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(57) ABSTRACT 

A circuit and method for counteracting stray magnetic ?elds 
generated by Write currents in an MRAM memory reuses the 
Write current in adjoining Write columns via a current 
redistribution bus at a ?rst end of the Write lines. A ?rst 
sWitch connected to a second end of each Write line controls 
the Write current in the Write line. If the ?rst sWitch is not 
conductive, a second sWitch connects the second end of the 
Write line to a reference voltage terminal. For Write lines 
located at sub-array edges, a predetermined amount of 

(21) Appl, No,: 10/656,646 spacing may be used to avoid magnetic ?eld disturbance in 
an adjacent sub-array. The number of spaces required can be 

(22) Filed: Sep. 5, 2003 minimized by speci?c activation of Write line sWitches. 
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CIRCUIT FOR WRITE FIELD DISTURBANCE 
CANCELLATION IN AN MRAM AND METHOD OF 

OPERATION 

RELATED APPLICATION 

[0001] This application is related to: 

[0002] United States patent application serial number 
SC12636TC, entitled “Write Driver For A Magnetoresistive 
Memory” by Nahas et al. ?led simultaneously hereWith, and 
assigned to the assignee hereof. 

FIELD OF THE INVENTION 

[0003] This invention relates generally to semiconductor 
circuits, and more speci?cally, to semiconductor memory 
circuits. 

BACKGROUND OF THE INVENTION 

[0004] Magnetoresistive random access memories 
(MRAMs) have certain bene?cial characteristics such as 
being non-volatile, dense, and fast. These characteristics 
have made it very attractive for use as both a general purpose 
memory and as an embedded memory, i.e., a memory 
on-board a logic circuit such as a microcomputer. Putting 
such MRAMs into production has been dif?cult due to a 
number of factors. One of these is being able to consistently 
Write a one and a Zero that can be identi?ed as such. 

[0005] One technique for overcoming is the development 
of a toggle bit MRAM. Such is described in US. Pat. No. 
6,545,906 B1, Savtchenko et al. In this case the MRAM is 
programmed by applying tWo timed magnetic signals so that 
the MRAM cell sWitches state regardless of its present state. 
A change from a logic one to a logic Zero is achieved in the 
same Way as a change from a logic Zero to a logic one. This 
technique provides eXcellent consistency in Writing both the 
logic one state and the logic Zero state into the bit. Because 
the toggling of logic states is achieved by controlling the 
magnetic ?eld in a bit, it is current in the Write lines that 
create magnetic ?elds that must be controlled. Unfortu 
nately, magnetic ?elds created by a particular Write line 
current are not con?ned to the immediate vicinity of the 
Write line. A portion of the magnetic ?eld for a particular 
Write line current can encroach on bits associated With 
neighboring Write lines. These stray magnetic ?elds can 
cause erroneous toggling of bits associated With these neigh 
boring Write lines. Magnetic ?elds may be in?uenced by 
current conduction and the direction thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention is illustrated by Way of 
eXample and is not limited by the accompanying ?gures, in 
Which like references indicate similar elements. 

[0007] FIG. 1 illustrates in block diagram form an 
MRAM architecture With Write ?eld disturbance cancella 
tion in accordance With a ?rst form of the present invention; 

[0008] FIG. 2 illustrates in cross-sectional form magnetic 
?eld distribution associated With tWo memory cells of the 
memory of FIG. 1; 

[0009] FIG. 3 illustrates in partial schematic diagram 
form tWo column Write drivers of the FIG. 1 memory and 
associated circuitry; 
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[0010] FIG. 4 illustrates in diagramatic form a spatial 
layout of the memory of FIG. 1; and 

[0011] FIG. 5 illustrates in block diagram form another 
MRAM architecture With Write ?eld disturbance cancella 
tion in accordance With another form of the present inven 
tion. 

[0012] Skilled artisans appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For eXample, the dimen 
sions of some of the elements in the ?gures may be eXag 
gerated relative to other elements to help improve the 
understanding of the embodiments of the present invention. 

DETAILED DESCRIPTION 

[0013] Illustrated in FIG. 1 is a memory 10 having an 
array 12 of magnetoresistive memory (MRAM) cells, a roW 
decoder 14 for receiving a roW address, a plurality of roW 
Write drivers 16 coupled to roW decoder 14, a roW bias 
circuit 18 coupled to the roW Write drivers 16, a timing 
circuit 20 coupled to the roW Write drivers 16, a column 
decoder 22 for receiving a column address, a plurality of 
column Write drivers 24 coupled to column decoder 22 and 
timing circuit 20, and a column bias circuit 26 coupled to the 
column Write drivers 24. A positive poWer supply voltage, 
VDD, and a loWer potential poWer supply voltage, V55, are 
each connected to the column Write drivers 24. The VSS 
poWer supply voltage is typically reference ground. Array 12 
comprises roW Write conductors or roW Write lines 44, 46, 
48, and 50, column Write conductors or column Write lines 
52, 54, 56, and 58, and MRAM memory cells 60, 62, 64, 66, 
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, and 90. Plurality 
of roW Write drivers 16 comprise roW Write driver 28, Which 
is coupled to a ?rst end of roW Write line 44, roW Write driver 
30, Which is coupled to a ?rst end of roW Write line 46, roW 
Write driver 32, Which is coupled to a ?rst end of roW Write 
line 48, and roW Write driver 34, Which is coupled to a ?rst 
end of roW Write line 50. The second ends of roW Write lines 
44, 46, 48 and 50 are connected together at a node 51 that 
is a VDD poWer supply bus that is connected to the VDD 
poWer supply voltage. Plurality of column Write drivers 24 
comprise column Write driver 36, Which is coupled to a ?rst 
end of column Write line 52, column Write driver 38, Which 
is coupled to a ?rst end of column Write line 54, column 
Write driver 40, Which is coupled to a ?rst end of column 
Write line 56, and column Write driver 42, Which is coupled 
to a ?rst end of column Write line 58. The second ends of 
each of column Write lines 52, 54, 56 and 58 are joined 
together by a column Write current redistribution bus 59. 

[0014] It should be understood that in practice, memory 10 
Would include many more memory cells as Well as other 
features such as address buffers, Word lines and bit lines for 
reading, sense ampli?ers for reading, input buffers for 
receiving data to be Written, and output buffers. Further, it 
should be understood that While a column Write operation is 
discussed, the description herein applies equally to roW 
Write operations Wherein a Write operation to a roW conduc 
tor or roW line is analogous to a Write operation to a column 
conductor or column line. 

[0015] In the operation of memory 10, memory cells 
60-90 are MRAM cells that are Written (programmed) by 
toggling. In this case a particular memory cell, such as 
memory cell 80 is Written by overlapping Write pulses. 
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Whether the current is applied to column Write line 56 or 
roW Write line 48 ?rst is somewhat arbitrary because the cell 
can be effectively Written either Way. Which of these is 
optimum may be more related to the amount of disturb on 
adjacent cells and other factors. Assuming in this case that 
current is applied in the roW direction ?rst, a current pulse 
is applied to roW Write line 48 by roW Write driver 32 While 
no current is applied to column Write line 56 by column 
Write driver 40. This timing is controlled by timing circuit 
20. The current magnitude is controlled by roW bias circuit 
18. While roW Write driver 32 is still applying the current 
pulse to roW Write line 48, a current pulse is applied to 
column Write line 56 by column Write driver 40. The 
magnitude of the current of this current pulse is controlled 
by column bias circuit 26. While column Write driver 40 is 
applying the current pulse to column Write line 56, roW Write 
driver 32 terminates the current pulse applied to roW Write 
line 48. After the current pulse applied to roW Write line 48 
has been terminated, the pulse applied to column Write line 
56 is terminated. This completes the toggling of the state of 
memory cell 80. 

[0016] The just described programming operation of 
memory cell 80 creates a magnetic disturbance of adjoining 
memory cells 78 and 82 due to stray magnetic ?elds from the 
current, I, ?oWing through column Write line 56. Illustrated 
in FIG. 2 are the magnetic ?elds associated With the 
programming of memory cell 80. RoW Write line 48 under 
lies both memory cell 80 and memory cell 82 and is 
conducting a Write Word line current illustrated as I2. Col 
umn Write line 56 overlies roW Write line 48 and memory 
cell 80. Column Write line 56 conducts the current I. The 
current I creates a magnetic ?eld 91 that is illustrated 
counter-clockwise in direction assuming the current is con 
ducted out of the illustration. Note that the magnetic ?eld 91 
encroaches on memory cell 82 (and also memory cell 78-not 
illustrated). Referring back to FIG. 1, column Write driver 
40 drives the current I through column Write line 56. The 
second end of column Write line 56 is connected at column 
Write current redistribution bus 59 to the second ends of 
column Write lines 52, 54 and 58. Column Write drivers 36, 
38 and 42 respectively connect column Write lines 52, 54 
and 58 to the VDD poWer supply voltage. The current I in 
column Write line 56 is divided into the remaining columns 
connected to column Write current redistribution bus 59 so 
that each of the remaining columns conducts a current of 
[I/(n—1)] Where n is the total number of column Write lines 
connected to column Write current redistribution bus 59. 
Note that the current in column Write line 58, I/(n-l), ?oWs 
in the opposite direction as the current in column Write line 
56. The ?elds 93 generated by the current in column Write 
line 58 is illustrated in FIG. 2. The ?elds 93 counteract the 
stray ?eld from column Write line 56. Note that normally the 
second ends of the column Write lines are connected to the 
poWer supply VDD. In contrast, in the illustrated form, the 
Write current I is redistributed via column Write current 
redistribution bus 59 in a reverse direction in non-selected 
column Write lines thereby reusing the current to counteract 
stray magnetic ?elds. 
[0017] It should be noted that using a toggle MRAM cell 
taught by Savtchenko et al., the current used to counteract 
stray magnetic ?elds Will not themselves cause a disturbance 
of the state of a memory cell. Due to the rotational nature of 
the MRAM cell taught by Savtchenko et al., such memory 
cells are inherently immune from disturbances caused by 
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these currents because these currents create magnetic ?elds 
that fall solidly Within a no-sWitching region and do not 
permanently alter the magnetic state. For common instan 
tiations of MRAM memory structures, the counteracting 
magnetic ?elds Would have to be controlled to avoid nega 
tive effects. 

[0018] Illustrated in FIG. 3 are memory cells 80 and 82 of 
FIG. 1, column Write drivers 40 and 42, column bias circuit 
26, column decoder 22, and timing circuit 20. Column bias 
circuit 26 and column Write drivers 40 and 42 are shoWn as 
circuit diagrams. Column bias circuit 26 has a current source 
102, an N channel transistor 104, and a unity gain ampli?er 
106. Current source 102 has a ?rst terminal connected to the 
positive VDD poWer supply terminal and a second terminal. 
Current ?oWs from the ?rst terminal to the second terminal. 
Transistor 104 has a control electrode and a ?rst current 
electrode (drain in this case) connected to the second ter 
minal of the current source and a second current electrode 

coupled to a poWer supply terminal, in this case, ground. 

[0019] Unity gain ampli?er 106 has a ?rst input connected 
to the second terminal of current source 102 and an output 
connected to a second input thereof. This output of unity 
gain ampli?er 106 is the output of column bias circuit 26 and 
is coupled to the column Write drivers, including column 
Write drivers 40 and 42 as illustrated in FIG. 1. Unity gain 
ampli?er 106 in this eXample is achieved by an operational 
ampli?er in Which the non-inverting input is connected to 
the second terminal of current source 102 and the inverting 
input is coupled to the output of the operational ampli?er. 
Transistor 104, in the Well-understood current mirror con 
?guration, establishes a bias voltage useful for establishing 
a current through another transistor that is directly propor 
tional to the current through transistor 104. The ratio of the 
currents is Well understood to be based on the ratio of the 
siZe of transistor 104 to that of the other transistor that 
receives the bias voltage. This bias voltage is buffered by 
unity gain ampli?er 106 because the bias voltage is also 
received by many other Write drivers. The number of column 
Write drivers is generally going to be a relatively large 
number. 

[0020] Column Write drivers 40 and 42 are preferably 
implemented With the same circuitry. Each of column Write 
drivers 40 and 42 has a ?rst sWitch 103 and a second sWitch 
105. First sWitch 103 has a NAND gate 108, a P-channel 
transistor 110, an N-channel transistor 112, and an N-chan 
nel transistor 114. NAND gate 108 has a ?rst input coupled 
to the output of column decoder 22, a second input coupled 
to a ?rst output of timing circuit 20, and an output. Transistor 
110 has a gate (control electrode) coupled to the output of 
NAN D gate 108, a source coupled to the output of unity gain 
ampli?er 106, and a drain. Transistor 112 has a gate coupled 
to the output of NAN D gate 108, a drain coupled to the drain 
of transistor 110, and a source connected to the ground 
reference poWer supply terminal. Transistor 114 has a con 
trol electrode connected to the drains of transistors 110 and 
112, a drain connected to column Write line 56 for column 
Write driver 40 or to column Write line 58 for column Write 
driver 42, and a source connected to the ground reference 
poWer supply terminal. Transistor 114 is signi?cantly larger 
than transistor 104. The channel lengths are preferably the 
same With the channel Width of transistor 114 being signi? 
cantly larger than that of transistor 104. Second sWitch 105 
is formed by an inverter 107 and a P-channel transistor 109. 
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An input of inverter 107 is connected to the output of NAN D 
gate 108. An output of inverter 107 is connected to a gate of 
transistor 109. The source of transistor 109 is connected to 
the VDD poWer supply voltage terminal and the drain of 
transistor 109 is connected to either column Write line 56 for 
column Write driver 40 or to column Write line 58 for column 
Write driver 42. Memory cell 80 is formed at the intersection 
of column Write line 56 and roW Write line 48. Memory cell 
82 is formed at the intersection of column Write line 58 and 
roW Write line 48. Column Write line 56 and column Write 
line 58 are connected together by the column Write current 
redistribution bus 59. 

[0021] In operation, When column Write line 56 is selected, 
column decoder 22 outputs a logic high to NAND gate 108 
of column Write driver 40. Timing circuit 20 provides a 
positive going pulse at the time current is to be supplied 
through column Write line 56. The application of the logic 
high by the pulse from timing circuit 20 causes NAND gate 
108 of column Write driver 40 to output a logic loW that 
causes transistor 110 of column Write driver 40 to become 
conductive. MeanWhile, column decoder 22 continues to 
provide a logic loW to NAND gate 108 of column Write 
driver 42. The output of NAND gate 108 of column Write 
driver 42 stays in the high state. The output of inverter 107 
of column Write driver 42 stays in the loW state continuing 
to activate transistor 109 of column Write driver 42. 

[0022] Transistor 110 of column Write driver 40 operates 
as a sWitch that couples the output of unity gain ampli?er 
106 to the gate of transistor 114 of column Write driver 40. 
Transistor 114 of column Write driver 40 becomes conduc 
tive With a gate voltage that controls the current through 
transistor 114 of column Write driver 40. The current is 
controlled in the familiar current mirror fashion in Which the 
current through transistor 104 is re?ected to transistor 114 of 
column Write driver 40 via unity gain ampli?er 106 and 
transistor 110 of column Write driver 40. 

[0023] The current in transistor 114 of column Write driver 
40 is sourced through column Write line 56 from the column 
Write current redistribution bus 59. Transistor 109 of column 
Write driver 42 couples column Write current redistribution 
bus 59 to the VDD poWer supply terminal through column 
Write line 58 as do the other similar column Write drivers 
coupled to column Write current redistribution bus 59. If n 
Write lines are connected to column Write current redistri 
bution bus 59, then the current in column Write line 56 is 
distributed into (n-l) portions typically resulting in a current 
of [I/(n—1)] in column Write line 58. 

[0024] When it is time to terminate the current through 
Write line 56, timing circuit 20 terminates the pulse so that 
NAND gate 108 of column Write driver 40 sWitches its 
output to a logic loW causing transistor 112 of column Write 
driver 40 to be conductive and transistor 110 of column Write 
driver 40 to be non-conductive. With transistor 112 of 
column Write driver 40 conductive, the gate of transistor 114 
of column Write driver 40 is coupled to its source causing it 
be non-conductive and thereby terminating the Write current 
through column Write lines 56 and 58. 

[0025] Column decoder 22 provides a logic loW output to 
all of the column Write drivers that are deselected. Thus the 
signal from column decoder 22 that is associated With 
column Write line 56 is brought to a logic loW When column 
Write line 56 is deselected. This keeps the output of NAND 
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gate 108 of column Write driver 40 at a logic high, Which 
causes transistor 112 of column Write driver 40 to be 
conductive and transistor 110 of column Write driver 40 to 
be non-conductive. In that condition, transistor 114 of col 
umn Write driver 40 has its gate coupled to its source and is 
thereby non-conductive. It should be understood that ?rst 
sWitch 103 controlling the Write current can be implemented 
With various other structures than that illustrated in FIG. 3. 
For example, it may be implemented With a current source 
in series With a sWitch rather than a single transistor per 
forming both functions. 

[0026] Illustrated in FIG. 4 is a diagram of a layout of an 
MRAM memory 120 using the magnetic ?eld disturbance 
compensation discussed herein. In particular, MRAM 
memory 120 has a plurality of sub-arrays, such as sub-array 
122, 124 and 126. Each of the sub-arrays has a plurality of 
column Write lines and roW Write lines Whereby a memory 
cell is formed at the intersection of each column Write line 
and roW Write line. For example, sub-array 122 has column 
Write lines such as column Write lines 52 and 58, and has roW 
Write lines such as the roW Write line 48. Memory cells 76 
and 82 are tWo of the numerous memory cells in sub-array 
122. Similarly, sub-arrays 124 and 126 have memory cells 
76 and 82 respectively formed by column Write lines 52 and 
58 and roW Write line 48. In each sub-array the column Write 
current redistribution bus 59 is connected to an end of each 
column Write line. An end of each column Word line passing 
through sub-arrays 122, 124 and 126 is connected at node 51 
to VDD. 

[0027] The layout of memory 120 further compensates for 
the Write disturbance that exists in surrounding column Write 
lines during programming. In particular, if column Write 
lines that are at an edge or periphery of a memory sub-array 
do not generate a compensation current in a neighboring 
column Write line in another sub-array, then bits at the edge 
of the neighboring sub-array may be disturbed because of 
stray magnetic ?elds. For example, While Writing to a 
column at the right edge of sub-array 122, bits in region 128 
might be disturbed by stray magnetic ?elds. If sub-array 124 
Were abutted to sub-array 122, then a column at the left edge 
of sub-array 124 might be disturbed by stray magnetic ?elds 
from column Write line 58. By using a space 129 betWeen 
sub-arrays 122 and 124, enough distance is provided to 
avoid a detrimental effect. Similarly, space 131 is provided 
in region 130. It should be understood that the term “space” 
does not preclude the inclusion of a memory line in the space 
129. Such memory cells are typically referred to as “dummy 
cells” or a dummy column. Actual memory cells may be 
implemented in these spaces but are not operatively con 
nected With the sub-arrays. 

[0028] Illustrated in FIG. 5 is an alternative form of an 
MRAM that uses compensation for magnetic ?eld distur 
bance resulting from a programming operation. An MRAM 
500 is formed of an array of memory cells, such as memory 
cell 506, formed at the intersection of a column Write line 
502 and a roW Write line 504. Each column Write line is 
connected to a predetermined one of a plurality of n Write 
driver circuits 510-517, Where n is an arbitrary integer that 
is typically a poWer of tWo. Each of the Write driver circuits 
510-517 has tWo inputs labeled N and P. The “N” input 
represents a control signal input for the ?rst sWitch analo 
gous to sWitch 103 of FIG. 3, that is an N-channel transistor 
sWitch. The “P” input represents a control signal input for 
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the second switch analogous to switch 105 of FIG. 3, that is 
a P-channel transistor sWitch. Each of the “P” and “N” 
control signals is provided by a column decoder 520. 

[0029] In operation, if an odd numbered column Write 
driver, for example driver circuit 513, is being used to Write 
to memory cell 506 With current I by activating signal N3, 
then all the even numbered driver circuits P0, P2, P4, etc. are 
activated. The current I is then divided into (n/2) parts in the 
active even-numbered columns resulting in a current of 
[I/(n/2)] or (2I)/n in each column. With this technique the 
number of columns in a sub-array as discussed in connection 
With FIG. 3 is doubled, thereby reducing the number of 
sub-arrays. As a result, the number of spaces betWeen 
sub-arrays is signi?cantly reduced and the overall siZe of the 
memory is reduced. 

[0030] In addition to the alternative form of FIG. 5, it 
should be understood that other forms may be used to direct 
cancellation currents using more sophisticated decoding in 
the column decoder circuitry. For example, the decoder 
could be designed to direct the cancellation currents only to 
a predetermined number of columns neighboring the active 
column. 

[0031] By noW it should be appreciated that there has been 
provided an MRAM memory architecture and circuit meth 
ods for generating stray magnetic ?eld counteracting cur 
rents in lines neighboring the active Write line in an MRAM 
memory. In particular, a Write driver circuit has been pro 
vided Which provides a Write current to a Write line When 
Writing to a bit on that line. Alternatively, the Write driver 
circuit connects the Write line to a poWer supply voltage 
terminal so that Write currents are sourced at the same side 
of the array as they are sunk. The Write current is divided 
among other Write lines but in a reverse direction to the Write 
current. By including the neighboring Write lines in the 
group of Write lines conducting current in the reverse 
direction, stray magnetic ?elds are compensated in such 
neighboring Write lines. It should further be understood that 
reversing the current in the neighboring lines does not itself 
create disturbing magnetic ?elds. 

[0032] In one form there is provided a random access 
memory of magnetic elements having an array of bit cells. 
An array of Write lines is used in Writing to a selected bit cell 
of said array of bit cells. The array of Write lines includes a 
plurality of column Write lines Wherein a column Write 
current that is applied to a column Write line of a selected bit 
cell is subject to producing a magnetic ?eld about the 
corresponding column Write line. The magnetic ?eld 
includes a stray portion thereof that is subject to disturbing 
a non-selected bit cell of a neighboring column Write line. A 
plurality of column Write drivers is coupled to ?rst ends of 
corresponding ones of the plurality of column Write lines 
Wherein at least one column Write driver is con?gured for 
sWitching a column Write current onto a corresponding 
column Write line in response to selection of a bit cell of the 
corresponding column Write line. The at least one column 
Write dirver is also con?gured for sWitching a disturb 
counteracting current onto the corresponding column Write 
line in response to non-selection of a bit cell associated With 
the corresponding column Write line. The disturb counter 
acting current includes a recycled portion of the column 
Write current of a neighboring column Write line of a 
selected bit cell. The disturb counteracting current produces 
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a second magnetic ?eld about the corresponding column 
Write line. The second magnetic ?eld is adapted to counter 
act an effect on a non-selected bit cell of the corresponding 
column Write line due to a stray portion of a magnetic ?eld 
of a neighboring column Write line of a selected bit cell. The 
second magnetic ?eld is oriented in a direction opposite to 
that of the magnetic ?eld of the neighboring column Write 
line of the selected bit cell. The disturb counteracting current 
is a reverse current of a portion of the column Write current. 
The disturb counteracting current does not in itself lead to 
disturbing of bit cells of other neighboring column Write 
lines. SWitching the disturb counteracting current includes 
selectively sWitching the disturb counteracting current onto 
the corresponding column Write line. The recycled portion of 
the column Write current is substantially equally divided 
among the plurality of column Write lines minus one. A 
current redistribution bus is coupled to second ends of 
corresponding ones of the plurality of the column Write 
lines. The current redistribution bus redistributes the column 
Write current of a ?rst column Write line into at least one 
disturb counteracting current to be distributed among at least 
one of the plurality of column Write lines other than the ?rst 
column Write line. Redistributing the column Write current 
further includes redistributing the same as a function of a 
proximity to the ?rst column Write line. Redistributing 
among at least one of the plurality of column Write lines 
other than the ?rst column Write line is further a function of 
a desired counteracting effect on the stray portion of the 
magnetic ?eld. The redistribution is still further a function of 
at least one selected from the group consisting of immedi 
ately adjacent column Write lines of non-selected bit cells 
alone, even numbered ones of adjacent column Write lines of 
non-selected bit cells, and odd numbered ones of adjacent 
column Write lines of non-selected bit cells. The at least one 
column Write driver further includes a ?rst sWitch and a 
second sWitch, the ?rst sWitch for sWitching the column 
Write current onto the corresponding column Write line in 
response to the selection of the bit cell of the corresponding 
column Write line, and the second sWitch for coupling the 
disturb counteracting current to a same corresponding col 
umn Write line in response to non-selection of a bit cell 
associated With the corresponding column Write line. A state 
of the ?rst sWitch is mutually exclusive of a state of the 
second sWitch. A state of the ?rst sWitch is normally ON or 
conductive, and Wherein responsive to selection of a bit cell 
on a respective column Write line, the ?rst sWitch turns OFF 
and the second sWitch turns ON. The column Write current 
of the column Write line of the selected bit cell is divided 
betWeen a subset of column Write lines of non-selected bit 
cells. The ?rst sWitch includes a current controlled sWitch 
that is a NAND gate coupled to an input of a current mirror. 
The ?rst sWitch couples a ?rst poWer supply voltage to a 
corresponding column Write line. The second sWitch 
includes an inverter coupled to a p-type transistor. The 
second sWitch couples a second voltage poWer supply to the 
corresponding column Write line. The ?rst poWer supply 
voltage corresponds to a loWer voltage potential bus VSS and 
the second poWer supply voltage corresponds to a higher 
voltage potential bus VDD. The bit cells include magnetore 
sistive memory cells. 

[0033] There has also been provided a method for reduc 
ing Write ?eld disturb in a random access memory of 
magnetic elements, Where the random access memory 
includes an array of bit cells and an array of Write lines for 
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use in Writing to a selected bit cell of the array of bit cells. 
The array of Write lines includes a plurality of column Write 
lines, Wherein a column Write current is applied to a column 
Write line of a selected bit cell and is subject to producing a 
magnetic ?eld about a corresponding column Write line. The 
magnetic ?eld includes a stray portion thereof subject to 
disturbing a non-selected bit cell of a neighboring column 
Write line, and a plurality of column Write drivers. The 
plurality of column Write drivers is coupled to ?rst ends of 
corresponding ones of the plurality of column Write lines. At 
least one column Write driver is con?gured for sWitching a 
column Write current onto a corresponding column Write line 
in response to selection of a bit cell of the corresponding 
column Write line. The at least one column Write driver is 
also con?gured for sWitching a disturb counteracting current 
onto the corresponding column Write line in response to 
non-selection of a bit cell associated With the corresponding 
column Write line. SWitching the disturb counteracting cur 
rent includes recycling a portion of the column Write current 
of a neighboring column Write line of a selected bit cell. A 
second magnetic ?eld is produced about the corresponding 
column Write line in response to the disturb counteracting 
current. The second magnetic ?eld is adapted to counteract 
an effect on a non-selected bit cell of the corresponding 
column Write line due to a stray portion of a magnetic ?eld 
of a neighboring column Write line of a selected bit cell. The 
disturb counteracting current is a reverse current of a portion 
of the column Write current. SWitching the disturb counter 
acting current includes selectively sWitching the disturb 
counteracting current onto the corresponding column Write 
line. A recycled portion of the column Write current is 
substantially equally divided among the plurality of column 
Write lines minus one. Acurrent redistribution bus is coupled 
to second ends of corresponding ones of the plurality of the 
column Write lines. The current redistribution bus redistrib 
utes the column Write current of a ?rst column Write line into 
at least one disturb counteracting current to be distributed 
among at least one of the plurality of column Write lines 
other than the ?rst column Write line. The column Write 
current in one form is redistributed the same as a function of 

a proximity to the ?rst column Write line. In another form, 
the redistributing among at least one of the plurality of 
column Write lines other than the ?rst column Write line is 
a function of a desired counteracting effect on the stray 
portion of the magnetic ?eld. The column Write current of 
the column Write line of the selected bit cell is divided 
betWeen a subset of column Write lines of the non-selected 
bit cells. As described above, the bit cells include magne 
toresistive memory cells. 

[0034] Because the apparatus implementing the present 
invention is, for the most part, composed of electronic 
components and circuits knoWn to those skilled in the art, 
circuit details Will not be explained in any greater eXtent than 
that considered necessary as illustrated above, for the under 
standing and appreciation of the underlying concepts of the 
present invention and in order not to obfuscate or distract 
from the teachings of the present invention. 

[0035] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. The teachings herein apply to a memory 
that uses magnetic ?elds but is not necessarily limited to 
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resistive memories (i.e. magnetoresistive). The teachings 
herein apply to magnetic core memories and other memory 
types. For eXample, the circuit implementation of the 
decoder circuitry that is used With the memory taught herein 
may be varied and function in various methods to perform 
decoding. Although MOSFETs of speci?c conductivity type 
are illustrated, it should be Well understood that changes in 
the conductivity type or changes in the type of transistors 
may be made to implement the interconnect structures. 
Accordingly, the speci?cation and ?gures are to be regarded 
in an illustrative rather than a restrictive sense, and all such 
modi?cations are intended to be included Within the scope of 
the present invention. 

[0036] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature or element of any or all the claims. As used herein, 
the terms “comprises,”“comprising,” or any other variation 
thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not eXpressly listed or 
inherent to such process, method, article, or apparatus. The 
terms “connected” and “coupled” are used interchangeably 
and are intended to include both a direct connection and a 
connection via one or more intervening elements. 

We claim: 
1. A random access memory of magnetic elements com 

prising: 

an array of bit cells; 

an array of Write conductors for use in Writing to a 
selected bit cell of said array of bit cells, Wherein a 
Write current applied to a Write conductor of a selected 
bit cell is subject to producing a magnetic ?eld about 
the corresponding Write conductor, the magnetic ?eld 
including a stray portion thereof subject to disturbing a 
non-selected bit cell of a neighboring Write conductor; 
and 

a plurality of Write drivers coupled to ?rst ends of 
corresponding ones of the plurality of Write conductors, 
Wherein at least one Write driver is con?gured as 
folloWs: (a) for sWitching a Write current onto a corre 
sponding Write conductor in response to selection of a 
bit cell of the corresponding Write conductor; and (b) 
for sWitching a disturb counteracting current onto the 
corresponding Write conductor in response to non 
selection of a bit cell associated With the corresponding 
Write conductor, the disturb counteracting current 
including a recycled portion of the Write current of a 
neighboring Write conductor of a selected bit cell. 

2. The random access memory of claim 1, Wherein the 
disturb counteracting current produces a second magnetic 
?eld about the corresponding Write conductor. 

3. The random access memory of claim 2, further Wherein 
the second magnetic ?eld is adapted to counteract an effect 
on a non-selected bit cell of the corresponding Write con 
ductor due to a stray portion of a magnetic ?eld of a 
neighboring Write conductor of a selected bit cell. 
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4. The random access memory of claim 3, still further 
wherein the second magnetic ?eld is oriented in a direction 
opposite to that of the magnetic ?eld of the neighboring 
Write conductor of the selected bit cell. 

5. The random access memory of claim 1, Wherein the 
disturb counteracting current is a reverse current of a portion 
of the Write current. 

6. The random access memory of claim 5, further Wherein 
the disturb counteracting current does not in itself lead to 
disturbing of bit cells of other neighboring Write conductors. 

7. The random access memory of claim 1, Wherein 
sWitching the disturb counteracting current includes selec 
tively sWitching the disturb counteracting current onto the 
corresponding Write conductor. 

8. The random access memory of claim 1, Wherein the 
recycled portion of the Write current is substantially equally 
divided among the plurality of Write conductors minus one. 

9. The random access memory of claim 1, further com 
prising: 

a current redistribution bus coupled to second ends of 
corresponding ones of the plurality of the Write con 
ductors, said current redistribution bus for redistribut 
ing the Write current of a ?rst Write conductor into at 
least one disturb counteracting current to be distributed 
among at least one of the plurality of Write conductors 
other than the ?rst Write conductor. 

10. The random access memory of claim 9, Wherein 
redistributing the Write current further includes redistribut 
ing the same as a function of a proximity to the ?rst Write 
conductor. 

11. The random access memory of claim 9, Wherein 
redistributing among at least one of the plurality of Write 
conductors other than the ?rst Write conductor is further a 
function of a desired counteracting effect on the stray portion 
of the magnetic ?eld. 

12. The random access memory of claim 9, Wherein the 
redistribution is still further a function of at least one 
selected from the group consisting of immediately adjacent 
Write conductors of non-selected bit cells alone, even num 
bered ones of adjacent Write conductors of non-selected bit 
cells, and odd numbered ones of adjacent Write conductors 
of non-selected bit cells. 

13. The random access memory of claim 1, Wherein the at 
least one Write driver further includes a ?rst sWitch and a 
second sWitch, the ?rst sWitch for sWitching the Write current 
onto the corresponding Write conductor in response to the 
selection of the bit cell of the corresponding Write conductor, 
and the second sWitch for coupling the disturb counteracting 
current to a same corresponding Write conductor in response 
to non-selection of a bit cell associated With the correspond 
ing Write conductor. 

14. The random access memory of claim 13, further 
Wherein a state of the ?rst sWitch is mutually exclusive of a 
state of the second sWitch. 

15. The random access memory of claim 13, further 
Wherein a state of the ?rst sWitch is normally ON, and still 
further Wherein responsive to selection of a bit cell on a 
respective Write conductor, the ?rst sWitch turns OFF and the 
second sWitch turns ON. 

16. The random access memory of claim 1, Wherein the 
Write current of the Write conductor of the selected bit cell 
is divided betWeen a subset of Write conductors of non 
selected bit cells. 
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17. The random access memory of claim 13, further 
Wherein the ?rst sWitch includes a current controlled sWitch 
that comprises of a NAND gate coupled to an input of a 
current mirror, still further Wherein the ?rst sWitch couples 
a ?rst poWer supply voltage to a corresponding Write con 
ductor. 

18. The random access memory of claim 17, further 
Wherein the second sWitch includes an inverter coupled to a 
p-type transistor, still further Wherein the second sWitch 
couples a second voltage poWer supply to the corresponding 
Write conductor. 

19. The random access memory of claim 18, Wherein the 
?rst poWer supply voltage corresponds to a loWer voltage 
potential bus Vss and the second poWer supply voltage 
corresponds to a higher voltage potential bus VDD. 

20. The random access memory of claim 1, Wherein the 
bit cells include magnetoresistive memory cells. 

21. A method of reducing Write ?eld disturb in a random 
access memory of magnetic elements, the random access 
memory including an array of bit cells, an array of Write 
conductors for use in Writing to a selected bit cell of the array 
of bit cells, Wherein a Write current applied to a Write 
conductor of a selected bit cell is subject to producing a 
magnetic ?eld about a corresponding Write conductor, the 
magnetic ?eld including a stray portion thereof subject to 
disturbing a non-selected bit cell of a neighboring Write 
conductor, and a plurality of Write drivers, said method 
comprising: 

coupling the plurality of Write drivers to ?rst ends of 
corresponding ones of the plurality of Write conductors; 
and 

con?guring at least one Write driver for: (a) sWitching a 
Write current onto a corresponding Write conductor in 
response to selection of a bit cell of the corresponding 
Write conductor and (b) sWitching a disturb counter 
acting current onto the corresponding Write conductor 
in response to non-selection of a bit cell associated With 
the corresponding Write conductor, Wherein sWitching 
the disturb counteracting current includes recycling a 
portion of the Write current of a neighboring Write 
conductor of a selected bit cell. 

22. The method of claim 21, further comprising: 

producing a second magnetic ?eld about the correspond 
ing Write conductor in response to the disturb counter 
acting current. 

23. The method of claim 22, further comprising: 

adapting the second magnetic ?eld to counteract an effect 
on a non-selected bit cell of the corresponding Write 
conductor due to a stray portion of a magnetic ?eld of 
a neighboring Write conductor of a selected bit cell. 

24. The method of claim 21, Wherein the disturb coun 
teracting current is a reverse current of a portion of the Write 
current. 

25. The method of claim 21, Wherein sWitching the disturb 
counteracting current includes selectively sWitching the dis 
turb counteracting current onto the corresponding Write 
conductor. 

26. The method of claim 21, further comprising: 

substantially equally dividing a recycled portion of the 
Write current among the plurality of Write conductors 
minus one. 
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27. The method of claim 21, further comprising: 

coupling a current redistribution bus to second ends of 
corresponding ones of the plurality of the Write con 
ductors, the current redistribution bus for redistributing 
the Write current of a ?rst Write conductor into at least 
one disturb counteracting current to be distributed 
among at least one of the plurality of Write conductors 
other than the ?rst Write conductor. 

28. The method of claim 27, Wherein redistributing the 
Write current further includes redistributing the same as a 
function of a proximity to the ?rst Write conductor. 
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29. The method of claim 27, Wherein redistributing 
among at least one of the plurality of Write conductors other 
than the ?rst Write conductor is further a function of a 
desired counteracting effect on the stray portion of the 
magnetic ?eld. 

30. The method of claim 21, further comprising: 
dividing the Write current of the Write conductor of the 

selected bit cell betWeen a subset of Write conductors of 
the non-selected bit cells. 

31. The method of claim 21, Wherein the bit cells include 
magnetoresistive memory cells. 

* * * * * 


