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WRITE CIRCUIT FOR LARGE MRAM ARRAYS 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to random access memory for 
data storage. More speci?cally, the invention relates to a 
magnetic random access memory device including an array 
of memory cells and circuitry for Writing data to the memory 
cells. 

[0002] Magnetic Random Access Memory (“MRAM”) is 
a type of non-volatile memory that is being considered for 
long-term data storage. Accessing data from MRAM devices 
Would be orders of magnitude faster than accessing data 
from conventional long-term storage devices such as hard 
drives. Additionally, the MRAM devices Would be more 
compact and Would consume less poWer than hard drives 
and other conventional long-term storage devices. 

[0003] A typical MRAM device includes an array of 
memory cells. Word lines eXtend along roWs of the memory 
cells, and bit lines eXtend along columns of the memory 
cells. Each memory cell is located at a cross point of a Word 
line and a bit line. 

[0004] Each memory cell stores a bit of information as an 
orientation of a magnetiZation. The magnetiZation orienta 
tion of each memory cell can assume one of tWo stable 
orientations at any given time. These tWo stable orientations 
of magnetiZation, parallel and anti-parallel, represent logic 
values of “1” and “0.” 

[0005] A Write operation on a selected memory cell is 
performed by supplying Write currents to the Word and bit 
lines crossing the selected memory cell. The Write currents 
induce an eXternal magnetic ?eld that sets the orientation of 
magnetiZation in the selected memory cell. The magnetiZa 
tion orientation is determined by the direction of the eXternal 
magnetic ?eld. The direction of the eXternal magnetic ?eld, 
in turn, is determined by the direction of the Write currents 
?oWing through the Word and bit lines. 

[0006] Data is typically Written to the MRAM array as 
n-bit Words. For instance, a 16-bit Word might be Written to 
siXteen memory cells by supplying a Write current to a Word 
line crossing the siXteen memory cells and supplying sepa 
rate Write currents to the siXteen bit lines crossing the siXteen 
memory cells. 

[0007] There are a number of challenges to designing a 
Write circuit for a large MRAM array. One challenge is 
reducing peak Write currents Without degrading the Write 
performance of the MRAM array. High peak currents can 
overstress parts of the Write circuit and generate unaccept 
able levels of current noise. Moreover, high peak currents 
can damage the memory cells. 

[0008] Another challenge is controlling the Write currents 
to a speci?ed range. The Write currents should be controlled 
to a speci?ed range in order to perform reliable Write 
operations. Too small a Write current might not cause a 
selected memory cell to change its orientation of magneti 
Zation, and too large a Write current Will disturb unselected 
memory cells. 

[0009] This challenge is complicated by the need for a 
Write current that is bi-directional. Typically, bit line current 
?oWs in one direction to set a parallel magnetiZation orien 
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tation, and it ?oWs in an opposite direction to set an 
anti-parallel magnetiZation orientation. 

[0010] This challenge is further complicated by resistive 
cross-coupling betWeen the memory cells. Each memory 
cell may be represented as a resistive element, and the stored 
data may be represented by a small differential resistance. In 
an MRAM array, each resistive element is coupled to other 
resistive elements. The Write currents can be affected by 
resistive cross-coupling of the selected memory cell With 
unselected memory cells. 

SUMMARY OF THE INVENTION 

[0011] These design challenges are met by the present 
invention. According to one aspect of the present invention, 
an MRAM device includes a Write circuit that Writes a data 
Word to a plurality of memory cells by supplying a Write 
current to a Word line crossing the memory cells, and 
supplying current pulses to bit lines crossing the memory 
cells. At least some current pulses are supplied to the bit 
lines in a staggered sequence. Consequently, peak Write 
current is reduced. 

[0012] According to another aspect, a Write circuit applies 
Write currents to selected Word and bit lines and connects 
both ends of each unselected line to a high impedance. 
Consequently, effects of resistive cross-coupling, such as 
parasitic currents, are reduced and the Write currents are 
controlled to a speci?ed range. 

[0013] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, illustrating by Way of eXample the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an illustration of an MRAM device 
including an array of memory cells and a Write circuit in 
accordance With the present invention; 

[0015] FIGS. 2a and 2b are illustrations of magnetiZation 
orientations of an SDT junction memory cell; 

[0016] FIG. 3 is an illustration a memory cell and its 
crossing Word and bit lines during a Write operation; 

[0017] FIG. 4 is an illustration of a block of a Write circuit 
and a corresponding block of memory cells; 

[0018] FIGS. 5(a) to 5(LD are illustrations of roW and 
column driver sWitches for the Write circuit; 

[0019] FIG. 6 is an illustration of a column master/slave 
Write driver for the Write circuit; 

[0020] FIG. 7 is an illustration of a circuit for propagating 
a Write enable signal betWeen column read/Write drivers; 

[0021] 
7; 
[0022] FIG. 9 is a ?oWchart of a method of using the Write 
circuit to Write to a block of memory cells; 

[0023] FIG. 10 is an illustration of an MRAM chip in 
accordance With the present invention; and 

[0024] FIG. 11 is an illustration of a machine including 
one or more MRAM chips. 

FIG. 8 is a timing diagram for the circuit of FIG. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] As shown in the drawings for purposes of illustra 
tion, the present invention is embodied in an MRAM device 
including a write circuit and an array of memory cells. The 
write circuit can provide a controllable, bi-directional write 
current to selected word and bit lines without exceeding 
breakdown limits of the memory cells. Consequently, the 
write circuit improves reliability of storing data in the 
memory cells without overstressing the circuitry or damag 
ing the memory cells. The write circuit can also reduce peak 
current. Reducing the peak current is especially desirable for 
highly parallel modes of operation (e.g., 64-bit wide opera 
tions, 128-bit wide operations). The write circuit also has a 
built-in test feature that improves observeability of its col 
umn write drivers. 

[0026] Reference is now made to FIG. 1, which illustrates 
an MRAM device 8 including an array 10 of memory cells 
12. The memory cells 12 are arranged in rows and columns, 
with the rows extending along an x-direction and the col 
umns extending along a y-direction. Only a relatively small 
number of memory cells 12 are shown to simplify the 
description of the invention. In practice, the array 10 may be 
of any siZe. 

[0027] Traces functioning as word lines 14 extend along 
the x-direction in a plane on opposite sides of the memory 
cell array 10. Traces functioning as bit lines 16 extend along 
the y-direction in a plane on opposite sides of the memory 
cell array 10. There may be one word line 14 for each row 
of the array 10 and one bit line 16 for each column of the 
array 10. Each memory cell 12 is located at a cross point of 
a word line 14 and bit line 16. 

[0028] The memory cells 12 are not limited to any par 
ticular type of device. For example the memory cells 12 may 
be spin dependent tunneling (“SDT”) junction devices. 
[0029] Referring now to FIGS. 2a and 2b, a typical SDT 
junction device 12 includes a pinned layer 20 having a 
magnetiZation that is oriented in the plane of the pinned 
layer 20 but ?xed so as not to rotate in the presence of an 
applied magnetic ?eld in a range of interest. The SDT 
junction device 12 also includes a “free” layer 18 having a 
magnetiZation orientation that is not pinned. Rather, the 
magnetiZation can be oriented in either of two directions 
along an axis (the “easy” axis) lying in the plane of the free 
layer 18. If the magnetiZation of the free and pinned layers 
18 and 20 are in the same direction, the orientation is said 
to be “parallel” (as indicated by the arrows in FIG. 2a). If 
the magnetiZation of the free and pinned layers 18 and 20 are 
in opposite directions, the orientation is said to be “anti 
parallel” (as indicated by the arrows in FIG. 2b). 

[0030] The free and pinned layers 18 and 20 are separated 
by an insulating tunnel barrier 22. The insulating tunnel 
barrier 22 allows quantum mechanical tunneling to occur 
between the free and pinned layers 18 and 20. This tunneling 
phenomenon is electron spin dependent, making the resis 
tance of the SDT junction device 12 a function of the relative 
orientations of the magnetiZation of the free and pinned 
layers 18 and 20. For instance, resistance of an SDT junction 
device 12 is a ?rst value R if the orientation of magnetiZation 
of the free and pinned layers 18 and 20 is parallel and a 
second value R+AR if the magnetiZation of orientation is 
anti-parallel. 
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[0031] Additional reference is now made to FIG. 3, which 
illustrates a selected memory cell 12 during a write opera 
tion. The magnetiZation in the free layer 18 of the selected 
memory cell 12 is oriented by applying write currents lx and 
ly to both the selected word line 14 and bit line 16, which 
cross the selected memory cell 12. Applying the current lx 
to the word line 14 causes a magnetic ?eld Hy to form 
around the word line 14. Applying the current ly to the bit 
line 16 causes a magnetic ?eld Hx to form around the bit line 
16. When suf?ciently large currents lx and ly are passed 
through these selected lines 14 and 16, the combined mag 
netic ?eld in the vicinity of the free layer 18 causes the 
magnetiZation of the free layer 18 to rotate from the parallel 
orientation to the anti-parallel orientation, or vice-versa. The 
current magnitudes are selected so that the combined mag 
netic ?eld exceeds the switching ?eld of the free layer 18 but 
does not exceed the switching ?eld of the pinned layer 20. 
Thus, applying both magnetic ?elds Hx and Hy causes the 
magnetiZation orientation of the free layer 18 to switch. 

[0032] Direction of the bit line current ly will determine 
the magnetiZation orientation of the free layer 18. For 
example, a suf?cient positive bit line current ly will cause 
the magnetiZation orientation to be parallel, whereas a 
suf?cient negative bit line current ly will cause the magne 
tiZation orientation to be anti-parallel. 

[0033] Returning to FIG. 1, the MRAM device 8 further 
includes a write circuit 24 for performing write operations 
on selected memory cells 12. The write circuit 24 includes 
a row read/write (“R/W”) driver 26 and a row write-only 
(“W/O”) driver 28. The write circuit 24 further includes a 
plurality of column W/O drivers 30, a plurality of column 
R/W drivers 32 and a power supply 34. The power supply 34 
provides a ?rst column write potential VWCOLM to each 
column W/O driver 30, a second column write potential 
VWCOLP to each column R/W driver 32, and a row write 
potential VWROW to the row W/O driver 28. The power 
supply further provides a row read potential RRP to the row 
R/W driver 26 and a column read potential CRP to each 
column R/W driver 32. 

[0034] The drivers 26 to 32 supply the write currents lx 
and ly to selected word and bit lines 14 and 16 during a write 
operation on a selected memory cell 12. Each pair of column 
W/O and R/W drivers 30 and 32 supplies a bit line write 
current to a block (i.e., multiple columns) of memory cells. 
For example, in an array 10 having n=18 blocks of memory 
cells and eighteen pairs of column drivers 30 and 32, bit line 
currents will be supplied to eighteen bit lines during a write 
operation. Different pairs of column drivers 30 and 32 
provide bit line currents to different blocks of memory cells 
12. 

[0035] Data to be written to the memory cells 12 is 
supplied to the MRAM device 8 via I/O pads 36 and stored 
in data registers 38 (although FIG. 1 shows only one data 
register 38 per I/O pad 36, it is understood that the device 8 
may include multiple data registers 38 per I/O pad 36, 
whereby data would be supplied serially to an I/0 pad 36 and 
de-multiplexed into different data registers 38). Each pair of 
column drivers 30 and 32 performs a write operation on a 
block of memory cells 12. At any given time, the column 
driver pair 30 and 32 writes to only a single memory cell 12 
in a block. 

[0036] The write circuit 24 can write to all of the blocks 
simultaneously. However, the write circuit 24 can also write 
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to the blocks in a staggered sequence. Writing to the blocks 
in a staggered sequence offers the advantage of spreading 
out the current over time and thereby reducing current peaks. 
Consider a ?rst example in Which sixteen blocks are Written 
to simultaneously, a second example in Which sixteen blocks 
are Written to in a staggered sequence at non-overlapping 
time intervals (e.g., one at a time), and a third example in 
Which blocks are Written to tWo at a time. Assume that Word 

and bit line Write currents of one milliamp are suf?cient to 
set the magnetiZation orientation of each memory cell. In the 
?rst example, Writing to all sixteen blocks simultaneously 
Will result in a bit line Write current of sixteen milliamps. In 
the second example, hoWever, the bit line Write current is a 
maximum of one milliamp because the selected memory 
cells are Written to one at a time. Moreover, the peak current 
is loWer in the second example than in the ?rst example. In 
the third example, the bit line Write current is a maximum of 
tWo milliamps, Which is less than the maximum peak current 
in the ?rst example, but greater than the maximum peak 
current in the second example. HoWever, the Write time in 
the third example is faster than the Write time in the second 
example. 

[0037] The current variations and peak currents arise in 
part from process variations in the MRAM device 8. Dif 
ferent memory cells Will have a different resistances, differ 
ent Word and bit lines Will have different resistances, volt 
ages applied to the different memory cells and lines Will 
produce different currents, etc. Writing to multiple memory 
cells simultaneously Will result in higher peak currents than 
Writing to one memory cell at a time. 

[0038] The roW drivers 26 and 28 disconnect both ends of 
each unselected Word line during a Write operation, and the 
column drivers 30 and 32 also disconnect both ends of each 
unselected bit line during a Write operation. Disconnecting 
both ends of unselected lines prevents the unselected lines 
from providing undesired paths to a reference potential or a 
Write poWer supply. If an unselected line provides an undes 
ired path during a Write operation, parasitic currents Will 
?oW through the array. These parasitic currents can interfere 
With the Write operation. HoWever, by disconnecting both 
ends of each unselected line (e.g., connecting both ends to 
a high impedance), the relative magnitude of the parasitic 
currents is reduced so as not to interfere With a Write 
operation. 

[0039] During a read mode of operation on a selected 
memory cell 12, the roW R/W driver 26 connects unselected 
Word lines to a reference potential, and the column R/W 
driver 32 connects unselected bit lines to the reference 
potential REF. In the alternative, the roW R/W driver 26 
connects the selected Word line to a roW read potential RRP, 
and the column R/W driver 32 connects the selected bit line 
to a column read potential. Either Way, a sense current ?oWs 
through the selected memory cell 12. A sense ampli?er 40 
senses the resistance state of the selected memory cell 12 to 
determine the logic value stored in the selected memory cell 
12. For example, the sense ampli?er 40 can measure the 
sense current to determine Whether the memory cell has a 
resistance of value R corresponding to the ?rst state or a 
value R+AR corresponding to the second state. Correspond 
ing data values are stored in the registers 38. The values 
stored in the data registers 38 are read out of the MRAM 
device 8 via the I/O pads 36. 
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[0040] The MRAM device 8 may use an “equi-potential” 
method to reduce the magnitude of parasitic currents and 
alloW the sense current to be read reliably. The column R/W 
drivers 32 may provide the same potential to the unselected 
bit lines as the selected bit line, or the roW R/W driver 26 
may provide the same potential to the unselected Word lines 
as the selected bit line. The equi-potential method is 
described in greater detail in US. Ser. No. 

?led and incorporated herein by reference 
(Attorney Docket No. 10990673-1). 

[0041] Reference is noW made to FIG. 4, Which shoWs a 
pair of column drivers 30 and 32 for a block of memory cells 
12. Also shoWn are the roW drivers 26 and 28. The roW RAN 
driver 26 may include a roW R/W decoder 112 and a plurality 
of roW R/W sWitches 114, one R/W sWitch 114 per memory 
cell roW. The roW R/W decoder 112 decodes a memory cell 
address Ax and causes each roW R/W sWitch 114 to connect 
a ?rst end of a Word line to the roW read potential, the 
reference potential, or a high impedance. 

[0042] An exemplary roW R/W sWitch 114 for the roW 
R/W driver 26 is shoWn in FIG. 5a. The exemplary roW R/W 
sWitch 114 can connect the ?rst end of a selected Word line 
to the roW read potential (RRP) during both read and Write 
operations, connect the ?rst end of an unselected Word line 
to the array reference potential (REF) during the read 
operation, and sWitch the ?rst end of an unselected Word line 
to high impedance during the Write operation. “WroW” 
denotes a global Write enable signal. During the Write 
operation, the global Write enable signal WroW goes Hi, 
Which drives the output of a Nor gate 114a to a Lo state. The 
L0 state of the Nor gate output turns off an N-channel 
pull-up transistor 114b, thereby forcing a high impedance 
connection betWeen the Word line 14 and the reference 
potential REF. If the roW is unselected, a pull-doWn tran 
sistor 114c is also off, Which results in a high impedance 
state for the roW R/W sWitch 114. 

[0043] The roW W/O driver 28 may include a roW W/O 
decoder 116 and a plurality of roW W/O sWitches 118, one 
roW W/O sWitch 118 per memory cell roW. The roW W/O 
decoder 116 decodes the memory cell addressAx and causes 
each roW W/ O sWitch 118 to connect a second end of a Word 
line to the roW Write potential VWROW or a high imped 
ance. The second end of a selected Word line is connected to 
the roW Write potential VWROW during a Write operation 
and it is connected to a high impedance during a read 
operation. The second end of an unselected Word line is 
connected to a high impedance during read and Write 
operations. An exemplary roW W/O sWitch 118 for the roW 
W/O driver 28 is shoWn in FIG. 5b. 

[0044] The column R/W driver 32 includes a column R/W 
decoder 120, a pulse generator 122, a column master Write 
driver 124 and a plurality of column R/W sWitches 126, one 
column R/W sWitch 126 per memory cell column. The 
column R/W decoder 120 decodes a memory cell address Ay 
and causes the column R/W sWitches 126 to connect a ?rst 
end of a selected bit line to the sense ampli?er 40 and master 
Write driver 124 during both read and Write operations, 
connect the ?rst ends of unselected bit lines to a column read 
potential (CRP) during read operations, and connect the ?rst 
ends of unselected bit lines to a high impedance during Write 
operations. An exemplary column R/W sWitch 126 for the 
column R/W driver 32 is shoWn in FIG. 5c. 
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[0045] The column W/O driver 30 may include a column 
W/O decoder 128, a column slave driver 130, and a plurality 
of column W/O switches 132, one column W/O sWitch 132 
per memory cell column. The column W/O decoder 116 
decodes the memory cell address Ay and causes the column 
W/O sWitches 132 to connect the second end of the selected 
bit line to the slave Write driver 130 and the second ends of 
unselected bit lines to a high impedance during the Write 
operation. During a read operation, the column W/O decoder 
128 causes the column W/O sWitches 132 to connect the 
second ends of the bit lines to a high impedance. An 
exemplary column W/O sWitch 132 is shoWn in FIG. 5d. 

[0046] These sWitches 114, 118, 126 and 132 are used to 
reduce the relative magnitude of the parasitic currents so as 
not to interfere With the Write operation. Thus, all four sides 
of the MRAM array use sWitches With control from either 
the roW or column decoders 112, 116, 120 and 128. Simple 
sWitches are used on tWo sides to isolate the column Write 
drivers 30 and 32 during the read operation, and a totem pole 
sWitch is used on the other tWo sides to alloW the column 
Write drivers 30 and 32 to sWitch betWeen the Write opera 
tion and an equi-potential read operation. 

[0047] The column master and slave drivers 124 and 130 
control the direction and duration of the Write current during 
a Write operation. Exemplary master and slave drivers 124 
and 130 are shoWn in FIG. 6. The column master driver 124 
includes driver logic 134 and a ?rst pair of sWitches 136 and 
138 having controlled current paths coupled betWeen the 
second column Write potential VWCOLP and the reference 
potential REF. The column slave driver 130 includes a 
second pair of sWitches 140 and 142 having controlled 
current paths coupled betWeen the ?rst column Write poten 
tial VWCOLM and the reference potential. 

[0048] When a column Write enable signal Wcol goes Hi, 
the Write logic 134 causes the column master and slave 
drivers 124 and 130 to apply a column Write potential 
VWCOLP or VWCOLM to one end of a bit line and a 
reference potential REF to the other end of a bit line. The 
sWitches 136 to 142 of the master and slave drivers 124 and 
130 Work in a push-pull manner to establish the direction of 
the bit line current. For current to How in one direction, the 
column slave driver 130 connects the selected bit line to the 
?rst column Write potential VWCOLM and the column 
master driver 124 connects the selected bit line to the 
reference potential REF. For current to How in the opposite 
direction, the column slave driver 130 connects the selected 
bit line to the reference potential REF and the column master 
driver 124 connects the selected bit line to the second Write 
potential VWCOLP. The Write logic selects the direction of 
the current ?oW according to the value of the data Din in the 
data register 38. 

[0049] During a read operation, the column Write enable 
signal Wcol is Lo, Whereby the transistors of the master and 
slave Write drivers 124 and 130 are turned off. The slave 
Write driver 130 is isolated from the selected bit line by the 
column W/O sWitch 132. The master Write driver 124 is 
isolated from the selected bit line by the high impedance 
state of the master Write driver sWitches 136 and 138. 

[0050] The four sWitches 136 to 142 of the master and 
slave drivers 124 and 130 develop the bi-directional Write 
current With the properties of the loWest possible Write 
voltage stress applied to the memory cell connected to the 
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selected bit line. The Write voltages Will be set by siZing the 
Write drivers and sWitches and resistance of the Word and bit 
lines. 

[0051] The column Write enable signal Wcol may be a 
global signal that is supplied to each block (in Which case the 
pulse generators 122 of the R/W drivers 32 could be 
replaced by a single pulse generator). The global column 
Write enable signal Wcol Would cause Write pulses to be 
supplied simultaneously to the selected bit lines. Pulse Width 
of the global column Write enable signal Would be long 
enough to set the directions of the stored magnetic ?elds in 
the selected memory cells. 

[0052] In the alternative, the Write pulses could be stag 
gered. Pulses could be supplied one at a time, tWo at a time, 
etc., to spread the column Write current pulses over a broad 
time period and thereby control the peak Write currents. 
Each pulse generator 122 could generate a separate column 
Write enable signal Wcoli, (Where 1 éién and n is the 
number of blocks in the array 10). Duration of the ith column 
Write enable signal Wcoli Would only be long enough to set 
the Width of the Write column pulse and, therefore, the stored 
magnetic ?eld in the selected memory cell of the it block. A 
minimum Write time may be on the order of one to ten 
nanoseconds. 

[0053] FIG. 7 shoWs hoW the pulse generators 122 of 
different R/W drivers 32 may be arranged to generate 
column Write enable signals Wcoli, that cause current pulses 
to be supplied one at a time to selected bit lines. A Write 
operation is initiated by supplying a signal WcolO, to the 
pulse generator 122 of the ?rst R/W driver 32. The signal 
Wcol0 causes the pulse generator 122 of the ?rst R/W driver 
32 to generate a ?rst pulse Wcoll. The ?rst pulse is the 
column Write enable signal Wcol1 for the column drivers 30 
and 32 of the ?rst block. The ?rst pulse Wcol1 is also 
supplied to the pulse generator 122 of the second R/W driver 
32. A falling edge of the ?rst pulse Wcol1 causes the pulse 
generator 122 of the second R/W driver 32 to generate a 
second pulse Wcol2. The second pulse is the column Write 
enable signal Wcol2 for the column drivers 30 and 32 of the 
second block. The ith pulse (that is, the ith column Write 
enable signal Wcoli), Which is generated by the pulse 
generator 122 of the ith block, is supplied to the pulse 
generator 122 of the l+1th block. In this manner, the column 
Write enable signals Wcoli are propagated across the pulse 
generators 122 (as shoWn in FIG. 8). As a result, the Write 
pulses are propagated across the bit lines so that only one 
memory cell per block is Written to at any given time. 

[0054] The Write circuit 22 may include a circuit for 
testing the column R/W drivers 32. The test circuit can 
generate a signal that is supplied to the last (nth) data register 
38 during the testing of the Write circuit. The signal applied 
to the last data register 38 may be the pull doWn signal from 
the column master Write driver 124 to the column slave Write 
driver 130. Logically, the pull doWn signal is the data-in 
signal gated by the nth column Write enable signal Wcoln, 
Which is generated by the pulse generator 122 of the last 
block. This test circuit is useful to observe the action of the 
column R/W drivers 32 during the Write operation. The 
data-out is not used during the Write operation and that test 
data may be multiplexed onto data-out signals during the 
Write operation. The logic added for the Write test feature 
may be a full CMOS transmission gate 41 placed in the 
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data-out line from the nth sense ampli?er to the nth data 
register 38 (see FIG. 1). The transmission gate 41 may be 
controlled by column Write enable signals already present in 
the column master Write driver circuit. 

[0055] FIG. 9 shoWs the operation of the column drivers 
30 and 32 during a Write operation. The Write currents are set 
up and controlled by the three Write potentials: VWROW, 
VWCOLP, and VWCOLM (block 202). Before a Write 
operation begins, a roW and a set of columns are selected by 
supplying addresses Ax and Ay to the roW and column 
decoders 112, 116, 120 and 128 (block 204). Data stored in 
the data registers 38 is applied to the column R/W drivers 32 
(block 206). The global Write enable signal WroW is asserted 
to establish a Word line Write current in a selected Word line, 
and the column Write enable signal WcolO is asserted, 
causing Write pulses to be supplied, one at a time, to the 
selected bit lines, starting With the bit line of the ?rst block 
and ending With the bit line of the last block (block 208). The 
output from the pulse generator 122 of the last (nth) R/W 
driver 32 may be observed to determine When the Write 
operation has completed (block 210). The process may be 
repeated for all Write operations. 

[0056] Reference is noW made to FIG. 10, Which illus 
trates a multi-level MRAM chip 300. The MRAM chip 300 
includes a number N of memory cell levels 302 that are 
stacked in a Z-direction on a substrate 304. N; 1, Where N 
is a positive integer. The memory cell levels 302 may be 
separated by insulating material (not shoWn) such as silicon 
dioxide. Read and Write circuits may be fabricated on the 
substrate 304. The read and Write circuits may include 
additional multiplexers for selecting the levels that are read 
from and Written to. 

[0057] Thus disclosed is Write circuit for large MRAM 
arrays. The Write circuit can provide a controllable, bi 
directional Write current pulses to selected Word and bit lines 
Without exceeding breakdoWn limits of the memory cells. 
Consequently, the Write circuit improves reliability of stor 
ing data in the memory cells Without overstressing the 
circuitry or damaging the memory cells. The Write circuit 
can spread out current pulses over time to reduce peak 
currents. Reducing peak currents reduces poWer consump 
tion and heat dissipation. Reducing the peak currents is 
especially desirable for highly parallel modes of operation. 

[0058] The Write circuit is compatible With read circuitry 
that applies an equal potential to selected and unselected 
lines during a read operation. The Write circuit has a built-in 
test feature that improves observeability of the column Write 
drivers. Because observeability of the states of the internal 
nodes, test coverage of the Write circuit is improved. 

[0059] The MRAM device according to the present inven 
tion may be used in a Wide variety of applications. FIG. 11 
shoWs an exemplary general application for one or more 
MRAM chips 300. The general application is embodied by 
a machine 400 including an MRAM storage module 402, an 
interface module 404 and a processor 406. The MRAM 
storage module 402 includes one or more MRAM chips 300 
for long term storage. The interface module 404 provides an 
interface betWeen the processor 406 and the MRAM storage 
module 402. The machine 400 could also include fast 
volatile memory (e.g., SRAM) for short term storage. 

[0060] For a machine 400 such as a notebook computer or 
personal computer, the MRAM storage module 402 might 
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include a number of MRAM chips 300 and the interface 
module 404 might include an EIDE or SCSI interface. For 
a machine 400 such as a server, the MRAM storage module 
404 might include a greater number of MRAM chips 300, 
and the interface module 404 might include a ?ber channel 
or SCSI interface. Such MRAM storage modules 402 could 
replace or supplement conventional long terms storage 
devices such as hard drives. 

[0061] For a machine 400 such as a digital camera, the 
MRAM storage module 402 might include a smaller number 
of MRAM chips 300 and the interface module 404 might 
include a camera interface. Such an MRAM storage module 
402 Would alloW long term storage of digital images on 
board the digital camera. 

[0062] The MRAM device according to the present inven 
tion offers many advantages over conventional long-term 
data storage devices such as hard drives. Accessing data 
from the MRAM devices is orders of magnitude faster than 
accessing data from conventional long-term storage devices 
such as hard drives. Additionally, MRAM devices are more 
compact than hard drives. 

[0063] The MRAM device is not limited to the speci?c 
embodiments described and illustrated above. For instance, 
the memory cells are not limited to SDT junction devices. 
Other types of devices that could be used include, but are not 
limited to, giant magnetoresistance (“GMR”) devices. 

[0064] The MRAM array has been described in connec 
tion With the roWs being oriented along the easy axis. 
HoWever, the roWs and columns could be transposed, in 
Which case the columns Would be oriented along the easy 
ax1s. 

[0065] The roW and column drivers are not limited to the 
sWitches shoWn in FIGS. 5a to 5d. HoWever, the sWitches 
shoWn in FIGS. 5a to 5d may be implemented With NMOS 
transistors, Which support a loW voltage design and a high 
density layout. 
[0066] The poWer supply may be implemented in any 
number of Ways. For example, the poWer supply may 
include variable voltage sources for providing the different 
potentials. In the alternative, controlled current sources may 
include high impedance controlled current sources or current 
mirrors. 

[0067] The pulse generators 122 may be made part of the 
R/W drivers 32, as shoWn in FIG. 4. In the alternative, the 
column Write enable signals Wcoli may be externally gen 
erated. 

[0068] Circuits other than multiple pulse generators may 
be used for generating the column Write enable signals. For 
instance, the column Write enable signals may be generated 
by one or more shift registers (e.g., a single shift register 
could create Write enable signals one at a time; tWo shift 
registers operating in parallel could create Write enable 
signals tWo at a time). 

[0069] Thus, Write operations may be performed one bock 
at a time, tWo blocks at a time, etc. Each additional Write 
pulse Will increase the peak bit line current. HoWever, each 
additional Write pulse Will also increase Write speed. Thus, 
the designer is faced With a trade off of increasing Write 
speed versus reducing peak Write current to an acceptable 
level. 



US 2001/0038548 A1 

[0070] Accordingly, the invention is not limited to the 
speci?c embodiments described and illustrated above. 
Instead, the invention is construed according to the claims 
that folloW. 

What is claimed is: 
1. A method of Writing a data Word to a plurality of 

memory cells, the memory cells being crossed by a common 
?rst line, the memory cells being crossed by different second 
lines, the method comprising the steps of: 

supplying a Write current to the ?rst line; and 

supplying current pulses to the second lines, at least some 
of the current pulses being supplied to the second lines 
in a staggered sequence. 

2. The method of claim 1, Wherein each memory cell of 
the plurality is in a different memory cell block; and Wherein 
different blocks are Written to at different times. 

3. The method of claim 1, Wherein the current pulses are 
supplied to the second lines at non-overlapping time inter 
vals. 

4. The method of claim 3, Wherein the current pulses are 
supplied to the second lines by propagating a column Write 
enable signal across the memory cell blocks, the Write 
enable signal causing a column driver of each block to 
generate a current pulse, Whereby current pulses are propa 
gated doWn the memory cell blocks. 

5. The method of claim 4, further comprising the step of 
detecting the propagated column Write enable signal at a last 
memory cell block to determine operability of the column 
drivers. 

6. The method of claim 1, Wherein a positive Write current 
is supplied to a selected second line by applying ?rst and 
reference potentials to opposite ends of the second line; 
Wherein a negative Write current is supplied to a selected 
second line by applying second and reference potentials to 
opposite ends of the second line; and Wherein a Write current 
is supplied to the ?rst line by applying third and reference 
potentials to opposite ends of the ?rst line. 

7. The method of claim 1, Wherein additional memory 
cells are crossed by a plurality of unselected lines; and 
Wherein the method further comprises the step of sWitching 
both ends of each unselected line during a Write operation. 

8. The method of claim 7, Wherein both ends of an 
unselected line are sWitched during a Write operation by 
connecting both ends to a high impedance. 

9. The method of claim 1, Wherein additional memory 
cells are crossed by a plurality of unselected lines; and 
Wherein an equal potential is applied to the second lines and 
a subset of unselected lines during the read operations. 

10. Amethod of Writing data to an array of memory cells, 
selected memory cells being crossed by a selected ?rst line 
and different selected second lines, additional memory cells 
in the array being crossed by unselected lines, the method 
comprising the steps of: 

supplying a ?rst Write current to a selected ?rst line; 

supplying a second Write current to a selected second line; 
and 

connecting both ends of each unselected line to a high 
impedance. 

11. An MRAM device comprising: 

an array of memory cells; 

a plurality of Word lines crossing the memory cells; 
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a plurality of bit lines crossing the memory cells; and 

a circuit including a column driver for each memory cell 
block, each memory cell block including multiple bit 
lines and multiple memory cells, each column driver 
providing a current pulse to a selected bit line in a 
corresponding block during a Write operation, the col 
umn drivers Writing to at least some different blocks at 
different times. 

12. The device of claim 11, Wherein the circuit includes at 
least one component for generating Write enable pulses for 
the column drivers, the Write enable pulses being supplied 
sequentially to the column drivers, each Write enable pulse 
causing a column driver to generate a current pulse, Whereby 
current pulses are supplied sequentially to the memory cell 
blocks. 

13. The device of claim 12, Wherein the circuit includes 
a pulse generator for each block, each pulse generator 
having an output for providing a Write enable signal, each 
Write enable signal causing a column driver to generate a 
current pulse, the pulse generators being connected to ripple 
Write enable pulses starting With the pulse generator of a ?rst 
block and ending With the pulse generator of a last block. 

14. The device of claim 13, further comprising a gate, 
coupled to a column driver of the last block, for indicating 
operability of the column drivers. 

15. The device of claim 11, Wherein the circuit includes a 
plurality of ?rst sWitches, a plurality of second sWitches, a 
plurality of third sWitches and a plurality of fourth sWitches, 
the ?rst sWitches coupling ?rst ends of unselected Word lines 
to a high impedance during a Write operation; the second 
sWitches coupling second ends of unselected Word lines to a 
high impedance during a Write operation; the third sWitches 
coupling ?rst ends of unselected bit lines to a high imped 
ance during a Write operation; and the fourth sWitches 
coupling second ends of unselected bit lines to a high 
impedance during a Write operation. 

16. The device of claim 15, Wherein a ?rst sWitch applies 
a reference potential to the ?rst end of a selected Word line 
during a Write operation; Wherein a second sWitch applies a 
roW Write potential to the second end of a selected Word line 
during a Write operation; Wherein a third sWitch applies one 
of a reference potential and a ?rst column Write potential to 
the ?rst end of a selected bit line during a Write operation; 
and Wherein a fourth sWitch applies one of a reference 
potential and a second column Write potential to the second 
end of a selected bit line during a Write operation. 

17. The device of claim 15, further comprising a master 
slave driver for applying the ?rst and second Write potentials 
to the third and fourth sWitches. 

18. The device of claim 15, further comprising a sense 
ampli?er for each block; Wherein a ?rst sWitch applies a read 
reference potential to the second end of a selected Word line 
during a read operation; and Wherein each third sWitch 
couples the second end of a selected bit line to a sense 
ampli?er during a read operation. 

19. An MRAM device comprising: 

an array of memory cells; 

a plurality of Word lines crossing the memory cells; 

a plurality of bit lines crossing the memory cells; and 
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a Write circuit including a plurality of ?rst switches, each 
?rst sWitch coupling a ?rst end of an unselected Word 
line to a high impedance during a Write operation; a 
plurality of second sWitches, each second sWitch cou 
pling a second end of an unselected Word line to a high 
impedance during a Write operation; a plurality of third 
sWitches, each third sWitch coupling a ?rst end of an 
unselected bit line to a high impedance during a Write 
operation; and a plurality of fourth sWitches, each 
fourth sWitch coupling a second end of an unselected 
bit line to a high impedance during a Write operation. 

20. An MRAM device comprising: 

an array of memory cells; 

a plurality of Word lines crossing the memory cells; 

a plurality of bit lines crossing the memory cells; and 

means for supplying current pulses to selected bit lines 
during a Write operation, at least some of the current 
pulses being supplied in a staggered sequence. 

21. A Write circuit for an MRAM device, the MRAM 
device including multiple blocks of memory cells, and a 
plurality of bit lines crossing columns of the memory cells, 
the Write circuit comprising a plurality of column drivers, 
each column driver corresponding to a block of the memory 
cells, each column driver providing a current pulse to a 
selected bit line in a corresponding block during a Write 
operation, the column drivers Writing to at least some 
different blocks at different times. 

22. The circuit of claim 21, further comprising at least one 
component for generating Write enable pulses for the column 
drivers, the Write enable pulses being supplied sequentially 
to the column drivers, each Write enable pulse causing a 
column driver to generate a current pulse, Whereby current 
pulses are supplied sequentially to the memory cell blocks. 

23. The circuit of claim 21, further comprising a pulse 
generator for each memory cell block, each pulse generator 
having an output for providing a Write enable signal to its 
corresponding column driver, each Write enable signal caus 
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ing a column driver to generate a current pulse, the pulse 
generators being connected to operate sequentially. 

24. The circuit of claim 23, further comprising a gate, 
coupled to a column driver of a last column block, for 
indicating operability of the column drivers. 

25. A Write circuit for an MRAM device, the MRAM 
device including an array of memory cells, a plurality of bit 
lines crossing columns of the memory cells and a plurality 
of Word lines crossing roWs of the memory cells, the Write 
circuit comprising: 

a plurality of ?rst sWitches for coupling ?rst ends of 
unselected Word lines to a high impedance during a 
Write operation; 

a plurality of second sWitches for coupling second ends of 
unselected Word lines to a high impedance during a 
Write operation; 

a plurality of third sWitches for coupling ?rst ends of 
unselected bit lines to a high impedance during a Write 
operation; and 

a plurality of fourth sWitches for coupling second ends of 
unselected bit lines to a high impedance during a Write 
operation. 

26. The Write circuit of claim 25, Wherein one of the ?rst 
sWitches applies a reference potential to the ?rst end of a 
selected Word line during a Write operation; Wherein one of 
the second sWitches applies a roW Write potential to the 
second end of a selected Word line during a Write operation; 
Wherein one of the third sWitches applies one of a reference 
potential and a ?rst column Write potential to the ?rst end of 
a selected bit line during a Write operation; and Wherein one 
of the fourth sWitches applies one of a reference potential 
and the second column Write potential to the second end of 
a selected bit line during a Write operation. 

27. The Write circuit of claim 26, further comprising a 
push-pull circuit for applying the Write potentials to the third 
and fourth sWitches. 


