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57 ABSTRACT

Novel etch techniques are provided for shaping silicon fea-
tures below the photolithographic resolution limits. FinFET
devices are defined by recessing oxide and exposing a silicon
protrusion to an isotropic etch, at least in the channel region.
In one implementation, the protrusion is contoured by a dry
isotropic etch having excellent selectivity, using a down-
stream microwave plasma etch.
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SUBRESOLUTION SILICON FEATURES AND
METHODS FOR FORMING THE SAME

RELATED APPLICATION INFORMATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/486,800, filed on Jul. 14, 2006, which is
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to methods of isotro-
pically etching silicon and devices formed thereby, particu-
larly in the context of dense integration schemes employing
FinFET devices.

[0004] 2. Description of the Related Art

[0005] Semiconductor devices, such as RAM memory, are
commonly used devices in computer applications. Typically,
there is a strong desire to increase the density of these types of
devices so as to improve device performance and reduce cost.
For DRAM memory, there are two basic components, a
charge storage cell and a gate for accessing the charge storage
cell. As the need for increased density arises, there is a need
for developing types of gates which are smaller in size to
facilitate higher density of devices.

[0006] One type of gate device that is currently being used
in a variety of applications, including memory applications, is
a FinFET device. In general, a FinFET device is formed on a
semiconductor substrate, such as a silicon substrate, on a
silicon-on-insulator (SOI) substrate or other types of mate-
rial. Typically, a fin is formed which is a vertically extending
protrusion typically made of a semiconductor material, such
as silicon. The fin has two vertical sidewalls over which a gate
dielectric and a conductor can be positioned such that, when
the conductor is charged, the resulting electric field creates
channel regions in the fin that are controllable by the electric
field on both sides of the fin. As a result of being able to
control the channel regions from at least two sides of the fin,
a conductive channel can be formed in the fin, which is
smaller, thereby facilitating reduced device dimension with
reduced leakage.

[0007] While FinFET devices provide advantages over tra-
ditional planar MOSFET devices, there is still a need to
optimize the performance of FinFETs. In particular, reducing
the threshold voltage to form the channel region and improv-
ing the scalability of the devices are important design consid-
erations. Moreover, improving the refresh rate and improving
the reliability of existing FinFET devices are also viewed as
important objectives for obtaining even smaller FinFET
devices to thereby allow for even greater device densities on
semiconductor circuits such as DRAM devices and the like.

[0008] One way in which FinFET devices can be more
effectively scaled is to improve the precision of processing
steps used to create the devices. The inventors have recog-
nized, for example, that greater control in silicon etching
processes opens the door to greater flexibility in reliable
device design and integration schemes for FinFET devices.
Similarly, it will be appreciated that improved control in
silicon etching would be beneficial for a variety of integrated
circuit (IC) structures and processes, particularly where such
etching defines lateral dimensions of IC features.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The figures and detailed description below are
meant to illustrate and not to limit the invention. The figures
employ like reference numbers for similar parts, even if not
identical, and are schematic only and not drawn to scale.
[0010] FIG. 1A is a simplified schematic plan view of a
plurality of active area mesas surrounded by field isolation
material on a semiconductor substrate;

[0011] FIG. 1B is a schematic cross-sectional view of the
active areas of FIG. 1A taken along the lines of 1B-1B in FIG.
1A;

[0012] FIG. 2 is a cross-sectional view of the active area
mesas of FIG. 1B wherein the isolation material surrounding
the mesas has been recessed;

[0013] FIG. 3 is a cross-sectional view of the active area
mesas of FIG. 2 following a dry isotropic etch to contour fins;
[0014] FIG. 4 is a cross-sectional view of the active area
mesas of FIG. 3 wherein a gate dielectric and a gate conductor
have been formed over the fins;

[0015] FIG. 5 is a simplified top view of part of an exem-
plary array of FinFET devices formed according to the pro-
cess illustrated in FIGS. 1-4;

[0016] FIG. 6A is a schematic plan view of a plurality of
active area mesas formed on a substrate wherein a mask is
patterned to expose channel or gate regions of the mesas only
for damascene-type processing;

[0017] FIG. 6B is a cross-sectional view of the active areas
of FIG. 6A taken along the lines 6B-6B;

[0018] FIG. 7 is a cross-sectional view of the active area
mesas of FIG. 6B wherein the isolation material has been
recessed within the exposed gate line regions only;

[0019] FIG. 8 is a cross-sectional view of the active area
mesas of FIG. 7 following a selective etch to contour fins
within channel or gate regions only;

[0020] FIG. 9is a cross-sectional view of the fins of FIG. 8,
wherein a gate dielectric and gate conductor have been
formed over the fins;

[0021] FIG. 10 is a simplified top view of an array of Fin-
FET devices formed using the damascene-type process illus-
trated in FIGS. 6-9, showing the fins confined to channel or
gate regions; and

[0022] FIG.11isacross-sectional view of two DRAM cells
formed from a single active area mesa incorporating the Fin-
FET devices formed by the process of FIGS. 6-9.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] The embodiments described herein provide
improved control for silicon etching, and more particularly
isotropic, selective etching of silicon relative to surrounding
insulating materials such as silicon oxide based materials.
Improved control over silicon etching facilities formation of
novel semiconductor devices exemplified, in the illustrated
embodiments, by FinFET devices in a dense integration
scheme, particularly in the context of DRAM arrays. The
isotropic nature of the dry etches described herein facilitates
lateral etching to define lateral dimensions below the litho-
graphic limit.

[0024] In the processes described below, semiconductor
mesas are defined and surrounded by isolation material. The
isolation material is then recessed such that upper portions of
the active area mesas protrude above the upper surface of the
isolation material. The semiconductor protrusions are then
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isotropically dry etched to define a contoured fin portion of
the semiconductor protrusion so that the contoured portion
has a reduced width. Subsequently, a gate dielectric and con-
ductor are conformally formed over the contoured portion of
the semiconductor protrusion. In one embodiment, the fin
formed by such contouring extends across a majority of the
active area mesa; in another embodiment, the fin is confined
to a gate or channel region of the transistors being formed.
[0025] By isotropically dry etching the upper portion of the
mesa that is to receive the conductor, the resulting contour or
fin has a greater surface area over its undulations and thus
effectively increased transistor channel length. Additionally,
the upper end of the fin is tapered or rounded. This creates a
FinFET device with better performance characteristics, for
example FinFETs with reduced threshold voltage require-
ments and better refresh and reliability characteristics. In one
particular implementation, the dry isotropic etch is a remote
plasma etch, which allows for more uniform etching of the
exposed portion of the protrusion. Moreover, as disclosed in
more detail below, high selectivity relative to surrounding
materials can be obtained by selected conditions.

[0026] Hence, this process allows for the formation of
semiconductor devices with improved design characteristics.
The aforementioned advantages will become more fully
apparent from the following description taken in conjunction
with the accompanying drawings.

[0027] Reference will now be made to the drawings
wherein like numerals refer to like parts throughout. FIG. 1A
illustrates a semiconductor substrate 100 where a plurality of
active area mesas 106 have been formed among field isolation
regions 102 using well-known masking processes. Although
FIGS. 1A, 5, 6 A and 10 are top down plan views, hatching is
employed to clarify the different materials. The active area
mesas 106 are spaced apart from each other by the field
isolation regions 102. As will be described in the following
process flow, the upper portions of the active area mesas 106
are first made to protrude and then selectively thinned by dry
isotropic etching to enhance the performance characteristics
of the resulting devices.

[0028] As is illustrated in FIG. 1B, the field isolation
regions 102 are preferably formed in a well-known manner.
Typically the field isolation 102 is a form of silicon oxide,
such as SiO,, TEOS, BPSG, F- or C-doped silicon oxide and
a variety of similar materials formed by chemical vapor depo-
sition or spin on deposition. In one particular shallow trench
isolation (STI) implementation, trenches are formed in the
semiconductor substrate 100 by masking the active area
mesas 106 using photolithography, and etching through the
mask. Silicon oxide is deposited (preferably by spin-on depo-
sition) so as to cover the substrate 100, fill the trenches and
cover upper surfaces 114 of the mesas 106. Subsequently,
chemical mechanical planarization (CMP) or other etching
processes can be used to planarize and expose the upper
surfaces 114 of the mesas 106 such that an upper surface 112
of the field isolation 102 is coplanar with the mesas 106. In
other arrangements, field isolation material could be grown
by oxidation (LOCOS) or formed by hybrid LOCOS and STI
processes. In either case, lithography defines the dimensions
of the active area mesas 106, and in the illustrated embodi-
ment the lithography employed to define the active area
mesas 106 has a photolithographic resolution limit between
about 50 nm and 150 nm, more preferably about 60 nm and 80
nm. It will be understood that the resolution of such systems
can scale with lithography improvements.
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[0029] While not illustrated in the preferred embodiment,
the mask (whether resist or hard mask) used for patterning the
active areas and etching the field isolation trenches can
optionally remain in place to protect the upper surface 114 of
the active area mesas 106 during the subsequent oxide recess
step, described below with respect to FIG. 2.

[0030] As is shown in FIG. 2, the material of the field
isolation regions 102 is then recessed relative to the mesas
106 so as to expose lateral sides or sidewalls 120 of the active
area mesas 106. In one particular implementation, the field
isolation material is recessed using a wet or dry etching pro-
cess that selectively removes silicon oxide without substan-
tially etching silicon. In one implementation, the isolation
material is recessed by between about 500 A and 13004, e.g.,
approximately 900 A, thus leaving a silicon protrusion with a
height of about 900 A over the now-recessed upper surface
112 of the field isolation regions 102.

[0031] As is illustrated in FIG. 3, the protruding portion of
the active area mesas 106 are subsequently contoured using
an isotropic etching process to produce fins 124 of the active
areamesas 106 that are tapered with respect to a lower region
126 (which remains protected by field isolation regions 102).
The upper surface 128 of each fin 124 is rounded by the
isotropic etch. Preferably, the smallest lateral dimension or
width of the fin 124 is less than 300 A, more preferably
between about 200 A and 250 A.

[0032] Due to the small dimensions at issue, and the preci-
sion called for by the highly scaled scheme for the DRAM
array of the preferred embodiments, Applicants have found
that dry isotropic etching affords a high degree of control and
precision for the shaping the fin, particularly because the
features being defined have dimensions below the photolitho-
graphic resolution limit. Accordingly, the isotropic etch is
preferably a dry etch, more preferably employing products of
aremote plasma, such as in a downstream microwave plasma
reactor. It has also been found that a high degree of selectivity
for silicon can be achieved using such a reactor with appro-
priate chemistries. In two of the three process recipes below,
the chemistry includes a source of oxygen and a source of
fluorine. An exemplary oxygen source is oxygen gas (O,),
and a fluorocarbon gas source (e.g., CF,) or NF; can be used
as the source of fluorine. Alternatively, oxygen can be omit-
ted.

[0033] An exemplary “low selectivity” process is per-
formed flowing oxygen gas (O,) and CF, gas through a
remote plasma unit. A relatively high ratio (greater than 15:1)
of O, to CF, is used in this low selectivity process, and in an
exemplary embodiment, a ratio of about 24:1 results in a
selectivity of silicon:oxide etching ratio of about 5:1. Good
uniformity and a smooth crystal silicon surface is left by this
low selectivity process. This dry isotropic etch process has
been found to afford great precision in both the etch rate and
the ability to control the stopping point. Such control is
important when the isotropic etching accomplishes lateral
dimension changes to a feature. Such lateral dimensions
should be precisely controlled in order to ensure the unifor-
mity from device-to-device across an array, from array-to-
array across a chip, from chip-to-chip across a wafer, and
from wafer-to-wafer among a batch. Because the fin 124 is a
functional feature of a field effect transistor, variances in
thickness that result from variances in the isotropic etching
process could result in inconsistent device performance and
lower yields. Table 1 below provides preferred parameter
ranges for an exemplary low selectivity process recipe.
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TABLE 1
Low Selectivity Process
Microwave CF, Gas Total Gas  Approx.
Pressure Power O, Flow Flow Ratio Flow Selectivity

Temp. (°C.)  (mTorr) (Watts) (sccm) (sccm)  (O,:CE,) (sccm) (Si:Si05)
Preferred 60-90 300-1500 500-6000  800-1100  30-50 20-30 830-1150 3-55
More 80-90 800-1100  1500-2500  900-1000  35-45 22-25 935-1035 3-5.5
Preferred

[0034] Alternatively, lower temperatures, lower ratios of
oxygen source gas to fluorine source gas, and optionally
lower pressures can provide a “high selectivity” relative to
surrounding insulating materials such as silicon oxide. For
example, Table 2 below provides an exemplary high selectiv-
ity process recipe using oxygen: fluorine source gas volumet-
ric flow ratios of less than about 5:1 and other parameter
preferences that can result in selectivities between 10:1 and
25:1.

TABLE 2

adjustments can be made to the aforementioned recipes, for
example, pressure and power conditions can be readily
adjusted to adjust the selectivity of the process with concomi-
tant changes in overall etch rates.

[0037] Subsequently, as shown in FIG. 4, a gate dielectric
131 and gate conductor 132 can be formed over the active area
mesas 106, including the tapered fin portions 124. The gate
conductor 132 is preferably formed of polysilicon metal,
metal silicide or any other suitable gate material to set the

High Selectivity Process

Total
Microwave CF, Gas Gas Approx.
Pressure Power O, Flow  Flow Ratio Flow Selectivity

Temp. (°C.)  (mTorr) (Watts) (scem)  (scem)  (O,:CFy) (scem) (S1:810,)
Preferred 20-90 300-1500 250-6000  150-750 150-450 1-5 300-1200 10-25
More 20-60 500-800 250-800 200-700 200-400 1-3 400-1100 18-25
Preferred
[0035] As illustrated by the process of Table 3 below, oxy- transistor work function. While illustrated as a single layer,

gen can optionally be omitted from the process while still
obtaining high selectivity. For example, the process recipe
below provides inert gas in the form of helium and forming
gas (N,/H,) along with a source of fluorine. As illustrated by
the exemplary process recipes and preferred ranges below,
etch selectivities (silicon:oxide) of 15:1 to 25:1 can be
obtained.

TABLE 3

typically a gate stack includes the work function setting elec-
trode material, an optional metallic strapping layer for better
lateral conductivity, and a dielectric capping layer. When
voltage is applied to the conductor 132, regions of the active
areas 106 that are positioned underneath the gate conductor
132 form conductive channels. Due to excellent control over
the preferred dry, isotropic etch, the fins 124 increase the

High Selectivity Process Without Oxygen

Total
Microwave N./H, CF, Gas Approx.

Temp.  Pressure Power He Flow Flow Flow Flow Selectivity

(°C.) (mTorr) (Watts) (scem)  (scem)  (scem) (scem) (Si:Si0,)
Preferred 60-90  300-1500 500-6000 500-2500  0-420  20-120 500-3500 15-25
More 80-90  800-1100  1500-2500 1300-1800 20-370 40-80 1350-1900 18-25
Preferred
[0036] Furthermore, the skilled artisan will readily appre- surface area of the channels, having both rounded upper sur-

ciate that the fluorine source in the isotropic dry etch can be
other than CF,. For example, NF; can replace CF, in the
above-noted dry isotropic etch recipes, where for a given
recipe the NF; flow rates are set to approximately one-half the
flow rates given for CF,. This is because NF; more readily
dissociates into free fluorine in the remote plasma chamber.
Similarly, the skilled artisan will readily appreciate that other

faces 128 as well as substantially vertical sidewalls, demon-
strating excellent fidelity to the original sidewalls 120 (FIG.
2) of the silicon protrusion defined by recessing oxide.

[0038] FIG. 5 is a plan view illustrating several transistor
devices 140 formed using the process described in connection
with FIGS. 1-4. As illustrated, the active area mesas 106 are
tapered in the above-described manner across central regions
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of each mesa 106 to form the fins 124 extending above
recessed lower portions 126. The gate conductor 132 is
formed by blanket deposition, lithographic patterning and
etching of a stack of gate materials (e.g., polysilicon or sili-
cide, metallic strap for improved lateral conductivity and a
dielectric cap). The photolithographic limit of the system
used to define the gate lines 132 is preferably between about
50 nm and 150 nm, although future systems may have even
finer resolution. The resultant gate lines 132 cross the mesas
106 to define underlying channel regions within the mesas
106, including the portion of the fins 124 underneath the gate
132. Source regions 136 and drain regions 134 are defined on
opposite sides of the conductor 132 and the source/drain
regions 134,136 can be connected to other components, such
as for example, bit lines, storage nodes, e.g., capacitors, and
the like, as explained in more detail below with respect to the
embodiment of FIG. 11. While FIG. 5 illustrates only two
active area mesas 106, defining four FinFET devices 140, a
person of ordinary skill in the art will appreciate that FIG. 5 is
simply exemplary and that an array of thousands of transistors
140 on active area mesas 106 can be formed simultaneously
using the process described above.

[0039] In the process described above in connection with
FIGS. 1-5, the active area mesas 106 are globally tapered to
thereby improve the performance characteristics of the result-
ing FinFET devices. By tapering or contouring the semicon-
ductor mesas 106 to form the fins 124, the channel length of
the transistor is lengthened without occupying more real
estate, and the corners of the fin 124 are also rounded, such
that it reduces the threshold voltage requirements to form the
inversion or channel regions, improves access device scaling
and results in better refresh and reliability characteristics of
the device. In this particular embodiment, the method results
in the mesa 106 being tapered along its entire length. Unfor-
tunately, the step, between the fin 124 and the lower portion
126 of the active area mesas 106 can create problems for
subsequent pattern and etch steps. In particular, with refer-
ence to FIG. 5, the gate material is blanket deposited and
etched away from the source regions 136 and drain regions
134 of the active areas 106. Removal of the gate materials
from over a vertical side wall, however, is challenging and can
lead to overetching and damage to the active areas in the
source regions 136 and drain regions 134. Those same regions
need to be etched again when contacts are subsequently
opened up to those source/drain regions 134, 136.

[0040] FIGS. 6-11 illustrate a process whereby the active
area mesa 106 is only tapered in the gate or channel region
that is to receive the gate conductor 132. Referring initially to
FIG. 6 A, a masking layer 146, such as transparent carbon or
photoresist, is globally deposited over the substrate 100. The
masking layer 146 is deposited onto the substrate 100 after
etching trenches, filling with field isolation material 102 and
planarizing down to the top surface 114 of the mesas 106, as
shown in FIG. 6B. Referring back to FIG. 6A, the masking
layer 146 is then patterned and etched to define openings 148
in the masking layer 146. The openings 148 follow the pattern
of the gate conductors 132 (see, e.g., FIG. 10 below), and the
mask 146 thus follows an inverse pattern. Thus, the same
reticle can be used for both these masks, but with opposite
photoresist types (negative versus positive).

[0041] A spare line opening 149 is formed between col-
umns of active areas 106. This spare opening 149 forms due
to the use of the same mask that will be used for patterning the
gate lines or word lines. It has been found that evenly spaced
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lines are easier to photolithographically define, particularly
close to the photolithographic limit. Accordingly, nonfunc-
tional lines will be formed at the same location that the mask
opening 149 is formed. Whereas the dummy line opening 149
exposes only underlying field isolation material 102, the gate
line openings 148 expose both underlying oxide material 102
and exposed regions of active area mesas 106. Because the
gate line openings 148 are formed in the same pattern as the
future gate electrodes, only the gate or channel regions of the
active area mesas 106 are exposed by this mask 146.

[0042] Asis illustrated in FIG. 7, the field isolation regions
102 are then thinned or recessed using a selective oxide etch
so as to expose the sidewalls 120 of the active area mesas 106
and form silicon protrusions. Preferably, the protrusion
extends about 500 A to 1300 A, e.g., about 900 A, above the
surface 112 of the recessed field isolation regions 102. As
noted, the recesses (and hence the protrusions) are formed
only in the regions 148, 149 exposed through the mask layer
146 (FIG. 6A).

[0043] Subsequently, as shown in FIG. 8, the protruding
portions of the active area mesas 106 are isotropically etched
through the mask 146 (see FIG. 6A) using, for example, one
of'the dry, isotropic selective etch processes described above
withrespectto Tables 1-3. The mesas 106 are each left with an
upper region or fin 124 that tapers to a rounded end 128 and a
lower region 126 surrounded by field isolation material 102.
As noted above, the width or smallest lateral dimension of the
fin 124 is preferably less than 300 A, more preferably
between about 200 A and 250 A. Due to the isotropic nature
ofthe dry etch, the mask layer 146 (FIG. 6 A) may be slightly
undercut and the recessed silicon 126 on either side of the fin
may be slightly wider than the gate lines 148, widening with
distance from the fins 124.

[0044] Subsequently, as shown in FIG. 9, the gate dielectric
131 and gate conductor 132 can be formed over the entire
substrate and then, using an inverse image of the mask pattern
from FIG. 6 A, patterning and etching the gate conductor 132.
For example, if a positive resist was used at the stage of FIG.
6A, a negative resist using the same reticle can be employed
in FIG. 10, or vice versa. Thus, the gate electrode 132 is left
in the recessed portions of the field isolation 102 and into
recessed portions of the silicon mesas 106, in the same pattern
as the openings 148 and 149 (FIG. 6A).

[0045] As only portions of the active area mesa 106
exposed through the line openings 148 are exposed to the
isotropic etch process as a result of the mask layer 146 (FIG.
6A), only these portions are thereby thinned. Thus, the fin 124
is confined to the channel region under the gate conductor
132, perhaps slightly wider near the edges of the mesas 106
due to the undercut effect of the isotropic etch. The process
illustrated in FIGS. 6-11 can be considered a damascene-like
process because the gate 132 is deposited into a recessed line
or trench in the field isolation 102.

[0046] FIG. 10 illustrates the localized tapering of the
active area mesas 106 in the channel regions that receive the
conductor 132. Because the surfaces of the field isolation 102
and the majority of the mesas 106 (apart from the regions
crossed by the gate conductors 132) are coplanar, removal of
the gate electrode stack from over the source regions 136 and
drain regions 134 is not difficult, as no step exists in those
regions. As is also graphically illustrated in FIG. 10, two
transistors 140 are formed for each active area mesa 106. A
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common source region 136 lies between the two gate conduc-
tors 132, but each of the transistors 140 has its own drain
region 134.

[0047] Referring now to FIG. 11, a cross-section is shown
along the length of an active area mesa 106 after further
processing to complete DRAM cells. As will be appreciated
by the skilled artisan, the channel for each of the transistors
extends from the common source area 136 along the surface
of the active area mesa 106 toward the drain region 134 of
each transistor. This channel region thus includes the undu-
lations (see FIG. 9) caused by formation of the fin 124. The
channel length is thereby lengthened relative to a planar
device. The channel region of each transistor includes a fin
124, which is recessed relative to the source/drain regions
134,136, and further recessed lower regions 126, indicated by
dotted lines in FIG. 11 as they are not visible in the cross-
section.

[0048] FIG. 11 represents two DRAM cells formed from a
single active area mesa 106. Each cell includes a transistor
140 (including the common source 136, individual drain
regions 134, individual gate electrodes 132 and the channels
formed thereunder) as well as a storage device, in the illus-
trated embodiment represented by a three-dimensional fold-
ing capacitor 180. A capacitor contact 182 extends between
the drain 134 and the capacitor 180 of each memory cell. The
common source 136 is connected to a bit line 190 by way of
a bit line contact 192.

[0049] The foregoing processes describe several imple-
mentations wherein a semiconductor protrusion that forms a
channel region is tapered or otherwise precisely contoured by
dry isotropic etching, to thereby result in improved perfor-
mance characteristics of the FInFET device. The dry isotropic
etching effectively reduces the active area mesa 106 width at
its upper portion, from a photolithographically defined
dimension to a fin 124 width preferably below the litho-
graphic limit, by the lateral etching action, at least within
channel regions 148 of the active areas 106. Dry isotropic
etching lends precision and control to this feature definition.
Additionally, rounded end surfaces 128 of the fins avoid sharp
corners and attendant high field strengths.

[0050] Thus, a method is provided for forming a FinFET
device. The method includes forming a mesa of semiconduc-
tor material on a semiconductor substrate, where the mesa
surrounded on lateral sides by an isolation material. The
isolation material is recessed to expose lateral sides of the
mesa of semiconductor material. The exposed lateral sides of
the mesa are dry etched reduce the width of the mesa and
define a contoured portion of the mesa of semiconductor
material. A gate conductor is formed to conformally cover the
contoured portion of the mesa of semiconductor material.
[0051] A method is also provided for defining a lateral
dimension for a semiconductor structure. The method
includes forming a semiconductor protrusion extending from
a silicon oxide surface. The semiconductor protrusion is iso-
tropically dry etched to define a contoured portion of the
semiconductor protrusion.

[0052] An integrated circuit is also provided. The inte-
grated circuit includes an active area mesa surrounded by
field isolation material, the mesa including a source region, a
drain region and a channel region between the source and
drain regions. A semiconductor fin protrudes from the chan-
nel region of the mesa, while the source and drain regions are
substantially planar. A gate electrode conforms to the surfaces
of the fin in the channel region.
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[0053] Although the above disclosed embodiments of the
present teaching have shown, described and pointed out the
fundamental novel features of the invention as applied to the
above-disclosed embodiments, it should be understood that
various omissions, substitutions, and changes in the form of
the detail of the device, systems and/or methods illustrated
herein may be made by those skilled in the art without depart-
ing from the scope of the present teachings. Consequently, the
scope of the present invention should not be limited to the
foregoing description but should be defined by the appended
claims.

We claim:

1. An integrated circuit, comprising:

an active area mesa surrounded by field isolation material,
the mesa including a source region, a drain region and a
channel region between the source and drain regions;

a semiconductor fin protruding from the channel region of
the mesa, the source and drain regions being substan-
tially planar; and

a gate electrode conforming to the surfaces of the fin in the
channel region.

2. The integrated circuit of claim 1, wherein the fin is

recessed relative to the planar source and drain regions.

3. The integrated circuit of claim 2, wherein portions of the
channel region adjacent the fin are recessed relative to both
the planar source and drain regions and the fin.

4. The integrated circuit of claim 1, wherein gate electrode
forms part of a word line at least partially recessed within the
field isolation material.

5. The integrated circuit of claim 1, further comprising a
second channel region spaced from the channel region by the
source region, and a second gate electrode, the second chan-
nel region comprising a second fin protruding therefrom and
the second gate electrode conforming to surfaces of the sec-
ond fin.

6. The integrated circuit of claim 5,

further comprising a second drain region spaced from the
source region by the second channel region;

wherein the source, the channel, the drain and the gate
electrode define a first transistor of the semiconductor
mesa; and

wherein the source, the second channel, the second drain
and the second gate electrode define a second transistor
of the semiconductor mesa.

7. The integrated circuit of claim 6, further comprising a
first storage capacitor electrically connected to the drain
region, a second storage capacitor electrically connected to
the second drain region, and a bit line electrically connected
to the source region to define two memory cells over the active
area mesa.

8. The integrated circuit of claim 1, wherein the fin has a
width of less than about 300 A.

9. The integrated circuit of claim 1, wherein the fin has a
width of between about 200 A and 250 A.

10. A Fin FET device comprising:

a mesa of semiconductor material on a semiconductor sub-
strate, wherein the mesa comprises a contoured portion,
wherein the mesa is surrounded on lateral sides by an
isolation material, and wherein the isolation material is
recessed relative to the contoured portion;

a gate dielectric conformally covering the contoured por-
tion of the mesa; and

a gate conductor conformally covering the gate dielectric
covering the contoured portion of the mesa.
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11. The device of claim 10, wherein the mesa of semicon-
ductor material further includes a source region, a drain
region and a channel region between the source and drain
regions, and the contoured portion protrudes from the channel
region of the mesa.

12. The device of claim 11, wherein the source and drain
regions are substantially planar, and the contoured portion is
recessed relative to the planar source and drain regions.

13. The device of claim 12, wherein portions of the channel
region adjacent the contoured portion are recessed relative to
the source region, the drain region and the contoured portion.

14. The device of claim 10, wherein the gate conductor
forms part of a word line at least partially recessed within the
isolation material.

15. The device of claim 11, further comprising:

a second channel region spaced from the channel region by

the source region, the second channel region comprising
a second contoured portion protruding therefrom;

a second drain region spaced from the source region by the

second channel region;

a second gate dielectric conformally covering the second

contoured portion; and

a second gate conductor conformally covering the second

gate dielectric;

wherein the source, the channel, the drain and the gate

conductor define a first transistor of the semiconductor
mesa; and
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wherein the source, the second channel, the second drain
and the second gate conductor define a second transistor
of the semiconductor mesa.

16. The device of claim 15, further comprising a first stor-
age capacitor electrically connected to the drain region, a
second storage capacitor electrically connected to the second
drain region, and a bit line electrically connected to the source
region to define two memory cells.

17. A semiconductor structure comprising:

a semiconductor mesa surrounded by field isolation
regions, wherein the semiconductor mesa comprises a
rounded portion; and

a gate dielectric conformally covering the rounded portion
of the semiconductor mesa.

18. The semiconductor structure of claim 17, further com-
prising a transistor gate conductor conformally covering the
gate dielectric covering the rounded portion of the semicon-
ductor mesa.

19. The semiconductor structure of claim 18, wherein the
semiconductor mesa further includes a source region, a drain
region and a channel region between the source and drain
regions, and the rounded portion protrudes from the channel
region of the mesa.

20. The semiconductor structure of claim 17, wherein the
rounded portion has a width of less than about 300 A.
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