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(7) ABSTRACT

A method and apparatus for sensing a resistive state of a
resistive memory element includes producing a first current
related to a resistance of a memory cell. The first current is
added to a second current during a first sensing time and
subtracted from a third current during a second sensing time.
The first, second and third currents are integrated over time
using a capacitor, and a resulting voltage signal on the
capacitor is timed using a clocked counter. A time average
value of a digital output of the clocked counter is then
related to the resistance of the memory cell, and hence to the
resistive state of the resistive memory element.
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DUAL LOOP SENSING SCHEME FOR
RESISTIVE MEMORY ELEMENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the reading of resistor-
based memory devices such as magneto-resistive random
access memory (MRAM) devices which store logic values
as resistive states in a memory cell.

2. Description of the Related Art

FIG. 1 shows one example of a resistor based memory
array architecture called a crosspoint array. The memory
array 8 includes a plurality of row lines 6 arranged orthogo-
nally to a plurality of column lines 12. Each row line is
coupled to each of the column lines by a respective resistive
memory cell 14. The resistance value of each memory cell
stores one of two or more logical values depending on which
of a plurality of resistance values it is programmed to
exhibit. A characteristic of the crosspoint array having
resistance cells 14 connected to row and column lines is that
there are no memory cell access transistors in the array.

An MRAM device is one approach to implementing a
resistance based memory. In an MRAM, each resistive
memory cell typically includes a pinned magnetic layer, a
sensed magnetic layer and a tunnel barrier layer between the
pinned and sensed layers. The pinned layer has a fixed
magnetic alignment, and a magnetic alignment of the sensed
layer can be programmed to different orientations. The
resistance of the cell varies, depending on the alignment of
the sensed layer. One resistance value, e.g., a higher value,
is used to signify a logic “one” while another resistance
value, e.g., a lower value, is used to signify a logic “zero”.
The stored data is read by sensing respective resistance
values of the cells, and interpreting the resistance values thus
sensed as logic states of the stored data.

For binary logic state sensing, the absolute magnitude of
memory cell resistance need not be known; only whether the
resistance is above or below a threshold value that is
intermediate to the logic one and logic zero resistance
values. Nonetheless sensing the logic state of an MRAM
memory element is difficult because the technology of the
MRAM device imposes multiple constraints.

An MRAM cell resistance is sensed at the column line of
the addressed cell. In order to sense the cell, a row line
connected to that cell is typically grounded while the
remaining row lines and column lines are held at a particular
voltage. Reducing or eliminating transistors from a memory
cell tends to reduce cell real estate requirements, increasing
storage density and reducing costs. A cell of a crosspoint
array, as discussed above, includes no transistors. This is
achieved by allowing each resistive element to remain
electrically coupled to respective row and column lines at all
times. As a result, when a memory cell is sensed it is also
shunted by a significant sneak current path through the other
memory cells of the addressed row line.

In a conventional MRAM device, the differential resis-
tance between a logic one and a logic zero is typically about
50 K€Q, or 5% of scale. Accordingly, a sensing voltage across
asensed MRAM device varies by about 5% of scale between
the logic one and logic zero states.

One approach to sensing MRAM resistance is to integrate
a current corresponding to the sensing voltage over time, and
to sample the resulting integrated voltage after a given time
period. This can be done by applying a voltage to an input
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of a transconductance amplifier, and accumulating a current
output by the amplifier with a capacitor.

FIG. 2 illustrates the theoretical change of voltage on such
a capacitor with time. The time interval t,, that the capacitor
voltage takes to climb from an initial voltage V, , to a
reference voltage V., is related to the voltage applied at the
input of the transconductance amplifier.

As shown in FIG. 3, however, this sensing scheme is
vulnerable to stochastic noise. A noise component on the
integrated voltage can readily overcome the signal being
measured. The resulting measurement produces an errone-
ous result when the noisy voltage signal crosses the refer-
ence voltage (V) threshold at time t,,,.

Accordingly, a robust and reliable sensing method is
needed for sensing the state of a resistive memory element.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, MRAM
cell logic state is sensed by configuring an memory cell so
as to form a sensing voltage across the cell that is related to
a resistance of the cell. The sensing voltage is applied to an
input of a transconductance amplifier, which outputs a
sensing current related to the sensing voltage. The sensing
current is integrated over time with an additional current and
filtered through a digital counter to improve sensing circuit
sensitivity.

During sensing, the sensing circuit progresses through
several states. In a first state the sensing current is summed
with a first positive current to form a first summed current
that charges a capacitor. In a second state, the sensing
current is summed with a second negative current, to form
a second summed current that discharges the capacitor. The
resulting voltage signal on the capacitor is compared to a
reference voltage. A result of the comparison is used to
control a clocked digital counter. An output count of the
digital counter depends, on a time-averaged basis, on the
sensing voltage. By comparing the count value of the digital
counter to a digital threshold value at a known time interval
after the counter is preset to a preset value, the logical state
of the sensed MRAM cell can be ascertained.

These and other features and advantages of the invention
will be more clearly understood from the following detailed
description which is provided in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a portion of conventional MRAM device
using a crosspoint architecture;

FIG. 2 shows an idealized time versus voltage plot of an
integrated voltage according to one method of sensing
MRAM cell resistance;

FIG. 3 shows a time versus voltage plot as in FIG. 2 with
an additional voltage noise component;

FIG. 4 shows a portion of a magnetic random access
memory device according to the present invention;

FIG. 5 shows a portion of the FIG. 4 device during cell
sensing;

FIG. 6 shows a sensing circuit of the present invention in
block diagram form;

FIGS. 7A-7D shows a timing diagram for a voltage signal
the of FIG. 6 circuit with null input and related values;

FIGS. 8A-8C shows a timing diagram for an idealized
voltage signal of the FIG. 6 circuit with a first non-null input
and related values;
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FIGS. 9A-9B shows a timing diagram for an idealized
voltage signal of the FIG. 6 circuit with a second different
non-null input and related values;

FIGS. 10A-10D shows a timing diagram for a voltage
signal as in FIGS. 8 A-8B, with an additional noise compo-
nent;

FIG. 11 shows a further embodiment of a sensing circuit
of the present invention;

FIGS. 12A-12B shows a timing diagram as in FIGS.
9A-9B according to the circuit of FIG. 11;

FIG. 13 shows an exemplary digital system incorporating
a memory device having a sensing circuit according to one
aspect of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention operates by receiving a signal,
representing a programmed resistance state of a resistive
memory cell, at a digital counter. A resulting digital count
value, taken after a sensing time interval, represents the
resistance state of the memory cell. Because the count value
is digitized and acquired over an extended time, high-
frequency stochastic noise in the system is filtered out.

FIG. 4 shows, in schematic overview, a portion of a
memory device according to one aspect of the invention. A
crosspoint array of resistive memory cells are configured so
that resistance of a particular memory cell may be repre-
sented by a sensing voltage. The device 5 includes an array
8 of MRAM cells 14, a plurality of spaced electrically
conductive row lines 6, and a plurality of spaced electrically
conductive column lines 12. The plurality of row lines 6 is
disposed substantially orthogonally to the plurality of col-
umn lines 12, defining a plurality of overlap regions at the
respective crossings. In other embodiments, the row and
column lines can be disposed in oblique spaced relation to
one another. Each row line is connected to each of the
plurality of column lines by a respective plurality of MRAM
resistive cells 14. A plurality of switching devices 51,
typically implemented with transistors, are each coupled to
a respective one of the row lines 6, to a first source of
constant potential (ground) 20, and a second source of
constant potential (array voltage Va) 24. A control circuit 61
includes a row decoder, and is coupled, as illustrated by 62,
to each of the plurality of switching devices 51. The switch-
ing devices 51 are adapted to alternately connect the row
lines 6 to ground 20 and to a source of voltage, Va 24 under
the control of control circuit 61. The control circuit 61
maintains each of the plurality of switching devices 51 in a
default row line grounded condition. Switching device 52
illustrates the state of switching device 51 when row 54 is
selected during a read cycle. A plurality of sensing circuits
50 are respectively connected to the plurality of column
lines 12.

A power supply provides a source of electrical voltage
that maintains the various electrical potentials at which the
circuit operates. The power supply defines three potentials
including a ground potential 20, an operating voltage Vcc
for the circuit elements, and the voltage Va 24 connected as
indicated above. In one aspect of the invention, the voltage
Va 24 is approximately 5 volts.

In FIG. 5, selected row line 54 is shown coupled to the
voltage Va 24 by selected switching device 52. A particular
addressed column line 30 of the plurality of column lines 12
is also shown. The particular memory cell 38 that connects
the selected row line 54 and the particular column line 30 is
also illustrated. A respective sensing circuit 130 is opera-
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tively connected to column line 30 for sensing the voltage of
the column line 30 with respect to ground 20.

As illustrated, sneak path memory cells, e.g., 34, 40, 42,
44, 46, forming a subset of the plurality of memory cells 14,
are connected between the column line 30 and a respective
plurality of row lines 6. Each row line 6, except for the one
connected to sensed cell 38, is grounded by a respective
switching device 51. Thus a voltage divider is formed by the
parallel combination of sneak path cells, e.g., 34, 40, 42, 44,
46 connected in series with the particular resistance cell 38
being sensed. Column line 30 defines a sensing node
between the sneak path cells and the sensed cell 38. The
sensing voltage at column line 30 is coupled to the sensing
circuit 130.

In one embodiment, the resistance of selected resistive
memory cell 38 ranges from about 900 K2 to about 1.1 MQ.
In various embodiments prepared using current technology,
memory cell resistance may be found in a range from about
900 K€2 to about 1 M€ in the low resistance state and from
about 950 KQ to about 1.1 MQ in the high resistance state.
In a particular device, the low and high ranges do not
overlap. It is understood that advances in the technology of
the resistive cell may yield different resistance values to
which the present invention may nonetheless be effectively
applied.

FIG. 6 illustrates an embodiment of the invention in
which a sensing circuit 200 has an input node 210 connected
to a column line 30 of a resistive memory device. The
sensing circuit includes a transconductance amplifier 212.
The transconductance amplifier has a transfer function such
that a current 214 output at an output node 216 of the
amplifier is related to a voltage applied at an input node 218
of the amplifier. The output node 216 of the amplifier is
connected to a first plate 220 of a capacitor 222, to a first
input 224 of a clocked comparator 226, to an input 228 of
a current source circuit 230, and (optionally) to an output
232 of an analog preset circuit 234. It should be noted that
the function of the analog preset circuit may be performed
by a properly configured transconductance amplifier 212
making a separate analog preset circuit unnecessary. The
current source circuit 230 is adapted to alternately supply or
withdraw a current from the first capacitor plate 220 accord-
ing to the state of a control signal applied at a control input
236 of the current source 230. The clocked comparator 226
includes a second input 238 adapted to be maintained at a
reference voltage V312 (FIG. 7A) by a reference voltage
source 240, a clock input 242 adapted to receive a clock
signal, and an output 244. The output 244 of the comparator
226 is coupled to an up/down input 246 of a clocked counter
248 and to the control input 236 of the current supply circuit
230. The clocked counter 248 includes a clock input 250 a
preset input 252 and a digital count output 254 including a
plurality of digital output lines 256.

In operation, a preset voltage 311 (FIG. 7A) is established
across the capacitor 222 by the analog preset circuit 234. A
digital preset value is established at the output 254 of the
counter 248 by a signal transition applied at the digital preset
input 252.

Assuming that the preset voltage 311 on the capacitor 222
is less than the reference voltage V, . 312 applied at the
second input 238 of the comparator 226 the output 244 of the
comparator 226 will apply a first value corresponding to an
“up” input at the input 246 of the digital counter 248 as soon
as the clock input 242 of the comparator 226 receives a clock
signal transition. The first value output by the comparator is
also applied to the control input 236 of the current source
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circuit 230. Accordingly, current 262 flows from the input
228 of current source circuit 230 so as to raise the voltage
on the capacitor 222 above its preset voltage 311.

FIG. 7A shows the resulting voltage signal 302 on the
capacitor 222 when no voltage is applied at input 218 of
amplifier 212.

The voltage 302 on the capacitor 222 rises above the
voltage threshold defined by the reference voltage 312
applied at input 238 of comparator 226. Thereafter, the
voltage on capacitor 222 continues to rise until a clock
transition of clock signal 306 (FIG. 7C) is detected at the
clock input 242 of the comparator 226. Upon detection of a
clock transition, the logical state of the output 244 of
comparator 226 toggles (e.g., from “up” to “down”).
Responsively, the current source circuit 230 changes state to
begin extracting current 260 from the capacitor 222. As
current 260 flows out of the capacitor, the voltage on the
capacitor falls to, and then below the reference voltage V.,
level. Thereafter, when the clock signal 306 at input 242 of
comparator 226 transitions, the comparator output toggles
again.

The resulting voltage 302 on the capacitor 222 oscillates
with a symmetrical triangular waveform.

FIG. 7B shows the counter clock signal 304 applied at the
clock input 250 of the counter 248.

FIG. 7C shows the comparator clock signal as 306 applied
at the clock input 242 of the clock comparator 226.

FIG. 7D shows an output count value 308 exhibited at the
output 254 of the counter 248. Note that the output count 308
begins at a digital preset value 310.

The counter cyclically counts away from the preset value
and back to it. Consequently, the counter counts up and
down alternately, and the time average value of the digital
counter count remains substantially constant (near the digital
preset value). Stochastic noise at the input of the comparator
may cause the counter to increment the count when it should
not. Over time, however, random noise will tend to cause the
counter to execute as many spurious decrements as spurious
increments. The noise will be self-canceling. The counter
therefore acts to filter out high frequency noise in the
system.

When the input voltage signal applied to the input 218 of
the amplifier 212 is non-zero, a corresponding non-zero
current 214 is applied to the first plate 220 of the capacitor
222. FIG. 8A shows the resulting voltage waveform on the
first plate 222 of the capacitor 220 when a first voltage is
applied to the input 218 of the amplifier 212.

The current 214 from the amplifier 212 adds with the
currents 260, 262 from the current source circuit. When, for
example, the sense of the current 214 out of the amplifier
212 tends to charge the capacitor 222, the capacitor 222
charges slightly more quickly and discharges slightly more
slowly than is the case for the signal 302 of FIG. 7A.
Consequently, in the time between transitions of the com-
parator clock signal 306, the voltage on the capacitor 222
tends to rise slightly more than it falls during the immedi-
ately following inter-transition time. As a result, the average
voltage on the capacitor tends to rise over time until the
capacitor has accumulated excess charge to a point where
the discharge of the capacitor that occurs during one clock
interval is insufficient to bring the voltage on the capacitor
below the reference voltage V, . 312. Consequently, the
voltage 320 on the capacitor 222 is above the reference
voltage 312 for two consecutive transitions to, t;4 (as shown
in FIG. 8C) of the clock signal 306 applied at the clock input
242 of the clocked comparator 226. This is reflected in the
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digital count at the next subsequent transition of the clock
signal applied to the input 250 of the counter 248. As shown,
the time average value of the counter output changes from
a first value 324 to a second value 326.

Because of the inflow of current 214 from the amplifier
212 into the capacitor 222 this situation will repeat
periodically, and the time averaged count on the digital
counter will decrease at a rate corresponding to the magni-
tude of the voltage applied at the input 218 of the amplifier
212.

FIG. 8B graphically illustrates the value output by the
digital counter 248 corresponding to the voltage signal of
FIG. 8A. The vertical axis shows a digital value as exhibited
at the output 254 of the clocked counter 248. The horizontal
axis shows time.

The graph of FIG. 8B thus shows, at time t,, a count value
310 equal to the “digital preset value”. Thereafter, the count
value counts up one unit to (“digital preset value” +1) 325
and back down to the digital preset value 310. This occurs
repeatedly until, at time t,,, the count drops 329 one
additional unit from the digital preset value 310 to (“digital
preset value” —-1) 327. For some time thereafter, as shown,
the count output varies with time between (“digital preset
value” —1) 327 and “digital preset value” 310.

FIG. 9A shows the resulting voltage signal 340 on the
capacitor 222 when a different (e.g. larger) voltage is applied
to the input 218 of the amplifier 212. As in the FIG. 6 A case,
the average voltage on the capacitor rises over time. Because
the current 214 supplied by the amplifier 212 is larger than
in the FIG. 8A case, however, the rate of this rise in mean
capacitor voltage is faster that in FIG. 8A. Consequently, as
seen in FIG. 9B, two consecutive down-counts 342, 344
occur more frequently than is the case in FIG. 6A. The result
is that the digital counter 248 will decrement from the digital
preset value 310 more rapidly as a higher voltage is applied
to the input 218 of the amplifier 212.

FIG. 9B graphically illustrates the count value output by
the digital counter 248 corresponding to the voltage signal of
FIG. 9A.

FIG. 10A reproduces the graph of FIG. 8A, except that a
noise component is added to the voltage signal 320 on
capacitor 220. As is apparent, such noise may cause the
digital count to transition slightly before (FIG. 10C) or after
(FIG. 10D), the transition time t, of a noiseless system (FIG.
10B). Such early or late transition, however, has no sub-
stantial effect on the ultimate count detected after a relatively
long sampling duration.

FIG. 11 shows a further aspect of the invention in which
a second amplifier stage is employed to further increase
signal sensitivity. As in FIG. 6, the voltage divider 33
includes column line 30 mutually coupled to a first end of
the sensed memory cell 38, and a first end of the sneak path
resistance 39. An input node 210 of the sensing circuit is also
coupled to the column line 30. A second end of the sneak
path resistance 39 is coupled to ground potential 20, and a
second end of the sensed memory cell 38 is coupled to a
source of array voltage (Va) 22.

As in the FIG. 6 circuit, the FIG. 11 circuit includes a
transconductance amplifier 212 with an input 218 coupled at
input node 210 to the column line 30, and an output 216
coupled to the first plate 220 of a first capacitor 222. Instead
of being directly coupled to an input of the clocked com-
parator 226, however, the capacitor plate 220 is coupled to
an input 518 of a further transconductance amplifier 512.

An output 516 of the further transconductance amplifier
512 is coupled to a second plate 520 of a second capacitor
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522, and to the input 224 of the clocked comparator 226. The
output 224 of the clocked comparator 226 is coupled to the
input 246 of the counter 248, and the input 528 of a second
current supply circuit 530. The output 224 of the clocked
comparator 226 is also coupled through an inverter 503 to an
input 536 of the second current source circuit 530.

The current source circuit 530 thus acts in counterphase to
the current source circuit 230, such that circuit 530 with-
draws current 260 from capacitor plate 520 at the same time
that current source 230 is supplying current 262 to capacitor
plate 220 (and vice versa).

In an alternative embodiment, a single current source
circuit may be used to supply both capacitors 222 and 522
with respective currents. Also, a further analog preset circuit
534 is shown coupled at an output 532 to capacitor plate 520.
One of skill in the art would readily derive from the
foregoing disclosure a circuit in which a single analog preset
circuit is used to establish a preset voltage on both capacitors
222 and 522. Alternately, one may, as discussed above, effect
a desired analog preset using the amplifier circuits 212, 512,
such that no separate analog preset circuit is required.

In one aspect of the invention, the amplifier 212 exhibits
positive gain, while the amplifier 512 exhibits negative gain.
Thus, as the voltage applied at input 518 increases, the
current 514 flowing out of input 516 decreases (or increase
in a negative sense). Hence, in operation, the circuit of FIG.
11 tends to count up, rather than down, from a digital preset
value. An example of this behavior is shown in FIGS. 12A
and 12B.

FIG. 12A shows the voltage on a capacitor 522 over time.
The actual voltage graph would be composed of second
order curves, rather than line segments. The graph shown
has been approximated with line segments for ease of
representation.

FIG. 12B shows how the digital counter 248 increments
with time from a digital preset value 310 in relation to the
operation of the circuit of FIG. 11.

It should be noted that the time-average value of the net
current supplied by current supply 230 of the FIG. 6 circuit
is equal to the time average value of current 214, taken over
the same period. Further, the time average value of the
counter output may be made to trend upwardly or down-
wardly depending on routine selection of circuit parameters.
It should also be noted that in one aspect the input node 210
of sensing circuit 200 may desirably be coupled to the
column line 30 in series through a capacitor so as to filter out
a DC component of input voltage.

In a typical embodiment, hundreds, or even thousands, of
cycles of clock signal 306 are applied to clock input 242
during a single resistance measurement event. For example,
a minimum of 500 clock cycles will yield a resolution of 0.2
nanoamperes with respect to current 214. As would be
understood by one of skill in the art, the selection of clock
frequencies, and the relationship between clock frequencies
is a matter of routine design. For example, there is no
requirement that the comparator clock and the counter clock
operate at the same frequency, although they may do so.

FIG. 13 illustrates an exemplary processing system 900
which utilizes a memory device 17 employing the cell
resistance sensing circuit 200 of the present invention. The
processing system 900 includes one or more processors 901
coupled to a local bus 904. A memory controller 902 and a
primary bus bridge 903 are also coupled the local bus 904.
The processing system 900 may include multiple memory
controllers 902 and/or multiple primary bus bridges 903.
The memory controller 902 and the primary bus bridge 903
may be integrated as a single device 906.
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The memory controller 902 is also coupled to one or more
memory buses 907. Each memory bus accepts memory
components 908, which include at least one memory device
17 contain the all resistive sensing system of the present
invention. The memory components 908 may be a memory
card or a memory module. Examples of memory modules
include single inline memory modules (SIMMs) and dual
inline memory modules (DIMMs). The memory compo-
nents 908 may include one or more additional devices 909.
For example, in a SIMM or DIMM, the additional device
909 might be a configuration memory, such as a serial
presence detect (SPD) memory. The memory controller 902
may also be coupled to a cache memory 905. The cache
memory 905 may be the only cache memory in the process-
ing system. Alternatively, other devices, for example, pro-
cessors 901 may also include cache memories, which may
form a cache hierarchy with cache memory 905. If the
processing system 900 include peripherals or controllers
which are bus masters or which support direct memory
access (DMA), the memory controller 902 may implement
a cache coherency protocol. If the memory controller 902 is
coupled to a plurality of memory buses 907, each memory
bus 907 may be operated in parallel, or different address
ranges may be mapped to different memory buses 907.

The primary bus bridge 903 is coupled to at least one
peripheral bus 910. Various devices, such as peripherals or
additional bus bridges may be coupled to the peripheral bus
910. These devices may include a storage controller 911, an
miscellaneous /O device 914, a secondary bus bridge 915,
a multimedia processor 918, and an legacy device interface
920. The primary bus bridge 903 may also coupled to one or
more special purpose high speed ports 922. In a personal
computer, for example, the special purpose port might be the
Accelerated Graphics Port (AGP), used to couple a high
performance video card to the processing system 900.

The storage controller 911 couples one or more storage
devices 913, via a storage bus 912, to the peripheral bus 910.
For example, the storage controller 911 may be a SCSI
controller and storage devices 913 may be SCSI discs. The
I/O device 914 may be any sort of peripheral. For example,
the I/O device 914 may be an local area network interface,
such as an Ethernet card. The secondary bus bridge may be
used to interface additional devices via another bus to the
processing system. For example, the secondary bus bridge
may be an universal serial port (USB) controller used to
couple USB devices 917 via to the processing system 900.
The multimedia processor 918 may be a sound card, a video
capture card, or any other type of media interface, which
may also be coupled to one additional devices such as
speakers 919. The legacy device interface 920 is used to
couple legacy devices, for example, older styled keyboards
and mice, to the processing system 900.

The processing system 900 illustrated in FIG. 13 is only
an exemplary processing system with which the invention
may be used. While FIG. 13 illustrates a processing archi-
tecture especially suitable for a general purpose computer,
such as a personal computer or a workstation, it should be
recognized that well known modifications can be made to
configure the processing system 900 to become more suit-
able for use in a variety of applications. For example, many
electronic devices which require processing may be imple-
mented using a simpler architecture which relies on a CPU
901 coupled to memory components 908 and/or memory
devices 100. These electronic devices may include, but are
not limited to audio/video processors and recorders, gaming
consoles, digital television sets, wired or wireless
telephones, navigation devices (including system based on
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the global positioning system (GPS) and/or inertial
navigation), and digital cameras and/or recorders. The modi-
fications may include, for example, elimination of unneces-
sary components, addition of specialized devices or circuits,
and/or integration of a plurality of devices.

While preferred embodiments of the invention have been
described in the illustrations above, it should be understood
that these are exemplary of the invention and are not to be
considered as limiting. Additions, deletions, substitutions,
and other modifications can be made without departing from
the spirit or scope of the present invention. Accordingly, the
invention is not to be considered as limited by the foregoing
description but is only limited by the scope of the appended
claims.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A method of sensing a resistance state of a resistive
memory cell comprising:

passing a current through said memory cell to create a

voltage across said memory cell;

coupling said voltage through at least one integrating

amplifier to a digital counter;

repeatedly incrementing and decrementing a digital

counter count of said digital counter such that a moving
average value of said count, viewed over time, changes
at a rate related to a magnitude of said voltage across
said resistive memory cell; and

relating an instantaneous value of said count, taken at a

particular time to said resistance state of said resistive
memory cell.

2. A method of sensing a resistance state of a resistive
memory cell as defined in claim 1 further comprising:

initializing said count of said digital counter to a first

value at an initial time;

evaluating said count at a second time after said initial

time to ascertain a second value; and

relating a difference between said second and first values

to said resistance state of said resistive memory cell.

3. A method of sensing a resistance state of a resistive
memory cell, as defined in claim 1, wherein said moving
average value of said count decreases over time.

4. A method of sensing a resistance state of a resistive
memory cell, as defined in claim 1, wherein said increment-
ing comprises:

incrementing a value of said counter while a voltage on a

capacitor is rising, said voltage produced, at least in
part, by at least one transconductance amplifier receiv-
ing as an input said voltage across said resistive
memory cell.

5. A method of sensing a resistance state of a resistive
memory cell, as defined in claim 1 wherein:

said incrementing includes counting a first number of

cycles of a periodic clock signal upwardly; and

said decrementing includes counting a second number of

cycles of said periodic clock signal downwardly,
wherein said first and second numbers of periodic clock
cycles are dependent upon said current passing through
said resistive memory cell.

6. A method of sensing a resistance of a resistive memory
cell comprising:

flowing a current through a resistive element of a resistive

memory cell to produce a voltage related to a resistance
of said resistive element on a conductor coupled
between said resistive element and a sensing circuit;
producing an oscillating signal with said sensing circuit,
said oscillating signal having a plurality of signal

10

minima and a generally increasing trend, each signal

minimum of said plurality of signal minima synchro-

nized to a respective one of a plurality of transitions of

a periodic clock signal, a magnitude of said generally

5 increasing trend being related to a magnitude of said
voltage;

adjusting said oscillating signal downwardly, in a respec-

tive one of a plurality of adjusting events, whenever an
instantaneous value of said oscillating signal exceeds a
reference value at a respective time of a respective one
of said plurality of transitions of said periodic clock
signal;

counting said adjusting events during a particular time

interval to produce an event count; and

relating said event count to said voltage, and thereby to

said resistance of said resistive element.

7. A method of sensing a logical state of a resistive
memory cell comprising:

providing a resistive memory cell coupled to a counter

control circuit, said counter control circuit coupled to a
digital counter;

repeatedly incrementing and decrementing a count of said

digital counter according to respective increment and
decrement commands of said control circuit, said incre-
ment and decrement commands issued in relation to a
resistance of said resistive memory cell;

evaluating a difference between a first value and a second

value of said count taken at respective first and second
times; and

relating said difference, and a duration between said first

and second times, to said logical state of said resistive
memory cell.

8. A method of sensing a conductive state of a resistive
memory cell comprising:

repeatedly incrementing and decrementing a digital

counter count in response to a voltage produced by a
current passing through said memory cell, such that a
value of said count, taken at a particular time, is found
within a first range of count values indicating a first
conductive state of said cell or within a second range of
count values indicating a second conductive state of
said cell.

9. A method of sensing a conductive state of a resistive
memory cell as defined in claim 8 wherein said first and
second conductive states of said cell represent respective
first and second logical states of a data value stored by said
cell.

10. A method of sensing a conductive state of a resistive
memory cell as defined in claim 8 wherein said repeatedly
incrementing and decrementing said digital counter com-
prises counting transitions of a periodic clock signal.

11. A method of sensing a logical state of an MRAM cell
comprising:

flowing a current through said MRAM cell to produce a

voltage across said MRAM cell;
converting said voltage into a time-varying digital count
value, said time-varying digital count value having a
time-averaged value varying over a time interval; and

relating an instantaneous value of said time-averaged
count value at a late end of said time interval to said
voltage across said MRAM cell, whereby a logical state
of said MRAM cell is sensed.

12. An electronic signal adapted for use in measuring a
resistance of a resistive memory cell comprising:

a periodic voltage signal oscillating between a first plu-

rality of voltage maxima and a second plurality of
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voltage minima, said first and second pluralities chro-
nologically interleaved with one another, each maxi-
mum and minimum of said respective first and second
pluralities having a voltage magnitude;

each minimum of said second plurality of voltage minima
separated from a respective later adjacent maximum by
a respective one of a first plurality of time intervals,
each time interval of said first plurality of time intervals
being substantially equal to a first time duration;

each maximum of said first plurality of voltage maxima
separated from a respective later adjacent minimum by
a respective one of a second plurality of time intervals,
said second plurality of time intervals including a third
plurality of time intervals each substantially equal to a
second time duration and a fourth plurality of time
intervals each substantially equal to a third time
duration, said third duration longer that said second
duration, each time interval of said fourth plurality of
time intervals including a time when a magnitude of
said signal exceeds reference a value at a time approxi-
mately one second time duration later than a time of a
respective preceding maximum of said first plurality of
voltage maxima.

13. A memory cell sensor comprising:

first and second transconductance amplifiers having
respective first and second inputs and respective first
and second outputs, said first output connected to said
second input, said first input adapted to be coupled to
a source of a voltage signal, said voltage signal depend-
ing on a logical state of a resistive memory cell;

first and second capacitors having respective first and
second signal terminals and respective first and second
ground terminals, said ground terminals both being
connected to a ground node, said first signal terminal
coupled to said the first output and said second signal
terminal coupled to said second output;

a threshold detector having a third reference input coupled
to a source of a reference voltage, a fourth signal input
coupled to said second output, a fifth clock input
adapted to be coupled to a source of a first clock signal,
and a third threshold output;

a counter having a sixth clock input adapted to be coupled
to a source of a second clock signal, a seventh control
input coupled to said third threshold output, and a
plurality of digital count outputs adapted to represent
an accumulated digital count value; and

a current source having an eighth signal input connected
to said third threshold output and fourth and fifth
current outputs adapted to output respective first and
second currents, said first and second currents having
opposite respective senses with respect to said current
source, said fourth current output coupled to said first
signal terminal and said fifth current output coupled to
said second signal terminal, said current source adapted
to controllably reverse said senses of said first and
second currents respectively in response to a signal
received at said eighth signal input.

14. Amemory cell sensor defined in claim 13 wherein said

threshold detector further comprises:

a sixth threshold output, wherein said third threshold
output is denoted as an “UP” output and said sixth
threshold output is denoted as a “DOWN?” output, said
sixth output being coupled to a ninth input of said timer.

15. A memory cell sensor as defined in claim 13 wherein

said threshold detector comprises an analog comparator
circuit.
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16. A sensing circuit for sensing a logical state of an
MRAM cell comprising:

a first transconductance amplifier having a first input and
a first output coupled to a second input of a second
transconductance amplifier;

a current source adapted to, during a first time interval,
add a first current to an output current of said first
transconductance amplifier at said first output while
subtracting a second current from an output current of
said second transconductance amplifier at said second
output and, during a second time interval, subtract a
third current from said output current of said first
transconductance amplifier at said first output while
adding a fourth current to said output current of said
second transconductance amplifier at said second out-
put;

first and second capacitors coupled to said first and second
outputs respectively;

a control circuit coupled to said current source adapted to
control said first and second currents and said respec-
tive addition and subtraction thereof so as to vary a
respective first and second duration of said first and
second time intervals in relation to said output current
of said first transconductance amplifier; and

a counter circuit coupled to said control circuit adapted to
change a preset count in relation to said respective
durations of said first and second time intervals to
produce a count related to said logical state of said
MRAM cell.

17. A sensing circuit as defined in claim 16, wherein said

control circuit comprises:

a clocked comparator having a third input coupled to said
second output, a fourth input coupled to a source of a
reference voltage and a clock input coupled to a source
of a periodic clock signal, said comparator having an
output coupled to an input of said counter circuit.

18. A sensing circuit as defined in claim 17, wherein said

analog comparator comprises:

a further output coupled to a further input of said counter
circuit, and wherein said counter circuit comprises a
clocked counter having a clock input coupled to a
source of a periodic clock signal.

19. A sensing circuit as defined in claim 16 further

comprising:

a voltage divider circuit having a resistance of said
MRAM cell coupled between a first source of constant
potential and a measurement node and a further resis-
tance coupled between the measurement node and a
second source of constant potential.

20. A sensing circuit as defined in claim 19 wherein said
first source of constant potential is adapted to supply a VCC
potential, and said second source of constant potential
defines a ground potential.

21. A sensing circuit as defined in claim 16 wherein said
first transconductance amplifier exhibits a positive gain, and
said second transconductance amplifier exhibits a negative
gain.

22. A sensing circuit as defined in claim 16 wherein said
current source comprises:

a plurality of current source circuits; and

a plurality of switching devices adapted to direct said first,
second, third, and fourth currents.
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