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of SiGe are strained due to the differencein lattice constant

betWeen each layer in the stacked S1/S1Ge/S1 region. An
n-MOSFET and a p-MOSFET are formed in the stacked
region. The n-MOSFET has a surface channel consisting of
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MOSFET WITH STRAINED CHANNEL LAYER
CROSS-REFERENCE TO RELATED
APPLICATIONS

J an. 24, 2002

[0011] The n-MOSFET 31 and the p-MOSFET 41 differ in
the stacked structure; in other Words, they cannot be fabri
cated using the same stacked structure. The prior art tech
nique is therefore dif?cult to use for the manufacture of

CMOS integrated circuits.
[0001]

This application is based upon and claims the

bene?t of priority from the prior Japanese Patent Application

[0012] As another prior art, there has been a proposal for

No. 2000-222807, ?led Jul. 24, 2000, the entire contents of
Which are incorporated herein by reference.

improving the carrier mobility by strained Si (for instance,

BACKGROUND OF THE INVENTION

[0002]

1. Field of the Invention

[0003] The present invention relates to a semiconductor
device structure suitable for use With complementary MOS

?eld-effect transistors (CMOSFETs) and more speci?cally

an n-MOSFET and a p-MOSFET utiliZing the effect of

1999 IEDM Tech. Dig. pp. 934-936). In this prior art, in the
stacked structure of a non-strained SiGe layer, an SiGe
buffer layer, and an Si substrate, a lot of oXygen ions are
introduced into the non-strained SiGe layer to form a buried

oXide ?lm. A strained Si layer is then epitaXially groWn on
the non-strained SiGe layer to form the strained Si/non

strained SiGe structure (SOI (silicon on insulator) structure).

to a semiconductor device in Which an n-channel MOSFET

[0013]

and a p-channel MOSFET are formed in stacked Si/SiGe/Si

structure needs a heat treatment at 1350° C. after the

layers.

injection of oXygen ions. It is therefore dif?cult to form the

[0004] 2. Description of the Related Art

dif?cult to form very thin Si and SiGe layers of quality
suf?cient to achieve the advantages of the SOI structure.

[0005] This type of semiconductor device makes remark
able advances in the Si-CMOS technology, Which is the
main technology to manufacture integrated circuits such as
LSI chips, and can be used suitably in LSI chips specially
adapted for information communications, information pro
cessing, and various electronic systems.
[0006] With the advance of electronic communications
and information systems, the demand has further increased

for increasing the speed of and reducing the poWer dissipa
tion of LSI chips used. Conventionally, CMOS LSI chips
have been used as loW poWer dissipation chips, but they

have increasing requirements for higher speeds and higher

performance.
[0007] As a structure for increasing the speed and perfor
mance of semiconductor devices, the strained Si/SiGe struc
ture is knoWn Which has an effect of improving the mobility
of electrons and holes Within the strained Si layer. The effect

is obtained by imparting to the Si layer strain based on the
difference in lattice constant betWeen Si and SiGe and

To form the buried oXide ?lm in the SiGe layer, this

Ge-rich SiGe layer of good crystal quality. In addition, it is

[0014]

It is therefore an object of the present invention to

provide a semiconductor device Which alloWs for ease of

fabrication of CMOS LSI and super LSI chips and permits
the mobility of electrons and holes in n- and p-MOS devices
to be increased so that the channel current in each device is

increased and consequently the performance thereof is

upgraded.
[0015] It is another object of the present invention to
provide a semiconductor device Which permits parasitic
capacitance associated With its substrate to be reduced for

faster operation.
BRIEF SUMMARY OF THE INVENTION

[0016] To implement very high speed, loW poWer dissi
pation CMOS LSI chips, the present invention provides a
semiconductor device Which alloWs for ease of CMOS

implementation of LSI chips by forming n- and p-MOS
devices using the same stacked strained Si/strained SiGe/Si

[0008] As an instance, there has been proposals for the

layers. In the n-MOS device, the topmost strained Si layer
has the effect of increasing the mobility of electrons, thus
enhancing the performance thereof. On the other hand, the

formation of an n-MOSFET and a p-MOSFET in a bulk Si

p-MOS device has a double channel structure of the top

substrate having a strained Si layer (for eXample, C. K. Maiti
et al, “Strained-Si heterostructure ?eld effect transistors,”
Semicond. Sci. Techno. Vol. 13, pp. 1225-1246, 1998).

strained Si layer and the strained SiGe layer and the topmost
strained Si layer has the effect of increasing the mobility of

thereby changing the energy band structure of the Si layer.

[0009] According to such a prior art technique, in fabri

holes, thus enhancing the performance thereof.
[0017] A semiconductor device of the present invention
comprises: a substrate; an insulating layer formed over the
substrate; a stacked Si/SiGe/Si region in Which a ?rst layer

cating an n-MOSFET having a strained Si layer, such a
stacked structure as shoWn in FIG. 2 is used Which consists
of a strained Si layer 32, a non-strained SiGe layer 33, an

of Si, a layer of SiGe and a second layer of Si are sequen

SiGe graded buffer layer 34, and an Si substrate 35 (e.g.,
1994 IEDM tech. Dig. pp. 373-376). And a source region 37,

tially formed on the insulating layer, the topmost second
layer of Si and the layer of SiGe being strained based on the

a drain region 38, a gate oXide ?lm 39 and a gate electrode

difference in lattice constant betWeen each layer in the

36 are formed to ?nish an n-MOSFET 31.

[0010] For a p-MOSFET, on the other hand, a stacked
structure therefor is composed, as shoWn in FIG. 3, of a

strained Si layer 42, a strained SiGe layer 43, a non-strained
SiGe layer 44, an SiGe graded buffer layer 45, and an Si

substrate 46 (e.g., 1995 IEDM Tech. Dig. pp. 517-520).
Using such a stacked structure, a source drain 47, a drain

region 48, a gate oXide ?lm 49 and a gate electrode 50 are
formed to obtain a p-MOSFET 41.

stacked Si/SiGe/Si region; and an n-MOSFET and a

p-MOSFET formed in the stacked Si/SiGe/Si region. The
n-MOSFET has the surface channel consisting of the second
strained layer of Si, and the p-MOSFET has a double
channel of the buried channel consisting of the strained layer
of SiGe and the surface channel consisting of the second
strained layer of Si.

[0018] Each of the layer of SiGe and the second layer of
Si may be formed by means of chemical vapor deposition.
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[0019]

The layer of SiGe may contain carbon atoms.

[0020]

The substrate may be an Si monocrystalline sub

strate.

[0021]

layers 1 and 4 and the SiGe layers 2 and 5 and betWeen the
SiGe layers 2 and 5 and the Si layers 3 and 6. The difference
in lattice constant betWeen pure single crystal of Si and pure

single crystal of Ge is approximately 4.2%. Strain resulting
In the semiconductor device of the present inven

tion, the n- and p-MOS devices are formed in the same

stacked region, thus providing easy implementation of
CMOS integrated circuits. The n-MOS device operates With
the topmost strained Si layer as the surface channel and the

strained Si layer has the effect of increasing the mobility of
electrons, thus alloWing the drain current to be increased to

achieve enhanced performance of the device. The p-MOS
device operates on the double channel and the topmost

strained Si layer and the underlying strained SiGe layer have
the effect of increasing the mobility of holes, thus alloWing
the drain current to be increased and enhanced performance
of the device to be achieved.

[0022] Additional objects and advantages of the invention

from controlling the ratio of compositions in SiGe so that
lattice constants of adjacent layers have a difference of 0.7
to 1% and preferably about 0.7% eXhibits a signi?cant

improvement in carrier mobility.
[0030]

To improve the mobility of electrons or holes in

each strained layer, it is desirable to set the thickness of each
of the stacked layers such that the Si layers 3 and 6 is less
than or equal to 100 nm, the strained SiGe layers 2 and 5 is
5 to 20 nm and preferably 5 to 10 nm, and the strained Si
layers 1 and 4 is 2 to 5 nm.

[0031] The insulating layer 7 and the overlying Si layers
3 and 6 can be formed by means of, for eXample, the SIMOX

(Separation by Implanted Oxygen) method or the Wafer

instrumentalities and combinations particularly pointed out

lamination technique as With normal SOI (Silicon-On-Insu
lator) substrates. The SOI substrate in this embodiment
comprises an Si monocrystalline substrate 8, the Si oXide
layer 7 formed over the substrate, and the ?rst thin Si
monocrystalline layers 3 and 6 formed on the oXide layer 7.

hereinafter.

[0032] The SiGe layers 2 and 5 and the overlying second

Will be set forth in the description Which folloWs, and in part
Will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realiZed and obtained by means of the

Si layers 1 and 4 are epitaXially groWn on the ?rst monoc
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

rystalline Si layers 3 and 6 by means of chemical vapor
deposition by Way of eXample. These layers can also formed

[0023] The accompanying draWings, Which are incorpo

by other methods such as evaporation. In the case of
chemical vapor deposition, standard semiconductor manu

rated in and constitute a part of the speci?cation, illustrate

presently embodiments of the invention, and together With
the general description given above and the detailed descrip

facturing equipment and processes are available for vapor
deposition of each layer. For eXample, Si can be deposited

tion of the embodiments given beloW, serve to eXplain the
principles of the invention.

using a gas of SiH4. For Ge, a gas of GeH4 can be used. A
miXed gas Which contains those gases and a normal carrier
gas in a given ratio is introduced into the vapor deposition

[0024]

tor device embodying the present invention;

equipment Where thermal decomposition of SiH4 and/or
GeH4 takes place to form layers.

[0025]

[0033]

FIG. 1 is a schematic illustration of a semiconduc

FIG. 2 shoWs the structure of a conventional

In the invention, the SiGe layers 2 and 5 is formed

n-MOSFET; and

to contain 50% silicon and 50% germanium as an eXample.

[0026]

Making the Ge/Si ratio too great results in the lattice
constant of SiGe miXed crystal becoming too great in
comparison With that of Si and consequently in strain
becoming too large. To form this layer, it is also possible to

FIG. 3 shoWs the structure of a conventional

p-MOSFET.
DETAILED DESCRIPTION OF THE
INVENTION

add C atoms to Si and Ge atoms. The lattice constant of C

is considerably smaller than that of Ge. By adding up to 2%

[0027] Hereinafter, the present invention Will be described

carbon, the lattice constant of SiGe miXed crystal can be

in detail in terms of a speci?c embodiment shoWn in the
directed to an embodiment of the present invention and

adjusted to impart optimum strain to the top Si layer and the
SiGe layer. For eXample, the addition of C can be made by
adding a predetermined amount of CH3SiH3 to the above

given for understanding of general principles of the present

miXed gas.

invention. Therefore, the present invention is not limited to
the disclosed embodiment.

[0034] In the present embodiment to form CMOSFETs 17
and 18, each of the stacked Si/SiGe/Si layers can be formed
as one Which is not arti?cially doped With any impurity. To

accompanying draWing. The description that folloWs is

[0028] A semiconductor device embodying the present
invention is illustrated in FIG. 1. On an insulating layer
formed as a buried oXide layer 7 are formed stacked layer

structures comprising strained Si layers 1 and 4, strained
SiGe layers 2 and 5 and Si layers 3 and 6, the corresponding
layers being formed in the same manufacturing step. The
operating regions of an n-MOSFET 17 and a p-MOSFET 18
are formed in the stacked structure regions.

[0029] The top Si layers 1 and 4 and the underlying SiGe
layers 2 and 5 (this is alloWed to contain C) each have strain
based on the difference in lattice constant betWeen the Si

achieve electrical properties required of MOS transistors,
hoWever, given layers may be doped With p- or n-type
impurities at a desired dose through, for eXample, ion
implantation at the time of vapor deposition or subsequent
thereto.

[0035] In the invention, the n-MOSFET 17 operates using
the surface channel formed in the top strained Si layer 1. The
conduction band in the top Si layer 1 is loW in level than that
in the SiGe layer 2; thus, no buried channel is formed in the
SiGe layer, and the surface channel is formed in the top
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strained Si layer 1. The mobility of electrons in the top
strained Si layer 1 is about 1.8 times higher than that in usual

1, application to CMOS integrated circuits can be made
readily. The n-MOSFET 17 has the channel in the top

single crystals.

strained Si layer 1 and hence operates as a surface channel

[0036] In the p-MOSFET 18, the surface inversion layer is
formed in the top Si layer 4, forming the surface channel. In
addition, since the valence band in the strained SiGe layer 5
for holes is loWer than in level than that in the top Si layer
4, holes are con?ned in the SiGe layer 5, thereby forming the
buried channel. The mobility of holes in the strained SiGe
layer 4 is increased by a factor of 1.4 to 1.8.

[0037] Accordingly, the p-MOSFET 18 operates through a
double channel: the buried channel in the strained SiGe layer

5 (or C-containing strained SiGe layer) and the surface
channel in the top strained Si layer 4. Experiments con
?rmed that the p-MOSFET 18 has at least tWo times the
mutual conductance of a p-MOSFET formed of monocrys
talline silicon alone.

[0038]

The n+source and drain regions 11 and 12 of the

n-MOSFET 17 are formed by ion implanting arsenic or
phosphorous at a high dose through the use of selective

masking into selected portions of the region Where the Si
layer 1, the SiGe layer 2 and the Si layer 3 have been stacked
and then performing an annealing operation. As an alterna
tive to ion implantation, diffusion may be used to form the
source and drain regions 11 and 12.

[0039] As With the n-MOSFET, the p+source and drain
regions 15 and 16 of the p-MOSFET 17 are also formed by
ion implanting boron at a high dose and then performing an
annealing operation. In this case as Well, diffusion may be

used in place of ion implantation.
[0040] An oXide layer 19 that isolates the n-MOSFET 17
and the p-MOSFET 18 from each other can be formed by
etching aWay that selected portion of the stacked Si/SiGe/Si
structure in Which the oXide layer is to be formed to form a

trench 20 and then ?lling the trench With an insulating
material, such as SiO2, through the use of standard pro
cesses.

type of MOSFET. The increased electron mobility by
strained Si alloWs the drain current and the performance of
the device to be increased. On the other hand, the p-MOS
FET 18 has a double channel and the hole mobility is
increased by the top strained Si 14 and the strained SiGe 5,
alloWing the drain current and the device performance to be

increased. The parasitic capacitance associated With the
substrate is small, alloWing faster operation.

[0044] Although the embodiment of the present invention
has been described and illustrated, it is apparent that the
invention may be practiced or embodied in other Ways
Without departing from the scope and spirit thereof.

[0045] Additional advantages and modi?cations Will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the speci?c

details and representative embodiments shoWn and
described herein. Accordingly, various modi?cations may be
made Without departing from the spirit or scope of the
general inventive concept as de?ned by the appended claims
and their equivalents.
What is claimed is:

1. A semiconductor device comprising:
a substrate;

an insulating layer formed over the substrate;
a stacked Si/SiGe/Si region in Which a ?rst layer of Si, a
layer of SiGe and a second layer of Si are sequentially

formed on the insulating layer, the topmost second
layer of Si and the layer of SiGe being strained based
on the difference in lattice constant betWeen each layer

in the stacked Si/SiGe/Si region; and
an n-MOSFET and a p-MOSFET formed in the stacked

Si/SiGe/Si region, the n-MOSFET having a surface
channel consisting of the second strained layer of Si,

Gate oXide ?lms 10 and 14, gate electrodes 9 and

and the p-MOSFET having a double channel of a

13, gate electrode sideWalls 21 and 22 and source and drain

buried channel consisting of the strained layer of SiGe

[0041]

electrodes 23 can be formed using standard CMOS manu

and a surface channel consisting of the second strained

facturing processes; thus, a description of manufacturing

layer of Si.

processes therefor is omitted here.

[0042] Although the present invention has been described
in terms of a CMOS integrated circuit, the principles of the
invention are equally applicable to semiconductor devices

including both n-MOSFETs and p-MOSFETs.
[0043] The present invention has the folloWing advan

2. The semiconductor device according to claim 1,
Wherein each of the layer of SiGe and the second layer of Si
is formed by means of chemical vapor deposition.
3. The semiconductor device according to claim 2,
Wherein the layer of SiGe contains carbon atoms.
4. The semiconductor device according to claim 1,
Wherein the substrate is an Si monocrystalline substrate.

tages: Since the n-MOSFET 17 and the p-MOSFET 18 are
formed in the same multilayered structure as shoWn in FIG.
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