97079159 A2 I 0O 000 00O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
25 June 2009 (25.06.2009)

PO | A B

(10) International Publication Number

WO 2009/079159 A2

(51) International Patent Classification:
HOIL 21/336 (2006.01) HOIL 29/78 (2006.01)

(21) International Application Number:
PCT/US2008/084344

(22) International Filing Date:
21 November 2008 (21.11.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/958,275 17 December 2007 (17.12.2007) US

(71) Applicant (for all designated States except US): INTEL
CORPORATION [US/US]; 2200 Mission College Boule-
vard, MS: RNB-4-150, Santa Clara, California 95052 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RAKSHIT, Titash
[IN/US]; 6777 NE Vinings Way #1331, Hillsboro, Oregon
97124 (US). GILES, Martin D. [GB/US]; 12749 NW
Diamond Drive, Portland, Oregon 97229 (US). GHANI,
Tahir [US/US]; 15523 NW Andalusian Way, Portland,
Oregon 97229 (US). MURTHY, Anand [IN/US]; 10934
N.W. Lucerne Court, Portland, Oregon 97229 (US). CEA,
Stephen M. [US/US]; 2135 NE 14th Ave, Hillsboro,
Oregon 97124 (US).

(74)

(81)

(34)

Agent: DRAEGER, Jeftrey S.; Intel Corporation, 2200
Mission College Blvd., M/S: RNB-4-150, Santa Clara, Cal-
ifornia 95054 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: SYSTEMS AND METHODS TO INCREASE UNIAXIAL COMPRESSIVE STRESS IN TRI-GATE TRANSISTORS

-

00

Fig. 1

102A

(57) Abstract: A transistor structure that increases uniaxial compressive stress on the channel region of a tri-gate transistor com-
prises at least two semiconductor bodies formed on a substrate, each semiconductor body having a pair of laterally opposite sidewalls
& and a top surface, a common source region formed on one end of the semiconductor bodies, wherein the common source region is
& coupled to all of the at least two semiconductor bodies, a common drain region formed on another end of the semiconductor bodies,
wherein the common drain region is coupled to all of the at least two semiconductor bodies, and a common gate electrode formed
over the at least two semiconductor bodies, wherein the common gate electrode provides a gate electrode for each of the at least
two semiconductor bodies and wherein the common gate electrode has a pair of laterally opposite sidewalls that are substantially

perpendicular to the sidewalls of the semiconductor bodies.
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SYSTEMS AND METHODS TO INCREASE UNIAXIAL COMPRESSIVE STRESS
IN TRI-GATE TRANSISTORS

Background

In the manufacture of integrated circuit devices, multi-gate transistors are often
5 used to provide enhanced transistor functionality. As is known in the art, the presence of
multiple gates, such as three gates in a tri-gate transistor, allows the channel region of the
transistor to become fully depleted while in operation. This enables the multi-gate

transistor to be more efficient and switch faster.

It is well known in the art that the channel region of a transistor may be stressed or
10 strained to further improve device performance. Conventional techniques for producing
stress or strain on the channel region of a transistor are well known as applied to planar
transistors. When such techniques are applied to multi-gate transistors, however, several
design challenges are present. For instance, when a stress-inducing layer is deposited in
the source and drain regions of a multi-gate transistor, such as epitaxially deposited silicon
15  germanium, the three-dimensional nature of the multi-gate transistor allows free surfaces
to exist on the silicon germanium. The silicon germanium will expand and relax along
these free surfaces. This results in a substantial decrease in the amount of stress that the

silicon germanium layer exerts on the channel region of the multi-gate transistor.

As such, improved techniques are needed to fully utilize the stress exerting

20  potential of a silicon germanium layer on the channel region of a multi-gate transistor.
Brief Description of the Drawings
Figure 1 illustrates a conventional tri-gate transistor.
Figures 2A and 2B illustrate a tri-gate transistor array.

Figure 3 is a method of forming a tri-gate transistor array with one uninterrupted

25  source region and one uninterrupted drain region.

Figures 4A and 4B illustrate a tri-gate transistor array having connected source

regions and connected drain regions.
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Figures SA and 5B illustrate a tri-gate transistor array having one uninterrupted

source region and one uninterrupted drain region.
Detailed Description

Described herein are systems and methods of increasing stress in the channel
region of multi-gate transistors. In the following description, various aspects of the
illustrative implementations will be described using terms commonly employed by those
skilled in the art to convey the substance of their work to others skilled in the art.
However, it will be apparent to those skilled in the art that the present invention may be
practiced with only some of the described aspects. For purposes of explanation, specific
numbers, materials and configurations are set forth in order to provide a thorough
understanding of the illustrative implementations. However, it will be apparent to one
skilled in the art that the present invention may be practiced without the specific details.
In other instances, well-known features are omitted or simplified in order not to obscure

the illustrative implementations.

Various operations will be described as multiple discrete operations, in turn, in a
manner that is most helpful in understanding the present invention, however, the order of
description should not be construed to imply that these operations are necessarily order
dependent. In particular, these operations need not be performed in the order of

presentation.

Implementations of the invention provide an array of tri-gate, PMOS transistors
where the individual source and drain regions of adjacent transistors are merged into
continuous and uninterrupted source and drain regions. As will be explained in more
detail below, connecting the adjacent source and drain regions increases the uniaxial
compressive strain that is exerted on the channel regions of the tri-gate transistors. Those
of skill in the art will recognize that increasing this strain enhances hole mobility in the

channel regions, thereby improving drive current.

Figure 1 is a perspective view of a conventional multi-gate transistor 100, such as a
PMOS transistor, having a strained semiconductor body in accordance with an
implementation of the invention. The multi-gate transistor 100, here a tri-gate transistor

100, is formed on a substrate 102. The substrate 102 is generally a semiconductor
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substrate, such as a monocrystalline silicon substrate or a gallium arsenide substrate,
although in some implementations a silicon-on-insulator substrate may be used. An
insulating layer 106, such as a silicon dioxide layer, is formed on the substrate 102. In
some implementations, the tri-gate transistor 100 may be formed on any well-known
insulating substrate such as substrates formed from silicon dioxide, nitrides, oxides, and

sapphires.

The tri-gate transistor 100 includes a semiconductor body 108 formed on the
substrate 102. The semiconductor body 108 has a pair of laterally opposite sidewalls
separated by a distance which defines a semiconductor body width. Additionally, the
semiconductor body 108 has a top surface 116. The distance between the top surface 116
and the insulating layer 106 defines a body height. In an implementation of the invention,
the body height is substantially equal to the body width. In an implementation of the
invention, the body 108 has a width and height that is less than 30 nanometers (nm) and
ideally less than 20 nm.

In some implementations, the semiconductor body 108 may be a dual-material
structure having at least one portion formed of the same material as the substrate 102, such
as silicon, and an epitaxially deposited layer used to induce a strain in the semiconductor
body 108, such as silicon germanium (Si; yGex). As such, in some implementations, the
semiconductor body 108 may have a silicon core and a silicon germanium shell. Tt should
be noted that a portion of the semiconductor body, which will be used to form a channel
region as described below, will consist only of silicon and will not include the silicon

germanium shell.

In most implementations of the invention, however, the semiconductor body 108
may be formed using epitaxially grown silicon germanium. For instance, conventional
methods may be used to initially form a silicon fin 102A on the substrate 102. The
insulating layer 106 may then be deposited around this silicon fin 102A at a height that is
less than the height of the silicon fin 102A. Next, as shown in Figure 1, a portion of the
silicon fin 102A that will be used to form source and drain regions may be etched back
until it is the same height as the insulating layer 106. Silicon germanium may then be
epitaxially grown atop the etched back silicon fin 102A to form the semiconductor body

108. A portion of the silicon fin 102A that is not etched back may be used to form a

3
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channel region, as described below, which will consist only of silicon and will not include
silicon germanium. More specifically, when the silicon fin 102A is etched back, a portion
of the silicon fin 102A may be protected by a gate electrode 124 and therefore not
subjected to the etching process. This protected portion of the silicon fin 102A forms the

channel region for the transistor 100.

A source region 130 and a drain region 132 are formed in the semiconductor body
108 on opposite sides of the gate electrode 124. The source and drain regions 130/132 are
formed of the same conductivity type. The source and drain regions 130/132 may have a
uniform doping concentration or may include sub-regions of different concentrations or
doping profiles such as tip regions (e.g., source/drain extensions). In some
implementations the source and drain regions 130/132 may have the same doping

concentration and profile while in other implementations they vary.

The channel region is sandwiched between the source region 130 and the drain
region 132 and is surrounded by the gate electrode 124. The channel region is generally
formed of doped or undoped silicon. In an implementation of the invention, when the
channel region is doped, it is typically doped to the opposite conductivity type of the
source and drain regions 130/132. If doped, the channel region may be uniformly doped
or may include “halo” regions. Because the channel region is surrounded on three sides

by the gate electrode 124, the transistor 100 can be operated in a fully depleted manner.

The tri-gate transistor 100 further includes a gate dielectric layer 122 that is formed
on and adjacent to three sides of the channel region, namely the sidewalls and the top
surface of the channel region. The gate dielectric layer 122 is under the gate electrode 124
and may be formed using any well-known gate dielectric material, including but not
limited to silicon dioxide (Si0O,), silicon oxynitride (SiOxNy), silicon nitride (SizNy), and
high-k dielectric materials such as hafnium oxide, hafnium silicon oxide, lanthanum oxide,
lanthanum aluminum oxide, zirconium oxide, zirconium silicon oxide, tantalum oxide,
titanium oxide, barium strontium titanium oxide, barium titanium oxide, strontium
titanium oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, and lead
zinc niobate. In an implementation of the invention, the gate dielectric layer 122 may be

formed to an thickness of between 5 and 200 Angstroms (A).



10

15

20

25

30

WO 2009/079159 PCT/US2008/084344

The gate electrode 124 is formed on and adjacent to the gate dielectric layer 122 as
shown in Figure 1. The gate electrode 124 has a pair of laterally opposite sidewalls 126
and 128 separated by a distance which defines the gate length (Lg) of transistor 100. In an
implementation of the invention, the laterally opposite sidewalls 126 and 128 of the gate
electrode 124 run in a direction perpendicular to the laterally opposite sidewalls 110 and

112 of the semiconductor body 108.

The gate electrode 124 can be formed of any suitable gate electrode material. In an
implementation of the invention, the gate electrode 124 may be formed from materials that
include, but are not limited to, polysilicon, tungsten, ruthenium, palladium, platinum,
cobalt, nickel, hafnium, zirconium, titanium, tantalum, aluminum, titanium carbide,
zirconium carbide, tantalum carbide, hafnium carbide, aluminum carbide, other metal
carbides, metal nitrides, and metal oxides. In some implementations, the gate electrode
124 may be a composite stack of thin films, such as but not limited to a polysilicon/metal

electrode or a metal/polysilicon electrode.

Although not shown in Figure 1, a pair of spacers may be formed on the laterally
opposite sidewalls 126 and 128 of the gate electrode 124. The spacers may be formed of a
material that is typically used to form spacers in integrated circuit applications, such as

silicon nitride.

In alternate implementations of the invention, although Figure 1 shows a silicon
germanium layer that has been deposited over a silicon fin, the semiconductor body 108
may be formed using a silicon body having a small portion etched away and replaced with
silicon germanium. In further implementations, the semiconductor body 108 may be
formed using a silicon body having a significant portion etched away and replaced with
silicon germanium. For example, deep cavities or recesses may be etched into the
semiconductor body 108 and filled with silicon germanium to form the source and drain
regions. In further implementations, the material used to induce strain may be formed

from alternate semiconductor materials known in the art.

In the transistor 100, the epitaxially grown silicon germanium layers that form at
least a portion of the source and drain regions 130/132 exert a uniaxial compressive stress
on the channel region, thereby enhancing hole mobility in the channel region and

improving the drive current. Unfortunately, the full compressive stress exertion potential
5
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of the silicon germanium layer is never realized due to free surfaces that exist in the width
direction of the semiconductor body 108. Along these free surfaces, the silicon
germanium layers tend to relax and expand in the horizontal direction as indicated by the
heavy arrows 134. This substantially reduces the amount of compressive stress that is

exerted on the channel region of the transistor 100.

Figures 2A and 2B illustrate an array of tri-gate transistors 100 on a surface of a
semiconductor substrate 200. Figure 2A is a perspective view and Figure 2B is a top-
down view. The tri-gate transistors 100 share a common gate electrode 124. For clarity,
certain features such as the gate dielectric layer 122 and the spacers are not shown. In
some implementations, the tri-gate transistors 100 in Figure 2 may be patterned such that
they have wider source and drain regions 130/132 relative to the rest of the semiconductor
body. The wider structure aids in landing contacts on the source and drain regions
130/132. Here, as with the transistor 100 shown in Figure 1, any silicon germanium layers
will tend to relax and expand in the horizontal direction due to the presence of free
surfaces, thereby reducing the amount of compressive stress that is exerted on the channel

regions of the array of transistors 100.

Therefore, in accordance with an implementation of the invention, to minimize
horizontal expansion and therefore increase compressive stress in the channel regions of
the array of transistors, the source and drain regions 130/132 of adjacent transistors are
formed in a connected configuration. This provides one uninterrupted source region and
one uninterrupted drain region for the array of tri-gate transistors. By connecting adjacent
source and drain regions 130/132, the silicon germanium is blocked from expanding in the
horizontal direction. This forces the silicon germanium to redirect its stress into the

channel regions of transistors.

Figure 3 is a process 300 to connect the source/drain regions of adjacent tri-gate
transistors using epitaxial overgrowth. Figures 2A/B, 4A/B, and 5A/B illustrate structures

formed when the process 300 of Figure 3 is carried out.

Turning to Figure 3, the process 300 begins by forming a multi-gate transistor
array on a substrate, such as a tri-gate transistor array formed on a semiconductor substrate
(process 302 of Figure 3). Those of skill in the art will recognize that there are a variety of

well known fabrication processes for generating an array of tri-gate transistors. Any such
6
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process may be used here to form the array of transistors. Again, Figures 2A/B illustrate

an array of conventionally formed tri-gate transistors 100.

Next, in one implementation of the invention, epitaxial layers of silicon germanium
are grown on at least the source and drain regions of the transistors 100 of the array to
increase their thicknesses until silicon germanium layers on adjacent source/drain regions
come into contact with one another (304). More specifically, the silicon germanium layers
on adjacent source regions 130 are grown until they come into contact with one another to
form a continuous or uninterrupted source region. The continuous source region therefore
provides a common source region for all of the semiconductor bodies. Likewise, the
silicon germanium layers on adjacent drain regions 132 are grown until they come into
contact with one another to form a continuous or uninterrupted drain region. Again, this
continuous drain region provides a common drain region for all of the semiconductor
bodies. This connected structure prevents the source and drain silicon germanium regions
from relaxing or expanding in the horizontal direction and increases the overall volume of
silicon germanium. Both of these aspects increase the uniaxial compressive stress that can

be transferred to the channel region of the transistors.

In some implementations, silicon germanium is used to form the source and drain
regions 130/132 in their entirety, as described above with reference to Figure 1. In such
an implementation, the epitaxial deposition process may then continue until the silicon
germanium layers come into contact with one another, thereby connecting adjacent
transistors 100. In other implementations, if the outermost layers of the source and drain
regions 130/132 are formed of a material other than silicon germanium, such as silicon,
then silicon germanium layers may be epitaxially deposited over the source and drain
regions 130/132 and grown until they come into contact with one or more adjacent
transistors 100. In further implementations, alternate stress-exerting semiconductor
materials other than silicon germanium may be used if they provide a similar form of
stress on the channel regions of the transistors. In implementations of the invention, the
epitaxial deposition process may be carried out at a temperature that falls between 700°C

and 900°C for a time duration that falls between 2 minutes and 15 minutes.

[0001] Figures 4A and 4B illustrate the array of transistors 100 when the silicon

germanium layers have been epitaxially grown until adjacent source regions 130 make

7
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contact to form an uninterrupted source region 400 and adjacent drain regions 132 make
contact to form an uninterrupted drain region 402. Figure 4A provides a perspective view
while Figure 4B provides a top-down view. As shown, there are no longer gaps between

adjacent source regions 130 or adjacent drain regions 132.

Interfacial boundaries 404 are formed when the growing source and drain regions
come into contact with each other. These interfacial boundaries 404 may have
dislocations and other flaws that can negatively affect the impact of the uninterrupted
source and drain regions 400/402 on the silicon germanium layers. It is advantageous to

therefore reduce or eliminate these interfacial boundaries.

In an implementation of the invention, these interfacial boundaries may be reduced
or eliminated using a two-part process. First, an amorphization process may be carried out
to amorphize the silicon germanium along the interfacial boundaries (306). In an
implementation of the invention, the amorphization process may be carried out using an
ion implantation process that amorphizes the silicon germanium layers wherever they
come into contact. In one implementation, the ion implantation process may be carried
out at an energy that falls between 2 kilo-electron volts (keV) and 20 keV and at an ion
dosage that falls between 1x10"* atoms/cm’® and 1x10'® atoms/cm”. Ton species that are
conventionally used for amorphization purposes in the semiconductor art may be used

here.

Next, a solid phase, low temperature epitaxial regrowth process may be used to
regrow or recrystallize the silicon germanium across the interfacial boundaries (308). The
epitaxial regrowth allows the silicon germanium layer to be have a continuous crystalline

structure across the previous interfacial boundaries with a minimal amount of dislocations.

Figures SA and 5B illustrate the array of tri-gate transistors 100 after the interfacial
boundaries are eliminated. As shown, a common source region 400 is formed that is a
single, continuous source region with no interfacial boundaries. The common source
region 400 substantially consists of homogenous crystalline silicon germanium. Likewise,
a common drain region 402 is formed that is also a single, continuous drain region with no
interfacial boundaries. The common drain region substantially consists of homogenous

crystalline silicon germanium.
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In an alternate implementation of the invention, the uninterrupted source and drain
regions 400/402 may be formed using a method other than epitaxial overgrowth. In some
implementations, the array of transistors may be initially formed with connected source
and drain regions. For instance, the semiconductor bodies used in a tri-gate transistor
array are generally formed using a photolithographic etching process. In accordance with
implementations of the invention, the optical mask used to define the semiconductor
bodies may be drawn such that the middle portion of the semiconductor bodies are isolated

but the source and drain pads are connected.

The above description of illustrated implementations of the invention, including what is
described in the Abstract, is not intended to be exhaustive or to limit the invention to the
precise forms disclosed. While specific implementations of, and examples for, the
invention are described herein for illustrative purposes, various equivalent modifications
are possible within the scope of the invention, as those skilled in the relevant art will

recognize.

These modifications may be made to the invention in light of the above detailed
description. The terms used in the following claims should not be construed to limit the
invention to the specific implementations disclosed in the specification and the claims.
Rather, the scope of the invention is to be determined entirely by the following claims,

which are to be construed in accordance with established doctrines of claim interpretation.
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Claims

1. An apparatus comprising:

at least two semiconductor bodies formed on a substrate, each semiconductor body
having a pair of laterally opposite sidewalls and a top surface;

5 a common source region formed on one end of the semiconductor bodies, wherein
the common source region is coupled to all of the at least two semiconductor bodies;

a common drain region formed on another end of the semiconductor bodies,
wherein the common drain region is coupled to all of the at least two semiconductor
bodies; and

10 a common gate electrode formed over the at least two semiconductor bodies,
wherein the common gate electrode provides a gate clectrode for each of the at least two
semiconductor bodies and wherein the common gate electrode has a pair of laterally
opposite sidewalls that are substantially perpendicular to the sidewalls of the

semiconductor bodies.

15 2. The apparatus of claim 1, wherein the continuous source region comprises

silicon germanium.

3. The apparatus of claim 1, wherein the continuous drain region comprises

silicon germanium.

4. The apparatus of claim 1, further comprising:
20 gate diclectric layers formed between the common gate electrode and each of the at
least two semiconductor bodies; and

a pair of spacers formed on the laterally opposite sidewalls of the gate electrode.

5. The apparatus of claim 1, wherein the semiconductor bodies comprise
silicon, the common source region comprises silicon germanium, and the common drain

25  region comprises silicon germanium.

6. A method comprising:
providing an array of discrete semiconductor bodies on a substrate, wherein each
semiconductor body includes a first end and a second end;

growing a first set of silicon germanium layers on the first ends of the

10
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semiconductor bodies of the array until the silicon germanium layers of the first set
contact one another along interfacial boundaries; and

growing a second set of silicon germanium layers on the second ends of the
semiconductor bodies of the array until the silicon germanium layers of the second set

5 contact one another along interfacial boundaries.

7. The method of claim 6, further comprising:
using an ion implantation process to amorphize the silicon germanium layers along
the interfacial boundaries; and

re-growing crystalline silicon germanium along the interfacial boundaries.

10 8. The method of claim 6, wherein the first ends comprise source regions and
wherein each source region has a width that is larger than the width of their respective

semiconductor body.

9. The method of claim 6, wherein the second ends comprise drain regions
and wherein each drain region has a width that is larger than the width of their respective

15  semiconductor body.

10.  The method of claim 6, wherein the growing of the first and second sets of
silicon germanium layers comprises epitaxially growing the first and second set of silicon

germanium layers.

1. A method comprising:
20 forming an array of semiconductor bodies on a substrate, each semiconductor body
having a top surface, a pair of laterally opposite sidewalls, a first end, and a second end;
forming a gate electrode across the array of semiconductor bodies, the gate
electrode having a pair of laterally opposite sidewalls that are substantially perpendicular
to the sidewalls of the semiconductor bodies;
25 etching away portions of the semiconductor bodies not covered by the gate
electrode;
epitaxially depositing silicon germanium on the etched portions of the
semiconductor bodies, wherein the deposition continues until the silicon germanium on
each semiconductor body comes into contact with silicon germanium on at least one

30  adjacent semiconductor body along an interfacial boundary.

11
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12. The method of claim 11, further comprising:
amorphizing the silicon germanium along the interfacial boundaries; and

recrystallizing the silicon germanium along the previous interfacial boundaries.

13. The method of claim 11, wherein a gate diclectric layer is deposited on the

5 semiconductor bodies prior to the forming of the gate electrode.

14.  The method of claim 11, wherein the amorphizing of the silicon germanium

comprises using an ion implantation process to amorphize the silicon germanium.

15.  The method of claim 14, wherein the ion implantation process is carried out
at an energy between 2 keV and 20 keV and at an ion dosage between 1x10"* atoms/cm’

10 and 1x10'° atoms/cm’.

16. The method of claim 11, further comprising forming a pair of spacers for

cach semiconductor body on the laterally opposite sidewalls of the gate electrode.

17. A method comprising:
forming an array of semiconductor bodies on a substrate, each semiconductor body
15  having a top surface and a pair of laterally opposite sidewalls;
forming a gate electrode across the array of semiconductor bodies, the gate
electrode having a pair of laterally opposite sidewalls that are substantially perpendicular
to the sidewalls of the semiconductor bodies;
etching a pair of recesses in each semiconductor body on opposite sides of the gate
20  electrode;
epitaxially depositing silicon germanium within the pair of recesses of each
semiconductor body to form source and drain regions; and
continuing to epitaxially deposit the silicon germanium until the silicon germanium
on each semiconductor body comes into contact with the silicon germanium on at least

25  one adjacent semiconductor body along an interfacial boundary.

18. The method of claim 17, further comprising:
implanting ions along the interfacial boundaries to amorphize at least a portion of
the silicon germanium; and

re-growing the silicon germanium wherever it has been amorphized.

12
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19. The method of claim 17, further comprising:

forming a gate dielectric layer on each semiconductor body prior to the formation
of the gate electrode; and

forming a pair of spacers on each semiconductor body on the laterally opposite

sidewalls of the gate electrode.

20. A method comprising:

depositing a layer of silicon germanium on a substrate;

patterning the silicon germanium layer using a photolithography process to form a
common source region and a common drain region connected by an array of
semiconductor bodies;

forming a gate dielectric layer on each semiconductor body of the array; and

forming a gate electrode across the array of semiconductor bodies atop the gate

dielectric layers.

21. The method of claim 20, wherein each of the semiconductor bodies of the
array comprises a top surface, a pair of laterally opposite sidewalls, a first end, and a

second end.

22.  The method of claim 21, wherein the common source region comprises a
continuous source region that is coupled to all of the semiconductor bodies at their first

ends.

23. The method of claim 22, wherein the common drain region comprises a
continuous drain region that is coupled to all of the semiconductor bodies at their second

ends.

24, The method of claim 21, wherein the gate electrode comprises a pair of
laterally opposite sidewalls that are substantially perpendicular to the laterally opposite

sidewalls of the semiconductor bodies of the array.

13
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