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(7) ABSTRACT

Methods and associated apparatus of forming a microelec-
tronic structure are described. Those methods comprise
providing a substrate comprising a region of higher active
area density comprising source and drain recesses and a
region of lower active area density comprising source and
drain recesses, wherein the region of lower active area
density further comprises dummy recesses, and selectively
depositing a silicon alloy layer in the source, drain and
dummy recesses to enhance the selectivity and uniformity of

(22) Filed: Nov. 10, 2005 the silicon alloy deposition.
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METHODS FOR SELECTIVE DEPOSITION TO
IMPROVE SELECTIVITY

[0001] This U.S. Patent application is a divisional of U.S.
patent application Ser. No. 10/744,195 filed Dec. 22, 2003.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of micro-
electronic devices, and more particularly to methods of
improving selectivity loss in silicon alloy films.

BACK GROUND OF THE INVENTION

[0003] Microelectronic devices are often manufactured in
and on silicon wafers and on other types other substrates.
Such integrated circuits may include millions of transistors,
such as metal oxide semiconductor (MOS) field effect
transistors, as are well known in the art. MOS transistors
typically comprise source, gate, and drain regions. The
source and the drain regions of the MOS transistor may
comprise a silicon germanium alloy film, which may
enhance the performance of a MOS transistor by introducing
a strain into the crystal lattice of such a transistor. The strain
introduced into the lattice can increase electron and hole
mobility and thus the speed of a MOS transistor manufac-
tured with source and drain regions comprising a silicon
germanium alloy.

[0004] However, there are problems associated with the
use of a silicon germanium alloy to fabricate the source and
drain regions of a transistor. One problem that may be
encountered is that during the deposition of a silicon ger-
manium alloy film, the silicon germanium film may be
deposited in an undesired area of a transistor. For example
(referring to FIG. 3a), a substrate 300 (that preferably
comprises silicon, and may comprise a transistor structure)
may comprise a source region 310, a gate region 320 and a
drain region 330. A silicon germanium layer 340 may be
selectively deposited, for example, by epitaxial growth, as is
known in the art, within the source region 310 and the drain
region 330 (FIG. 3b).

[0005] The silicon germanium layer 340 may not grow, or
deposit selectively i.e. the growth may not be confined to the
exposed silicon areas (i.e., the source region 310 and the
drain region 330) of the substrate 300. Some of the silicon
germanium layer 310 may be deposited on a dielectric
spacer structure 322 of the gate region 320, and/or on a
dielectric isolation area 350 of the device, for example. Such
an undesired growth of the silicon germanium layer 340 may
result in poor performance or even inoperability of the
device due to shorting of the device, etc.

[0006] Another problem encountered with the deposition
of silicon germanium alloy films is that the thickness uni-
formity across a substrate may be different depending on the
silicon density (i.e., the amount of exposed silicon area) in
different parts of a device substrate, such as within a silicon
die. For example, referring to FIG. 3c, a substrate 300 may
comprise a region with a lower density of exposed silicon
area 360, and a region with a higher density of exposed
silicon area 370. During the growth of a silicon germanium
layer, the region with the lower density of exposed silicon
area 360 may exhibit a thicker film deposition than the
region with the higher density of exposed silicon area 370.
Referring to FIG. 3d, a first thickness 342 of the silicon
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germanium layer in the region of higher density of exposed
silicon 370 may be significantly thinner than a second
thickness 344 of the silicon germanium layer in the region
of lower density of exposed silicon 360. Such uneven
deposition of the silicon germanium layer across a substrate
may result in poor yields, quality and reliability of the
devices so fabricated across a substrate.

[0007] Therefore, it would be desirable to provide a
method of selectively depositing a uniform silicon alloy
film, such as a silicon germanium alloy film, for use in
microelectronic device fabrication. The methods and struc-
tures of the present invention provide such a method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming that which is
regarded as the present invention, the advantages of this
invention can be more readily ascertained from the follow-
ing description of the invention when read in conjunction
with the accompanying drawings in which:

[0009] FIGS. 1a-1g represent structures according to an
embodiment of the present invention.

[0010] FIGS. 24-2b represent structures according to an
embodiment of the present invention.

[0011]
Att.

FIGS. 3a-3d represent structures from the Prior

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0012] In the following detailed description, reference is
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice
the invention. It is to be understood that the various embodi-
ments of the invention, although different, are not necessar-
ily mutually exclusive. For example, a particular feature,
structure, or characteristic described herein, in connection
with one embodiment, may be implemented within other
embodiments without departing from the spirit and scope of
the invention. In addition, it is to be understood that the
location or arrangement of individual elements within each
disclosed embodiment may be modified without departing
from the spirit and scope of the invention. The following
detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined only
by the appended claims, appropriately interpreted, along
with the full range of equivalents to which the claims are
entitled. In the drawings, like numerals refer to the same or
similar functionality throughout the several views.

[0013] Methods and associated structures of forming a
microelectronic device are described. Those methods com-
prise providing a substrate comprising a region of higher
active area density comprising source and drain recesses and
a region of lower active area density comprising source and
drain recesses, wherein the region of lower active area
density further comprises dummy recesses, and then selec-
tively depositing a silicon alloy layer in the source, drain and
dummy recesses to enhance the selectivity and thickness
uniformity of the silicon alloy deposition.
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[0014] FIGS. la-1g illustrate an embodiment of a method
and associated structures of improving the selectivity of a
silicon alloy deposition according to the present invention.
FIG. 1a illustrates top view of a portion of a substrate 100
that may preferably comprise a silicon substrate 100. The
silicon substrate 100 may comprise a p-type dopant material,
such as boron, although other types of dopant materials may
be utilized, depending upon the particular application.

[0015] The substrate 100 may further comprise a plurality
of active areas 102. The plurality of active areas 102 may
comprise areas within the substrate 100 that may be intended
to electrically function within the substrate 100. In the
current embodiment, the plurality of active areas 102 may
comprise silicon areas that are preferably doped with a p
type material, such as boron. The substrate 100 may also
comprise a plurality of non-active 104 areas. The plurality of
non-active areas 104 may comprise areas within the sub-
strate that are not intended to operate electrically within the
substrate 100. In the current embodiment the plurality of
non-active areas 104 may comprise dummy areas, or
dummy features, that is, areas that are added to the substrate
in order to improve the uniformity of a device, as is well
known in the art. In the current embodiment, the plurality of
non-active areas 104 may be added during a previous step,
such as during an isolation step, as is well known in the art.
The plurality of non-active areas 104 may comprise silicon.

[0016] The substrate 100 may comprise a region of higher
active area density 111 and a region of lower active area
density 113, which may be located in different parts of the
substrate 100. For example, an area that contains many large
transistors, such as an area of logic within a semiconductor
device, may have a higher density of active areas 102, or
exposed silicon, than an area that contains smaller transis-
tors, such as a memory area, or field area, of a semiconductor
die, as is known to those skilled in the art.

[0017] Referring to FIG. 1b, which represents a cross
section of the region of lower active area density 113 of the
substrate 100, the plurality of active areas 102 may further
comprise a transistor region 103, as is well known in the art.
The transistor region 103 may comprise a source region 106,
a channel region 108 and a drain region 110. The transistor
region 103 may further comprise a gate structure 107, as is
known in the art. The substrate 100 may further comprise a
plurality of isolation regions 112, which may comprise a
shallow trench isolation as is well known in the art. The
plurality of isolation regions 112 may function to electrically
isolate the plurality of active areas 102 from the plurality of
non-active areas 104.

[0018] A masking layer 114 may be formed on the sub-
strate 100 (FIG. 1c¢). The masking layer 114 may comprise
a dielectric material, such as an oxide layer or a nitride layer,
for example, but may comprise any suitable material that
serves to mask the substrate 100 from a subsequent etching,
or removal step. The masking material is preferably an oxide
material, and may be deposited by a chemical vapor depo-
sition method, for example, but may be deposited by other
means well known in the art.

[0019] The masking layer 114 may then be patterned and
etched using methods well known in the art to expose
portions of the plurality of non-active areas 118 (i.e. dummy
features) and to expose portions of the plurality of active
areas 102, such as the source region 106 and the drain region

Mar. 16, 2006

110 of the transistor region 103 (FIGS. 14 and le). The
portion of masked non-active area 116 is chosen so that the
amount of exposed silicon density in the region of lower
active area density 113 is substantially the same as the
amount of exposed silicon density in the region of higher
active area density 111. In other words, the density of the
unmasked non-active area portions 118 (i.c. the density of
the exposed dummy features) adds additional exposed sili-
con density to the amount of exposed silicon density of the
region of lower active area density 113, so that the amount
of silicon density across the substrate 100 may be made to
be substantially uniform.

[0020] For example, if the density of exposed (uncovered
by the masking layer 114) active areas 102 (silicon) com-
prises about 10 percent in the region of higher active area
density 111, and the density of exposed silicon in the region
of lower active area density 113 is about 5 percent, then an
amount of the non-active areas 104 will remain unmasked in
the region of lower active areas density 113 that is sufficient
to contribute an additional amount of exposed silicon den-
sity to the region of the lower active area density 113 so that
the total amount of exposed silicon density (non-active areas
104 plus active areas 102) in the region of lower active area
density 113 is about 10 percent.

[0021] Once the source region 106, the drain region 110
and the unmasked non-active area portions 118 are exposed
after patterning and etching the masking layer 114, a source
recess 120, a drain recess 122 and a plurality of non-active
area recesses 124 (corresponding to the unmasked non-
active area portions 118) may be formed (FIG. 1f). It will be
appreciated that the formation of the source recess 120, the
drain recess 122 and the plurality of non-active area recesses
124 may be formed in the same process step. For example,
a selective isotropic wet etch may be employed to form the
aforementioned recesses that may comprises an aqueous
solution of ammonium hydroxide in the concentration range
of about 2 to about 10 percent by volume at about 20° C.

[0022] After the source recess 120, the drain recess 122
and the plurality of non-active area recesses 124 are formed,
a silicon alloy layer 126 may be selectively formed within
the source recess 120, the drain recess 122 and the plurality
of non-active area recesses 124 (FIG. 1g). The silicon alloy
layer 126 may be formed by utilizing an epitaxial deposition
method, as is known in the art. In one embodiment, the
silicon alloy layer 126 may preferably comprise a p-type (for
example boron) doped silicon germanium alloy that com-
prises a germanium concentration of up to about 30 percent,
for example. In one embodiment, the silicon alloy deposition
process may comprise a gas mixture including dichlorosi-
lane, silane and/or disilane, hydrogen, anhydrous hydrochlo-
ric acid and/or chlorine gas, diborane, germanium and/or
digermane. The temperature may be between about 550 to
about 800° C., and the pressure may range from about 5 Torr
to about atmospheric pressure.

[0023] The silicon alloy layer 126 deposited according to
the current embodiment of the present invention may com-
prise substantially 100% selectivity with respect to other
areas located on the substrate 100, i.e. the silicon alloy layer
126 will not substantially deposit on undesirable areas of the
substrate 100, such as on the masking layer 114, on a spacer
structure 109, and on the isolation regions 112, for example
as may be the case in prior art silicon alloy depositions (see
FIG. 3b).



US 2006/0057809 Al

[0024] Thus, the method of the present invention greatly
improves the selectivity of a silicon alloy layer 126 that may
be utilized to form source and drain regions of a transistor
structure. Providing a portion of non-active areas (i.e.
dummy features, or dummy areas) to the region of lower
active area density 113 so that the exposed silicon density in
the region of lower active area density 113 substantially
matches the exposed silicon density in the region of higher
active area density 111 greatly improves the selectivity of a
silicon alloy deposition process according to the methods of
the present invention.

[0025] A microelectronic structure 128 may be formed
according the methods of the present invention, wherein the
source region 106, the drain region 110 and the unmasked
non-active areas 118 (i.e. the dummy areas) comprise the
silicon alloy layer 126. The microelectronic structure 128
may then be further processed according to the design
parameters of the particular application.

[0026] The methods of the present invention may further
improve the thickness uniformity across a substrate. Refer-
ring to FIG. 2a, a substrate 200, which may preferably
comprise a silicon substrate (similar to the substrate 100 of
FIG. 1a), may comprise a region of higher active arca
density 211 and a region of lower active area density 213,
which may be located in different parts of the substrate 200.
A portion of a plurality of non-active silicon areas 216
located in the region of the lower active area density 213
may be masked, leaving an unmasked portion of the plural-
ity of non-active silicon areas 218 in the region of the lower
active area density 213 that may add to the amount of
exposed silicon in the region of the lower active area density
213, so that the amount of exposed silicon across the
substrate 200 may be substantially uniform.

[0027] FIG. 2b depicts a cross section of the region of
lower active area density 213 and the region of higher active
area density 211, after a silicon alloy layer 226 (similar to the
silicon alloy layer 126) has been deposited within a source
recess 220, a drain recesses 222 and a non-active area recess
224 (similar to the source recess 120, drain recess 122 and
non-active arca recesses 124 of FIG. 1f). Because the
density of exposed silicon in the region of the lower active
area density 213 has been substantially matched to the to the
region of higher active area density 211, the thickness 228
of the silicon alloy layer 226 is substantially similar in the
region of lower active area density 202 and the region of
higher active area density 204. The thickness uniformity
across the substrate 200 may be about 20 percent or less.

[0028] Thus, the current embodiment of the present
enables the use of selective deposition in the fabrication of
microelectronic devices, such as when selectively depositing
a silicon germanium alloy within source and drain regions of
a transistor. The present invention greatly improves the
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deposition selectivity, and the thickness uniformity of such
a deposition and therefore improves the manufacturability of
such a deposition.

[0029] As described above, the present invention provides
methods and associated structures of providing a substrate
comprising a region of higher active area density comprising
source and drain recesses and a region of lower active area
density comprising source and drain recesses, wherein the
region of lower active area density further comprises
dummy recesses, and selectively depositing a silicon alloy
layer in the source, to enhance the selectivity and uniformity
of the silicon alloy deposition.

[0030] Although the foregoing description has specified
certain steps and materials that may be used in the method
of the present invention, those skilled in the art will appre-
ciate that many modifications and substitutions may be
made. Accordingly, it is intended that all such modifications,
alterations, substitutions and additions be considered to fall
within the spirit and scope of the invention as defined by the
appended claims. In addition, it is appreciated that a micro-
electronic device, such as a transistor is well known in the
art. Therefore, it is appreciated that the Figures provided
herein illustrate only portions of an exemplary microelec-
tronic device that pertains to the practice of the present
invention. Thus the present invention is not limited to the
structures described herein.

What is claimed is:
1. A method of forming a microelectronic structure com-
prising;

providing a substrate comprising a region of higher active
area density comprising source and drain recesses and
a region of lower active area density comprising source
and drain recesses, wherein the region of lower active
area density further comprises dummy recesses; and

selectively depositing a silicon alloy layer in the source,

drain and dummy recesses.

2. The method of claim 1 wherein selectively depositing
a silicon alloy layer comprises selectively depositing a
silicon alloy layer comprising silicon and germanium.

3. The method of claim 2 wherein selectively depositing
a silicon alloy layer comprising silicon and germanium
comprises selectively depositing a silicon germanium alloy
layer comprising a p type dopant.

4. The method of claim 1 further comprising wherein the
dummy recesses add an amount of exposed silicon to the
region of lower active area density so that the exposed
silicon density in the region of lower active area density
substantially matches the exposed silicon density in the
region of higher active area density.



