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DESCRIPTION
RESISTANCE CHANGE MEMORY

Cross-Reference to Related Applications

This application is based upon and claims the
benefit of priority from Provisional Application No.
61/804,557, filed March 22, 2013; and U.S. Patent
Application No. 14/018,242, filed September 4, 2013,
the entire contents of all of which are incorporated
herein by reference. |

Field

Embodiments described herein relate generally to a

resistance change memory.
Background

Recently, semiconductor memories have attracted
attention, which include a nonvolatile memory, such as
a resistance change memory (e.g., magnetoresistive
random access memory (MRAM), phase change‘random access
memory (PRAM), resistive random access memory (ReRAM),
etc.) as a memory device.

A typical resistance change memory is configured
to differentiate between data "1" and data 0" by
changing its resistance through the supply of a current
(or the application of a voltage). In addition, a
resistance change memory is equipped with a sense

amplifier that senses a slight variation in a read
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current from each memory cell.
Brief Description of the Drawings

FIG. 1 is a view illﬁstrating a configuration of a
resistance change memory according to a first
embodiment;

| FIG. 2 is a circuit diagram of a main constituent
part of the resistance change memory;

FIG. 3 is a timiﬁg chart of a read opération
performed by the resistance change memory;

FIG. 4 is an exemplary timing chart of a read
operation performed by a resistance change memory as a
comparative example;

FIG. 5 is a circuit diagram of a main constituent
part of a resistance change memory according to a‘
second embodiment;

FIG. 6 is a timing chart of a read operation
performed by the resistance change memory;

FIG. 7 is a circuit diagram of a main constituent
part of a resistance change memory according to a third
empbodiment;

FIG. 8 is a ciréuit diagram of a main constituent
part of a resistance change memory according to a
fourth embodiment; and

FIG. 9 is a timing chart of'avread operation
performed by a resistance change mémory according to a
fifth embodiment .

Detailed Description
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Hereinafter, a resistance change memory according
to embodiments will be described, with reference to the
accompanying drawings. In the following description,
the same reference numerals are giVen to components
having the same function and configuration, and an
overlapping description will be given only when needed.

In general, according to one embodiment, a
resistance change memory includes a first memory cell,
a word line, a first bit line, first and second
inverters, and.first, second, third, fourth, fifth and

sixth MOS transistors. The first memory cell has a

_resistance change element. The word line is connected

to the first memory cell, and is driven based on an
address signal. The first bit line is connected to the
first memory cell while intersecting the word line, and
is selected based on the address signal. The first
inverter has a first input terminal, a first output
términal, and first and second voltage terminals. The
second inverter has a second input terminal, a second
output terminal, and third and fourth voltage terminals.
The second input terminal is connected to the first
output terminal, and the second oufput terminal is
connected to the first input terminal. The first MOS
transistor is connected to the first output terminal.
The second MOS transistor is connected to the second
output terminal. The third MOS transistor is connected

to the first voltage terminal. The fourth MOS
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transistor is connected to the third voltage terminal.
oOone end of a current path of the fifth MOS transistor
is connected to the first voltage terminal. A first
signal is supplied to a gate of the fifth MOS
transistor. A second bit line is connected to another
end of the current path of the fifth MOS transistor.
The sixth MOS transistor is connected between the first
and second bit lines. A second signal is supplied to a
gate of thg sixth MOS transistor. Before the sixth MOS
transistor is turned on by the second signal, the fifth
transistor is turned on by the first signal.

[First Embodiment]

FIG. 1 is a view illustrating a configuration of a
résistance change memory according to a first
embodiment.

The resistance change memory‘includes a memory
cell array 11, a sense amplifier 12, drivers/sinkers 13

and 14, a driver 15, a constant current generation

" ecircuit 16, a reference current generation circuit 17,

and a controller 18.

The memory cell array 11 has a plurality of memory
cells MC arrayed in a matrix fashion. The memory cells
MC are connected between a local bit line LBL<0> and a
local source line LSL<0>, between a local bit line
LBL<1> and a local source line LSL<1>, ... and between
a local bit line LBL<n> and a local source line LSL<n>,

respectively. Furthermore, the memory cells are



10

15

20

25

WO 2014/148405 PCT/JP2014/057026

connecﬁed to wofd lines WL<0> to WL<n>, respectively.
In other words, the memory cells MC are arranged at
locations where the word lines WL<0> to WL<n> intersect.
both the local bit lineleBL<O> to LBL<n> and the local
source lines LSL<0> to LSL<n>, respectively. It should
be noted that n represents 0, 1, 2, ... or n.

Ones of the Iocal bit lines LBL<0> to LBL<n> are
connected to a global bit.line GBL through N-channel
MOS field-effect transistors (hereinafter, referred to

as nMOS transistors) M1<0> to Ml<n>, respectively.

' Column selection signals CSL<0> to CSL<n> are supplied

to the gates of the nMOS transistors M1<0> to Ml<n>,
respectively. The other end of each of the local bit
lines LBL<0> to LBL<n> is connected to the plurality of
memory cells MC.

The global bit line GBL is connected to the
driver/sinker 14. Furthermore, the global bit line GBL
is connected to the sense amplifier 12 through an nMOS
transistor M4. The gate of the nMOS transistor M4 is
connected to the constant current generation circuit 16
for generating a constant currént. The global bit line
GBL is connected to a reference voltage terminal, such .
as a ground potential terminal Vss, through an nMOS
transistor M6. A discharge signal DIS is supplied to
the gate of the nMOS transistor M6.

One ends of the local source lines LSL<0> to

LSL<n> are connected to a global source line GSL
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through nMOS transistors M2<0> to M2<n>, respectively.
The column selectioh'signéls’CSL<O> to CSL<n> are
supplied to the gates of the nMOS transistors M2<0> to
M2<n>, respectively. The other end of each of the
local source lines LSL<0> to LSL<n> is connected to the
plurality of memory cells MC.

The global source line GSL is connected to the
driver/sinker 13. Furthermore, the global_source line
GSL is connected to a reference voltage end, such as
the ground potential terminal Vss, through an nMOS
transistor M3. A signal SINK is supplied to the gate
of the nMOS transistor M3. Furthermore, the global
source line GSL is connected to a reference voltage
terminal, such as the ground pétential terminal Vss,
through the nMOS transistor M8. A discharge Signal-DIS
is supplied to the gate of the nMOS transistdr M8.

The drivers/sinkers 13 and 14 feed a write current
to each memory cell MC in a direction according to date
to be written, during a write operation. In this way,
the drivers/sinkers 13 and 14 write date into each
memory cell MC.

The word lines WL<0> to WL<n> are connected to the
driver 15 for driving the word lines WL<0> to WL<n>.

The gate of the nMOS transistor M4 is connected to
the constant current genération circuit 16 for
generating a constant current. The sense’amplifier 12

is connected to the reference current generation
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circuit 17 for supplying a reference current to the

sense amplifier 12. Furthermore, the contreller 18 is
connected to both the driver 15 and the sense amplifier
12. The controller 18 controls the operations
performed by individual parts of the above resistance
ehange memory. For example, the controller 18‘
generates a control signal to be supplied to the sense
amplifier 12, and controls a read opeiation performed
by the sense amplifier 12.

FIG. 2 is a circuit diagram of a configuration of
the memory cell array il, the sense amplifier 12 and
the constant current generation circuit 16 in FIG. 1.

Hereinafter, a configuration of the memory cell
array 11 will be described. |

The memory cell array 11 has the plurality of
memory cells MC arranged in a matrix fashion at the
locations where the word lines WL<0> to WL<n> intersect
both the local bit lines LBL<0> to LBL<n> and the local
source lines LSL<0> to LSL<n>, respectively, as
described above. It should be noted that n represents
0, 1, 2, ... or n.

Eaeh memory cell MC includes, for example, a
resistance change element RE and a selection transistor
ST. The resistance change element RE is an element
that is configured to change its resistance through the
supply of a current or the application of a voltage.

Examples of the resistance change element RE include,
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but are not limited to, a magnetic tunnel junction

(MTJ) element, a vériable resistive element, a phase
change element, and a ferro-electric element. The gate
of the selection transistor ST is connected to the word
line WL. The selection transistor ST is turned on by
the word line WL, whereby the memory cell MC is
selected. |

Ones of the local bit lines LBL<(0> to LBL<n> are
connected to the giobal bit line GBL through the column
éelection transistors M1<0> to Ml<n>, respectively.

The column.selection signals CSL<0> to CSL<n> are
supplied to'the gates of the column selection
transistors M1<0> to Ml<n>, respectively.

The global bit line GBL is connected to a
connection node between nMOS transistors M12 and M15 in
the‘sense'amplifier 12 through a clamp transistor M4
and a transfer transistor M5, both Current paths of
which are connected in series to each other.
Furthermore, the global bit line GBL is connected to
the reference voltage terminal, such as the ground
potential terminal Vss, through the discharge
transistor M6. The discharge signal DIS is supplied to
the gate of the discharge transistor Me6.

One ends of the local source lines LSL<0> to
LSL<n> are connected to the global source line GSL
through the column selection transistors M2<0> to M2<n>,

respectively. The column selection signals CSL<0> to
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CSL<n> afe-supplied to the gates of the column
selection transistors M2<0> to M2<n>, respectively.

The global source line GSL is connected to the
reference voltage terminal, such as the ground
potential terminal Vss, through the transfer transistor
M3. The signal SINK is supplied to the gate of the
transfer transistor M3. Furthermore, the globel source
line GSL is connected to the reference voltage, such as
the ground potential terminal Vss, through the
discharge transistor M8. The discharge signal DIS:is
supplied to the gate of the discharge traﬁsistor MS8.

Hereinafter, a configuration of the sense
amplifier 12 will be described.

The sense amplifier 12 is a current sensing type
of.sense amplifier. ‘The sense amplifier 12 is provided
with: a first inverter including a P-channel field-
effect transistor (hereinafter, referred to as a pMOS
transistor) M1l and an nMOS transistor M12; a second
inverter including a pMOS transistor M13 and an nMOS
transistor M14; nMOS transistors M15 and M16; and pMOS
transistors M17 and M18.

The first inverter (the transistors M1l and M12)

ineludes a first input terminal, a first output

terminal, and first and second voltage terminals. The

second inverter (the transistors M13 and M14) includes
a second input terminal, a second output terminal, and

third and fourth voltage terminals. The second input
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terminal is connected to the first output terminal, and

the second output terminal is connected to the first
input terminal.

The first output terminal of the‘first inverter is
connected to the drain of the pMOS transistor M17, and
the source of the pMOS transistor M17 is connected to a
power supply voltage_terminal VDD. The second output
terminal of the second inverter is connected to the
drain of the pMOS transistor M18, and the source of the
pMOS transistor M18 is connected to the power supply
voltage terminal VDD. A first sense enable signal SEN1
from the controller 18 is supplied to both gates of the
nMOS transistors M17 and M18. |

A first voltage terminal of the first inverter (or
the source of.the transistor M12) is connected to the
drain of the nMOS transistor M15, and the source of the
nMOS transistor M15 is connected to the ground
potential termihal Vss. The third voltage terminal of
the secondvinverter (or the source of the transistor
M14) is connected to the drain of the nMOS transistor
M16, and the source of the nMOS transistor M16 is
connected to the ground potential terminal Vss. A
second sense enable signal SEN2 from the controller 18
is supplied to both gates of the nMOS transistors M15
and M16.

The first voltage terminalvof the first inverter

(or the source of the transistor M12) is connected to
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the drain of the nMOS transistor M5. A read enable
signal REN from the controller 18 is supplied to the
gate of the nMOS transistor M5. Thé source of the nMOS
transistor M5 is connected to the global bit line GBL
through the nMOS transistor MA4. The gate of the nMOS
transistor M4 is connected to the constant current
generation circuit 16.

The third voltage terminal of the second inverter

(or the sourcé of the transistor M14) is connected to

the reference current generation circuit 17. The

-~

reference current generation circuit 17 is configured
to supply a reference current IREF to the sense
amplifiér 12. Here, the reference current IREF is set
to an intermediate value between reSpective cell
currents which cause the memory cell to store "0" and
"1." This reference current IREF is generated by, fdr
example, a reference cell. |

Hereinafter, a configuration of the constant
current generation circuit 16 will‘be described.

The gate of the nMOS transistor M4‘is connected to
the constant current generation circuit 16. The
constant current generation circuit 16 applies a clamp
voltage Vclamp (for example, 0.1 to 0.6 V), which ié a
preset analog voltage, to the gate of the nMOS
transistor M4 during a read operation. 1In résponse, a
voltage at the drain of the nMOS transistor M4 is

clamped constant. This constant voltage serves the
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purpose of limiting a current flowing through each
memory cell MC so as not to exceed an upper 1limit, thus
preventing data stored on a selected one of the memory
cells MC from being damaged. |

The constant current generation circuit 16
includes a constant current source I1l, an nMOS .
transistor M7, and a resistor Rl. The drain of the
nMOS transistor M7 is connected to the power supply
voitage terminal VDD through the constant current |
source Il, and connected to the gate of the nMOS
transistor M7 itself. The source of the nMOS
transistor M7 is connected to the ground potential
terminal Vss through the resistor RI1.

Next, a description will be given of a read
operation performed by the resistance change memory
according to the first embodiment, with reference to
FIG. 3. |

FIG. 3 is a timing chart of a read operation
performed by the resistance change memory.

A standby state, which is assumed before a read
operation is initiated, is as follows.

In the sense amplifier 12, the first sense_enable
signal SEN1 is "Low" in level, which causes the pMOS
transistors M17 and M18 to be in an on state, and the
second sense enable signal SEN2 is "Low" in level,
which causes both pMOS‘transistors M15 and M1l6 to be in

an off state. Moreover, the read enable signal REN is
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"Low" in level, which causes the nMOS transistor M5 to

.be in an off state. As a result, both voltage

potentials at nodes SO and SOb are precharged at a

potential of a supply voltage VDD, and the sense

“amplifier 12 assumes a standby state.

The clamp voltage Vclamp, which is a constant
analog voltage, is.applied to the nMOS transistor M4,
and the nMOS transistor M4 is in an on state during the
standby state.

In the memory cell array 11, the word line WL<n>
is in an inactive state (or in a "Low" state) and the
column selection signal CSL<n> is in a "Low" state;
which causes the nMOS transistor Ml<n> to be in an off
state.

After both voltage potentials on the global bit
line GBL and the global source line GSL are discharged
at the grand voltage potential'Vss while both discharge
transistors M6 and M8 are in an on state, both
discharge transistors Mé and M8 are turned off by the
discharge signal DIS. The discharge transistors M6 and
M8 may be optionally provided. Further, the sink
transistor M3 in a turn-off state is turned on. It is
preferable that the timing at which the sink transistor
M3 is turned on be set before a read current flows
through the memory cell MC.
| In the above state, an external source inputs an

active command and an address signal to the cohtroller
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18 of the resistance change memory. In response, the
controller 18 generates a bank active signal for |
activating a bank, based on the address signal, and
aétivates a bank to be used, by using the bank active
signal.

At this time, the controller 18 sets the level of
the read enable signal REN to "High" through the
address signal or the bank active signal, thereby
turning on the nMOS transistor M5. As a result, a
current flows from the sense amplifier 12 to the global
bit line GBL.through the nMOS transistors M4 and M5, so
that a readout route including the global bit line GBL
is charged. It should be noted that the bank active
signal is used in the abbve description, but another
internal signal generated from the address signal may
be used instead of the bank active signal.

In the memory cell array 11, in turn, the local
bit line LBL<n> and the local source line LSL<n> are
selected through the column selection signal CSL<n>.

In addition, the word line WL<n> is.driven, so that the
memory cell MC to be read is selected. Specifically,
by setting the level of the column selection signal
CSL<n> to "High," the nMOS transistors Ml<n> and M2<n>
are turned on. As a result, the local bit line LBL<ﬁ>

is connected to the global bit line GBL, and the local

‘source line LSL<n> is connected to the global source

line GSL.
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Furthermore, by setting the level of the word line
WL<n> to "High, " the selection transistor ST is turned
on. As a result, the memory cell MC to be read is
selected. In this case, the nMOS transistor M3 ig in
an on state through the signal SINK, during the read
operation. Through the above processing, a read
current is fed from the sense‘amplifier 12 to the
selected memory cell MC.

Next, by setting the level of the first sense
enable signal SENl to "High," both pMOSs transistore M17
and M18 are turned off. As a result, precharging both
nodes SO and SOb is stopped. Then, the read current
becomes a current supplied only from the power supply
voltage terminal VDD to which both drains of the nMOS
transistors M1l and M13 are connected. In this case,
the read current is changed depending on déta ("0" or
*1") stored on the selected memory cell MC. In other
words, the read current is changed depending on which
of the low and high resistance states the selected
memory cell MC assumes. The read current changed in
this manner, namely, depending on the data of the
Selected memory cell MC refers to a cell current IDATA.

After that, by setting the level of the second
sense enable signal SEN2 to "High, " both nMOS
transistors M15 and M16 are turned on. 1In response,
the reference current IREF driven by the reference

current generation circuit 17 is compared with the cell
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current IDATA. As a result, a level of a latch circuit
ihcluding the pMOS transistors M1l and M13 and the nMOS
transistors M12 and M14 is retained at a "High" or

"Low" level, in accordance with the comparison result.
Finally, (data in) a "High" or "Low" level which is
retained in the latch circuit is output from the nodes
S0 and SOb as output.signals OUT and OUTb, respectively.

Here, the reference current IREF is set to an
intermediate value between respective cell currents
which cause the memory cell to store "0 and "1". The
reference current IREF may be Qenerated by, for example,
a reference memory cell.

As described above, the nMOS transistor M5 is
turned on by the read enable signal REN, thereby
charging the global bit line GBL in advance. Then, the
memory cell MC is selected by the column selection
signal CSL<n> and the word line WL<n>, and the read
currént'is fed to the selected memory cell MC. 1In
other words, the global bit line GBL is precharged,
before the memory cell MC is selected through the
column selection signal CSL<n> and then the word line
WL<n> and the read current is fed to the selected
memory cell MC. Consequently, it is possibie to
shorten a read time by a time required for charging the
global bit line GBL.

In the first embodiment, after the readout route

including the global bit line GBL is precharged, the
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read operation is performed by selecting the memory
cell through the column selection signal CSL<n> and

feeding the read current to the selected memory cell.

This embodiment enables a time of charging the bit line,

which is basically regarded as an unnecessary time and
affects the read time, to be removed from an actual
read time. Consequently, it is possible to Shorten the
read time.

Furthermore, by using the address signal or the
internal signal generated from the address signal, the
signal for initiating the charging of the readout route
(read enable signal REN) is generated. In other words,
the address signal or the internal signal generated
from the address signal triggers the charging of the
readout route. Accordiﬁgly, it is possible to set the
timing of initiating the charging of the readout route
efficiently.

Furthermore, in this embodiment, the bit lines are
precharged with the current supplied from the sense
amplifier, as described above. Therefore, this |
embodiment eliminates the need for installing an extra
precharging cirCuit, and also avoids the increase in
the area.

FIG. 4 is an exemplary timing chart of a read
operation performed by a resistance change memory as a
comparative example.

First, in accordance with input address
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informatiqn, the word line WL<n> is activated and the
level of the column selection signal CSL<n> is set to
"High," which turns on the nMOS$ transistors Ml<n> and
M2<n>, as illustrated in FIG. 4. Then, the level of
the read enable signal REN is set to "High", which
turns on the nMOS transistor M5. In this case, the
nMOS transistor M3 is in an on state through the signal
SINK, during a fead operation.

As a result, a current is fed from the sense
amplifief 12 to the global bit line GBL through the
nMOS transistors M4 and M5, so that a readout route
including the global bit line GBL is discharged and the
read cufrent flows through the selected memory cell MC.

In turn, both levels of the first and second sense
enable signals SEN1 and SEN2 are set to "High." As a
result, a level of the latch circuit is retained at a
"High" or "Low" level, in accordance with data stored
on the selected memory cell MC. Finally, (data in) a
"High" or "Low" level which is.retained in the latch
circuit is output.

During the read operation as in FIG. 4, the read
enable signal REN is activated, and then the capacity
of the readout route (mainly, the global bit line GBL)
is charged in accordance with its RC time constant. As
a result, a signal appears on the readout route.
However, the charging;time for the readout route, as

described above, does not directly contribute to the
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operation of reéding the memory cell. If this charging
time considerably extends, it may affect the reading
time. In other words, the charging time may extend the
reading time unnecessarily.

In contrast, in the first embodiment, the readout
route is charged by activating the reading start signal
(or the read enable signal REN) in advance through the
address signal‘or the'%nternal signal generated from
the address signal. Followed by, the word line WL and
the column selection signal CSIL are activated, then the
initializing signal (or the first sense enable signal
SEN1) for the sense amplifier is inactivated, and the
latch start signal (or the second sense enable signal
SEN2) is activated. Finally, the read current is fed
to the selected memory cell MC, and data stored on the
selected memory cell‘MC is read.

In this embodiment, as desgribed above, the
readout route including the globél bit line is
precharged, and then the read current is fed to the
selected memory cell, solthat the read operation is
initiated. This embodiment makes it possible to |
shorten the charging time for the readout route,
ﬁhereby shortening the reading time. Fﬁrthermore, in
this embodiment, the readout route including the global
bit‘line is precharged with a current supplied from the
sense amplifier, as described above. Therefore, this

embodiment eliminates the need for installing an extra



10

15

20

25

WO 2014/148405 PCT/JP2014/057026

- 20 -

precharging circuit, and also avoids the increase in

the area.
[Second Embodiment]

As for a second embodiment, a description will be
given of an example of precharging a global bit line
through the switching of a clamp transistor M4.

FIG. 5 is a circuit diagram of a configuration of
a memory cell array 11, a sense amplifier 12, and a
constant current generation circuit 16 in the second
embodiment.

A resistance change memory according to the second
embodiment has a circuit equivalent to that of FIG. 2
frem which the tranSfer‘transistor M5 disposed between
the clamp transistor M4 and the sense amplifier 12 is
removed, as illustrated in FIG. 5. The remaining
configﬁration of the resistance change memory according
to the second embodiment, namely, other configurations
of a memory cell array, a sense amplifier, and a
constant current generation circuit are the same as
those of the first embodiment as in FIGS. 1 and 2.
Therefote, the descriptions thereof will be omitted.

First, a description will be given of a read
operation performea by the resistance change memory
according to the second embodiment, with reference to
FIG. 6.

FIG. 6 is a timing chart of a read operation

performed by the resistance change memory.
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A standby state, which is assumed before a read
operation is initiated, is the same as that as
illustrated in FIG. 3.

Iﬁ the above state, an.external source inputs an
active command and an address signal to a controller 18
of the resistance change memory. In response, the
controller 18 generates a bank active signal for
activating a bank, based on the address signal, and
activates a bank to be used, through the bank active
signal.

In the above case, the address signal or the bank
active signal’triggers the application of a clamp
voltage Vclamp to the gate of the nMOS transistor M4.
When the clamp voltage Vclamp reaches a predetermined
level, the nMOS transistor M4 is turned on. As a
result, a current flows from a sense amplifier 12 to a
global bit line GBL through the nMOS transistor M4, so
that avreadout route including the global‘bit line GBL
is charged. It should be noted that the bank active
signal is used in the above description, but another
internal signal génerated from the address signal may
be used instead of the bank active signal.

In a memory cell array 11, in turn, a local bit
line LBL<n> and a local source line LSL<n> are selected
through a column selection signal CSL<n>. In addition,
a word line WL<n> is driven, so that a memory cell MC

to be read is selected. Specifically, by setting the
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level of the column selection signal CSL<n> to "High,"
both nMOS transistors Ml<n> and M2<n> are turned on.
As a result, the local bit line LBL<n> is connected to
the global bit line GBL} and the local source line
LSL<n> is connected to a global source line GSL.
Furthermore, by setting the level of the word line
WL<n> to "High," a selection transistor ST is turned on.
As a result, the memory cell MC to be read is selected.
In this case, an nMOS transistor M3‘is in an on state
through a signal SINK, during the read operation.
Through the above processing, a read current is fed
from the sense amplifier 12 to the selected memory cell
MC.

Next, by setting the level of a first sense enable
signal SEN1 to "High, " both pMOS transistors M17 énd

M18 are turned off. As a result, precharging both

nodes SO and SOb is stopped. Then, the read current

becomes a current supplied only from a power supply
voltage terminal VDD to which both drains of nMOS
transistors M1l and M13 are connected. In this case,
the read current is changed depending on data stored on
the selected memory cell MC.

After that, by setting the level of a second sense
enable signal SEN2 to "High," both nMOS transistors M15
and M16 are turned on. In response, a reference
current IREF driven by the reference current generation

circuit 17 is compared with a cell current IDATA. As a
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result, a level of a latch circuit including pMOS
transistors M11 and M13 and nMOS transistors M12 and
M14 is retained af a "High" or "Low" level, in
accordanbe with the comparison result. Finally, (data:
in) a "High" or "Low" level which is retained in the
latch circuit is output from the nodes SO and SOb as
output signals OUT and OUTb, respectively.

As described above, the nMOS transistor M4 is
turned on by the clamp voltage Vclamp, and the global
bit line GBL is charged in advance. Then, the memory
cell MC is selected by the column selection signal
€CSL<n> and the word line WL<n>, and the read current is
fed to the selected meméry cell MC. 1In other words,
thé global bit line GBL 1is precharged, before the
memory cell MC is‘selected through the column selection
signal CSL<n> and the word line WL<n> and then the read
current is fed to the seiected'memory cell MC.
Consequently, it is possible‘to shorten a‘read time by
a time required for charging the global bit line GBL.

In the second embodiment, as described above,
after the readout route including the global bit line

GBL is precharged, the memory cell is selected by the

column selection signal CSL<n>, and the read current is

fed to the selected memory cell, so that the read
operation is initiated. This embodiment enables a
time of charging the bit line, which is basically

regarded as an unnecessary time and affects the read
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time, to be removed from an actual read time.
Consequently, it is possible to shorten the read time.
Furthermore, by using the address signal or the
internal signal generated from the address signal, the
supply of a signal for specifying the upper limit of a
current flowing through the selected memory cell MC (or
the application of the clamp voltage Vclamp) is
initiated. In other words, the address signal or the

internal signal generated from the address signal

triggers the charging of the readout route.

Accordingly, it is possible to set the timing of
initiating the charging of the readout route
efficiently.

Furthermore, in this embodiment, the bit lines are
precharged with the current supplied from the sense
amplifier, as described above. Therefore, this.
embodiment eliminates the need for installing én extra
precharging circuit, and also avoids the increase in
the area.

[Third Embodiment]

In the above first and second embodiments, the
resistance change memory equipped with the current
sensing type of sense amplifier has been provided.
Meanwhile, as for the third embodiment, a description
will be given of a resistance change memory eqguipped
with a voltage sensing type of sense amplifier.

" FIG. 7 is a circuit diagram of a configuration of
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a memory cell array 11, a voltage sensing type of sense
amplifier 124, a chStant current géneration circuit 16,
and a reference voltage generation circuit 17A in the
third embodiment.

Hereinafter, a configuration of a memory cell
array 11 will be described.

A global bit line GBL is connected to the gate of
an nMOS transistor M15 in the sense amplifier 12A
through an nMOS transistor (clamp transistor) M4 and an
nMOS transistor (transfer transistor) M5, both current
paths of which are connected in series to each other.
The remaining configuration thereof is the same as that
of the memory cell array as in FIG. 2.

Hereinafter, a configuration of the sense
amplifier 12A will be described.

| The sense amplifier 12A is a voltage sensing type
of sense amplifier. The sense amplifier 12A is
provided with: a first inverter including a pMOS
transistor M1l and an nMOS transistor M1l2; a second
inverter including a pMOS transistor M13 and an nMOS
transistor M14; nMOS transistors M15, M16 and M19; and
pPMOS transistors M17, M18 and M20. |

The first inverter (the transistors M1l and M12)
includes a first input terminal, a first output
terminal, and first and second voltage terminals. The
second inverter (the transistors M13 and M14) includes

a second input terminal, a second output terminal, and



10

15

20

25

WO 2014/148405 PCT/JP2014/057026

- 26 -

third and fourth voltage terminals. The second input
terminal is connected to the first output terminal, and

the second output terminal is connected to the first

input terminal.

The first output terminal of the first inverter is
connected to the drain of the pMOS transistor M17, and
the source of the pMOS transistor M17 is connected to a
power Supply voltage terminal VDD. The second output
terminal of the second inverter is connected to the
drain of the pMOS transistor M18, and the source of the
pMOS transistor M18 is connected to the power supply
voltage terminal VDD. A first sense enable signal SEN1
from the controller 18 is supplied to both gates of the
nMOS transistors M17 and M18. |

The first voltage terminal of the first inverter
(orithe source of the transistqr M12) is connected to
the drain of the nMOS transistor M15. The third
voltage terminal of the second inverter (or the source
of the transistor M14) is connected to the drain of the
nMOS transistor M16. Both sources of the nMOS |
transistors M15 and M16 are connected to a ground
potential terminal Vss through the nMOS transistor M19.
A second sense enable signal SEN2 from the controller
18 is supplied to the gate of the nMOS transistor M19.

The gate of the nMOS transistor M15 is connected
to the drain of the nMOS transistor M5. A read enable

signal REN from the controller 18 is supplied to the
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gate of the nMOS transistor M5.

The gaﬁe of the nMOS trahsistor M1l6 is connected
to the reference voltage generation circuit 17A. The
reference voltage generation circuit 17A applies a
reference voltage VREF to the sense amplifier 12A.
Here,}the reference voltage VREF is set to an
intermediate value bétween respective cell voltages
which cause the memory cell to store "0" and "1." This
reference voltage VREF is generated by, for example, a
reference cell.

The drain of the nMOS transistor M5 is connected
to the power supply voltage terminal VDD through the
pMOS transistor (load transistor) M20. A load voltage
Vlocad is applied to the gate of the pMOS transistor M20.

Hereinafter, a configuration of the constant
current generation circuit 16 will_be described.

The gate of the nMOS transistor M4 is connected to
a constant current generation circuit 16. A
configuration of the constant current generation
circuit 16 is the same as that of the constant current
generation circuit as in FIG. 2.

Next, a description will be given of a read
operation performed by the resistance change memory
according to the third embodiment.

A timing chart of a read operation performed by
the resistance change memory according to the third

embodiment is the same as that of FIG. 3.
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In the voltage sensing type of sense amplifier 12A,
a read current is changed depending on data stored on
the selected memory cell MC, so that a voltage at a
connection node between the nMOS trahsistér M5 and the
pMOS transistor M20 is changed. 'The voltage at the

connection node, which is changed in this manner,

-namely, depending on the data of the selected memory

cell MC, refers to a cell voltage VDATA.

In response, the reference voltage VREF applied by
the reference voltage generation circuit 17A is
compared with the cell voltage VDATA. As a result, a
level of a latch circuit including pMOS transistors Mil
and M13 and\nMOS transistors M12 and M14 is retained at
a “High" or "Low" level, in‘accordance with the
comparison result. Finally, (data in) a "High" or
"Low" level which is retained in the latch circuit is
output from nodes SO and SOb as output signals OUT and
OUTDb, respectively.‘

In the third embodiment, similar to the first
embodiment, a read enable signal REN is generated byvan
address signal or an internal signal generated from the
address signal, and the nMOS transistor M5 is turned on
by this read enable signal REN. As a result, a global
bit line GBL is charged in advance. Then, the memory
cell MC is sélected by a column selection signal CSL<n>
and a word line WL<n>, and a read current is fed to the

selected memory cell MC. 1In other words, the giobal
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bit line GBL is precharged, before the memory cell MC
is selected through the column selection signal CSL<n>

and the word line WL<n> and then the read current is

‘fed to the selected memory cell MC. Conseqgquently, it

is possible to shorten a read time by a time required
for charging the global bit line GBL.

In the third embodiment, as described above, after
the readout route including the global bit line GBL is
prechérged, the memory cell is selected by the column
selection signal CSL<n>, and the read current is fed to
the selected memory cell, so that the read operation is
initiated. Accordingly, this embodiment enables a time
of charging the bit line, which is basically regarded
as an unnecessary time and affects the readvtime, to be
removed from an aétual read time. Consequently, it is
possible to shorten the read time. The remaining
configuration thereof is the same as that of the first
embodiment as described above.

[Fourth Embodiment]

In a fourth embodiment, a resistance change memory
is equipped with a vbltage sensing type of sense |
amplifier( similar to the third embodiment. In the
fourth embodiment, a description will be given of an
example of precharging a global bit line throughvthe’
switching of‘the clamp transistor M4.

FIG. 8 1s a circuit diagram of a configuration of

a memory cell array 11, a voltage sensing type of sense
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amplifier 12A, a constant current generation circuit 16,
and a reference voltage generation circuit 17A in the
fourth embodiment.

The resistance change memory according.to the
fourth embodiment has a circuit equivalent to that of
FIG. 7 from which the transfer transistor M5 disposed
between the clamp transistor M4 and the load transistor
M20 1is removed, as illustrated in FIG. 8. The
remaining configuration of the resistance change memory
according to the fourth embodiment,.namely, other
configurations of a memory cell array, a sense
amplifier, and a constant current generation -circuit
are the same as those of the third embodiment as
illustrated in FIGS. 1 and 7. Therefore, the
descriptions thereof will be omitted.

Next, a description will be given of a read
operation performed by the resistance change memory
according to the fourth embodiment.

A timing chart of a read operation performed by
the resistance change memory according to the»fourth
embodiment is the same as that of FIG. 6.

In the voltage sensing type of sense amplifier 12A,
a read current is changed depending on data stored on
the selected memory celi MC, so that a voltage at a
connection node between an nMOS transistor M4 and a
pMOS transistor M20 is changed.

In response, a reference voltage VREF applied by
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the reference voltage generation circuit 172 is
compared with a cell voltagé VDATA. As a result, a
level of a latch circuit including‘pMOS transistors M11
and M13 and nMOS transistors M12 and M1l4 is retained at
a "High" or "Low" level, in accordance with the
comparison result. Finally, (data in) a FHigh";or
"Low" leﬁel which is retained in the latch cifcuit is
output from nodes SO and SOb as output signals OUT and
OUTb, respectively.

In the fourth embodiment, similar to the second
embodiment, the applicatioh of the clamp voltage Vclamp
is initiated by an address signal or an internal signal
generated from the address signal, and the nMOS
transistor M4 is turned on by this élamp voltage Vclamp.
As a result, the global bit line GBL is charged in
advance. Then, the memory cell MC is selected by a
column selection signal CSL<n> and a word iine WL<n>,
and a read current is fed to the selected memory cell
MC. In other words, the global bit line GBL is
precharged, before the memory cell MC is selected
through the column selection signal CSL<n> and the word
line WL<n> and then the read current is fed to the
selected memory cell MC. Conséquently, it is possible
to shorten a read time by a time required for charging
the global bit line GBL.

In the fourth embodiment, as described above,

after the readout route including the global bit line
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'GBL is precharged, the memory cell is selected by the
column selection signal CSL<n>, and the read current is
fed to the selected memory cell, so that the read
operation is initiated. . This embodiment enables a
time of charging the bit line, which is basically
regarded as an unnecessary time and affects the read
time, to be removed from an actual read time.
Consequently, it is possible to shorten the read time.
The remaining configuration thereof is the same as that
of the first embodiment as described above.

[Fifth Embodiment]

A fifth embodiment provides the same circuit
configuration as that of the fourth embodiment as in
FIG. 8. In this embodiment, a description will be
given of an example of precharging a global bit line
thrbugh the switching of a load transistor M2b.

A configuration of a resistance change memory
according to the fifth embodiment, namely,
configurations of a memory cell array, a sense
amplifier, and a constant current generation circuit
are the same as those of the fourth embodimeng as
illustratea in FIGS. 1 and 8. Therefore, the
descriptions thereof will be omitted.

Next, a description will be given of a read
operation performed by the resistance change memory
according to the fifth embodiment, with reference to

FIG. 9.
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FIG. 9 is a timing chart of a read dperation
performed by the resistance change membry.

A standby state, which is assumed before a read
operation initiated, is the same as that as illustrated
in FIG. 3.

In the above state, an external source inputs an
active command and an address signal to a controller 18
of the resistance change memory. In response, the
controller 18 generates a bank active signal for
activating a bank, based on the address signal, and
activates a bank to be used, by using the bank active
signal.

In this case, the address signal or the bank
active signal triggers a "Low" level of the load
voltage Vload, thereby turning on the pMOS transistor
M20. As é result, a current flows from a power supply
voltage terminal VDD to a global bit line GBL through
the pMOS transistor M20 and an nMOS transistor M4 so
that a readout route including the global bit line GBL

is charged. It should be noted that the bank active

, signal'is used in the above description, but another .

internal signal generated from the address signal may
be used instead of the bank active signal.

-In a memory cell array 11, in turn, a local bit
line LBL<n> and a local source line LSL<n> are selected
through a column selection signal CSL<n>. In addition,

a word line WL<n> is driven, so that a memory cell MC
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to be read is selected. Specifically, by setting the
level of the column selection signal CSL<n> to "High,"
both nMOS transistors Ml<n> and M2<n> are turned on.
As a result, the local bit line LBL<n> is connected to
the global bit line GBL, and the loéal sourée line
LSL<n> is connected to the global source line GSL.
Furthermore, by setting the level of the word line
WL<n> to "High," a selection transistor ST is turned on.
As a result,'the memory cell MC to be read is selected.
In this caée, an nMOS transistor M3 is in an on state
through a signal SINK, during the read operation.
Through the above processing, a read current is fed
from a sense amplifier 12A to the selected memory cell
MC. |

In the voltage sensing type of sense amplifier 124,

the read current is changed depending on data stored on

the selected memory cell MC, so that a voltage at a

connection node between the nMOS transistor M4 and the
pMOS transistor M20 is changed.

In response, a reference voltage VREF applied by
the reference voltage generation circuit 17A is
compared with a cell voltage VDATA., As a result, a
level of a latch circuit including pMOS transistors M11
and M13 and nMOS transistors M12 and M14 is retained at
a "High" or "Low" level, in accordance with the
comparison result. Finally, (data in) a "High" or

"Low" level which is retained in the latch circuit is
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output_from nodes SO and SOb as output signals OUT and
OUTb, respectively.

In the fifth embodiment, the load voltage Vload is
generated by an address signal or an internal signal
generated from the address signal, and the pMOS
transistor M20 is turned on by this load voltage)vload.
As a result, the global bit line GBL is charged in
advance. Then, the memory cell MC is selected by the

column selection signal CSL<n> and the word line WL<n>,

and the read current is fed to the selected memory cell

MC. 1In other words, the global bit line GBL is

precharged, before the memory cell MC is selected

through the column seleétion signal CSL<n> and the word
line WL<n> and then the read current is fed to the
selected memory cell MC. Consequently, it is possible
to shorten a read time by a time regquired for charging
the global bit line GBL.

In the fifth embodiment, as described above, after
the readout route including the global bit line GBL 1is
precharged, the memory cell is selected by the column
selection signal CSL<n>, and the read current is fed to
the selected memory cell, so that the read operation is
initiated. Accordingly, this embodiment enables a time
of charging the bit line, which is basically regarded
as an unnecessary time and affects the read time, to be
removed fromban actual read time. Consequently, it is

possible to shorten the read time. The remaining
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configuration thereof is the same as that of the first
embodiment as described above.
[Effect]- P

The above embodiments are applicable to
semiconductor memories into which data is written with
a current, including MRAMs.having magnetoresistive
effect elements, ReRAMs having variable resistive
elements, and PRAMs having phase change elements.

For example, an MRAM includes a magnetic resistive
element called a magnetic»tunnel junction (MTJ) element,
as a memory element. Such an MTJ element includes a
fixed 1ayer_(or a reference layer), a recording layer
(or a free layer), and an insulating layer that ié
sandwiched therebetween. In the fixed layer, a
magnetization direction is fixed by an
antiferromagnetic layer, and in thé recording layer} a
magnetization direction cah be inverted freely. The
MTJ element utilizes the change in the resistance in
the recording layer in the magnetization direction,
relative to the resistance of the fixed layer, which is
called a magnetoresistive effect. Thus, the MTJ
element differentiates between data "1" and data "0" by
utilizing a relative difference between respective
resistances in the magnetization direction.

A mechanism for writing data into an MRAM, such as
a spin injection type of MRAM, operates as follows.

When data "1" is written into the MRAM, a current is
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fed thereto in a direction from the fixed layer to the
recording layer of the MTJ element. Meanwhile, when

data "0" i1s written into the MRAM, a current is fed

thereto in a direction from the recording layer to the

fixed layer of the MTJ element .

In the embodiments, as described above, the
readout route (mainly, the global bit line) is
precharged by the address signal or the internal signal
generated from the address signal, before the column
selection signal or the word line is activated. This
is followed by initiatién of the read operation.
Accordingly, these embodiments enable a timé of
charging the readout route, which is basically regarded
as an unnecessary time and affects the read~time, to be
removed from an actual read time. Consequently, it 1is
posSiblé to shorten the read time during which the
memory cell array is activated and data is read
therefrom.

Furthermore, in accordance with the address signal
or the‘internal signal generated from the address
signal, the signal for initiating the charging of the
readout route is generated. In othgr words, the
address signal or the internal signal generated from
the address siénal triggers the charging of the readout
route. Accordingly, it is possible to set the timing
of initiating the charging of the readout route

efficiently;
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Furthermore, in the above embodiments, the bit
lines are precharged with the current supplied from the
sense amplifier, as described above. Therefore, these
embodiments eliminate the need for installing an extra
precharging circuit, and also avoid the increase in the
area.

The overall configuration of the resistance change
memory according to each embodiment, namely, the
configurations of the memory cell array, memory.cells,
sense amplifier, drivers/sinkers, constant current
generation circuit, reference current generation
circuit, and the like are not limited to those of the
above examples. For example, the structure disclosed
by US 7,649,792 or US 2012/0286339 may be employed.

The contents of these specifications are entirely
incorporated herein by reference.

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
inventions. Indeed, the novel methods and systems
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions
and changes in the form bf the methéds and systems
desbribed herein may be made without departing‘from the
spirit of the inventions. The accompanying claims and
their equivalents are intended to cover such forms or

modifications as would fall within the scope and spirit
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CLAIMS

1. A resistance change memory comprising:

a first memory cell including a resistance change
element;

5 a word line connected to thé first memory céll,

the word line being driven based on an address signal;

a first bit line c¢onnected to the first memory
céll and intersectihg the word line, the first bit line
being selected based on the address signal;

10 a first inverter including a first input ﬁerminal,
a first output terminal, and first and second voltage
terminals;

a second inverter including a second ihput
términalc a second output terminal, and third and

15 | fourth voltage terminals, the second input terminal
being connected to the first output terminal, the
second output terminal being connected to the fifst
.input terminal;

a first MOS transistor connected to the first

20 output terminal;

a second MOS transistor connected to the second
output terminal; |

a third MOS transistor connected to the first
voltage terminal;

25 a fourth MOS transistor connected to the third
voltage terminal;

a fifth MOS transistor having a current path, one
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end of which is connected to the first voltage terminal,
the fifth MOS transistor having a gate supplied with a
first signal; |

a second bit line connected to another end of the
current path; and

a sixth MOS transistér connected between the
secoﬁd bit line and the first bit line, the sixth MOS
transistor having a gate supplied with a second signal,

wherein before the sixth MOS transistor is turned
on by the seéond signal, the fifth MOS transistor is
turned on by the first signal.

2. The resistance change memory according to
claim 1,

wherein the first voltage terminal supplies a
current to the second bit line, thereby charging the
second bit line.

3. The resistance change memory according to
claim 1,

wherein the first signal includes a read enable
signal that permits a read operation, and the second
signal includes a column selection signal that selects
the first bit line.

4. The resistance change memory according to
claim 1,

wherein the fifth MOS transistor includes a
transistor that limits‘a read current flowing through

the first memory cell, and the sixth MOS transistor
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includes a column selection transistor that selects the
first bit line.

5. The resistancé change memory accordipg to
claim 1,
| wherein the fifth MOS transistor is turned on
through generation of the first signal by using one of
the address signal and a signal generated from the
address signal.

6. The resistance change memory according to
claim 1, further cOmprising a seventh MOS transistorl
connected between the second bit line and the other end
of‘the current path of the fifth MOS transistor, a
constant voltage being applied to a gate of the seventh
MOS transistor.

7. The resistance change memory according to
claim 1, further comprising a circuit that feeds a
reference current to the second output terminal,

wherein data stored on the first memory cell is
retained in the first and second inverters, based on a
difference between the reference current and a read
current flowing through the first output terminal
during a read operation.

8. The resistance change memory according to
claim 1, further comprising a memory cell array that
includes a plurality of memory cells arranged in a
matrix form, each of the memory cells having a

resistance change element, the memory cells in the
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memory cell afray including the first memory cell.

9. The resisténce change memory according to
claim 1,

wherein the resistance change element includes a

5 magnetic.tunnel junction (MTJ) element the resistance
of which is changed through at least one of supply of a
current thereto and application of a voltage thereto.

10. A resistance change memory comprising:

a first memory cell inCluding a resistance change

10 element;
a word line connected to the first memory cell,
the word line being driven based oﬁ an address signal;
a first bit line connected to the first memory
cell and intersecting the word line, the first bit line
15 being selected based on the address signal;

a first inverter having a first input terminal, a
first output terminal, and first and second voltagé
terminals;

a second inverter having a second input terminal,

20 a second output terminal, and third and fourth voltage
terminals, the second input terminal being connected to
the first output terminal, the second output terminal
being connected to the first input terminal;

a first MOS transistor connected to the first

25 output terminal;

a second MOS transistor connected to the second

output terminal;
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a third MOS transistor connected to the firsp
voltage terminal; |

a fourth MOS_transistor connected to the third
voltage terminal;

a fifth MOS transistor having a current path, one
end of which is qonnected to a gate of the third MOS
transiStor, the fifth MOS transistdr.having a gate
supplied with a first signal;

a second bit line connected to another end of the
current path of the fifth MOS transistor; and

a sixth MOS transistor connected between the
second bit line and the first bit line, the sixth MOS
transistor having a gate supplied with a second signal,

wherein before the sixth MOS transistor is turned
on by the second signal, the fifth MOS transistor is
turned on by the first signal.

11. The resistance change memory according to
claim 10,

wherein a currént is supplied from the one end of
the current path of the fifth MOS traﬁsistor to the
second bit line, thereby charging the second bit line.

12. The resistancé change memory according to
claim 10,

wherein the first signal includes a read enable
signal that permits a read operation, and the second
signal includes a column selection signal that selects

the first bit line.
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13. The resistance change memory according to
claim 10,

wherein the fifth MOS transistor includés a
transistor that limits a read current flowing throﬁgh
the first memory cell, and the sixth MOS transistor

includes a column selection transistor that selects the

first bit line.

14. The resistance change memory according to
claim 10,
wherein the fifth MOS transistor is turned on

through generation of the first signal by using one of

the address signal and a signal generated from the

address signal.

15. The resistance change memory according to
claim 10, further comprising a seventh MOS transistor
connected to the one end of thé current path of the
fifth MOS transistor,

wherein before the sixth MOS transistor is turned
on, the seventh MOS transistor is turned on.

16. The resistance change memory according to
claim 10, further comprising a seventh MOS transistor
connected betweén the second bit line and the other end
of the current path of the fifth MOS transistor, a
constant voltage being applied to a gate of the seventh
MOS transistor. |

17. The resistance change memory according to

claim 10, further comprising a circuit that applies a
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reference voltage to a gate of the fourth MOS
transistor,

wherein data stored on the first memory cell is
retained in the first and second inverters, based on a
difference between respective currents flowing through
the first output terminal and the second output
terminal during a read operation.

- 18. The resistance change memory according to
claim 10, further comprising a memory cell array that
includes a plurality of memory cells arranged in a
matrix form, each of the memory cells having a
resistance change element, the memory cells in the
memory cell array including the first memory cell.

19. A resistance change memory comprising:

a memory cell disposed at a location where a local
bit line and a word line intersect each other, the
memory cell having a resistance change element, the
memory cell being connected to both the local bit line
and the word line;

a sense amplifier that reads data stored on the
memory cell by supplying a‘read current to the memory
cell; and |

a global bit line connected between the local bit
line and the sense amplifier, the global bit line
feeding the read current supplied by the sense
amplifier to the local bit line,

wherein the sense amplifier charges the global bit
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line, before the local bit line and the global bit line
are connected to each other.

2Q. The resistance change memory according to
claim 19,

wherein the sense amplifier initiates the charging
of the global bit line, in response to one of an active
command, an address signal that designates the local
bit line and the word line or a region containing the
local bit line and the word line, and a signal

generated from the address signal.
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