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A memory according to an embodiment includes bit lines,
word lines, source lines, magnetic tunnel junction elements
and transistors that are serially connected between the bit
lines and the source lines, respectively, and a sense amplifier
that detects data stored in the magnetic tunnel junction
clements. The semiconductor storage device includes mul-
tiplexers between the bit lines and the sense amplifier in
order to select one of the bit lines to be connected to the
sense amplifier, and write amplifiers that are located corre-
sponding to memory cell blocks each of which includes
memory cells each including the magnetic tunnel junction
clement and the transistor and are connected to the bit lines
or connected via the multiplexers to the bit lines. To write
data, the sense amplifier applies a write voltage to the bat
lines and then the write amplifiers hold the write voltage.
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SEMICONDUCTOR STORAGE DEVICE
COMPRISING MAGNETIC TUNNEL
JUNCTION ELEMENTS AND WRITE

AMPLIFIERS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2010-208930 filed on Sep. 17, 2010, the entire contents of
which are incorporated herein by reference.

FIELD

The embodiment of the invention relates to a semicon-
ductor storage device.

BACKGROUND

A magnetic random access memory (MRAM) 1s one of
resistance random access memories. Writing methods of the
MRAM i1nclude a magnetic-field writing method and a
spin-injection writing method. Among these, the spin-injec-
tion writing method 1s advantageous in increasing the inte-
gration degree, reducing the power consumption, and
enhancing the performance because 1t 1s characterized such
that a spin injection current required for magnetization
reversal becomes lower when a magnetic body has a smaller
size. Furthermore, while erroneous writing to unselected
memory cells may occur in the magnetic-field writing
method due to spread of a magnetic field, such erroneous
writing to unselected memory cells does not occur 1n the
spin-injection writing method.

However, a read current in the spin-injection writing
method 1s microscopic. To quickly sense a difference in
these microscopic currents, sizes (current driving capabili-
ties) of transistors included in sense amplifiers need to be
increased to reduce performance fluctuations in differential
amplification of the sense amplifiers. When the sizes of the
transistors are increased, this results in increase in the sizes
of the sense amplifiers themselves. Consequently, when the
MRAM 1s {further downscaled, 1t becomes dithicult to
arrange the sense amplifier with respect to each bit line pair.
Therefore, when the MRAM 1s further downscaled, the
sense amplifier 1s shared by plural bit line pairs. That 1s, the
number of data (page size) that can be written or read in one
access 1s reduced. Accordingly, the conventional MRAM
using the spin-injection writing method adversely has a
lower write or read speed than a DRAM, for example.
Furthermore, the write time 1s longer than the read time 1n
the MRAM. Because of this, a low data write speed has been
a problem 1n the MRAM.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a memory cell array and
peripheral circuits of a MRAM according to a first embodi-
ment;
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2

FIG. 2 1s an explanatory diagram showing a write opera-
tion for one memory cell;

FIGS. 3A and 3B are circuit diagrams showing a con-
figuration of the write amplifier W-AMP according to the
first embodiment;

FIG. 4 1s a timing chart showing a data write operation of
the MRAM according to the first embodiment;

FIG. 5 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a second
embodiment;

FIGS. 6A and 6B are explanatory diagrams showing a
configuration of the write amplifier W-AMP according to the
second embodiment;

FIG. 7A 1s a table showing a relation between the signals
bWDBO0 to bWDB2 shown 1n FIG. 6B and the write data;

FIG. 7B 1s a table showing voltages to be applied to the
bit lines BLO and BL1 and the source line SLO at the time
of reading;

FIG. 8 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a third
embodiment;

FIG. 9 1s an explanatory diagram showing a configuration
of the write amplifier W-AMP according to the third
embodiment;

FIG. 10 1s a timing chart showing a data write operation
of the MRAM according to the third embodiment;

FIG. 11 1s an explanatory diagram showing configurations
of write amplifiers W-AMP according to a first modification
of the third embodiment;

FIG. 12 1s an explanatory diagram showing configurations
of write amplifiers W-AMP according to a second modifi-
cation of the third embodiment;

FIG. 13 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a fourth
embodiment;

FIG. 14 1s a timing chart showing a data write operation
of the MRAM according to the fourth embodiment;

FIG. 15 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a fifth embodi-
ment; and

FIG. 16 1s a timing chart showing a data write operation
of the MRAM according to the fifth embodiment.

DETAILED DESCRIPTION

A semiconductor storage device according to an embodi-
ment of the present invention includes a plurality of bit lines,
a plurality of word lines, source lines, magnetic tunnel
junction elements and transistors that are serially connected
between the bit line and the source line, respectively, and a
sense amplifier that detects data stored in the magnetic
tunnel junction elements. The semiconductor storage device
includes multiplexers between the bit lines and the sense
amplifier 1n order to select one of the bit lines to be
connected to the sense amplifier, and a plurality of write
amplifiers that are located corresponding to a plurality of
memory cell blocks each of which includes a plurality of
memory cells each including the magnetic tunnel junction
clement and the transistor and are connected to the bit lines
or connected via the multiplexers to the bit lines. To write
data, the sense amplifier applies a write voltage to the bat
lines and then the write amplifiers hold the write voltage.

Embodiments will now be explained with reference to the
accompanying drawings. The present invention 1s not lim-
ited to the embodiments.
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(First Embodiment)

FIG. 1 1s a block diagram of a memory cell array and
peripheral circuits of a magnetic random access memory
(hereinatter, MRAM) according to a first embodiment of the
present invention. The MRAM according to the first
embodiment includes bit lines BL1 (1 1s an integer), word
lines WL, source lines SL1, memory cells MC, write ampli-
fiers W-AMP, multiplexers MUX, and a sense amplifier S/A.
Here, the number of constituent elements shown in FIG. 1 1s
not restrictive but many configurations as shown 1n FIG. 1
can be provided.

The bit lines BL1 extend 1n a column direction. The word
lines WL1 extend in a row direction perpendicular to the
column direction. The source lines SLi1 extend 1n the column
direction like the bit lines BLi1. The bit lines BL1 and the
source lines SL1 are paired, respectively.

The memory cells MC are two-dimensionally arranged in
a matrix to form a memory cell array. Fach of the memory
cells MC 1s placed corresponding to an intersection between
the bit line BL1 (the source line SL1) and the word line WLi.
The bit lines, the word lines, and the source lines are
hereinafter denoted by BL, WL, and SL, respectively, for the
sake of simplicity.

Each of the memory cells MC includes a magnetic tunnel
junction (MT1J) element 10 and a cell transistor 20. The MTJ
clements 10 and the cell transistors 20 are serially connected
between the bit line BL and the source line SL, respectively.
In each of the memory cells MC, the cell transistor 20 1s
located on the side of the bit line BL and the MTJ element
10 1s located on the side of the source line SL. The cell
transistors 20 have gates connected to the word lines WL.
Plural memory cells MC connected to the same bit lines BLL
and connected to the corresponding word lines WL config-
ure one memory cell block CB. The memory cell blocks CB
correspond to the bit lines BL, respectively.

The bit lines BL are connected to the multiplexers MUX.
The multiplexers MUX are connected to the sense amplifier
S/A via one sense bit line SBLO. That 1s, each of the
multiplexers MUX 1s connected between plural bit lines BL
and one sense amplifier S/A. The sense amplifier S/A 1s
turther connected to a DQ bufler DQB and an input/output
circuit I/0O via a sense bit line SBL1. In the first embodiment,
the sense amplifier S/A 1s shared by four bit lines BLO to
BL3. The multiplexer MUX connects one of the four bit
lines BL to the sense bit line SBL0 according to a signal
from a column selection line CSL1 (heremafter, also simply
as CSL). The sense amplifier S/A detects data stored 1n the
memory cells MC via the bit line BL connected to the sense
bit line SBL0 by the multiplexer MUX. The sense amplifier
S/A temporarily holds write data received from outside via
the input/output circuit I/O and writes the write data to the
write amplifier W-AMP via the sense bit line SBL0O and the
bit line BL. At that time, the multiplexer MUX selectively
connects one of the bit lines BL to the sense bit line SLBO
according to a signal from the column select line CSL.

The write amplifiers W-AMP are each connected between
the bit line BL and the source line SL and provided corre-
sponding to each of the memory cell blocks CB. That 1s, the
write amplifiers W-AMP are each provided corresponding to
cach column and configured to temporarily store therein data
to be written to the corresponding column. In the first
embodiment, the wrte amplifiers W-AMP are located
between the memory cell blocks CB and the multiplexers
MUX. Detailed configurations of the write amplifier
W-AMP are explained later.

In a read operation, the sense amplifier S/A reads data in
a selected memory cell MC connected a selected word line
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4

WL and a selected bit line BL. The sense amplifier S/A 1s
shared by the four bit lines BL0 to BL3. Accordingly, the

sense amplifier S/A reads data of the memory cells MC 1n
the respective columns one by one.

In a write operation, the multiplexer MUX selects a bit
line BL according to the column select line CSL and

connects the selected bit line BL to the sense bit line SBLO.
In this way, the sense amplifier S/A successively transmits
the write data to the write amplifiers W-AMP 1n the respec-
tive columns via the multiplexer MUX. Of course, the data
to be written to the respective columns can be diflerent
digital data. The write amplifier W-AMP 1n each column
temporarily holds the data to be written to the selected
memory cell MC 1n the corresponding column (a first
writing step). At that time, selection of the word line WL 1s
not performed yet and the data 1s not written to the memory
cells MC 1n each column. After the write amplifiers W-AMP
in all columns as write targets hold the write data (after the
first writing step ends), the write amplifiers W-AMP simul-
taneously write the data to the selected memory cells MC as
the write targets by driving of a selected word line WL (a
second writing step). That 1s, 1n the write operation, the write
data 1s temporarily written from the sense amplifier S/A to
the write amplifiers W-AMP and then the data are concur-
rently written from the write amplifiers W-AMP to the
memory cells MC by driving of the selected word line WL.
Because the write amplifiers W-AMP are provided corre-
sponding to the columns, respectively, the data can be
simultaneously written to the memory cells MC 1n all the
columns.

FIG. 2 1s an explanatory diagram showing a write opera-
tion for one memory cell. An MTJ element using TMR
(tunneling magnetoresistive) effect has a stacked structure
including two ferromagnetic layers and a nonmagnetic layer
(an 1nsulating fin film) placed therebetween and stores
therein digital data according to changes 1n magnetic resis-
tance caused by spin polarization tunnel effect. The MTJ
clement can have a low resistance state and a high resistance
state depending on magnetic orderings of the two ferromag-
netic layers. For example, when the low resistance state 1s
defined as data ““0”” and the high resistance state as data “1”,
1-bit data can be recorded 1n the MTJ element. Of course, it
1s also possible to define the lower resistance state as data
“1” and the high resistance state as data “0”. The MTIJ
clement 1s formed by sequentially stacking a fixed layer, a
tunnel barrier layer, and a recording layer, for example. The
pin (fixed) layer P and the free (recording) layer F are
composed of a ferromagnetic material and the tunnel barrier
layer 1s composed of an msulating film. The pin layer P has
a fixed magnetization direction. The free layer F has variable
magnetization directions and stores therein data according to
the magnetization directions.

When a current 1s flowed 1n a direction shown by an arrow
Al at the time of writing, the magnetization direction of the
free laver F becomes antiparallel to that of the pin layer P
and the MTJ element comes to the high resistance state (data
“1”). When a current 1s flowed 1n a direction shown by an
arrow A2 at the time of writing, the magnetization directions
of the pin layer P and the free layer F become parallel and
the MTJ element comes to the low resistance state (data
“07). In this way, different data can be written to the MTJ
clement according to the tlowing directions of the current.

FIGS. 3A and 3B are circuit diagrams showing a con-
figuration of the write amplifier W-AMP according to the
first embodiment. FIG. 3B shows a logic circuit generating
signals to be applied to the write amplifier W-AMP.
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The write amplifier W-AMP includes N-type transistors
TN1 and TN2 and P-type transistors TP1 and TP2. The

transistors TN1 and TN2 are senially connected between
adjacent bit lines BLL0O and BL1. Gates of the transistors TN1
and TN2 are cross-connected to the bit lines BL.O and BL1.
That 1s, the gate of the transistor TN1 located on the side of
the bit line BLO 1s connected to the bit line BLL1 and the gate
ol the transistor TN2 located on the side of the bit line BLL1
1s connected to the bit line BLO. A node between the
transistors TN1 and TN2 1s connected to a low-level voltage
supply VSS. The transistor TP1 1s connected between the bit
line BLO and a high-level voltage supply VINT and the

transistor TP2 1s connected between the bit line BI1.1 and the
high-level voltage supply VINT. Write signals bWDBO0 and

bWDB2 obtained by the logic circuit shown in FIG. 3B are

applied to gates of the transistors TP1 and TP2, respectively.
The write signals bWDBO0 and bWDB2 are complementary
signals. This enables to set one of the bit lines BL0O and BL1
at a high level voltage and the other at a low level voltage.
The transistors TN1 and TN2 operate to latch voltage states
of the bit lines BLO and BL1. Consequently, the write
amplifier W-AMP can hold the write data.

TR0 and TR1 denote transier gates transierring data from
the sense amplifier S/A to the bit lines via a signal line
RDBs.

The logic circuit shown 1 FIG. 3B 1s explained. This
logic circuit 1s provided corresponding to each of the write
amplifiers W-AMP (each of the memory cell blocks CB) to
control the write amplifier W-AMP. The logic circuit 1s not
limited to the configuration shown in FIG. 3B but can have
any configuration so long as the same result (output signal)
can be obtained from the same input signal.

In the first embodiment, the logic circuit includes two
NAND gates. Data signals DIN and bDIN are write data and
complementary to each other. The data signal DIN 1s logic
high when the write data 1s “1”. The data signal DIN 1s logic
low when the write data 1s “0””. A write enable signal WRITE
enables writing to the memory cells MC. When writing to
the memory cells MC 1s possible, the write enable signal
WRITE 1s logic high.

The logic circuit shown 1 FIG. 3B receives the signals
DIN, bDIN, and WRITE and outputs control signals
bWDBO0 and bWDB2. For example, the write enable signal
WRITE 1s logic high in the write operation. Therefore, the
control signals bWDBO0 and bWDB2 become an inversion
signal of the signal DIN and an inversion signal of the signal

bDIN, respectively.
For example, the control signals bWDBO0 and bWDB2

become logic low and logic high, respectively, when the data
signal DIN 1s logic hugh (data “1”). In this way, the bit line
BLO 1s set at the high level voltage (VINT) and the source
line SLO 1s set at the low level voltage (VSS). The control
signals bWDBO0 and bWDB2 become logic high and logic
low, respectively, when the data signal DIN 1s logic low
(data “0”). In this way, the bit line BLO0 1s set at the low level
voltage (VSS) and the source line SLO 1s set at the high level
voltage (VINT).

FI1G. 4 1s a timing chart showing a data write operation of
the MRAM according to the first embodiment. Here, the
word lime WL1 1s selected and data are written to the
memory cells MC 1n the respective columns connected to
the word line WLI1, for example. In an example shown in
FIG. 4, data are written to the memory cells MC 1n two
columns of the bit lines BLLO and BLL1. However, data can be
written to the memory cells MC in three or more columns,
or 1n all the columns.
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When a write operation 1s started, the write enable signal
WRITE shown 1n FIG. 3B 1s raised and the logic circuit
shown 1n FIG. 3B becomes an active state. This causes the
logic circuit to drive the write amplifier W-AMP according
to the write data DIN.

At a time t1, the voltage of the column select line CSLO
1s raised. This causes the multiplexer MUX to select the bit
line BLO and connect the bit line BL0O to the sense bit line
SBLO0. The sense amplifier S/A transmits data, which 1s to be
written to the memory cell MC connected to the bit line BLO
and the word line WL1, to the bit line BL.O. At that time, the
bit line BLO has a higher-level voltage or a lower-level
voltage than that of the source line SLO according to the
write data. The write amplifier W-AMP corresponding to the
bit line BLO latches the voltage of the bit line BL0. In this
way, the write data 1s stored 1n the write amplifier W-AMP.

At a time t2, the voltage of the column select line CSL1
rises. This causes the multiplexer MUX to select the bit line
BL1 and connect the bit line BLL1 to the sense bit line SBLO.
The sense amplifier S/A transmits data, which 1s to be
written to the memory cell MC connected to the bit line BLL1
and the word line WL1, to the bit line BLL1. At that time, the
bit line BL1 has a higher-level voltage or a lower-level
voltage than that of the source line SLO according to the
write data. The write amplifier W-AMP corresponding to the
bit line BL1 latches the voltage of the bit line BL1. In this
way, the write data 1s stored 1n the write amplifier W-AMP.

At a time t4, the word line WL1 1s selected and the voltage
of the word line WL1 1s raised. At that time, the column
select lines CSLi1 are all i 1nactive states and all the bit lines
BL are disconnected from the sense amplifier S/A. However,
the write amplifiers W-AMP 1n the respective columns hold
the write data and apply a write voltage to the bit lines BLO
and BL1. Accordingly, by driving the word line WL1, the
write amplifiers W-AMP 1n the respective columns write the
write data to plural memory cells MC connected to the word
line WL1 and the bit lines BLLO and BL.1. At that time, the
write amplifiers W-AMP 1n the respective columns simul-
taneously (concurrently) write the data to the plural memory
cells MC.

Subsequently, at a time t5, the selected word line WL1
falls to an 1nactive state. At a time t6, the write amplifiers
W-AMP are reset and the bit lines BLO and BLL1 return to a
source line voltage.

In this way, in the write operation, the sense amplifier S/A
temporarily writes the write data for the respective columns
to the write amplifiers W-AMP and then the write amplifiers
W-AMP concurrently write the write data to the memory
cells MC 1n the respective columns.

In the write operation, the write voltage needs to be
applied to the memory cells MC for a relatively long period
in order to change the magnetization direction of the MTJ
clement. Therefore, when the sense amplifier S/A directly
writes data to the memory cells MC 1n the respective
columns like i the conventional technique, the write time
becomes quite long as described above.

In contrast, in the first embodiment, the sense amplifier
S/A writes data to the wnte amplifiers W-AMP i the
respective columns. Because the write amplifiers W-AMP
are latch circuits including MOSFETSs, the data can be stored
therein 1n a quite shorter period of time than the MTJ
clement. After the data are written to the write amplifiers
W-AMP i1n write target columns, the write amplifiers
W-AMP 1n the write target columns concurrently write the
data to the memory cells MC at the same time as driving of
the selected word line WL. The write amplifiers W-AMP can
write the data to the memory cells MC during a precharge
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period, for example. Therefore, the substantial data write
time can be only a time required to write the data from the
sense amplifier S/A to the write amplifiers W-AMP. As a
result, the MRAM according to the first embodiment can
greatly reduce the data write time.

The effect of the first embodiment can be rephrased as
tollows. Assuming that the sense amplifier S/A 1s provided
for every four bit lines BL, a page size PS 1n one write 1s a
quarter ol a page size of all the columns 1n a conventional
MRAM having no write amplifiers W-AMP. In contrast, the
write amplifiers W-AMP are provided corresponding to the
bit lines BL 1n the respective columns 1n the first embodi-
ment and therefore data of a page size of 4xPS can be written
in one write operation. As a result, the MRAM according to
the first embodiment can increase an eflective writing trans-
fer rate and speed-up a data write operation.

Furthermore, 1t can be said that the data write 1s realized
by two writing steps 1n the first embodiment. That 1s, the
sense amplifier S/A writes data to the write amplifiers
W-AMP 1n the respective columns (the first writing step) and
then the write amplifiers W-AMP concurrently perform
writing of the data to the memory cells MC at the same time
as driving of the selected word line WL (the second writing
step). The second writing step as a writing step for the MT1J
clements requires a longer period of time than the first
writing step. However, because the second writing step can
be practically executed during a precharge period, the sub-
stantial write time can be only the first writing step. There-
fore, the MRAM according to the first embodiment can
increase the effective writing transier rate and speed-up the
data write operation.

(Second Embodiment)

FIG. 5 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a second
embodiment of the present invention. In the MRAM accord-
ing to the second embodiment, memory cells MC 1n adjacent
two columns share a source line SL.. Accordingly, one source
line SL 1s provided for two bit lines BL. For example, the
source line SLO 1s provided for a pair of bit lines BLO and
BL1 and the source line SL1 1s provided for a pair of bit lines
BL2 and BL3.

The write amplifiers W-AMP are connected between
adjacent bit lines BL. That 1s, the write amplifier W-AMP 1s
connected between the bit line pairr BL0O and BL1. For
example, the write amplifiers W-AMP are connected
between the bit lines BLO and BLL1 and between the bit lines
BL2 and BL3, respectively.

Short-circuit switches SW0 and SW1 are connected
between the bit line BL and the source line SL, respectively.
For example, the short-circuit switches SW0 are connected
between the bit line BLO and the source line SLO and
between the bit line BL2 and the source line SL1, respec-
tively. The short-circuit switches SW1 are connected
between the bit line BL1 and the source line SLO and
between the bit line BLL3 and the source line SLL1, respec-
tively. The short-circuit switches SW0 and SW1 are con-
trolled by equalizing lmnes EQLO, bEQLO, EQL1, and
bEQLI1. The equalizing lines EQLO and bEQLO0 transmit
complementary signals and the equalizing lines EQLO and
EQL1 transmit complementary signals. Therefore, when
ones ol the short-circuit switches SW0 and SW1 are 1n a
conduction state, the others are 1in a non-conduction state.

When the shirt-circuit switches SW0 are 1n the conduction
state, the bit line BLO has a voltage equal to that of the
source line SLO and the bit line BL.2 has a voltage equal to
that of the source line SLL1 . Accordingly, no electric field 1s
applied to the memory cells MC connected to the bit lines
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BL0 and BL2 during writing or reading. Because the short-
circuit switches SW1 are 1n the non-conduction state at that
time, a voltage can be applied only to the memory cells MC
connected to the bit lines BLL1 and BL3.

On the other hand, when the short-circuit switches SW1
are 1n the conduction state, the bit line BLL1 has a voltage
equal to that of the source line SL.O and the bit line BL3 has
a voltage equal to that of the source line SLL1. Accordingly,
no electric field 1s applied to the memory cells MC con-
nected to the bit lines BL1 and BL3 during writing or
reading. Because the short-circuit switches SW0 are 1n the
non-conduction state at that time, a voltage can be applied
only to the memory cells MC connected to the bit lines BLO
and BL2.

In the second embodiment, one write amplifier W-AMP 1s
provided for a bit line pair BL1 and BlLi+1. Therefore, to
write data to the memory cells MC 1n all the columns, the
memory needs to perform writing operation from the sense
amplifier S/A to the write amplifiers W-AMP (the first
writing step) and writing operation from the write amplifiers
W-AMP to the memory cells MC (the second writing step)
twice, respectively. For example, the memory performs the
first and second writing steps to write data to the memory
cells MC connected to the bit lines BLO and BL2 in a state
where the short-circuit switches SW1 are brought into
conduction and the short-circuit switches SW0 are brought
into non-conduction. The memory, then, performs the first
and second writing steps to write data to the memory cells
MC connected to the bit lines BLL1 and BL3 1n a state where
the short-circuit switches SW0 are brought into conduction
and the short-circuit switches SW1 are brought into non-
conduction.

Other configurations and operations of the MRAM
according to the second embodiment can be identical to
those of the MRAM according to the first embodiment.

FIGS. 6A and 6B are explanatory diagrams showing a
configuration of the write amplifier W-AMP according to the
second embodiment. FIG. 6B shows a logic circuit gener-
ating signals to be applied to the write amplifier W-AMP.

The write amplifier W-AMP shown 1 FIG. 6A has the
same configuration as that of the write amplifier W-AMP
shown 1n FIG. 3A, and therefore explanations thereof will be
omitted.

An inverter INVO0 receives a control signal bWDBI
generated by the logic circuit shown 1 FIG. 6B and con-
nects the source line SLO to either the high-level voltage
supply VINT or the low-level voltage supply VSS. The
iverter INV0 connects a voltage of the source line SL0O to
the power supply VINT or VSS according to whether the
write data 1s the data “0” or “1”. For example, the inverter
INVO connects the source line SLO to the power supply
VINT when the data *“1” 1s to be written to the memory cells
MC, and the inverter INV0 connects the source line SLO to
the power supply VSS when the data “0” 1s to be written to
the memory cells MC.

The logic circuit shown 1n FIG. 6B 1s explained. The logic
circuit 1s provided for each of the write amplifiers W-AMP
(each of the memory cell blocks CB) to control the write
amplifier W-AMP and the mverter INV0. Here, the logic
circuit 1s not limited to the configuration shown 1n FIG. 6B
but can have any configuration so long as it can obtain the
same result (output signal) from the same input signal.

In the second embodiment, the logic circuit includes six
NAND gates and an inverter. Select signals M'TJ1 and MTj
indicate which of two columns sharing the source line SL 1s
to be selected. Theretfore, the signals M1 and MTJy are
complementary signals. When the signal MT1 1s logic high,
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a column including a memory cell MCO0 shown 1n FIG. 6A
1s selected. When the signal MT1Jj 1s logic high, a column
including a memory cell MC1 shown 1n FIG. 6 A 1s selected.
The data signals DIN and bDIN are the write data and
complementary to each other. The data signal DIN 1s logic
high when the write data 1s “1” and the data signal DIN 1s
logic low when the write data 1s “0”. The write enable signal
WRITE enables writing to the memory cells MC. When
writing to the memory cells MC 1s possible, the write enable
signal WRITE 1s logic high.

The logic circuit shown 1n FIG. 6B receives the signals
MTIi, MTJ;, DIN, bDIN, and WRITE and outputs control
signals bWDBO0 to bWDB2. For example, 1n a write opera-
tion, the write enable signal WRITE 1s logic high. Therefore,
the control signal bWDB1 becomes an inversion signal of
the data signal DIN. Accordingly, when the data signal DIN
1s logic high (data *“1”), the inverter INV0 shown 1n FIG. 6 A
connects the high-level voltage supply VINT to the source
line SLO. On the other hand, when the data signal DIN 1s
logic low (data “07), the mverter INV0 connects the low-
level voltage supply VSS to the source line SLO.

For example, when a column including the memory cell
MCO 1s selected, the select signal MT11 becomes logic high
and the select signal M'TJy becomes logic low. When the data
signal DIN 1s logic high (data “1”"), the control signals
bWDB0 and bWDB2 become logic high and logic low,
respectively. When the data signal DIN 1s logic low (data
“0”), the control signals bWDBO0 and bWDB2 become logic
low and logic high, respectively.

For example, when a column including the memory cell
MC1 1s selected, the select signal MTJj becomes logic high
and the select signal MTJ1 becomes logic low. When the data
signal DIN 1s logic high (data “1”"), the control signals
bWDB0 and bWDB2 become logic low and logic high,
respectively. When the data signal DIN 1s logic low (data
“0”), the control signals bWDBO0 and bWDB2 become logic
high and logic low, respectively. Tables summarizing these
logical operations are shown 1 FIG. 7.

FIG. 7A 15 a table showing a relation between the signals
bWDB0 to bWDB2 shown in FIG. 6B and the write data.
When the column including the memory cell MCO (MT11) 1s
selected and the write data to the memory cell MCO 1s “17,
the control signals bWDBO0 to bWDB2 become logic high,
logic low, and logic low, respectively. Therefore, the write
amplifier W-AMP shown 1n FIG. 6A holds the bit lines BLO
and BL1 at the low-level voltage (VSS) and the high-level
voltage (VINT), respectively. The inverter INV0 sets the
source line SLO at the high-level voltage (VINT).

When the column including the memory cell MCO 1s
selected, the short-circuit switch SW1 shown in FIG. §
comes 1nto conductive. Accordingly, the bit line BLL1 and the
source line SLO set at the high-level voltage are short-
circuited, which prevents writing of data to memory cells 1n
the non-selected column including the memory cell MC1.

On the other hand, the bit line BLO 1s latched at the
low-level voltage and the source line SLO 1s set at the
high-level voltage. Therefore, an electric field from the
source line SLO to the bit line BLO 1s applied to the memory
cells 1n the selected column including the memory cell MCO
and the data “1” 1s written thereto.

When the write data to the memory cell MCO 15 “0”, the
control signals bWDBO0 to bWDB2 become logic low, logic
high, and logic high, respectively. Therefore, the write
amplifier W-AMP shown 1n FIG. 6A holds the bit lines BLO
and BL1 at the high-level voltage (VINT) and the low-level
voltage (VSS), respectively. The inverter INV0 sets the
source line SLO at the low-level voltage (VSS).
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When the column including the memory cell MCO 1s
selected, the short-circuit switch SW1 shown in FIG. 5
comes 1nto conductive. Accordingly, the bit line BLL1 and the
source line SLO set at the low-level voltage are short-
circuited and no data 1s written to the memory cells i the
non-selected column including the memory cell MC1.

On the other hand, the bit line BLO is latched at the
high-level voltage and the source line SLO 1s set at the
low-level voltage. Therefore, an electric field from the bat
line BLO to the source line SLO 1s applied to the memory
cells 1n the selected column including the memory cell MCO
and the data “0” 1s written thereto.

Because a case where the memory cell MC1 1s selected
can be easily understood while referring to the above
descriptions and FIGS. § to 7A, explanations thereot will be

omitted.
When the bit line BLO (or the bit line BLL1) shown 1n FIG.

5 1s selected, the bit line BL1 (or the bit line BL0) and the
source line SLO are short-circuited. Accordingly, an equiva-
lent circuit thereof has the same configuration as that shown
in FIG. 1. Therefore, operations after selection of a bit line
in the second embodiment can be basically identical to
corresponding operations in the first embodiment.

FIG. 7B 1s a table showing voltages to be applied to the
bit lines BLO and BL1 and the source line SLO at the time
of reading. At the time of data reading, the write enable
signal WRITE 1s mactivated to be logic low and therefore
the control signals bWDBO0 to bWDB2 shown 1n FIG. 6B are
all set at logic high. Accordingly, the write amplifier
W-AMP shown i FIG. 6A 1s not driven and the inverter
INVO0 keeps connecting the low-level voltage VSS to the
source line SLO.

When the memory cell MCO0 (MT11) 1s selected at the time
of reading, the short-circuit switch SW1 shown in FIG. 5
comes mto conductive. This causes the bit line BL1 to be
short-circuited to the source line SLO set at the low-level
voltage (VSS) and to have the same voltage as the source
line SLO. Accordingly, data 1n the memory cell MC1 1s not
detected. On the other hand, a voltage VBIAS 1s applied to
the bit line BLO and the sense amplifier S/A detects data in
the memory cell MCO.

When the memory cell MC1 (MT1y) 1s selected at the time
of reading, the short-circuit switch SWO0 shown 1n FIG. 5
comes 1nto conductive. This causes the bit line BLO to be
short-circuited to the source line SLO set at the low-level
voltage (VSS) and to have the same voltage as the source
line SLO. Accordingly, the data 1n the memory cell MC1 1s
not detected. On the other hand, the voltage VBIAS 1s
applied to the bit line BL1, and the sense amplifier S/A
detects the data in the memory cell MCO.

In the second embodiment, each write amplifier W-AMP
1s provided for plural bit lines BL (plural columns). At the
time of data writing, each write amplifier W-AMP performs
writing only to the memory cells MC connected to one of the
bit lines BL.

Therefore, a page size writable at one time in the second
embodiment 1s smaller than that 1n the first embodiment.
However, as compared to a page size PS in the conventional
method 1n which wrting 1s performed directly to the
memory cells from the sense amplifier S/A, the page size

writable at one time in the second embodiment 1s 2xPS.
Theretore, also the MRAM according to the second embodi-
ment can increase the eflective writing transfer rate and
speed-up the data writing operation.
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On the other hand, a circuit scale can be made relatively
smaller 1n the second embodiment because each of the write
amplifiers W-AMP 1s provided for plural bit lines (plural
columns).

(Third Embodiment)

FIG. 8 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a third
embodiment of the present invention. Memory cell blocks
CB and short-circuit switches SW0 and SW1 of the third
embodiment can have 1dentical configurations as those in the
second embodiment.

In the third embodiment, the write amplifiers W-AMP are
provided corresponding to the bit lines BL. and are connected
between the corresponding bit line BL and the multiplexer
MUX, respectively. The write amplifiers W-AMP, the mul-
tiplexers MUX, and the sense amplifiers S/A are provided on
both sides of the memory cell array.

Two write amplifiers W-AMP connected to a bit line pair
BLi1 and BL1+1 are located on opposite sides of the memory
cell array to each other. For example, the write amplifier
W-AMP connected to the bit line BLO 1s located on an
opposite side of the memory cell array to the write amplifier
W-AMP connected to the bit line BL1.

In the second embodiment, the adjacent bit line pair BL1
and BL1+1 needs to transmit complementary data at the time
of writing. However, 1n the third embodiment, because the
write amplifier W-AMP corresponds to the respective bit
line BL, the bit line pair BL1 and BL1+1 does not need to
transmit complementary data but can transmit respective
write data.

FIG. 9 1s an explanatory diagram showing a configuration
of the wnte amplifier W-AMP according to the third
embodiment. FIG. 9 shows only a total of two write ampli-
fiers W-AMP located on the both sides of the memory cell
array, respectively. Other write amplifiers W-AMP have the
same configuration. Only the write amplifier W-AMP con-
nected to the bit line BL1 1s explained here and explanations
of the other write amplifiers W-AMP will be omuitted.

The write amplifier W-AMP includes N-type transistors
TN10 and TN11, P-type transistors TP10 and TP11, and an
inverter INV10. The transistors TN10 and TN11 are serially
connected between the corresponding bit line BLL1 and the
low-level voltage supply VSS. The transistor TN10 on the
side of the bit line BLL1 has a gate connected to a precharge
signal line PCH. The transistor TN11 connected on the side
of the voltage supply VSS has a gate connected to a node
N10.

The transistor TP10 1s connected between the voltage
supply VINT and the node N10. The transistor TP10 has a
gate connected to a write signal line WRT. The transistor
TP11 1s connected between the high-level voltage supply
VINT and the bit line BLL1. The transistor TP11 has a gate
connected to the node N10.

The 1inverter INV10 has an input connected to the bit line
BL1 and an output connected to the node N10. The inverter
INV10 applies an 1inversion signal of logical data of the bit
line BLL1 to the transistors TN11 and TP11 to control the
transistors TN11 and TP11.

The write amplifier W-AMP can latch data at the time of
writing from the sense amplifier S/A to the bit line BLL1 and
then write the data to the memory cells MC during a
precharge period.

In a write operation from the sense amplifier S/A to the bit
line BL1, the precharge signal PCH and the write signal
WRT are both logic high. At that time, 1n the write amplifier
W-AMP, the transistor TN10 1s turned on and the transistor

TP10 1s turned ofl. Accordingly, the inverter INV10 and the
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transistors TN11 and TP11 latch the write data written from
the sense amplifier S/A to the bit line BL1. When the write
data 1s logic high (data *“1”), the node N10 has a logic low
voltage, which turns the transistor TP11 on and the transistor
TN11 off. In this way, the high-level voltage (VINT) 1s
applied to the bit line BL1. This state 1s held by the inverter
INV10.

On the other hand, when the write data 1s logic low (data
“07), the node N10 has a logic high voltage, which turns the
transistor TN11 on and the transistor TP11 ofl. Therefore, the
low-level voltage (VSS) 1s applied to the bit line BL1. This
state 1s held by the inverter INV10. As described above, 1n
the write operation, the write amplifier W-AMP can hold the
write data transmitted from the sense amplifier S/A to the bit
line BL1.

The write operation 1s similarly performed also in the
write amplifier W-AMP connected to the bit line BL0O at the
same time. Of course, the write amplifier W-AMP connected
to the bit line BLO can hold logical data different from that
held 1n the write amplifier W-AMP connected to the bit line
BL1.

The precharge signal PCH and the write signal WRT are
logic high also during the precharge period. Therefore, the
write amplifier W-AMP can keep applying the write data to
the bit line BL1 also 1n the precharge period. This enables
the write amplifier W-AMP to write data to the memory cell
MC by selectively driving a word line WL even after end of
the write operation (even atter end of driving of the column
select line CSL).

Because the bit line pair BLi1 and BL1+1 shares the source
line SL, data writing needs to be performed for the bit lines
BL1 and BLi+1 of the bit line pair 1n different timings when
the write amplifier W-AMP writes data to the memory cells
MC. For example, when data 1s to be written to the bit line
BLO0, equalizing lines EQL1 and EQL; are made logic low
and logic high, respectively. Accordingly, the short-circuit
switch SW1 disconnects the bit line BLO from the source
line SL.O and the short-circuit switch SWO0 short-circuits the
bit line BL1 to the source line SLO. This causes the source
line SLO to have a voltage equal to the bit line BLI1.
Therefore, the write amplifier W-AMP connected to the bit
line BLO can write the data to the memory cell MCO0. On the
other hand, when data 1s to be written to the bit line BLL1, the
equalizing lines EQL1 and EQLj are made logic high and
logic low, respectively. Accordingly, the short-circuit switch
SW0 disconnects the bit line BLLO from the source line SL0
and the short-circuit switch SW1 short-circuits the bit line
BL1 to the source line SLO. This causes the source line SLO
to have a voltage equal to the bit line BL0. Therefore, the
write amplifier W-AMP connected to the bit line BL1 can
write the data to the memory cell MC1.

In a read operation, the memory brings the precharge
signal line PCH and the write signal line WRT logic low,
thereby inactivating the write amplifier W-AMP.

FIG. 10 1s a timing chart showing a data write operation
of the MRAM according to the third embodiment. When the
memory receives an active signal A and a signal W at a time
t0, the write signal WRT and the precharge signal PCH are
raised logic high. This enables the write amplifier W-AMP
to latch data of the corresponding bit line BL. The signal W
successively drives the column select lines CSL.

At a time t1, the memory starts receiving the data DIN.
When the column select signal CSL0 1s driven at a time {2,
the multiplexer MUX on the right side in FIG. 8 selects the
bit line BLLO and connects the bit line BLL0 to a sense bit line
SBL2. In this way, the write amplifier W-AMP connected to
the bit line BLO stores therein the write data. When the
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column select line CSL1 1s driven at a time t3, the multi-
plexer MUX on the left side in FIG. 8 selects the bit line BLL1
and connects the bit line BL1 to a sense bit line SBL1. In this
way, the write amplifier W-AMP connected to the bit line
BL1 stores therein the write data. Similarly, when the
column select line CSL.2 1s driven at a time t4, the write
amplifier W-AMP connected to the bit line BL2 stores
therein the write data. Although not shown 1n FIG. 10, the
data can be similarly written also to the write amplifier
W-AMP connected to the bit line BL3.

When a write precharge signal WP 1s received at a time t3,
a column select period ends and the memory 1s brought into
a precharge state for a sense node of the sense amplifier S/A.
The memory then selectively drives one of the word lines
WLO0 to WL3 during the precharge period. This enables the
write amplifier W-AMP to write data to the memory cell
MC.

In the third embodiment, the write amplifiers W-AMP are
provided corresponding to the bit lines BL, respectively.
Accordingly, the write amplifiers W-AMP can hold data to
the memory cells MC 1n all the columns (the first writing,
step). Wrniting from the write amplifiers W-AMP to the
memory cells MC (the second writing step) then needs to be
repeated twice. For example, the write amplifiers W-AMP in
all the columns store therein the write data applied to the
corresponding bit lines BL 1n the first writing step. Next, 1n
the second writing step, the MRAM performs the second
writing step 1n a state where the short-circuit switches SW1
are brought mto conduction and the short-circuit switches
SWO0 are brought into non-conduction, thereby writing the
data to the memory cells MC connected to the bit lines BL0
and BL.2. The MRAM then performs the second writing step
in a state where the short-circuit switches SW0 are brought
into conduction and the short-circuit switches SW1 are
brought into non-conduction, thereby writing the data to the
memory cells MC connected to the bit lines BLL1 and BL3.
In this way, the third embodiment can increase the write
speed more than 1n the second embodiment.

The write amplifiers W-AMP (FIG. 9) according to the
third embodiment have a smaller circuit scale than that of the
write amplifiers W-AMP (FIGS. 6 A and 6B) according to the
first or second embodiment. The write amplifiers W-AMP
are provided 1n a number corresponding to the bit lines or bit
line pairs. Theretfore, reduction in the circuit scale of the
write amplifiers W-AMP leads to reduction in the entire size
of the memory.

(First Modification of Third Embodiment)

FIG. 11 1s an explanatory diagram showing configurations
of write amplifiers W-AMP according to a first modification
of the third embodiment. The wnte amplifiers W-AMP
according to the first modification include an NAND gate
(G10 1nstead of the transistor TP10 and the mverter INV10
shown 1n FIG. 9. Other configurations of the first modifi-
cation can be identical to those of the third embodiment. A
configuration of the write amplifier W-AMP connected to
the bit line BL1 1s explained below and explanations of the
write amplifier W-AMP connected to the bit line BLO will be
omitted.

The NAND gate G10 has two mputs connected to the bit
line BLL1 and the write signal line WRIT, and an output
connected to the node N10. In this way, when the precharge

signal line PCH and the write signal line WRT become logic
high, the NAND gate G10 controls the transistors TN11 and

TP11 to hold a logical value of the bit line BL1.

In a read operation, the memory brings the precharge
signal line PCH and the write signal line WRT to be logic
low, thereby 1nactivating the write amplifiers W-AMP.
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Other operations of the MRAM according to the first
modification can be 1dentical to those of the MRAM accord-
ing to the third embodiment. Therefore, the first modifica-
tion can achieve eflects i1dentical to those of the second
embodiment.

Further, 1n the first modification, the NAND gate G10 1s
used instead of the mnverter INV10. The inverter INV10 has
a possibility of driving the transistor TP11 when the bit line
BL1 has a high-level voltage (exceeds a logical threshold) at
the time of reading. In contrast, in the first modification,
even when the bit line BL1 has a high-level voltage at the
time of reading, the NAND gate G10 keeps the transistor
TP11 1n an off state. Therefore, the write amplifiers W-AMP
can be reliably 1nactivated at the time of data reading in the
first modification.

(Second Modification of Third Embodiment)

FIG. 12 1s an explanatory diagram showing configurations
of write amplifiers W-AMP according to a second modifi-
cation ol the third embodiment. The write amplifiers
W-AMP according to the second modification include the

first NAND gate G10 and also a second NAND gate G11

connected between an inversion signal bPCH of the pre-
charge signal and the transistor TN10. Other configurations
of the second modification can be 1dentical to those of the
first modification. A configuration of the write amplifier
W-AMP connected to the bit line BL1 1s explained below

and explanations of the write amplifier W-AMP connected to
the bit line BLO will be omatted.

The NAND gate G11 has two mputs connected to the

inversion signal bPCH of the precharge signal line and the
column select signal CSL. The NAND gate G11 has an

output connected to the gate of the transistor N10.
At the time of writing, the write signal line WRT becomes
logic high and the inversion signal bPCH of the precharge

signal line becomes logic low. Accordingly, the NAND gate
(510 controls the transistors TN11 and TP11 to hold a logical
value of the bit line BL1. At that time, the NAND gate G11
keeps the transistor TN10 1n an on state regardless of a signal
of the column select line CSL. Therefore, a write operation
in the second modification 1s identical to that in the first

embodiment.

In a read operation, the write signal line WR'T becomes
logic low and the inversion signal bPCH of the precharge
signal line becomes logic high. Accordingly, the NAND gate
(G10 brings the transistor TP10 mnto an off state and the
transistor TN11 into an on state. The NAND gate G11 brings
the transistor TN10 1nto an off state when the column select
line CSL corresponding to the bit line BLL1 becomes logic
high (1s selected). The NAND gate G11 brings the transistor
TN10 into an on state when the column select line CSL
corresponding to the bit line BL1 1s logic low (1s not
selected). That 1s, the write amplifiers W-AMP according to
the second modification can bring the transistors TN10 and
TN11 into the on states and precharge the bit line BL1 to the
low-level voltage (VSS) when the column of the bit line BL1
1s not selected. Of course, because the bit line BL.1 transmits
read data when the column of the bit line BLL1 1s selected, the
write amplifiers W-AMP bring the transistor TN10 into the
oil state to disconnect the bit line BLL1 from the low-level
voltage supply VSS.

At the time of reading, the transistor TN11 is 1n the off
state while the transistors TP11 and TN10 maintain the off
states 1n the first modification. Theretfore, the non-selected
bit lines BL become electrically floating in the read opera-
tion.
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In contrast, the write amplifiers W-AMP according to the
second modification can fix (precharge) the non-selected bit
lines BL to the low-level voltage (VSS) at the time of
reading.

Other operations of the MRAM according to the second
modification can be 1dentical to those of the MRAM accord-
ing to the first modification. Therefore, the second modifi-
cation can achieve eflects i1dentical to those of the first
modification.

(Fourth Embodiment)

FIG. 13 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a fourth
embodiment of the present invention. In the fourth embodi-
ment, the write amplifiers W-AMP are provided between the
multiplexers MUX and the sense amplifiers S/A0Q and S/A1.
The wnite amplifiers W-AMP are each shared by plural bit
lines BL.

A memory cell block CB includes memory cells MC each
being connected to the bit lines BLi and BLi+1 1 two
columns. The source lines SL are provided corresponding to
the bit lines BL, respectively. The multiplexers MUX and
the write amplifiers W-AMP are provided corresponding to
the memory cell blocks CB, respectively. The sense ampli-
fiers S/A0 and S/Al1 are provided corresponding to plural
multiplexers MUX and plural write amplifiers W-AMP.
Therefore, write-column select transistors TWCS0 to
TWCS3 and write-column select lines WCSL0 and WCSL1
are provided to select the multiplexer MUX and the write
amplifier W-AMP to be connected to the sense amplifier
S/AQ or S/A1 at the time of data writing.

The write amplifiers W-AMP are connected between a
write bit line WBL1 and a write source line WSLi. The
multiplexers MUX select one of the bit lines BL and the
corresponding source line to connect the selected bit line and
the selected source line to the write bit line WBL1 and the
write source line WSLi, respectively. This enables the write
amplifiers W-AMP to be connected to the selected bit line
BL and the selected source line SL at the time of data
writing. In this way, the write amplifiers W-AMP can write
data to the memory cells MC 1 a selected column 1n the
corresponding memory cell block CB.

The write-column select transistors TWCS0 and TWCS1
controlled by the same write-column select line WCSLO are
connected to the different sense amplifiers S/AQ and S/Al,
respectively. The write-column select transistors TWCS2
and TWCS3 controlled by the same write-column select line
WCSL1 are also connected to the different sense amplifiers
S/A, respectively. The write-column select lines WCSLO
and WCSL1 transmit complementary data. This prevents the
sense amplifiers S/A to be simultaneously connected to
plural write bit lines WBL and plural write amplifiers
W-AMP. For example, when the write-column select line
WCSLO0 1s driven logic high, the sense amplifier S/A0Q 1s
connected to the write bit line WBLO0 and the sense amplifier
S/Al 1s connected to the write bit line WBL1. When the
write-column select line WCSL1 1s driven logic high, the
sense amplifier S/A0 1s connected to the write bit line WBL2
and the sense amplifier S/A1 1s connected to the write bit
line WBL3. In this way, the sense amplifiers S/A0 and S/A1l
can write different data to the write amplifiers W-AMP
connected to the corresponding write bit lines WBLO to
WBL3.

A specific configuration of the write amplifiers W-AMP
can be 1dentical to that of the write amplifiers W-AMP
according to the first embodiment.

FIG. 14 1s a ttiming chart showing a data write operation
of the MRAM according to the fourth embodiment. Here,
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the word line WLO 1s selected and data are written to the
memory cells MC connected to the word line WLO.
At a time tl, the write-column select line WCSLO0 1s

selected. At that time, the sense amplifiers S/A0 and S/Al
are connected to the write bit ines WBL0 and WBL1,

respectively. The write amplifiers W-AMP corresponding to

the write bit lines WBL0 and WBL1 hold the write data.
At a time t2, the write-column select line WCSL1 1s
selected. At that time, the sense amplifiers S/A0 and S/Al
are connected to the write bit lines WBL2 and WBL3,
respectively. The write amplifiers W-AMP corresponding to

the write bit lines WBIL.2 and WBL3 hold the write data. This

ends writing from the sense amplifiers S/A0 and S/A1 to the
write amplifiers W-AMP (the first writing step).

At a time 13, etther the column select line CSLO or CSL.1
1s selectively driven. This connects the write bit line WBIL1
and the write source line WSLi to any of the bit lines BL and
any of the source lines SL included in the memory cell block

CB, respectively. For example, when the column select line
CSLO 1s selected, the multiplexer MUX connected to the
write bit line WBLO connects the write bit line WBLO0 and
the write source line WSL0 to the bit line BL0O and the source
line SLO, respectively. Similarly, the multiplexer MUX
connected to the write bit line WBL1 connects the write bit
line WBL1 and the write source line WSL1 to the bit line
BL.2 and the source line SL2, respectively. The multiplexer
MUX connected to the write bit line WBL2 connects the
write bit line WBL2 and the write source line WSL2 to the
bit line BL4 and the source line SL4, respectively. The
multiplexer MUX connected to the write bit line WBL3
connects the write bit line WBL3 and the write source line
WSL3 to the bit line BL6 and the source line SL6, respec-

tively. In this way, voltages of the selected bit lines BLO,
BL2, BL4, and BL6 and the selected source lines SL.0O, SL.2,

S[L.4, and SL.6 are determined.

At a time t4, the word line WLO0 1s selectively driven. This
ecnables the write amplifiers W-AMP to write data to the
memory cells MC connected to the selected word line WLO
and the bit lines BL0, Bi2, BL4, and BL6, respectively (the
second writing step). The write amplifiers W-AMP keep
applying the write voltage to the corresponding memory
cells MC until the word line WLO0 falls at a time t5.

To write data to the memory cells MC connected to the bit
lines BLL1, BL3, BLS5, and BL7, 1t suflices that the first
writing step 1s performed again and then the second writing
step 15 performed with the column select line CSL1 being
selected.

In the fourth embodiment, the number of sense amplifiers
S/A can be changed by changing the circuit configuration
between the sense amplifiers S/A and the write amplifiers
W-AMP. That 1s, a ratio between the number of sense
amplifiers and the number of write amplifiers can be con-
trolled. In this way, an operation speed of the first writing
step can be adjusted.

In the fourth embodiment, the write amplifiers W-AMP
are located between the multiplexers MUX and the sense
amplifiers S/A. Accordingly, wiring capacities from the
sense amplifiers S/A to the writing amplifiers W-AMP are
relatively small and the speed of the first writing step 1s high.
On the other hand, writing capacities from the writing
amplifiers W-AMP to the memory cells MC are larger and
therefore the speed of the second writing step 1s assumed to
be lower. However, even 1f the speed 1s lower, this causes
little problem because the second writing step 1s performed
in the precharge period of sense nodes of the sense ampli-

fiers S/A.
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(Fifth Embodiment)

FIG. 15 1s a block diagram of a memory cell array and
peripheral circuits of an MRAM according to a fifth embodi-
ment of the present invention. In the fifth embodiment, the
write amplifiers W-AMP are provided corresponding to
plural memory cell blocks CB and plural bit lines BLO to
BL3. Each of the wrnte amplifiers W-AMP 1s connected
between the multiplexer MUX and the sense amplifier S/A.
While one write amplifier W-AMP 1s shown with respect to
one sense amplifier S/A 1 FIG. 135, the sense amplifier S/A
1s provided corresponding to plural write amplifiers W-AMP
like 1n the fourth embodiment.

The write amplifiers W-AMP can have the same configu-
ration as that of the write amplifiers W-AMP 1n the third
embodiment (FIG. 9). The write amplifiers W-AMP can
have the same configuration as that of the write amplifiers
W-AMP shown 1n FIG. 11 or 12. The memory cell blocks
CB and the short-circuit switches SW0 and SW1 also can
have the same configurations as those 1n the third embodi-
ment. Here, only configurations of the multiplexer MUX and
the write amplifier W-AMP on the right of the memory cell
array are shown in FIG. 15. The multiplexer MUX and the
write amplifier W-AMP on the left of the memory cell array
have the same configurations as those on the right, and
therefore explanations thereof will be omitted. While FIG.
15 shows one write amplifier W-AMP and one multiplexer
MUX provided on each of the right and left of the memory
cell array, plural write amplifiers W-AMP and plural mul-
tiplexers MUX can be provided according to the number of
memory cell blocks CB.

The write amplifier W-AMP stores the held write data in
the write bit line WBL. The multiplexer MUX 1s connected
to the write amplifier W-AMP via the write bit line WBL1.
The multiplexer MUX 1ncludes a switching element SW10
connected between the write bit line WBL1 and the bit line
BL1 of the memory cell block CB, and a switching element
SW11 connected between the write bit line WBL1 and the
bit line BL2 of the memory cell block CB. The switching,
clement SW10 1s controlled by complementary column
select signals CSLy and bCSLy. The switching element
SW11 1s controlled by complementary column select signals
CSLx and bCSLx. The multiplexer MUX further includes an
NMOS ftransistor TN20 connected between the low-level
voltage supply VSS and the bit line BLL1 of the memory cell
block CB, and an NMOS transistor TN21 connected
between the low-level voltage supply VSS and the bit line
BL2 of the memory cell block CB. The transistors TN20 and
TN21 are controlled by the column select signals bCSLy and
bCSLx, respectively.

Similarly, the multiplexer MUX shown on the left side 1n
FIG. 15 1s connected between the write bit line WBL2 and
the bit line BLO of the memory cell block CB and between
the write bit line WBL2 and the bit line BL3 of the memory
cell block CB.

In this way, the multiplexer MUX connects the write bit
line WBL1 to the bit line BL1 and transfers the write data
to the memory cells MC connected to the bit line BLL1 when
the column select line CSLy 1s driven logic high. At that
time, the transistor TN20 disconnects between the voltage
supply VSS and the bit line BL1. The short-circuit switches
SWO short-circuit the bit lines BL0 and BL3 to the source
lines SLO and SL1, respectively.

The multiplexer MUX connects the write bit line WBLI1
to the bit line BL2 and transfers the write data to the memory
cells MC connected to the bit line BL2 when the column
select line CSLx 1s driven logic high. At that time, the
transistor TN21 disconnects between the voltage supply
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VSS and the bit line BL2. The short-circuit switches SW0
short-circuit the bit lines BL0O and BL3 to the source lines
SLO and SL1, respectively.

In this way, the multiplexer MUX can write data of the
write amplifier W-AMP to either the bit line BLL1 or BL2.
Here, when the column select lines CSLx and CSLy are not
selected, the switching elements SW10 and SW11 discon-
nect the write bit lines WBL1 and the bit lines BLL1 and BL.2,
and the transistors TN20 and TN21 maintain the bit lines
BL1 and BL2 at the low-level voltage (VSS).

The multiplexer MUX shown on the left side in FIG. 15
similarly operates, thereby enabling transier of data of the
write amplifier W-AMP to either the bit line BLO or BL3. At
that time, the short-circuit switches SW1 short-circuit the bit
lines BLL1 and BL2 to the source lines SLLO and SL.1,
respectively.

FIG. 16 1s a timing chart showing a data write operation
of the MRAM according to the fifth embodiment. When the
memory receives an active signal A and a signal W at a time
t0, the memory raises the write signal WRT and the pre-
charge signal PCH logic high. This enables the write ampli-
fiers W-AMP to latch data of the corresponding bit lines BL.
The signal W successively drives the write-column select
lines WCSL.

At a time t1, the memory starts receiving the data DIN.
When the write-column select line WCSL0 1s driven at a
time t2, the sense amplifier S/A shown on the right side 1n
FIG. 15 writes the write data to the corresponding write
amplifier W-AMP. In FIG. 15, only one write-column select
line WCSL 1s shown on the right of the memory cell array.
However, the write-column select lines WCSL are practi-
cally provided in a number equal to the number of write
amplifiers W-AMP corresponding to one sense amplifier
S/A. By successively driving the write-column select lines
WCSL, the sense amplifier S/A can transier the write data to
all the corresponding write amplifiers W-AMP. The write
amplifiers W-AMP store the write data in the write bit line
WBLI1.

When the write-column select line WCSL1 1s driven at a
time t3, the sense amplifier S/A on the left side i FIG. 15
writes the write data to the corresponding write amplifier
W-AMP. Only one write-column select line WCSL 1s shown
on the left of the memory cell array 1n FIG. 15. However, the
write-column select lines WCSL are practically provided in
a number equal to the number of write amplifiers W-AMP
corresponding to one sense amplifier S/A. By successively
driving the write-column select lines WCSL, the sense
amplifier S/A can transier the write data to all the corre-
sponding write amplifiers W-AMP. The write amplifiers
W-AMP store the write data in the write bit line WBL2 (the
first writing step).

When a write precharge signal WP 1s recerved at a time t5,
the multiplexer MUX drives either the column select line
CSLx or CSLy and connects the write bit line WBL1 to
cither the bit line BLL1 or BL2.

By raising a selected word line WL at a time t6, the write
amplifiers W-AMP write the write data to the memory cells
MC. At that time, each of the write amplifiers W-AMP on
one side of the memory cell array first writes the data to the
memory cell MC connected to the bit line (BL1, BLS,
BL9 . .., for example) in one column of the corresponding
memory cell blocks CB. Each of the wrnte amplifiers
W-AMP on the other side of the memory cell array then
writes the data to the memory cell MC connected to the bit
line (BLO, BL4, BLS ..., for example) in one column of the
corresponding memory cell blocks CB (the second writing

step).
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By repeating the first and second writing steps again, the
data can be written to the memory cells MC connected to the

remaining bit lines (BL2, BL6, BL10 . . ., and BL3, BL7,

BL11 . . ., for example). That 1s, the sense amplifiers S/A,
the write amplifiers W-AMP, and the multiplexers MUX on >
the rnight and left of the memory cell array alternately
perform the first and second writing steps twice, whereby the
memory can write the data to the bit lines BL 1n all the
columns.

In the MRAM according to the fifth embodiment, the
write amplifiers W-AMP are provided corresponding to the
plural memory cell blocks CB and the plural bit lines BL
to BL3. The number of write amplifiers W-AMP can be
changed by changing the circuit configuration of the multi-
plexers MUX. That 1s, a ratio between the number of write
amplifiers and the number of bit lines can be controlled. In
this way, the operation speed of the second writing step can
be adjusted.

In the fifth embodiment, the number of sense amplifiers ,,
S/A can be changed by changing the circuit configuration
between the sense amplifier S/A and the write amplifier
W-AMP. Therefore, the operation speed of the first writing
step can be adjusted like 1n the fourth embodiment.

The write amplifiers W-AMP are each provided between -5
the multiplexer MUX and the sense amplifier S/A 1n the fifth
embodiment. Accordingly, the speed of the first writing step
1s high 1n the fifth embodiment like 1n the fourth embodi-
ment.

In the above embodiments, the number of write amplifiers 5,
W-AMP 1s larger than the number of sense amplifiers S/A.
That 1s, plural write amplifiers W-AMP are provided for one
sense amplifier S/A. Therefore, the MRAMSs according to
the above embodiments can reduce the number of sense
amplifiers S/A having large sizes and reduce chip sizes of the 35
MRAMSs while speeding-up the write operation.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel methods and systems described herein 4,
may be embodied 1n a variety of other forms; furthermore,
various omissions, substitutions and changes 1n the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to 45
cover such forms or modifications as would fall within the
scope and spirit of the inventions.
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The 1nvention claimed 1s:

1. A semiconductor storage device comprising: 50

a plurality of bit lines;

a plurality of word lines;

at least one source line;

magnetic tunnel junction elements and transistors, [each]
one of the magnetic tunnel junction [element] e/lements 55
and [each transistor] ore of the transistors being seri-
ally connected between one of the [respective] bit lines
and the source line;

a sense amplifier configured to detect data stored in the
magnetic tunnel junction elements; 60

a multiplexer between the plural bit lines and the sense
amplifier in order to select Jone of] the bit lines to be
connected to the sense amplifier; and

a plurality of write amplifiers corresponding to a plurality
of memory cell blocks each memory cell block includ- 65
ing a plurality of memory cells, each memory cell
including one of the magnetic tunnel junction elements

20

and one of the transistors, and connected to the bit lines
dirvectly or connected to the bit lines via the multi-
plexer|, wherein

at data writing, the write amplifiers hold the write voltage
after the sense amplifier applies a write voltage to the
bit lines), the write amplifiers being respectively pro-
vided corresponding to the bit lines,

wherein in a data write operation, data stored in the sense
amplifier is transferrved to the write amplifiers, and then
the data in the write amplifiers is written to the memory
cells in the memory cell block corresponding to the
write amplifiers.

[2. The device of claim 1, wherein in a data write
operation, the sense amplifier performs a first writing step to
write data to the write amplifiers, and the write amplifiers
perform a second writing step to write the data to the
memory cells i the memory cell block corresponding to the
write amplifiers.]

3. The device of claim [2] /, wherein [in the second
writing step] when writing data to the memory cells, driving
of the word lines is performed after [end of a data write
period] transferring data to the write amplifiers and during
a precharge period of the sense amplifier.

4. The device of claim 1 wherein

the multiplexer successively selects the bit lines and
successively transmits write data from the sense ampli-
fier to the bit lines at a time of data writing,

the write amplifiers respectively correspond to the bit
lines, the write amplifiers are respectively connected
between the bit lines and the source line, and the write
amplifiers hold the write data transmitted to the bit lines
at the time of data writing, and

[by] after transferring data to the write amplifier is
completed, driving one of the word lines [after writing
to the write amplifiers ends,] such that the write ampli-
fiers write the write data to the memory cell connected
to the driven word line.

[5. The device of claim 2 wherein

the multiplexer successively selects the bit lines and
successively transmits write data from the sense ampli-
fier to the bit lines at a time of data writing,

the write amplifiers respectively correspond to the bit
lines, the write amplifiers are respectively connected
between the bit lines and the source line, and the write
amplifiers hold the write data transmuitted to the bit lines
at the time of data writing, and

by driving one of the word lines after writing to the write
amplifiers ends, the write amplifiers write the write data
to the memory cell connected to the driven word line.]

6. The device of claim 3 wherein

the multiplexer successively selects the bit lines and
successively transmits write data from the sense ampli-
fier to the bit lines at a time of data writing,

the write amplifiers respectively correspond to the bit
lines, the write amplifiers are respectively connected
between the bit lines and the source line, and the write
amplifiers hold the write data transmitted to the bit lines
at the time of data writing, and

[by] after transferring data to the write amplifier is
completed, driving one of the word lines [after writing
to the write amplifiers ends,] such that the write ampli-
fiers write the write data to the memory cell connected
to the driven word line.
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7. The device of claim 1, wherein

cach pair of adjacent bit lines shares a source line,

the device further comprises short-circuit switches each
connected between the bit line and the corresponding
source line,

the write amplifiers respectively correspond to the pairs of
the bit lines and hold write data transmitted to any one
of bit lines of the corresponding bit line pair at a time
of data writing,

byl after transferring data to the write amplifier is
completed, driving one of the word lines [after writing
to the write amplifiers ends,] such that the write ampli-
fiers write the write data to the memory cell connected
to the driven word line.

[8. The device of claim 2, wherein

cach pair of adjacent bit lines shares a source line,

the device further comprises short-circuit switches each
connected between the bit line and the corresponding
source line,

the write amplifiers respectively correspond to the pairs of
the bit lines and hold write data transmitted to any one
of bit lines of the corresponding bit line pair at a time
of data writing,

by driving one of the word lines after writing to the write
amplifiers ends, the write amplifiers write the write data
to the memory cell connected to the driven word line.]

9. The device of claim 3, wherein

cach pair of adjacent bit lines shares a source line,

the device further comprises short-circuit switches each
connected between the bit line and the corresponding
source line,

the write amplifiers respectively correspond to the pairs of
the bit lines and hold write data transmitted to any one
of bit lines of the corresponding bit line pair at a time
of data writing,

byl after transferring data to the write amplifier is
completed, driving one of the word lines [after writing
to the write amplifiers ends,] such that the write ampli-
fiers write the write data to the memory cell connected
to the driven word line.

10. The device of claim 7, wherein the write amplifiers are

connected between the pair of the bit lines.

11. The device of claim 1, wherein

cach pair of adjacent bit lines shares a source line,

the device further comprises short-circuit switches each
connected between the bit line and the corresponding
source line,

the write amplifiers respectively correspond to the bat
lines and hold write data transmitted to corresponding
one of the bit lines at a time of data writing, and

byl after transferring data to the write amplifier is
completed, driving one of the word lines [after writing
of the write amplifiers ends,] such that the write ampli-
fiers write the write data to the memory cells connected
to the driven word line.
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[12. The device of claim 2, wherein

cach pair of adjacent bit lines shares a source line,

the device further comprises short-circuit switches each

connected between the bit line and the corresponding
source line,

the write amplifiers respectively correspond to the bit

lines and hold write data transmitted to corresponding
one of the bit lines at a time of data writing, and

by driving one of the word lines after writing of the write

amplifiers ends, the write amplifiers write the write data
to the memory cells connected to the driven word line.]

13. The device of claim 3, wherein

cach pair of adjacent bit lines shares a source line,

the device further comprises short-circuit switches each

connected between the bit line and the corresponding
source line,
the write amplifiers respectively correspond to the bit
lines and hold write data transmitted to corresponding
one of the bit lines at a time of data writing, and

byl after transferring data to the write amplifier is
completed, driving one of the word lines [after writing
of the write amplifiers ends,] such that the write ampli-
fiers write the write data to the memory cells connected
to the driven word line.

14. The device of claim 11, wherein the write amplifiers
are connected between the bit lines and the multiplexer.

15. The device of claiam 11, wherein in a data read
operation, the write amplifiers disconnect the corresponding
bit lines and a voltage supply regardless of voltage levels of
the bit lines.

16. The device of claim 11, wherein in a data read
operation, the write amplifiers connect the corresponding bit
lines to a voltage supply to {ix voltages of the bit lines when
the bit lines are not selected, and disconnect the correspond-
ing bit lines from the voltage supply when the bit lines are
selected.

17. The device of claim 1, wherein

the write amplifiers are provided between the multiplexer

and the sense amplifier, and

at data writing, after the sense amplifier applies a write

voltage to the bit lines, the write amplifiers write the
write data to the memory cells via bit lines selected by
the multiplexer.

18. The device of claim 17, wherein the write amplifiers
correspond to a plurality of the bit lines.

19. The device of claim 1, wherein the number of the write
amplifiers 1s larger than the number of the sense amplifiers.

20. The device of claim 1, wherein, at data writing, the
write amplifiers hold a write voltage after the sense ampli-
fier applies a write voltage to the bit lines.

21. The device of claim 1, wherein the multiplexer selects
one of the bit lines to be connected to the sense amplifier.
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