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NONVOLATILE MEMORY DEVICE WITH
WRITE ERROR SUPPRESSED IN READING
DATA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a nonvolatile
memory device. In particular, the invention relates to a ran-
dom-access memory including memory cells having mag-
netic tunnel junctions (MTJ).

[0003] 2. Description of the Background Art

[0004] Inrecent years,an MRAM (Magnetic Random-Ac-
cess Memory) device has been of great interest as a new-
generation nonvolatile memory device. The MRAM device is
a nonvolatile memory device in which a plurality of thin-film
magnetic elements formed in a semiconductor integrated cir-
cuit are used to store data in nonvolatile manner, and the thin
film magnetic elements are each randomly accessible. In par-
ticular, recently it has been announced that an MRAM device
is remarkably improved in performance by employment of
the thin-film magnetic element using a magnetic tunnel junc-
tion (MTJ) as a memory cell.

[0005] Generally, in the case where data is read from a
memory cell which is used as a storage element of the non-
volatile memory device, electric current flowing through a
tunneling magneto-resistance element (ITMR) forming the
storage element or an end-to-end voltage of the TMR can be
measured so as to indirectly measure the resistance value of
the TMR and thereby read data.

[0006] Ontheotherhand, development has been carried out
for producing a cell configuration of the MRAM device
through a simple process, like that for a cell configuration of
a DRAM (Dynamic Random-Access Memory).

[0007] Specifically, while a memory cell of a common
MRAM device adopts a cell configuration having word lines
for writing in addition to word lines for reading, memory cells
according to the spin-injection method have recently been
proposed as memory cells for which it is unnecessary to
provide word lines for writing, as disclosed for example in
Japanese Patent Laying-Open Nos. 2005-011907, 2004-
111904 and 2005-092912.

[0008] The memory cell of the spin-injection method dif-
fers from a currently-used MRAM device in terms of how
data is written. For a memory cell of the currently-used
MRAM device, a method is employed of allowing current to
flow through lines (including write word line) adjacent to a
TMR element to generate magnetic fields and thereby reverse
magnetization. In contrast, for the memory cell of the spin-
injection method, a method is employed according to which
current is applied directly through a TMR element to reverse
magnetization of the TMR element. The direction in which
the current flows is changed to switch magnetization of a free
layer to parallel or antiparallel magnetization with respect to
a fixed layer. In this respect, this is called the spin injection
method since magnetization is reversed by the function of
spin-polarized electrons in the current. In this way, a simple
cell configuration can be achieved without the necessity of
particularly providing word lines for writing to memory cells
of the MRAM device.

[0009] However, regarding an MRAM device of the spin
injection method, data is written to a memory cell by revers-
ing magnetization using a current applied directly to a TMR
element as described above and therefore, depending on an
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amount of a current applied then for reading the data, the
stored data could be inverted as it is read, namely a write error
could occur.

SUMMARY OF THE INVENTION

[0010] The present invention has been made to solve the
above-described problem. An object of the present invention
is to provide a nonvolatile memory device having memory
cells using the spin injection method for the MRAM device,
capable of suppressing write errors in reading data.

[0011] A nonvolatile memory device according to the
present invention includes: a plurality of memory cells
arranged in rows and columns; and a plurality of first and
second current lines provided correspondingly to memory
cell columns respectively for supplying a current via a
selected memory cell in data read operation or data write
operation. The memory cells each include a magneto-resis-
tance element provided between corresponding first and sec-
ond current lines for executing magnetic nonvolatile data
storage. The magneto-resistance element includes: a fixed
magnetization layer electrically coupled with the correspond-
ing first current line and magnetized in a first magnetization
direction, a free magnetization layer electrically coupled with
the corresponding second current line, and magnetized in one
of the first magnetization direction and a second magnetiza-
tion direction opposite to the first magnetization direction,
based on spin-polarized electrons depending on a direction in
which a data write current flows via the corresponding first
and second current lines in the data write operation, and a
barrier layer of a non-magnetic material provided between
the fixed magnetization layer and the free magnetization
layer. The nonvolatile memory device further includes a data
read circuit supplying, in the data read operation, to the first
and second current lines corresponding to the selected
memory cell, a data read current in a direction in which
disturb is unlikely to occur.

[0012] Another nonvolatile memory device according to
the present invention includes: a plurality of memory cells
arranged in rows and columns; and a plurality of first and
second current lines provided correspondingly to memory
cell columns respectively for supplying a current via a
selected memory cell in data read operation or data write
operation. The memory cells each include a magneto-resis-
tance element provided between corresponding first and sec-
ond current lines for executing magnetic nonvolatile data
storage. The magneto-resistance element includes a fixed
magnetization layer electrically coupled with the correspond-
ing first current line and magnetized in a first magnetization
direction, a free magnetization layer electrically coupled with
the corresponding second current line, and magnetized in one
of the first magnetization direction and a second magnetiza-
tion direction opposite to the first magnetization direction,
based on spin-polarized electrons depending on a direction in
which a data write current flows via the corresponding first
and second current lines in the data write operation, and a
barrier layer of a non-magnetic material provided between
the fixed magnetization layer and the free magnetization
layer. The nonvolatile memory device further includes a data
read circuit supplying, in the data read operation, to the first
and second current lines corresponding to the selected
memory cell, a data read current in the same direction as a
direction that causes the free magnetization layer of the mag-
neto-resistance element to be magnetized in the second mag-
netization direction in the data write operation.
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[0013] The nonvolatile memory device in accordance with
the present invention provides the data read circuit that sup-
plies a data read current to corresponding first and second
current lines in a direction in which disturb is unlikely to
occur, for the memory cell including the magneto-resistance
element having the free magnetization layer magnetized in
one of the first magnetization direction and the second mag-
netization direction opposite to the first magnetization direc-
tion, based on spin-polarized electrons according to the direc-
tion in which the data write current flows. Thus, the
nonvolatile memory device preventing write error in the data
read operation can be achieved.

[0014] That another nonvolatile memory device in accor-
dance with the present invention provides the data read circuit
that supplies a data read current, in the data read operation, in
the same direction as a direction that causes the free magne-
tization layer of the magneto-resistance element to be mag-
netized in the second magnetized direction in the data write
operation, for the memory cell including the magneto-resis-
tance element having the free magnetization layer magne-
tized in one of the first magnetization direction and the second
magnetization direction opposite to the first magnetization
direction based on spin-polarized electrons according to the
direction in which the data write current flows. Thus, the data
read current can be supplied to the first and second current
lines in the direction in which disturb is unlikely to occur.
Accordingly, the nonvolatile memory device preventing write
error in the data read operation can be achieved.

[0015] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic block diagram showing the
entire configuration of an MRAM device illustrated as a
typical example of a nonvolatile memory device according to
a first embodiment of the present invention.

[0017] FIG. 2 is a schematic diagram showing a memory
array according to the first embodiment of the present inven-
tion.

[0018] FIGS. 3A and 3B conceptually illustrate a memory
cell according to the first embodiment of the present inven-
tion.

[0019] FIGS. 4A and 4B illustrate how data is written to a
memory cell according to the first embodiment of the present
invention.

[0020] FIGS. 5A and 5B illustrate how the magnetization
direction of a memory cell is reversed according to the first
embodiment of the present invention.

[0021] FIGS. 6A and 6B illustrate a configuration where
memory cells, source lines and bit lines for example are
interconnected.

[0022] FIG. 7 illustrates how data is read according to the
first embodiment of the present invention.

[0023] FIG. 8 is a circuit configuration diagram of a sense
amplifier according to the first embodiment of the present
invention.

[0024] FIG. 9 illustrates a write driver in writing data
according to the first embodiment of the present invention.
[0025] FIG. 10 illustrates a configuration of a memory
array according to a first modification of the first embodiment
of the present invention.
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[0026] FIG. 11 illustrates a memory cell according to a
second modification of the first embodiment of the present
invention.

[0027] FIG. 12 illustrates the memory cell on standby
according to the second modification of the first embodiment
of the present invention.

[0028] FIGS. 13A to 13C illustrate how data is written and
read according to a third modification of the first embodiment
of the present invention.

[0029] FIG. 14 is a configuration diagram of a memory
array according to a fourth modification of the first embodi-
ment of the present invention.

[0030] FIGS. 15A and 15B illustrate that data write current
flows from one end toward the other end of a bit line, accord-
ing to the fourth modification of the first embodiment of the
present invention.

[0031] FIGS. 16A and 16B illustrate how data is written
using an assist magnetic field according to the fourth modi-
fication of the first embodiment of the present invention.
[0032] FIG. 17 is a conceptual diagram of a memory array
and its peripheral circuitry according to a second embodiment
of the present invention.

[0033] FIG. 18 illustrates how data is written to a memory
cell.
[0034] FIG. 19 illustrates how data is read from a memory

cell of a memory mat.

[0035] FIG. 20 is a conceptual diagram of a memory array
and its peripheral circuitry according to a modification of the
second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Embodiments of the present invention are now
described in detail with reference to the drawings. In the
drawings, like or corresponding components are denoted by
like reference characters and a description thereof is not
repeated.

FIRST EMBODIMENT

[0037] Referring to FIG. 1, an MRAM device 1 which is
illustrated as a typical example of a nonvolatile memory
device according to a first embodiment of the present inven-
tion includes a control circuit 5 controlling, in response to
control signal CMD, the entire operation of MRAM device 1,
as well as a memory array 10 including MTJ memory cells
MC arranged in rows and columns. Here, rows and columns
in which a plurality of memory cells MC are arranged in
memory array 10 are also referred to as memory cell rows and
memory cell columns, respectively.

[0038] Further, MRAM device 1 includes arow decoder 20,
a column decoder 25 and an input/output control circuit 30.
Row decoder 20 selectively performs selection of a row to be
accessed in memory array 10, based on row address RA
included in address signal ADD. Column decoder 25 selec-
tively performs selection of a column to be accessed in
memory array 10, based on column address CA included in
address signal ADD.

[0039] Input/output control circuit 30 controls input and
output of such data as input data DIN and output data DOUT
and, in response to an instruction from control circuit 5,
transmits data to an internal circuit or outputs data to an
external element.
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[0040] In the following description, a high-voltage state
and a low-voltage state, which are represented in binary man-
ner, of signals, signal lines and data for example are also
referred to as “H” level and “L” level, respectively.

[0041] Inthepresent example, memory array 10 is shownto
include a single memory cell MC as a representative one, as
well as a single word line WL provided correspondingly to a
memory cell row, a single bit line BL. and a single source line
SL provided correspondingly to a memory cell column as
representative ones respectively.

[0042] Referring to FIG. 2, memory array 10 in the first
embodiment of the present invention includes memory cells
MC arranged in rows and columns in integrated manner; a
plurality of bit lines BL. and source lines SL provided corre-
spondingly to memory cell columns respectively; and a plu-
rality of word lines WL provided correspondingly to memory
cell rows respectively. Further, referring to FIG. 2, a bit line
group BLG representing a plurality of bit lines BL and a
source line group SLG representing a plurality of source lines
SL are shown. Source lines SL. and bit lines BL are provided
in the same direction, namely in the column direction. Fur-
ther, a word line group WLG representing a plurality of word
lines WL is provided. In addition, a plurality of gate transis-
tors SG are provided correspondingly to a plurality of sources
lines SL respectively, for electrically coupling one of a plu-
rality of source lines SL and a data line RD. Here, to the gate
of gate transistor SG, a column select signal is input from
column decoder 25.

[0043] Memory cell MC is configured to be connected
between bit line BL and source line SL. The configuration of
memory cell MC is described below.

[0044] Referring to FIG. 3A, memory cell MC in the first
embodiment of the present invention includes a tunneling
magneto-resistance element TMR and an access transistor
ATR. Tunneling magneto-resistance element TMR and
access transistor ATR are connected in series between bit line
BL and source line SL. Specifically, access transistor ATR is
provided between source line SL and tunneling magneto-
resistance element TMR and has its gate electrically coupled
with word line WL. Tunneling magneto-resistance element
TMR is electrically coupled between access transistor ATR
and bit line BL.

[0045] In order to write data to memory cell MC, at least
one of bit line BL. and source line SL is set to a high potential
or a low potential, which is described hereinlater. In other
words, when data is to be written, an electric current path is
formed via memory cell MC from bit line BL to source line
SL or from source line SL to bit line BL so as to write data.

[0046] Referring to FIG. 3B, tunneling magneto-resistance
element TMR includes a ferromagnetic layer (fixed layer)
(hereinafter also referred to as pinned layer) PL having a
certain fixed magnetization direction, a ferromagnetic layer
(free layer) (hereinafter also referred to as free layer simply)
FL having its magnetization direction reversed by an electric
current applied into the element, and a tunneling barrier layer
(tunneling film) BAL formed of an insulating film between
pinned layer PL and free layer FL.

[0047] Freelayer FL is magnetized in the same direction as
that of pinned layer PL or in the direction opposite to that of
pinned layer PL. depending on the direction in which a data
write current flows that is applied according to the level of
storage data to be written. These pinned layer PL, barrier
layer BAL and free layer FL form a magnetic tunnel junction.
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[0048] Tunneling magneto-resistance element TMR has its
electric resistance varied depending on the relative relation
between respective magnetization directions of pinned layer
PL and free layer FL. Specifically, in the case where the
magnetization direction of free layer FL. and that of pinned
layer PL are the same (parallel with each other), tunneling
magneto-resistance element TMR has its electric resistance
in a low-resistance state (minimum value) Rmin. In the case
where respective magnetization directions of free layer FLL
and pinned layer PL are opposite (antiparallel) to each other,
the electric resistance of TMR is in a high-resistance state
(maximum value) Rmax.

[0049] Whendatais to be written, word line WL is activated
to turn on access transistor ATR. In this state, depending on
whether the data write current is supplied from free layer FLL
to pinned layer PL or the data write current is supplied from
pinned layer PL to free layer FL, the magnetization direction
is reversed.

[0050] FIGS. 4A and 4B illustrate how data is written to
memory cell MC in the first embodiment of the present inven-
tion.

[0051] Referring to FIG. 4A, bit line BL is set to a high
potential while source line SL is set to a low potential to allow
data write current Iwritel to flow to tunneling magneto-resis-
tance element TMR. In other words, in this case, data write
current Iwritel flows from bit line BL to source line SL. In
contrast, referring to FIG. 4B, bit line BL is electrically con-
nected to a low potential while source line SL is electrically
connected to a high potential. In this case, data write current
Iwrite2 flows from source line Si to bit line BL. In other
words, the current flows from pinned layer PL to free layer
FL.

[0052] FIGS. 5A and 5B illustrate how the magnetization
direction of memory cell MC is reversed in the first embodi-
ment of the present invention.

[0053] Referring to FIG. 5A, it illustrates the case where
data write current Iwritel flows from bit line BL to source line
SL.

[0054] Here, pinned layer PL as shown is magnetized in the
direction from right to left. Then, injected spin-polarized
electrons flow in the opposite direction to the direction of data
write current Iwritel, and spin electrons in the same direction
as the magnetization direction of pinned layer PL flow into
free layer FL. Accordingly, the magnetization direction of
free layer FL is the same as that of pinned layer PL, namely
they are in parallel.

[0055] Referring to FIG. 5B, it illustrates the case where
data write current Iwrite2 flows from source line SL to bit line
BL.

[0056] Here, pinned layer PL as shown is magnetized in the
direction from right to left. Then, injected spin-polarized
electrons flow in the opposite direction to data write current
Iwrite2. Namely, the spin-polarized electrons flow from free
layer FL to pinned layer PL. Then, among spin-polarized
electrons flowing from free layer FL, spin-polarized electrons
in the same direction as that of pinned layer PLL flow through
while spin-polarized electrons in the opposite direction are
reflected to act on free layer FL. and thereby cause the direc-
tion to become opposite to that of-pinned layer PL.. Accord-
ingly, respective magnetization directions of free layer FL
and pinned layer PL are opposite (antiparallel) to each other.
[0057] Regarding respective magnitudes of data write cur-
rent Iwritel and data write current Iwrite2, data write current
Iwritel is used to determine the magnetization direction by
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spin electrons in the same direction as that of spin electrons
flowing through pinned layer PL act on free layer FL.. As for
data write current Iwrite2, reflected spin electrons act on free
layer FL to determine the magnetization direction. Thus, data
write current Iwrite2 is set to be larger than data write current
Iwritel.

[0058] In connection with FIGS. 6A and 6B, a description
is given of an interconnect configuration in which memory
cells MC, source lines and bit lines for example are intercon-
nected in the first embodiment of the present invention.

[0059] Referring to FIG. 6A, the interconnect configura-
tion of memory cells MC, source lines and bit lines for
example is shown. Specifically, access transistor ATR formed
on a p-type semiconductor substrate Psub includes source/
drain regions 102a and 1025 that are n-type regions and a gate
region 106. The gate region of access transistor ATR is
formed as a polysilicon gate 106 in the same interconnect
layer as word line WL for the purpose of increasing the degree
of integration. Source/drain region 1026 is electrically
coupled via a contact hole 107 with source line SL formed in
a first metal interconnect layer 108. Source/drain region 102a
is electrically coupled via a contact hole 103 with a strap ST.
Tunneling magneto-resistance element TMR is electrically
coupled between strap ST and bit line BL. formed in a second
metal interconnect layer 105 via a contact hole 104. Other
memory cells MC are interconnected in a similar manner, and
the detailed description thereof is not repeated.

[0060] Between memory cells MC adjacent to each other,
insulating regions 101a, 1015, 101¢ formed on p-type semi-
conductor substrate Psub are provided respectively.

[0061] FIG. 6B illustrates a layout (plan view) as seen from
the above of the interconnect configuration of memory cells
MC in the first embodiment of the present invention. Two
memory cell columns are shown.

[0062] Referring to FIG. 6B, the magnetization direction of
tunneling magneto-resistance element TMR provided on the
upper side of strap ST is shown. Specifically, in tunneling
magneto-resistance element TMR, the pinned layer and the
free layer are magnetized in the X direction. The pinned layer
is magnetized in the +X direction while the free layer is
magnetized in the +X or -X direction. As to memory cell
MCO, the pinned layer and the free layer are both magnetized
in the +X direction.

[0063] Word line WL is provided in the X direction and
source line SL. and bit line BL. are provided in the Y direction.

[0064] As to memory cell MCO, strap ST connected to
tunneling magneto-resistance element TMR is electrically
coupled via contact hole 103 with source/drain region 102a
which is an n-type region. N-type source/drain region 1025 is
electrically coupled via contact hole 107 with source line SL.
in the first metal interconnect layer 108. The first metal inter-
connect layer 108 which is source line SL is disposed via
contact hole 103 in the Y direction.

[0065] As to the adjacent memory cell MC1 as well, elec-
trical coupling with source line SL. and bit line BL. is made in
a similar manner of connection to the above-described one.
Regarding the magnetization direction of the pinned layer
and the free layer in tunneling magneto-resistance element
TMR of memory cell MC1, the magnetization direction of the
pinned layer is the +X direction while that of the free layer is
the —-X direction. The aforementioned magnetization direc-
tion of memory cell MCI is applied as well to memory cell
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MC2. Although one memory cell column is described here,
the components are disposed similarly in other memory cell
columns.

[0066] In connection with FIG. 7, how data is read in the
first embodiment of the present invention is described.
[0067] According to the first embodiment of the present
invention, a description is given of the case where a data read
current is applied from the pinned layer to the free layer for
the purpose of suppressing read disturb.

[0068] As described above, data write current Iwrite2 from
pinned layer PL to free layer FL illustrated in FIGS. 5A and
5B is larger than data write current Iwritel from free layer FL.
to pinned layer PL. The data read current has its value smaller
than that of the data write current. As to the direction of the
data read current, the data read current may be applied from
pinned layer PL to free layer FL which is the same direction
as that of data write current Iwrite2 larger in electric current
amount than data write current Iwritel, since influences of the
read disturb that causes inversion of the data will be smaller in
the case where the data read current is applied in this direc-
tion.

[0069] Therefore, in the first embodiment of the present
invention, a sense amplifier SA included in a data read circuit
is connected so that the data read current flows from pinned
layer PL to free layer FL, namely from source line SL to bit
line BL.

[0070] Specifically, data line RD which is electrically
coupled via gate transistor SG with source line SL. and one
end of sense amplifier SA are electrically coupled. The other
end of sense amplifier SA is electrically coupled with data
line/RD. Data line/RD is electrically coupled with a constant
current source 95 and receives reference current Iref in data
reading.

[0071] It is supposed that a precharge current is applied
from the sense amplifier to bit line BL. for example, which
may depend on the configuration of the sense amplifier. Sense
amplifier SA is electrically coupled with a higher potential
(for example supply voltage VDD), and bit line BL. is electri-
cally coupled with a lower potential (for example ground
voltage GND). Accordingly, in data reading, data read current
Iread according to the resistance value of memory cell MC is
supplied from sense amplifier SA via data line RD, source
line SL, memory cell MC and bit line BL.

[0072] Sense amplifier SA compares data read current
Iread flowing through data line RD with reference current Iref
flowing through data line/RD to output read data RDT based
on the comparison.

[0073] Referring to FIG. 8, sense amplifier SA in the first
embodiment of the present invention includes: a voltage sup-
ply unit 90 for supplying power supply voltage VDD to a
power supply node NO; a transistor QP1 disposed between
node NO and a node N1 and having its gate electrically
coupled with node N1; a transistor QP2 disposed between a
node N3 receiving power supply voltage VDD applied thereto
and a sense node/SN and having its gate electrically coupled
with node N1; a transistor QP3 disposed between node N3
and a node N6 and having its gate electrically coupled with
node N1; a transistor QP5 disposed between node NO and a
node N2 and having its gate electrically coupled with node
N2, a transistor QP6 disposed between node N3 and a sense
node SN and having its gate electrically coupled with node
N2; a transistor QP7 disposed between node N3 and a node
N4 and having its gate electrically coupled with node N2; a
transistor QN1 disposed between sense node ISN and a node
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N5 and having its gate electrically coupled with sense node/
SN; a transistor QN2 disposed between node N4 and node N5
and having its gate electrically coupled with sense node/SN;
atransistor QN3 disposed between node N6 and node N5 and
having its gate electrically coupled with sense node SN; a
transistor QN4 disposed between sense node SN and node N5
and having its gate electrically coupled with sense node SN;
and a voltage supply unit 91 for supplying ground voltage
GND to node N5. Further, an amplifier 50 is included that is
connected to sense nodes SN,/SN for further amplitying a
difference between sense data SOUT and/SOUT transmitted
to sense nodes SN and/SN to output read data RDT.

[0074] Further, atransistor QV1 disposed between node N1
and data line RD and having its gate receiving reference
voltage Vref generated by a Vref generation circuit 40, and a
transistor QV2 disposed between node N2 and data line/RD)
and having its gate receiving reference voltage Vref are
included. Accordingly, transistors QV1 and QV2 keep data
lines RD,/RD at the reference voltage or less.

[0075] Voltage supply unit 90 includes a transistor QPS
disposed between power supply voltage VDD and node NO
and having its gate receiving from control circuit 5 control
signal/SAE which is activated to “L”” level when data is read.
Further, voltage supply unit 91 includes a transistor QNS
disposed between ground voltage GND and node N5 and
having its gate receiving from control circuit 5 control signal
SAE which is activated to “H” level when data is read. In
response to input of control signals SAE and/SAE, sense
amplifier SA is activated. It is supposed here as an example
that control signals SAE and/SAE are output from control
circuit 5 when data is read.

[0076] Itis supposed here for example that transistors QP1
to QP7 and QPS are P-channel MOS transistors, and that
transistors QN1 to QN4, QNS, QV1 and QV2 are N-channel
MOS transistors. In the present example, transistors QP1 to
QP7 are identical in transistor size. Further, transistors QN1
to QN4 are identical in transistor size.

[0077] Furthermore, transistors QP1 to QP3 constitute a
current mirror circuit, operating to supply the same operating
current (mirror current). Transistors QP5 to QP7 constitute a
current mirror circuit, operating to supply the same operating
current. Transistors QN1 and QN2 constitute a current mirror
circuit, operating to supply the same operating current (mirror
current). Transistors QN3 and QN4 constitute a current mir-
ror circuit, operating to supply the same operating current. In
the description of this example, although transistors are iden-
tical in transistor size, the transistor size can be adjusted to
adjust the amount of the operating current. Specifically, an
operating current is supplied according to the ratio in size
between transistors constituting a current mirror circuit. This
is applied as well in the following description.

[0078] Transistor QP2 supplies, to sense node/SN, the
same operating current as the operating current flowing
through node N1. Transistors QP7, QN1, QN2 supply the
same operating current as the operating current flowing from
sense node/SN to node N2.

[0079] Transistor QP6 supplies, to sense node SN, the same
operating current as the operating current flowing through
node N2, and transistors QP3, QN3, QN4 supply the same
operating current as the operating current flowing from sense
node SN to node N1.

[0080] Sense amplifier SA in the first embodiment of the
present invention keeps data lines RD,/RD at a reference
voltage or lower and generates, on sense nodes SN,/SN, a
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voltage difference depending on a difference in passing cur-
rent generated on data lines RD,/RD.

[0081] A description is now given of sense operation of
sense amplifier SA.

[0082] An example is described in which passing currents
Ia and ib flow respectively through read data buses RDB./
RDB. Then, since transistors QP1 to QP3 constitute the cur-
rent mirror circuit as described above, transistors QP2 and
QP3 operate to supply to sense node/SN and node N6 the
same operating current as passing current la passing through
transistor QP1. At a similar timing, transistors QP6 and QP7
operate to supply to sense node SN and node N4 the same
operating current as passing current Ib flowing through tran-
sistor QP5. As described above, transistors QN1 and QN2
also constitute the current mirror circuit, and transistor QN1
operates to supply the same operating current Ib as that of
transistor QN2 from sense node/SN to node N5 connected to
the ground voltage. Further, as described above, transistors
QN3 and QN4 also constitute the current mirror circuit, and
transistor QN4 operates to supply the same operating current
Ia as that of transistor QN3 from sense node SN to node N5
connected to ground voltage GND.

[0083] Accordingly, to sense node SN, operating current Ib
is to be supplied by transistor QP6, while transistor QN4 is to
supply the same operating current la as that of transistor QN3
from sense node SN. To sense node/SN, operating current la
is to be supplied by transistor QP2, while transistor QN1 is to
supply the same operating current Ib as that of transistor QN3
from sense node/SN.

[0084] Thus, with the current mirror circuits, mirror cur-
rents are generated according to the passing currents flowing
through data lines RD,/RD, and an electric current difference
between the generated mirror currents is converted into a
voltage difference to be output to sense nodes SN,/SN. In the
case where there is the relation between the operating cur-
rents, la>Ib, for example, respective voltage levels of sense
nodes SN and/SN are converted into “L” level and “H” level
respectively. In the case where there is the relation between
the operating currents, Ib>Ia, respective voltage levels of
sense nodes SN and/SN are converted into “H” level and “L”
level respectively.

[0085] By amplifier 50, sense outputs SOUT,/SOUT that
are voltage levels of sense nodes SN,/SN are further amplified
and read data RDT is generated.

[0086] Since the operating current causing sense amplifier
SA to operate in the first embodiment corresponds to a
memory cell current according to storage data of a memory
cell, the operating current for the amplifying operation of
sense amplifier SA is significantly small. Thus, sense ampli-
fier SA with reduced power consumption in data reading can
be achieved.

[0087] Referring to FIG. 9, as write drivers in data write
operation in the first embodiment of the present invention, a
source driver SLD disposed correspondingly to data line RD
and a bit line driver BLD disposed correspondingly to bit line
BL are provided. Further, a write control circuit 35 is pro-
vided receiving an instruction from control circuit 5 to gen-
erate write control signals WDTA/WDTA and WDTB./
WDTB in the data write operation according to input data
DIN.

[0088] Source driver SLD includes transistors Ta, Tb. It is
supposed as an example that transistors Ta and Tb are a
P-channel MOS transistor and an N-channel MOS transistor,
respectively.
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[0089] Transistor Ta is provided between power supply
voltage VDD and a node Na and has its gate receiving write
control signal/ WDTA. Transistor Tb is provided between
node Na and ground voltage GND and has its gate receiving
write control signal WDTB. Node Na is electrically coupled
with data line RD.

[0090] Bit line driver BLD includes transistors Tc, Td.
Transistor Tc is connected between power supply voltage
VDD and a node Nb and has its gate receiving write control
signal/WDTB. Transistor Td is provided between node Nb
and ground voltage GND and has its gate receiving write
control signal WDTA or read control signal RE.

[0091] A description is given of the case where data write
current Iwritel is supplied from free layer FL to pinned layer
PL, namely from bit line BL to the source line.

[0092] In this case, write control circuit 35 sets write con-
trol signals WDTB and/WDTB to “H” level and “L” level,
respectively, according to input data DIN (for example “0”
data).

[0093] Accordingly, transistors Tb and Tc are activated.
When transistor Tc of bit line driver BLD is turned on, power
supply voltage VDD and node Nb are electrically coupled. In
contrast, when transistor Tb of source line driver SLD is
activated, ground voltage GND and node Na are electrically
coupled. Thus, the potential of bit line BL. becomes higher
than the potential of source line SL so that data write current
Iwritel is supplied from the bit line to source line SL.
[0094] Write control circuit 35 sets write control signals
WDTA and/WDTA to “H” level and “L” level, respectively,
according to input data DIN (for example “1” data).

[0095] Accordingly, transistor Td of bit line driver BLD
and transistor Ta of source line driver SLD are activated.
When transistor Td of bit line driver BLD is activated, node
Nb and ground voltage GND are electrically coupled. In
contrast, when transistor Ta of source line driver SLD is
activated, power supply voltage VDD and node Na are elec-
trically coupled. Thus, the potential of source line SL
becomes higher than the potential of bit line BL so that data
write current Iwrite2 is supplied from source line SL to bit
line BL as described above. In the present example, the
description is given of the case where input data DIN (for
example “0” data) is input and accordingly data write current
Iwritel is supplied while input data DIN (for example “1”
data) is input and accordingly data write current Iwrite2 is
supplied. However, the relation between the input data and
the data write current is not limited to the above-described
one, since an addition of an inverter reverses the data level of
the input data. It is thus clearly seen that the opposite direction
can be applied as well.

[0096] As described above, data write current Iwritel and
data write current Iwrite2 are different in current amount
(Iwrite2>Iwritel) and therefore the size of transistors Ta to Td
(driver transistors) is appropriately adjusted for the purpose
of supplying a desired write current. However, change of the
current amount is not limited to the above-described one and
may be implemented by providing means for adjusting poten-
tials of nodes N1, N2 in the sense amplifier. In this case, since
bit line driver BLD and source line driver SLD can be
designed so that the driver transistors have the same size, the
area occupied by the driver transistors can be reduced.
[0097] A description is given of data reading.

[0098] When data is read, control circuit 5 inputs read
control signal RE (“H” level) to transistor Td of bit line driver
BLD.
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[0099] Accordingly, transistor Td of bit line driver BLD is
activated and node Nb and ground voltage GND are electri-
cally coupled.

[0100] As described above, since control signals SAE and/
SAE of sense amplifier SA are set to “H” level and “L” level
respectively, a current path from source line SL. to bit line BL,
is formed.

[0101] Thus, as described above, data read current Iread is
supplied from sense amplifier SA via data line RD, source
line SL, tunneling magneto-resistance element TMR, access
transistor ATR and bit line BL. As heretofore discussed, in
accordance with the first embodiment of the present inven-
tion, a current path is formed so that the data read current
flows from pinned layer PL to free layer FL, namely from
source line SL to bit line BL. The data read current has its
value smaller than that of the data write current. As for the
direction of the data read current, the data read current may be
supplied in the same direction as data write current Iwrite2
larger in current amount than data write current Iwritel,
namely in the direction from pinned layer PL to free layer FL,
0 as to suppress, to a greater extent, influences of read disturb
causing inversion of data. In other words, write error due to
the data read current can be prevented to implement an M
device using the spin injection method which is highly reli-
able. In addition, employment of the MRAM device using the
spin injection method allows the M device to be provided that
has a cell configuration simpler and higher in layout effi-
ciency.

First Modification of First Embodiment

[0102] Referring to FIG. 10, a memory array 10a in a first
modification of the first embodiment of the present invention
differs from memory array 10 described in connection with
FIG. 2 in that the configuration in FIG. 2 has gate transistor
SG only between source line driver SLD and each source line
SL, while the configuration in the first modification of the first
embodiment further has gate transistors/SG between bit line
driver BLD and a plurality of bit lines BL,, respectively.

[0103] Specifically, gate transistor SG and gate transistor/
SG are provided correspondingly to a memory cell column
and are activated upon receiving input of column select signal
SEL for a column select line from column decoder 25. In the
present example, gate transistor/SG is also provided for bit
line BL, bit line BL and source line SL of a selected column
is electrically separated from bit lines BL and source lines SL.
of other non-selected columns.

[0104] Thus, while the configuration of the memory array
described in connection with FIG. 2 for example has bit line
BL that is always coupled electrically with other bit lines BL.
resulting in a heavy load, the configuration in FIG. 10 pro-
vides electrical separation from bitline BL. and source line SL,
of'a non-selected column and thereby reduces the load. Thus,
precharge or discharge is increased in speed and consequently
the time for access to a selected memory cell in data read
operation and data write operation can be shortened.

Second Modification of First Embodiment

[0105] Forasecond modification of the first embodiment of
the present invention, a description is given of a memory cell
MC# which difters from memory cell MC in the first embodi-
ment described above.
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[0106] Referring to FIG. 11, a memory cell MC# in the
second modification of the first embodiment includes a tun-
neling magneto-resistance element TMR and an access tran-
sistor ATR#.

[0107] Access transistor ATR# differs from access transis-
tor ATR in that the access transistor of the N-channel MOS
transistor is replaced with a P-channel MOS transistor.
[0108] Access transistor ATR# is activated when the poten-
tial of word line WL is set to a low potential to electrically
couple, via tunneling magneto-resistance element TMR, bit
line BL and source line SL. In the case where word line WL
has a high potential, access transistor ATR# is in a non-
activated state and thus a current path is not formed between
bit line BL and source line SL.

[0109] Inthe case where a current path from source line SL.
to bit line BL is to be formed, a phenomenon occurs in which
the resistance of tunneling magneto-resistance element TMR
causes the potential of bit line BL coupled with tunneling
magneto-resistance element TMR to float up. Then, a poten-
tial difference between source line SL and bit line BL is
difficult to generate and thus a data write current could not
sufficiently flow.

[0110] Thus, as the configuration of the second modifica-
tion of the first embodiment, access transistor ATR can be
changed to a P-channel MOS transistor to ensure the gate to
source voltage. Thus, floating-up of the potential of the bit
line can be suppressed and accordingly a sufficient data write
current can be supplied.

[0111] In connection with FIG. 12, a standby state of
memory cell MC# in the second modification of the first
embodiment is described.

[0112] Referring to FIG. 12, in the standby state, bit line
BL, source line SL. and word line WL are each set to a high
potential. Thus, all of the lines are set to the same potential to
suppress occurrence of leak current in the standby state.

Third Modification of First Embodiment

[0113] In connection with FIGS. 13A to 13C, data writing
and data reading in a third modification of the first embodi-
ment of the present invention are described.

[0114] Referring to FIG. 13A, in the present example, bit
line BL is fixedly and electrically connected to a power sup-
ply voltage Vmid which is an intermediate potential between
a high potential and a low potential. Then, source line SL is
electrically coupled with the low potential to supply data
write current Iwritel to tunneling magneto-resistance ele-
ment TMR.

[0115] Referring to FIG. 13B, in the present example, bit
line BL is fixedly and electrically connected to power supply
voltage Vmid which is an intermediate potential between a
high potential and a low potential. Then, source line SL is
electrically coupled with the high potential to supply data
write current Iwrite2. The high potential, intermediate poten-
tial and low potential in this example are appropriately set so
that desired data write currents Iwritel and Iwrite2 are sup-
plied to tunneling magneto-resistance element TMR.

[0116] Referring to FIG.13C, how datais read is described.
[0117] In the present example, sense amplifier SA is elec-
trically coupled with data line RD and bit line BL is fixedly
and electrically connected to power supply voltage Vmid
which is an intermediate potential as mentioned above. In this
configuration, sense amplifier SA and data line RD are elec-
trically coupled to set the potential of source line SL to be
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higher than the intermediate potential and thus data read
current Iread can be supplied from source line SL to bit line
BL.

[0118] Here, in order to supply desired data read current
Iread, the potential of source line SL is appropriately set.
[0119] By employing the method as described above, bit
line BL can always be connected fixedly to power supply
voltage Vmid which is an intermediate potential, so that it is
unnecessary to provide bit line driver BLD for bit line BL.
Thus, the number of components of the circuit can be reduced
and the layout area can be reduced.

[0120] Fourth Modification of First Embodiment

[0121] Referring to FIG. 14, a memory array 10#a in a
fourth modification of the first embodiment of the present
invention differs from memory array 109 in the first modifi-
cation of the first embodiment in that a gate transistor SG# is
further provided on the other end of bit line BL. A plurality of
gate transistors SG# are provided on corresponding other
ends respectively of a plurality of bit lines BL.

[0122] Further differences are that, on one end of bit lines
BL, abitline driver unit BL.Da is provided via gate transistors/
SG and, on the other end of bit lines BL, a bit line driver unit
BLDb is provided via gate transistors SG#. Moreover, to the
gates of a plurality of gate transistors SG# each, control signal
WAS is supplied.

[0123] Features except for the above-described ones are
similar to those of memory array 10qg in FIG. 10, and the
detailed description thereof is not repeated.

[0124] Bit line driver unit BLDa includes a transistor Tf
provided between ground voltage GND and a node Nb and
having its gate receiving write control signal WDTA or read
control signal RDT or control signal AS.

[0125] Bit line driver unit BLDb includes a transistor Te
provided between power supply voltage VDD and a node N¢
and having its gate receiving write control signal/WDTB.

[0126] Source line driver SLD is the one as described
above.
[0127] A description is given of the case where a data write

current is supplied from free layer FL to pinned layer PL,
namely from bit line BL to the source line.

[0128] In this case, write control circuit 3 5 sets write con-
trol signals WDTB and/WDTB respectively to “H” level and
“L” level according to input data DIN (for example “0” data).
[0129] Accordingly, transistor Tb and transistor Te are acti-
vated. Further, in the fourth modification of the first embodi-
ment, control signals WAS and AS are both set to “H” level
when data is written. Namely, gate transistor SG# and tran-
sistor Tf of bit line driver unit BLDa are activated. When
transistor Te of bit line driver unit BLDb is turned on, power
supply voltage VDD and node Nc are electrically coupled.
When gate transistor SG# is activated, the other end of bit line
BL and bit line driver unit BLDb are electrically coupled.
When transistor Tf of bit line driver unit BLDa is activated,
ground voltage GND and node Nb are electrically coupled. In
contrast, when transistor Tb of source line driver SLD is
activated, ground voltage GND and node Na are electrically
coupled.

[0130] Theotherend ofbitline BL is atahigh potential, one
end thereof'is at a low potential, and source line SL. is at a low
potential. Thus, from the other end to one end of bit line BL,,
a current path is formed. Further, a current path is formed via
tunneling magneto-resistance element TN, access transistor
ATR, source line SL. and data line RD. Namely, two current
paths are formed.
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[0131] According to input data DIN (for example “1” data),
write control circuit 35 sets write control signals WDTA
and/WDTA to “H” level and “L” level, respectively. Accord-
ingly, transistor Ta and transistor Tf are activated. Accord-
ingly, power supply voltage VDD and node Na are electrically
coupled and ground voltage GND and node Nb are electri-
cally coupled.

[0132] A current path is thus formed from source line SL. to
bit line BL via access transistor ATR and tunneling magneto-
resistive element TMR. Since node Nb of bit line driver unit
BLDa provided on one end of bit line BL is electrically
coupled with ground voltage GND as described above, the
direction of the current path formed for bit line BL is identi-
cal.

[0133] In other words, the method of writing data in the
fourth modification of the first embodiment provides the data
write current that flows from the other end to one end of bit
line BL for writing any input data DIN.

[0134] In connection with FIGS. 15A and 15B, a descrip-
tion is given of the case where the data write current flows
from the other end to one end of bit line BL in the fourth
modification of the first embodiment.

[0135] Referring to FIG. 15A, in the case where a current
path is formed from the other end to one end of bit line BL as
described above, a magnetic field Has is applied to the tun-
neling magneto-resistance element when it is supposed here
that passing current las flows. The configuration in the fourth
modification of the first embodiment is described as applied
to the case where an assist magnetic field generated by the
passing current flowing in bit line BL is further used to write
data. Regarding this configuration, it is supposed that a cur-
rent path is formed so that magnetic field Has is applied in the
opposite direction to the magnetization direction of pinned
layer PL. of memory cell MC.

[0136] FIG. 15B shows memory cells MCO to MC2
described in connection with FIG. 6B.

[0137] In this case, regarding memory cell MCO for
example, pinned layer PL. and free layer FL are in parallel
with each other and assist magnetic field Has is applied in the
opposite direction to the magnetization direction of pinned
layer PL.

[0138] In connection with FIGS. 16A and 16B, a descrip-
tion is given of the case where data is written by means of the
assist magnetic field in the fourth modification of the first
embodiment.

[0139] Referring to FIG. 16 A, in the case where respective
magnetization directions of pinned layer PL and free layer FLL
are to be made opposite to each other, namely a change is
made to a high-resistance state, it is necessary to supply data
write current [write2 larger than data write current Iwritel as
described above. Further, in order to change the magnetiza-
tion direction so that respective directions of magnetization of
pinned layer PL and free layer FL are parallel with each other,
namely to make a change to a low-resistance state, it is nec-
essary to supply data write current Iwritel as described
above.

[0140] In the present example, when data is to be written,
data write current Iwrite3 having a current value intermediate
between data write current Iwritel and data write current
Iwrite2 is supplied.

[0141] Inthis case, as shown in FIG. 16B, in order to cause
opposite magnetization directions respectively of pinned
layer PL and free layer FL, namely to make a change to a
high-resistance state, for example, data write current Iwrite2
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larger than data write current Iwritel has to be supplied.
However, in addition to data write current Iwrite3, assist
magnetic field Has is used for reversing the magnetization
direction of free layer FL relative to the magnetization direc-
tion of pinned layer PL. Thus, respective directions of mag-
netization of pinned layer PL and free layer FL. can be made
opposite to each other (antiparallel), namely a change can be
made to a high-resistance state.

[0142] Incontrast, inthe case for example where respective
directions of magnetization of pinned layer PL and free layer
FL are made identical to each other, namely a change to a
low-resistance state is made, it is necessary to supply data
write current Iwritel. However, since assist magnetic field
Has serves to make the directions of magnetization of pinned
layer PL and free layer FL opposite to each other. Therefore,
data write current Iwrite3 larger than data write current
Iwritel can be supplied to provide the same magnetization
directions of pinned layer PL. and free layer FL. (parallel
state), namely a change can be made to a low-resistance state,
even in the presence of assist magnetic field Has.

[0143] In other words, for writing data in the fourth modi-
fication of the first embodiment, an assist magnetic field can
be applied in any of the cases of the data writing so as to set
data write current Iwrite3 between data write currents Iwritel
and Iwrite2, and thus it is unnecessary to adjust the size of
transistors (driver transistors) of bit line driver BLD and
source line driver SLD for generating such different data
write currents as data write currents Iwritel and Iwrite2 as
described above in connection with the first embodiment, and
design can be prepared with the same size. Therefore, drivers
can be produced easily.

[0144] The method using bit line BL to apply assist mag-
netic field Has is described herein. However, the method is not
limited to this and it is clearly seen that, for example, source
line SL. may be used to apply an assist magnetic field. In stead
of'bit line BL. or source line SL, other current lines can newly
be provided for generating a magnetic field.

Second Embodiment

[0145] The first embodiment has been described-regarding
the case where source line S and sense amplifier SA are
electrically coupled to supply the data read current for the
purpose of suppressing read disturb. In contrast, according to
a second embodiment of the present invention, a description
is given of the case where read disturb is further suppressed.
[0146] For a state of a resistance difference between a low-
resistance state and a high-resistance state of a memory cell
MC, MR ratio has conventionally been used as a general
index. Specifically, for a resistance value Rmin of a tunneling
magneto-resistance element (TMR) of “0” data correspond-
ing to a low-resistance state and a resistance value Rmax of
the tunneling magneto-resistance element (TMR) of “1” data
corresponding to a high-resistance state, the MR ratio is
defined as MR ratio=(Rmax-Rmin)/Rminx100 (%). In order
to sufficiently provide an operating margin, it is desirable that
this value is 10 to 20%.

[0147] However, in recent years, the MR ratio has remark-
ably been improved and some memory cells MC have an MK
ratio of 100% or higher. Specifically, it has been reported for
example that the material for a barrier layer BAL as described
above is selected so that remarkable advantages are obtained
(“Giant tunneling magnetoresistance at room temperature
with MgO (100) tunnel barriers”, nature materials,
ADVANCE ONLINE PUBLICATION, www.nature.com/
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naturematerials 2004 Nature Publishing Group, Published
online: 31 Oct. 2004; doi: 10. 1038/nmat1256).

[0148] Ifthe MR ratio is high, the data read current differs
greatly depending on a high-resistance state and a low-resis-
tance state. In the present example, a data read current flowing
in the high-resistance state (Rmax) is represented as Ireadl
and a data read current flowing in the low-resistance state
(Rmin) is represented as Iread2 (>Ireadl) for the description
here.

[0149] Thus, in terms of the inversion of the magnetization
direction of memory cell MC as described in connection with
FIGS. 5A and 5B, if the data read current is applied from free
layer FL to pinned layer PL for example, there is a higher
possibility of read disturb in the case where a transition is
made from the high-resistance state (Rmax) to the low-resis-
tance state en).

[0150] This is because of the reason that data read current
Iread1l flows in the same direction as data write current
Iwritel as shown in FIG. 5A. In this case, data write current
Iwritel is a current smaller than data write current Iwrite2 as
described above and thus, depending on a difference in cur-
rent between data write current Iwritel and data read current
Ireadl, there could be influences of read disturb. However, if
the MR ratio is extremely high, data read current Ireadl
flowing in the high-resistance state (Rmax) is extremely
small.

[0151] In contrast, if the data read current is applied from
pinned layer PL to free layer FL for example, there is a higher
possibility of read disturb in the case where a transition is
made from the low-resistance state (Rmin) to the high-resis-
tance state (Rmax). This is also for the reason that, in this
case, data read current Iread2 flows in the same direction as
data write current Iwrite2 as shown in FIG. 5B. In this case,
since data read current Iread2 is smaller than data write cur-
rent Iwritel (<Iwrite2), the possibility of read disturb will be
low. However, if the MR ratio is extremely high, data read
current Iread2 flowing in the low-resistance state (Rmin) is
extremely large as compared with data read current Ireadl in
the high-resistance state, so that data read Iread2 could be
closer to data write current Iwrite2.

[0152] In connection with the second embodiment of the
present invention, a description is given of a method that can
further suppress, according to the NM ratio, read disturb in
reading data that could occur depending on the data read
current. In the second embodiment of the present invention, a
comparison is made between the MR ratio and the ratio of
data write current Iwrite 2 to data write current Iwritel (the
ratio is also referred to as Iw ratio). If there is the relation MR
ratioZIw ratio, the data read current is applied to flow from
free layer FL to pinned layer PL. If there is the relation
MR<Iw ratio, the data read current is applied to flow from
pinned layer PL to free layer FL.. Here, a description is given
of the case where the data read current for memory cell MC
greatly varies between a high-resistance state and a low-
resistance state, namely the MR ratio is high (MR ratio=Iw
ratio).

[0153] Inconnection with FIG. 17, a description is given of
a memory array and its peripheral circuitry according to the
second embodiment of the present invention.

[0154] Referring to FIG. 17, the memory array in the sec-
ond embodiment of the present invention is divided into a
plurality of memory mats. Here, as one example, the memory
array divided into two memory mats MAT1, MAT?2 is shown.
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[0155] Memory mats MAT1, MAT2 each include memory
cells MC arranged in integrated manner in rows and columns
and a plurality of dummy memory cells DMC to be compared
with memory cells MC.

[0156] A plurality of dummy memory cells DMC are pro-
vided one by one to share a memory cell column. With this
configuration, dummy memory cells can efficiently be
arranged and the area of the memory array can be reduced.

[0157] Inmemory mat MAT1, a plurality of word lines WL
are provided correspondingly to memory cell rows respec-
tively. In the present example, word lines WLi (i is a natural
number) provided correspondingly to memory cells MC and
a word line DML provided correspondingly to dummy
memory cell DMC are shown.

[0158] Inmemory mat MAT?2, a plurality of word lines/WL
are provided correspondingly to memory cell rows, respec-
tively. In the present example, word lines/WLi provided cor-
respondingly to memory cells MC and a word line/DML
provided correspondingly to dummy memory cell DMC are
shown.

[0159] Further, bit lines BL. and source lines SL are pro-
vided correspondingly to memory cell columns. Specifically,
in memory mat MAT1, a bit line BL1 and a source line SL.1
are shown. Further, in memory mat MAT?2, a bit line/BL1 and
a source line/SL1 are shown. Bit lines BLL1,/BL1 constitute a
pair of bit lines. Source lines SL.1,/SL.1 constitute a pair of
source lines.

[0160] On oneend of abit line and on one end and the other
end of a source line, gate switches are provided respectively.
For example, on one end of bit line BL.1, a gate switch WS1
and a gate switch RS1 are provided in parallel. On one end
and the other end of source line SL.1, a gate switch/WS1 and
a gate switch/RS1 are provided respectively.

[0161] Further, on one end of bit line/BL1, a gate switch
WS2 and a gate switch RS2 are provided in parallel. On one
end and the other end of source line/SL.1, a gate switch/WS2
and a gate switch/RS2 are provided respectively. Gate
switches WS1 and/WS1 are activated in response to input of
write column select signal WCSL1. Gate switches RS1,/RS1
are activated in response to input of read column select signal
RCSL1. Gate switches WS2, WS2 are activated in response to
input of write column select signal WCSL2. Gate switches
RS2,/RS2 are activated in response to input of read column
select signal RCSL.2.

[0162] Write data buses WDB1,/WDB1 are provided cor-
respondingly to memory mat MAT1. Similarly, write data
buses WDB2,/WDB2 are provided correspondingly to
memory mat MAT2. Write data bus WDB1,/WDB1 are elec-
trically coupled respectively with one end of bit line BL1 and
one end of source line SL.1 via gate switches WS1,/WS1
respectively. Write data bus WDB2,/WDB2 are electrically
coupled with one end of bit line/BL1 and one end of source
line/SL.1 via gate switches WS2,/WS2 respectively.

[0163] Read data buses RDB,/RDB eclectrically coupled
with sense amplifier SA are provided correspondingly to
memory mats MAT1, MAT?2, respectively. Further, ground
lines GL,/GL connected fixedly to ground voltage GND are
provided. Read data buses RDB,/RDB are electrically
coupled with one end of bit line BLL1 and one end of bit line
BL2 via gate switches RS1, RS2 respectively. Ground lines
GL,/GL are electrically coupled with the other end of source
line SL.1 and the other end of source line SL.2 via gate
switches/RS1,/RS2 respectively.
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[0164] Further, write drivers WDV1,/WDV1 are provided
correspondingly to write data buses WDB1,/WDB1 respec-
tively. Write drivers WDV1,/WDV1 operate according to
write control signals WDT1,/WDT1 that are input when data
is to be written. For example, in the case where write control
signals WDT1 and/WDT1 are “H” level and “L” level respec-
tively, write data buses WDB1 and/WDB1 are electrically
coupled with a constant current source Iwl and ground volt-
age GND respectively. In the case where write control signals
WDT1 and/WDT1 are “L” level and “H” level respectively,
write data buses WDB1 and/WDB1 are electrically coupled
with ground voltage GND and a constant current source/Iwl
respectively.

[0165] Similarly, correspondingly to write data buses
WDB2,/WDB2, write drivers WDV2,/WDV2 are provided
respectively.

[0166] Further, for supplying the data write current to
memory mats MAT1, MAT?2, constant current sources Iw1,/
Iw1, Iw2 and/Iw2 are provided. Here, constant current source
Iw1 supplies the data write current from bit line BL to source
line SL.. Constant current source/Iw1 supplies the data write
current from source line SL to bit line BL. Constant current
sources [w2,/Iw2 supply the data write current in similar
manner.

[0167] Write drivers WDV2,/WDV2 operate according to
write control signals WDT2,/WDT2 that are input when data
is to be written. For example, in the case where write control
signals WDT2 and/WDT2 are “H” level and “L” level respec-
tively, write data buses WDB2 and/WDB2 are electrically
coupled with constant current source Iw2 and ground voltage
GND respectively. In the case where write control signals
WDT2 and/WDT2 are “L” level and “H” level respectively,
write data buses WDB2 and/WDB2 are electrically coupled
with ground voltage GND and constant current source/Iw2
respectively.

[0168] In the memory array, a write column select line for
transmitting write column select signal WCSL when data is to
be written as well as a read column select line for transmitting
read column select signal RCSL when data is to be read are
provided (not shown).

[0169] In this configuration, sense amplifier SA is electri-
cally coupled with read data buses RDB,/RDB to generate
read data RDT according to a difference in passing current of
read data buses RDB,/RDB.

[0170] Inconnection with FIG. 18, a description is given of
how data is written to memory cells MC and/MC.

[0171] Referring to FIG. 18, in the case where input data
DIN which is “0” data is input, in memory mat MAT1, a write
control circuit (not shown) sets write control signals WDT1
and/WDT1 to “H” level and “L” level respectively. In
response to this, write driver WDV1 electrically couples con-
stant current source Iwl with write data bus WDB1 as
described above. Further, write column select signal WCSL.1
is set to “H” level. Write driver/WDV1 electrically couples
ground voltage GND with write data bus/WDBI1. Thus, gate
switch WS1 is activated so that write data bus WDB1 and bit
line BL1 are electrically coupled. Gate switch/WS1 is acti-
vated so that write data bus/WDB1 and source line SL1 are
electrically coupled.

[0172] Further, word line WL1 is activated. Accordingly, a
current path of constant current source Iwl, write data bus
WDBI, gate switch WS1, bit line BL.1, memory cell MC,
source line SL.1, gate switch/ WS1, write data bus/WDB1 and
ground voltage GND is formed. In other words, the data write
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current flows for selected memory cell MC from free layer FL.
to pinned layer PL. In this case, constant current source Iw1l
supplies data write current Iwritel.

[0173] Inthe case where input data DIN which is “1” data
is input, the direction of the data write current is reversed.
Specifically, a current path of constant current source/Iwl,
write data bus/WDBI1, gate switch/WS1, source line SI.1,
memory cell MC, bit line BL1, gate switch WS1, write data
bus WDB1 and ground voltage GND is formed. In other
words, for selected memory cell MC, the data write current
flows from pinned layer PL to free layer FL. In this case,
constant current source/Iwl supplies data write current
Iwrite2.

[0174] For memory mat MAT?2, data is written in a similar
manner.
[0175] A description is next given of how data is read from

memory cell MC.

[0176] Inthe case where memory mat MAT1 is selected, in
memory mat MAT2, dummy memory cell/DMC is selected
and a reference current Irefto be compared by sense amplifier
SA is generated. In contrast, in the case where memory mat
MAT?2 is selected, in memory mat MAT1, dummy memory
cell DMC is selected and reference current Iref is generated.
[0177] In connection with FIG. 19, how data is read from
memory cell MC of memory mat MAT1 is described.
[0178] Referring to FIG. 19, in the case where memory cell
MC is selected as a memory cell from which data is to beread,
dummy memory cell/DMC of memory mat MAT?2 is selected
as described above.

[0179] Specifically, read column select signals RCSL1,
RCSL2 are set to “H” level. Accordingly, read data bus RDB
and bit line BL1 are electrically coupled. Further, source line
SL.1 and ground line GL are electrically coupled. Read data
bus/RDB and bit line/BL1 are electrically coupled. Further,
source line/SL.1 and ground line/GL are electrically coupled.
Word line WL.1 and dummy word line/DWL are electrically
coupled.

[0180] Accordingly, for selected memory cell MC, a cur-
rent path of sense amplifier SA, read data bus RDB, gate
switch RS1, bit line BL1, memory cell MC, source line SL.1,
gate switch/RS1, and ground line GL is formed. Namely, the
data read current flows for selected memory cell MC from
free layer FL to pinned layer PL.. Further, for dummy memory
cell/DMC, a current path of sense amplifier SA, read data
bus/RDB, gate switch RS2, bit line/BL1, dummy memory
cell DMC, source line/SL1, gate switch/RS2, and ground
line/GL is formed. Here, dummy memory cell DMC is set to
anintermediate value between the high-resistance state Rmax
and the low-resistance state Rmin and reference current Iref
to be compared is supplied to read data bus/RDB based on the
resistance value.

[0181] Based onthe comparison with the reference current,
sense amplifier SA outputs read data RDT.

[0182] Inthe present example, the case is shown where the
MR ratio is high, namely there is the relation MR ratio=Iw
ratio and sense amplifier SA allows the data read current to
flow from free layer FL to pinned layer PL.

[0183] As described above, in the case where there is the
relation MR ratio=Iw ratio namely the MR ratio is consider-
ably high, the data read current is applied from free layer FL.
to pinned layer PL. In this case, depending on a difference in
current between data write current Iwritel and data read
current Ireadl, there could be influences of read disturb. How-
ever, if the MR ratio is extremely high, data read current
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Ireadl flowing in the high-resistance state (Rmax) is
extremely small. In contrast, data read current Iread2 flowing
in the low-resistance state (Rmin) is extremely large.

[0184] Therefore, in the case where the MR ratio is
extremely high, the ratio between data write current Iwritel
and data read current Ireadl applied from free layer FL to
pinned layer PL (represented as Iwritel/Ireadl1=Iwrl ratio)
and the ratio between data write current Iwrite2 and data read
current Iread2 applied from pinned layer PL to free layer FL.
(represented as Iwrite2/Iread2=Iwr2 ratio) as compared with
each other have the relation Iwrl ratio=Iwr2 ratio. Thus, in
the case where the data read current is applied from free layer
FL to pinned layer PL, the current difference can more suffi-
ciently be ensured and accordingly the read disturb can fur-
ther be suppressed.

[0185] In contrast, in the case where there is the relation
MR ratio<Iw ratio, namely the MR ratio is lower, the data
read current is applied from pinned layer PL to free layer FL.
as described in connection with the first embodiment. In this
case, depending on a difference in current between data write
current Iwrite2 and data read current Iread2, there could be
influences of read disturb. However, it does not occur that data
read current Iread2 for a low MR ratio is excessively large. In
other words, the ratio between data write current Iwrite2 and
data read current Iread2 applied from pinned layer PL to free
layer FL, which is represented as Iwr2 ratio, and the ratio
between data write current Iwritel and data read current
Ireadl applied from free layer FL to pinned layer PL, which
is represented as Iwrl, as compared with each other have the
relation Iwr2 ratio=Iwrl ratio. Thus, in the case where the
data read current is applied from pinned layer PL to free layer
FL, the current difference can more sufficiently be ensured
and read disturb can further be suppressed.

[0186] With the configuration here, in the two memory
mats, different paths can be provided to flow the data read
current flowing through the memory cell and the reference
current. By the distributed currents in data reading, read dis-
turb of a selected memory cell can be suppressed.

Modification of Second Embodiment

[0187] A description is given of a method of executing
high-speed data reading in a modification of the second
embodiment of the present invention.

[0188] Referring to FIG. 20, the schematic diagram of a
memory array and its peripheral circuitry in the modification
of the second embodiment differs from the configuration in
FIG. 17 in that memory mats MAT1, MAT?2 are provided with
dummy resistances Rp,/Rp and dummy transistors ATRp,/
ATRp that share a memory cell column. Specifically, dummy
resistance Rp and dummy transistor ATRp are connected in
series between bit line BLL1 and source line SL1. Dummy
resistance/Rp and dummy transistor/ATRp are connected in
series between bit line/BL1 and source line/SL1. A further
difference is that dummy word lines WLp,/WLp that are
electrically coupled with the gates of dummy transistors
ATRp,/ATRp are provided.

[0189] In the case where dummy word line WLp is acti-
vated, dummy resistance Rp is electrically coupled via
dummy transistor ATRp between bit line BL1 and source line
SL1. Similarly, in the case where dummy word line/WLp is
activated, dummy resistance/Rp is electrically coupled via
dummy transistor/ATRp between bit line/BL.1 and source
line/SL1.
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[0190] A method of reading data in the modification of the
second embodiment is described.

[0191] In the present example, in the case where memory
mat MAT1 is selected, if memory cell MC for example is
selected, dummy word line WLp is activated. Thus, between
bitline BL1 and source line SL.1, dummy resistance Rp is also
connected in parallel with tunneling magneto-resistance ele-
ment TMR. In the case where memory mat MAT? is selected,
similarly dummy word line/WLp is activated. Thus, between
bit line/BL1 and source line/SL1, dummy resistance/Rp is
also connected in parallel with tunneling magneto-resistance
element/ TMR.

[0192] It is supposed for example that dummy resistance
Rp is set to a low-resistance state Rmin of the memory cell. It
is further supposed here that the high-resistance state Rmax
and the low-resistance state Rmin as compared with each
other provide an extremely high MR ratio and there is the
relation Rmax>>Rmin.

[0193] Inthe case where data is read from memory cell MC
of memory mat MAT1, word line WL.1 and dummy word line
WLp are activated. Then, if memory cell MC has its resis-
tance value in the low-resistance state Rmin, the combined
resistance with dummy resistance Rp is Rmin/2. Thus, sense
amplifier SA supplies a data read current according to the
combined resistance. Therefore, the data read current
increases so that fast sensing operation can be performed. In
this case as well, since the data read current passing through
selected memory cell MC has is current value that does not
change, the possibility of read disturb does not become high.
[0194] Inthe case where memory cell MC has its resistance
value in the high-resistance state Rmax, the combined resis-
tance is close to Rmin. Here, there is the relation
Rmax>>Rmin.

[0195] Therefore, in the case where the resistance value of
dummy resistance Rp is set to Rmin, the resistance value of
dummy memory cell DMC of memory mat MAT?2 is set to
3Rmin/4 which is an intermediate value between the com-
bined resistance Rmin/2 and Rmin. In this case, the difference
in resistance AR is Rmin/4 and, according to this value, a
difference in passing current is generated.

[0196] Further, in the case where the resistance value of
dummy resistance Rp is set to 2Rmin, if the resistance value
of memory cell MC is in the low-resistance state Rmin, the
combined resistance with dummy resistance Rp is 2Rmin/3.
Here, if the resistance value of memory cell MC is in the
high-resistance state Rmax, the combined resistance is close
to 2Rmin. Here, there is the relation Rmax>>Rmin. There-
fore, in the case where the resistance value of dummy resis-
tance Rp is set to 2Rmin, the resistance value of dummy
memory cell DMC of memory mat MAT?2 is set to 4Rmin/3
which is an intermediate value between the combined resis-
tance 2Rmin/3 and 2Rmin. In this case, the difference in
resistance AR is 2Rmin/3 and, according to this value, a
difference in passing current is generated. Thus, by increasing
the resistance value of dummy resistance Rp, the data read
margin increases.

[0197] Further, in the case where the resistance value of
dummy resistance Rp is set to 2Rmin, if the resistance value
of memory cell MC is in the low-resistance state Rmin, the
combined resistance with dummy resistance Rp is Rmin/,/2.
If the resistance value of memory cell MC is in the high-
resistances state Rmax, the combined resistance is close to
J2Rmin. Here, there is the relation Rmax>>Rmin. Therefore,
in the case where the resistance value of dummy resistance Rp
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is set to J2Rmin, the resistance value of dummy memory cell
DMC of memory mat MAT?2 is set to Rmin which is an
intermediate value between the combined resistance Rmin/ /2
and (2Rmin. In this case, the difference in resistance AR is
(y-1) Rmin and, according to this value, a difference in pass-
ing current is generated.

[0198] In the case where the resistance value of dummy
resistance Rp is set to NxRmin, if the resistance value of
memory cell MC is in the low-resistance state Rmin, the
combined resistance with dummy resistance Rp is (N/(N+1))
Rmin. If the resistance value of memory cell MC is in the
high-resistance state Rmax, the combined resistance is close
to NxRmin. Here, there is the relation Rmax>>Rmin. There-
fore, in the case where the resistance value of dummy resis-
tance Rp is set to NxRmin, the resistance value of dummy
memory cell DMC of memory mat MAT2 is set to (N/2)x(N+
2)/(N+1) Rmin which is an intermediate value between the
combined resistance (N/(N+1)) Rmin and NxRmin. In this
case, the difference in resistance AR is (N/2)xN/(N+1) Rmin
and, according to this value, a difference in passing current is
generated.

[0199] As described above, the resistance value of dummy
resistance Rp is increased and accordingly the data read mar-
gin is increased. Thus, while sufficiently ensuring data read
margin, the voltage level of the power supply voltage is
decreased to keep low the value of the data read current that
directly flows through selected memory cell MC. Accord-
ingly, read disturb can further be suppressed.

[0200] The description above is of the state where dummy
resistance Rp is provided between bit line BL. and source line
SL so that it is connected in parallel with a selected memory
cell MC. However, the state of connection is not limited to the
above-described one, and the dummy cell may be connected
in parallel with a memory cell MC selected in the state where
it is connected with a read data bus RDB or/RDB.

[0201] The embodiments above have been described in
connection with MRAM memory cells of the spin injection
type. However, the present invention is not limited to the
above-described one. The present invention is applicable as
well to a memory cell of such a variable resistance memory
device that applies current (voltage) to allow memory cell
data to be rewritten, for example, RRAM (Resistance RAM).
[0202] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims. application.

1-10. (canceled)

11. A control device for memory cells arranged in rows and

columns, the control device comprising:

aplurality of first and second current lines provided corre-
spondingly to memory cell columns respectively for
supplying a current via a selected memory cell in data
read operation or data write operation, each of said
memory cells being provided between corresponding
first and second current lines for executing magnetic
nonvolatile data storage;

a data read circuit supplying a data read current to the first
and second current lines corresponding to said selected
memory cell in said data read operation; and

adata write circuit supplying a data write current to the first
and second current lines corresponding to said selected
memory cell in said data write operation,
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wherein each memory cell includes a magneto-resistance
element comprising:

a fixed magnetization layer electrically coupled with said
corresponding first current line and magnetized in a first
magnetization direction,

a free magnetization layer electrically coupled with said
corresponding second current line, and magnetized in
one of said first magnetization direction and a second
magnetization direction opposite to said first magneti-
zation direction, based on spin-polarized electrons
depending on a direction in which said data write current
flows via said corresponding first and second current
lines in said data write operation, and

a barrier layer of a non-magnetic material provided
between said fixed magnetization layer and said free
magnetization layer,

wherein said data read circuit is configured for supplying
the data read current in a direction in which disturb is
unlikely to occur, to the first and second current lines
corresponding to said selected memory cell.

12. The control device according to claim 11, wherein in a
case where a first data write current is supplied via said
selected memory cell from the corresponding first current line
to the corresponding second current line in said data write
operation, the magneto-resistance element of said selected
memory cell has a first resistance value and, in a case where
a second data write current smaller than said first data write
current is supplied via said selected memory cell from said
corresponding second current line to said corresponding first
current line, the magneto-resistance element of said selected
memory cell has a second resistance value smaller than said
first resistance value, and

said data read circuit supplies said data read current in said
direction in which disturb is unlikely to occur, based on
a relation between a resistance ratio between the first
resistance value and the second resistance value of said
magneto-resistance element and a current ratio between
said first data write current and said second data write
current.

13. The control device according to claim 12, wherein said
data read circuit includes a sense amplifier generating read
data based on a comparison between a reference current and
the data read current depending on said first resistance value
and said second resistance value.

14. The nonvolatile memory device according to claim 11,
wherein one of the first and second current lines correspond-
ing to said selected memory cell in said data write operation
or said data read operation is electrically coupled with a fixed
potential, and the other of said corresponding first and second
current lines is electrically coupled with a potential higher or
lower than said fixed potential.

15. The nonvolatile memory device according to claim 11,
wherein

the data write circuit comprises first and second current

line drivers provided correspondingly to said corre-
sponding first and second current lines for supplying
said data write current to said selected memory cell in
said data write operation,

at least one of said first and second current line drivers

includes first and second driver units for controlling one
end and the other end of a corresponding current line so
that the one end and the other end of the current line are
at first and second potential levels, and



US 2008/0239795 Al

said first and second driver units control potential levels of
the one end and the other end of said corresponding
current line so that an assist magnetic field is applied that
causes the free magnetization layer of said selected
memory cell to be magnetized in one of said first and
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second magnetization directions by said data write cur-
rent flowing through said corresponding current line in
said data write operation.
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