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A fin field effect transistor has a fin pattern protruding from
a semiconductor substrate. The fin pattern includes first
semiconductor patterns and second semiconductor patterns
which are stacked. The first and second semiconductor
patterns have lattice widths that are greater than a lattice
width of the substrate in at least one direction. In addition,
the first and second semiconductor patterns may be alter-
nately stacked to increase the height of the fin pattern, such
that one of the first and second patterns can reduce stress
from the other of the first and second patterns. The first and
second semiconductor patterns may be formed of strained
silicon and silicon-germanium, where the silicon-germa-
nium patterns can reduce stress from the strained silicon
patterns. Therefore, both the number of carriers and the
mobility of carriers in the transistor channel may be
increased, improving performance of the fin field effect
transistor. Related methods are also discussed.
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FIN FIELD EFFECT TRANSISTORS HAVING
MULTI-LAYER FIN PATTERNS AND METHODS
OF FORMING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 US.C. §
119 from Korean Patent Application No. 2003-50569, filed
Jul. 23, 2003, the contents of which are incorporated herein
by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention generally relates to semicon-
ductor integrated circuit devices, and more specifically, to
fin field effect transistors and methods of forming the same.

BACKGROUND OF THE INVENTION

[0003] Field effect transistors are employed as basic dis-
crete elements in fabricating semiconductor integrated cir-
cuit devices. Generally, a field effect transistor is composed
of a gate electrode, a source region, and a drain region. The
source and drain regions are located in a semiconductor
substrate, with the source region separated from the drain
region. The gate electrode is positioned over a channel
region between the source and the drain regions. In the
following specification, ‘field effect transistor’ will herein-
after be referred to as ‘transistor’.

[0004] As semiconductor devices become more highly
integrated, transistor size may be reduced, which may cause
a variety of operational and structural problems. For
example, shorter channel length may result in more easily
induced punch-through effects between the drain and source
regions. Also, controllability of the gate electrode may be
reduced, which may result in leakage current between the
drain region and the source region when the transistor is
turned off. Recently, double-gate transistors have been
developed to address the above problems. A double-gate
transistor can include two gate electrodes positioned at both
sides (both sidewalls and/or top/bottom surfaces) of a chan-
nel region thereof. Therefore, the double-gate transistor can
effectively control both sides of the channel region.

[0005] Fin Field Effect Transistors (hereinafter referred to
as ‘Fin FETs’) have also been developed. Fin FETS are a
type of double-gate transistor, and are discussed, for
example, in U.S. Pat. No. 6,413,802 entitled “Fin FET
Transistor Structures Having a Double Gate Channel
Extending Vertically From a Substrate And Methods of
Manufacture”, to Hu et al.

[0006] According to Hu, the Fin FET can include a silicon
source region and a silicon drain region, which are separated
from each other on a semiconductor substrate. A silicon fin
may be formed on the semiconductor substrate between the
silicon source region and the silicon drain region. The
silicon source region may be electrically connected to the
silicon drain region by the silicon fin when the transistor is
turned on. The silicon fin, the silicon source region, and the
silicon drain region may protrude from a surface of the
semiconductor substrate, and a gate electrode may cross
over the silicon fin. In other words, the gate electrode may
pass over both sidewalls of the silicon fin. Therefore, the
channel region of the Fin FET can include both sidewalls of
the silicon fin, and the gate electrode can control both sides
of the channel region.
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[0007] Despite the difficulties associated with higher inte-
gration density of semiconductor devices, improvements in
operational performance may also be desired. For example,
increasing the amount of on-current may contribute to
reduced response time for the transistor. Because the channel
region includes both sidewalls of the silicon fin, the Fin FET
can generate adequate on-current. However, this advantage
may be limited by the size to which the Fin FET may be
reduced.

SUMMARY OF THE INVENTION

[0008] According to some embodiments of the invention,
a fin field effect transistor may include a fin pattern protrud-
ing from a semiconductor substrate. The fin pattern may
have first and second semiconductor patterns which are
stacked, and the first and second semiconductor patterns
may have lattice widths that are greater than a lattice width
of the substrate material in at least one direction.

[0009] In other embodiments, several first and second
semiconductor patterns may be alternately stacked to
increase the height of the fin pattern, and one of the first and
second semiconductor patterns may reduce stress from the
other of the first and second semiconductor patterns. Also,
the lattice widths of the first and second patterns can be
greater than the lattice width of the substrate in a direction
along the channel length of the fin field effect transistor. In
addition, one of the first and second semiconductor patterns
may be formed of strained silicon, and the other of the first
and second semiconductor patterns may be formed of sili-
con-germanium. The silicon-germanium pattern may reduce
stress from the strained silicon pattern.

[0010] According to further embodiments, the transistor
may further include a buffer semiconductor layer on the
substrate and a relaxed semiconductor layer on the buffer
layer. The substrate can be formed of silicon, the buffer layer
can be formed of graded silicon-germanium, and the relaxed
layer can be formed of silicon-germanium. Furthermore, the
concentration of germanium in the buffer layer may gradu-
ally increase from bottom to top, and the concentration of
germanium in the relaxed layer may be uniform and equiva-
lent with a maximum concentration of germanium in the
buffer layer. Also, one of the first and second semiconductor
patterns may be formed of the same material as the relaxed
layer. The fin pattern may further include a third semicon-
ductor pattern formed of the same material as the relaxed
layer.

[0011] In other embodiments, the transistor may further
include a device isolation layer on the substrate surrounding
a lower portion of the fin, and a gate electrode partially
positioned on the device isolation layer. Also, the transistor
can include a hard mask layer on the fin pattern.

[0012] According to some embodiments of the invention,
a fin field effect transistor can include a semiconductor
substrate having a first lattice width in first and/or second
directions, a first semiconductor pattern having a second
lattice width in the first and/or second direction that is
greater than the first lattice width, and a second semicon-
ductor pattern having a third lattice width in the first and/or
second direction that is greater than the first lattice width.
The first and second semiconductor patterns may be stacked
to form a fin pattern protruding from the substrate.
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[0013] In other embodiments according to the present
invention, a method of forming a fin field effect transistor
may include forming a fin pattern protruding from a semi-
conductor substrate. The fin pattern may include first and
second semiconductor patterns which are stacked, wherein
the first and second semiconductor patterns have lattice
widths that are greater than a lattice width of the substrate
material in at least one direction.

[0014] According to some embodiments, forming the fin
pattern may includes forming several first and second semi-
conductor patterns which are alternately stacked, to increase
the height of the fin pattern. One of the first and second
semiconductor patterns may reduce stress from the other of
the first and second semiconductor patterns. Also, the lattice
widths of the first and second patterns may be greater than
the lattice width of the substrate in a direction along the
channel length of the fin field effect transistor. In addition,
one of the first and second semiconductor patterns can be
formed of strained silicon, and the other of the first and
second semiconductor patterns can be formed of silicon-
germanium. The silicon-germanium pattern can reduce
stress from the strained silicon pattern.

[0015] In further embodiments, the method can include
forming a buffer semiconductor layer on the substrate, and
forming a relaxed semiconductor layer on the buffer layer.
The substrate can be formed of silicon, the buffer layer can
be formed of graded silicon-germanium, and the relaxed
layer can be formed of silicon-germanium. The concentra-
tion of germanium in the buffer layer may gradually increase
from bottom to top, and the concentration of germanium in
the relaxed layer may be uniform and equivalent with a
maximum concentration of germanium in the buffer layer.
Also, one of the first and second patterns may be formed of
the same material as the relaxed layer. The fin pattern can
further include a third semiconductor pattern formed of the
same material as the relaxed layer.

[0016] According to some embodiments, the method may
include forming a device isolation layer on the substrate
surrounding a lower portion of the fin, and forming a gate
electrode partially positioned on the device isolation layer.
Also, the method may include forming a hard mask layer on
the fin pattern.

[0017] Instill further embodiments according to the inven-
tion, a method of forming a fin field effect transistor includes
forming a semiconductor substrate having a first lattice
width in first and/or second directions, forming a first
semiconductor pattern having a second lattice width in the
first and/or second direction that is greater than the first
lattice width, and forming a second semiconductor pattern
having a third lattice width in the first and/or second
direction that is greater than the first lattice width. The first
and second patterns may be stacked to form a fin pattern
protruding from the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a perspective view of a Fin Field Effect
Transistor (Fin FET) according to some embodiments of the
present invention.

[0019] FIG. 2 is a cross-sectional view of the Fin FET,
taken along line I-I' of FIG. 1.

[0020] FIG. 3 is a cross-sectional view of the Fin FET,
taken along line II-II' of FIG. 1.
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[0021] FIG. 4 is an energy band diagram of the Fin FET
of FIG. 1.

[0022] FIG. 5 through FIG. 7 are cross-sectional views
illustrating methods of forming the Fin FET shown FIG. 1
according to some embodiments of the invention, taken
along line I-I' of FIG. 1.

[0023] FIG. 8 is a perspective view of a Fin FET accord-
ing to some embodiments of the present invention.

[0024] FIG. 9 is a cross-sectional view of the Fin FET,
taken along line IV-IV' of FIG. 8.

[0025] FIG. 10 is a cross-sectional view of the Fin FET,
taken along line V-V' of FIG. 8.

[0026] FIG. 11 through FIG. 13 are cross-sectional views
illustrating methods of forming the Fin FET shown FIG. 8
according to some embodiments of the invention, taken
along with a line IV-IV' of FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the thicknesses of
layers and regions are exaggerated for clarity. It will be
understood that when an element such as a layer, region or
substrate is referred to as being “on” another element, it can
be directly on the other element or intervening elements may
also be present. It will be understood that when an element
such as a layer, region or substrate is referred to as “under”
another element, it can be directly under the other element
or intervening elements may also be present. It will be
understood that if part of an element, such as a surface of a
conductive line, is referred to as “outer,” it is closer to the
outside of the integrated circuit than other parts of the
element. Furthermore, relative terms such as beneath may be
used herein to describe one layer or regions relationship to
another layer or region as illustrated in the Figures. It will be
understood that these terms are intended to encompass
different orientations of the device in addition to the orien-
tation depicted in the Figures. For example, if the device in
the Figures is turned over, layers or regions described as
“beneath” other layers or regions would now be oriented
“above” these other layers or regions. The term “beneath” is
intended to encompass both above and beneath in this
situation. Like numbers refer to like elements throughout.

[0028] 1t will be understood that although the terms first
and second are used herein to describe various embodi-
ments, regions, layers and/or sections, these embodiments,
regions, layers and/or sections should not be limited by these
terms. These terms are only used to distinguish one embodi-
ment, region, layer or section from another embodiment,
region, layer or section, and not to suggest that one is
preferred over another. Thus, a first embodiment, region,
layer or section discussed below could be termed a second
embodiment, region, layer or section, and similarly, a second
embodiment, region, layer or section may be termed a first
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embodiment, region, layer or section without departing from
the teachings of the present invention.

[0029] The terminology used in the description of the
invention herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the
invention. As used in the description of the invention and the
appended claims, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will also be under-
stood that the term “and/or” as used herein refers to and
encompasses any and all possible combinations of one or
more of the associated listed items.

[0030] It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

[0031] Unless otherwise defined, all terms used in disclos-
ing embodiments of the invention, including technical and
scientific terms, have the same meaning as commonly under-
stood by one of ordinary skill in the art to which this
invention belongs, and are not necessarily limited to the
specific definitions known at the time of the present inven-
tion being described. Accordingly, these terms can include
equivalent terms that are created after such time. All pub-
lications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their
entirety.

[0032] FIG. 1 is a perspective view of a Fin Field Effect
Transistor (Fin FET) according to some embodiments of the
present invention. FIG. 2 is a cross-sectional view of the Fin
FET taken along line I-I' of FIG. 1, and FIG. 3 is a
cross-sectional view of the Fin FET taken along line II-II' of
FIG. 1.

[0033] Referring to FIGS. 1, 2 and 3, a buried insulation
layer 106 is formed on a support substrate 105, and a fin
pattern 118 and a hard mask pattern 1164 are stacked on the
buried insulation layer 106. The buried insulation layer 106
may be formed of silicon oxide, germanium oxide, or a
compound of silicon oxide and germanium oxide.

[0034] The support substrate 105 may include a semicon-
ductor substrate 100, and a buffer semiconductor layer 102
and a relaxed semiconductor layer 104a stacked on the
semiconductor substrate 100. Preferably, the semiconductor
substrate 100 is made of silicon.

[0035] The buffer semiconductor layer 102 preferably
buffers stress (such as tensile stress) between the semicon-
ductor substrate 100 and the relaxed semiconductor layer
104a. The relaxed semiconductor layer 104a is preferably
free from stress. For example, it is desirable to form the
buffer semiconductor layer 102 of graded silicon-germa-
nium, and the relaxed semiconductor layer 104a of relaxed
silicon-germanium. The concentration of germanium in the
graded silicon-germanium buffer layer 102 gradually
increases from bottom to top, while it is uniform throughout
the relaxed silicon-germanium layer 104a. It is preferable
for the germanium concentration of the relaxed layer 104a
to be equivalent to the maximum concentration of germa-
nium at the top of the graded silicon-germanium buffer layer
102.
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[0036] As germanium atoms are larger than silicon atoms,
a crystalline compound that includes both silicon and ger-
manium atoms will have a lattice width greater than the
lattice width of a crystalline layer made only of silicon atoms
(i.e. general crystalline silicon). Therefore, the lattice widths
of the relaxed semiconductor layer 1044, including silicon
and germanium atoms, are greater than that of the semicon-
ductor substrate 100 made only of silicon atoms. Moreover,
the relaxed semiconductor layer 104 may have lattice
widths in each of three dimensions, all of which may be
greater than those of the semiconductor substrate 100. As
used herein, the term “direction” may be used to refer to any
of the three dimensions.

[0037] The lattice widths of the buffer semiconductor
layer 102, made of graded silicon-germanium, gradually
increase towards the top surface in accordance with the
gradual increase of the germanium concentration therein. As
such, the buffer semiconductor layer 102 may reduce tension
between the semiconductor substrate 100 and the relaxed
semiconductor layer 104a due to the different lattice widths.

[0038] The fin pattern 118 includes at least a multi-layered
pattern 114a. The multi-layered pattern 114a preferably
includes a plurality of first semiconductor patterns 110a and
second semiconductor patterns 112g which are alternately
stacked thereon, as shown in FIG. 2. Here, the first and
second semiconductor patterns 110a and 112a have lattice
widths that are greater than the lattice width of silicon in at
least one direction. Preferably, a third semiconductor pattern
104c is interposed between the multi-layered pattern 114a
and the buried insulation layer 106. The third semiconductor
pattern 104¢ has sidewalls that are aligned with the multi-
layered pattern 114a, and is preferably made of the same
material (and thus has the same lattice widths) as the relaxed
semiconductor layer 104a. Thus, the fin pattern 118 may be
formed by the stacked combination of the third semicon-
ductor pattern 104¢ and the multi-layered pattern 114a.

[0039] Preferably, one of the first and second semicon-
ductor patterns 110a and 112g is also made of the same
material (and thus has the same lattice widths) as the relaxed
semiconductor layer 1044, which is the same material as the
third semiconductor pattern 104¢. More particularly, one of
the first and second semiconductor patterns 110a and 1124
is preferably made of silicon-germanium, while the other is
preferably made of strained silicon.

[0040] The strained silicon pattern has the same horizontal
lattice widths (i.e. parallel to the top surface of layer 104a)
as the relaxed semiconductor layer 1044 (and/or the third
semiconductor pattern 104¢). That is, the strained silicon
pattern is arranged with its lattice widths extended parallel
to the top surface of the relaxed semiconductor layer 104a.
However, the vertical lattice widths (i.e. perpendicular to the
top surface of the relaxed semiconductor layer 104a) of the
strained silicon pattern may be the same as the lattice width
of silicon.

[0041] The silicon-germanium pattern in the multi-layered
pattern 114a preferably has the same germanium concen-
tration as the relaxed semiconductor layer 104a (or the third
semiconductor pattern 104¢). Therefore, the silicon-germa-
nium pattern is subjected to reduced stress for the same
lattice widths as the relaxed semiconductor layer 104a (or
the third semiconductor pattern 104c).

[0042] Consequently, the strained silicon patterns in the
fin pattern 118 have lattice widths extending along a hori-
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zontal direction, and the silicon-germanium patterns and
third semiconductor pattern 104c¢ in the fin pattern 118
reduce stress that may be caused by the strained silicon
patterns. In other words, although the strained silicon pat-
terns may cause stress, the fin pattern 118 can have a
sufficient height because the silicon-germanium patterns can
act as a buffer to reduce stress. The use of a strained silicon
layer on a relaxed or unstrained silicon germanium layer is
also described, for example, in commonly assigned U.S. Pat.
No. 6,633,066 to Bae et al., the disclosure of which is hereby
incorporated herein by reference.

[0043] The topmost and bottommost layers of the multi-
layered pattern 114¢ may be formed of strained silicon.
Alternatively, the topmost and bottommost layers of the
multi-layered pattern 114 may be formed of silicon-ger-
manium. Additionally, one of the topmost and bottommost
layers of the multi-layered pattern 114a¢ may be made of
strained silicon, and the other may be made of silicon-
germanium.

[0044] The hard mask pattern 1164 is formed on top of the
multi-layered pattern 1144, and may be made of nitride. In
addition, the hard mask pattern 116z may include a buffer
oxide layer between the nitride and the multi-layered pattern
114a.

[0045] A gate electrode 122 crosses over the fin pattern
118 and the hard mask pattern 116a. A gate insulation layer
120 is formed between the fin pattern 118 and the gate
electrode 122. The gate electrode 122 may be made of doped
polysilicon, polycide, or metal, and the gate insulation layer
120 may be made of oxide. The gate insulation layer 120
may be formed only on the exposed surface of the fin pattern
118, i.e. the sidewalls. The gate insulation layer 120 may
also be formed between the hard mask pattern 116a and the
gate electrode 122. In this case, only the sidewalls of the fin
pattern 118 under the gate electrode 122 correspond to a
channel region of a Fin FET.

[0046] Alternatively, the hard mask pattern 116a may be
omitted. In this case, both the top surface and the sidewalls
of the fin pattern 118 under the gate electrode 122 may
correspond to the channel region of the Fin FET. Also, the
gate insulation layer 120 is formed between sidewalls of the
fin pattern 118 and the gate electrode 122, and between the
top surface of the fin pattern 118 and the gate electrode 122.

[0047] Preferably, the respective patterns 104¢, 110a and
1124 in the fin pattern 118 have lattice widths that are greater
than the lattice width of silicon along the length of the
channel in the fin pattern 118 under the gate electrode 122.
A couple of impurity diffusion layers 125 are also formed in
the fin pattern on both sides of the gate electrode, and are
assigned as source/drain regions.

[0048] In the above Fin FET, the fin pattern 118 is com-
posed of patterns 104¢, 110a, and 1124 having lattice widths
greater than the lattice width of silicon. That is, the fin
pattern 118 is formed by alternately stacking silicon-germa-
nium patterns and strained silicon patterns. Therefore, the
mobility of carriers in the channel region of the fin pattern
118 can be increased, because the number of lattices per unit
volume (i.e. lattice density) may be reduced. In addition, the
carriers in the channel region may be increased in number.
As a result, the on-current in the Fin FET can be increased,
thereby improving its performance.
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[0049] FIG. 4 is an energy band diagram for the channel
region of the Fin FET of FIG. 2. As discussed earlier, the
first semiconductor pattern 110z may be formed of strained
silicon, and the second semiconductor pattern 112g may be
formed of silicon-germanium. Also, the relaxed semicon-
ductor layer 1044, the third semiconductor pattern 104¢, and
the second semiconductor pattern 112 may all be formed of
the same material.

[0050] Referring to FIG. 4, dotted line 200 represents the
Fermi energy level, dotted line 210 is the valence band of
silicon, and dotted line 220 is the conduction band of silicon.
Hereinafter, dotted lines 210 and 220 are referred to as the
standard valence band and the standard conduction band,
respectively.

[0051] Lines 310 and 320 respectively correspond to the
valence and conduction bands assigned to the first semicon-
ductor pattern 110a formed of strained silicon, hereinafter
referred to as the first valence and conduction bands. Lines
410 and 420 respectively correspond to the valence and
conduction bands assigned to the second semiconductor
pattern 112 formed of silicon-germanium, hereinafter
referred to as the second valence and conduction bands.

[0052] Still referring to FIG. 4, the first conduction band
320 of the first semiconductor pattern 110a is lower than the
standard conduction band 220 due to the greater lattice
width of the strained silicon pattern. As such, the probability
of electrons at the first conduction band 320 is higher than
at the standard conduction band 220. Also, the second
conduction band 420 is almost equivalent to the standard
conduction band 220, regardless of the germanium concen-
tration of the silicon-germanium pattern. Therefore, the
probability of electrons in the second conduction band 420
is almost equivalent to that of the standard conduction band
220. This means that the channel region in the fin pattern 118
is larger than that of a conventional fin pattern, such that the
on-current of the Fin FET may be increased.

[0053] Meanwhile, the first valence band 310 is lower than
the standard valence band 210. As such, the probability of
holes at the first valence band 310 is lower than that of the
standard valence band 210. However, the second valence
band 410 is higher than the standard valence band 210,
which can mean holes are more likely to occupy the second
valence band 410 than the standard valence band 210.
Therefore, although the fin pattern 118 is a channel region of
a PMOS transistor, hole concentration in the channel region
may not be reduced. As a result, the Fin FET can be suitable
for forming a CMOS device having NMOS and PMOS
transistors.

[0054] Moreover, as discussed above, the fin pattern 118
includes alternating layers of strained silicon patterns and
silicon-germanium patterns. Therefore, due to the strained
silicon patterns, the number and mobility of carriers in the
channel region under the fin pattern 118 is increased. In
addition, the fin pattern 118 can be formed to a greater height
than a conventional fin pattern, by using the silicon-germa-
nium patterns as buffers. As a result, the on-current of the
Fin FET may be increased, improving performance.

[0055] FIG. 5 through FIG. 7 are cross-sectional views
illustrating methods of forming the Fin FET of FIG. 1, taken
along line I-I' of FIG. 1.

[0056] Referring to FIG. 5, a support substrate 105 is
composed of a semiconductor substrate 100, a buffer semi-
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conductor layer 102, and a relaxed semiconductor layer 104.
The buffer semiconductor layer 102 is formed on the semi-
conductor substrate 100, and then the relaxed semiconductor
layer 104 is formed on the buffer semiconductor layer 102.

[0057] Preferably, the semiconductor substrate 100 is
made of silicon. The relaxed semiconductor layer 104 is
formed from a material that has lattice widths greater than
the lattice width of silicon, and is free from stress. The buffer
semiconductor layer 102 is formed from a material that can
reduce stress caused by differences between lattice widths of
the semiconductor substrate 100 and the relaxed semicon-
ductor layer 104. Preferably, the buffer semiconductor layer
102 is made of graded silicon-germanium, and the relaxed
semiconductor layer 104 is made of relaxed silicon-germa-
nium.

[0058] The graded silicon-germanium layer may be
formed by an epitaxial growth process which gradually
increases the amount of germanium source gases. As a
result, the germanium concentration of the graded silicon-
germanium layer gradually increases from bottom to top.
That is, the lattice widths of the graded silicon-germanium
layer gradually increase from the bottom surface of the layer
to the top surface thereof.

[0059] The relaxed silicon-germanium layer may be
formed on the buffer semiconductor layer 102 by an epi-
taxial growth process using a uniform amount of germanium
source gases. Therefore, the relaxed silicon-germanium
layer has uniform germanium concentration throughout. In
particular, the germanium concentration of the relaxed sili-
con-germanium layer may be equivalent to the maximum
germanium concentration of the graded silicon-germanium
layer. As such, the graded silicon-germanium layer may
reduce stress caused by differences between the lattice
widths of the silicon substrate and the relaxed silicon-
germanium layer. The relaxed silicon-germanium layer is
subjected to reduced stress and has lattice widths greater
than the lattice width of the silicon substrate.

[0060] Referring to FIG. 6, a buried insulation layer 106
is formed on the relaxed semiconductor layer 104 by
implanting predetermined element ions into the support
substrate 105. The top surface of the buried insulation layer
106 is thus formed a predetermined depth below the top
surface of the relaxed semiconductor layer 104. As a result,
a first relaxed semiconductor layer 1044, the buried insula-
tion layer 106, and a second relaxed semiconductor layer
104bH are stacked on the buffer semiconductor layer 102.
Preferably, the predetermined element ions are oxygen ions,
so that the buried insulation layer 106 comprises silicon
oxide or germanium oxide.

[0061] Still referring to FIG. 6, a multi-level layer 114 is
formed on the second relaxed semiconductor layer 104b.
The multi-level layer 114 includes of a plurality of first
semiconductor layers 110 and second semiconductor layers
112 which are alternately stacked, as shown in FIG. 6.
Preferably, one of the first and second semiconductor layers
110 and 112 is formed from strained silicon via an epitaxial
growth process, and the other of the first and second
semiconductor layers 110 and 112 is a silicon-germanium
layer formed by an epitaxial growth process.

[0062] For example, when the first and second semicon-
ductor layers 110 and 112 are formed, the strained silicon
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layer is formed on the second relaxed semiconductor layer
104) by an epitaxial growth process using silicon source
gases. Due to the greater lattice width of the second relaxed
semiconductor layer 104b, horizontal lattice widths of the
strained silicon layer are the same as that of the second
relaxed semiconductor layer 104bH. In other words, the
horizontal lattice width of strained silicon is greater than the
lattice widths of conventional crystalline silicon.

[0063] After forming the strained silicon layer to a pre-
determined thickness, a silicon-germanium layer is formed
on the strained silicon layer by an epitaxial growth process,
using silicon source gases and germanium source gases. At
this time, the germanium concentration of the silicon-ger-
manium layer is equal to that of the second relaxed semi-
conductor layer 104b. In other words, the second semicon-
ductor layer 112 may be formed of same material as the
second relaxed semiconductor layer 104b. Therefore, lattice
widths of the second semiconductor layer 112 are equal to
the lattice widths of the second relaxed semiconductor layer
104bH. The multi-level layer 114 is formed by alternately
forming strained silicon layers and silicon-germanium lay-
ers. The second relaxed semiconductor layer 1045 and the
silicon-germanium layers can reduce stress from the strained
silicon layer.

[0064] In some embodiments, the first semiconductor
layer 110 may be formed of silicon-germanium, and the
second semiconductor layer 112 may be formed of strained
silicon. Further, the topmost and the bottommost layers of
the multi-level layer 114 may be formed of the first semi-
conductor layers 110. Alternatively, the topmost and the
bottom layers may be formed of the second semiconductor
layers 112. Otherwise, one of the topmost and bottommost
layers may be formed of the first semiconductor layer 110,
and the other may be formed of the second semiconductor
layer 112.

[0065] Still referring to FIG. 6, a hard mask layer 116 is
formed on the multi-level layer 114. The hard mask layer
116 is made of a material having an etch selectivity with
respect to the multi-level layer 114. In addition, the hard
mask layer 116 may function as an anti-reflecting layer. For
example, the hard mask layer 116 may be formed of silicon
nitride. The hard mask layer 116 may further include a buffer
oxide layer under the silicon nitride.

[0066] Referring to FIG. 7, the hard mask layer 116, the
multi-level layer 114, and the second relaxed semiconductor
layer 104b are sequentially patterned to form, a hard mask
pattern 1164, a multi-layered pattern 114, and a second
relaxed semiconductor pattern 104c, respectively. The multi-
layered pattern 114a includes of a plurality of alternately
stacked first semiconductor patterns 110z and second semi-
conductor patterns 1124, as shown in FIG. 7. One of the first
and second semiconductor patterns 110¢ and 112g is made
of strained silicon, and the other is made of silicon-germa-
nium. The second relaxed semiconductor pattern 104¢ and
the multi-layered pattern 1144 make up the fin pattern 118.
Since the fin pattern 118 is formed on the buried insulation
layer 106, the fin pattern 118 is isolated from other fin
patterns.

[0067] Still referring to FIG. 7, a gate insulation layer 120
is formed on at least the exposed surface of the fin pattern
118. The gate insulation layer 120 may be formed by thermal
oxidation of the support substrate 105 having the fin pattern
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118, so that the gate insulation layer 120 may be formed of
silicon oxide and germanium oxide.

[0068] Alternatively, a surface semiconductor layer is
formed on the support substrate 105 by chemical vapor
deposition or epitaxial growth. The surface semiconductor
layer may be made of silicon. Then, the gate insulation layer
120 may be formed by thermal oxidation of the surface
semiconductor layer, so that the gate insulation layer 120
may be formed of silicon oxide.

[0069] The gate electrode 122 shown in FIG. 1 and FIG.
2 is then formed. The gate electrode 122 crosses over the fin
pattern 118 and the hard mask pattern 116a. When the gate
electrode 122 is formed, the gate insulation layer 120 may
be patterned with the gate electrode 122.

[0070] A couple of impurity diffusion layers 125, as shown
in FIGS. 1 and 3, are formed in the fin pattern 118 at both
sides of the gate electrode 122 by implanting impurity ions.
The impurity diffusion layers 125 correspond to source and
drain regions.

[0071] In further embodiments of the present invention, a
Fin FET employing a device isolation method will be
described.

[0072] FIG. 8 is a perspective view of a Fin FET accord-
ing to further embodiments of the present invention, and
FIG. 9 is a cross-sectional view of a Fin FET, taken along
line IV-IV' of FIG. 8. FIG. 10 is a cross-sectional view of
a Fin FET, taken along line V-V' of FIG. 8.

[0073] Referring to FIG. 8 through FIG. 10, a fin pattern
218 and a hard mask pattern 216a are formed on a support
substrate 205. The sidewalls of the hard mask pattern 2164
are aligned with the sidewalls of the fin pattern 218.

[0074] The support substrate 205 may include a semicon-
ductor substrate 200, a buffer semiconductor layer 202, and
a relaxed semiconductor layer 204. The relaxed semicon-
ductor layer 204 is formed on the buffer semiconductor layer
202 on the semiconductor substrate 200.

[0075] Preferably, the semiconductor substrate 200 is
made of silicon, the buffer semiconductor layer 202 is made
of graded silicon-germanium, and the relaxed semiconduc-
tor layer 204 is made of relaxed silicon-germanium. The
graded silicon-germanium layer and the relaxed silicon-
germanium layer may be formed in the same manner as fully
described above in prior embodiments. That is, the graded
silicon-germanium layer has lattice widths that gradually
increase from bottom to top, and the relaxed silicon-germa-
nium layer has uniform lattice widths throughout. The lattice
widths of the relaxed silicon-germanium layer are equal to
the maximum lattice widths of the graded silicon-germa-
nium layer. The buffer semiconductor layer 202 may reduce
stress caused by differences between the lattice widths of the
semiconductor substrate 200 and the lattice widths of the
relaxed semiconductor layer 204, as was also described
above.

[0076] The fin pattern 218 includes of a plurality of
alternately stacked first semiconductor patterns 210a and
second semiconductor patterns 212a. The first and second
semiconductor patterns 210a and 212 have lattice widths
that are greater than the lattice width of conventional silicon
in at least one direction. Preferably, one of the first and
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second semiconductor patterns 210a and 212g is made of
strained silicon, and the other is made of silicon-germanium.

[0077] The strained silicon pattern and the silicon-germa-
nium pattern may be include the same properties as fully
described above in other embodiments. That is, the horizon-
tal lattice widths of the strained silicon pattern are equal to
the lattice widths of the relaxed semiconductor layer 204,
and are greater than the lattice width of conventional silicon.
Also, the silicon-germanium pattern has the same lattice
widths as that of the relaxed semiconductor layer 204, and
is subjected to reduced stress (such as tensile stress). The
silicon-germanium pattern may reduce tensile stress induced
by the strained silicon pattern.

[0078] The fin pattern 218 may have the same topmost and
bottommost layers as that of the multi-layered pattern 114a
of FIG. 2.

[0079] The hard mask pattern 2162 may be formed of
silicon nitride or buffer oxide/silicon nitride. A gate elec-
trode 225 crosses over the fin pattern 218 and the hard mask
pattern 2164, and a gate insulation layer 222 is formed
between the fin pattern 218 and the gate electrode 225. In
addition, the gate insulation layer may be formed between
the hard mask pattern 216a and the gate electrode 225. A
couple of impurity diffusion layers 227 are formed in the fin
pattern 218 on both sides of the gate electrode 225. The
impurity diffusion layers 227 correspond to source and drain
regions.

[0080] A device isolation layer 220a is formed on the
relaxed semiconductor layer 204 and surrounds a lower
portion of the fin pattern 218. A portion of the gate electrode
225 located at the sides of the fin pattern 218 is positioned
on the device isolation layer 220a. Therefore, the Fin FET,
including the fin pattern 218, is isolated from other Fin
FETs. The device isolation layer 2202 may be made of an
insulation layer such as silicon oxide.

[0081] In the above the Fin FET, the fin pattern 218 may
include strained silicon patterns and silicon-germanium pat-
terns. Accordingly, as fully described in prior embodiments,
the mobility of carriers in a channel region under the fin
pattern 218 is increased, and the number of carriers in the
channel region are increased due to the strained silicon
patterns. The fin pattern 218 can also be formed to a greater
height than conventional fin patterns, because the silicon-
germanium patterns may act as buffers. As a result, perfor-
mance of the Fin FET is improved and on-current is
increased. In addition, because the bottom surface of the fin
pattern 218 makes contact with the support substrate 205,
the floating body effect that occurs in SOI substrates is
prevented. Also, although heat may occur in the fin pattern
218, the heat can be released into the support substrate 205.

[0082] FIG. 11 through FIG. 13 are cross-sectional views
illustrating methods of forming the Fin FET shown FIG. 8,
taken along line IV-IV' of FIG. 8.

[0083] Referring to FIG. 11, a buffer semiconductor layer
202 and a relaxed semiconductor layer 204 are sequentially
formed on a semiconductor substrate 200. The semiconduc-
tor substrate 200, the buffer semiconductor layer 202, and
the relaxed semiconductor layer 204 form a support sub-
strate 205.

[0084] Preferably, the semiconductor substrate 200 is
made of silicon, the buffer semiconductor layer 202 is made
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of graded silicon-germanium, and the relaxed semiconduc-
tor layer 204 is made of relaxed silicon-germanium. The
graded silicon-germanium layer and the relaxed silicon
germanium layer may be formed by similar methods as
described above with respect to other embodiments.

[0085] Still referring to FIG. 11, a multi-level layer 214 is
formed on the relaxed semiconductor layer 204, wherein the
multi-level layer includes a plurality of first semiconductor
layers 210 and second semiconductor layers 212 which are
alternately stacked. Preferably, one of the first and second
semiconductor layers 210 and 212 is made of strained
silicon via an epitaxial growth process using silicon source
gases, and the other of the first and second semiconductor
layers 210 and 212 is made of silicon-germanium via an
epitaxial growth process using silicon source gases and
germanium source gases. At this time, the germanium con-
centration of the silicon-germanium layers in the multi-level
layer 214 is the same as the germanium concentration of the
relaxed semiconductor layer 204. Accordingly, lattice
widths of the silicon-germanium layer and horizontal lattice
widths of the strained silicon layer are equal to that of the
relaxed semiconductor layer 204.

[0086] Topmost and bottommost layers of the multi-level
layer 214 may be formed of the same material as the topmost
and bottommost layers of the multi-level layer 114 of FIG.
6. A hard mask layer 216 is also formed on the multi-level
layer 214.

[0087] Referring to FIG. 12, a hard mask pattern 2164 and
a fin pattern 218 are formed by sequentially patterning the
hard mask layer 216 and the multi-level layer 214. The fin
pattern 218 includes a plurality of first semiconductor pat-
terns 210a and second semiconductor patterns 212a which
are alternately stacked, as shown in FIG. 12.

[0088] A device insulation layer 220 is then formed on the
support substrate 205 having the fin pattern 218 and the hard
mask pattern 216a. The device insulation layer 220 may be
made of silicon oxide. The device insulation layer 220 is
planarized until a top surface of the hard mask pattern 2164
is exposed, and then a device isolation layer 220¢ is formed
by selectively recessing the planarized device insulation
layer 220.

[0089] Referring to FIG. 13, a top surface of the device
isolation layer 220a is lower than a top surface of the fin
pattern 218. In other words, the device isolation layer 220a
surrounds a lower portion of the fin pattern 218. A bottom
surface of the fin pattern 218 is in contact with the relaxed
semiconductor layer 204.

[0090] Still referring to FIG. 13, a gate insulation layer
222 is formed on the exposed surface of the fin pattern 218
by thermal oxidation. The gate insulation layer 222 may be
formed of silicon oxide and germanium oxide. Alternatively,
a surface semiconductor layer may be formed on the support
substrate 205 having the device isolation layer 220a by
chemical vapor deposition (CVD) or an epitaxial growth
process, and then the gate insulation layer 222 may be
formed by thermal oxidation of the surface semiconductor
layer. The surface semiconductor layer may be made of
silicon.

[0091] The gate electrode 225, as shown in FIG. 8, is then
formed on the support substrate 205 having the gate insu-
lation layer 222. Next, a couple of impurity diffusion layers
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227, as also shown in FIG. 8, are formed by ion implanta-
tion, using the gate electrode 225 as ion mask. The impurity
diffusion layers 227 correspond to source and drain regions.

[0092] In the all of the above-described embodiments,
layers which correspond to each other may be formed of the
same materials.

[0093] According to some embodiments of the present
invention, a Fin FET has a fin pattern including a plurality
of first semiconductor patterns and second semiconductor
patterns which are alternately stacked. The first and second
semiconductor patterns have lattice widths that are greater
than lattice width of silicon in at least one direction. There-
fore, both the number of carriers and the mobility of carriers
in the channel may be increased, so that performance of the
Fin FET can be improved. In addition, the first and second
semiconductor patterns may be formed of strained silicon
and silicon-germanium, respectively, so that the Fin FET
may be suitable for use in CMOS devices having both
NMOS and PMOS transistors.

[0094] In the drawings and specification, there have been
disclosed embodiments according to the invention and,
although, specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes of
limitation. As for the scope of the invention, it is to be set
forth in the following claims. Therefore, it will be under-
stood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention
as defined by the following claims.

What is claimed is:
1. A fin field effect transistor formed on a semiconductor
substrate, comprising:

a fin pattern protruding from the substrate including first
and second semiconductor patterns which are stacked;

wherein the first and second semiconductor patterns have
lattice widths that are greater than a lattice width of the
substrate material in at least one direction.

2. The transistor of claim 1, wherein the fin pattern
includes a plurality of first and second semiconductor pat-
terns which are alternately stacked to increase the height of
the fin pattern, and wherein one of the first and second
semiconductor patterns reduces stress from the other of the
first and second semiconductor patterns.

3. The transistor of claim 1, wherein the lattice widths of
the first and second patterns are greater than the lattice width
of the substrate in a direction along a length of a transistor
channel in the fin pattern.

4. The transistor of claim 1, wherein one of the first and
second patterns is formed of strained silicon, and the other
of the first and second patterns is formed of silicon-germa-
nium.

5. The transistor of claim 1, further comprising a buffer
semiconductor layer on the substrate and a relaxed semi-
conductor layer on the buffer layer.

6. The transistor of claim 5, wherein the substrate is
formed of silicon, the buffer layer is formed of graded
silicon-germanium, and the relaxed layer is formed of sili-
con-germanium.

7. The transistor of claim 6, wherein the concentration of
germanium in the buffer layer gradually increases from
bottom to top, and wherein the concentration of germanium
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in the relaxed layer is uniform and is equivalent with a
maximum concentration of germanium in the buffer layer.

8. The transistor of claim 5, wherein one of the first and
second patterns is formed of the same material as the relaxed
layer.

9. The transistor of claim 5, wherein the fin pattern further
includes a third semiconductor pattern formed of the same
material as the relaxed layer.

10. The transistor of claim 1, further comprising:

a device isolation layer on the substrate surrounding a
lower portion of the fin; and

a gate electrode partially positioned on the device isola-
tion layer.
11. The transistor of claim 1, further comprising a hard
mask layer on the fin pattern.
12. A fin field effect transistor, comprising:

a semiconductor substrate having a first lattice width in
first and/or second directions;

a first semiconductor pattern having a second lattice width
in the first and/or second direction that is greater than
the first lattice width; and

a second semiconductor pattern having a third lattice
width in the first and/or second direction that is greater
than the first lattice width,

wherein the first and second patterns are stacked to form
a fin pattern protruding from the substrate.
13. A method of forming a fin field effect transistor on a
semiconductor substrate, comprising:

forming a fin pattern protruding from the substrate includ-
ing first and second semiconductor patterns which are
stacked;

wherein the first and second semiconductor patterns have
lattice widths that are greater than a lattice width of the
substrate material in at least one direction.

14. The method of claim 13, wherein forming the fin
pattern includes forming a plurality of first and second
semiconductor patterns which are alternately stacked to
increase the height of the fin pattern, and wherein one of the
first and second semiconductor patterns reduces stress from
the other of the first and second semiconductor patterns.

15. The method of claim 13, wherein the lattice widths of
the first and second patterns are greater than the lattice width
of the substrate in a direction along a length of a transistor
channel in the fin pattern.

16. The method of claim 13, further comprising forming
one of the first and second patterns of strained silicon, and
forming the other of the first and second patterns of silicon-
germanium.

17. The method of claim 13, further comprising:

forming a buffer semiconductor layer on the substrate;
and

forming a relaxed semiconductor layer on the buffer layer.

18. The method of claim 17, wherein the substrate is
formed of silicon, the buffer layer is formed of graded
silicon-germanium, and the relaxed layer is formed of sili-
con-germanium.

19. The method of claim 18, wherein the concentration of
germanium in the buffer layer gradually increases from
bottom to top, and wherein the concentration of germanium
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in the relaxed layer is uniform and is equivalent with a
maximum concentration of germanium in the buffer layer.

20. The method of claim 17, further comprising forming
one of the first and second patterns of the same material as
the relaxed layer.

21. The method of claim 17, wherein the fin pattern
further includes a third semiconductor pattern formed of the
same material as the relaxed layer.

22. The method of claim 13, further comprising:

forming a device isolation layer on the substrate surround-
ing a lower portion of the fin; and

forming a gate electrode partially positioned on the device
isolation layer.
23. The method of claim 13, further comprising forming
a hard mask layer on the fin pattern.
24. A method of forming a fin field effect transistor,
comprising:

forming a semiconductor substrate having a first lattice
width in first and/or second directions;

forming a first semiconductor pattern having a second
lattice width in the first and/or second direction that is
greater than the first lattice width; and

forming a second semiconductor pattern having a third
lattice width in the first and/or second direction that is
greater than the first lattice width,

wherein the first and second patterns are stacked to form
a fin pattern protruding from the substrate.
25. A Fin FET comprising:

a support substrate including a semiconductor substrate,
and a buffer semiconductor layer and a relaxed semi-
conductor layer which are stacked on the semiconduc-
tor substrate;

a fin pattern including a multi-layered pattern on the
support substrate, wherein the multi-layered pattern
includes a plurality of first semiconductor patterns and
second semiconductor patterns which are alternately
stacked;

a gate electrode crossing over the fin pattern;

a gate insulation layer positioned between the fin pattern
and the gate electrode; and

at least one impurity diffusion layer in the fin pattern on
both sides of the gate electrode,

wherein the first and second semiconductor patterns have
lattice widths directionally wider than a lattice width of
silicon.

26. A method for forming a Fin FET, comprising;

forming a support substrate including a semiconductor
substrate, and a buffer semiconductor layer and a
relaxed semiconductor layer which are stacked on the
semiconductor substrate;

forming a multi-level layer on the support substrate, the
multi-level layer including a plurality of first semicon-
ductor layers and second semiconductor layers which
are alternately stacked;

patterning the multi-level layer to form a fin pattern
including first and second semiconductor patterns;
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9
forming a gate insulation layer on the fin pattern; wherein the first and second semiconductor patterns have
. . lattice widths directionally wider than a lattice width of
forming a gate electrode crossing over the fin pattern; and silicon
forming at least one impurity diffusion layer in the fin
pattern on both sides of the gate electrode, L
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