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(57) Abstract: Memory programming devices include a print head that moves across a substrate to deposit memory material on
the substrate to form an array of memory cells and programming circuitry coupled to the print head so that the programming cir-
cuitry moves across the substrate along with the print head and that, for individual memory cells of the array, is positioned proxi-
mate the individual memory cell and writes data to the individual memory cell. Memory programming methods include depositing
memory material above a first portion of an electrically conductive bitline printed on a substrate to form a memory cell and using
programming circuitry positioned proximate the memory cell, storing data in the memory cell by altering a characteristic of the
memory cell, the characteristic remaining altered after the programming circuitry is moved away from the memory cell.
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Memory Programming Methods and Memory Programming Devices

RELATED PATENT DATA

This application claims the benefit of U.S. Provisional Patent
Application Serial No. 61/321,801 filed April 7, 2010,. which is incorporated
herein by reference, and is a continuatioh in part of U.S. Patent Application
Serial No. 12/604,300 filed October 22, 2009, which is also incorporated

herein by reference and to which this application claims priority.

TECHNICAL FIELD

The present disclosure, in various embodiments, relates to memory

programming methods and memory programming devices.

BACKGROUND OF THE INVENTION
It is now possible to create electronic memory capable of storing
electronic data by printing electrically active ink on various substrates, such

as paper, using standard printing technology, such as inkjet, flexographic,

rotogravure, and screen printing.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the disclosure are described below with
reference to the following accompanying drawings.

Figure 1 illustrates a cross sectional view of a memory cell on a
substrate and a memory programming device in accordance with an
embodiment.

Figure 2 illustrates a cross sectional view of a memory cell on a
substrate in accordance with an embodiment.

Figure 3 illustrates a top view of an array of memory cells in
accordance with an embodiment.

Figure 4 illustrates a piece of paper comprising an array of memory

cells and a data interface in accordance with an embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Described herein are methods of programming printed memory with
desired electronic data (e.g., music, a picture, a brochure, etc.) during the
printing process, such that upon curing, the printed memory contains the
desired electronic data.

Printed memory can take various forms. In one implementation, a
material having specific electrical properties is layered between conductive
traces such that a memory cell storing one bit of information is.formed at
each trace intersection. The conductive traces and the material are printed
onto a substrate, for example a paper substrate. This memory may or may
not be reprogrammable depending on the materials used in the memory cell.
Other memory can be formed by simply creating a pattern of short circuits
between a positive voltage and ground. Each short to ground may be
considered one data value (e.g., a zero), and each short to the positive
voltage may be considered another data value (e.g., a one). This memory
would typically not be reprogrammable.

According to one embodiment of a method, a print head deposits a
first material at the intersection of a pair of conductive traces if the
intersection is to represent a digital zero and deposits a different second
material at the intersection if the intersection is to represent a digital one.
The electrical phenomenon measured to "read" the memory may differ
depending on the properties of the first and second materials. The first and
second materials may be conductive, magnetic, capacitive, resistive,
inductive, or some combination of these various phenomena. Example
materials include magnetic ink and ferromagnetic liquid.

In another embodiment of the invention, each memory cell may be
programmed with a bit value during the deposition of a material (which may
be in the form of an ink) at the intersection of a pair of traces that forms the
memory cell by applying an electric field and/or magnetic field to the
material as or after the material is printed onto the substrate (e.g., paper
substrate) and/or while the material is curing (e.g., drying). For example, a
print head used to deposit the material on the substrate may include
programming circuitry that can selectively program an individual memory

cell by applying an electric and/or magnetic field that orients magnetic
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portions of the material in a particular way. The print head may be
configured to program the bit to be a digital zero by orienting the magnetic
portions of the material in a first direction. Similarly, the print head may be
configured to program the bit to be a digital one by orienting the magnetic
portions of the material in a second direbti(_)n different from the first
direction, for example, a direction opposite that of the first direction.
Alternatively, the f)rint head may be configured to program the bit to be a-
digital zero by changing a resistance of the material to a relatively high-
resistance state and may be configured to program the bit to be a digital one
by changing the resistance of the material to a relatively low-resistance state
in relation to the high resistance state.

Other techniques may also be used. For example, the print head may
be configured to program the bit to be a digital zero by storing a relatively
large amount of charge in the material and may be configured to program the
bit to be a digital one by storing a relatively small amount of charge in the
material.

Although a bit may be programmed at the time of printing to be a
digital zero, it may later be reprogrammed to be a digital one by using the
programming circuitry of the print head (or other programming circuitry of a
programming device not associated with a print head) to apply an electric
and/or magnetic field to the material of the memory cell. In one
embodiment, the programming circuitry may be positioned proximate the
memory cell to be programmed so that the electric and/or magnetic field
produced by the programming circuitry intersects the material of the
memory cell. While applying the electric and/or magnetic field to the
memory cell, other memory cells adjacent the memory cell might not be
affected by the electric and/or magnetic field. As a result, the memory cell
may be re-programmed by the electric and/or magnetic field but other
memory cells adjacent the memory cell are not re-programmed by the
electric and/or magnetic field.

In yet another embodiment of the invention, multiple memory cells of
an array of memory cells may be programmed in parallel (e.g., substantially
simultaneously), as or shortly after they are printed on the substrate, by a

suitably configured, one-dimensional or two-dimensional array of electrical,
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magnetic, or electro-magnetic fields positioned proximate to the memory
cells so that individual of the fields are aligned with individual memory
cells. The fields could add or remove charge to individual memory cells, or
flip magnetic domains in individual memory cells, change resistance of the
memory cells, or a combination of the above, to accomplish the arbitrary
configuration of the memofy array with the data desired.

In yet another embodiment of the invention, careful controlling the
environment duﬂng printing and curing may be used to induce the various
memory cells to assume arbitrary values of zero or one once cured. In this
embodiment, various combinations of external influences such as magnetic
fields, electric fields, vacuum, pressure, gasses of various sorts, and light
may also be brought to bear to create the desired outcome. The external
influences may affect the amount of charge stored by a memory cell, the
resistance of the memory cell, the conductivity of the memory cell, the
orientation of magnetic material of the memory cell, or other characteristics
of the memory cell. In one embodiment, memory cells programmed in this
manner may be one-time programmable rather than reprogrammable.

In another embodiment of the invention, each memory cell may be
programmed with a bit value during the deposition of a material (which may
be in the form of an ink) at the intersection of a pair of traces that forms the
memory cell by applying an light beam (e.g., from a laser) to the material as
or after the material is printed onto the substrate (e.g., paper substrate)
and/or while the material is curing (e.g., drying). For example, a print head
used to deposit the material on the substrate may include programming
circuitry that can selectively program an individual memory cell by applying
light that changes a characteristic (e.g., amount of charge stored, resistance,
orientation of magnetic poles of portions of the material, etc.) of the
material in a particular way.

In yet another embodiment, multiple memory cells of an array of
memory cells may be programmed in parallel (e.g., substantially
simultaneously) while the array is being printed by a suitably configured,
one-dimensional or two-dimensional array of light beams positioned in
proximity to the multiple memory cells. In this case, the individual light

beams may be aligned with individual memory cells.
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Referring to Fig. 1, a cross sectional view of a memory cell
construction 10 is illustrated according to one embodiment. An electrically
conductive bitline 14 is formed on a substrate 12. Bitline 14 may extend
horizontally and may be shared with other memory cells not illustrated in
Fig: 1.

Substrate 12 may comprise paper and bitline 14 may be formed on
substrate 12 by printing electrically conductive ink on substrate 12. In
forming bitline 14, an electrically conductive ink may be deposited on
substrate 12 in a desired pattern by a print head. In one embodiment,
substrate 12 may be a lamination of several layers of paper and adhesive. In
other embodiments, substrate 12 might not comprise paper, but may
comprise plastic, Mylar, or other flexible, suitable for printing with ink by a
printer.

In one embodiment, an electrically insulative material 20 is printed on
top of portions of bitline 14 and memory cell 22 is printed on top of portions
of bitline 14. In one embodiment, memory cell 22 is printed before
insulative material 20. In other embodiments, insulative material 20 is
printed before memory cell 22. In printing memory cell 22, memory
material, such as the memory materials described herein, may be deposited
on substrate 12 in a desired pattern by a print head.

An electrically conductive wordline 18 is printed above memory cell
22 using electrically conductive ink. Wordline 18 may extend into and out
of the page in a direction orthogonal to the direction that bitline 14 extends.
In forming wordline 18, an electrically conductive ink may be deposited on
substrate 12 in a desired pattern by print head 26.

In the embodiment illustrated in Fig. 1, wordline 18 and bitline 14
may both be in direct physical contact with memory cell 22 and may both be
ohmically connected to memory cell 22. Memory cell 22 may store data and
may be programmed using one or more of the methods described herein.

Also illustrated in Fig. 1 is memory programming device 16 which
includes programming circuitry 24 and print head 26. Memory
programming device 16 is positioned proximate memory cell 22 and is
configured to alter a characteristic of memory cell 22. For example, in one

embodiment, programming circuitry 24 may include a coil or other circuitry
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configured to generate a magnetic field directed downward that intersects
memory cell 22. Print head 26 is configured to deposit ink or other
materials on substrate 12. Programming circuitry 24 and print head 26 may
be moved relative to substrate 12. Programming circuitry 24 and print head
26 are represented as functional blocks in Fig. 1. |

Referring to Fig. 2, a cross sectional Vie.w of another efnbodiment of a
memory cell constrﬁct’ion 11 is illustrated according to one embodiment.
Construction 11 iS'similaf to construcﬁoﬁ 10, except that- insulative material
20 is printed between bitline 14 and memory cell 22 and between memory
cell 22 and wordline 18. In this embodiment, bitline 14 and wordline 18 are
not ohmically connected to memory cell 22. However, a current may still be
induced in bitline 14 as a result of a voltage or current present in wordline
18 depending on the programmed state of memory cell 22.

Referring to Fig. 3, a top view of an array 30 of memory cells 22
formed on substrate 12 is illustrated according to one embodiment. The
array 30 includes a plurality of bitlines 14 extending in a direction
perpendicular to an array of wordlines 18. Memory cells 22 (22a, 22b, 22c,
22d, 22e, 221, 22g, 22h, and 22i) are formed at the intersections of bitlines
14 and wordlines 18. When storing data in a memory cell 22 of array 30,
programming circuitry may direct a field or light beam in a target area 32.

For example, to store data in memory cell 22¢, programming circuitry
may direct a magnetic field in target area 32e. In doing so, the magnetic
field may be configured so that portions of the magnetic field that intersect
target areas 32a, 32b, 32c, 32d, 321, 32g, 32h, and 32i do not alter data
stored in memory cells 22a, 22b, 22c¢, 22d, 221, 22g, 22h, and 22i.

Referring to Fig. 4, a laminated piece of paper 40 is illustrated which
comprises memory array 30, as well as connecting circuitry 44 and data
interface 42. Laminated paper 40 may include two layers of paper. A first
layer of paper on which array 30 is printed and a second layer of paper
covering array 30. The first and second layers of paper may be laminated
together so as to make array 30 inaccessible.

Connecting circuitry 44 may be printed on the first layer of paper and
data interface 42 may be printed on the second layer of paper and may be

electrically connected to connecting circuitry 44. In one embodiment, data
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interface 42 may be a Universal Serial Bus (USB) interface suitable for
connecting to a computer or other data communication device. The
computer 6r other data communication device may send data to memory
array 30 via data interface 42. In some embodiments, paper 40 may be
folded, cuf, or otherwise modified so that data interface 42 fits within a
standard USB receptacle. .

In one embodiment, data interface 42 may more broadly comprise
connecting circuitry' 44 as WeH as a 'circuitfy printed on the first 1.a'yer', such
as buffers. In this embodiment, data interface 42 may be configured to
receive data from the computer or other data communication device and
buffer the received data prior to the data being written to memory array 30.
For example, data interface 42 may be a USB interface configured to receive
data via a USB protocol and to buffer the data prior to the data being written
to memory array 30.

According to one embodiment, memory programming methods include
depositing memory material (e.g., the material of memory cell 22) above a
first portion of an electrically conductive bitline (e.g., bitline 14) printed on
a substrate (e.g. substrate 12) to form a memory cell (e.g., memory cell 22)
and using programming circuitry positioned proximate the memory cell,
storing data in the memory cell by altering a characteristic of the memory
cell, the characteristic remaining altered after the programming circuitry is
moved away from the memory cell.

In one embodiment, the substrate may comprise paper, and the
memory material may be magnetic ink. The depositing of the memory
material may include depositing the memory material with an ink jet print
head. In one embodiment, the method may include forming the wordline
before storing the data. For example, memory cell 22 of Fig. 1 may be
programmed before wordline 18 is printed. Alternatively, the method may
include forming (e.g., printing) wordline 18 after storing the data in memory
cell 22.

The programming circuitry may be free of physical contact with the
memory cell during the altering of the characteristic. For example,
programming circuitry 24 may be positioned above memory cell 22 and may

be spaced from memory cell 22 as illustrated in Fig. 1. However, the
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programming circuitry may be positioned proximate the memory cell so that
a field (e.g., electric and/or magnetic field) or light beam (e.g., laser beam)
generated by the programming circuitry may intersect the memory cell.
Accordingly, the programming circuitry may be free of ohmic contact with
the memory cell during the altering of the characteristic. Further, in one
embodiment, the prrogramming circuitry may be in physical contact with th.e
‘memory cells; for example, when the memory material is deposited on the
éubstraté, but might not be in ohmic contact with the memory cell.

The altering of the characteristic of the memory cell may include
altering the characteristic while at least a portion of the memory cell isin a
liquid state (e.g., before the memory material of Fig. 1 cures to form
memory cell 22). Alternatively, the altering may take place after the
memory material has cured. One or more of several different characteristics
may be altered to store the data. For example, the characteristic may be one
or more of the following characteristics: a magnetic orientation of the
memory cellx, an electrical resistance of the memory cell, an electrical
inductance of the memory cell, or an electrical capacitance of the memory
cell. Alternatively, the characteristic altered may be some other physical
phenomenon of the memory material.

The characteristic may be altered in one or more of a number of
different ways. The altering of the characteristic may include the
programming circuitry applying an electric field, a magnetic field, and/or an
electromagnetic field to the memory cell. Alternatively or additionally, the
altering of the characteristic may include the programming circuitry
changing an amount of electrical charge stored by the memory cell, for
example by increasing the amount of electrical charge stored by the memory
cell or decreasing the amount of electrical charge stored by the memory cell.

In one embodiment, the altering of the characteristic may include the
programming circuitry applying a magnetic field to the memory cell. The
magnetic field may orient magnetic poles of the memory cell in a direction.
The application of the magnetic field to the memory cell by the
programming circuitry may then be ceased, but the magnetic poles of the
memory cell may retain the orientation despite the ceasing of the application

of the magnetic field. Accordingly, the memory cell may be described as
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being non-volatile since it retains the data by way of the orientation of the
magnetic poles of the memory cell even when the magnetic field is not
present.

Alternatively or additionally, the storing of the data may include
exposing the memory cell to a laser beam while the memory material is
curing. In this case, ﬁrogramming circuitry 24 may comprise a laser.

- The programming methods may further include forming a wordline
above the'-memory cell. The wordline may cross the first portion of the
bitline. After the programming circuitry stores the data in the memory cell,
the wordline and the bitline may be used to alter the data stored in the
memory cell without the use of the programming circuitry. For example, a
voltage may be imposed across the wordline and the bitline and a value of
the data stored in the memory cell may be determined based on a current
carried by the bitline, the current resulting from the voltage imposed across
the wordline and bitline.

According to one embodiment, a memory programming device (e.g.,
memory programming device 16) includes a print head (e.g., print head 26)
that moves across a substrate to deposit memory material on the substrate to
form an array of memory cells and programming circuitry (e.g.,
programming circuitry 24) coupled to the print head so that the
programming circuitry moves across the substrate along with the print head.
For each individual memory cell of the array, the programming circuitry is
positioned proximate the individual memory cell and writes data to the
individual memory cell.

Other memory programming devices may alternatively be used to
program array 30 in which the programming circuitry moves across the
substrate independent of the print head such that the print head and
programming circuitry are decoupled.

As was mentioned above, the programming circuitry may write data to
the individual memory cell by altering a characteristic of the memory cell,
the characteristic remaining altered after the programming circuitry is
moved away from the individual memory cell.

The print head may form a first memory cell of the array (e.g.,

memory cell 22¢) and the programming circuitry may write data to the first
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memory cell of the array prior to the print head forming a second memory
cell (e.g., memory cell 22i) of the array. In this embodiment, the print head
might not form wordlines 18 until after the programming circuitry has
written data to the memory cells of the array.

In one embodiment, the-p_rogr'ammihg circuitry may write the data to
the memory cells by controlling the print'head to deposit a first memory
material in memory cells 6f the array storing a first binary value (e.g., a
zero) and to 'de_p,osit a Second memory material in memdfy cells of the array
storing a second binary value (e.g., a one) different from the first binary
value. The first memory material may have an electrical characteristic that
is different from an electrical characteristic of the second memory material.
For example, the first memory material may have a greater electrical
resistance than the second memory material.

The programming circuitry may write data to the individual memory
cell (e.g., memory cell 22¢) by applying an electric and/or magnetic field to
the individual memory cell and the memory programming device may
prevent the field from altering data written to other memory cells of the
array (e.g., memory cells 22a, 22b, 22¢, 224, 221, 22g, 22h, 22i) while the
programming circuitry is writing data to the individual memory cell (e.g.,
memory cell 22¢). In one embodiment, the memory programming device
may prevent the field from altering the data written to other memory cells of
the array by positioning the programming circuitry closer to the individual
memory cell than any other memory cell of the array.

For example, the programming circuitry may be configured to emit a
very narrow, directional magnetic field that is positioned so as to intersect
one memory cell of the array (e.g., memory cell 22e through target area
32¢), but is sufficiently directional and narrow that other memory cells of
the array (e.g., memory cells 22a, 22b, 22¢, 22d, 221, 22g, 22h, 22i) receive
a highly attenuated version of the field that is not strong enough to alter the
data stored in the adjacent memory cells.

According to another embodiment, a memory programming method
includes moving a print head across a substrate to deposit conductive ink on
the substrate to form an array of bitlines intersecting an array of wordlines.

The method also includes moving a print head across a substrate to deposit

10
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memory material to form an array of memory cells, the memory cells being
located at the intersections of the bitlines and wordlines. The method
further includes iteratively positioning programming circuitry in a plurality
of different locations relative to the substrate and in each of the locations of
the plurality, using the programming circuitry to write data to a different
subset of the memory cells of the array. In one embodiment, each of the
subsets of the memory cells.m'a‘y consist of a single memory cell of the
array. In-other embodiments, each of the subsets of memory cells'may.'
comprise a plurality of the memory cells of the array.

The programming circuitry may write data to a first memory cell of
the array by orienting magnetic poles of the first memory cell in a first
direction and may write a second memory cell of the array by orienting
magnetic poles of the second memory cell in a direction opposite the first
direction.

The data written by the programming circuitry may be referred to as
first data and the memory programming method may further include forming
a data interface (e.g., data interface 42) on the substrate, for example, a USB
interface. The data interface may be configured to receive second data from
a data source distinct from the substrate, to buffer the received second data,
and to store the buffered second data in the memory cells independent of the
programming circuitry by applying voltages and/or currents to the wordlines
and bitlines. In one embodiment, the data source may be a computer or
other device configured to send and/or receive data.

The data interface may provide a way to program the memory cells
that is distinct from the programming circuitry. In one embodiment, the
programming circuitry may program the memory cells of the array as the
memory cells are printed on a substrate and before the data interface is ever
formed or used. Once the memory array has been fully formed, the data
interface may be used to alter the data that the programming circuitry
previously stored in the memory cells.

Accordingly, the programming circuitry may write the first data to the
memory cells (e.g., memory cells 22) prior to the forming of the data
interface (e.g., data interface 42). The programming circuitry may write the

first data to the memory cells prior to the data interface receiving any data
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from the data source. The programming circuitry may write the first data to
the memory cells independent of the data interface. The programming
circuitry may write the first data to the memory cells prior to the first time
that the data interface is ever used to receive and buffer data from any data
source.

By way of clarification, it should be noted that the data that the.
programming circuitry writes to the memory cells may include an arbitrary
mixture of binary values, rather than all zeros, all ones, or some other
predetermined pattern of zeroes and ones. In one embodiment, the data that
the programming circuitry writes to the memory cells may be data of an

image, video, document, database, email, etc.

Applying the Invention

The invention would be typically exercised by (1) applying the
various requisite inks in layers onto a substrate (paper, or Mylar film for
example), and (2) by controlling the environment and/or bringing the
requisite external influences to bear during and/or shortly after printing
and/or during curing, such that the finished memory is not blank but
contains the desired data.

By way of example, the methods described herein may be used to

program devices such as the devices described in US patent application

number 12/604,300.
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CLAIMS

The invention claimed is:

1. A memory programming method comprising:

depositing memory material above a first portion éf an electrically
conductive bitline printed on a substrate to form a memory cell; and _

using p‘rogramm.ing circuitry positioned proiimate the memory cell,
storing data in the memory cell by altering a characteristic of the memory
cell, the characteristic remaining altered after the programming circuitry is

moved away from the memory cell.

2. The method of claim 1 wherein the programming circuitry is

free of physical contact with the memory cell during the altering of the

characteristic.

3. The method of claim 1 wherein the altering comprises altering

the characteristic while at least a portion of the memory cell is in a liquid

state.

4. The method of claim 1 wherein the altering comprises:

applying a magnetic field to the memory cell, the magnetic field
orienting magnetic poles of the memory cell in a direction; and

ceasing the application of the magnetic field, the magnetic poles of
the memory cell retaining the orientation despite the ceasing of the

application of the magnetic field.
5. The method of claim 1 wherein the substrate comprises paper.

6. The method of claim 1 wherein the memory material comprises

magnetic ink.

7. The method of claim 1 wherein the depositing comprises

depositing the memory material with an ink jet print head.

13
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8. The method of claim 1 further comprising forming a wordline
above the memory cell after the storing of the data, the wordline crossing

the first portion of the bitline.

9. A memory programming method comprising:
moving a print head across a substrate to deposit conducfive ink on
~ the substrate to form an array of bitlines intersecting an array of wordlines;

moving_'a'print head across a substrate fo- deposit memory material to ..
form an array of memory cells, the memory cells being located at the
intersections of the bitlines and wordlines;

iteratively positioning programming circuitry in a plurality of
different locations relative to the substrate; and

in each of the locations of the plurality, using the programming

circuitry to write data to a different subset of the memory cells of the array.

10. The method of claim 9 wherein the programming circuitry
writes data to a first memory cell of the array by orienting magnetic poles of
the first memory cell in a first direction and writes a second memory cell of
the array by orienting magnetic poles of the second memory cell in a

direction opposite the first direction.

11.  The method of claim 9 wherein the data written by the
programming circuitry is first data and further comprising forming a data
interface on the substrate, the data interface being configured to receive
second data from a data source distinct from the substrate, to buffer the
received second data, and to store the buffered second data in the memory
cells independent of the programming circuitry by applying voltages and/or

currents to the wordlines and bitlines.

12. The method of claim 11 wherein the programming circuitry
writes the first data to the memory cells prior to the forming of the data

interface.

13. The method of claim 11 wherein the programming circuitry
writes the first data to the memory cells prior to the first time that the data

interface is ever used to receive and buffer data from any data source.
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14. The method of claim 9 wherein each of the subsets of the

memory cells consists of a single memory cell of the array.

15. A memory programming device comprising:

a print head that moves across a substrate to deposit memory material
“on the substrate to form an array of memory cells; and

programming circuitry coupled to the print head so that the
programming circuitry moves across the substrate along with the print head
and that, for individual memory cells of the array, is positiohed proximate

the individual memory cell and writes data to the individual memory cell.

16.  The device of claim 15 wherein the programming circuitry
writes data to the individual memory cell by altering a characteristic of the
memory cell, the characteristic remaining altered after the programming

circuitry is moved away from the individual memory cell.

17. The device of claim 15 wherein the print head forms a first
memory cell of the array and the programming circuitry writes data to the
first memory cell of the array prior to the print head forming a second

memory cell of the array.

18.  The device of claim 15 wherein the programming circuitry
writes the data to the memory cells by controlling the print head to deposit a
first memory material in memory cells of the array storing a first binary
value and to deposit a second memory material in memory cells of the array
storing a second binary value different from the first binary value, the first
memory material having an electrical characteristic that is different from an

electrical characteristic of the second memory material.

19. The device of claim 15 wherein the programming circuitry
writes data to the individual memory cell by applying an electric and/or
magnetic field to the individual memory cell and the memory programming
device prevents the field from altering data written to other memory cells of

the array while the programming circuitry is writing data to the individual

memory cell.
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20. The device of claim 19 wherein the memory programming
device prevents the field from altering the data written to other memory
cells of the array by positioning the programming circuitry closer to the

individual memory cell than any other memory cell of the array.
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