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METHODS FOR FORMING SEMICONDUCTOR 
STRUCTURES WITH DIFFERENTIAL SURFACE 

LAYER THICKNESSES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to semicon 
ductor structures and particularly to semiconductor struc 
tures formed on strained semiconductor layers. 

BACKGROUND 

[0002] The recent development of silicon (Si) substrates 
With strained layers has increased the options available for 
design and fabrication of ?eld-effect transistors (FETs). 
Enhanced performance of n-type metal-oxide-semiconduc 
tor (NMOS) transistors has been demonstrated With hetero 
junction metal-oxide-semiconductor ?eld effect transistors 
(MOSFETs) built on substrates having strained silicon and 
relaxed silicon-germanium (SiGe) layers. Tensilely-strained 
silicon greatly enhances electron mobilities. NMOS devices 
With strained silicon surface channels, therefore, have 
improved performance With higher sWitching speeds. Hole 
mobilities are enhanced in tensilely-strained silicon as Well, 
but to a lesser extent for strain levels less than approximately 
1.5%. Equivalent enhancement of p-type metal-oxide-semi 
conductor (PMOS) device performance, therefore, in such 
surface-channel devices presents a challenge. 

[0003] A structure that incorporates a compressively 
strained SiGe layer in tandem With a tensilely strained Si 
layer can provide greatly enhanced electron and hole mobili 
ties. In this structure, electron transport typically occurs 
Within a surface tensilely strained Si channel and hole 
transport occurs Within the compressively strained SiGe 
layer beloW the Si layer. To support the fabrication of NMOS 
transistors as Well as PMOS transistors on this structure, the 
surface tensilely strained Si layer has a typical thickness of 
50-200 Angstroms (A) for providing a channel for conduc 
tion of electrons. If this layer is thinner than 50 A, the 
bene?cial mobility enhancement is signi?cantly reduced 
because the electrons are no longer completely con?ned 
Within the strained Si layer. Although some NMOS devices 
are operational With a strained silicon surface channel of 
only 50 A, even this strained silicon layer thickness may be 
too thick to alloW modulation of p-type carriers in a buried 
SiGe layer by an operating voltage applied to the gate of a 
PMOS transistor. 

[0004] Complementary metal-oxide silicon (CMOS) cir 
cuit design is simpli?ed if carrier mobilities are enhanced 
equally for both NMOS and PMOS devices. In conventional 
silicon-based devices, electron mobilities are approximately 
tWo times greater than hole mobilities. As noted, electron 
mobilities have been substantially increased With strained 
silicon. Methods for equally increasing hole and electron 
mobilities by forming dual-channel NMOS and PMOS 
devices on the same substrate are problematic, in part 
because of different surface strained-silicon thickness 
requirements for the tWo types of devices. 

SUMMARY 

[0005] In a dual-channel CMOS structure, electron trans 
port takes place in a surface channel, e.g., a strained silicon 
layer With a thickness greater than 5 nanometers (nm). Hole 
transport occurs either in a buried channel, such as a buried 
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compressed SiGe channel, or in both the strained silicon 
surface layer and the buried compressed SiGe layer. Hole 
mobility in this type of structure is improved because of a 
reduction in hole scattering due to sub-band splitting, and 
because of a reduction in hole effective mass, both of Which 
are associated With transport in strained SiGe and strained 
Si. 

[0006] In a MOSFET, having carriers such as holes close 
to the gate improves sWitching speeds. A thinned strained 
silicon layer above a PMOS channel facilitates control of 
hole transport by a voltage applied to a gate above the 
PMOS channel. If the strained silicon layer over the PMOS 
channel is too thick, the majority of carriers Will be pulled 
closer to the surface from the buried channel. This con?gu 
ration Will result in a lack of device performance enhance 
ment by the buried channel. Selectively thinning the strained 
silicon layer above a PMOS channel While maintaining a 
greater strained silicon thickness as an NMOS channel 
enables better control of hole transport in p-channel devices 
While simultaneously providing an adequate channel for 
electron transport in n-channel devices. 

[0007] In an aspect, the invention features a semiconduc 
tor structure having a surface layer having strained silicon 
disposed over a substrate, the surface layer including a ?rst 
region having a ?rst thickness and a second region having a 
second thickness, the ?rst thickness being less than the 
second thickness. The structure also includes a gate dielec 
tric disposed over a portion of at least the ?rst region of the 
surface layer. 

[0008] One or more of the folloWing features may also be 
included. The gate dielectric layer may be disposed over a 
portion of the second region of the surface layer. The gate 
dielectric layer thickness may be approximately 10-100 A. 
The ?rst thickness may be approximately 7-20 A. 

[0009] In another aspect, the invention features a semi 
conductor structure having a surface layer With strained 
silicon disposed over a substrate. A portion of the surface 
layer has a minimum thickness necessary for groWing a 
silicon dioxide layer having satisfactory integrity. 

[0010] One or more of the folloWing features may also be 
included. The minimum surface layer thickness may be 
approximately 10-20 A. The surface layer may be disposed 
over the underlying layer and the underlying layer may 
induce strain in the surface layer. The underlying layer may 
include germanium and/ or silicon. The underlying layer may 
be disposed over an insulator layer. 

[0011] In yet another aspect, a surface layer including 
strained silicon is disposed over a substrate, the surface layer 
including a ?rst region having a ?rst thickness and a second 
region having a second thickness, the ?rst thickness being 
less than the second thickness. The ?rst region has a ?rst 
source and a ?rst drain, With the ?rst source and the ?rst 
drain including a ?rst type of dopant. The second region has 
a second source and a second drain, With the second source 
and the second drain including a second type of dopant. 

[0012] One or more of the folloWing features may also be 
included. The surface layer may include tensilely strained 
silicon. The ?rst type of dopant may be p-type and the 
second type of dopant may be n-type. The substrate may 
include a region under compressive strain sharing an inter 
face With the surface layer, the tensilely strained surface 
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layer enhancing mobility of electrons and the compressively 
strained substrate region enhancing mobility of holes. A gate 
may be disposed above the surface layer, With the ?rst 
thickness being suf?ciently small such that application of an 
operating voltage to the gate modulates movement of charge 
carriers Within the compressively strained substrate region, 
and a majority of the charge carriers populate the compres 
sively strained substrate region. An insulator may be pro 
vided betWeen the gate and the surface layer. The compres 
sively strained substrate region may include silicon and/or 
germanium. 
[0013] In another aspect, the invention features a method 
for forming a semiconductor structure. The method includes 
providing a substrate having a surface layer disposed 
thereon, the surface layer including strained silicon. A 
sacri?cial layer is selectively formed in a portion of the 
surface layer. The sacri?cial layer is selectively removed to 
de?ne a ?rst region of the surface layer having a ?rst 
thickness proximate a second region of the surface layer 
having a second thickness, With the ?rst thickness being less 
than the second thickness. 

[0014] One or more of the folloWing features may also be 
included. Prior to forming the sacri?cial layer, a masking 
layer may be formed over the surface layer, and a portion of 
the masking layer removed to expose the portion of the 
surface layer. The sacri?cial layer may subsequently be 
selectively formed in the portion of the surface layer 
exposed by the masking layer. Forming the masking layer 
may include forming a masking silicon nitride layer. Form 
ing the masking layer may also include forming a pad silicon 
dioxide layer prior to forming the masking silicon nitride 
layer. A ?rst source and a ?rst drain may be formed in the 
?rst region of the surface layer, the ?rst source and the ?rst 
drain including a ?rst type of dopant. A second source and 
a second drain may be formed in the second region of the 
surface layer, the second source and the second drain includ 
ing a second type of dopant. The ?rst type of dopant may be 
n-type and the second type of dopant may be p-type. The 
surface layer may be disposed over a relaxed layer. The 
relaxed layer may comprise germanium and/or silicon. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] FIGS. 1-8 are a series of schematic cross-sectional 
vieWs of a semiconductor substrate illustrating a process for 
fabricating a semiconductor structure on the substrate; and 

[0016] FIGS. 9-10 are schematic cross-sectional vieWs of 
an alternative embodiment of a semiconductor structure 
fabricated on a substrate. 

[0017] Like referenced features identify common features 
in corresponding draWings. 

DETAILED DESCRIPTION 

[0018] Referring to FIG. 1, Which illustrates a structure 
amenable to use With the present invention, a substrate 10 is 
made of a semiconductor, such as silicon. Several layers 
collectively indicated at 11 are formed on substrate 10. In 
particular, a graded SiGe layer 12 is disposed over substrate 
10. Graded SiGe layer 12 has a grading rate of, for example, 
10% Ge per micron of thickness, and a thickness T1 of, for 
example, 2-5 microns. A relaxed SiGe layer 14 is disposed 
over graded SiGe layer 12. Relaxed SiGe layer 14 contains, 
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for example, 20-50% Ge and has a thickness T2 of, e.g., 
0.2-2 microns. A compressed SiGe layer 16, under compres 
sive strain, is disposed over relaxed SiGe layer 14. Com 
pressed SiGe layer 16 has a Ge content higher than the Ge 
content of relaxed SiGe layer 14. Compressed SiGe layer 16 
contains, for example, 40-l00% Ge and has a thickness T3 
of, e.g., 10-200 Angstroms (A). In an embodiment, com 
pressed SiGe layer 16 thickness T3 is approximately 100 A. 
Atensilely strained silicon surface layer 18 is disposed over 
compressed SiGe layer 16, sharing an interface 19 With 
compressed SiGe layer 16. Strained silicon surface layer 18 
has a starting thickness T4 of, for example, 50-300 A. In an 
embodiment, starting thickness T4 is approximately 200 A. 
A suitable substrate 10 With layers 11 can be readily obtained 
from, e.g., IQE Silicon Compounds, Ltd., UK. 

[0019] Referring to FIG. 2, a ?rst masking layer 20, such 
as a pad silicon dioxide layer, hereinafter referred to as pad 
oxide 20, is deposited over strained silicon surface layer 18 
by a deposition method such as loW-pressure chemical vapor 
deposition (LPCVD). Pad oxide 20 has a thickness T5 of, 
e.g., 100 A. Subsequently, a second masking layer 22, such 
as a masking silicon nitride layer, hereinafter referred to as 
masking nitride 22, is deposited over pad oxide 20 by a 
deposition method such as plasma enhanced chemical vapor 
deposition (PECVD). Masking nitride 22 has a thickness T6 
of, for example, 500-1000 A. 

[0020] Referring to FIG. 3, a photoresist layer is deposited 
over a top surface 24 of masking nitride 22 and patterned to 
form a photoresist mask 26. Photoresist mask 26 exposes top 
surface 24 of a ?rst portion 28 of masking nitride 22 
disposed over a ?rst region 30 of substrate 10 and layers 11. 
A device such as a PMOS transistor Will be formed in ?rst 
region 30 With subsequent processing (see, e.g., PMOS 
transistor 59 in FIG. 8). Photoresist mask 26 covers top 
surface 24 of a second portion 32 of masking nitride 22 
disposed over a second region 34 of substrate 10 and layers 
11, including strained silicon surface layer 18. A device, 
such as an NMOS transistor, Will be formed in second region 
34 With subsequent processing (see, e.g., NMOS transistor 
64 in FIG. 8). 

[0021] Referring to FIG. 3 and also to FIG. 4, ?rst 
masking nitride portion 28 and a ?rst portion 38 of pad oxide 
20 underneath ?rst masking nitride portion 28 are both 
removed, leaving behind second masking nitride portion 32 
and a second portion 40 of pad oxide 20 that are protected 
by photoresist mask 26. Speci?cally, exposed ?rst masking 
nitride portion 28 may be removed by a removal process 
such as a reactive ion etch (RIE) using gases such as a 
combination of nitrogen tri?uoride, ammonia, and oxygen, 
or a combination of hydrogen bromide, chlorine, and oxy 
gen. First pad oxide portion 38 may be removed by a Wet 
etch that is selective to silicon, such as a hydro?uoric acid 
etch. The removal of pad oxide portion 38 exposes a portion 
41 of strained silicon surface layer 18. Ions are introduced 
into areas not covered by photoresist mask 26, including ?rst 
region 30, to form a Well 36, de?ned, for purposes of 
illustration, by the boundary 36b. For example, n-type ions, 
such as phosphorus, are implanted to form Well 36 for a 
PMOS transistor. The dosage and energy of the phosphorus 
ion implantation is, for example, 400 keV With l.5><l0l3 
atoms/cm2. After the selective removal of ?rst portions 28, 
38 of masking nitride 22 and pad oxide 20 and the formation 
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of Well 36, photoresist mask 26 is removed by a stripping 
process such as a dry strip in an oxygen plasma. 

[0022] Referring to FIG. 5, a sacri?cial layer 44 is formed 
on portion 41 of strained silicon surface layer 18. Sacri?cial 
layer 44 is, for example, silicon dioxide groWn by thermal 
oxidation. Thermal oxidation parameters may include, for 
example, an oxygen ambient at atmospheric pressure at 900° 
C. for 30 minutes. In an alternative embodiment, sacri?cial 
layer 44 is silicon dioxide groWn using a mixture of oxygen 
and hydrogen. During formation of sacri?cial layer 44, this 
layer consumes a part of the thickness of portion 41 of 
strained silicon surface layer 18 in region 30. In an embodi 
ment in Which sacri?cial layer 44 is silicon dioxide, sacri 
?cial layer 44 typically builds up to a thickness T7 of slightly 
more than tWice a thickness T8 of strained silicon surface 
layer 18 that is removed in region 30 by the groWth of 
sacri?cial layer 44. For example, if strained silicon surface 
layer 18 has a starting thickness T4 of 200 A, and thinned 
?rst region 41 of strained silicon surface layer 18 With an 
initial thickness T9 of, for example, 20 A, is desired in ?rst 
region 30, a thickness T8 of 180 A of strained silicon surface 
layer 18 needs to be removed in ?rst region 30. This strained 
silicon thickness T8 can be consumed by groWing sacri?cial 
layer 44 having thickness T7 of approximately 400 A. 
[0023] Referring to FIG. 5 and also to FIG. 6, portion 32 
of masking nitride layer 22 in region 34 is removed by, for 
example, an RIE process. Subsequently, portion 40 of pad 
oxide 20 and substantially all of sacri?cial layer 44 are 
removed With an oxide etch selective to silicon, such as a 
hydro?uoric acid etch. The removal of sacri?cial layer 44 
exposes thinned ?rst region 41 of strained silicon surface 
layer 18 With initial thickness T9 disposed over ?rst substrate 
region 30. Thinned strained silicon surface layer ?rst region 
41 is proximate a second (unthinned) region 47 of strained 
silicon surface layer 18 in second substrate region 34. Initial 
thickness T9 of thinned surface layer ?rst region 41 is less 
than starting thickness T4 of surface layer second region 47, 
Which remains substantially unmodi?ed. Initial thickness T9 
is selected to be relatively thin so as to, in a PMOS transistor, 
facilitate control by a gate voltage of hole transport in SiGe 
layer 16 and possibly in strained silicon surface layer 18 
(see, e.g., PMOS transistor 59 in FIG. 8). Referring still to 
FIGS. 5 and 6 and also to FIG. 7, initial thickness T9 of 
strained silicon surface layer 18 also has a minimum limit. 
Strained silicon surface layer 18, including both thinned ?rst 
region 41 and unthinned second region 47, must be thick 
enough to enable subsequent groWth of a gate dielectric 48, 
such as a gate oxide, having satisfactory integrity. For 
purposes hereof, a gate oxide With satisfactory integrity is 
one that has, for example, a relatively loW interface state 
density, e.g., less than 1><10ll eV‘l cm_2, and/or a relatively 
loW leakage current, e.g., <10 nanoamperes/ square 
micrometer (nA/um2) to 1 microampere/ square micron (uA/ 
um ) or even 10 uA/um2, preferably approximately 10-100 
nA/um2 at 1000 C. In some preferred embodiments, the 
leakage current may range from approximately 10-100 
nA/um2. Thermal oxidation of SiGe or deposition of oxide 
?lIlIl1S on SiGe results in high interface state density (>1>< 
10 —1><10l2 eV'l cm_2). High interface state density at the 
semiconductor-insulator interface leads to undesirable shifts 
in threshold voltage and in extreme cases unacceptably large 
subthreshold slope. It is preferable, therefore, to groW gate 
oxide layers on silicon, rather than on SiGe. A thin gate 
oxide layer With satisfactory integrity can be groWn on 
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strained silicon surface layer 18 having a thickness T9 of 
approximately 10-20 A. In an embodiment, strained silicon 
surface layer 18 thickness T9 is approximately 15 A. Gate 
oxide, When groWn on silicon, consumes a silicon thickness 
equal to approximately one-half of the thickness of the gate 
oxide groWn. Leaving a margin for error, initial thickness T9 
of thinned strained silicon surface layer 41 can therefore be 
approximately 15 A When the desired gate dielectric thick 
ness is approximately 15 A. Alternatively, T9 can be selected 
as the ?nal desired thickness, and gate dielectric layer 48 can 
be deposited rather than groWn. 

[0024] A gate dielectric layer 48 is formed on a top surface 
50 of strained silicon surface layer 18. Gate dielectric layer 
48 is, for example, a gate oxide With satisfactory integrity 
having a thickness T10 of approximately 10-100 A. In an 
embodiment, gate dielectric layer 48 thickness T10 is 
approximately 15 A. If the initial thickness T9 of thinned 
strained silicon surface layer ?rst region 41 is 15 A after 
removal of sacri?cial layer 44 (see FIGS. 5 and 6), thinned 
strained silicon surface layer 41 has a loWer ?nal thickness 
Tll after groWth of dielectric layer 48; once again, an oxide 
layer groWn on strained silicon surface layer 18 typically 
builds up to a thickness of slightly more than tWice a 
thickness of strained silicon surface layer 18 that is removed 
in region 30 by the groWth of the oxide layer. Thinned 
strained silicon surface layer ?rst region 41 ?nal thickness 
T11 is, for example, less than 10 A When gate dielectric layer 
48 has a thickness T10 of approximately 15 A and thinned 
strained silicon surface layer ?rst region 41 initial thickness 
T9 is 15 A. Second strained silicon surface layer region 47 
is also thinner after gate dielectric layer 48 groWth. If 
strained silicon surface layer region 47 initial thickness T4 is 
200 A (see FIG. 1), after groWth of gate dielectric layer 48 
With thickness T10 of, e.g., 15 A, strained silicon surface 
layer region 47 ?nal thickness T12 is approximately 192 A. 

[0025] Referring to FIG. 8, a conducting layer, such as 
doped polysilicon, is deposited over gate dielectric layer 48. 
The conducting layer is patterned by, for example, photoli 
thography and etching, to de?ne a ?rst gate 52 in ?rst region 
30 and a second gate 54 in second region 34. First gate 52 
is, for example, a gate for a PMOS transistor 59 and second 
gate 54 is, for example, a gate for an NMOS transistor 64. 
A ?rst source 56 and a ?rst drain 58 (de?ned for purposes of 
illustration, by the interior boundaries) are formed in ?rst 
region 30, proximate ?rst gate 52. First source 56 and ?rst 
drain 58 can be formed by the implantation of p-type ions, 
such as boron. PMOS transistor 59 includes ?rst source 56, 
?rst drain 58, ?rst gate 52 and a ?rst dielectric layer portion 
4811. A second source 60 and a second drain 62 are formed 
in second region 34, proximate second gate 54. Second 
source 60 and second drain 62 can be formed by the 
implantation of n-type ions, such as phosphorus. NMOS 
transistor 64 includes second source 60, second drain 62, 
second gate 54, and a second dielectric layer portion 48b. 

[0026] During operation of PMOS transistor 59, an oper 
ating voltage bias 52v is applied to ?rst gate 52. The 
operating voltage 52v modulates the movement of charge 
carriers in PMOS transistor 59. More speci?cally, charge 
carriers 67, e.g., holes travel through a compressed channel 
66 in compressed SiGe layer 16 from ?rst source 56 to ?rst 
drain 58. The compressive strain of compressed SiGe layer 
16 enhances the mobility of holes. Final thickness T11 of 
strained silicon surface layer ?rst region 41 is suf?ciently 
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small so that the operating voltage 52v applied to ?rst gate 
52 can modulate the movement of charge carriers 67 Within 
compressed SiGe layer 16, and Without drawing a majority 
of the charge carriers into tensilely strained silicon surface 
layer ?rst region 41 betWeen ?rst source 56 and ?rst drain 
58. The majority of carriers 67 remain in compressed 
channel 66 in compressed SiGe layer 16, thereby retaining 
the bene?ts of enhanced performance resulting from greater 
carrier mobilities. 

[0027] During operation of NMOS transistor 64, an oper 
ating voltage 54v is applied to second gate 54. Charge 
carriers 67, e.g., electrons travel through a strained channel 
68 in strained silicon surface layer second region 47 from 
second source 60 to second drain 62. The strain of surface 
layer 18 enhances the mobility of electrons, and ?nal thick 
ness T l 2 of strained silicon surface layer second region 47 is 
su?iciently high to con?ne the electrons in channel 68. 

[0028] A dual-channel CMOS device 70 includes PMOS 
transistor 59 and NMOS transistor 64. In PMOS transistor 
58, thinner thickness T 1 1 of strained silicon surface layer ?rst 
region 41 alloWs modulation of carriers 67, e.g., holes, in 
compressed channel 66 by bias 52v applied to ?rst gate 52. 
In adjacent NMOS transistor 64, thicker thickness T12 of 
strained silicon surface layer second region 47 provides an 
adequate volume for con?nement of carriers 67, eg elec 
trons, in strained channel 68. 

[0029] Referring to FIG. 9, in an embodiment, an alter 
native layer structure 111 is provided on a substrate 100. 
Substrate 100 is a semiconductor, such as silicon. An insu 
lator layer 120 is disposed over substrate 100. Insulator layer 
120 is made of an insulating material such as glass or silicon 
dioxide, and has a thickness T13 of, e.g., 500-1500 A. A 
relaxed SiGe layer 140 is disposed over insulator layer 120. 
Relaxed SiGe layer 140 contains, for example, 30% Ge and 
has a thickness T14 of, e.g., 500 A. A compressed SiGe layer 
160 is disposed over relaxed SiGe layer 140. Compressed 
SiGe layer 160 contains, for example, 60% Ge and has a 
thickness Tl5 Within a range of, e.g., 20-200 A. In an 
embodiment, compressed SiGe layer 160 thickness T15 is 
100 A. A strained silicon surface layer 180 is disposed over 
compressed SiGe layer 160. Strained silicon surface layer 
180 has a thickness Tl6 Within a range of, for example, 
50-200 A. In an embodiment, strained silicon surface layer 
180 thickness T16 is 150 A. A suitable substrate 100 With 
layers 111, also called a SiGe-on-insulator (SGOI) substrate, 
can be produced using a combination of Wafer bonding and 
ultrahigh vacuum chemical vapor deposition, as described, 
for example, by Cheng, et al., PCT Application No. PCT/ 
JUS0l/4l680, International Publication Number W0 
02/ 15244 A2, 2002, incorporated herein by reference, and 
Cheng et al., Journal ofElecZronic Materials, Vol. 30, No. 
12, 2001, incorporated herein by reference. Relaxed SiGe 
layer 140 is optional. In an alternative embodiment, com 
pressed SiGe layer 160 and strained silicon surface layer 180 
can be provided directly onto insulator layer 120 by, e.g., 
Wafer bonding. 

[0030] Referring to FIG. 10, strained silicon surface layer 
180 is selectively thinned by, e.g., formation of a sacri?cial 
oxide (not shoWn), as described above With reference to 
FIGS. 2-6. Strained silicon surface layer 180 has a ?rst 
region 200 With a thickness T17, that is less than a thickness 
T18 of a second region 210 of strained silicon surface layer 
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180. Substrate 100 With layers 111 is subsequently pro 
cessed, as described above With reference to FIGS. 7-8, to 
form, for example, a PMOS transistor (not shoWn) in ?rst 
region 220 With thinned strained silicon surface layer 200 
and an NMOS transistor (not shoWn) in second region 230. 

[0031] While the invention has been particularly shoWn 
and described With reference to speci?c 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 
de?ned by the folloWing claims. For example, the described 
semiconductor structures can be fabricated on a substrate 
Without a graded SiGe layer. PMOS Well formation can be 
performed either before or after patterning of pad oxide and 
masking nitride layers, either before or after the formation of 
the sacri?cial oxide, and either before or after the removal 
of the sacri?cial oxide. Masking nitride can be removed by 
a Wet etch, such as by a heated phosphoric acid bath. 
Strained silicon layer can be selectively thinned by methods 
other than groWth of a sacri?cial oxide, such as by etching. 

[0032] It is noted that various processing sequences such 
as cleaning steps can remove a thickness of exposed strained 
silicon. The ?nal thickness of thinned strained silicon sur 
face layer ?rst region and the ?nal thickness of strained 
silicon surface layer region may, therefore, be affected by 
these additional process steps. These steps can be taken into 
consideration When calculating appropriate initial and ?nal 
strained silicon thicknesses to obtain desired ?nal thick 
nesses after the gate dielectric layer is formed. 

[0033] Gate dielectric can be a material that is deposited, 
e.g., a high-k dielectric. In this embodiment, the exposed 
strained silicon layer Will not be consumed during the gate 
dielectric formation process. 

[0034] An NMOS device can be formed in a region having 
a thinner strained silicon layer than the strained silicon layer 
thickness in a region Where a PMOS device is formed. First 
source and ?rst drain can be n-type, and second source and 
second drain can be p-type. PMOS and NMOS devices can 
be fabricated on various alternative substrates, using meth 
ods described above. 

[0035] The invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
teristics thereof. The foregoing embodiments are therefore 
to be considered in all respects illustrative rather than 
limiting on the invention described herein. Scope of the 
invention is thus indicated by the appended claims rather 
than by the foregoing description, and all changes Which 
come Within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 

1.-24. (canceled) 
25. A method for forming a semiconductor structure, the 

method comprising the steps of: 

providing a substrate having a surface layer disposed 
thereon, the surface layer comprising strained silicon; 

selectively forming a sacri?cial layer in a portion of the 
surface layer; and 

substantially removing the sacri?cial layer to de?ne a ?rst 
region of the surface layer having a ?rst thickness and 
a second region of the surface layer having a second 
thickness, 
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wherein the ?rst thickness is less than the second thick 
ness. 

26. The method of claim 25 further comprising: 

prior to forming the sacri?cial layer, forming a masking 
layer over the surface layer; and 

removing a portion of the masking layer to expose the 
portion of the surface layer, 

Wherein the sacri?cial layer is subsequently selectively 
formed in the portion of the surface layer exposed by 
the masking layer. 

27. The method of claim 26, Wherein forming the masking 
layer comprises forming a masking silicon nitride layer. 

28. The method of claim 27, Wherein forming the masking 
layer comprises forming a pad silicon dioxide layer prior to 
forming the masking silicon nitride layer. 

29. The method of claim 25 further comprising: 

forming a ?rst source and a ?rst drain in the ?rst region 
of the surface layer, the ?rst source and the ?rst drain 
including a ?rst type of dopant; and 

forming a second source and a second drain in the second 
region of the surface layer, the second source and the 
second drain including a second type of dopant. 

30. The method of claim 29, Wherein the ?rst type of 
dopant is n-type and the second type of dopant is p-type. 

31. The method of claim 29, Wherein the ?rst type of 
dopant is p-type and the second type of dopant is n-type. 

Nov. 30, 2006 

32. The method of claim 25, Wherein the surface layer is 
disposed over a relaxed layer. 

33. The method of claim 32, Wherein the relaxed layer 
comprises germanium. 

34. The method of claim 32, Wherein the relaxed layer 
comprises silicon. 

35. The method of claim 25, Wherein the surface layer is 
disposed over an insulator layer. 

36. The method of claim 25, Wherein the surface layer is 
disposed over a compressively strained layer. 

37. The method of claim 36, Wherein the compressively 
strained layer comprises SiGe. 

38. The method of claim 36, Wherein the compressively 
strained layer is disposed over an insulator layer. 

39. The method of claim 25 further comprising forming a 
gate dielectric over the ?rst and second regions of the 
surface layer. 

40. The method of claim 39, Wherein forming the gate 
dielectric comprises oxidation. 

41. The method of claim 39, Wherein forming the gate 
dielectric comprises deposition. 

42. The method of claim 41, Wherein the gate dielectric 
comprises a high-k dielectric. 

43. The method of claim 25, Wherein providing the 
substrate comprises Wafer bonding. 

* * * * * 


