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SEMICONDUCTOR DEVICES WITH EXTENDED ACTIVE REGIONS

Background

Field

[0001] This disclosure relates generally to semiconductor processing, and more

specifically, to forming semiconductor devices having extended active regions.
Related Art

[0002] Semiconductor processing technologies typically impose various dimensional
constraints related to active spaces and active widths. For example, a representative 90 nm
node CMOS technology may allow a minimum active space of 140 nm and a minimum
active width of 110 nm. Typically, such dimensional constraints are imposed to allow
manufacturing tolerances during semiconductor processing and to ensure adequate device
isolation. In particular, imposing such dimensional constraints may result in easier
patterning of active regions and the subsequent filling of the gaps created by shallow

trenches.

[0003] Such dimensional constraints, however, reduce design flexibility. For example, in
certain instances wider active regions are desired to increase drive current, but cannot be
implemented because of the rigid dimensional constraints imposed by conventional design
and process methodologies. As an example, in the SRAM cells wider active regions can
only be achieved at the cost of an increase in the cell size. Accordingly, there is a need for
forming semiconductor devices having extended active regions while substantially complying
with the dimensional constraints imposed by design rules related to a particular

semiconductor processing technology.

Brief Description of the Drawings

[0004] The present invention is illustrated by way of example and is not limited by the
accompanying figures, in which like references indicate similar elements. Elements in the

figures are illustrated for simplicity and clarity and have not necessarily been drawn to scale.

[0005] FIG. 1 is a cross-sectional view of a semiconductor device during a processing

step;

[0006] FIG. 2 is a cross-sectional view of a semiconductor device during a processing

step;
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[0007] FIG. 3 is a cross-sectional view of a semiconductor device during a processing

step;

[0008] FIG. 4 is a cross-sectional view of a semiconductor device during a processing

step;

[0009] FIG. 5 is a cross-sectional view of a semiconductor device during a processing

step;

[0010] FIG. 6 is a cross-sectional view of a semiconductor device during a processing

step;

[0011] FIG. 7 is a cross-sectional view of a semiconductor device during a processing

step;

[0012] FIG. 8 is a cross-sectional view of a semiconductor device during a processing

step;

[0013] FIG. 9 is a cross-sectional view of a semiconductor device during a processing

step;

[0014] FIG. 10 is a cross-sectional view of a semiconductor device during a processing

step; and

[0015] FIG. 11 is a top view of the semiconductor device of FIG. 10 during a processing

step.

Detailed Description

[0016] By way of an example, in the same integrated circuit, active areas with different
widths can be formed, where both types of active areas are at the minimum allowed pitch.
This allows increased design flexibility by allowing the option to have standard drive current
devices and higher drive current devices in the same integrated circuit. In one aspect, a
method of forming a semiconductor device is provided. The method includes forming a
trench adjacent to a first active area. The method further includes filling the trench with
insulating material. The method further includes forming a masking feature over a center
portion of the trench to expose a first side of the trench between a first side of the masking
feature and the first active area. The method further includes etching into the first side of the

trench to leave a first recess in the trench. The method further includes growing a first
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epitaxial region in the first recess to extend the first active area to include the first recess and

thereby form an extended first active region.

[0017] In another aspect, a method of forming a semiconductor device is provided. The
method includes providing a semiconductor substrate. The method further includes forming
a trench around an active region that defines a boundary of the active region. The method
further includes filling the trench with insulating material to form an isolation region. The
method further includes forming a masking feature over the isolation region, wherein the
masking feature has an edge spaced from the active region to provide an exposed region of
the isolation region between the edge of the masking feature and the active region. The
method further includes etching into the exposed region to form a recess. The method
further includes filling the recess with semiconductor material to form an extended active
region as a combination of the recess filled with semiconductor material and the active

region.

[0018] In yet another aspect, a semiconductor device is provided. The semiconductor
device includes a semiconductor structure having a top surface. The semiconductor device
further includes an isolation region of insulating material extending from the top surface to a
first depth. The semiconductor device further includes an active region of semiconductor
material having a central portion and an adjacent portion, wherein: (1) the central portion
extends from the top surface to at least the first depth; (2) the adjacent portion has top
portion at the top surface and a bottom portion at no more than a second depth; (3) the
second depth is less than the first depth; (4) the adjacent portion is between the central
portion and isolation region from the top portion to the bottom portion; and (5) the isolation

region is directly under the bottom portion of the adjacent portion.

[0019] FIG. 1 is a cross-sectional view of a semiconductor device 10 during a processing
step. Semiconductor device 10 may be formed using a semiconductor substrate 12 using
conventional semiconductor processing equipment. Semiconductor substrate 12 described
herein can be any semiconductor material or combinations of materials, such as gallium
arsenide, silicon germanium, silicon-on-insulator (SOI), silicon, monocrystalline silicon, the
like, and combinations of the above. Although an embodiment of the present invention is
described using a bulk silicon substrate, other types of substrate, including SOI could also
be used consistent with the present invention. A layer of pad oxide 14 may be grown over a
top surface of substrate 12. By way of example, the pad oxide layer may be 5 nm to 25 nm
thick. Next, a nitride layer 16 may be deposited over the layer of pad oxide. By way of

example, the nitride layer may be 50 nm to 200 nm thick. Next, using semiconductor
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processing techniques, active regions 24, 26, 28, and 30 may be formed, such that these

active regions are separated by trenches 18, 20, and 22, respectively.

[0020] Referring now to FIG. 2, trenches 18, 20, and 22 may be filled using an insulating
material to form shallow trench isolation regions 32, 34, and 36. Next, the top surface of the
shallow trench isolation regions may be planarized using chemical-mechanical polishing, for

example.

[0021] Referring now to FIG. 3, nitride layer 16 may be removed from active regions 24,
26, 28 and 30 using a wet phosphoric etch, for example. Next, pad oxide layer 14 may be
removed using a hydrofluoric etch, for example. As shown in FIG. 3, trench divots, such as
a trench divot 46 may be formed as a result of the removal of the pad oxide layer. Next,
sacrificial oxide layers 38, 40, 42, and 44 may be grown. Next, as shown in FIG. 4, a
patterned photoresist layer including photoresist sections 48, 50, and 52 may be formed.
With reference to FIG. 5, photoresist sections 48, 50, and 52 (also referred to as masking
features) may be trimmed prior to etching. By way of example, trimming may include ashing.
As an example, masking feature 50, formed over shallow trench isolation region 34, may
leave exposed regions on both sides. Each exposed region may be between the edge of

masking feature 50 and the corresponding active region.

[0022] Referring now to FIG. 6, sacrificial oxide layers 38, 40, 42, and 44 and a portion
of the oxide in trench isolation regions 32, 34, and 36 may be removed creating recesses 54,
56, 58, and 60. By way of example, an isotropic dry etch using hydrofluoric acid (HF) or an
anisotropic oxide dry etch may be used as part of this step. In one embodiment, the depth of
the recesses may be 30 nm to 100 nm. Next, as shown in FIG. 7, photoresist sections 48,

50, and 52 may be removed.

[0023] Referring now to FIG. 8, silicon may be epitaxially grown to form epitaxial regions
62 and 66. This step results in selective widening of active regions. Thus, for example, the
original active regions 64 and 68 are widened as a result of the grown epitaxial regions. At
the same time, however, unpatterned areas are protected by sacrificial oxide layers 38 and
44, for example. Because silicon is grown epitaxially, it has the same crystal orientation as
the original active silicon. Thus, using this process, selective active regions can be widened
to provide more drive current, as needed. Moreover, the same shallow trench isolation
regions are used to provide isolation for both widened and not-widened active regions. In
other words, along with complying with dimensional constraints imposed by a technology,
such as 90 nm CMOS, widened active regions can be formed. Although FIG. 8 describes

the step as epitaxial growth of silicon, silicon may be provided in the recesses using other
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methods, as long as the provided silicon has the same crystal structure and orientation as

the original silicon in the active regions.

[0024] Next, as shown in FIG. 9, the top surface device 10 may be polished to remove
grown epitaxial regions, except the epitaxial growth formed in extended active regions 82
and 84, for example. By way of example, this step may be performed using chemical-
mechanical polishing techniques. As a result of this step, active regions 70 and 72 may
have a width 76 as opposed to original width 74. Specifically, extensions 78 and 80 may
add to original width 74, as shown in FIG. 9. Extended active regions 82 and 84 may
provide additional surface area resulting in a higher transistor drive current. The extension
of active regions, however, may narrow shallow trench isolation region 34, as indicated by
reference numeral 81. Next, as shown in FIG. 10, gate dielectric layers 86 and 88 may be
formed over active regions 70 and 72. Moreover, a gate electrode layer 90 may be formed,

as shown in FIG. 10. Additional spacers (not shown) may be formed to form transistors.

[0025] Referring now to FIG. 11, which shows a top view of the device 10 of FIG. 10,
transistors 96 and 98 may be formed having channel widths corresponding to active regions
92 and 94, respectively, with extended width 76, as compared with original width 74. In one
embodiment, semiconductor device 10 may include a semiconductor structure (substrate 12,
for example) having a top surface. Isolation regions 32, 34, and 36 may extend from the top
surface of substrate 12 to a certain depth. Active region 92 may have a central portion
(representative of area covered by active region 74, for example) and an adjacent portion
(representative of area covered by active region 84, for example). The central portion of the
active region may extend at least to the same depth as the depth of isolation regions 32, 34,
and 36, for example. The adjacent portion may have a top portion that has a top surface
that is in the same plane as the top surface of the central portion and it may have a bottom
portion at no more than a certain depth that is less than the depth to which the central
portion extends. As evident from the combination of the various views, at least a portion of
isolation region 32 (shown in Figure 2, but not shown in Figure 11) may be directly under the

bottom portion of the adjacent portion.

[0026] Moreover, the terms “front,” “back,” “top,” “bottom,” “over,” “under” and the like in
the description and in the claims, if any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It is understood that the terms so
used are interchangeable under appropriate circumstances such that the embodiments of
the invention described herein are, for example, capable of operation in other orientations

than those illustrated or otherwise described herein.

-5-
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[0027] Although the invention is described herein with reference to specific
embodiments, various modifications and changes can be made without departing from the
scope of the present invention as set forth in the claims below. Accordingly, the specification
and figures are to be regarded in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of the present invention. Any
benefits, advantages, or solutions to problems that are described herein with regard to
specific embodiments are not intended to be construed as a critical, required, or essential

feature or element of any or all the claims.

[0028] Furthermore, the terms “a” or “an,” as used herein, are defined as one or more
than one. Also, the use of introductory phrases such as “at least one” and “one or more” in
the claims should not be construed to imply that the introduction of another claim element by
the indefinite articles "a" or "an" limits any particular claim containing such introduced claim
element to inventions containing only one such element, even when the same claim includes

the introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or

"an." The same holds true for the use of definite articles.

[0029] Unless stated otherwise, terms such as “first” and “second” are used to arbitrarily
distinguish between the elements such terms describe. Thus, these terms are not

necessarily intended to indicate temporal or other prioritization of such elements.
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CLAIMS

What is claimed is:

1. A method of forming a semiconductor device in and over a semiconductor layer,
comprising:
forming a trench adjacent to a first active area;
filling the trench with insulating material;
forming a masking feature over a center portion of the trench to expose a first side of
the trench between a first side of the masking feature and the first active area;
etching into the first side of the trench to leave a first recess in the trench; and
growing a first epitaxial region in the first recess to extend the first active area to

include the first recess and thereby form an extended first active region.

2. The method of claim 1, wherein the first active area has a first width extending in a
first direction, further comprising:
forming a first transistor over and in the extended first active region having a gate
over a channel running in the first direction wherein the first transistor has a

channel width greater than the first width.

3. The method of claim 1, further comprising chemical mechanical polishing the

extended first active area.

4. The method of claim 3, wherein the first active area has a first width extending in a
first direction, further comprising:
forming, after the step of chemical mechanical polishing, a first transistor over and in
the extended first active region having a gate over a channel running in the first
direction wherein the first transistor has a channel width greater than the first
width.

5. The method of claim 1 further comprising trimming the masking feature prior to the

step of etching.

6. The method of claim 5, wherein the step of trimming is further characterized as

comprising ashing.
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7. The method of claim 1, wherein:

the step of forming a trench is further characterized by the trench being between the
first active area and a second active area;

the step of forming the masking feature is further characterized as exposing a second
side of the trench between a second side of the masking feature and the second
active area;

the step of etching is further characterized as etching into the second side of the
trench to leave a second recess in the trench; and

the step of growing is further characterized by growing a second epitaxial region in
the second recess to extend the second active area to include the second recess

and thereby form an extended second active region.

8. The method of claim 7, further comprising chemical mechanical polishing the

extended first active area and the extended second active area.

9. The method of claim 8, further comprising:
forming a gate, after the step of chemical mechanical polishing, extending over the
first extended active area and the second active area including over the first

epitaxial region and the second epitaxial region.

10. The method of claim 9, wherein the step of forming the masking feature is further
characterized by the masking feature comprising photoresist, the method further comprising

trimming the photoresist before the step of etching.

11. A method of forming a semiconductor device, comprising:

providing a semiconductor substrate;

forming a trench around an active region that defines a boundary of the active region;

filling the trench with insulating material to form an isolation region;

forming a masking feature over the isolation region, wherein the masking feature has
an edge spaced from the active region to provide an exposed region of the
isolation region between the edge of the masking feature and the active region;

etching into the exposed region to form a recess; and

filling the recess with semiconductor material to form an extended active region as a
combination of the recess filled with semiconductor material and the active

region.
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12. The method of claim 11, further comprising:

trimming the mask feature prior to the step of etching.

13. The method of claim 11, further comprising forming a gate over the extended active

region.

14. The method of claim 11, wherein the step of forming the gate is further characterized

by the gate passing over the recess filled with semiconductor material.

15. The method of claim 11, further comprising chemical mechanical polishing the

extended active region.

16. The method of claim 11, wherein the step of forming the masking feature is further

characterized by the exposed region extending completely around the active area.

17. The method of claim 11, further comprising:
forming a transistor in and over the active region, the transistor having a gate that

crosses the recess filled with semiconductor material in two different locations.

18. The method of claim 11, wherein the step of filling the recess is further characterized

as epitaxially growing the semiconductor material.

19. A semiconductor device, comprising:
a semiconductor structure having a top surface;
an isolation region of insulating material extending from the top surface to a first
depth;
an active region of semiconductor material having a central portion and an adjacent
portion, wherein
the central portion extends from the top surface to at least the first depth;
the adjacent portion has top portion at the top surface and a bottom portion at
no more than a second depth;
the second depth is less than the first depth;
the adjacent portion is between the central portion and isolation region from
the top portion to the bottom portion; and

the isolation region is directly under the bottom portion of the adjacent portion.
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20. The semiconductor device of claim 19, further comprising a gate over the central

portion and the adjacent portion of the active area.

-10-
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