
SYSTEMS AND DEVICES INCLUDING MULTI-GATE TRANSISTORS
AND METHODS OF USING, MAKING, AND OPERATING THE SAME
Field of Invention [0001] Embodiments of the present
invention relate generally to electronic devices and,
more specifically, in certain embodiments, to fin
field-effect transistors. Description of Related Art
[0002] Fin field-effect transistors (finFETs) are
often built around a fin (e.g., a tall, thin
semiconductive member) extending generally
perpendicularly from a substrate. Typically, a gate
traverses the fin by conformally running up one side
of the fin over the top and down the other side of the
fin. Generally, a source and a drain are located on
opposite sides of the gate in the fin. In operation, a
current through the fin between the source and drain
is controlled by selectively energizing the gate.
[0003] Conventional finFETs are difficult to
manufacture as integrated circuits. Typically,
manufacturers strive to make the finFETs as small as
possible either to increase the number of chips
constructed per manufacturing run or to increase the
functionality of each chip by increasing the number of
finFETs in it. Some conventional finFETs, however,
exhibit lower yields when scaled below certain sizes
because it is difficult to align photolithography
equipment to the small structures. This challenge is
aggravated by the 



number of photolithography steps involved in the
manufacture of some conventional devices. For
instance, some finFETs are formed with three or more
photolithography steps, and each step introduces
another opportunity to misalign the photo-mask.BRIEF
DESCRIPTION OF DRAWINGS [0004] FIGS. 1-23 illustrate
an example of a manufacturing process in accordance
with an embodiment of the present technique. DETAILED
DESCRIPTION [0005] Various embodiments of the present
invention are described below. In an effort to provide
a concise description of these embodiments, not all
features of an actual implementation are described in
the specification. It should be appreciated that in
the development of any such actual implementation, as
in any engineering or design project, numerous
implementation- specific decisions must be made to
achieve the developers' specific goals, such as
compliance with system-related and business-related
constraints, which may vary from one implementation to
another. Moreover, it should be appreciated that such
a development effort might be complex and time
consuming but would nevertheless be a routine
undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this
disclosure. [0006] Some of the problems discussed
above may be mitigated by certain embodiments of a new
manufacturing process. These embodiments, described
below, construct a finFET with two photolithography
steps: one to define generally elliptical areas, 



and another to section the generally elliptical areas
in rows, thereby defining fins. Reducing the number of
photolithography steps from three or more to two
reduces the number of alignment steps, and this is
believed to potentially increase the yield of the
manufacturing process. Further, because the second
photolithography step aligns to ellipses rather than
circles, the alignment margin is increased in the
direction of the major axis of the ellipses, thereby
potentially further increasing the yield.[0007] Not
all of the embodiments described below address the
problems discussed above, and some may address other
issues with conventional finFETs. For example, some
embodiments produce finFETs arranged with their
sources or their drains generally positioned along a
straight line. As a result, in some embodiments, a
generally straight conductor can connect directly to
each of the sources or drains along the line. This is
believed to decrease the impedance of the conductor
relative to a conductor that undulates to reach each
source or drain. In another example, some embodiments
described below isolate the finFETs from one another
by a relatively deep trench. In some conventional
devices, the finFETs are only partially surrounded by
the deepest trench used in their manufacture, so the
finFETs may be isolated from some adjacent finFETs
better than others. As explained below, some
embodiments of the present process form finFETs that
are substantially or entirely surrounded by the
deepest trench used in their manufacture. As a result,
some embodiments are believed to isolate the finFETs
better than certain conventional devices. 



[0008] As illustrated in FIG. 1, the manufacturing
process begins with providing a substrate 110. The
substrate 110 may include semiconductive materials
such as single crystalline or poly-crystalline
silicon, gallium arsenide, indium phosphide, or other
materials with semiconductor properties. Alternately,
or additionally, the substrate 110 may include a non-
semiconductor surface on which an electronic device
may be constructed, such as a plastic or ceramic work
surface, for example. The substrate 110 may be in the
form of an unprocessed whole wafer, a partially
processed whole wafer, a fully processed whole wafer,
a portion of a diced wafer, or a portion of a diced
wafer in a packaged electronic device, for
instance.[0009] The substrate 110 may include an upper
doped layer 112 and a lower doped layer 114. The upper
doped layer 112 and the lower doped layer 114 may be
differently doped. For example, the upper doped layer
112 may be an N+ material and the lower doped layer
114 may be a P- material. The depth of the upper doped
layer 112 may be generally uniform over a substantial
portion of the substrate 110, such as throughout a
substantial portion of an array area of a memory
device, for example. The upper doped layer 112 and
lower doped layer 114 may be formed by implanting or
diffusing dopant materials. Alternatively, or
additionally, one or both of these layers 112 and/or
114 may be doped during growth or deposition of all or
part of the substrate 110, such as during epitaxial
deposition of a semiconductive material or during
growth of a semiconductive ingot from which wafers may
be cut. As explained below with reference to FIG. 20,
after 



subsequent processing, material from the upper doped
layer 112 may form both a source and a drain of a
transistor, and material from the lower doped layer
114 may form a channel of a transistor. [00010] FIG. 2
illustrates the substrate 110 after a mask 116 has
been formed on the upper doped layer 112. The
illustrated mask 116 includes a plurality of generally
rightelliptical cylinders that are generally normal to
the surface of the substrate 110. In other
embodiments, the mask 116 may define other shapes,
such as circles, squares, rectangles, or triangles. In
this embodiment, each of the illustrated cylinders of
the mask 116 is generally similar or identical to the
other cylinders, and each of the cylinders may be
characterized by a major axis 118, a minor axis 120,
and a central axis 122. In some embodiments, the minor
axis may be approximately 1 F, where F is the
resolution of the system (e.g., a photolithography
system) used to pattern the mask 116, and the major
axis 118 is larger than 1 F and may be larger than,
less than, or generally equal to 1.5 F, 2 F, 3 F,or 4
F. Other embodiments may include a mask 116 with
different shapes, such as certain other elongated
shapes, like a rectangle, or non-elongated shapes,
like a circle or square. In the illustrated
embodiment, the cylinders of the mask 116 are arranged
in a hexagonal lattice, with staggered rows, but in
other embodiments they may be arranged differently,
for example in a square lattice, which has generally
aligned rows and columns. The mask 116 may repeat in
the direction of the major axis 118 with a period 121,
and it may repeat in the direction of the minor axis
120 with a period 123. The mask 116 may be patterned 



photo-resist, or the mask 116 may be a hard mask
formed by depositing a blanket film of oxide, nitride,
or other appropriate materials, and selectively
etching the blanket film around a mask of patterned
photo-resist. [00011] FIG. 3 illustrates the substrate
110 of FIG. 2 after formation of outer sidewall
spacers 124. The outer side-wall spacers 124 may be
formed by depositing a conformal nitride film (or
other appropriate material) by method know in the art,
e.g., chemical-vapor deposition, and etching the
nitride film with an anisotropic etch, such as a plama
etch. The spacers 124 may have a thickness 126 that is
generally equal to or less than 0.35 F, 0.25 F, or
0.15 F, or some other distance, depending on the
application. The outer side-wall spacers 124 may be
made from a different material than the mask 116 to
facilitate selective removal of the mask 116 in a
subsequent step. [00012] After forming the mask 116
and the outer side-wall spacers 124, the substrate 110
may be etched, using the structures 124 and 116 as a
hard mask, to form deep trenches 128, as illustrated
by FIG. 4. (The term "deep trenches" distinguishes
these trenches from subsequently formed "shallow
trenches," and does not necessarily reference some
particular depth." The deep trenches 128 may be
generally complementary to theouter profile of the
outer side-wall spacers 124, and the trenches 128 may
extend generally perpendicularly into the substrate
110 relative to the surface of the substrate 110.
[00013] Next, the deep trenches 128 may be filled with
a sacrificial material 130, as illustrated by FIG. 5.
The sacrificial material 130 may be an oxide, spun on
glass (SOG), 



or other appropriate material that has been deposited
and planarized with, for example, chemical mechanical
planarization (CMP), or an isotropic etch to remove an
overburden. [00014] After filling the deep trenches
128 with sacrificial material 130, the mask 116 may be
removed, as illustrated by FIG. 6. The mask 116 may be
etched with a process that is selective to both the
outer side-wall spacers 124 and the sacrificial
material 130, so that at least a portion or
substantially all of these structures 124 and 130
remain on the substrate 110. The voids 132 left by
removing the mask 116 are generally identical to the
shape of the mask 116. [00015] Next in the process, an
inner side-wall spacer 133 is formed in the void 132,
as illustrated by FIG. 7. The inner side-wall spacer
133 may have a width 134 that is generally equal to or
less than 0.35 F, 0.25 F, or 0.15 F, or some other
distance, depending on the application. In this
embodiment, the inner side-wall spacer 133 is formed
by depositing a blanket film, such as a nitride film,
and isotropically etching the blanket film to leave
the inner side-wall spacer 133 along the walls of the
void 132. The inner side-wall spacer 133 may be the
same material and have the same width 134 as the outer
side-wall spacer 124, or it may be a different
material or have a different width. [00016] After
forming the inner side-wall spacer 133, the substrate
110 may be etched, using the inner side-wall spacer
133 as a hard mask, as illustrated by FIG. 8. Thisetch
may form shallow trenches 136 (which are shallow in
the sense that they are not as deep as the deep
trenches described above) in the interior of the space
defined by the inner 



side-wall spacer 133. The depth of the shallow trench
136 may be greater than the depth of the upper doped
layer 112. Like the deep trench 128, the shallow
trench 136 may be etched with an anisotropic plasma
etch or other appropriate process. [00017] Next, the
sacrificial material 130, the inner side-wall spacer
133, and the outer-the side-wall spacer 124 may be
removed, as illustrated by FIG. 9. These features 124,
130, and 133 may be removed with a wet etch or other
process that is selective to the material that makes
up the substrate 110. [00018] As illustrated by FIG.
9, in this embodiment, the deep trench 128 and the
shallow trench 136 combine to define a plurality of
precursor pillars 138. Both the position and the shape
of the precursor pillars 138 may correspond to the
position and the shape of the mask 116 (FIG. 1). The
precursor pillars 138 may each define a generally
rightelliptical cylinder that extends generally
perpendicularly from the surface of the substrate 110.
In this embodiment, the precursor pillars 138 are not
exactly elliptical because the side-wall spacers 124
and 133 added a generally uniform distance around and
within the perimeter of the generally elliptical mask
116. The precursor pillars 138 may include a generally
elliptical tube 140 disposed on top of a generally
elliptical cylinder 142. The distance 144 between the
inner side-wall of the tubes 140 and the outer
sidewall of the tubes 140 may be approximately equal
to or less than 0.7 F, 0.5 F, or 0.3 F, or some other
distance. The shape of the interior of the tubes 140
may be characterized by an inner major 



axis 146 and an inner minor axis 148, and the shape of
the pillars 138 may be characterized by an outer major
axis 150 and an outer minor axis 152. The distance 153
betweenprecursor pillars 138 in adjacent rows may be
approximately equal to or less than 0.7 F, 0.5 F, or
0.3 F, or some other distance, depending on the
application. [00019] Another aspect of the precursor
pillars 138 is illustrated by FIG. 10, which is a top
view of the substrate 110. FIG. 10 includes dotted
lines that illustrate one way in which the precursor
pillars 138 may be aligned. As illustrated, the
precursor pillars 138 are positioned such that
adjacent sub-columns 154 and 156 overlap one another.
The subcolumns 154 and 156, as explained below with
reference to FIG. 22, may combine to form a single
column of finFETs on alternating sides of a conductor,
such as a data line. In this embodiment, inner
side-wall 158 is generally aligned with outer sidewall
160, but in other embodiments, the tube portions 140
of the pillars 138 may only partially overlap or may
not overlap at all. These overlapping portions of the
precursor pillars 138, after subsequent processing, in
some embodiments, facilitate generally direct
connections from generally straight digit lines to
transistors, as explained below. [00020] Next, a field
dielectric 162 may be formed, as illustrated by FIG.
11. In some embodiments, the field dielectric 162 may
be an oxide that is deposited with chemical-vapor
deposition or a high density plasma process, or in
other embodiments, the field dielectric 162 may be
grown by reacting the substrate 110 with oxygen in a
furnace or with other techniques known in the art.
Some embodiments may retain a portion of the 



sacrificial material 130 as the field dielectric 162.
The field dielectric 162 may substantially or entirely
fill both the deep trenches 128 and the shallow
trenches 136. [00021] After forming the field
dielectric 162, the substrate 110 may be patterned
with rows and selectively etched with an intermediate
trench etch, as illustrated by FIGS. 12-17.
Specifically, FIGS. 12-14 illustrate a process for
patterning the rows before anintermediate trench etch,
and FIGS. 15-17 illustrate the resulting structures.
As illustrated by FIG. 12, a mask 164 may be formed on
the substrate 110. The mask 164 may be a hard mask,
such as a carbon hard mask or a mask formed by
selectively etching lines in a blanket oxide or
nitride film, or some other material. The mask 164 may
include an open region 167 and an obstructed region
166, and the mask 164 may repeat over a period 165.
The size of the period 165 may be generally equal to
the period 121 of the mask 116, and the size of the
obstructed region 166 may be generally equal to one
half the period 165 minus the width 169 of a side-wall
spacer 168 formed in the next step and illustrated by
FIG. 13. [00022] As illustrated by FIG. 13, the
side-wall spacer 168 may be formed on the side walls
of the mask 164. The side-wall spacer 168 may be
formed by depositing a nitride film, or other
appropriate material, on the substrate 110 and etching
the film with an anisotropic etch. The etch may etch
oxide and silicon at generally the same rate, and it
may remove around 1300 to 1700 angstroms of material.
The resulting side-wall spacer 168 may have a width
169 at its base that is less than, or approximately
equal to 0.25 F, 0.5 



F, 1 F, or some other dimension. Further, the
side-wall spacer 168 may be generally parallel to the
minor axes 120 of the ellipses of the mask 116 (FIG.
2) and generally centered over the central axes 122 of
the mask 116 (FIG. X). [00023] Subsequent to forming
the side-wall spacer 168, the mask 164 may be removed
with an etch that is selective to the side-wall spacer
168, thereby leaving the sidewall spacer 168 and
exposing the portion of the substrate 110 under the
mask 164, as illustrated by FIG. 14. Finally, as
illustrated by FIG. 15, the substrate 110 may be
etched with an anisotropic etch to form rows 170, and
the side-wall spacers 166 may be removed,as
illustrated by FIG. 16. In other embodiments, the mask
164 is not double-pitched, and the pattern from the
mask 164 is used to form rows 170 directly. For
example, the mask 164 may be formed, and in some
embodiments, its line width adjusted with an etchback,
reflow, or other thinning process. [00024] FIGS. 16-18
illustrate various aspects of the rows 170. As with
the sidewall spacers 166, the rows 170 in this
embodiment are generally straight, generally parallel
to the minor axes 120 of the ellipses of the mask 116
(FIG. T), and generally centered over the central axis
122 of the mask 116 (FIG. T). The alignment margin for
the rows 170 may be increased by the elliptical shape
of the mask 164. Because the mask 116 has a generally
elliptical shape, the alignment and dimensional
tolerances for the mask 164 may be increased in the
direction of the major axis 118 (FIG. T) relative to a
mask 116 that has circles. Thus, in some embodiments,
the rows 170 may be shifted some distance so that 



they are not necessarily centered on the central axis
122 of the ellipses. In this embodiment, though, the
rows 170 are positioned and sized to generally fall
entirely or substantially within the space defined by
the generally elliptical shallow trench 136 (FIG. 8).
[00025] The rows 170 have a width 172 that may
generally correspond to the width 169 of the side-wall
spacers 168. The width 172 is generally uniform along
the length and height of the illustrated rows 170, but
in other embodiments, the rows 170 may taper wider
toward their base or have some other shape. Further,
in some embodiments, the rows 170 may not be generally
straight, e.g., the rows 170 may undulate according to
the mask 116. [00026] To depict other aspects of the
rows 170, FIG. 17 illustrates the substrate 100
without the field dielectric 162. The substrate 110
includes a plurality of pillars 174 that are formed by
removing material from the precursor pillars 138 (FIG.
9). In thisembodiment, each of the pillars 174
includes a base 176 that is a generally
right-elliptical cylinder extending generally
perpendicularly from the substrate 110. Extending from
the bases 176, in the present embodiment, are fins
178, each having a gap 180 (e.g., a Ushaped gap) that
defines two legs 182. The fins 178 each may have two
generally planar walls 184 and 186 and two generally
convex-curved side-walls 188 and 190. Additionally,
the sides of the gaps 180 include two generally
concave-curved side-walls 192 and 194. The curvature
of these walls 184, 186, 192, and 194 is illustrated
in the top view of FIG. 18. As illustrated by FIG. 17,
in this embodiment, the distal portion of the legs 182
are differently doped from the other portions of the
pillars 174. As mentioned above with 



reference to FIG. 1, the substrate 110 includes upper
doped layer 112 and lower doped layer 114. In this
embodiment, the upper doped layer 112 does not extend
below the depth of the gaps 180. [00027] Once the rows
170 are formed, a gate dielectric 196 is formed, as
illustrated by FIG. 19. Forming the gate dielectric
may include depositing a layer of oxide, oxynitride, a
hafnium-based high-k dielectric, or other appropriate
materials. The gate dielectric 196 may be formed along
the walls 184 and 186 of the fins 178 and the top of
the base 176 (FIG. 18). In some embodiments, a portion
or all of the gate dielectric 196 may be removed from
the top of the rows 170, or the gate dielectric 196
may be left on the top of the rows 170. [00028] Next,
gates 198 are formed, as illustrated by FIG. 20. The
gates may be made of metal, doped polysilicon, TiN, or
other appropriate conductive materials. In this
embodiment, the gates 198 are formed by depositing a
blanket film of the gate material and anisotropically
etching the gate material to leave side-wall spacers
of gate material. Theillustrated gates 198 extend
along the sides of the rows 170 so that they overlap
both the bottom of the gaps 180 and the upper doped
layer 112 of the substrate 110 that form the distal
portion of the legs 182. In some embodiments, the
gates 198 may have a width 195 that is generally equal
to or less than 0.5 F, and they may be separated by a
gap that is generally equal to 0.5 F. [00029] At this
stage of the manufacturing process, each of the
illustrated fins 178 



(FIGS. 17 and 18) constitutes a transistor 199 (FIG.
20). The two legs 182 (FIGS. 17 and 18) are a source
and a drain, and the material adjacent the walls 184
and 186 of the fins 178 (FIGS. 17 and 18) form a
channel, as illustrated by arrow 200 (FIG. 20),
representing current flow through the transistor 199.
To turn on the transistors 199, a voltage may be
asserted on the gates 198, and a voltage between the
source (Vs) and drain (VD) may drive current 200
through the channel. The illustrated transistors 199
may be referred to as dualgate transistors or
multi-gate transistors, as they have a gate adjacent
each wall 184 and 186 (FIGS. 17 and 18). The gates 198
may be energized according to a variety of patterns:
both gates 198 on either side of a row 170 may be
energized generally simultaneously; one gate 198 may
be energized, but not the other; or the gates 198 may
be energized independent of one another. In some
embodiments, the gates 198 may partially or entirely
circumscribe the rows 170, e.g., the gates 198 one
either side of the rows 170 may connect at one or both
ends of the rows 170. [00030] A variety of devices may
be connected to the transistors 199. For example, the
transistors 199 may connect to other transistors 199
to form a processor, an application specific
integrated circuit (ASIC), or static random access
memory (SRAM), or the transistors may connect to a
device specifically configured to store data, such as
a capacitoror phase change memory. One example of a
process that forms a memory device is illustrated by
FIGS. 21-23. [00031] After forming the gates 198, the
gates 198 may be insulated with a dielectric 



(not show to more clearly illustrate other features),
and data lines 202 may be formed on this dielectric,
as illustrated by FIG. 21. The data lines 202 may be
formed with a process similar to the process that was
used to pattern the rows 170. For instance, in one
embodiment, the data lines 202 are formed by applying
a film including a conductive material and patterning
the film with a side-wall spacer mask similar to the
one illustrated by FIG. 14, except oriented generally
perpendicular to the side-wall spacers 166 of FIG. 14.
The data lines 202 may generally align with one of the
legs 182 of each of the fins 178. The data lines 202
may include a conductive material, such as doped
polysilicon or metal. [00032] In this embodiment, the
data lines 202 are generally or substantially straight
and generally align with legs 182 on alternating sides
of the fins 178, as illustrated by FIG. 2 1 and FIG.
22, which is a top view of the perspective illustrated
by FIG. 21. The data lines 202, in this embodiment,
are generally or substantially straight because the
precursor pillars 138 are aligned with overlapping
tubes 140, as illustrated by the dotted lines of FIG.
10. Generally or substantially straight data lines 202
are believed to reduce parasitic capacitance and
resistance relative to data lines that undulate. In
other embodiments, though, the data lines 202 may not
be generally or substantially straight. [00033] In the
illustrated embodiment, the transistors 199 extend out
under alternating sides of the data lines 202, as
illustrated by FIG. 22. For example, the transistor
199" is on a different side of the data line 202 from
the transistors 199' and 199 , which 



are adjacent the transistor 199" in the direction of
the data lines 202. Together, thetransistors 199',
199", and 199 are part of a column 201", which is
partially overlapped by adjacent columns 201' and
201"'. In other embodiments, the columns 201 may not
overlap, and the transistors 199 may be on the same
side of the data lines 202. [00034] The other terminal
of the transistors 199 may be connected to capacitor
plates 204, as illustrated by FIG. 23. The capacitor
plates 204 may each include a neck 206 and a cup 208.
The necks 206 may connect the capacitors 204 to the
source or drain of the transistors 199 via an exposed,
top portion of one of the legs 182. To form
capacitors, the capacitor plates 204 may be coated
with both a dielectric and another conductive film.
The second film may form another plate to create
capacitors connected to the transistors 199. [00035]
In operation, each pair of a capacitor plate 204 and
transistor 199 may cooperate to store data by
accumulating a charge on the capacitor plates 204. To
write data to a selected capacitor plate 204, the
associated transistor 199 may be turned on by
energizing its gate(s) 198 (FIG. 20), and current 200
may flow through the transistor 199 to or from the
capacitor plate 204. The capacitor plates 204 may be
addressed according to the combination of the gate(s)
198 and the data line 200 that connect to the
transistor 199 associated with a given capacitor plate
204. In some embodiments, the gates 198 may be
referred to as word lines, and the data lines 200 may
be referred to as bit lines. To read data from a
selected capacitor plate 204, the associated
transistor 199 may be turned on, and the voltage of
the data line 200 connected to the transistor 199 may
be sensed. 



[00036] While the invention may be susceptible to
various modifications and alternative forms, specific
embodiments have been shown by way of example in the
drawings and have been described in detail herein.
However, it should be understood that the invention is
not intended to be limited to the particular forms
disclosed. Rather, theinvention is to cover all
modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as
defined by the following appended claims.CLAIMS 1. A
device, comprising: a digit line; a plurality of
transistors each having one terminal connected to the
digit line and another terminal disposed on
alternating sides of the digit line, wherein each
transistor among the plurality of transistors
comprises a fin. 2. The device of claim 1, wherein the
fins are generally arranged in a hexagonal lattice. 3.
The device of claim 1, wherein the fin comprises a gap
and two legs. 4. The device of claim 3, wherein the
two legs each comprise a first doped region and a
portion of a second doped region, and wherein the gap
is at least partially filled with a dielectric
material. 5. The device of claim 3, wherein a memory
element connects to one of the two legs. 6. The device
of claim 2, wherein fin extends from a generally
elliptical base. 7. The device of claim 1, wherein the
digit line is generally straight.8. A method,
comprising: from a substrate comprising a
semiconductive material, forming a plurality of 



pillars comprising the semiconductive material and
extending from the substrate, wherein each pillar
among the plurality of pillars comprises a tube
disposed near a distal portion of the pillar. 9. The
method of claim 8, wherein each pillar comprises a
cylinder disposed between the tube and the substrate.
10. The method of claim 8, wherein the plurality of
pillars is generally arranged in a hexagonal lattice.
11. The method of claim 8, wherein each pillar among
the plurality of pillars defines a generally
right-elliptical cylinder. 12. The method of claim 8,
wherein the tube has a generally elliptical shape. 13.
The method of claim 8, comprising generally
surrounding the plurality of pillars with a dielectric
and at least partially filling the interior of the
tube with the dielectric. 14. The method of claim 8,
wherein the tube comprises a distal portion comprising
a first dopant and another portion comprising a second
dopant different from the first dopant.15. A method,
comprising generally defining both a position and a
first dimension of a fin field-effect transistor with
a first lithography step; and forming the fin
field-effect transistor with a second lithography
step, wherein the fin field-effect transistor is
formed with two or fewer lithography steps. 16. The
method of claim 15, wherein generally defining both a
position and a first 



dimension of a fin field-effect transistor with a
first lithography step comprises patterning a
substrate with a mask having plurality of elongated
structures. 17. The method of claim 16, wherein
patterning a substrate with a mask comprises
patterning a substrate with a mask having a plurality
of generally right-elliptical cylinders. 18. The
method of claim 16, comprising: forming an outer
side-wall spacer adjacent the mask; and etching a
portion of a substrate that is not covered by either
the mask or the outer side-wall spacer. 19. The method
of claim 18, comprising: covering an etched region of
the substrate; removing the mask; forming an inner
side-wall spacer adjacent the outer side-wall spacer;
and etching another region of the substrate under an
interior of the inner side-wall spacer.20. A device,
comprising: a memory device, comprising: a plurality
of word lines extending in a first direction; a
plurality of data lines extending in a second
direction; a fin connected to one of the data lines
among the plurality of data lines and disposed
adjacent and between two of the word lines among the
plurality of word lines, 



wherein the fin extends from a generally elliptical
base. 21. The device of claim 20, wherein the fin
comprises a source, a drain, and a dielectric material
disposed between the source and drain. 22. The device
of claim 20, wherein the data lines do not undulate
over the fins. 23. The device of claim 20, wherein the
fin comprises two legs separated by a gap. 24. A
transistor, comprising: a fin extending from the base,
the fin comprising: a first leg; a gap that is a
section of a generally elliptical shape; a second leg
separated from the first leg by the gap; and a pair of
side-wall spacer gates disposed on opposite sides of
the fin.25. The transistor of claim 24, wherein the
pair of side-wall spacer gates overlap both the first
leg and the second leg. 


