
?rst semiconductor devices are nFETs and the second semi 
conductor devices are pFETs. 

6. The semiconductor structure of claim 1 Wherein the 
second device region includes a regroWn semiconductor 
material located atop a ?rst semiconductor layer, said 
regroWn semiconductor material having the same crystallo 
graphic orientation as the ?rst semiconductor layer. 

7. The semiconductor structure of claim 6 Wherein said 
regroWn semiconductor material is a Si-containing semicon 
ductor. 

8. The semiconductor structure of claim 1 Wherein said 
hybrid oriented substrate comprises a ?rst bottom semicon 
ductor layer having a ?rst crystallographic orientation and a 
second upper semiconductor layer having a second crystal 
lographic orientation Which is different from the ?rst crys 
tallographic orientation, Wherein said ?rst and second semi 
conductor layers are separated from each other by a 
conductive bonding interface. 

9. The semiconductor structure of claim 1 Wherein said 
?rst trench isolation region is a spacer that is located Within 
an opening of a hybrid substrate comprising a second upper 
semiconductor layer and a ?rst bottom semiconductor layer, 
said semiconductor layers are separated from each other by 
a bonding interface and said opening exposing a surface of 
said ?rst bottom semiconductor layer. 

10. The semiconductor structure of claim 9 Wherein said 
spacer is a single spacer or multiple spacers. 

11. A method of fabricating a semiconductor structure 
comprising: 

providing a hybrid substrate comprising a ?rst loWer 
semiconductor layer of a ?rst crystallographic orienta 
tion and a second upper semiconductor layer of a 
second crystallographic orientation Which differs from 
the ?rst crystallographic orientation, Wherein a conduc 
tive bonding interface separates said semiconductor 
layers from each other; 

providing at least one opening of a ?rst depth in said 
hybrid substrate Which exposes said ?rst loWer semi 
conductor layer; 

forming a spacer Within said at least one opening having 
said ?rst depth; 
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regroWing a semiconductor material on said exposed ?rst 
lower semiconductor layer, said semiconductor mate 
rial having said ?rst crystallographic orientation; 

planariZing said semiconductor material to an upper sur 
face of said second upper semiconductor layer to 
provide a structure having at least tWo coplanar sur 
faces of different crystallographic orientation; and 

forming trench isolation regions having a second depth 
Which is shalloWer than the ?rst depth of said opening 
in said at least tWo coplanar surfaces, Wherein said 
spacer provides isolates betWeen the coplanar surfaces 
of different crystallographic orientations. 

12. The method of claim 11 Wherein said providing said 
hybrid substrate comprising a bonding process. 

13. The method of claim 12 Wherein said bonding com 
prising contacting said tWo semiconductor layers at nominal 
room temperature, optionally applying an external force and 
optionally annealing. 
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14. The method of claim 12 Wherein said bonding process 
comprises treating a surface of at least one of the semicon 
ductor layers to provide a hydrophobic or hydrophilic sur 
face for bonding. 

15. The method of claim 11 further comprising forming 
?rst semiconductor devices of a ?rst polarity in said ?rst 
device region and forming second semiconductor devices of 
a second polarity that differs from said ?rst polarity in said 
second device region. 

16. The method of claim 15 Wherein said ?rst semicon 
ductor devices comprise nFETs and the second semiconduc 
tor devices comprise pFETs, said nFETs are located on a 
(100) crystallographic surface and said pFETs are located on 
a (110) crystallographic surface. 

17. The method of claim 15 Wherein said ?rst semicon 
ductor devices comprise pFETs and the second semiconduc 
tor devices comprise nFETs, said nFETs are located on a 
(100) crystallographic surface and said pFETs are located on 
a (110) crystallographic surface. 

* * * * * 


