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Description

[0001] The information disclosed herein relates gen-
erally to embodiments of semiconductor devices, includ-
ing memory cells.

BACKGROUND

[0002] The semiconductor device industry has a mar-
ket-driven need to reduce the size of devices used, for
example, in dynamic random access memories (DRAMs)
that are found in computers and mobile communications
systems. Currently, the industry relies on the ability to
reduce or scale the dimensions of its basic devices to
increase device density. This includes scaling the chan-
nel length of the metal oxide semiconductor field effect
transistor (MOSFET). Increased channel scaling of the
MOSFET can lower the channel resistance-Consequent-
ly, channel leakage currents may increase. This relation-
ship has made the present MOSFET channel design less
useful for providing increasingly smaller memory cells,
and thus, there is a need to find other mechanism to
generate reduced cell geometry.
[0003] Fully Depleted Surrounding Gate Transistor
(SGT) for 70nm DRAM and Beyond by B. Goebel, J., et
al. discusses a surrounding gate transistor (SGT) as a
fully depleted SGT. The SGT is a vertical MOSFET that
features a gate controiling the space charge region ad-
jacent to a lower source/drain This can enable the for-
mation of a continuous accumulation layer, which keeps
the transistor body in equilibrium with the well on which
the structure is disposed, while the device is switched off.
[0004] WO 03/083919 discloses a semiconductor sub-
strate that is etched to provide a nanowire. The substrate
comprises a first layer of a first material and a second
layer of a second material. The materials may be SiGe
or SiC.
[0005] The invention is a memory cell as defined in
claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings, which are not necessarily
drawn to scale, like numerals describe substantially sim-
ilar components throughout the several views. Like nu-
merals having different letter suffixes represent different
instances of substantially similar components. The draw-
ings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in this
document.

FIG. IA-C are cross-sections illustrating nanorod for-
mation according to various embodiments of the in-
vention.
FIG. 1D is a perspective view of nanorods according
to various embodiments of the invention.
FIG. 2A-B are cross-sections illustrating a MOSFET
according to various embodiments of the invention.

FIG. 3 is a surface view illustrating a MOSFET ac-
cording to various embodiments of the invention.
FIG. 4 is a cross-section illustrating a memory cell
according to various embodiments of the invention.
FIG. 5 is block diagram of a memory device accord-
ing to various embodiments of the invention
FIG. 6 illustrates a semiconductor wafer according
to various embodiments of the invention.
FIG. 7 illustrates a circuit module according to vari-
ous embodiments of the invention.
FIG. 8 is a block diagram illustrating a circuit module
as a memory module according to various embodi-
ments of the invention.
FIG. 9 is a block diagram illustrating an electronic
system according to various embodiments of the in-
vention.
FIG. 10 is a block diagram illustrating an electronic
system as a memory system according to various
embodiments of the invention.
FIG. 11 is a block diagram illustrating an electronic
system as a computer system according to various
embodiments of the invention.

DETAILED DESCRIPTION

[0007] One approach to increasing the on-chip storage
capacity of a semiconductor is to increase the number
of capacitor cells per unit area, which generally means
reducing the overall size of the capacitor. However, re-
ducing capacitor size may result in a lower capacitance
per cell. If the lower cell capacitance means more capac-
itive elements are needed to maintain or improve upon
a performance characteristic, such as the ability to main-
tain a storage charge over time, then any gain in capacitor
density may be offset. The double-sided capacitor pro-
vides one useful device structure for increasing capaci-
tance without a commensurate increase in area. A dou-
ble-sided capacitor may be scaled smaller, for example,
by increasing the dielectric constant of the insulator ma-
terial separating the capacitor plates.
[0008] A double-sided capacitor used for a DRAM
memory cell is typically coupled to an access transistor
located in close proximity. For performance reasons and
to maximize cell density, the access transistor and the
double-sided capacitor may be formed in a stacked ca-
pacitor-transistor arrangement. A continued reduction in
the size of the double-sided capacitor for such an ar-
rangement then, may involve further reduction (or scal-
ing) in the access transistor. In the case of a MOSFET,
scaling smaller typically means reducing the channel
length as well as channel width, which may lead to lower
drain-source resistance (rds). Lower rds, may allow higher
off-state leakage currents to flow between the drain and
source. A lower rds may result from an increase in the
channel conduction due to a short channel effect such
as drain induced barrier lowering (DIBL). Near the chan-
nel inversion threshold, a potential barrier may be formed
between the source and the channel blocking drain cur-
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rent flow. The application of a drain voltage may decrease
the potential barrier height between the source and chan-
nel, increasing the drain current at near and below thresh-
old. The drain current may therefore be due to the drain
voltage as well as the gate voltage, effectively reducing
rds at near or below the inversion threshold. A higher gate
leakage current may also occur at shorter channel
lengths due to the higher gate electric fields. Many em-
bodiments of the invention may operate to reduce the
leakage currents as the channel length is reduced.
[0009] The bulk (or native) band gap energy of a sem-
iconductor material is the energy separation between the
conduction and valance bands having a three dimension-
al continuum of energy states. A semiconductor material
with a three dimensional continuum of energy states does
not, generally, exhibit substantial quantum size effects
such as discrete energy levels, spin-orbit splitting of
heavy and light hole bands and changes in band gap
separation. Quantum size effects may be introduced by
altering a crystal’s dimensions. A change in the physical
dimensions of a single crystal semiconductor material
does not generally change the bulk band gap energy of
the material, if all three crystal dimensions are sufficiently
large. Conversely, reducing the size of a semiconductor
material may cause the band gap energy of the material
to increase or shift to higher energy, if at least one of the
three crystal dimensions is made sufficiently small. For
example, a rod shaped from semiconductor material may
cause the energy band gap of the material to increase
above its bulk band gap energy state as the diameter or
the length of the rod is reduced. The change in the energy
band gap of a rod-shaped material caused by its small
dimensions may be exploited. A rod with a diameter on
the order of a nanometer may be termed a "nanorod".
[0010] In many embodiments, vertical transistor chan-
nels are formed using one or more semiconductor nano-
rods oriented substantially perpendicular to a surface of
a substrate. In some cases, the channels comprise a
nanorod shape. In some cases, the channel region is
formed using multiple nanorods. And in some cases, a
nanorod includes the channel region.
[0011] Nanorods offer alternatives to the designers of
MOSFET-based devices since the geometry can be used
to alter the electronic properties of the MOSFET channel
using quantum size effects. As the diameter of the na-
norod channel is reduced, a shift in the density of states,
from a three-dimensional continuum of states to a two-
dimensional density of states in the channel region may
occur. Consequently, the electron and hole effective
mass may be reduced and the band gap energy of the
semiconductor material may increase in the channel. The
lower effective masses of the charge carriers may pro-
vide improved carrier transport properties such as higher
carrier mobilities. A MOSFET channel with a higher band
gap energy may provide a low leakage current between
source and drain regions, a lower gate-channel leakage
current and a faster switching speed.
[0012] A common MOSFET channel material is single

crystal silicon. Silicon is a material where the electronic
band gap increases as the physical size of the crystal
decreases. For a MOSFET with a silicon vertical electron
channel shaped as a nanorod, or a silicon vertical elec-
tron channel formed with multiple nanorods, reducing the
diameter of the nanorod, for example from 13 nm to 7
nm, increases the band gap energy at room temperature
from its bulk (or native) band gap energy of 1.12 eV to
3.5 eV. Additional energy band gap separation may be
possible by decreasing the nanorod diameter ever fur-
ther. Lowering the surface state density of the channel
along the side of the nanorod using a dielectric or a sem-
iconductor with a band gap energy exceeding the higher
energy of the nanorod, may also increase the band gap
separation. Increasing the band gap separation may re-
duce DIBL and other short channel effects, including
band-to-band tunneling induced off-state leakage.
[0013] FIG. 1A is a cross-section illustrating nanorod
formation according to various embodiments of the in-
vention. In many embodiments, substrate 101A compris-
es a silicon substrate, but substrate materials other than
silicon, such as silicon germanium, may be used. In some
embodiments, substrate 101A may comprise a wafer,
such as a silicon wafer. In various embodiments, sub-
strate 101A may comprise a silicon on sapphire or a sil-
icon on insulator. The substrate 101A may also comprise
an isoelectronic material such as isoelectronic silicon.
Various embodiments include the substrate 101A with
(001), (011) and (111) oriented crystal surfaces. In some
embodiments, the substrate 101A may be cut and/or pol-
ished off-axis with an angle ranging from 0.5° to 15° rel-
ative to the on-axis cut surface normal (shown as Y).
[0014] The impurity and/or electrical carrier concentra-
tion in layer 102A may be adjusted to obtain the desired
layer conductivity. For example, layer 102A may be a
doped to provide an n-type conductivity. In some embod-
iments, the layer 102A may have p-type conductivity. In
various embodiments, the layer 102A may be a substan-
tially unintentionally doped (or undoped) layer. In various
embodiments, the layer 102A may be of the same con-
ductivity type as the substrate 101A. In some embodi-
ments, the layer 102A has substantially the same elec-
trical impurity concentration as the substrate 101A. In
various embodiments, layer 102A is formed from the sub-
strate 101A. In some embodiments, layer 102A may com-
prise a portion of the substrate 101A. In various embod-
iments, layer 102A may comprise an epitaxially grown or
deposited film. In some embodiments, the impurity con-
centration and conductivity type of the layer 102A may
be adjusted using ion implantation to achieve the desired
electrical concentration.
[0015] The layer 103A may be formed on layer 102A
and, in some embodiments, may be formed from layer
102A. The layer 103A may be formed using an epitaxial
process or a deposition process. Layer 103A and layer
102A may be of the same or of a different conductivity
type. In various embodiments, layer 103A is a substan-
tially unintentionally doped layer. In some embodiments,
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layer 103A is a doped layer having an impurity concen-
tration of less than 1x1017 cm-3. Examples of n-type im-
purities include P, As, and Sb. Examples of p-type impu-
rities include B, Ga and In. In some embodiments, layer
103A may have an electrically active concentration of
less than 1x1017 cm-3. In various embodiments, the im-
purity and/or electrically active concentration is graded
in a direction substantially perpendicular to the surface
normal. In various embodiments, the impurity and/or
electrically active concentration is graded in a direction
substantially parallel to the surface normal. In some em-
bodiments, the impurity concentration and conductivity
type of layer 103A may be adjusted using ion implantation
to provide a particular electrical concentration. In some
embodiments, layer 103A has substantially the same
conductivity type as the substrate 101A. In various em-
bodiments, layer 103A is formed from the substrate
101A. In some embodiments, layer 103A may form a
portion of the substrate 101A.
[0016] As shown in FIG. 1A, layer 105A may be formed
on the surface of the layer 103A as a mask layer. Layer
105A may be formed in the shape of a line, square, circle
or other geometry as desired. Layer 105A may be formed
of any number of patternable materials such a photore-
sist, a metal, or a dielectric adaptable to various lithog-
raphy processes. Spacers 104A may be formed adjacent
to layer 105A using a suitable etch resistant material. In
some embodiments, layer 104A may comprise, without
limitation, a semiconductor material such as SiGe, SiC
and SiGeC, a dielectric such as silicon nitride, an oxyni-
tride and SiO2, a polymer such as a photoresist, a block
polymer such as diblock copolymer blends of polystyrene
and polymethylmethacrylate, a metal such as W, MO, Ta
and Al, or some combination of one or more layers of
semiconductors, polymers, block polymers, dielectrics
and metals. In various embodiments, the spacers 104A
may be formed as a self-assembled layer in a shape of
an annular ring. In some embodiments, the spacers may
be formed as a self-assembled layer with an island-like
profile. In various embodiment, the spacers 104A may
be formed as a self-assembled layer forming a circular
shaped hole. In some embodiment, the spacers 104A
may be formed by a self-assembled layer process without
the layer 105A.
[0017] FIG. 1B is a cross-section illustrating nanorod
formation according to various embodiments of the in-
vention. Here, the layer 105A of FIG. 1A is shown re-
moved, leaving spacers 104B substantially unchanged
on layer 103B.
[0018] At this point, layers 102B and/or 103B may be
further processed as desired using for example, diffusion,
implantation, and anneal processes to adjust the electri-
cal and mechanical properties of the respective layers
between the spacers 104B. In some embodiments, 102B
and/or 103B may be further processed to adjust the elec-
trical and mechanical properties of a portion of the re-
spective layers directly under the spacers 104B using
the spacers as a mask. In various embodiments, the elec-

trical properties of the layer 102B may be adjusted to
provide a conductive region adjacent to the spacers
104B. In various embodiments, the electrical properties
of the layer 102B may be adjusted to form one or more
shared doped regions extending, at least in part, laterally
under the spacers 104B. In some embodiments, the elec-
trical properties of the layer 102B may be adjusted to
form a region contacting a doped region.
[0019] FIG. 1C is a cross-section illustrating nanorod
formation according to various embodiments of the in-
vention. Here, layer 103C and a portion of layer 102C
are shown removed between the spacers 104C forming
a vertical nanorod structure 110C. The material between
the spacers 104C may be removed using an etch proc-
ess, such as a wet chemical etch, a gas etch such as a
plasma etch, and other suitable processes. In various
embodiments, the depth of the etch may be less than 1
mm. Layer 103C of the vertical nanorod structure 110C
forms the channel region and layer 102C forms a shared
doped drain/source region of a transistor. In some em-
bodiments, the channel portion of the vertical structure
may be less than 0.5 mm.
[0020] The nanorods 110C are formed as a pillars or
columns and have a lateral cross-section shaped sub-
stantially in the form of a disk presenting a vertical rod-
like structure as illustrated in FIG. 1D.
[0021] FIG. 1D illustrates nanorods 110D formed ac-
cording to various embodiments of the invention. The
diameter of the layer 103D below the spacers 104C rang-
es from about 0.5 nm to about 15 nm. In some embodi-
ments, a diameter of the 103D layer below the spacers
104D may range from about 1 nm to about 10 nm. In
general, the diameter may be chosen according to the
desired energy band shift. In various embodiments, the
layer 103D between the spacers 102D may be partially
removed. In some embodiments, layers 102D, 103D and
a portion of substrate material 101D may be removed
between the spacers 104D such that there is no shared
doped region using layer 102D without further processing
(not shown). Layer 102D and layer 103D comprise a SiC
layer or a SiGeC layer. FIG. 2A is cross-section illustrat-
ing a MOS transistor according to various embodiments
of the invention. Here, the vertical nanorod 210A is first
formed, then a gate dielectric 206A is formed in contact
with the channel region 203 A of the vertical nanorods.
Insulator 207A may be formed between the nanorods
over layer 202A. An optional field insulator may be further
formed between the nanorods (not shown). The gate di-
electric 206A may be formed along the sides of the na-
norods 210A surrounding or enclosing the channel re-
gion. In some embodiments, the insulator 207A and the
gate dielectric 206A are formed of the same dielectric
material. In various embodiments, the insulator 207A and
the gate dielectric 206A may be different materials.
[0022] Examples of gate dielectric materials include,
without limitation, SiO2, SiN, and nitrides and oxidyni-
trides formed with Si, Mo, W, Ta, Hf, and Al. In some
embodiments the gate dielectric may comprise a com-
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posite multi-layer dielectric. The thickness of the gate
dielectric 206A may range from about 2 nm to about 20
nm, depending on the gate dielectric material and related
properties such as a dielectric constant. In some embod-
iments, the insulator 207A and the gate dielectric 206A
may be formed with the same thickness or with different
thicknesses.
[0023] FIG. 2B is cross-section illustrating a MOS tran-
sistor according to various embodiments of the invention.
Here, two access transistors 200B are shown separated
by an isolation region 212B formed on the substrate
201B. The isolation region 212B may be a shallow trench
isolation region formed in the shared drain/source region
202B to electrically isolate the access transistors 200B.
Isolation region 212B may be an etched region filled with
a dielectric material such as vapor deposited SiO2. In
some embodiments, the isolation region 212B may be
formed in a portion of the substrate 201B. The access
transistors include the vertical nanorods 210B with a
drain/source region 211B at one end of the nanorod in
contact with channel region 203B, and a shared
drain/source region 202B at the second end in contact
with the channel region. In some embodiments, an iso-
lation region may used to electrically isolate a plurality of
vertical nanorods configured in parallel to form a vertical
channel transistor. In some embodiments, the length of
the vertical channel region 203B may be less than 250
nm. In various embodiments, the length of the vertical
channel region 203B may be between about 20 nm and
about 150 nm.
[0024] The gate conductor 208B may be formed over
the gate dielectric 206B that surrounds the nanorods in
the channel region 203B. The gate region may be formed
as a shared conductive gate region by filling-in the area
between the nanorods 210B with a suitable conductive
material. In some embodiments, the gate region may be
formed such that there is no shared gate region. Exam-
ples of conductive gate region materials include, but are
not limited to, polysilicon, metals such as Al, W, Mo and
Ta, binaries such as TiN and TaN, metal silicides such
as WSix, NiSi, CoSix and TiSix, a dacecamine, and com-
binations of layers of conductive material. Field insulator
209B may be formed overlaying gate conductor 208B
and may comprise any suitable insulator, including, with-
out limitation, SiO2, SiN, and oxynitride-based dielectrics
containing Si, Al, W, Ta, Ti, and Mo.
[0025] Drain/source region 211 B and shared
source/drain region 202B may be configured to be in elec-
trical contact using the vertical channel region 203B of
the nanorods such that no current flows across the chan-
nel region with zero gate bias voltage applied to gate
conductor 208B. Drain/source region 211B may be
formed by epitaxial growth, ion implantation, and depo-
sition processes. In some embodiments, the
drain/source region 211B may be formed as a shared
region. In various embodiments, drain/source region
211B may comprise silicon, doped polysilicon, SiC, SiGe
or SiGeC. A substantially planar surface may be obtained

for the field dielectric 209B and drain source region 211B
using a chemical mechanical process as are known to
those of ordinary skill in the art. In various embodiments,
a conductive region overlaying insulator 209B and the
drain/source region 211B may be formed to couple the
nanorods 210B (not shown).
[0026] FIG. 3 is a surface view of a MOS transistor
according to various embodiments of the invention. Here,
the access transistor 300 is shown with nine nanorods
310 and an isolation region 312, but may include more
or less nanorods. The vertical channel region 203B of
FIG. 2B coupled to the drain/source region 302 form a
composite of parallel channels, which may be electrically
coupled to a capacitor at 311 (not shown). In some em-
bodiments, the isolation region 312 may be used electri-
cally isolate a plurality of vertical channel regions. In var-
ious embodiments, the isolation region 312 may be used
to electrically isolate the vertical channel regions of an
access transistor 300 from the vertical channel regions
of an adjacent access transistor 300. In some embodi-
ments, the isolation region 312 may be used to isolate a
capacitor coupled to the access transistor 300 from ad-
jacent capacitor cells (not shown). As show by way of
example in FIG. 3, but not by limitation, a shared annular
gate arrangement of nine nanorods 310 may be formed
with a center-to-center spacing of 24 nm using vertical
nanorod channels (not shown) having about a 10 nm
diameter, a gate dielectric 306 with about a 2 nm radial
thickness and gate conductor 308 with about a 5 nm ra-
dial thickness. Various embodiments include a gate die-
lectric thicknesses ranging from about 2 nm to about 20
nm, channel region diameters ranging from about 0.5 nm
to about 15 nm, and conductive gate region thicknesses
ranging from about 3 nm to about 10 nm. The number of
parallel coupled nanorods and/or channels formed as
part of the access transistor, or other such transistor, may
affect desired performance characteristics. In general,
the number of vertical channels per surface area may be
determined and adjusted according to specified design
rules for a particular manufacturing process.
[0027] FIG. 4 is a cross-section illustrating a memory
cell according to various embodiments of the invention.
Here, a DRAM cell 430 includes an access transistor 400
and double-sided capacitor 425, but any type of capacitor
may be configured to be supported by and/or coupled to
the access transistor. The double-sided capacitor stores
electrical charge received from an input circuit (not
shown) such that the charge establishes an electric field
across the insulator 422 between capacitor plates 421
and 423. More information regarding fabrication of stor-
age cell capacitors can be found in U.S. Patent No.
6,030,847 entitled Method for Forming a Storage Capac-
itor Compatible with High Dielectric Constant Material,
and U.S. Patent Application Serial No. 10/788,977 enti-
tled Semiconductor Fabrication Using a Collar, both in-
corporated by reference herein in their entirety.
[0028] In various embodiments, and as shown in FIG
4, the n-type drain/source region 411 of the access tran-
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sistor 400 are in contact the nanorod channels 403 and
capacitor plate 421. The electric charge supporting the
electric field between capacitor plates 421 and 423 may
place each drain/source region 411 in contact with ca-
pacitor plate 421 at substantially equal potential. In this
case, charge may not flow though the vertical channel
region 403 of any nanorod 410 in the absence of a bias
potential on gate conductor 408. In some embodiments,
the gate conductor 408 shared a conductor coupling the
gate region of one or more nanorods. Thus, the gate con-
ductor 408 may comprise multiple discrete gate elec-
trodes coupled using a conductor. The vertical channel
403 of the nanorods 410 may be sufficiently small in di-
ameter so that the electronic band gap energy of the ma-
terial in the channel region 403 is greater than in the non-
channel regions, such as in the unetched portion of the
n-type drain/source region 402 and the substrate layer
401. In various embodiments, the substrate 401, the n-
type shared drain/source region 402, the channel region
403 and/or the n-type drain/source region 411 are formed
from a material with the same lattice constant. In some
embodiments, the substrate 401, the shared
drain/source region 402, the channel region 403 and/or
the drain/source region 411 are formed of silicon. In var-
ious embodiments, the drain/source region 411 is made
sufficiently large to eliminate quantum size effects, such
as a higher energy band gap shift. In some embodiments,
the drains/source region 411 may be shared
drains/source region. In various embodiments, a portion
of the shared drain/source region 402 is made sufficiently
large to eliminate quantum size effects in that portion. In
some embodiments, the shared drain/source region 402
is coupled to the ground plane 413 using via holes (not
shown). In various embodiments, the shared source
drain region 402 may be used as a ground plane or a
similar conductive region. In some embodiments, the
substrate is coupled to the ground plane 413. In various
embodiments, the substrate forms at least a part of a
conductive plane such as a ground plane. In some em-
bodiments, an electrical isolation region (not shown) may
be formed in the substrate between the nanorods 410.
In various embodiments, the substrate may comprise an
electrically non-conductive material such as a silicon wa-
fer with a low carrier concentration. In some embodi-
ments, the ground plane 413 may comprise a series of
ground planes. In various embodiments, the ground
plane 413 is formed as a plurality of conductors coupled
to one or more conductors, electrodes, circuit element,
voltages and the like.
[0029] Charge placed on the capacitor 425 by a voltage
signal transmitted by conductor from an input/output cir-
cuit (not shown), for example, may be stored during the
access transistor’s off-state since no further current path
is provided. For the memory cell illustrated in FIG. 4, the
charge may be used to establish an electric field in the
vertical direction between the capacitor plate 421 and
the conductive ground plane 413. A portion of the electric
field may have a vertical potential gradient across the

channel region 403 of the nanorods 410 of the access
transistor 400 between the source/drain regions 402,
411. In the absence of voltage applied to the gate con-
ductor 408, substantially no current flows between
drain/source regions 402, 411 (off-state).
[0030] Application of a voltage to the gate conductor
408 may establish an electric field across gate dielectric
406 with field components perpendicular to the channel
403. A gate voltage in cooperation with the gate dielectric
layer 406 may further generate a charge inversion layer
(not shown) extending inward from the gate dielectric
along the channel 403 between drain/source regions
402, 411. The charge inversion layer may electrically
couple the drain/source regions 402, 411 to form a cur-
rent path there between. In some embodiments, the na-
norods may have a circular cross-section and the electric
field includes a radial potential gradient. The formation
of a current path between the capacitor plate 421 in con-
tact with the drain/source region 411 and the shared
drain/source region 402 and/or substrate 401 and/or con-
ductive ground plane 413, may allow the capacitor 425
to discharge through the channel region, removing the
capacitor’s charge and the respective voltage and elec-
tric field.
[0031] In the transistor off-state, the energy band dis-
continuity (or energy band offset) between the capacitor
plate 421 and the channel region 403 may be larger with
the nanorods 410 than for a transistor channel formed
from the same material with a bulk band gap energy (e.g.
without nanorods). This increased energy band offset
may provide an increased electron barrier for blocking
electrons thereby reducing the amount of charge escap-
ing the capacitor plate 421 though the channel region
403. The increased energy band gap difference between
the source/drain region 402 and the channel region 403
may reduce DIBL by improving the sub-threshold ideality
factor and sub-threshold voltage swing. Consequently,
a reduction in the amount of charge leaking from the ca-
pacitor 425 over time may occur through the access tran-
sistor 400. As a result, the DRAM cell 430 may retain
charge for longer times.
[0032] FIG. 5 is block diagram of a memory device 500
according to various embodiments of the invention. The
memory device 500 may include an array of memory cells
502, an address decoder 504, row access circuitry 506,
column access circuitry 508, control circuitry 510, and an
input/output (I/O) circuit 512. The memory cells 502 may
comprise one or more capacitor cells operatively coupled
to the row access circuit 506 and the column access cir-
cuit. The memory device 500 may be operably coupled
to an external processor 514, or memory controller (not
shown) to provide access to the memory content. The
memory device 500 is shown to receive control signals
from the processor 514, such as WE*, RAS* and CAS*
signals. The memory device 500 may store data which
is accessed via I/O lines. It will be appreciated by those
of ordinary skill in the art that additional circuitry and con-
trol signals can be provided, and that the memory device
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of FIG. 5 has been simplified to help focus on, and not
obscure, various embodiments of the invention. Any of
the memory cells, transistors, and associated circuitry
may include an integrated circuit structure and/or ele-
ments in accordance with various embodiments of the
invention. For example, the array of memory cells 502
may be fabricated according to embodiments of the in-
vention, so as to include one or more nanorods, as shown
in FIG. 1D
[0033] It should be understood that the above descrip-
tion of a memory device 500 is intended to provide a
general understanding of possible memory structures,
and is not a complete description of all the elements and
features of a specific type of memory, such as DRAM.
Further, many embodiments of the invention are equally
applicable to any size and type of memory circuit and are
not intended to be limited to the DRAM described above.
Other alternative types of devices include SRAM (static
random access memory) and flash memories. Addition-
ally, the DRAM could comprise a synchronous DRAM,
commonly referred to as SGRAM (synchronous graphics
random access memory), SDRAM (synchronous
DRAM), SDRAM II, and DDR SDRAM (double data rate
SDRAM), as well as Synchlink™ or Rambus™ DRAMs
and other technologies.
[0034] FIG. 6 illustrates a semiconductor wafer 600 ac-
cording to various embodiments of the invention. As
shown, a semiconductor die 610 may be produced from
a wafer 600. The semiconductor die 610 may be individ-
ually patterned on a substrate layer or wafer 600 that
contains circuitry, or integrated circuit devices, to perform
a specific function. The semiconductor wafer 600 may
contain a repeated pattern of such semiconductor dies
610 containing the same functionality. The semiconduc-
tor die 610 may be packaged in a protective casing (not
shown) with leads extending therefrom (not shown), pro-
viding access to the circuitry of the die for unilateral or
bilateral communication and control. The semiconductor
die 610 may include an integrated circuit structure or el-
ement in accordance with various embodiments of the
invention, including one or more nanorods, as shown in
FIG. 1D.
[0035] FIG. 7 illustrates a circuit module 700 according
to various embodiment of the invention. As shown in FIG.
7, two or more semiconductor dice 610 may be combined,
with or without a protective casing, into a circuit module
700 to enhance or extend the functionality of an individual
semiconductor die 610. The circuit module 700 may com-
prise a combination of semiconductor dice 610 repre-
senting a variety of functions, or a combination of semi-
conductor dies 610 containing the same functionality.
One or more semiconductor dice 610 of circuit module
700 may contain at least one integrated circuit structure
or element in accordance with embodiments of the in-
vention, including one or more nanorods, as shown in
FIG. 1D.
[0036] Some examples of a circuit module include
memory modules, device drivers, power modules, com-

munication modems, processor modules and applica-
tion-specific modules, and may include multilayer, mul-
tichip modules. The circuit module 700 may be a sub-
component of a variety of electronic systems, such as a
clock, a television, a cell phone, a personal computer, a
personal digital assistant, a network server such as a file
server or an application server, an automobile, an indus-
trial control system, an aircraft and others. The circuit
module 700 may have a variety of leads 710 extending
therefrom and coupled to the semiconductor dice 610
providing unilateral or bilateral communication and con-
trol.
[0037] FIG. 8 illustrates a circuit module as a memory
module 800, according to various embodiment of the in-
vention. A memory module 800 may include multiple
memory devices 810 contained on a support 815 (the
number generally depending upon the desired bus width
and the desire for parity checking). The memory module
800 may accept a command signal from an external con-
troller (not shown) on a command link 820 and provide
for data input and data output on data links 830. The
command link 820 and data links 830 may be connected
to leads 840 extending from the support 815. The leads
840 are shown for conceptual purposes and are not lim-
ited to the positions shown in FIG. 8. At least one of the
memory devices 810 may contain an integrated circuit
structure or element in accordance with embodiments of
the invention, including one or more nanorods, as shown
in FIG. 1D.
[0038] FIG. 9 illustrates a block diagram of an electron-
ic system 900 according to various embodiment of the
invention. Figure 9 shows an electronic system 900 con-
taining one or more circuit modules 700. The electronic
system 900 may include a user interface 910 that pro-
vides a user of the electronic system 900 with some form
of control or observation of the results generated by the
electronic system 900. Some examples of a user inter-
face 910 include a keyboard, a pointing device, a monitor
or printer of a personal computer; a tuning dial, a display
or speakers of a radio; an ignition switch, gauges or gas
pedal of an automobile; and a card reader, keypad, dis-
play or currency dispenser of an automated teller ma-
chine, as well as other human-machine interfaces.
[0039] The user interface 910 may further include ac-
cess ports provided to electronic system 900. Access
ports are used to connect an electronic system 900 to
the more tangible user interface components previously
provided by way of example. One or more of the circuit
modules 700 may comprise a processor providing some
form of manipulation, control or direction of inputs from
or outputs to the user interface 710, or of other informa-
tion either preprogrammed into, or otherwise provided
to, the electronic system 900. As will be apparent from
the lists of examples previously given, the electronic sys-
tem 900 may be associated with certain mechanical com-
ponents (not shown) in addition to the circuit modules
700 and the user interface 910. It should be understood
that the one or more circuit modules 700 in the electronic
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system 900 can be replaced by a single integrated circuit.
Furthermore, the electronic system 900 may be a sub-
component of a larger electronic system. It should also
be understood by those of ordinary skill in the art, after
reading this disclosure that at least one of the memory
modules 700 may contain an integrated circuit structure
or element in accordance with embodiments of the in-
vention, including one or more nanorods, as shown in
FIG. 1D.
[0040] FIG. 10 illustrates a block diagram of an elec-
tronic system as a memory system 1000 according to
various embodiment of the invention. A memory system
1000 may contain one or more memory modules 800 and
a memory controller 1010. The memory modules 800
may each contain one or more memory devices 810. At
least one of memory devices 810 may contain an inte-
grated circuit structure or element in accordance with em-
bodiments of the invention, including one or more nano-
rods, as shown in FIG. 1D.
[0041] The memory controller 1010 may provide and
control a bidirectional interface between the memory sys-
tem 1000 and an external system bus 1020. In some
embodiments, the memory controller 1010 may also con-
tain one or more nanorods, as shown in FIG. 1D. The
memory system 1400 may accept a command signal
from the external system bus 1020 and relay it to the one
or more memory modules 800 on a command link 830.
The memory system 1000 may provide data input and
data output between the one or more memory modules
800 and the external system bus 1020 on data links 1040.
[0042] FIG. 11 illustrates a block diagram of an elec-
tronic system as a computer system 1100 according to
various embodiment of the invention. A computer system
1100 may contain a processor 1110 and a memory sys-
tem 1000 housed in a computer unit 1105. The computer
system 1100 also serves as an example of an electronic
system containing another electronic system, i.e., mem-
ory system 1000, as a subcomponent. The computer sys-
tem 1100 optionally contains user interface components,
such as a keyboard 1120, a pointing device 1130, a mon-
itor 1140, a printer 1150 and a bulk storage device 1160.
Other components associated with the computer system
1100, such as modems, device driver cards, additional
storage devices, etc. may also be included. The proces-
sor 1110 and the memory system 1000 of the computer
system 1100 can be incorporated on a single integrated
circuit. Such single package processing units may oper-
ate to reduce the communication time between the proc-
essor and the memory circuit. The processor 1110 and
the memory system 1000 may contain one or more na-
norods, as shown in FIG. 1D. In some embodiments, the
printer 1150 or the bulk storage device 1160 may contain
an integrated circuit structure or element in accordance
with embodiments of the invention, including one or more
nanorods, as shown in FIG. 1D.
[0043] The above Detailed Description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way

of illustration, specific embodiments. These embodi-
ments, which are also referred to herein as "examples,"
are described in enough detail to enable those skilled in
the art to practice the invention. The embodiments may
be combined, other embodiments may be utilized, or
structural, logical and electrical changes may be made
without departing from the scope of the present invention.
The Detailed Description is, therefore, not to be taken in
a limiting sense, and the scope of the various embodi-
ments is defined only by the appended claims and their
equivalents.
[0044] In this document, the terms "a" or "an" are used,
as is common in patent documents, to include one or
more than one. In this document, the term "or" is used
to refer to a nonexclusive or, unless otherwise indicated.
It is to be understood that the above description is intend-
ed to be illustrative, and not restrictive. For example, the
above-described embodiments (and/or aspects thereof)
may be used in combination with each other Many other
embodiments will be apparent to those of skill in the art
upon reviewing the above description. The scope of the
invention should, therefore, be determined with refer-
ence to the appended claims, In the appended claims,
the terms "including" and "in which" are used as the plain-
English equivalents of the respective terms "comprising"
and "wherein." Also, in the following claims, the terms
"including" and "comprising" are open-ended, that is, a
system, device, article, or process that includes elements
in addition to those listed after such a term in a claim are
still deemed to fall within the scope of that claim. More-
over, in the following claims, the terms "first," "second,"
and "third," etc. are used merely as labels, and are not
intended to impose numerical requirements on their ob-
jects.

Claims

1. A memory cell (430), comprising:

a vertical channel coupled at a first end to a ca-
pacitor (425) and at a second end to a first
source/drain region (102D) the vertical channel
comprising at least one nanorod (110D) wherein
each nanorod includes a vertical transport re-
gion (103D) of semiconductor material,
the semiconductor material of the vertical trans-
port region having a substantially circular cross-
section having a diameter of about 0.5 nm to
about 15 nm providing a band gap energy in-
creased from its native band gap energy in bulk
form, the semiconductor material contacting and
extending vertically from the first source/drain
region, wherein the first source/drain region
(102D) and the vertical transport region (103D)
each comprise a SiC or a SiGeC layer,
a dielectric (206A, 306A, 406) surrounding the
at least one nanorod and
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a field electrode (208B, 308A, 408) coupled to
the vertical transport region using the dielectric,
the field electrode being a gate conductor (208B,
308A, 408)

2. The memory cell of claim 1, wherein the capacitor is
a double-sided capacitor associated with a dynamic
random access memory.

3. The memory cell of any preceding claim, wherein
the field electrode (208B, 308A, 408) is configured
to regulate a discharge current associated with the
capacitor (425).

4. The memory cell of any preceding claim, wherein a
length of the vertical channel is less than 250 nm.

5. The memory cell of any preceding claim, wherein
the dielectric (206A, 306A, 406) is configured to sup-
port an electric field along the vertical channel to cou-
ple a charge at the first end with a shared doped
region.

6. The memory cell of claim 1, wherein the dielectric
(206A, 306A, 406) includes one or more oxynitrides
of Mo, W, orTa; and the memory cell includes a sec-
ond drain/source region coupled to the at least one
nanorod (110C, 110D, 210A, 210B, 410)at the first
end.

7. The memory cell of claim 1, wherein the vertical
channel is disposed in an access transistor adjacent
to a substrate layer, the vertical channel shaped as
a rod, the vertical channel sharing a gate electrode
and at least one drain/source region with another
vertical channel, the capacitor coupled to one end
of the access transistor.

8. The memory cell of claim 1, wherein the memory cell
is disposed in a memory of a system, the system
including a user interface coupled to the memory,
the vertical channel shaped as a rod disposed in an
access transistor, wherein the rod includes a first
band gap energy region and a second band gap en-
ergy region, the second band gap energy being lower
than the first band gap energy, and wherein the first
band gap energy region and the second band gap
energy region cooperate to reduce a channel leak-
age current.

9. A system comprising the memory cell of claim 1,
wherein the vertical channel is disposed in an access
transistor configured to reduce a leakage current be-
tween the capacitor and a conductive region of the
access transistor using a band gap energy difference
and wherein the system includes a plurality of ca-
pacitive cells coupled to an input/output circuit such
that the plurality of capacitive cells are configured to

form a portion of a memory module.

Patentansprüche

1. Speicherzelle (430), umfassend:

einen vertikalen Kanal, der an einem ersten En-
de mit einem Kondensator (425) und an einem
zweiten Ende mit einem ersten Source/Drain-
Bereich (102D) gekoppelt ist, wobei der vertika-
le Kanal mindestens einen Nanostab (110D)
umfasst, worin jeder Nanostab einen vertikalen
Transportbereich (103D) aus Halbleitermaterial
einschließt, wobei das Halbleitermaterial des
vertikalen Transportbereichs einen im Wesent-
lichen kreisförmigen Querschnitt mit einem
Durchmesser von etwa 0,5 nm bis etwa 15 nm
hat, was für eine Bandlückenenergie sorgt, die
gegenüber seiner ursprünglichen Bandlücken-
energie in massiver Form erhöht ist, wobei das
Halbleitermaterial den ersten Source/Drain-Be-
reich kontaktiert und sich vertikal von dort er-
streckt, worin der erste Source/Drain-Bereich
(102D) und der vertikale Transportbereich
(103D) jeweils eine SiC- oder eine SiGeC-
Schicht umfassen,
ein Dielektrikum (206A, 306A, 406), das den
mindestens einen Nanostab umgibt, und
eine Feldelektrode (208B, 308A, 408), die unter
Verwendung des Dielektrikums mit dem vertika-
len Transportbereich gekoppelt ist, wobei die
Feldelektrode ein Gate-Leiter (208B, 308A, 408)
ist.

2. Speicherzelle nach Anspruch 1, worin der Konden-
sator ein doppelseitiger Kondensator ist, der einem
dynamischen Schnellzugriffspeicher zugeordnet ist.

3. Speicherzelle nach einem der vorhergehenden An-
sprüche, worin die Feldelektrode (208B, 308A, 408)
dafür konfiguriert ist, einen Entladungsstrom zu re-
geln, der dem Kondensator (425) zugeordnet ist.

4. Speicherzelle nach einem der vorhergehenden An-
sprüche, worin eine Länge des vertikalen Kanals
kleiner als 250 nm ist.

5. Speicherzelle nach einem der vorhergehenden An-
sprüche, worin das Dielektrikum (206A, 306A, 406)
dafür konfiguriert ist, ein elektrisches Feld entlang
des vertikalen Kanals zu stützen, um eine Ladung
am ersten Ende mit einem gemeinsam genutzten
dotierten Bereich zu koppeln.

6. Speicherzelle nach Anspruch 1, worin das Dielekt-
rikum (206A, 306A, 406) ein oder mehrere Oxynitride
von Mo, W oder Ta einschließt; und die Speicher-
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zelle einen zweiten Drain/Source-Bereich ein-
schließt, der mit dem mindestens einen Nanostab
(110C, 110D, 210A, 210B, 410) am ersten Ende ge-
koppelt ist.

7. Speicherzelle nach Anspruch 1, worin der vertikale
Kanal in einem Zugriffstransistor angeordnet ist, der
an eine Substratschicht angrenzt, wobei der vertika-
le Kanal als Stab geformt ist, wobei der vertikale Ka-
nal eine Gate-Elektrode und mindestens einen
Drain/Source-Bereich mit einem anderen vertikalen
Kanal gemeinsam nutzt, wobei der Kondensator mit
einem Ende des Zugriffstransistors gekoppelt ist.

8. Speicherzelle nach Anspruch 1, worin die Speicher-
zelle in einem Speicher eines Systems angeordnet
ist, wobei das System einschließt:

eine mit dem Speicher gekoppelte Benutzer-
schnittstelle, wobei der als Stab geformte verti-
kale Kanal in einem Zugriffstransistor angeord-
net ist, worin der Stab einen Bereich erster
Bandlückenenergie und einen Bereich zweiter
Bandlückenenergie einschließt, wobei die zwei-
te Bandlückenenergie niedriger als die erste
Bandlückenenergie ist, und worin der Bereich
erster Bandlückenenergie und der Bereich zwei-
ter Bandlückenenergie zusammenwirken, um
einen Kanalleckstrom zu verringern.

9. System, umfassend die Speicherzelle nach An-
spruch 1, worin der vertikale Kanal in einem Zugriffs-
transistor angeordnet ist, der dafür konfiguriert ist,
einen Leckstrom zwischen dem Kondensator und ei-
nem leitfähigen Bereich des Zugriffstransistors unter
Verwendung einer Bandlückenenergiedifferenz zu
verringern, und worin das System eine Vielzahl von
kapazitiven Zellen einschließt, die mit einer Ein-
gangs-/Ausgangsschaltung gekoppelt sind, sodass
die Vielzahl von kapazitiven Zellen dafür konfiguriert
ist, einen Abschnitt eines Speichermoduls zu bilden.

Revendications

1. Cellule de mémoire (430), comprenant :

un canal vertical couplé, au niveau d’une pre-
mière extrémité, à un condensateur (425) et, au
niveau d’une seconde extrémité, à une première
région de source/drain (102D), le canal vertical
comprenant au moins une nanotige (110D), où
chaque nanotige comprend une région de trans-
port verticale (103D) en matériau semi-conduc-
teur, le matériau semi-conducteur de la région
de transport verticale présentant une section
transversale essentiellement circulaire ayant un
diamètre compris entre environ 0,5 nm et envi-

ron 15 nm, fournissant une énergie de bande
interdite accrue massivement par rapport à son
énergie de bande interdite native, le matériau
semi-conducteur venant en contact et s’éten-
dant verticalement à partir de la première région
de source/drain, la première région de sour-
ce/drain (102D) et la région de transport verti-
cale (103D) comprenant respectivement une
couche SiC ou une couche SiGeC,
un diélectrique (206A, 306A, 406) entourant la
au moins une nanotige et
une électrode de champ (208B, 308A, 408) cou-
plée à la région de transport verticale en utilisant
le diélectrique, l’électrode de champ étant un
conducteur de grille (208B, 308A, 408).

2. Cellule de mémoire selon la revendication 1, où le
condensateur est un condensateur double face as-
socié à une mémoire vive dynamique.

3. Cellule de mémoire selon l’une quelconque des re-
vendications précédentes, où l’électrode de champ
(208B, 308A, 408) est configurée pour réguler un
courant de décharge associé au condensateur
(425).

4. Cellule de mémoire selon l’une quelconque des re-
vendications précédentes, où une longueur du canal
vertical est inférieure à 250 nm.

5. Cellule de mémoire selon l’une quelconque des re-
vendications précédentes, où le diélectrique (206A,
306A, 406) est configuré pour supporter un champ
électrique le long du canal vertical afin de coupler
une charge au niveau de la première extrémité avec
une région dopée partagée.

6. Cellule de mémoire selon la revendication 1, où le
diélectrique (206A, 306A, 406) comprend un ou plu-
sieurs oxynitrure(s) de Mo, W, ou Ta ; et la cellule
de mémoire comprend une seconde région de
drain/source couplée à la au moins une nanotige
(110C, 110D, 210A, 210B, 410) au niveau de la pre-
mière extrémité.

7. Cellule de mémoire selon la revendication 1, où le
canal vertical est fourni dans un transistor d’accès
adjacent à une couche de substrat, le canal vertical
est en forme de tige, le canal vertical partage une
électrode de grille et au moins une région de
drain/source avec un autre canal vertical, le conden-
sateur est couplé à une extrémité du transistor d’ac-
cès.

8. Cellule de mémoire selon la revendication 1, où la
cellule de mémoire est fournie dans une mémoire
d’un système, le système comprenant
une interface utilisateur couplée à la mémoire, le ca-
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nal vertical en forme de tige fourni dans un transistor
d’accès, où la tige comprend une région de première
énergie de bande interdite et une région de seconde
énergie de bande interdite, la seconde énergie de
bande interdite étant inférieure à la première énergie
de bande interdite, et où la région de première éner-
gie de bande interdite et la région de seconde éner-
gie de bande interdite coopèrent afin de réduire un
courant de fuite de canal.

9. Système comprenant la cellule de mémoire selon la
revendication 1, où le canal vertical est fourni dans
un transistor d’accès configuré pour réduire un cou-
rant de fuite entre le condensateur et une région con-
ductrice du transistor d’accès en utilisant une diffé-
rence d’énergie de bande interdite et où le système
comprend une pluralité de cellules capacitives cou-
plées à un circuit d’entrée/sortie de telle manière que
la pluralité de cellules capacitives sont configurées
pour former une partie d’un module de mémoire.
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