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Patent Application No. 10/811,373, filed on March 28,
2003, entitled Nanotube-on-Gate FET Structures and
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Background TechnicalField [0003] The invention
generally relates to nonvolatile random access memory
arrays, and more specifically to nonvolatile random
access memory arrays that use nanotube articles having
re-programmable resistance to provide unit cells that
may be employed in integrated circuits. Discussion of
Related Art [0004] Important characteristics for a
memory cell for use in a commercial electronic device
are having a low production cost, nonvolatility, high
density, low power, and high speed. Conventional
memory solutions include Read Only Memory (ROM),
Programmable Read only Memory (PROM), Electrically
Programmable Memory (EPROM), Electrically Erasable
Programmable Read Only Memory (EEPROM), Dynamic Random
Access Memory (DRAM) and Static Random Access Memory
(SRAM). [0005] ROM has a relatively low cost but
cannot be rewritten. PROM can be electrically
programmed, but with only a single write cycle. EPROM
has read cycles that are fast relative to ROM and PROM
read cycles, but has relatively long erase times and
is reliable for only a few iterative read/write
cycles. EEPROM (or "Flash") is inexpensive to produce
and has low power consumption, but has long write
cycles (ms) and low relative speed in comparison to
DRAM or SRAM. Flash also has a finite number of
read/write cycles, which leads to low long-term
reliability. ROM, PROM, EPROM and EEPROM are all
non-volatile, meaning that if power to the memory is
interrupted, the memory will retain the information
stored in the memory cells. [0006] DRAM stores charge
on transistor gates that act as capacitors. These
capacitors must be electrically refreshed every few
milliseconds to compensate forcharge leakage. Also, a
read operation discharges the capacitors, so the
information must subsequently be rewritten to the
memory. This complicates the system design, because
separate circuitry must be included to "refresh" the
memory contents both 



before the capacitors discharge, and after a read
operation. SRAM does not need to be refreshed, and is
fast relative to DRAM, but has lower density and is
more expensive relative to DRAM. Both SRAM and DRAM
are volatile, meaning that if power to the memory is
interrupted, the memory cells will lose their stored
information. [0007] Consequently, existing
commercially available technologies are generally
either nonvolatile, but not randomly accessible and
have a low density, high production cost, and a
limited ability to allow multiple writes with high
reliability of the circuit's function; or are
volatile, and have complicated system design or have a
low density. Some emerging technologies have attempted
to address these shortcomings. [0008] For example,
magnetic RAM (MRAM) or ferromagnetic RAM (FRAM) have
nonvolatile memory cells that are generated from the
orientation of a magnetic or ferromagnetic region of
material. MRAM utilizes a magnetoresistive memory
element, which is based on either the anisotropic
magnetoresistance or giant magnetoresistance of
ferromagnetic materials. Both of these types of memory
cells are nonvolatile, but have a relatively high
resistance and low density. A different proposed
magnetic memory cell, based upon magnetic tunnel
junctions, has also been examined but has not led to
large-scale commercialized MRAM devices. FRAM uses a
circuit architecture similar to DRAM, but instead
utilizes a thin film ferroelectric capacitor and an
externally applied electric field. This capacitor is
believed to retain its electrical polarization after
removing the externally applied electric field,
yielding a nonvolatile memory cell. However FRAM
memory cells tend to be large, and are difficult to
manufacture as large-scale integrated components. See
U.S. Patent Nos. 4,853,893; 4,888,630; 5,198,994.
[0009] Another emerging nonvolatile memory technology
is phase change memory. This technology stores
information by inducing a structural phase change in
thin-film alloys, which incorporate elements such as
selenium or tellurium. Thesealloys are believed to
remain stable in both crystalline and amorphous
states, allowing 



the formation of a bi-stable switch that functions as
a nonvolatile memory cell. This technology, however,
appears to operate at a slow speed, to be difficult to
manufacture, has unknown reliability, and has not
reached a state of commercialization. See U.S. Patent
Nos. 3,448,302; 4,845,533; 4,876,667; 6,044,008.
[0010] Wire crossbar memory has also been proposed.
See U.S. Patent Nos. 6,128,214; 6,159,620; and
6,198,655. These proposed memory cells utilize
molecules to build bi-stable switches. Two wires
(which can be metal or semiconductor depending on the
particular implementation) are crossed, with a layer
of one or more molecular compounds sandwiched between
the wires at the junction. By controlling the
sandwiched compound(s), e.g. by chemical assembly or
by electrochemical oxidation/reduction reactions, the
two wires are brought into or out of electrical
contact with each other to generate a respective "on"
or "off state. This form of memory cell has the
manufacturing limitation of requiring highly
specialized wire junctions. It also may not retain
nonvolatility or long-term reliability owing to the
inherent instability found in redox processes, and the
risk of degradation of the chemical compound(s).
[0011] Recently, memory devices have been proposed
which use nanoscopic wires, such as single-walled
carbon nanotubes, to form crossbar junctions that
serve as memory cells. See WO 01/03208, "Nanoscopic
Wire-Based Devices, Arrays, and Methods of Their
Manufacture;" and Thomas Rueckes et al., "Carbon
Nanotube- Based Nonvolatile Random Access Memory for
Molecular Computing," Science, vol. 289, pp. 94-97, 7
July, 2000. Hereinafter these devices are called
nanotube wire crossbar memories (NTWCMs). In these
proposed devices, individual single-walled nanotube
wires are suspended over other wires, defining memory
cells. Electrical signals that are written to one or
both wires cause them to physically attract or repel
relative to one another. Each physical state (i.e.,
attracted or repelled wires) corresponds to an
electrical state. Repelled wires form an open circuit
junction. Attracted wires form a closed state, forming
a rectified junction. When electrical 



power is removed from the junction, the wires retain
their physical (and thus electrical) state, thereby
forming a nonvolatile memory cell.[0012] More recently
proposed nanotube ribbon crossbar memory (NTRCM)
devices offer the advantages of being non-volatile,
having a low production cost per bit, a high density,
fast random access, and low power consumption, and
also having a high degree of tolerance to radiation.
The memory offers competitive performance to and
achieves a higher density than conventional SRAM,
because it utilizes a twodevice structure having an
electromechanically responsive nanotube plus 3 array
lines to control and read the memory cell state. The
memory offers the relative advantages of having a
non-destructive read-out (NDRO) operation, and
nonvolatility. [0013] U.S. Patent No. 6,919,592
discloses, among other things, NTRCM-based
electromechanical circuits, such as memory cells.
These circuits include a structure having supports
extending from a surface of a substrate, and
electrically conductive traces in between. The
supports suspend nanotube ribbons across the
electrically conductive traces. Each ribbon comprises
one or more nanotubes. For example, as disclosed in
U.S. Patent No. 6,919,592, a fabric of nanotubes
(nanofabric) may be patterned into ribbons. Then the
ribbons can be used as components to create
nonvolatile electromechanical memory cells. The ribbon
is electromechanically deflectable in response to
electrical stimulus of control traces and/or the
ribbon. The deflected physical state of the ribbon may
be made to represent a corresponding information
state. The deflected physical state has nonvolatile
properties, meaning the ribbon retains its physical
(and therefore informational) state even if power to
the memory cell is removed. As explained in U.S.
Patent No. 6,91 1,682, three-trace architectures may
be used for electromechanical memory cells, in which
the two of the traces are electrodes to control the
deflection of the ribbon. [0014] The ribbons may be
formed, for example, as disclosed in U.S. Patent
Application Publication No. 6,919,592, by selectively
removing material from a deposited or grown layer or
matted fabric of nanotubes. To fabricate suspended
nanotube ribbons, multiple masking steps may be used.
Sacrificial layers may be 



fabricated both above and below the nanotube ribbons
in the switching regions, where the ribbons will be
suspended. The sacrificial layers may be subsequently
removed in order to leave spaces above and below the
ribbons, i.e. to suspend the ribbons.[0015] An ideal
memory device for at least some purposes is one that
enables a simple, low cost integration for fabrication
using existing bulk or SOI CMOS processes. Such a
memory device could be fabricated with only one
additional masking layer (or at most two additional
masking layers) and a minimum number of additional
process steps. Summary [0016] The present invention
provides nonvolatile memory arrays that include
two-terminal nanotube switches. The arrays include a
plurality of memory unit cells, each of which receives
a bit line, a first word line, and a second word line.
Each memory unit cell includes a cell selection
transistor, and a non-volatile two-terminal nanotube
article of reprogrammable resistance, the state of
which determines the logical state of the memory unit
cell. [0017] Under one aspect, a memory array includes
a plurality of memory cells, each memory cell
receiving a bit line, a first word line, and a second
word line. Each memory cell includes a cell selection
circuit operably coupled to the first word line and
the bit line to select the memory cell in response to
activation of at lease one of the bit line and the
first word line. Each memory cell also includes a
two-terminal switching device, which includes first
and second conductive terminals in electrical
communication with a nanotube article. The first
terminal is operably coupled to the cell selection
circuit and the second terminal is operably coupled to
the second word line. The memory array also includes a
memory operation circuit operably coupled to the bit
line, the first word line, and the second word line of
each cell. The operation circuit is capable of
selecting the cell by activating at least one of the
bit line and the first word line and applying a first
electrical stimulus to at least one of the bit line,
first word line, and second word line to change the
resistance of the nanotube article between the first
and second terminals to a relatively high resistance.
The operation 



circuit is also capable of selecting the cell by
activating at least one of the bit line and the first
word line applying a second electrical stimulus to at
least one of the bit line, first word line, and second
word line to change the resistance of the nanotube
article between the first and second terminals to a
relatively low resistance. A relatively high
resistance of the nanotube article corresponds to a
first informational state of thememory cell, and
wherein a relatively low resistance of the nanotube
article corresponds to a second informational state of
the memory cell. [0018] Under another aspect, the
first and second informational states are nonvolatile.
The resistance of the first state may be at least
about ten times larger than the resistance of the
second state. [0019] Under another aspect, the cell
selection circuit includes a transistor with a gate, a
source, and a drain. The gate may be in electrical
contact with the first word line, the source may be in
electrical contact with the first conductive terminal,
and the drain may be in electrical contact with the
bit line. Under another aspect, the cell selection
circuit includes a FET. [0020] Under another aspect,
the operation circuit reads an informational state of
the memory cell by selecting the cell by activating
one of the bit line and the first word line and
applying a read stimulus to the other of the bit line
and the first word line. The read stimulus may include
applying a floating voltage, and the operation circuit
may read the informational state of the cell by
determining whether the voltage on the other of the
bit line and the first word line decays below a
threshold value. Reading the informational state of
the memory cell may be a non-destructive read-out
operation. [0021] Under another aspect, the operation
circuit includes a latch corresponding to each memory
cell and records the informational state of the memory
cell in the corresponding latch before erasing the
memory cell. [0022] Under another aspect, the
operation circuit includes circuitry to produce an
erase operation for the first electrical stimulus. The
erase operation may include applying one or more
voltage pulses, wherein an amplitude of the pulses, a
waveform 



of the pulses, and a number of the pulses together are
sufficient to change the device to the first state.
Under another aspect, the operation circuit includes
circuitry to produce a program operation for the
second electrical stimulus. The program operation may
include applying one or more voltage pulses, wherein
an amplitude of the pulses, a waveform of the pulses,
and a number of the pulses together are sufficient to
change the device to the second state.[0023] Under
another aspect, a memory cell includes a cell
selection circuit in electrical communication with a
bit line and a first word line to select the memory
cell in response to activation of at least one of the
bit line and the first word line. The memory cell also
includes a two-terminal nanotube switching device,
which includes first and second conductive terminals
in electrical communication with a nanotube article.
The first terminal is in electrical communication with
the cell selection circuit and the second terminal is
in electrical communication with a second word line.
Selecting the memory cell and applying a first
electrical stimulus to at least one of the bit line,
first word line, and second word line changes a
resistance of the switching device between the first
and second terminals from a relatively low resistance
to a relatively high resistance. Selecting the memory
cell and applying a second electrical stimulus to at
least one of the bit line, first word line, and second
word line changes a resistance of the switching device
between the first and second terminals from a
relatively high resistance to a relatively low
resistance. The relatively high resistance between the
first and second terminals corresponds to a first
informational state of the memory cell, and the
relatively low resistance between the first and second
terminals corresponds to a second informational state
of the memory cell. [0024] Under another aspect, the
first and second informational states are non
volatile. The resistance of the first informational
state may be at least about ten times larger than the
resistance of the second state. [0025] Under another
aspect, the cell selection circuit includes a
transistor with a gate, a source, and a drain. The
gate may be in electrical communication with the first
word line, the source is in electrical communication
with the first conductive terminal, 



and the drain is in electrical communication with the
bit line. Under another aspect, the cell selection
circuit comprises a FET. [0026] Under another aspect,
the first electrical stimulus includes applying one or
more voltage pulses, wherein an amplitude of the
pulses, a waveform of the pulses, and a number of the
pulses together are sufficient to change the device to
the first informational state. Under another aspect,
the second electrical stimulus includes applying one
or more voltage pulses, wherein an amplitude of the
pulses, a waveformof the pulses, and a number of the
pulses together are sufficient to change the device to
the second informational state. Brief Description of
the Drawings [0027] In the Drawing: Figures IA and IB
are cross-sectional representations of certain
embodiments of non-volatile two-terminal nanotube
switches; Figure 1C is a schematic representation of
the non-volatile two-terminal nanotube switch of
figure IA in a high resistance "off state according to
certain embodiments of the invention; Figure ID is a
schematic representation of the non-volatile
two-terminal nanotube switch of figure IA in a low
resistance "on" state according to certain embodiments
of the invention; Figure 2 is an illustration of a
memory array with each memory cell including a cell
select FET and a non-volatile two-terminal nanotube
switch according to certain embodiments of the
invention; and Figure 3 is an illustration of
operational waveforms of a memory array according to
certain embodiments of the invention. Detailed
Description [0028] Preferred embodiments of the
present invention provide scalable memory arrays that
include nanotube articles with reprogrammable
resistance. In general, the array includes a plurality
of memory unit cells, each of which includes a cell
selection transistor and a two-terminal nanotube
switch, and is operably connected to a bit line, 



a first word line, and a second word line. The cell
selection transistor is used to select the cell by
applying an electrical stimulus to the transistor
using the bit, first word, and/or the second word
lines. The two-terminal nanotube switch is operably
connected to the cell selection transistor, and is
used to store the state of the memory unit cell. The
two-terminal nanotube switch includes two conductive
terminals and a nanotube element. The resistance
between the two conductive terminals characterizesthe
state of the memory cell. A high resistance state can
be used as a logic "O" state, and a low resistance
state can be used as a logic "1" state. The cell can
be reprogrammably switched between the two states by
applying appropriate electrical stimuli to the bit,
first word, and/or the second word lines. [0029] One
embodiment of a non-volatile nanotube memory component
includes NFET or PFET, particularly NFET, array
devices, in combination with nonvolatile two-terminal
nanotube (NT) switches, to provide non-volatile unit
cells that may be employed in integrated circuits.
[0030] Embodiments of two terminal nonvolatile NT
switches that can be included in non-volatile unit
cells are described in U.S. Patent Application No.
(TBA), entitled "Two-Terminal Nanotube Devices and
Systems and Methods of Making Same," filed on an even
date herewith and having a common assignee as the
present application, the contents of which are
incorporated herein in their entirety by reference.
[0031] The nanotube switch components in the described
embodiments may be fabricated by, e.g., depositing and
patterning a metal layer in direct contact with
nanotube ribbons. These nanotube switches may be used
in memory devices that achieve memory densities that
are at least as dense as DRAMs, and at the same time
offer NDRO operation, non-volatile data retention, and
fast random access read times. Further, write
(program) and erase times may be faster, and require
lower voltages, than those of EEPROM and Flash EEPROM.
Two TerminalNanotube Switches [0032] Embodiments of
two-terminal nanotube switches that can be included in



the described memory arrays are described in U.S.
Patent Application No. (TBA), entitled "Two-Terminal
Nanotube Devices And Systems And Methods Of Making
Same," filed on an even date herewith and having a
common assignee as the present application, the
contents of which are incorporated herein in their
entirety by reference. Associated structures using the
switches, along with electrical characteristics,
methods of fabricating, and methods of integrating the
switches with existing semiconductor technology are
described.[0033] Figure IA illustrates a cross
sectional representation of a nonvolatile 2- terminal
nanotube switch (2-TNS) 10. Nanotube element 25 is
disposed on substrate 35, which includes a layer of
insulator 30. Nanotube element 25 at least partially
overlaps two terminals, e.g., conductive elements 15
and 20, which are both deposited directly onto
nanotube element 25. In this embodiment, nanotube
element 25 is patterned within a region that can be
defined before or after deposition of conductive
elements 15 ai d/or 20. [0034] Conductive elements 15
and 20 are in contact with stimulus circuit 50.
Stimulus circuit 50 electrically stimulates at least
one of conductive elements 15 and 20, which changes
the state of switch 10. More specifically, nanotube
element 25 responds to the simulation by changing the
resistance of switch 10 between conductive elements 15
and 20; the relative value of the resistance
corresponds to the state of the switch. For example,
if stimulus circuit 50 applies a first electrical
stimulus, which may be for example a relatively high
voltage and a current across conductive elements 15
and 20, then nanotube element 25 responds by changing
the resistance of the device between conductive
elements 15 and 20 to a relatively high resistance.
This corresponds to an "erased" or "off state of the
device, where electrical conduction is relatively poor
between conductive elements 15 and 20. The impedance
between elements 15 and 20 may also be relatively high
in this state. For example, if stimulus circuit 50
applies a second electrical stimulus, which may be for
example a relatively low voltage and a current across
conductive elements 15 and 20, then nanotube element
25 responds by changing the resistance of the switch
between 



conductive elements 15 and 20 to a relatively low
resistance. This corresponds to a "programmed" or "on"
state of the device, where electrical conduction is
relatively good, or even near-ohmic, between
conductive elements 15 and 20. The impedance between
elements 15 and 20 may also be relatively low in this
state. The "erase" current associated with the
relatively high "erase" voltage may be greater than or
less than the "program" current associated with the
relatively low "program" voltage. "Erase" and
"program" currents are typically in the nano-Ampere or
micro-Ampere range, and are determined by geometry and
material selection of the nonvolatile twoterminal
nanotube switch. In general, the resistance as well as
the impedance between the first and second conductive
elements of the device is a function of the state of
the device, and can be determined by measuring
electrical characteristics of the switch.[0035]
Conductive elements 15 and 20 are preferably made of a
conductive material, and can be the same or different
material depending on the desired performance
characteristics of switch 10. Conductive elements 15
and 20 can, for example, be composed of metals such as
Ru, Ti, Cr, Al, Au, Pd, Ni, W, Cu, Mo, Ag, In, Ir, Pb,
Sn, as well as other suitable metals, and combinations
of these. Metal alloys such as TiAu, TiCu, TiPd, PbIn,
and TiW, other suitable conductors, including CNTs
themselves (single walled, multiwalled, and/or double
walled, for example), or conductive nitrides, oxides,
or suicides such as RuN, RuO, TiN, TaN, CoSix and
TiSix may be used. Other kinds of conductor, and
semiconductor, materials can also be used. Insulator
30 is preferably a suitable insulative material, for
example SiO2, SiN, Al O3, BeO, GaAs, polyimide, or
other suitable material. Examples of conductive and
insulative materials that can be used in 2-TNS 10 are
described in greater detail in U.S. Patent Appln. No.
(TBA), entitled "Two Terminal Nanotube Devices and
Systems and Methods of Making Same," filed on an even
date herewith. [0036] In some embodiments, nanotube
element (article) 25 is a fabric of matted carbon
nanotubes (also referred to as a nanofabric).
Nanotubes in the nanofabric may be randomly oriented,
or may have an orientation that is not constrained to
an orientation of nanotube element 25. Nanotube
elements generally substantially 



conform to surfaces; in some embodiments, one or more
terminals of a two-terminal nanotube switch have
vertically oriented surfaces, and the nanotube element
substantially conforms to at least a portion of the
vertically oriented surface. In some embodiments, the
nanotube element or fabric is porous, and material
from conductive elements 15 and/or 20 may fill at
least some of the pores in nanotube element 25. In
some embodiments, nanotube element 25 includes
single-walled nanotubes (SWNTs) and/or multiwalled
nanotubes (MWNTs) and/or double-walled nanotubes
(DWNTs). In some embodiments, nanotube element 25
includes one or more bundles of nanotubes. Generally,
nanotube element 25 includes at least one nanotube.
Methods of making nanotube elements and nanofabrics
are known and are described in U.S. Patent Nos.
6,784,028, 6,835,591, 6,574,130, 6,643,165, 6,706,402,
6,919,592, 6,911,682, and 6,924,538; U.S. Patent
Publication Nos. 2005-0062035, 2005- 0035367,
2005-0036365, and 2004-0181630; and U.S. Patent
Application Nos. 10/341005, 10/341055, 10/341054,
10/341130, the contents of which are hereby
incorporated by reference in their entireties
(hereinafter and hereinbefore the"incorporated patent
references"). Some embodiments for nanotube elements
that can be used in 2-TNS 10 are described in greater
detail in U.S. Patent Appln. No. (TBA), entitled "Two
Terminal Nanotube Devices and Systems and Methods of
Making Same," filed on an even date herewith. [0037]
Generally it is preferable that the values of the high
and low resistances are separated by at least an order
of magnitude. In some preferred embodiments, the "off
state has a resistance that is at least about 10 times
higher than a resistance of the "on" state. In some
preferred embodiments, the "off state has an impedance
that is at least about 10 times higher than an
impedance of the "on" state. In some embodiments, the
"programmed" or "on" state is characterized by a
resistance (RON) between conductive elements 15 and 20
that is generally in the range of 100 Ohms to 1 M-Ohm.
In some embodiments, the "erased" or "off state is
characterized by a resistance (ROFF) between
conductive elements 15 and 20 that is generally in the
range of 10 M-Ohm to 10 G-Ohm or more. The two states
are non-volatile, i.e., they do not 



change until stimulus circuit 50 applies another
appropriate electrical stimulus to at least one of
conductive elements 15 and 20, and they retain state
even if power is removed from the circuit. Stimulus
circuit can also determine the state of 2-TNS 10 with
a non-destructive read-out operation (NDRO). For
example, stimulus circuit 50 may apply a low
measurement voltage across conductive elements 15 and
20, and measure the resistance R between the
conductive elements. This resistance can be measured
by measuring the current flow between conductive
elements 15 and 20 and from that calculating the
resistance R. The stimulus is sufficiently weak that
it does not change the state of the device. Another
example of a method of determining the state of the
cell by measuring pre-charged bit line capacitance
discharge through (between) conductive elements 15 and
20 is described further below. Example electrical
stimuli and resistances for "programmed" and "erased"
states for some embodiments of two-terminal nanotube
switches, and example "read" stimuli, are described in
greater detail in U.S. Patent Appln. No. (TBA),
entitled "Two Terminal Nanotube Devices and Systems
and Methods of Making Same," filed on an even date
herewith. [0038] In some embodiments, thermal and/or
electrical engineering, that is thermal and/or
electrical engineering management (design), can be
used to enhancethe performance of a two-terminal
nanotube switch, as described in U.S. Patent Appln.
No. (TBA), entitled "Two Terminal Nanotube Devices and
Systems and Methods of Making Same," filed on an even
date herewith. Figure IB illustrates a cross sectional
representation of nonvolatile two-terminal nanotube
switch (2-TNS) 10', in which thermal and/or electrical
engineering management (design) is accomplished by
limiting the overlap between nanotube element 25' and
conductive element 20'. Nanotube element 25' is
disposed on substrate 35', which includes a layer of
insulator 30'. Nanotube element 25' is arranged to
overlap with a specified geometrical relationship,
e.g., by a predetermined extent, at least a portion of
at least one of the terminals, e.g., conductive
elements 15' and 20', which are both deposited
directly onto nanotube element 25'. 



[0039] In this embodiment, nanotube element 25' is
patterned within a region that can be defined before
or after deposition of conductive elements 15' and/or
20'. Conductive element 15' overlaps one entire
end-region of nanotube element 25', forming a
near-ohmic contact. At the opposite end of nanotube
element 25', at overlap region 45', conductive element
20' overlaps nanotube element 25' by a controlled
overlap length 40'. Controlled overlap length may be
for example in the range of 1 to 150 nm, or in the
range of 15-50 nm. In one preferred embodiment,
controlled overlap length 40' is about 45 nm. The
materials and methods of making switch 10' may be
similar to those described above for switch 10 of
figure IA. [0040] Switches 10 and 10' illustrated in
figures IA and IB are intended to be illustrative
examples of two-terminal nanotube switches that can be
used in memory arrays using nanotube articles with
reprogrammable resistance. Other embodiments of 2-TNS
that can be used in memory arrays are described in
U.S. Patent Application No. (TBA), entitled
"Two-Terminal Nanotube Devices And Systems And Methods
Of Making Same," filed on an even date herewith and
having a common assignee as the present application,
the contents of which are incorporated herein in their
entirety by reference. [0041] Figures 1C and ID are
schematic illustrations of 2-TNS 10 shown in figure
IA, in "off' and "on" states respectively. Figure 1C
illustrates switch 100 in an "off state 110.
Conductive element 120 of figure 1C corresponds to
conductive element20 in figure IA, and conductive
element 115 corresponds to conductive element 15 in
figure IA. Nanotube element 125 corresponds to
nanotube element 25 in figure IA. Stimulus circuit 150
applies appropriate electrical stimulation to at least
one of elements 115 and 120 to change the state of
switch 100 to state 110. State 110 of switch 100 is
characterized by a relatively high electrical
resistance between elements 115 and 120, which can be
considered a "no contact" state because there is
relatively poor electrical contact between element 115
and element 120. Figure ID illustrates switch 100' in
an "on" state 110'. Conductive element 120' of figure
ID corresponds to conductive element 20 in figure IA,
and conductive element 115 corresponds to 



conductive element 15 in figure IA. Stimulus circuit
150' applies appropriate electrical stimulation to at
least one of elements 115' and 120' to change the
state of switch 100' to state 110'. State 110' of
switch 100' is characterized by a relatively low
resistance, which can be considered a "contact" state
because there is relatively good electrical contact
between conductive elements 115' and 120'. [0042]
Passivation of NRAM devices may be used to facilitate
device operation in air, at room temperature, and as a
protecting layer in conjunction with stacked material
layers on top on the NRAM device. Operation of
unpassivated NRAM devices are typically performed in
an inert ambient, such as argon, nitrogen, or helium,
or an elevated (greater than 125C) sample temperature
to remove adsorbed water from the exposed nanotubes.
Therefore, the requirements of a passivation film are
typically twofold. First, the passivation should form
an effective moisture barrier, preventing exposure of
the nanotubes to water. Second, the passivation film
should not interfere with the switching mechanism of
the NRAM device. [0043] One approach to passivation
involves cavities, which have been fabricated around
the NRAM devices to provide a sealed switching region.
Cavities both around individual devices (device-level
passivation) and around an entire die of 22 devices
(die-level passivation) have been demonstrated.
However, the process flow to fabricate is complicated,
with at least 2 additional lithography steps, and at
least 2 additional etching steps required. [0044]
Another approach to passivation involves depositing a
suitable dielectric layer over the NRAM devices. An
example of this approach is the use of
spin-coatedpolyvinyledenefluoride (PVDF) in direct
contact with the NRAM devices. The PVDF is patterned
into either die-level (over an entire die active
region) or device-level patches (individual patches
covering individual devices). Then a suitable
secondary dielectric passivation film, such an alumina
or silicon dioxide is used to seal off the PVDF and
provide a passivation robust to NRAM operation. It is
thought that NRAM operation thermally decomposes the
overlying PVDF, hence a secondary passivation film is
required to seal off the devices. Since the die level
passivations are 



typically -lOOmicron square patches, this local
decomposition can lead to ruptures of the secondary
passivation, exposure of NRAM devices to air, and
their subsequent failure. To avoid such failures of
the secondary passivation film, the die-level
passivated devices are "burned-in" electrically by
pulsing the devices typically with 500ns pulses from
4V to 8V in 0.5V steps. This is thought to
controllably decompose the PVDF and prevent a rupture
of the overlying secondary passivation film. After the
burn-in procedure the die-level passivated NRAM
devices operate normally. Devices passivated with a
device-level PVDF coating and a secondary passivation
film do not require such a burn in procedure and may
be operated in air at room temperature directly at
operating voltages. With device-level passivaton the
PVDF is patterned in the exact shape of the CNT
fabric, typically 0.5 microns wide and 1-2 microns
long. It is thought that such small patches can
decompose without stressing the secondary passivation
film to failure. It is possible that for a given
defect density in the secondary passivation, there are
no defects on average over the smaller footprint of
the device-level PVDF patches in comparison to the
larger, die-level patches. [0045] The memory arrays
described herein include a stimulus/latch circuit that
can independently select and control each switch in
the array by applying appropriate stimuli to lines
that are in electrical contact with the switch, as
described in greater detail below. The stimulus/latch
circuit also is in communication with a set of storage
latches that correspond to switches in the array. The
stimulus/latch circuit records states of the nanotube
switches in the array into the latches during a read
operation.Memory Arrays Using Two-Terminal Nanotube
Switches [0046] One embodiment of a nonvolatile NRAM
memory array 200 including non- volatile two-terminal
nanotube switches is illustrated in figure 2. Array
200 includes NFET or PFET devices, particularly NFET
array select devices Txy, where x is a word line
index, and y is a bit line index. Txy is in series
with nonvolatile two terminal nanotube switch NTxy to
provide nonvolatile memory unit cells that may be
employed in integrated circuits. Here, nanotube
switches NTxy are illustrated 



schematically and correspond to nanotube switch
schematics 100, 100' illustrated in figures 1C and ID.
Select node SNxy corresponds to conductive element
115, 115' illustrated in figures 1C and ID. Conductive
element CExy corresponds to conductive elements 120,
120' illustrated in figures 1C and ID. Each
nonvolatile nanotube switch NTxy in the array can be
in one of two states, an "on" state corresponding to
state 110' shown in figure ID, and "off state
corresponding to state 110 shown in figure 1C and
described further above. [0047] Nonvolatile NRAM
memory array 200 includes a matrix of nonvolatile
storage cells COO through Cnm. Non- volatile cell COO,
as with other cells in the array, includes select
transistor TOO and nanotube switch NT00. The gate of
TOO is coupled to WLO, the drain of TOO is coupled to
BLO, and the source of TOO is coupled to select node
SN00, which is in contact with the nanotube element of
NT00. Conductive element CEOO is connected to
secondary word line WWLO. In another embodiment, the
gate of TOO is coupled to BLO, the drain of TOO is
coupled to WLO, and the source of TOO is coupled to
select node SN00, which is in contact with the
nanotube element of NT00. [0048] NRAM memory array 200
also includes word lines (WLO, WLl, to WLn); secondary
word lines (WWLO, WWLl, to WLn); and bit lines (BLO,
BLl, to BLm). Although it is not illustrated, a
stimulus/latch circuit is in electrical contact with
the word, secondary word, and bit lines, and through
these lines provides erase, write(program), and read
signals to the memory cells COO. ..Cnm. The
stimulus/latch circuit may include a signal generator,
and each line may be in contact with an independent
signal generator or may share a common signal
generator.[0049] For an exemplary erase operation
along word line WLO, simultaneously erasing cells COO,
COl, through cell COm, the stimulus/latch circuit
first first reads out and stores in corresponding
latches the contents of cells COO through COm as
illustrated further below. Erase operation along word
line WLO proceeds with all bit lines BLO, BLl, through
BLm grounded (at zero volts). All secondary word lines
WWLO, WWLl through WWLn are grounded at the start of
the erase operation. The 



stimulus/latch circuit starts word line WLO at ground
(zero volts) and then applies voltage Vw, turning
transistor TOO ON and forming a conducting channel
that connects select node SNOO to grounded bit line
BLO. The FET channel resistance of transistor TOO is
designed to be much lower (10 times lower, for
example) than the "on" resistance of nanotube switches
NT00. [0050] Next, the stimulus/latch circuit applies
an erase stimulus VE to secondary word line WWLO. As
described in greater detail in U.S. Patent Appln. No.
(TBA), entitled "Two Terminal Nanotube Devices and
Systems and Methods of Making Same," filed on an even
date herewith, an erase stimulus can be, for example,
a single pulse or a series of pulses, and may have an
appropriate waveform and/or amplitude and/or number of
pulses. If, prior to the erase operation, device NTOO
is in an "on" state, current flows from secondary word
line WWLO to conductive element CEOO, through the
nanotubes of nanotube switch NT00, through the channel
of transistor TOO, to BLO which is grounded. Most of
the voltage drop is across nanotube switch NTOO
because transistor TOO channel resistance is much less
than nanotube switch NTOO resistance. If, for example,
the channel resistance of transistor TOO is 1/10 of
nanotube switch NT00, then 0.9 VE appears across
switch NT00. Erase stimulus VE causes nanotube switch
NTOO to change from the low resistance "on" state to
high resistance "off state. If, prior to the erase
operation, nanotube switch NTOO is in the "off state,
then nanotube switch NTOO remains in the "off state.
After the erase operation is completed, all nanotube
switches NTOO through NTOm are erased and in the high
resistance "off state. [0051] A write (program)
operation is preceded by an erase operation as
described further above. In other words, cells COO
through COm along a selected word line WLO begin the
program operation in the erased or "off state. For an
exemplary write (program) operation (to cell COO, for
example), secondary word line WWLO is atground and WLO
is at ground at the start of the write operation. A
stimulus/latch circuit selects transistor TOO by
switching word line WLO from ground to Vw- If nanotube
switch NTOO in cell COO is to be programmed from the
"off state to the 



"on" state (corresponding to a logic "1" state, for
example), then the stimulus/latch circuit applies a
program stimulus VBP to bit line BLO. As described in
greater detail in U.S. Patent Appln. No. (TBA),
entitled "Two Terminal Nanotube Devices and Systems
and Methods of Making Same," filed on an even &L
herewith, a program stimulus can be, for example, a
single pulse or a series of pulses, and may have an
appropriate waveform and/or amplitude and/or number of
pulses. For example, bit line voltage may first be
ramped to VBP, and then reduced to 1 VBP to complete
the write (programming) operation. In general, program
voltage pulses are chosen to maximize program voltage
efficiency. Current flows from bit line BLO through
the channel of transistor TOO, through the nanotubes
of nanotube switch NTOO to conductive element CEOO,
and to secondary word line WWLO. If, however, nanotube
switch NTOO in cell COO is to be programmed to the
"off state (corresponding to a logic "0" state, for
example), then bit line BLO voltage remains at zero
volts, and NTOO in cell COO remains in the "off state.
[0052] For an exemplary read operation (from cell COO,
for example), the stimulus/latch circuit sets
secondary word line WWLO at ground, and drives bit
line BLO voltage high, VBR for example, and allows the
voltage on the line to float. Read bit line voltage
VBR is selected to be less than both "erase" and
"program" voltages to ensure that stored logic states
(bits) are not disturbed (changed) during a read
operation. The stimulus/latch circuit drives WLO to a
high voltage, VWR for example, turning transistor TOO
ON and forming a conducting channel. I f NTOO is in an
"on" state, then a conductive path is formed between
bit line BLO and WWLO, through transistor TOO channel
and the nanotubes of nanotube switch NT00. This allows
the floating voltage on bit line BLO to discharge to
ground. If, however, nanotube switch NTOO is in an
"off state, then no conductive path is formed between
bit line BLO and WWLO. This prevents bit line BLO from
discharging to ground, so it remains at VBR . The
stimulus/latch circuit (not shown) detects changes in
the voltage on pre-charged bit line BLO. If the
stimulus/latch circuit detects that bit line BLO
voltage has 



decreased by more than a predetermined amount that
exceeds a predetermined sensing threshold value DVBR,
eg., that NTOO is in an "on" state, the stimulus/latch
circuit setsa latch corresponding to memory cell COO
to a logic "1" state. The actual value of the
predetermined sensing threshold value DVBR depends
upon specific parameters cell of NTOO, and may be
determined either empirically or analytically through
techniques known in the art. If the stimulus/latch
circuit detects that bit line BLO pre-charge voltage
VBR is unchanged, e.g., that NTOO is in an "off state,
then the stimulus/latch circuit sets a latch
corresponding to NTOO to a logic "0" state. The read
operation is therefore a nondestructive read out
(NDRO) of the cell information. No write
back/regeneration cycle is necessary. Also, if
external power is lost (or turned-off), the array
preserves the stored information (i.e., nonvolatile
storage). Operational Waveformsfor Memory Arrays Using
Two Terminal Nanotube Switches [0053] Figure 3
illustrates example operational waveforms 300 that can
be applied to the embodiment of a memory array shown
in figure 2 during erase, program, and read operations
(or modes). A pre-erase read operation is performed
before the erase operation in order to record cell
states along a selected word line, such as word line
WLO, in corresponding latches. For both pre-read (not
shown) and read (shown) operations, a stimulus/latch
circuit pre-charges bit lines BLO through BLOm to a
read voltage VBR, for example in the range of 0.5 to 2
volts, and allows the voltage to float. Then, the
stimulus/latch circuit changes WLO from a ground
voltage to a read voltage V WR , for example of 1 to 6
volts, which is sufficient to turn transistors TOO
through TOm ON, e.g., to select cells COO through COm
for a read operation. In the example shown in figure
3, during the read operation cell COO is in an "on"
(logic "1") state (illustrated in figure ID) and cell
COl is in an "off (logic "0") state (illustrated in
figure 1C). For cell COO, the BLO read voltage VBR
decreases because bit line BLO capacitance discharges
to ground as shown in figure 3. The difference in BLO
read voltage DVBR between "on" and "off states is
typically about in the 100 mV to 200 mV range,
although this value may vary depending upon the
particular characteristics 



of the circuit. The stimulus/latch circuit (not shown)
determines that the BLO voltage has changed for COO,
and latches a logic "1" state corresponding to the
"on" state of NTOl in cell COO. For cell COl, the
stimulus/latch circuit determines that the BLl read
voltage has not changed (bit line BLO has not
discharged), and latches a logic "0" state
corresponding to the "off state of NTOl in cell
COl.[0054] An erase operation is preceded by a read
operation that stores, in latches, the states of the
cells to be erased, as described further above. Then,
nanotube switches NTOO through NTOm in cells COO
through COm along word line WLO are erased
simultaneously. At the beginning of an erase
operation, WWLO, WLO, and BLO through BLm are all at
ground (zero volts) as shown in figure 3. BLO through
BLm remain at ground during the entire erase
operation. Stimulus/latch circuit switches word line
WLO voltage to Vw, approximately 6 volts for example.
This switches transistor TOO of cell COO ON, and
select node SNOO is grounded through the transistor
TOO channel. Next, WWLO is ramped to erase voltage VE
In one embodiment, VE is approximately 10 volts for
example. If nanotube switch NTOO is in the high
resistance "off state at the beginning of the erase
operation, it remains in the "off" state after
completion of the erase operation. If, prior to the
erase operation, nanotube switch NTOO is in the "on"
state, then current flows and nanotube switch NTOO
changes from the "on" state to the "off state. Current
flows between WWLO and BLO with a current in the
range, for example, of 100 nA to 100 uA, depending on
the characteristics of switch NT00, for example the
number or density and resistance of nanotubes in the
nanotube element of the switch. [0055] Nanotube switch
NTOO "on" state resistance is typically 10 times
higher than transistor TOO channel resistance, so for
an example erase voltage VE of approximately 10 volts,
select node SNOO is at approximately 1 volt, and
transistor TOO experiences a gate-to-source voltage
difference of approximately 5 volts, and a
gate-to-drain voltage difference of approximately 6
volts. In general, it should be noted that although VE
is illustrated in figure 3 as a square pulse, a single
or series of WWLO erase pulses having appropriate
amplitudes and waveforms may be applied, as 



described in greater detail in U.S. Patent Appln. No.
(TBA), entitled "Two Terminal Nanotube Devices and
Systems and Methods of Making Same," filed on an even
date herewith. [0056] A write (program) operation is
preceded by an erase operation, as described above,
that erases all nanotube switches along a selected
word line. For example if word line WLO is selected,
nanotube switches NTOO through NTOm are erased. Thus,
all nanotube switches NTOO through NTOm are in the
erased "off" high resistance state at the beginning of
the write operation. At the beginning of the
writeoperation, WWLO through WWLn, WLO through WLn,
and BLO through BLm are all at ground (zero volts). In
this example, nanotube switch NTOO in cell COO is to
be switched (e.g., written, programmed) to an "on"
(logic "1") state, and nanotube switch NTOl in cell
COl is to be left in an "off (logic "0") state. WWLO
remains at ground during the entire write operation.
Stimulus/latch circuit applies a voltage Vw to word
line, approximately 6 volts for example. Transistor
TOO turns ON, and select node SNOO is electrically
connected to bit line BLO through the transis or TOO
channel. Since in this example cell COO nanotube
switch NTOO is to be switched from the "off state to
the "on" state, then stimulus circuit ramps BLO to
program voltage VBP, approximately 5-6 volts for
example. BLO write voltage VBP is transmitted through
transistor TOO to select node SN00. Transistor TOO
operates in the sourcefollower mode, such that the
source voltage of transistor TOO (connected to select
node SNOO) equals VBP minus the transistor TOO
source-follower threshold voltage drop of
approximately 1-1.5 volts, for example. Therefore, a
select node SNOO write voltage of, for example,
approximately 4.5 volts is applied across nanotube
switch NTOO (between select node SNOO and conductive
element CEOO connected to secondary word line WWLO).
Note that the source-follower operating mode is well
known in the industry. Write current flows through
transistor TOO and the nanotube element of nanotube
switch NT00, and nanotube switch NTOO transitions from
the "off state to the "on" state. Current flows
between BLO and WWLO, with current in the range of,
for example, 100 nA to 100 uA, depending on the
characteristics of 



nanotube switch NT00. [0057] It should be noted that
the bit line write voltage may be changed during the
write operation. In one example shown in figure 3, the
bit line write voltage may be changed from VBP to Vz
VBP during the write operation. Thus, for example, the
bit line write voltage may transition from a VBP of,
for example, approximately 5-6 volts to a V VBP of,
for example, approximately 2.5-3 volts, with
corresponding select node SNOO transitioning from, for
example, approximately 4.5 volts to 1.5-2 volts during
the write operation. Since in this example cell COl is
to remain in the "off state, then nanotube switch NTOl
is to remain in the high resistance "off state, bit
line BLl voltage remains at ground (zero) during the
write cycle as shown in figure 3, and switch NTOl
remains in the "off state. Bit lines BL2 through BLm
will providewrite voltages or remain at ground, as
illustrated by bit lines BLO and BLl, depending on the
logic state to be written in the corresponding cells
of array 200. [0058] The following U.S. Patent
applications and issued patents disclose various
methods and techniques for making nanotube fabrics and
nanotube elements that may be included in preferred
embodiments. In some embodiments the nanotube elements
are porous and in some instances highly porous. In one
or more embodiments the nanotube elements are
substantially a monolayer of carbon nanotubes. In some
embodiments, the nanotube elements include
single-walled carbon nanotubes, multiwalled nanotubes,
and/or double-walled nanotubes. In some embodiments
the nanotube elements include one or more bundles of
nanotubes. The following references are assigned to
the assignee of this application and are hereby
incorporated by reference herein in their entirety:
Electromechanical Memory Array Using Nanotube Ribbons
and Method for Making Same (U.S. Patent Application
No. 09/915,093, now U.S. Patent No. 6,919,592), filed
on July 25, 2001; Electromechanical Three-Trace
Junction Devices (U.S. Patent Application No.
10/033,323, now U.S. Patent No. 6,911,682), filed on
December 28, 2001; Nanotube Films and Articles (U.S.
Patent Application No. 10/128,1 18, 



now U.S. Patent No. 6,706,402), filed on April 23,
2002; Methods of Making Carbon Nanotube Films, Layers,
Fabrics, Ribbons, Elements and Articles (U.S. Patent
Application No. 10/341,005), filed on January 13,
2003; Non-volatile Electromechanical Field Effect
Devices and Circuits using Same and Methods of Forming
Same (U.S. Patent Application No. 10/864,186), filed
June 9, 2004; Devices Having Horizontally-Disposed
Nanof abric Articles and Methods of Making the Same,
(U.S. Patent Application No. 10/776,059, U.S. Patent
Publication No. 2004/0181630), filed February 11,
2004;Devices Having Vertically-Disposed Nanofabric
Articles and Methods of Making the Same (U.S. Patent
Application No. 10/776,572, U.S. Patent Publication
No. 2004/0175856), filed February 11, 2004; and
Patterned Nanoscopic Articles and Methods of Making
the Same (U.S. Patent Application No. 10/936,119, U.S.
Patent Publication No. 2005/0128788). [0059] The
invention may be embodied in other specific forms
without departing from the spirit or essential
characteristics thereof. The present embodiments are
therefore to be considered in respects as illustrative
and not restrictive. [0060] What is claimed is:1. A
memory array, comprising: a plurality of memory cells,
each memory cell receiving a bit line, a first word
line, and a second word line, each memory cell
including: a cell selection circuit operably coupled
to the first word line and the bit line to select the
memory cell in response to activation of at lease one
of the bit line and the first word line; and a
two-terminal switching device comprising first and
second conductive terminals in electrical
communication with a nanotube article, the first
terminal operably coupled to the cell selection
circuit and the second terminal operably coupled to
the second word line; 



a memory operation circuit operably coupled to the bit
line, the first word line, and the second word line of
each cell, said operation circuit capable of selecting
the cell by activating at least one of the bit line
and the first word line and applying a first
electrical stimulus to at least one of the bit line,
first word line, and second word line to change the
resistance of the nanotube article between the first
and second terminals to a relatively high resistance,
said operation circuit capable of selecting the cell
by activating at least one of the bit line and the
first word line applying a second electrical stimulus
to at least one of the bit line, first word line, and
second word line to change the resistance of the
nanotube article between the first and second
terminals to a relatively low resistance, wherein a
relatively high resistance of the nanotube article
corresponds to a first informational state of the
memory cell, and wherein a relatively low resistance
of the nanotube article corresponds to a second
informational state of the memory cell. 2. The array
of claim 1, wherein the first and second informational
states are nonvolatile.3. The array of claim 1,
wherein the resistance of the first state is at least
about ten times larger than the resistance of the
second state. 4. The array of claim 1, wherein the
cell selection circuit includes a transistor with a
gate, a source, and a drain. 5. The array of claim 4,
wherein the gate is in electrical contact with the
first word line, the source is m electrical contact
with the first conductive terminal, and the drain is
in electrical contact with the bit line. 6. The array
of claim 1, wherein the cell selection circuit
includes a FET. 7. The array of claim 1, wherein said
operation circuit reads an informational 



state of the memory cell by selecting the cell by
activating one of the bit line and the first word line
and applying a read stimulus to the other of the bit
line and the first word line. 8. The array of claim 7,
wherein the read stimulus comprises applying a
floating voltage, and the operation circuit reads the
informational state of the cell by determining whether
the voltage on the other of the bit line and the first
word line decays below a threshold value. 9. The array
of claim 7, wherein reading the informational state of
the memory cell is a non-destructive read-out
operation. 10. The array of claim 1, wherein said
operation circuit includes a latch corresponding to
each memory cell and records the informational state
of the memory cell in the corresponding latch before
erasing the memory cell. 11. The array of claim 1,
wherein the operation circuit includes circuitry to
produce an erase operation for the first electrical
stimulus. 12. The array of claim 11, wherein the erase
operation comprises applying one or more voltage
pulses, wherein an amplitude of the pulses, a waveform
of the pulses, and a number of the pulses together are
sufficient to change the device to the first state.13.
The array of claim 1, wherein the operation circuit
includes circuitry to produce a program operation for
the second electrical stimulus. 14. The array of claim
13, wherein the program operation comprises applying
one or more voltage pulses, wherein an amplitude of
the pulses, a waveform of the pulses, and a number of
the pulses together are sufficient to change the
device to the second state. 15. The array of claim 1,
wherein the nanotube article comprises a region of
nanotube fabric of defined orientation. 16. The array
of claim 1, wherein the first and second terminals are
metal. 17. The array of claim 1, wherein the metal
comprises at least one Ru, Ti, Cr, Al, Au, Pd, Ni, W,
Cu, Mo, Ag, In, Ir, Pb, Sn, TiAu, TiCu, TiPd, PbIn,
and TiW. 



18. The array of claim 1, wherein the operation
circuit applies a select voltage to the first word
line to select the cell and an erase voltage to the
second word line to change the resistance of the
nanotube article to a relatively high resistance. 19.
The array of claim 1, wherein the operation circuit
applies a select voltage to the first word line to
select the cell and a program voltage to the second
word line to change the resistance of the nanotube
article to a relatively low resistance. 20. A memory
cell, comprising: a cell selection circuit in
electrical communication with a bit line and a first
word line to select the memory cell in response to
activation of at least one of the bit line and the
first word line; and a two-terminal nanotube switching
device comprising first and second conductive
terminals in electrical communication with a nanotube
article, the first terminal in electrical
communication with the cell selection circuit and the
second terminal in electrical communication with a
second word line,wherein selecting the memory cell and
applying a first electrical stimulus to at least one
of the bit line, first word line, and second word line
changes a resistance of the switching device between
the first and second terminals from a relatively low
resistance to a relatively high resistance, and
wherein selecting the memory cell and applying a
second electrical stimulus to at least one of the bit
line, first word line, and second word line changes a
resistance of the switching device between the first
and second terminals from a relatively high resistance
to a relatively low resistance, wherein the relatively
high resistance between the first and second terminals
corresponds to a first informational state of the 



memory cell, and wherein the relatively low resistance
between the first and second terminals corresponds to
a second informational state of the memory cell. 21.
The cell of claim 20, wherein the first and second
informational states are non volatile. 22. The cell of
claim 20, wherein the resistance of the first
informational state is at least about ten times larger
than the resistance of the second state. 23. The cell
of claim 20, wherein the cell selection circuit
includes a transistor with a gate, a source, and a
drain. 24. The cell of claim 23, wherein the gate is
in electrical communication with the first word line,
the source is in electrical communication with the
first conductive terminal, and the drain is in
electrical communication with the bit line. 25. The
cell of claim 20, wherein the cell selection circuit
comprises a FET. 26. The cell of claim 20, wherein the
first electrical stimulus comprises applying one or
more voltage pulses, wherein an amplitude of the
pulses, a waveform of the pulses, and a number of the
pulses together are sufficient to change the device to
the first informational state.27. The cell of claim
20, wherein the second electrical stimulus comprises
applying one or more voltage pulses, wherein an
amplitude of the pulses, a waveform of the pulses, and
a number of the pulses together are sufficient to
change the device to the second informational state.
28. The cell of claim 20, wherein the nanotube article
comprises a region of nanotube fabric of defined
orientation. 29. The cell of claim 20, wherein the
first and second terminals are metal. 30. The cell of
claim 29, wherein the metal comprises at least one of
Ru, Ti, Cr, Al, Au, Pd, Ni, W, Cu, Mo, Ag, In, Ir, Pb,
Sn, TiAu, TiCu, TiPd, PbIn, and TiW. 


