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CONTROL OF MEMORY DEVICES POSSESSING
VARIABLE RESISTANCE CHARACTERISTICS

REFERENCE TO RELATED APPLICATIONS

This is a continuation application of U.S. Patent Application Serial No. 10/951,375, filed September
28, 2004, entitled, “CONTROL OF MEMORY DEVICES POSSESSING VARIABLE RESISTANCE
CHARACTERISTICS”. The entirety of this application is incorporated herein by reference.

FIELD OF INVENTION

The present invention relates generally to memory devices and, in particular, to controlling resistance

characteristics of memory devices for erasing and programming.
BACKGROUND OF THE INVENTION

The volume, use and complexity of computers and electronic devices are continﬁally increasing.
Computers consistently become more powerful through new and improved electronic devices that are being
continuously developed (e.g., digital audio players, video players). Additionally, the growth and use of digital
media (e.g., digital audio, video, images, and the like) have further pushed the development of these devices.
Such growth and development has vastly increased the amount of information desired/required to be stored and
maintained for computer and electronic devices.

Generally, information is stored and maintained in one or more of a number of types of storage devices.
Storage devices include long term storage mediums such as, for example, hard disk drives, compact disk drives
and corresﬁonding media, digital video disk (DVD) drives, and the like. The long term storage mediums
typically store larger amounts of information at a lower cost, but are slower than other types of storage devices.
Storage devices also include memory devices which are often, but not always, short term storage mediums.
Memory devices tend to be substantially faster than long term storage mediums. Such memory devices include,
for example, dynamic random access memory (DRAM), static random access memory (SRAM), double data
rate memory (DDR), flash memory, read only memory (ROM), and the like. Memory devices are subdivided
into volatile and non-volatile types. Volatile memory devices generally lose their information if they lose power
and typically require periodic refresh cycles to maintain their information. Volatile memory devices include, for
example, random access memory (RAM), DRAM, SRAM and the like. Non-volatile memory devices maintain
their information whether or not power is maintained to the devices. Non-volatile memory devices include, but
are not limited to, ROM, programmable read only memory (PROM), erasable programmable read only memory
(EPROM), flash memory and the like. Volatile memory devices generally provide faster operation at a lower
cost as compared to non-volatile memory devices.

Memory devices generally include arrays of memory cells. Each memory cell can be accessed or
“read”, “written”, and “erased” with information. The memory cells maintain information in an “off” or an “on”
state (e.g., are limited to 2 states), also referred to as “0” and “1”. Typically, a memory device is addressed to
retrieve a specified number of byte(s) (e.g., 8 memory celis per byte). For volatile memory devices,’the memory
cells must be periodically “refreshed” in order to maintain their state. Such memory devices are usually
fabricated from semiconductor devices that perform these various functions and are capable of switching and
maintaining the two states. The devices are often fabricated with inorganic solid state technology, such as,
crystalline silicon devices. A common semiconductor device employed in memory devices is the metal oxide
semiconductor field effect transistor (MOSFET).
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The use of portable computer and electronic devices has greatly increased demand for non-volatile
memory devices. Digital cameras, digital audio players, personal digital assistants, and the like generally seek
to employ large capacity non-volatile memory devices (e.g., flash memory, smart media, compact flash, ...).

Because of the increasing demand for information storage, memory device developers and
manufacturers are constanﬂy attempting to increase storage capacity for memory devices (e.g., increase storage
per die or chip).‘ A postage-stamp-sized piece of silicon may contain tens of millions of transistors, each
transistor as small as a few hundred nanometers. However, silicon-based devices are approaching their
fundamental physical size limits. Inorganic solid state devices are generally encumbered with a complex
architecture which leads to high cost and a loss of data storage density. The volatile semiconductor memories
based on inorganic semiconductor material must constantly be supplied with electric current with a resulting
heating and high electric power consumption in order to maintain stored information. Non-volatile
semiconductor devices have a reduced data rate and relatively high power consumption and large degree of
complexity.

Moreover, as the size of inorganic solid state devices decreases and integration increases, sensiti{/ity to
alignment tolerances increases fnakiﬁg fabrication markedly more difficult. Formation of features at small
minimum sizes does not imply that the minimum size can be used for fabrication of working circuits. It is
necessary to have alignment tolerances which are much smaller than the small minimum size, for example, one
quarter the minimum size.

Scaling inorganic solid state devices raises issues with dopant diffusion lengths. As dimensions are
reduced, the dopant diffusion lengths in silicon are posing difficulties in process design. In this connection,
many accommodations are made to reduce dopant mobility and to reduce time at high temperatures. However,
it is not clear that such accommodations can be continued indefinitely.

Applying a voltage across a semiconductor junction (in the reverse-bias direction) creates a depletion
region around the junction. The width of the depletion region depends on the doping levels of the
semiconductor. If the depletion region spreads to contact another depletion region, punch-through or
uncontrolled current flow, may occur.

Higher doping levels tend to minimize the separations required to prevent punch-through. However, if
the voltage change per unit distance is large, further difficulties are created in that a large voltage change per
unit distance implies that the magnitude of the electric field is large. An electron traversing such a sharp
gradient may be accelerated to an energy level significantly higher than the minimum conduction band energy.
Such an electron is known as a hot electron, and may be sufficiently energetic to pass through an insulator,
leading to irreversibly degradation of a semiconductor device.

Scaling and integration makes isolation in a monolithic semiconductor substrate more challenging. In
particular, lateral isolation of devices from each other is difficult in some situations. Another difficulty is
leakage current scaling. Yet another difficulty is presented by the diffusion of carriers within the substrate; that
is free carriers can diffuse over many tens of microns and neutralize a stored charge. Thus, further device
shrinking and density increasing may be limited for inorganic memory devices. Furthermore, such device
shrinkage for inorganic non-volatile memory devices while meeting increased performance demands is

particularly difficult, especially while maintaining low costs.
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These types of limitations of inorganic devices have allowed organic semiconductor memory devices to
gain greater appreciation as the next logical step in semiconductor device progression. Thus, organic devices
are increasingly becoming more common in device manufacturing facilities and, accordingly, more common in
electronic devices. It is conceivable that most electronics will contain some type of organic semiconductors in
the near future. However, whether organic or inorganic, technological advances have progressed towards
memory devices that utilize resistance as a means to determine state values of the memory. Thus, resistance
values and their control are paramount in progressing memory technology.

SUMMARY OF THE INVENTION

The following is a summary of the invention in order to provide a basic understanding of some aspects
of the invention. This summary is not intended to identify key/critical elements of the invention or to delineate
the scope of the invention. Its sole purpose is to present some concepts of the invention in a simplified form as a
prelude to the more detailed description that is presented later.

Apparatus and methods are provided for facilitating programming and erasing organic and/or inorganic
memory devices. The present invention utilizes a means that allows control of the inherent lvariability of the
internal resistance of a memory device during programming and erasing. The present invention provides /
1ncreased accuracy and efficiency in programming multi-bit memory devices. |

The present invention additionally facilitates data storage by aiding the efﬁclency in the way memory
devices change states. By utilizing constant current sources, the memory can accurately be programmed into
one of the numerous states available to the memory. This allows for quick and precise programming of the
multi-bit devices without memory damaging current spikes. Likewise, by utilizing constant voltage sources, the
memory can be erased independent of large dynamic resistance changes inherent some types of memory. The
present invention also allows for efficient manufacturing of higher quality memory devices by empldying
constant current and voltage sources, reducing malfunctions and increasing reliability.

To the accomplishment of the foregoing and related ends, the invention comprises the features
hereinafter fully described and particularly pointed out in the claims. The following description and the annexed
drawings set forth in detail certain illustrative aspects and implementations of the invention. These are
indicative, however, of but a few of the various ways in which the principles of the invention may be employed.
Other objects, advantages and novel features of the invention will become apparent from the following detailed

description of the invention when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a three dimensional diagram of a memory device array in accordance with an aspect of the
present invention.

FIG. 2 is a three dimensiona)] diagram of an example of an organic memory device.

FIG. 3 is a diagram illustrating a memory device employing a constant voltage source in accordance
with an aspect of the present invention.

FIG. 4 is a diagram illustrating a memory device employing a constant current source in accordance
with an aspect of the present invention.

FIG. 5 is a graph illustrating I-V characteristics for a basic memory device in accordance with an aspect

of the present invention.
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FIG. 6 is a graph illustrating I-V characteristics of a memory diode device in accordance with an aspect
of the present invention.

FIG. 7 is a graph illustrating a constant current source in accordance with an aspect of the present
invention.

FIG. 8 is a graph illustrating a transistor-based constant current source in accordance with an aspect of
the present invention.

FIG. 9 is an illustration of a memory device with a transistor facilitating current control in accordance
with an aspect of the present invention.

FIG. 10 is a graph illustrating current levels for various transistor gate voltages in accordance with an
aspect of the present invention.

FIG. 11 is an illustration of a memory device with a transistor facilitating voltage control in accordance
with an aspect of the present invention.

FIG. 12 is a flow diagram depicting a method of controlling an organic memory device in accordance

with an aspect of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following is a detailed description of the present invention made in conjunction with the attached
figures, wherein like reference numerals will refer to like elements throughout.

Cells of a memory device are generally operative to be of two or more states corresponding to various
levels of impedance. These states are set by applying a bias voltage and then the cells remain in their respective
states until another voltage, in reverse bias, is applied. The cells maintain their states with or without power
(e.g., non-volatile) and can be read either electrically or optically by measuring inj ection current or light
emission. The systems and methods of the present invention facilitate both the programming (writing) and
erasing of memory devices via control of their resistance characteristics.

In FIG. 1, a three dimensional diagram of a memory device array 100 in accordance with an aspect of
the present inventioﬁ is illustrated. Fig. 1 is a notional example depicting a memory cell 102 from the device
array 100 with corresponding bitline 104 and wordline 106 connected to a “constant source” 108. The constant
source 108 can be either a constant voltage source 112 or a constant current source 114. In this notional
example, the constant source 108 is switchable via a constant source type selector 110. The constant source 108
provides a constant current source 114 for programming or writing purposes and a constant voltage source for
erasing the memory cell 102. These constant sources 112, 114 act as a resistive load element when electrically
connected to the organic memory cell 102. The present invention does not require an instance to include both a
constant current source 114 and a constant voltage source 112. The sources can be distinct entities. They can
also be used independently in other instances of the present invention and can be integrated into the memory
device array 100.

The constant voltage source 112 provides a load for the memory cell 102 during erasing. A typical
memory cell does not have a load resistance in series with it, thus, the present invention provides this function.
This facilitates in accurately controlling the voltage across the memory cell while erasing. Some types of
memory cells have the ability to vary resistaﬁce in order to store additional memory states. This same ability

also poses problems during erase due to the resistance varying substantially while this function is being
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employed. Utilizing a constant voltage source negates the effects of the large dynamic resistance swings during
erase.

The constant current source 114 provides a load for the memory cell 102 during programming. Ifa
memory cell employs variable resistance to store states, it is paramount to accurately control the final resistive
value to properly program a cell. Often, during a write cycle, current flowing through the cell may spike,
causing inaccurate states. Utilizing a constant current source eliminates the current spikes and allows for

accurate control of the resistive states of the cell. The present invention provides a means to accurately control

. the current injected into the cell independent of the cell’s resistance, thus, accurately controlling its programmed

state.

Tt is helpful to understand the basics of how some memory cells operate to fully appreciate the present
invention. An organic memory cell is usually comprised of two electrodes with a conductive regulation media
between the two electrodes. The conductive regulation media contains an organic conductor layer and one or
more passive layers. The conductive regulation media is programmed (e.g., written) by applying bias voltages
that programs a desired impedance state into the memory cell. The desired impedance sfate rebresents one or
more bits of information and does not réquire a constant power supply or refresh cycles to maintain the desired
impedance state. The impedance state of the conductive regulation media is read by applying a current and then
reading the impedance of the conductive regulation media. As with the written impedance state, the read
impedance state represents one or more bits of information.

Turning to FIG. 2, a three dimensional diagram of an example of an organic memory device 200 is
illustrated. The memory device includes a first electrode 204, a passive layer 206, an organic conductor layer
208 and a second electrode 210. The diagram also illustrates a voltage source 202 connected to the first
electrode 204 and the second electrode 210 that applies a voltage on the first electrode 204 and the second
electrode 210.

The first electrode 204 and the second electrode 210 are comprised of a conductive material. The
thickness of the first electrode 204 and the second electrode 210 can vary depending on the implementation and
the memory device being constructed. The organic conductor layer 208 and the passive layer 206 are
collectively referred to as a conductive regulation media. The conductive properties of this media (e.g.,
conductive, non-conductive, semi-conductive) can be modified in a controlled manner by applying various
voltages across the media by the electrodes 204 and 210.

The organic memory device, like conventional memory devices, can have two states, a conductive (low
impedance or “on”) state or non-conductive (high impedance or “off”) state. However, unlike conventional
memory devices, the organic memory device is able to maintain a plurality of states, in contrast to a
conventional memory device that is limited to two states (e.g., off or on). The organic memory device can
employ varying degrees of conductivity to identify additional states. For example, the organic memory device
can have a very highly conductive state (very low impedance state), a highly conductive state (low impedance
state), a conductive state (medium level impedance state), and a non-conductive state (high impedance state).
This enables the storage of multiple bits of information in a single organic memory device, such as 2 or more
bits of information or 4 or more bits of information (e.g., 4 states providing 2 bits of information, 8 states

providing 3 bits of information, etc.).
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Switching the organic memory device to a particular state is referred to as programming or writing.
Programming is accomplished by applying a particular voltage (e.g., 9 volts, 2 volts, 1 volt, etc.) across the
conductive regulation media by the electrodes 204 and 210. The particular voltage, also referred to as a
threshold voltage, varies according to a respective desired state and is generally substantially greater than
voltages employed during normal operation. Thus, there is typically a separate threshold voltage that
corresponds to respective desired state (e.g., “off”, “on”, etc.). The threshold value varies depending upon a
number of factors including the identity of the materials that constitute the organic memory device, the thickness
of the various layers, and the like. The voltage supply 202 is controllable and employed to apply the threshold
voltage in this aspect of the invention. However, other aspects of the invention can utilize other means to apply
threshold voltages.

Generally speaking, the presence of an external stimuli such as an applied electric field that exceeds a
threshold value (“on” state) permits an applied voltage to write, read, or erase information into/from the organic
memory device; whereas the absence of the external stimuli that exceeds a threshold value (“off” state) prevents
an applied voltage to write or erase information into/from the organic memory device.

To read information from the organic memory device, a voltage or electric field (e.g., 2 volts, 1 volts,
5 volts, etc.) is applied by the voltage source 202. Then, an impedance measurement is performed that
determines the operating state of the memory device (e.g., high impedance, very low impedance, lbw
impedance, medium impedance, and the like). As stated supra, the impedance relates to, for example, “on”
(e;g., 1) or “off” (e.g., 0) for a dual state device or to “00”, “01”, “10”, or “1 1” for a quad state device. Itis
appreciated that other numbers of states can provide other binary interpretations. To erase information written
into the organic memory device, a negative voltage or a polarity opposite the polarity of the writing signal that
exceeds a threshold value is applied.

The present invention can also be employed with other memory type devices such as semiconductor
memory devices and non-semiconductor devices alike. Any device that utilizes resistance control can also
employ the present invention including, but not limited to, filament-wire devices, metal-sulfide based devices,
tunneling-mechanism devices, MOS devices, organic devices, and resistive state devices, and the like. For
example, in the organic memory structure shown in FIG. 2 can be changed to a metal structure where the
passive layer 206 is constructed of sulfides and the organic conductor layer 208 is constructed of oxides. This
yields a non-organic device that can also be controlled via the present invention.

Turning to FIG. 3, a diagram illustrating a memory device 300 employing a constant voltage source
304 in accordance with an aspect of the present invention is shown. A memory cell 302 is electrically
connected in parallel with the constant voltage source 304 to facilitate erasure of the memory cell 302. The
constant voltage source 304 produces a stabilizing effect on the memory cell 302 at a given voltage level. This
voltage level is sufficient to surpass the memory cell’s erase voltage threshold, allowing the memory cell 302 to
be erased. The inherent nature of the memory cell 302 causes its resistive levels to fluctuate when voltages are
applied across the cell 302. Normally, this would cause the voltage source to fluctuate as well, producing an
oscillating effect, reducing the effectiveness of the voltage source to adequately erase the cell. By utilizing a
constant voltage source 304, a desired erasure voltage level can be maintained for thorough erasure despite the
ever changing resistance inherent in the memory cell 302. This allows a higher degree of control and efficiency

during erasing of the memory cell 302. Eliminating the fluctuations of the applied voltage allows increased
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efficiencies by providing a means to tightly control the voltage level to that value sufficient to cause erasure,
reducing peak voltage spikes that could damage the cell and waste power. Additionally, controlling the voltage
level at the end of an erase cycle ensures that performance of a following programming cycle is maintained.

Moving on to FIG. 4, a diagram illustrating a memory device 400 employing a constant current source
404 in accordance with an aspect of the present invention is depicted. A memory cell 402 is electrically
connected in series with the constant current source 404 to facilitate programming of the memory cell 402. The
constant current source 404 produces a stabilizing effect on the memory cell 402 at a given voltage level.
Traditionally, to program the memory cell 402, an external voltage is applied to the cell. This voltage causes the
internal resistance of the organic memory cell to vary depending on a desired result (desired information being
stored). The external voltage also causes a current to flow through the memory cell 402 during programming.
Current jumps or spikes can occur during this process. This causes the internal resistance value of the memory
cell 402 to also change. By utilizing a constant current source 404 in series with the memory cell 402, these
jumps or spikes are eliminated, allowing tighter control during programming of the cell 402. Because some
memory cells are multi-bit (having two states or more), tighter control of the resistance levels of the cells allows
more information to be accurately stored with a higher degree of dependability.

In FIG. 5, a graph 500 illustrating current and voltage charaéteristics of a basic memory device are
depicted. The graph 500 shows that memory cell resistance of a basic memory cell switches to a low resistance
state when the voltage is larger than Vt_pgm, and the memory cell switches back to a high resistance state when
the voltage sweeps to the negative direction and passes the threshold Vt_er. FIG. 6 is a graph 600 that shows
current and voltage characteristics of a memory device possessing diode characteristics. This type of memory
cell has an intrinsic diode combined with resistance switching characteristics. The memory cell resistance
switches to a low resistance state (on-state) as the voltage becomes larger than Vt_pgm, aﬁd the memory cell
follows the diode I-V curve with a smaller turn-on voltage. Because of the inherent diode property, the cﬁrrent
is rectified in the negative direction. Therefore, the negative voltage can build up across the cell, but no current
(or very small leakage current) can flow through the cell. As the negative voltage passes the threshold Vt_er,
the memory cell switches back to high resistance state (off-state).

Referring to FIG. 7, a graph 700 illustrating a current source for programming a memory cell is shown.
The graph illustrates an ideal constant current that does not fluctuate with changes in voltages across a memory
cell. Typically, a memory cell’s voltage decreases as the cell resistance decreases. In one instance of the
present invention, a MOS transistor is utilized to provide a constant current source. Looking at FIG. 8, a graph
800 illustrating a constant current source utilizing the present invention is shown. FIG. 9 depicts a memory
device 900 that utilizes, in this example, a transistor 902 placed in series with a memory cell 904 as a load in
order to control access per the present invention. The transistor 902 can control the memory cell current as a
current source with a selected gate voltage. Although, the current profile is not an ideal constant current source,
this current source provides substantially acceptable performance for controlling the memory cell resistance
levels. Turning to FIG. 10, a graph 1000 illustrating different current levels for a given gate voltage is shown
according to an aspect of the present invention.

Referring to FIG. 11, a memory cell 1102 is controlled by a transistor 1104 to provide a constant

voltage source for a memory device 1100 according to an aspect of the present invention. In this instance of the
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present invention, the transistor 1104 is utilized to implement the constant voltage source for erasing the
memory cell 1102. A large gate voltage is applied to the transistor 1104 to minimize the load resistance.

In other instances of the present invention, a constant current source has finite levels which aid in
programming a memory cell to specific resistive levels. In yet another instance of the present invention, a
constant current source is infinitely variable to allow for an infinite number of current levels in facilitating the
programming of a memory cell.

In still yet another instance of the present invention, a system comprising a means for providing a
constant current source and a means for a constant voltage source is employed to erase and program memory
cells. The system can also include a means for determining a desired impedance state(s) of one or more
memory cells and a means for determining information content from the impedance state(s). In another
instance, the system can be further comprised of a means for determining a desired impedance state(s) for
information that is to be stored and a means for programming (writing) that information content to at least one
memory cell by programming (writing) the desired impedance state(s) into at least one memory cell.

The resistance control properties of the present invention are useful in any device requiring memory.
For example, the present invention can facilitate computers, appliances, industrial equipment, hand-held
devices, felecommunications equipment, medical equipment, research and development equipment,
transportation vehicles, radar/satellite devices, and the like. Hand-held devices, and particularly hand-held
electronic devices, achieve improvements in portability due to the small size and light weight of multi-bit
memory devices facilitated by the present invention. Examples of hand-held devices include cell phones and
other two way communication devices, personal data assistants, palm pilots, pagers, notebook computers,
remote controls, recorders (video and audio), radios, small televisions and web viewers, cameras, and the like.

In view of the foregoing structural and functional features described above, methodologies in
accordance with various aspects of the present invention will be better appreciated with reference to FIG. 12.
While for purposes of simplicity of explanation, the methodology of FIG. 12 is depicted and described as
executing serially, it is to be understood and appreciated that the present invention is not limited by thé
illustrated order, as some aspects could, in accordance with the present invention, occur in different orders
and/or concurrently with other aspects from that depicted and described herein. Moreover, not all illustrated
features may be required to implement a methodology in accordance with an aspect the present invention.

Referring to FIG. 12, a flow diagram of a method 1200 of controlling a memory device in accordance
with the present invention is depicted. The method 1200 can be employed to operate a memory device that
employs resistance to store memory states. The operation of the device includes reading and writing
information to and from the memory device. It is appreciated that the method 1200 can be operated on memory
devices and aﬁays of memory devices within a memory device.

The method 1200 begins at 1202 where a determination is made as to whether an erase or a write
(programming) operation is to be performed. For a determination of a write operation at 1202, a desired
impedance state is determined at 1204. The impedance state corresponds to a desired state value and/or desired
information content for respective device(s) (e.g., 0, 1, 11, 10, and the like). The desired state is one of a
plurality of available reference states or impedance levels for the device, where the available reference states
indicate different information content. A constant current source level appropriate for the desired impedance

level is applied to the memory cell 1206. A bias voltage is then applied to the device at 1208 in order to write
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the desired state. The method 1200 then returns to 1202 where a determination is made for a subsequent
operation.

The desired information content is typically stored in the memory device at addressable memory
locations (e.g., cells) in a specified number of bytes. However, unlike conventional memory devices, more than
one bit of information can be written to a single memory device, thus a byte of information can be stored into
less than 8 memory devices.

On the determination of an erase operation at 1202, the method 1200 continues at 1210 where a
constant voltage source level is applied which is sufficient to erase the memory cell. The method 1200 then
returns to 1202 where a determination is made for a subsequent operation.

As discussed above, the desired information content is typically stored in the memory device at
addressable memory locations (e.g., cells) in a specified number of bytes. However, unlike conventional
memory devices, more than one bit of information can be read from a single multi-bit memory device.

It is appreciated that the above description of the method 1200 has been somewhat simplified in order
to facilitate understanding of the present invention. For example, devices of the memory device are accessed by
an addressing scheme in order to erase and write memory locations. Additionally, the memory device(s) can be
read (e.g., set to a default state) by applying an appropriate injection current into the conductive regulation
media of the memory device and determining its impedance value. The default state of a memory cell is
generally a very highly conductive or very low conductive impedance state. ’

What has been described above is one or more aspects of the present invention. It is, of course, not
possible to describe every conceivable combination of components or methodologies for purposes of describing
the present invention, but one of ordinary skill in the art will recognize that many further combinations and
permutations of the present invention are possible. Accordingly, the present invention is intended to embrace all
such alterations, modifications and variations that fall within the spirit and scope of the appended claims. In
addition, while a particular feature of the invention may have been disclosed with respect to only one of several
implementations, such feature may be combined with one or more other features of the other implementations as
may be desired and advantageous for any given or particular application. Furthermore, to the extent that the
term “includes” is used in either the detailed description or the claims, such term is intended to be inclusive in a

manner similar to the term “comprising.”
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CLAIMS

What is claimed is:

1. A system that facilitates memory devices (200, 300, 400, 900, 1100), comprising:
a memory device (200, 300, 400, 900, 1100) with variable resistance characteristics; and
an impedance control component that facilitates in stabilizing at least one parameter of the memory

device (200, 300, 400, 900, 1100) during memory operations.

2. The system of claim 1, the parameter comprising a memory state resistance level of the
memory device (200, 300, 400, 900, 1100).
3. The system of claim 2, the impedance control component comprising a current limiting

component, the electrical characteristic comprising resistance of the memory device (200, 300, 400, 900, 1100),
and the memory operation comprising a program cycle.

4, The system of claim 3, the current limiting component comprising 2 Metal-Oxide
Semiconductor (MOS) device in electrical series with a memory device (200, 300, 400, 900, 1100).

5. The system of claim 3, the current limiting component comprising a component that facilitates
programming of resistance via limiting current at a point in which a voltage level rgaches a desired state relating
to a desired resistance level.

6. The system of claim 2, the impedance control component comprising a constant current source
component (114, 404), the electrical characteristic comprising resistance of the memory device (200, 300, 400,
900, 1100), and the memory operation comprising a program cycle.

7. ' The system of claim 1, the impedance control component comprising a constant voltage
source component (112, 304), the electrical characteristic comprising resistance of the memory device (200,
300, 400, 900, 1100), and the memory operation comprising an erase cycle.

8. A method of controlling a memory device (200, 300, 400, 900, 1100) comprising:

applying a constant current source (114, 404) electrically in series with a memory cell (102, 302, 402,
904, 1102, 1206); and

applying a first voltage across the memory cell (102, 302, 402, 904, 1102, 1206) to set an impedance
state of the memory cell (102, 302, 402, 904, 1102, 1206), the impedance state representing information content.
The method of claim 6, further comprising applying a second voltage across the memory cell (102, 302, 402,
904, 1102, 1206) to determine an impedance state of the memory cell (102, 302, 402, 904, 1102, 1206), the
impedance state representing information content.

9. A method of controlling a memory device (200, 300, 400, 900, 1100) comprising applying a
constant voltage source (112, 304) electrically in parallel with a memory cell (102, 302, 402, 904, 1102, 1206),
the constant voltage source (112, 304) having a voltage level sufficient to erase the memory cell (102, 302, 402,
904, 1102, 1206).

10. A system that facilitates memory devices (200, 300, 400, 500, 1100) comprising:

means for providing a constant current source (114, 404) during programming of a memory cell (102,
302, 402, 904, 1102, 1206); and

means for providing a constant voltage source (112, 304) during erasing of the memory cell (102, 302,
402,904, 1102, 1206).

10



1/12

491

IO

{111




PCT/US2005/033379

WO 2006/036622

2/12

\\\
C X ARG
4 AR N

7

00T —

~+

- 002




WO 2006/036622 PCT/US2005/033379

3/12

/ 302

FIG. 3

300
_\
304



WO 2006/036622

/ 402

4/12

400
_\

404

PCT/US2005/033379

FIG. 4



WO 2006/036622

5/12

> VOLTAGE

Vt_pgm

PCT/US2005/033379

FIG. 5

CURRENT
A

Vt er

500
\



PCT/US2005/033379

WO 2006/036622

6/12

9 "OId

wdd A
AOVLIOA « ‘ —
ALVIS-140 /
I A
\4
ALVISNO INANAND

/ 009



WO 2006/036622

700
\

7/12.

PCT/US2005/033379

FIG. 7



PCT/US2005/033379

WO 2006/036622

8/12

8 "OIA

HOLSISNVYL ANV
7130 40 ANIT avo'

/ 008



WO 2006/036622 PCT/US2005/033379

9/12

904

i
FIG. 9

9200
\



PCT/US2005/033379

WO 2006/036622

10/12

01 "OId

[A] @Be)joA 924n0S

00

o 005

wo'l

(AO'P=0SN) AV6'¥
(AG'2=aSN) NET'E : : .
|| (A0 L=aSA) AZS'L | TR N . wery
'AG=UPAD 1eSIA : | :
N6=0BA

— ] — 1 — L — 1 —

(aa sv ‘y9. ‘52°0/02) ANAT90#M (61 1S2) 0L¥L¥LD
juaiing weliboud 1ojsisuel] Aelry

[wrijy] Jusung (824n0g) uleiq

/ 0001



WO 2006/036622 PCT/US2005/033379

11/12

1102

TE_Iré | 1104
FIG. 11

V GA

1100
_\\



PCT/US2005/033379

WO 2006/036622

12/12

TTHO AJOWHN
OL dDVIIOA
SVId A'1ddV

ﬁ

80¢I

THALT HOdNO0S
INHIINO
INV.LSNOD
HLVIddOdddVv
A'1ddV

~— 9071

!

HLVLS
HONVAHdAI
addrsdaa
HANIANHHLHA

N— pozI

ﬂ

HLTEM

(414! I\

(AN |

ACCIAR (0L R:CL
ONIHd NOLLVIHAdO
LM JO ASVEHA S

TTHD AdOWHA
HSVId
OL INHIDIAANS
THAHTHOINOS
dOVLIOA
INVISNOD
A'lddV

A

/ 0071



INTERNATIONAL SEARCH REPORT

Intarnational application No

/US2005/033379

A. CLASSIFICATION OF SUBJECT MATTER
: G11C16/02 G11C16/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documeniation searched (classification system foliowed by classification symbols)

G11C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 3 875 566 A (HELBERS ET AL)

1 April 1975 (1975-04-01)

figure 1

column 2, line 49 - column 3, line 67
column 5, Tine 50 -~ column 6, line 12
column 7, line 30 - column 10, line 12
X EP 1 308 960 A (HEWLETT-PACKARD COMPANY)
7 May 2003 (2003-05-07)

figure 3

paragraph ‘0002!

paragraph ‘0008! - paragraph ‘0010!
paragraph ‘0016! - paragraph €0022!

1-10

1-5,8

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not

"T* later document published after the international filing date
or priotity date and not in conflict with the application but
cited o understand the principle or theory undetlying the

considered to be of particular relevance invention
"E* earlier document but published on or after the international X' document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
‘L docuin%ent whié:h may tglrohwtgoubti]on priorciily clafim(s) t?r involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of patticular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
'O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the an.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
2 February 2006 15/02/2006
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Stocken, C

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Iniarnational application No

/US2005/033379
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 3875566 A 01-04-1975 NONE
EP 1308960 A 07-05-2003 JP 2003187590 A 04-07-2003
US 2003081445 Al 01-05-2003

Form PCT/ASA/210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

