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(54) SEMICONDUCTOR DEVICE

(57) An array configuration capable of supplying a
necessary and sufficient current in a small area is
achieved and a reference cell configuration suitable to
temperature characteristics of a TMR element is
achieved. In a memory using inversion of spin transfer

switching, a plurality of program drivers are arranged
separately along one global bit line, and one sense am-
plifier is provided to one global bit line. A reference cell
to which "1" and "0" are programmed is shared by two
arrays and a sense amplifier.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a semiconduc-
tor device and more particularly relates to a method of
achieving necessary and sufficient programming/erasing
current from a small area in a memory cell array using
changes in magnetoresistance, and a configuration and
operation of a reference cell which is stable in read in
consideration of temperature characteristics.

BACKGROUND ART

[0002] Among non-volatile memories, MRAM (Magne-
toresistive Random Access Memory) using changes in
magnetoresistance is a possible RAM capable of high-
speed operation and programmable/erasable for unlim-
ited programming/erasing cycles in practice. An existing
cell configuration of MRAM includes one magnetic tunnel
junction element TMR, a select transistor MCT for read,
a program word line WWL, a bit line BL, and a source
line SL. As illustrated in FIG. 34, the magnetic tunnel
junction element TMR has at least two magnetic layers,
one of them being a fixed layer PL having a fixed spin
direction and the other being a free layer FL having two
states of spin directions of a parallel direction to the fixed
layer and an anti-parallel direction to the fixed layer. A
tunnel barrier film TB is provided between these layers.
Storage of information is achieved by a direction of spin
of the free layer, and an electric resistance of the mag-
netic tunnel junction element TMR is in a high-resistance
state in the anti-parallel state and is in a low-resistance
state in the parallel state. In a read operation, magnitude
of a resistance of the magnetic tunnel junction element
TMR is read. Meanwhile, in a programming/erasing op-
eration, current is flowed in the program word line WWL
and the bit line BL and directions of spin of the free layer
is controlled by a resultant induced magnetic field in the
magnetic tunnel junction element TMR upon flowing the
current. However, in this programming/erasing method,
since the size of the magnetic field necessary for pro-
gramming/erasing is increased as the magnetic tunnel
junction element TMR is miniaturized, there is a problem
of an increase in current to be flowed in the program word
line and bit line. Regarding this problem, there is a spin-
injection RAM or SPRAM (Spin-Transfer Torque RAM)
utilizing the spin-injection magnetization inversion tech-
nology changing directions of spin in the free layer by
perpendicularly flowing current in the magnetic tunnel
junction element TMR as introduced by Non-Patent Doc-
ument 1 (2005 International Electron Device Meeting,
Technical Digest Papers, pp. 473-476). As illustrated in
FIG. 35, this programming/erasing method can control
directions of spin in a free layer by current in a direction
perpendicular to the fixed layer PL, the tunnel barrier film
TB, and the free layer FL. In a memory chip, a bit line
and a source line are provided, a select transistor and a

magnetic tunnel junction element TMR are arranged be-
tween the bit line and the source line, and current is
flowed from the bit line to the source line or from the
source line to the bit line to perform programming and
erasing. As the current required for programming/erasing
is proportional to magnitude of the magnetic tunnel junc-
tion element TMR, the programming/erasing current can
be reduced along with miniaturization of the magnetic
tunnel junction element TMR, and it is excellent in scal-
ability. As the tunnel barrier film TB, MgO is used.

Prior Art Document

Patent Document

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2005-116923

Non-Patent Document

[0004] Non-Patent Document 1: 2005 International
Electron Device Meeting Technical Digest Papers pp.
473-476

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, in the spin-transfer torque RAM, its
programming/erasing current, that is, current necessary
for inverting the directions of magnetization correspond-
ing to information is necessary to be about tens of micro
amperes to 500 micro amperes. Thus, a mechanism ca-
pable of efficiently applying the current to a memory cell
is desired. More specifically, the mechanism includes a
driving circuit which applies to a memory cell, an arrange-
ment of a bit line and a source line to be paths for current
connecting the driving circuit and the memory cell, and
a method of controlling the same. Particularly, as the bit
line and the source line have a resistance component, a
voltage lowering occurs when flowing a current in the bit
line and source line. A method simple and having high
area efficiency with suppressing the voltage lowering is
desired.
[0006] In addition, from the knowledge of the inventors
of the present invention, as described later, the temper-
ature dependency of respective resistors in parallel state
and anti-parallel state differs.

MEANS FOR SOLVING THE PROBLEMS

[0007] Typical means provided in the present invention
are as follows.

(1) A bit line and a source line have a hierarchical
structure, a driver for programming/erasing is ar-
ranged per a lower bit line and source line, and a
sense amplifier for read is arranged per an upper bit
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line and source line. More specifically, to explain by
the bit line, a plurality of the lower bit lines and the
programming/erasing drivers (circuits) are separate-
ly arranged in a direction of wiring the upper bit line,
and the single sense amplifier is provided to the sin-
gle upper bit line. Also, the driver of the bit line and
the driver of the source line can be arranged across
an array.
(2) While two cells in a parallel state and an anti-
parallel state corresponding to stored information of
"1" and "0" are used and as a reference cell with
current of the two cells, while an array having a sense
amplifier including a reference cell in a parallel state
and another array having a sense amplifier including
a reference cell in an anti-parallel state create a state
in-between "1" and "0" by connecting current path of
the arrays.

EFFECTS OF THE INVENTION

[0008] The semiconductor device capable of stable
operation can be achieved.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0009]

FIG. 1 is a diagram illustrating a first embodiment of
the present invention;
FIG. 2 is a diagram illustrating a second embodiment
of the present invention;
FIG. 3 is a diagram illustrating an example of read
operation of a configuration example in FIG. 1;
FIG. 4 is a diagram illustrating an example of pro-
gramming operation of the configuration example in
FIG. 1;
FIG. 5 is a diagram illustrating a third embodiment
of the present invention;
FIG. 6 is a diagram illustrating a fourth embodiment
of the present invention;
FIG. 7 is a diagram illustrating a fifth embodiment of
the present invention;
FIG. 8 is a diagram illustrating a sixth embodiment
of the present invention;
FIG. 9 is a diagram illustrating a seventh embodi-
ment of the present invention;
FIG. 10 is a diagram illustrating an example of read
operation of a configuration example in FIG. 9;
FIG. 11 is a diagram illustrating an example of pro-
gramming operation of the configuration example in
FIG. 9;
FIG. 12 is a diagram illustrating another configuration
example of a memory cell used in the present inven-
tion;
FIG. 13 is a diagram illustrating still another config-
uration example of a memory cell used in the present
invention;
FIG. 14 is a diagram illustrating a layout of a memory

cell array used in the present invention;
FIG. 15 is a cross-sectional view between A-A’ in
FIG. 14;
FIG. 16 is a cross-sectional view between B-B’ in
FIG. 14;
FIG. 17 is a diagram illustrating an eighth embodi-
ment of the present invention;
FIG. 18 is a diagram illustrating an example of a read
operation of a configuration example in FIG. 17;
FIG. 19A is a diagram illustrating an example of an
effect of the embodiment in FIGS. 17 and 18;
FIG. 19B is a diagram illustrating an example of an
effect of the embodiment in FIGS. 17 and 18;
FIG. 20 is a diagram illustrating an example of an
effect of the embodiment in FIGS. 17 and 18;
FIG. 21 is a diagram illustrating an example of an
effect of the embodiment in FIGS. 17 and 18;
FIG. 22 is a diagram illustrating an example of tem-
perature characteristics of a TMR element;
FIG. 23 is a diagram illustrating an example of tem-
perature characteristics of a TMR element;
FIG. 24 is a diagram illustrating another layout ex-
ample of a memory cell array for achieving the em-
bodiments of the present invention;
FIG. 25 is a cross-sectional view between A-A’ and
a cross-sectional view of a peripheral circuit in FIG.
24;
FIG. 26 is a cross-sectional view between B-B’ and
a cross-sectional view between C-C’;
FIG. 27 is a diagram illustrating another layout ex-
ample of a memory array achieving the embodi-
ments of the present invention;
FIG. 28(1) is a circuit diagram corresponding to the
memory cell in the cross-sectional structure of FIG.
27;
FIG. 28(2) is a circuit diagram corresponding to the
memory cell in the cross-sectional structure of FIG.
27;
FIG. 29 is a diagram illustrating another layout ex-
ample of a memory array achieving the embodi-
ments of the present invention;
FIG. 30 is a diagram illustrating another layout ex-
ample of a memory cell array achieving the embod-
iments of the present invention;
FIG. 31 is a diagram illustrating an operation exam-
ple of a memory cell array in FIG. 30;
FIG. 32A is a diagram illustrating another configura-
tion example of a magnetic tunnel junction element
TMR;
FIG. 32B is a diagram illustrating another configura-
tion example of a magnetic tunnel junction element
TMR;
FIG. 33A is a diagram illustrating another configura-
tion example of a magnetic tunnel junction element
TMR;
FIG. 33B is a diagram illustrating another configura-
tion example of a magnetic tunnel junction element
TMR;
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FIG. 34A is a diagram illustrating a configuration ex-
ample of a magnetic tunnel junction element TMR;
FIG. 34B is a diagram illustrating a configuration ex-
ample of a magnetic tunnel junction element TMR;
FIG. 35A is an explanatory diagram of control of di-
rections of spin of a free layer by current; and
FIG. 35B is an explanatory diagram of control of di-
rections of spin of a free layer by current.

BEST MODE FOR CARRYING OUT THE INVENTION

[0010] A first embodiment of the present invention will
be described with reference to FIG. 1. In FIG. 1, MA de-
notes a memory array, MC11, MC12, MC21 and MC 22
denote memory cells, each of the memory cells being
formed of a select transistor M1 and a TMR element T1
as illustrated in MC11. The memory cells are connected
to a local bit line and a local source line as a memory
array of MC11 and MC12 and a memory array of MC21
and MC22 in FIG. 1. Note that a memory array MA is
described as one memory array as a representative
memory array. An upper bit line (global bit line) is denoted
by GB, and a plurality of lower bit lines (local bit lines)
BL1 and BL2 and source lines (local source lines) SL1
and SL2 are provided. A programming/erasing driver is
provided to the bit lines and source lines, respectively.
More specifically, a bit line driver WB1 and a source line
driver WS1 are provided to BL1 and SL1, and WB2 and
WS2 are provided to BL2 and SL2 in the same manner.
One of inputs of each of the drivers is connected to GB,
and the other is connected to select signal lines WBS1,
WSS1, WBS2 and WSS2. Here, the bit line driver and
the source line driver are arranged at the opposite side
across an array configured by each of the local bit lines
and local source line and the memory cell. The bit line
drivers WB1 and WB2 has an output at a potential cor-
responding to a potential of the global bit line upon pro-
gramming, and the output is at high impedance upon
read. In addition, the source line drivers WS1 and WS2
has an output at a potential corresponding to a potential
of the global bit line, and the output is at a ground potential
upon read. Also, for reading, select switches RS11 and
RS21 which selectively connect the global bit line and
local bit line are arranged, and select signals of the select
switches are RS1 and RS2. The select switches RS11
and RS21 are arranged on the same side as the bit line
drivers WB1 and WB2 (in other words, opposite to the
source line drivers WS1 and WS2). A sense amplifier/
programming/erasing latch SA/DL which works as both
a sense amplifier and a data latch for programming/eras-
ing is connected to GB, and having activation signal SAA
and an input/output terminal SIO. Results of operations
of the sense amplifier or data for programming/erasing
are exchanged by connecting to an I0 line IO and a switch
controlled by a Y select signal YS. According to the
present embodiment, the local bit line and the local
source line are arranged per a small amount of memory
cells, and thus necessary and sufficient programming/

erasing current can be supplied to the memory cell. That
is, parasitic capacitance of the local bit line and local
source line is small and power is thus small, and also,
parasitic resistance of the local bit line and local source
line is small and voltage lowering is thus small; therefore,
programming/erasing at a low voltage is possible. In ad-
dition, the bit line driver and the source line driver are
arranged at the opposite side across a rectangular area
in which a memory cell is formed, and thus current paths
between the bit line driver and source line driver are equal
and the dependency to memory cell position can be fur-
ther lowered. Operations will be described later.
[0011] FIG. 2 is a second embodiment of the present
invention. Differences from FIG. 1 are in the memory cell
portion. In the second embodiment, the select transistor
M1 is connected to the local source line SL1. In the other
memory cells, the local source line and the select tran-
sistor are connected in the same manner. By selecting
a wiring layer of the local source line and the local bit
line, more suitable configuration can be selected from
FIGS. 1 and 2. For example, FIG. 1 is better for a wiring
layer having the bit line using a low-resistance material,
and FIG. 2 is better for a wiring layer having the source
line using a low-resistance material.
[0012] FIG. 3 is a diagram illustrating an operation ex-
ample upon read of the circuit in FIG. 1. A situation in
which the memory cell MC11 connected to the local bit
line BL1 and the local source line SL1 is selected will be
described. First, the local bit line BL1 is selected by RS1
based on a part of upper addresses in an X direction (part
of upper addresses used in selecting a word line), so that
BL1 is precharged. SL1 is grounded by the source line
driver WS1. This precharge may be performed via GB or
performed in a circuit embedded in RS11. Next, a word
line W11 is activated and the memory cell MC11 is se-
lected. A word line W12 representing other memory cells
is remain unselected. In this manner, a signal corre-
sponding to information of a memory cell selected by the
bit line BL1 appears. This signal is transmitted to GB. In
FIG. 3, BL1 and GB are connected by a switch and GB
and BL1 are a same signal, while there is another way
of receiving BL1 by a gate of a MOS transistor and gen-
erating an inverted signal of BL1 at GB. When a sufficient
signal appears, SAA is selected so that SA/DL is oper-
ated as a sense amplifier, and an amplified signal ap-
pears on SIO. In the sense amplifier, a voltage or current
signal for reference necessary for discriminating two
states of the memory cell is provided using a reference
cell or an equivalent resistance element described later,
and information of the memory cell can be discriminated
by using the voltage or current signal. Then, the Y select
signal YS is activated and a signal corresponding to IP
is outputted. When a sequence of operation is ended,
W11, RS1, SAA are back to unselected state again, and
BL1, GB, SIO are also back to their initial states. YS is
also becomes unselected state, and IO remains the same
or be back to a constant potential by a following circuit
while it is not illustrated in FIG. 3. In this manner, a read
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operation can be carried out by using the circuit of FIG. 1.
[0013] FIG. 4 is a diagram illustrating an operation ex-
ample upon programming of the circuit in FIG. 1. Here,
an operation in which "0" is first programmed in the MC11,
and next "1" is programmed in MC12 will be described.
First, YS is selected; data of IO at this moment is retrieved
into SIO; SA/DL is activated by SAA; and a signal corre-
sponding to information to be programmed to the memory
cell appears on GB. Here, WSS1 and WBS1 are selected
based on a part of upper addresses in the X direction
(part of upper addresses used for selecting a word line),
and, when WB1 and WS1 are activated, information to
be programmed to the memory cell following a potential
of GB appears on BL1 and SL1. In FIG. 4, GB is at a low
level corresponding to "0", and accordingly, BL1 is at a
low level and SL1 is at a high level. Note that, in this
situation, WSS2 and WBS2 are in an unselected state,
and WS2 and WB2 are inactivated. When W11 is select-
ed in this state, programming to MC11 is started. Current
is flowed from SL1 to BL1 via MC11. By this current, spin
injection, which corresponds to a direction of the current,
is performed inside the memory cell, thereby program-
ming/erasing the memory cell to a corresponding state.
When it ends, W11, WSS1, and WBS1 are in an unse-
lected state, and supplement of current to the memory
cell is stopped. Next, the operation is shifted to a pro-
gramming operation of "1" to MC12. Here, the operation
is the same as that YS is selected and data of IO is re-
trieved to SIO and SA/DL is activated by SAA, but a po-
tential corresponding to programming of "1" appears on
GB. Here, when WSS1 and WBS1 are selected based
on a part of upper addresses in the X direction (part of
upper addresses used for selecting a word line), BL1 is
at a high level and SL1 is at a low level. When W12 is
selected in this state, programming to MC12 is started.
Current of this programming is in an opposite direction
to the programming to MC11. Spin injection correspond-
ing to the direction of the current is performed inside the
memory cell, thereby programming/erasing the memory
cell to a corresponding state. As described in the fore-
going, by using the circuit of FIG. 1, programming/erasing
of memory cell can be performed. Operation of the circuit
in FIG. 2 is in the same manner.
[0014] FIG. 5 is a diagram illustrating a third embodi-
ment of the present invention. A difference from FIGS. 1
and 2 is that a plurality of global bit lines GB11 and GB12
are provided to one sense amplifier. Thus, switches
GS11 and GS12 which control input of the sense amplifier
and connections of the global bit lines GB11 and GB12
are provided. In this manner, by making an array config-
uration in which one sense amplifier bundles a plurality
of global bit lines together, a pitch of arranging the sense
amplifiers is mitigated, and thus the layout becomes eas-
ier. Note that, although not illustrated, one of GS11 and
GS12 is selected using a part of (or the whole of) ad-
dresses in a column direction, and information is trans-
mitted to the input of the sense amplifier. Note that, in
the third embodiment, it is needless to say that combi-

nations of other embodiments described later are used
in addition to the combination of the first and second em-
bodiments.
[0015] FIG. 6 is a diagram illustrating a fourth embod-
iment of the present invention. Differences from FIG. 1
or 2 will be described. In the fourth embodiment, a plu-
rality of local bit lines and local source lines are also ar-
ranged in a direction perpendicular to GB. Thus, to select
a programming/erasing driver corresponding to these lo-
cal bit lines and local source lines, the plurality of select
signal lines WBS11 to WBS22 and WSS11 to WSS22
are provided. The same goes to read, and selected signal
lines RS11 to RS22 are also provided in the perpendic-
ular direction to GB to select a plurality of local bit lines
and local source lines. In this manner, for example, local
bit lines and local source lines BL11 and SL11 and BL12
and SL12 are arranged in the perpendicular direction to
GB, and the programming/erasing drivers WB11 and
WS11 of the BL11 and SL11 are selected by WBS11 and
WSS11, and the programming/erasing drivers WB12 and
WS12 of the BL12 and SL12 are selected by WBS12 and
WSS12. Also in the read, BL11 is connected to GB at
RS11 via RS111 and BL12 is connected to GB at RS12
via RS121. By configuring in this manner, one GB can
be shared by a plurality of local bit lines and local source
lines arranged next to each other in a perpendicular di-
rection to GB. In this manner, there is a feature in enabling
an easy layout as a pitch of GB wirings is mitigated. In
this case, RS, WBS and WSS are selected using a part
of addresses in the Y direction in addition to a part of
addresses in the X direction.
[0016] FIG. 7 is a diagram illustrating a fifth embodi-
ment of the present invention. A difference from FIG. 6
is that two lines of a global bit line for read RGB and a
global bit line for programming/erasing WGB are provid-
ed in FIG. 7 to the global bit line GB in FIG. 6. Corre-
sponding to this, a sense amplifier SA is disposed to the
global bit line for read RGB, and DL which is a latch of
programming/erasing signal is disposed to the global bit
line for programming/erasing WGB. As to the sense am-
plifier SA, a reference signal ref upon read is also illus-
trated. SAA is an activating signal of the sense amplifier
SA, and a result of it is transmitted to the IO line IO by a
switch driven by RS. Also, DL and the IO line are con-
nected to a switch driven by WS. By using the fifth em-
bodiment, there is a feature in enabling a reduction of
load on each of the global bit lines RGB and WGB, and
high-speed enabling programming/erasing and highly-
sensitive read. More specifically, for example, as a pro-
gramming/erasing driver is not connected to the global
bit line RGB for read, there is no parasitic capacitance
here. Also, as RGB and WGB are shared by a plurality
of local bit lines and local source lines arranged next to
each other in a perpendicular direction to RGB and WGB,
the pitch is mitigated, thereby enabling an easy layout.
[0017] FIG. 8 is a diagram illustrating a sixth embodi-
ment of the present invention. A difference from FIG. 7
is that a global source line RS is provided, respectively.
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Accordingly, latch circuits of DLS and DLB are provided.
Part of these circuits can be shared. In this manner, par-
asitic capacitance of each of the global bit line for read
RGB, the global bit line for programming/erasing WGB,
and the global source line RS can be reduced. Also, there
is a feature in increasing freedom of design of the pro-
gramming/erasing driver and a connection circuit for
read.
[0018] FIG. 9 is a diagram illustrating a seventh em-
bodiment of the present invention. This embodiment
more specifically describes the programming/erasing cir-
cuit and read circuit in the example of FIG. 8. The circuits
WB11 and WB12 which drive the local bit lines BL11 and
BL12 are formed of an NAND circuit and a pMOS tran-
sistor driven by the NAND circuit and an NOR circuit and
an nMOS transistor driven by the NOR circuit; and the
pMOS transistor and nMOS transistor are connected be-
tween a high-voltage power supply Vd and a low-voltage
power supply (or ground potential power supply) and con-
nected to the local bit line like FIG. 9. Inputs of the circuits
WB11 and WB12 are the global bit line for programming/
erasing WGB and the select signal lines WBS11 and
WBS12. The circuits WS11 and WS12 which drive the
local source lines SL11 and SL12 are formed of an NAND
circuit and an inverter circuit. Inputs of the circuits WS11
and WS12 are the global source line RS and the select
signal lines WSS11 and WSS12. Each of the connection
circuits for read is formed of one nMOS transistor, and
has a gate driven by the select signal lines RS11 and
RS12, and the global bit line for read RGB is electrically
connected to each of the local bit lines BL11 and BL12
by this signal. Note that, although it is eliminated in FIG.
9, other sets of local bit lines and local source lines con-
nected to the global bit line and controlled by WBS11,
WBS21, and RS21 in the same manner as FIGS. 6 and
8 are provided. According to such an example, a pro-
gramming/erasing circuit and a connection circuit for read
can be specifically configured.
[0019] FIG. 10 is a diagram illustrating an operation
example upon read of the circuit in FIG. 9. A situation in
which a memory cell MC111 connected to the local bit
line BL11 and the local source line SL11 is selected will
be described. First, the local bit line BL11 and the local
source line SL11 are selected by RS11 and WS11. The
BL11 is precharged via the global bit line for read RGB,
and SL11 is grounded via WS11. Next, the word line W11
is activated, and the memory cell MC111 is selected. The
word line W12 representing other memory cells remains
unselected. In this manner, a signal corresponding to in-
formation of the memory cell selected by the bit line BL11
appears. This signal is transmitted to RGB. When the
signal sufficiently appears and a difference between the
reference voltage ref of the sense amplifier SA and each
of the read signals becomes clear, SAA is selected and
the sense amplifier SA is operated, and an amplified sig-
nal appears on SIO. Then, the Y select signal YS is ac-
tivated, and a signal corresponding to IO is output. When
a sequence of operation is ended, W11, RS11, SAA are

back to unselected state again, and BL1, GB, SIO are
also back to their initial states. YS is also becomes un-
selected state, and IO remains the same or be back to a
constant potential by a following circuit while it is not il-
lustrated in FIG. 9. In this manner, a read operation can
be carried out by using the circuit of FIG. 9.
[0020] FIG. 11 is a diagram illustrating an operation
example upon programming of the circuit in FIG. 9. Here,
an operation in which "0" is first programmed in the
MC111, and next "1" is programmed in MC122 will be
described. First, WS is selected; data of IO at this moment
is retrieved into DIO and retained in latch circuits DLS
and DLB and then transmitted to RS and WGB; and a
signal corresponding to information to be programmed
to the memory cell appears. Here, when WSS11 and
WBS11 are selected, according to this RS and WGB,
information to be programmed to the memory cell MC111
appears on BL11 and SL11. In FIG. 11, corresponding
to "0", WGB becomes a low level and RS becomes high
level, and according to this, BL11 becomes a low level
and SL11 becomes a high level. When W11 is selected
in this state, programming to MC111 is started. Current
is flowed from SL11 to BL11 via MC111. By this current,
spin injection, which corresponds to a direction of the
current, is performed inside the memory cell, thereby pro-
gramming/erasing the memory cell to a corresponding
state. When it ends, W11, WSS11, and WBS11 are in
an unselected state, and supplement of current to the
memory cell is stopped. Next, the operation is shifted to
a programming operation of "1" to MC122. Here, YS is
selected so that data of IO is retrieved to DIO and a po-
tential corresponding to programming of "1" appears on
RS and WGB. Here, when WSS12 and WBS12 are se-
lected, BL12 is at a high level and SL12 is at a low level.
When W12 is selected in this state, programming to
MC122 is started. Current of this programming is in an
opposite direction to the programming to MC111. Spin
injection corresponding to the direction of the current is
performed inside the memory cell, thereby programming/
erasing the memory cell to a corresponding state. As
compared to the situation of selecting WSS11 and
WBS11 for programming "0", it is programming of "1" and
thus the potential of WSS12 and WBS12 is opposite. As
described in the foregoing, by using the circuit of FIG. 1,
programming/erasing of memory cell can be performed.
[0021] FIGS. 12 and 13 are diagrams illustrating an-
other configuration example of the memory cell used in
the foregoing embodiments in a part of the embodiment
of FIG. 9. More specifically, in the foregoing embodi-
ments, the memory cell has been configured with one
select transistor and one TMR element. In the present
embodiment, different from that, a memory cell is config-
ured with two select transistors M1 and M2 and one TMR
element T1. The two select transistors M1 and M2 are
controlled by word lines W111 and W112. A difference
between FIGS. 12 and 13 is that the select transistor is
directly connected to a local bit line or directly connected
a local source line. There is a feature in using the present
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embodiment that larger current can be flowed in the TMR
element. In addition, while two word lines, for example,
W111 and W112 inputted to one cell are simultaneously
driven, aside from this, for example, only W111 is first
selected and then W112 is selected as it is with delay.
In this manner, there also is a feature of reducing pro-
gramming/erasing current. When configuring in this man-
ner, spin is swung in the free layer in the TMR element
by first weak current in only W111 and it is considered
that the spin becomes prone to change its direction.
Therefore, rather than flowing programming/erasing cur-
rent at once, first making it easy for the spin to change
with first weak current and then selecting also W112 to
flow proper programming/erasing current can achieve
smaller programming/erasing current.
[0022] FIG. 14 is a layout example of a memory cell
array used in the present invention. Also, a cross section
of A-A’ in FIG. 14 is illustrated in FIG. 15, and a cross
section of B-B’ in FIG. 14 is illustrated in FIG. 16. One
memory cell is formed of two lines of gates and one TMR
element, and thus, it is the memory cell illustrated in FIG.
12 in view of circuit diagram. The gates are word lines,
and its material is P-type polysilicon or, although not il-
lustrated, silicide or tungsten (W) is stacked on P-type
polysilicon to lower resistance. In addition, a diffusion
layer is isolated only by the gates, and thus adjacent cells
are used being the fact that they are electrically insulated
when a gate voltage is 0 V. In this manner, with using
two transistors per memory cell, a small layout area can
be achieved. M1 to M5 are metal wirings, V1 to V3 are
connection layers between wiring layers, and V0 is a con-
nection layer between a metal layer M1 and the diffusion
layer or gate. The TMR element is disposed between M4
and M5 as an example, in which the TMR element is
arranged at a position shifted from the connection layer
V3 between the wiring layers. M1 is used as a local source
line and a local bit line, M2 is used for lowering resistance
than connecting polysilicon word lines at constant inter-
val, and M3 is used as the global bit line (it may be for
programming, reading, or sharing) or the global source
line described in the foregoing. The local bit line orthog-
onally crosses the word line and wired to be parallel to
the local source line.
[0023] FIG. 17 illustrates a method of generating a ref-
erence voltage used in the sense amplifier SA. In the
present embodiment, the array configuration in which
one sense amplifier is shared by a plurality of global bit
lines as illustrated in FIG. 5 is described as an example.
In addition, inside the memory array MA, a plurality of
local bit lines and local source lines are connected to one
global bit line illustrated in FIG. 6. Note that it is needless
to say that the array configurations of other embodiments
than those illustrated in FIGS. 5 and 6 can be used. Also,
in the present embodiment, cells for reference are pro-
vided in the memory array MA, and each of the cells are
connected to word lines DW1L and DW1R for reference.
[0024] Further, in the present embodiment, two sense
amplifiers are disposed. One of the sense amplifiers SA1

has two inputs SAIO1L and SAIO1R, and memory cells
are connected through a hierarchy described below, in
which, when one of the sense amplifier is connected to
a read cell, the other is connected to a reference cell. A
hierarchical structure will be described exemplifying
SAIO1L. There are global bit lines GB11L and GB12L,
and MOS transistors GS11L and GS12L selectively con-
nect the global bit lines and SAIO1L. To the global bit
line GB11L, a plurality of local bit lines and source lines
are connected by RS111L, RS112L, WS111L and
WS112L. Note that, in the figure, global bit lines and glo-
bal source lines related to a programming/erasing circuit
and programming/erasing are omitted, and only a state
upon read is schematically illustrated. W11L to W1kL are
word lines, and information of memory cells (e.g., MS1L)
connected to the word lines are read. DW1L is a refer-
ence word line, and a reference memory cell (e.g., MD1L)
connected to the reference word line stores "1" or "0"
which is reference information. The same configuration
is provided on SAIO1R side.
[0025] In the present embodiment, when one of the
SAIO1L side memory cell and the SAIO1R side memory
cell is a reference cell, the other is selected to be a read
cell. The same goes to SA2 having two inputs SAI02L
and SAI02R, and connected to a memory cell by a hier-
archical structure in the same manner as SA1. That is,
the global bit lines are, for example, GB21L and GB22L
etc., and W21L to W2kL are examples of word lines,
DW2L is an example of the reference word line, MS2L
is an example of the memory cell, and MD2L is an ex-
ample of the reference memory cell. In the same manner
as SA1, also in SA2, SAI02L and SAI02R are selected
to be a reference cell and a read cell not to overlap to
each other. Also, between SAIO1L and SAI02L and be-
tween SAIO1R and SAI02R, MOS transistors MSWL and
MSWR capable of electrically connecting them are ar-
ranged, and control signals of the MOS transistors are
SWL and SWR. Here, two inputs SAIO1L and SAI02L
connected by the MOS transistor MSWL are paired, and
"0" is retained in a reference cell corresponding to one
of the inputs, and "1" is stored in a reference cell corre-
sponding to the other input. The same goes to MSWR
side.
[0026] As an example for presenting a feature of the
present embodiment, a situation in which a memory cell
connected to SAIO1L and SAI02L is selected to be orig-
inal read cell, and a memory cell connected to SAIO1R
and SAI02R is selected to be a reference cell. More par-
ticularly, four cells in total are selected, one cell being
selected corresponding to SAIO1L, SAI02L, SAIO1R and
SAI02R. In the present embodiment, as described above,
at this moment, "1" is programmed in one of the two ref-
erence cells, and "0" is programmed in the other. Each
of the reference cells is connected to different sense am-
plifier SA1 or SA2. At this moment, the MOS transistor
MSWR arranged between SAIO1R and SAI02R to which
the reference cells are connected is turned on to connect
the two of the reference cells. Meanwhile, the MOS tran-
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sistor between SAIO1L and SAI02L to which the read
cells are connected is not turned on, so that the two of
the read cells are electrically separated.
[0027] In this manner, while it will be clear from oper-
ations and principle diagrams described later, there are
features that current signals at a level intermediate be-
tween "1" and "0" can be generated in the sense amplifier
on the side of SAIO1R and SAI02R to which the reference
cells are connected, and a temporal change of a signal
when selecting a reference cell behaves in the same way
as a temporal change of a signal of the original read cell.
Thus, read can be performed stably. Also, as described
later, as two reference cells of "1" and "0" are used, there
is a feature that a temperature change of the reference
cells can be close to a temperature change of actual read
cells.
[0028] FIG. 18 is a diagram illustrating an operation
example upon read of FIG. 17. The situation is such that
the memory cells MS1L and MS2L are read and MD1R
and MD2R are read as reference cells. "0" is programmed
in one of MD1R and MD2R, and "1" is programmed in
the other. First, a local bit line and a selected global bit
lines are connected by RS111L, RS211L, R111R and
RS211R, respectively, and, the global bit line GB11L is
connected to SAIO1L, and the global bit line GB21L is
connected to SAI02L by signals of GS11L, GS21L,
GS11R and GS21R. In addition, the above-described
signal SWR for connecting SAIO1R and SAI02R is se-
lected. After this, the word lines W11L and W21L for se-
lecting memory cells and the word lines DW1R and
DW2R for selecting reference cells are selected. In this
manner, memory cells and reference cells are read.
Here, as SAIO1R and SAI02R are connected, a current
corresponding to a signal of "1" and a current correspond-
ing to a signal of "0" are flowed. On the contrary, as there
are two sense amplifiers of SA1 and SA2, an equivalent
resistance here looks like a half of a resistance when
there is only one sense amplifier. Thus, equivalently, a
voltage signal corresponding to a half of a sum of a cur-
rent corresponding to a signal of "1" and a current corre-
sponding to a signal of "0" appears on SAIO1R and
SAI02R, and the voltage signal is taken as the reference
signal ref for read. On the contrary, while a current cor-
responding to information of a memory cell to be read is
flowed in SAIO1L and SAI02L to which the read memory
cell is connected, the sense amplifiers are individually
connected one by one, and thus a voltage signal corre-
sponding to a product of the equivalent resistance and
each current value appears. In this manner, the sense
amplifiers can read information of memory cells, and the
signal is amplified by activation signals SAA1 and SAA2.
Accordingly, correct results of read can be obtained on
SO1 and SO2.
[0029] Effects of the embodiment in FIGS. 17 and 18
will be described with reference to FIGS. 19A to 21. A
schematic drawing of the configuration of FIG. 17 is like
FIG. 19A. There is an array having two sense amplifiers
SA, and differential input terminals IO (corresponding to

SAIO1L etc. in FIG. 17) of each sense amplifier have one
input on reading side of the reference cell being short-
circuited by two sense amplifiers, and the other input be-
ing independent. As another aspect, a configuration us-
ing reference cells in which two of "1" and "0" are pro-
grammed using one sense amplifier is illustrated in FIG.
19B. Here, at differential input terminals of one sense
amplifier, a read signal is inputted to one of them, and
two reference cells are inputted the other at the same
time. At this time, as there are two memory cells at the
reference cell side, a load resistance inside the sense
amplifier is reduced to half. Also in the present embodi-
ment, a signal at a level intermediate between "1" and
"0" can be obtained on the reference side. An equivalent
resistance here is illustrated in FIG. 20. Among the
names put under the symbols of resistor, each of "1" and
"0" denotes an equivalent resistance of reference cell to
which a signal of itself is programmed, BL denotes an
equivalent resistance of the local and global bit lines, IO
denotes an equivalent resistance of wirings correspond-
ing to SAIO1L etc. in FIG. 17, SA denotes a load resist-
ance inside sense amplifiers, and CEL denotes a resist-
ance of a memory cell to be read, which may corresponds
to "1" or "0" . D11 and D11’ denote output voltages of
load resistances inside the sense amplifiers, and a dif-
ference of them is amplified in the sense amplifier. In the
present embodiment, two bit lines and memory cells are
connected on the reference cell side. Also, to generate
an intermediate potential from the two memory cells to
which "1" and "0" are programmed, respectively, it is nec-
essary to half the load resistance of the sense amplifier.
In FIG. 20, this is denoted by 1/2. Therefore, the present
embodiment has a feature that read can be performed
with one sense amplifier but the resistance meshes and
parasitic capacitances accompanied to that are asym-
metric on the reference side and read side.
[0030] An equivalent resistance of the embodiment in
FIG. 19A is illustrated in FIG. 21. D22, D22’, D33 and
D33’ are output voltages of load resistors inside the two
sense amplifiers and a difference between them is am-
plified in the sense amplifiers. In this configuration,
shapes of resistance meshes on the read side and ref-
erence side can be the same and thus parasitic capaci-
tances are equal. In addition, as terminals of the two
sense amplifiers are short-circuited, the load resistances
inside the sense amplifiers can be equivalently regarded
as 1/2 of the load resistance, so that an intermediate
potential can be generated from memory cells to which
required "1" and "0" are programmed. Therefore, a time
constant having equal temporal changes of D22 and D22’
and D33 and D33’ in operation can be obtained, and thus
there is a feature of stable operation.
[0031] As described in the foregoing, two sense am-
plifiers SA1 and SA2 are paired, and "1" is stored in a
reference cell of a memory array corresponding to one
of the sense amplifiers and "0" is stored in a reference
cell of a memory array corresponding to the other sense
amplifier, so that an intermediate potential at good accu-
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racy can be generated by short-circuiting inputs of the
two sense amplifiers SA1 and SA2 when the reference
cell is selected. Note that, effects of the present embod-
iment are particularly attained when the programming/
erasing drivers described in the first to seventh embod-
iments are dispersedly arranged per memory array and
also a global bit line is shared by a plurality of memory
arrays and one sense amplifier is provided to the global
bit line. This is because, when the configurations as the
first to seventh embodiments are used, the current path
to the sense amplifier gets long, and variations in load
resistances and parasitic capacitances become large in
accordance with the variations. However, it would be eas-
ily understood that the invention of the present embodi-
ment is not limited to the array configurations as de-
scribed in the first to seventh embodiments and the ef-
fects can be sufficiently achieved even in other array con-
figurations.
[0032] Temperature characteristics of a TMR element
are illustrated in FIG. 22. FIG. 22 illustrates a current to
flow in the TMR element on a horizontal axis, and a re-
sistance at the moment on a vertical axis. The solid line
is for a low temperature and the dotted line is for a high
temperature. If an initial state is a parallel state, the re-
sistance is low at this moment and a value of the resist-
ance is Rp. When increasing a current toward the right
direction in FIG. 22, the state of the TMR element is
changed to an anti-parallel state when an amount of the
current in this direction exceeds a certain current value.
In this state, the resistance is large at the value of Rap.
After this state is obtained, then a current to be flowed is
increased toward an opposite direction. Then, when an
amount of the current in this direction becomes larger
than a certain current value, the state of the TMR element
is changed and gets back to the original parallel state.
Information items of "1" and "0" are stored corresponding
to Rap and Rp. However, characteristics of Rap and Rp
differ depending on temperature. First, the resistance val-
ue Rap in the anti-parallel state which is a high-resistance
state is large at a low temperature, while it is small at a
high temperature. In addition, a magnitude of the current
upon changing the state is also large at the low temper-
ature and small at the high temperature in an absolute
value in each direction. On the other hand, the resistance
value Rp in the parallel state depends little on tempera-
ture. When plotting focusing on temperature on the hor-
izontal axis and a resistance value of a current upon read
on the vertical axis, it is like FIG. 23. While the value of
Rap decreases along with temperature, the value of Rp
changes little. Since the TMR element has this property
which the inventors have found out, it is preferable to
form the reference cell using both of the resistors. Thus,
in the examples in FIGS. 17 to 21, two memory cells of
"1" and "0" are used, that is, the configuration is formed
such that two memory cells in the state of resistance of
Rap and a state of resistance of Rp are used regardless
of their correspondence relationship, and a sum of the
currents flowed in the memory cells is used, and the sum

is 1/2 in view of circuit. Therefore, according to the em-
bodiment, a reference cell capable of stable read can be
achieved even when the TMR element inside the memory
cell exhibits such temperature characteristics.
[0033] FIG. 24 illustrates another layout example of a
memory cell array achieving the embodiments of the
present invention. This embodiment is an aspect of ar-
ranging a local bit line and a source line under a global
bit line. The upper global bit line is not illustrated. An area
of a memory cell is 8F2 when a wiring pitch of the word
lines or bit lines is 2F. Also, FIG. 25 illustrates a cross-
sectional view between A-A’ of FIG. 14 and a cross-sec-
tional view of a peripheral circuit. FIG. 26 illustrates a
cross-sectional view between B-B’ and a cross-sectional
view between C-C’. The memory cell is formed of one
nMOS transistor and a magnetic tunnel junction TMR. A
word line WL is connected to a gate GP of the transistor.
A gate material is P-type polysilicon or silicide or tungsten
(W) is stacked on P-type polysilicon to lower the resist-
ance. A memory cell transistor is formed inside a p-type
semiconductor region pWEL. The p-type semiconductor
region pWEL is formed in an n-type semiconductor region
DWEL, and this DWEL is formed on P-Sub. A source line
contact SLC is disposed to one of diffusion layers LN of
the nMOS transistor. The source line contact has a re-
duced area as being shared with adjacent memory cells.
On the source line contact, a source line is wired in a
direction perpendicular to the word line. To a diffusion
layer LO to which the source contact is not disposed, a
bottom electrode contact BEC connected to the magnetic
tunnel junction TMR is disposed. The bottom electrode
contact BEC is connected to a bottom electrode BE to
which the magnetic tunnel junction is disposed. On the
bottom electrode BE, the magnetic tunnel junction TMR
formed of a plurality of magnetic film and tunneling films
is disposed. The magnetic tunnel junction TMR includes
at least one tunneling film TB and a fixed layer PL and a
free layer FL disposed to two sides of the tunneling film
TB. In the fixed layer PL of a magnetic material, a direction
of spin of electrons inside is fixed to a fixed direction.
Meanwhile, in the free layer FL of a magnetic material,
a direction of spin of electrons inside is either of two
states, parallel or anti parallel. In the present configura-
tion, the fixed layer PL is arranged between the tunneling
film TB and the bottom electrode, and the free layer FL
is arranged between a bit line BL wired in an upper layer
of the tunnel magnetoresistance TMR and the tunneling
film TB. The bit line orthogonally crosses the word line,
and wired in parallel to the source line. The magnetic
tunnel junction TMR has a rectangular shape having a
side in the wiring direction of the bit line longer than that
in the wiring direction of the word line or an elliptic (oval)
shape. In this manner, there is an advantage of improving
retention property of the direction of spin of the free layer
FL.
[0034] FIG. 27 is a layout example of a memory cell
array illustrating another embodiment of the present in-
vention. Only a part corresponding to FIG. 25 is illustrat-
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ed. A feature of the present embodiment lies in that an
assist word line AW running in parallel to the word line
is disposed under the bottom electrode BE. By flowing a
current in the assist word line AW, a magnetic field can
be generated, and operation of the TMR element can be
influenced.
[0035] FIGS. 28(1) and 28(2) are drawn as circuit di-
agrams corresponding to a memory cell having the cross-
sectional structure of FIG. 27. The word line W and the
assist word line AW are arranged in parallel, and an arrow
indicates that the assist word line AW can influence to
the TMR element by a magnetic field generated by a
current flowed in the assist word line. As examples of
operation, there are examples illustrated in FIGS. 28 (1)
and 28(2). That is, a current is first flowed by turning on
only the assist word line as illustrated in FIG. 28(1). In
this manner, a state in which a direction of spin inside T1
can be easily changed by an actually generated magnetic
field can be obtained. In a subsequent operation of FIG.
28(2), the word line W is then turned on, so that a pro-
gramming/erasing current is flowed. Since the spin is al-
ready prone to be inverted by the operation of the assist
word line AW, programming/erasing can be performed
with a smaller current. Note that, the state immediately
gets back to the initial state when merely flowing a current
in the assist word line while the spin is prone to be in-
verted.
[0036] FIG. 29 is a diagram illustrating a cross-section-
al structure of another memory cell array for achieving
the present invention. A memory cell transistor is formed
of a vertical MOS, and it can reduce a memory cell area
to 4F2. PL denotes a fixed layer, FL denotes a free layer,
and TB denotes a tunnel barrier, and they form a TMR
element. While PL is put at an upper portion in FIG. 29,
PL may be put at a lower portion. Also, the order of ar-
ranging them in a height direction of the vertical MOS
may be different from FIG. 29. GA denotes a gate, n+
regions above and below GA are source and drain, and
the operation is the same as a normal MOS by a voltage
applied to the gate GA in a p-region. The gate GA may
circularly surround the p-region or planes of the vertical
structure may be controlled from two directions or three
directions. In addition, as the vertical MOS, FIG. 29 illus-
trates an nMOS but the vertical MOS can be formed of
a pMOS. FIG. 30 includes a heater element HEATER
further added to the TMR element. This portion has a
property of heating when a current or voltage is applied
thereto, and it heats the TMR element by activating the
element upon programming. As described in FIG. 22, a
current necessary to program can be small at a high tem-
perature. Therefore, there is a feature of enabling pro-
gramming at low power. Operation is as described in FIG.
31 such that a signal is applied to HEATER when pro-
gramming by spin injection by selecting a word line, bit
line and source line to generate heat.
[0037] FIG. 32 schematically illustrates a portion of a
TMR element in another memory cell array achieving the
present invention. In this embodiment, directions of mag-

netization of free layer and fixed layer are perpendicular
to a tunnel barrier layer instead of horizontal different
from FIG. 35. By selecting such a material, a memory
element has two states (parallel and anti-parallel) of a
TMR element being much stable to disturbance due to
heat. An embodiment using the temperature control of
the present invention and/or a method performing de-
structive read has a feature of achieving a memory op-
eration stably operating in a wide temperature range
even if scaling is promoted.
[0038] FIG. 33 schematically illustrates a portion of a
TMR element of another memory cell array achieving the
present invention. Different from FIG. 35, a free layer has
a stacked structure. More specifically, it is a structure in
which a non-magnetic layer MB is sandwiched between
magnetic material layers which are both anti-parallel with
each other, and they are integrated to be the free layer.
This stacked structure may have more layers. According
to such a structure, a memory element has a TMR ele-
ment to be kept in stable state to disturbance due to heat.

INDUSTRIAL APPLICABILITY

[0039] The present invention relates to a semiconduc-
tor device and relates to a field of an embedded memory
or a single memory achieving a stable programming/
erasing operation a stable read operation in a wide tem-
perature range in a memory array which is non-volatile
and having a large number of programming/erasing cy-
cles and a small area.

SYMBOLS

[0040] GB: Upper bit line and global bit line; BL1 and
BL2: Lower bit line and local bit line; SL1 and SL2: Lower
source line and local source line; WB1, WB2, WS1, WS2:
programming/erasing driver; WSS1 and WSS2: Select
signal line; SA/DL: Sense amplifier/programming/eras-
ing latch; Activation signal: SAA; YS: Y select signal; IO:
IO line; MC11, MC12, MC21 and MC22: Memory cell;
M1: Select transistor; T1: TMR element; W11, W12, W21
and W22: Word line; SC, SC1, SC2 and MC: Memory
cell; T1: Magnetic tunnel junction element; WE, WE1,
WE1B, WE2, WEP and WED: Programming/erasing
control signal; IO: Input/output line; Y1: Column select
signal; LTP and LTA: Latch output; SL: Source line; SLC:
Source line contact; BEC: Bottom electrode contact; BL:
Bit line; BE: Bottom electrode; TMR: Magnetic tunnel
junction element; GP: P-type polysilicon gate; LP: P-type
diffusion layer; FL: Free layer; TB: Tunneling film; PL:
Free layer; GN: n-type polysilicon gate; LN: n-type diffu-
sion layer; PWEL: P-type semiconductor region; NWEL:
N-type semiconductor region; and P-Sub: p-type sub-
strate.
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Claims

1. A semiconductor device comprising:

a first memory array including a plurality of word
lines, a first local bit line wired in a direction
crossing the plurality of first word lines, a plurality
of first memory cells arranged at intersections
of the plurality of first word lines and the first
local bit line, and a first bit line driver connected
to the first local bit line;
a second memory array including a plurality of
second word lines, a second local bit line wired
in a direction crossing the plurality of second
word lines, a plurality of second memory cells
arranged at intersections of the plurality of sec-
ond word lines and the second local bit line, and
a second bit driver connected to the second local
bit line;
a global bit line provided to be shared by the first
local bit line and the second local bit line; and
a sense amplifier connected to the global bit line,
wherein information read from one of the plural-
ity of first memory cells or one of the plurality of
second memory cells is inputted to the sense
amplifier through the global bit line,
when programming information to one of the plu-
rality of first memory cells, the first bit line driver
is activated and the second bit line driver is de-
activated, and,
when programming information to one of the plu-
rality of second memory cells, the second bit line
driver is activated and the first bit line driver is
deactivated.

2. The first semiconductor device according to claim 1,
wherein the first memory array further includes a first
local source line wired in a direction crossing the
plurality of first word lines, and a first source line driv-
er connected to the first local source line;
the plurality of first memory cells are arranged be-
tween the first local bit line and the first local source
line, and information to be programmed is changed
in accordance with directions of a current flowed be-
tween the first local bit line and the first local source
line;
the second memory cell array further includes a sec-
ond local source line wired in a direction crossing
the plurality of second word line and a second source
line driver connected to the second local source line;
and
the plurality of second memory cells are arranged
between the second local bit line and the second
local source line, and information to be programmed
is changed in accordance with directions of a current
flowed between the second local bit line and the sec-
ond local source line.

3. The semiconductor device according to claim 2,
wherein the plurality of first memory cells are formed
in a first region in a rectangular shape;
the first bit line driver is arranged along a first side
of the first region;
the first source line driver is arranged along a second
side opposing the first side of the first region;
the plurality of second memory cells are formed in a
second region in a rectangular shape;
the second bit line driver is arranged along a first
side of the second region; and
the second source line driver is arranged along a
second side of the second region.

4. The semiconductor device according to claim 1,
wherein the first memory array further includes a first
select switch connected between the global bit line
and the first local bit line;
the second memory array further includes a second
select switch connected between the global bit line
and the second local bit line;
when one of the plurality of first word lines is selected,
the first select switch is activated and the second
select switch is deactivated; and
when one of the plurality of second word lines is se-
lected, the second select switch is activated and the
first select switch is deactivated.

5. The semiconductor device according to claim 4,
wherein the first select switch includes a first MOS
transistor having a source/drain path between the
global bit line and the first local bit line; and
the second select switch includes a second MOS
transistor between the global bit line and the second
local bit line.

6. The semiconductor device according to claim 1,
wherein an output of the first bit line driver is at high
impedance when reading information from one of
the plurality of first memory cells, and the first bit line
driver drives the first local bit line to a potential cor-
responding to information to be programmed when
programming information to one of the plurality of
first memory cells; and
an output of the second bit line driver is at high im-
pedance when reading information from one of the
plurality of the second memory cells, and the second
bit line driver drives the second local bit line to a
potential corresponding to information to be pro-
grammed when programming information to one of
the plurality of second memory cells.

7. The semiconductor device according to claim 2,
wherein an output of the first bit line driver is at high
impedance when reading information from one of
the plurality of first memory cells, and the first bit line
driver drives the first local bit line to a potential cor-
responding to information to be programmed when
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programming information to one of the plurality of
first memory cells;
the first source line driver drives the first local source
line to a first potential when reading information from
one of the plurality of first memory cells, and drives
the first local source line to a potential corresponding
to information to be programmed when programming
information to one of the plurality of first memory
cells;
an output of the second bit line driver is at high im-
pedance when reading information from one of the
plurality of second memory cells, and the second bit
line driver drives the second local bit line to a poten-
tial corresponding to information to be programmed
when programming information to one of the plurality
of second memory cells; and
the second source line driver drives the second local
source line to a potential corresponding to informa-
tion to be programmed when programming informa-
tion to one of the plurality of second memory cells.

8. The semiconductor device according to claim 1,
wherein, when reading information from one of the
plurality of first memory cells, the sense amplifier
compares a potential generated by extracting charg-
es retained in the global bit line and a reference volt-
age, and amplifies a difference in the potentials.

9. The semiconductor device according to claim 8,
wherein the reference voltage is generated by simul-
taneously selecting a first reference cell storing in-
formation of "0" and a second reference cell storing
information of "1".

10. The semiconductor device according to claim 1,
wherein the first memory array further includes a
third local bit line crossing the plurality of first word
lines, and a plurality of third memory cells provided
at intersections of the plurality of first word lines and
the third local bit line;
the first and third local bit lines are arranged next to
each other in a direction in which the plurality of first
word lines extend;
the second memory cell array further includes a
fourth local bit line crossing the plurality of second
word lines, and a plurality of fourth memory cells pro-
vided at intersections of the plurality of second word
lines and the fourth local bit line;
the second and fourth local bit lines are arranged
next to each other in a direction in which the plurality
of second word lines extend; and
the global bit line is connected to the first to fourth
local bit lines.

11. A semiconductor device comprising:

a first memory array including a first word line,
a first reference word line, a first local bit line

crossing the first word line and the first reference
word line, a first memory cell provided at an in-
tersection of the first word line and the first local
bit line, and a first reference cell provided at an
intersection of the first reference word line and
the first local bit line;
a second memory array including a second word
line, a second reference word line, a second lo-
cal bit line crossing the second word line and
the second reference word line, a second mem-
ory cell provided at an intersection of the second
word line and the second local bit line, and a
second reference cell provided at an intersec-
tion of the second reference word line and the
second local bit line;
a third memory array including a third word line,
a third reference word line, a third local bit line
crossing the third word line and the third refer-
ence word line, a third memory cell provided at
an intersection of the third word line and the third
local bit line, and a third reference cell provided
at an intersection of the third reference word line
and the third local bit line;
a fourth memory array including a fourth word
line, a fourth reference word line, a fourth local
bit line crossing the fourth word line and the
fourth reference word line, a fourth memory cell
provided at an intersection of the fourth word
line and the fourth local bit line, and a fourth ref-
erence cell provided at an intersection of the
fourth reference word line and the fourth local
bit line;
a first sense amplifier having a first input to which
the first memory array is connected and a sec-
ond input to which the second memory array is
connected, and amplifies a difference in poten-
tials of the first input and the second input;
a second sense amplifier having a third input to
which the third memory array is connected and
a fourth input to which the fourth memory array
is connected, and amplifies a difference in po-
tentials of the third input and the fourth input;
a first switch connected between the first input
and the third input; and
a second switch connected between the second
input and the fourth input,
wherein the first reference cell and the third ref-
erence cell store information different to each
other;
the second reference cell and the fourth refer-
ence sell store information different to each oth-
er;
when reading information from the first and third
memory cells, the second and fourth reference
cells are selected, and the second switch short-
circuits the second input and the fourth input;
and
when reading information from the second and
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fourth memory cells, the first and third reference
cells are selected, and the first switch short-cir-
cuits the first input and the third input.

12. The semiconductor device according to claim 11, fur-
ther comprising:

a fifth memory array including a fifth word line,
a fifth local bit line crossing the fifth word line,
and a fifth memory cell provided at an intersec-
tion of the fifth word line and the fifth local bit line;
a first global bit line connected to the first local
bit line and the fifth local bit line;
a sixth memory array including a sixth word line,
a sixth local bit line crossing the sixth word line,
and a sixth memory cell provided at an intersec-
tion of the sixth word line and the sixth local bit
line; and
a second global bit line connected to the second
local bit line and the sixth local bit line,
wherein the first input is connected to the first
and fifth memory arrays though the first global
bit line; and
the second input is connected to the second and
sixth memory arrays through the second global
bit line.

13. The semiconductor device according to claim 12,
wherein the first memory cell array includes a sev-
enth local bit line crossing the first word line and a
seventh memory cell provided at an intersection of
the first word line and the seventh local bit line, and
the semiconductor device further comprises:

a third switch connected between the first local
bit line and the first global bit line; and
a fourth switch connected between the seventh
local bit line and the first global bit line.
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