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(54) Semiconductor memory circuit and control method for reading data

(57) A semiconductor memory device includes a first
memory circuits connecting to a first bit line, a second bit
line and a word line, a first pre-charge control circuit con-
necting to a first pre-charge control line, the first bit line
and the second bit line and that pre-charges the first bit
line and the second bit line on the basis of the input from
the first pre-charge control line, and a read control circuit
having a first transistor, a second transistor, a third tran-
sistor and a fourth transistor, wherein the fourth transistor
is brought into conduction on the basis of the input from
a charged global-bit-line driver control line, the column
having the first bit line and the second bit line is thus
selected, and the information held in the memory circuit
connecting to the driven word line among the memory
circuits is output to the third bit line.
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Description

FIELD

[0001] The embodiment discussed herein are related
to semiconductor memory circuit and control method for
reading data.

BACKGROUND

[0002] Hitherto, in order to store various data in a sem-
iconductor integrated circuit, a semiconductor memory
circuit such as an SRAM (static random access memory)
and a DRAM (dynamic random access memory) have
been used.

[Patent Document 1] Japanese Laid-open Patent
Publication No. 2006-331568 [Non patent Document
1] Kevin Zhang, Ken Hose, Vivek De, and Borys
Senyk "The Scaling of Data Sensing Schemes for
High Speed Cache Design in Sub-0.18 pm Technol-
ogies" Symposium on VLS1 Circuits Digest of Tech-
nical Papers, PP 226-227, 2000
[Non patent Document 2] J. Davis, D. Plass, P.
Bunce, Y. Chanl, A. Pelella, R. Joshi, A. Chen, W.
Huott, T. Knips, P. Patel, K. Lo, E. Fluhr "A 5.6 GHz
64 kB Dual-Read Data Cache for the POWER6TM
Processor" IEEE International Solid-State Circuits
Conference, 2006.

[0003] The semiconductor memory circuit has adopted
a dynamic circuit in which a single p-type MOS transistor
connects to a single bit line. The adoption of the dynamic
circuit may reduce the load capacity of the bit line more
than a static circuit because only one transistor connects
to the bit line and thus may increase the operation speed.
Also, since the dynamic circuit may be configured by a
lower number of transistors, which may reduce the circuit
area.
[0004] The semiconductor memory circuit in the past
having a column selection circuit in the local bit line as
illustrated in FIG. 6A has a lower discharge speed of the
local bit line, resulting in a decrease in reading speed.
[0005] As illustrated in FIGS. 6A and 6B and FIG. 7,
the addition of a local read circuit configured by two or
more transistors such as an inverter and a NAND to the
end of the local bit line may reduce the discharge speed
of the local bit line. As a result, the reading speed of the
semiconductor memory circuit may decrease.
[0006] As illustrated in FIG. 7 and FIG. 8, the column
selection in global reading instead of column selection in
local reading using a local read circuit (hereinafter also
referred to as "local region") may possibly include charg-
ing/discharging in the global bit line for all columns, which
may increase the power consumption.
[0007] In FIG. 8, the reading speed is increased by a
pre-discharge dynamic circuit having the end of the local
bit line connecting to one p-type transistor. (Refer to (A)

in FIG. 8). However, since, as described above, the col-
umn selection is not performed in the local region, the
power consumption disadvantageously increases. For
example, the addition of a column selection circuit to the
circuit illustrated in FIG. 8 may also necessarily increase
the number of transistors. Both of a pre-discharge signal
and column selection signal may be required to input to
the local region, which may also require the wiring area
there for. For these reasons, building the column selec-
tion circuit into the circuit illustrated in FIG. 8 increases
the size of circuit. FIGS. 6A and 6B to FIG. 8 are diagrams
of circuit configurations in the past.

SUMMARY

[0008] According to an aspect of embodiments, a sem-
iconductor memory device includes a first memory cir-
cuits connecting to a first bit line, a second bit line and a
word line, a first pre-charge control circuit connecting to
a first pre-charge control line, the first bit line and the
second bit line and that pre-charges the first bit line and
the second bit line on the basis of the input from the first
pre-charge control line, and a read control circuit having
a first transistor, a second transistor, a third transistor
and a fourth transistor, wherein the fourth transistor is
brought into conduction on the basis of the input from a
charged global-bit-line driver control line, the column hav-
ing the first bit line and the second bit line is thus selected,
and the information held in the memory circuit connecting
to the driven word line among the memory circuits is out-
put to the third bit line.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Preferred features of the present invention will
now be described, purely by way of example, with refer-
ence to the accompanying drawings, in which:-
[0010]

FIG. 1 is a diagram illustrating a circuit configuration
of a semiconductor memory circuit according to a
first embodiment;
FIG. 2 is a diagram for explaining the semiconductor
memory circuit according to the first embodiment;
FIG. 3 is a diagram for explaining the semiconductor
memory circuit according to the first embodiment;
FIG. 4 is a diagram illustrating signal waveforms ac-
cording to the first embodiment;
FIG. 5 is a diagram illustrating a circuit configuration
of a semiconductor memory circuit according to a
second embodiment;
FIGs 6A and 6B are diagrams of circuit configura-
tions in the past;
FIG. 7 is a diagram of circuit configuration in the past;
and
FIG. 8 is a diagram of circuit configuration in the past.
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DESCRIPTION OF EMBODIMENTS

[0011] A semiconductor memory circuit and a control
method for reading data according to an embodiment will
be described in detail below.
A semiconductor memory circuit according to a first em-
bodiment includes a read circuit, which is a dynamic cir-
cuit having a bit line connecting to a single p-type tran-
sistor. There are two essential features of the semicon-
ductor memory circuit according to the first embodiment.
The first feature is that the read circuit includes a p-type
transistor that is located in series between another p-type
transistor connecting to the bit line and a power supply
and is connected to a read-column selection line. The
second feature is that the read circuit further includes an
n-type transistor connecting to a read-column selection
line. The semiconductor memory circuit according to the
first embodiment will be described more specifically be-
low.
[0012] FIG. 1 is a diagram illustrating a circuit config-
uration of the semiconductor memory circuit according
to the first embodiment. FIG. 2 is a diagram for explaining
the semiconductor memory circuit according to the first
embodiment. This semiconductor memory circuit has a
circuit configuration as illustrated in FIG. 1. With refer-
ence to FIG. 2, this semiconductor memory circuit will be
described below.
[0013] As illustrated in FIG. 2, the semiconductor
memory circuit according to the first embodiment in-
cludes a plurality of bit cells 10 that connect to local bit
lines 70 and word lines 20 and hold information.
[0014] The semiconductor memory circuit further in-
cludes a pre-charge circuit 30 that connects to a local bit
line pre-charge line 40 and the local bit lines 70 and pre-
charges the local bit lines 70 on the basis of the input
from the local bit line pre-charge line 40.
[0015] The semiconductor memory circuit further in-
cludes a read circuit 200 as will be described below. That
is, the read circuit 200 has a p-type transistor P2 having
a source terminal connected to a power supply and a
gate terminal connected to a read-column selection line
90.
[0016] The read circuit 200 further has a p-type tran-
sistor P1 that has a source terminal connected to the
drain terminal of the p-type transistor P2, a gate terminal
connected to one of the local bit lines, and a drain terminal
connected to a sense out line 80 and, on the basis of the
input from the read-column selection line 90 and the po-
tential level of the local bit line 70, charges the sense out
line 80. The read circuit 200 further has an n-type tran-
sistor N1 that has a drain terminal connected to the sense
out line 80, a gate terminal connected to the read-column
selection line 90 and a source terminal grounded and
pre-discharges the global-bit-line driver control line on
the basis of a column selection signal. The read circuit
200 further has an n-type transistor N2 that has a drain
terminal connected to a global bit line, a gate terminal
connected to the sense out line 80 and a source terminal

grounded.
[0017] In the read circuit 200, on the basis of the input
from the charged sense out line 80, the n-type transistor
N2 is brought into conduction. Thus, the column having
the corresponding local bit line is selected (which means
that when the signal on the read-column selection line
90 is changed to "Lo", the corresponding column is se-
lected thereby), and the information held in the bit cell 10
having the word line 20 driven among the plurality of bit
cells 10 is read from a global bit line 110.
[0018] The semiconductor memory circuit according
to the first embodiment further includes, as illustrated in
FIG. 2, a write circuit 300 connecting to a write-column-
selection line 310 and a write data input line 320. On the
basis of the input from the write-column-selection line
310, the column having the corresponding local bit line
is selected, and the data is written from the write data
input line 320 to the bit cell 10 having the word line 20
driven among the plurality of bit cells 10.
[0019] According to an embodiment, the bit cell 10 may
also be referred to as "bit cell"; the word line 20 may also
be referred to as "word line"; the pre-charge circuit 30
may also be referred to as "first pre-charge control cir-
cuit"; the local bit line pre-charge line 40 may also be
referred to as "first pre-charge control line"; the local bit
line 70 may also be referred to as "first bit line" or "second
bit line"; the sense out line 80 may also be referred to as
"global-bit-line driver control line"; the read-column se-
lection line 90 may also be referred to as "column selec-
tion line"; the global bit line pre-charge line 100 may also
be referred to as "third pre-charge control line," and the
global bit line 110 may also be referred to as "third bit line."
[0020] According to an embodiment, the p-type tran-
sistor P1 may also be referred to as "second transistor";
the p-type transistor P2 may also be referred to as "first
transistor"; the n-type transistor N1 may also be referred
to as "third transistor," and the n-type transistor N2 may
also be referred to as "fourth transistor."
[0021] According to an embodiment, the write circuit
300 may also be referred to as "writing control circuit";
the write-column-selection line 310 may also be referred
to as "write-column-selection line," and the write data in-
put line 320 may also be referred to as "write data input
line."
[0022] With reference to FIG. 3, a bit-cell selecting
method in the read circuit 200 will be described below.
FIG. 3 is a diagram for explaining the semiconductor
memory circuit according to the first embodiment. FIG.
1 and FIG. 2 illustrate only a single line of the bit cells
10, for simplification. Generally, as illustrated in FIG. 3,
the plurality of bit cells is arranged in a semiconductor
memory circuit.
[0023] For example, in response to a read request from
a host, not depicted, the bit cell 10 holding the data cor-
responding to the read request in the read circuit 200 is
selected. More specifically, as illustrated in FIG. 3, the
word line 20 is driven, and the row connecting to the bit
cell 10 holding the data corresponding to the read request
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is selected thereby. Then, on the basis of the input from
the read-column selection line 90, the column connecting
to the bit cell holding the data corresponding to the read
request is selected.
[0024] Next, with reference to FIG. 4, a reading oper-
ation routine in the read circuit 200 will be described. FIG.
4 is a diagram illustrating signal waveforms according to
the first embodiment. The illustrated dashed arrow indi-
cates signals that trigger the switching between "Hi" and
"Lo" of the signals. In response to a read request and
then on the basis of the input from the local bit line pre-
charge line, the local bit line 70 is pre-charged. (Refer to
(1) in FIG. 4). Next, on the basis of the input from the
global bit line pre-charge line 100, the global bit line 110
is pre-charged. (Refer to (2) in FIG. 4).
[0025] As illustrated in FIG. 4, during the pre-charge
on the local bit line 70 and global bit line 110, the input
from the read-column selection line 90 has "Hi". (Refer
to (3) in FIG. 4). Thus, the n-type transistor N1 connected
to the read-column selection line 90 is turned on, and the
sense out line 80 is pre-discharged. As a result, the sense
out line 80 is "Lo". (Refer to (4) in FIG. 4).
[0026] Then, the word line 20 is "Hi". (Refer to (5) in
FIG. 4). When the input from the read-column selection
line 90 is "Lo" (as in (6) in FIG. 4), the n-type transistor
N1 is turned off. Since the input from the read-column
selection line 90 has been changed to have "Lo", the
corresponding column has already been selected. On
the other hand, when the input from the read-column se-
lection line 90 is "Lo" (as in (6) in FIG. 4), the p-type
transistor P2 is turned on. Conversely, when the word
line 20 is "Hi", the local bit line 70 is discharged (which
means that, when the internal node of the bit cell relating
to the local bit line 70 is "Lo", the local bit line 70 is dis-
charged, and when it is "Hi", the local bit line 70 is not
discharged). (Refer to (7) in FIG. 4). Thus, the p-type
transistor P1 is turned on. When both of the p-type tran-
sistors P1 and P2 are turned on, charges are thus loaded
from the power supply, and the sense out line 80 is
charged. (Refer to (8) in FIG. 4).
[0027] The sense out line 80 having "Hi" turns on the
n-type transistor N2. Thus, the global bit line 110 is dis-
charged to "Lo". After the global bit line 110 is discharged,
"Lo" is output to the I/O circuit 400 as the reading result
from the bit cell 10.
[0028] The reading operation in the read circuit 200
will be organized conceptually. (1): The entire row driven
by a word line is read. (2): In the row, the column required
by a read-column selection signal is only selected (where
the column has been already selected at that time). (3):
As a result, the sense out is charged. (4): The sense out
charged in (3) turns on the n-type transistor N2, and, as
a result, the data in the memory/holding circuit selected
by the word line and read-column selection signal is read
(where the n-type transistor N2 is a circuit for transmitting
the result read in the local region to the global region).
[0029] As described above, since the semiconductor
memory circuit according to the first embodiment in-

cludes the read circuit having a dynamic configuration
connecting a bit line to the p-type transistor P1, the speed
of discharging from the local bit line 70 may be increased.
As a result, the reading speed by the read circuit 200
may be increased.
[0030] A semiconductor memory circuit in the past has
shorter local bit lines as a measure against the variations
among the performance for manufacturing transistors.
However, the increase in number of divisions of bit lines
increases the size of the layout in the direction of the bit
lines. Thus, the amount of amount of charges charge to
be loaded or unloaded to or from a global bit line increas-
es. As a result, the power consumption increases. On
the other hand, the semiconductor memory circuit ac-
cording to the first embodiment includes the read circuit
internally having the p-type transistor P2 connected in
series to between a p-type transistor P1 connected to
the local bit line 70 and the power supply and connecting
to the read-column selection signal. Since the p-type
transistor P2 may implement the column selection of a
bit cell, the number of global bit line to be charged or
discharged may be reduced. As a result, the power con-
sumption may be reduced.
[0031] Within the read circuit 200, the n-type transistor
N1 for pre-discharging the sense out line 80 is connected
to a read-column selection signal. Thus, one signal line
may be required for column selection and pre-discharg-
ing the sense out line 80. Thus, the size of the circuit may
be reduced.
[0032] A semiconductor memory circuit and a control
method for writing/reading data according to another em-
bodiment will be described below.

[1] Application Example of Semiconductor memory cir-
cuit according to First Embodiment

[0033] For example, as illustrated in FIG. 5, the sem-
iconductor memory circuit according to the first embod-
iment is applicable to a multiport semiconductor memory
circuit. FIG. 5 is a diagram illustrating a configuration of
a semiconductor memory circuit according to the second
embodiment.

[2] Circuit Configuration and Others

[0034] The components of the semiconductor memory
circuit illustrated in FIG. 1 are not always physically re-
quired to be arranged as in the illustrated configuration.
In other words, the concrete forms of the distribution and
integration of the components of the semiconductor
memory circuit illustrated in FIG. 1 are not limited to the
illustrated one, but all or a part of the components may
be functionally or physically distributed and/or integrated
in arbitrary units in accordance with the loads and/or the
usages, within the range required for achieving the object
of the embodiment.
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[3] Control Method for Reading Data

[0035] The semiconductor memory circuit according
to the first embodiment may implement the control meth-
od for reading data as follows:
[0036] There may be provided a control method for
reading data in the semiconductor memory circuit, the
method including a reading control step of performing
reading control including, on the basis of the input from
the pre-charged sense out line 80, bringing the n-type
transistor N2 into conduction, selecting the column hav-
ing the corresponding local bit line, and outputting the
information held in the bit cell 10 having the word line 20
driven among the plurality of bit cells 10 to the global bit
line 110.

Claims

1. A semiconductor memory device comprising:

a first plurality of memory circuits that connect
to a first bit line, a second bit line, and a word
line, and that hold information;
a first pre-charge control circuit that connects to
a first pre-charge control line, the first bit line,
and the second bit line and that pre-charges the
first bit line and the second bit line on the basis
of the input from the first pre-charge control line;
and
a read control circuit having a first transistor that
has a source terminal connected to a power sup-
ply and a gate terminal connected to a read-
column selection line; a second transistor that
has a source terminal connected to a drain ter-
minal of the first transistor, a gate terminal con-
nected to the first bit line, and a drain terminal
connected to a global-bit-line driver control line
and that charges the global-bit-line driver control
line on the basis of the input from the read-col-
umn selection line and the potential level of the
first bit line; a third transistor that has a drain
terminal connected to the global-bit-line driver
control line, a gate terminal connected to the
read-column selection line, and a source termi-
nal grounded and that pre-discharges the glo-
bal-bit-line driver control line on the basis of col-
umn selection signal; and a fourth transistor that
has a drain terminal connected to a third bit line,
a gate terminal connected to the global-bit-line
driver control line, and a source terminal ground-
ed, wherein the fourth transistor is brought into
conduction on the basis of the input from the
charged global-bit-line driver control line, the
column having the first bit line and the second
bit line is thus selected, and the information held
in the memory circuit connecting to the driven
word line among the first plurality of memory cir-

cuits is output to the third bit line.

2. The semiconductor memory device according to
claim 1, further comprising:

a second plurality of memory circuits that con-
nect to a fourth bit line, a fifth bit line, and a word
line and that hold information;
a first pre-charge control circuit that connects to
a second pre-charge control line, the fourth bit
line, and the fifth bit line and that pre-charges
the fourth bit line and the fifth bit line on the basis
of the input from the second pre-charge control
line; and
a fifth transistor that has a source terminal con-
nected to the drain terminal of the first transistor,
a gate terminal connected to the fourth bit line,
and a drain terminal connected to a global-bit-
line driver control line and that charges the glo-
bal-bit-line driver control line on the basis of the
input from the read-column selection line and
the potential level of the fourth bit line.

3. The semiconductor memory device according to
claim 1 or 2, further comprising:

a sixth transistor that has a source terminal con-
nected to the power supply, a gate terminal con-
nected to a third pre-charge control line, and a
source terminal connected to the third bit line,
wherein the third bit line is pre-charged on the
basis of the input from the third pre-charge con-
trol line.

4. The semiconductor memory device according to
claim 1 or 2, further comprising:

a sixth transistor that has a source terminal con-
nected to the power supply, a gate terminal con-
nected to a third pre-charge control line, and a
source terminal connected to the third bit line,
wherein the third bit line is pre-charged on the
basis of the input from the third pre-charge con-
trol line.

5. The semiconductor memory device according to any
of claims 1 to 4, further comprising:

a control circuit that writes data connecting to a
write-column-selection line and a write data in-
put line, wherein:

a column having the second bit line and the
first bit line is selected on the basis of the
input from the write-column-selection line,
and data from the write data input line is
written to a memory circuit connecting to the
driven word line among the first plurality of

7 8 
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memory circuits and the second plurality of
memory circuits.

6. The semiconductor memory device according to
claim 2, or any of claims 3 to 5 when read as ap-
pended to claim 2, further comprising:

a control circuit that writes data connecting to a
write-column-selection line and a write data in-
put line, wherein:

a column having the second bit line and the
first bit line is selected on the basis of the
input from the write-column-selection line,
and data from the write data input line is
written to a memory circuit connecting to the
driven word line among the first plurality of
memory circuits and the second plurality of
memory circuits.

7. A semiconductor memory device comprising:

a plurality of memory circuits that connect to a
first bit line, a second bit line, and a word line
and that hold information;
a pre-charge control circuit that connects to a
first pre-charge control line, the first bit line, and
the second bit line and that pre-charges the first
bit line and the second bit line on the basis of
the input from the first pre-charge control line;
and
a first read control circuit having a first transistor
that has a source terminal connected to a power
supply and a gate terminal connected to a read-
column selection line; a second transistor that
has a source terminal connected to a drain ter-
minal of the first transistor, a gate terminal con-
nected to the first bit line, and a drain terminal
connected to a first global-bit-line driver control
line and that charges the first global-bit-line driv-
er control line on the basis of the input from the
read-column selection line and the potential lev-
el of the first bit line; a third transistor that has a
drain terminal connected to the global-bit-line
driver control line, a gate terminal connected to
the read-column selection line, and a source ter-
minal grounded; and a fourth transistor that has
a drain terminal connected to a third bit line, a
gate terminal connected to the first global-bit-
line driver control line, and a source terminal
grounded, wherein the column having the first
bit line and the second bit line is thus selected
on the basis of the input from the pre-charged
first global-bit-line driver control line, the fourth
transistor is brought into conduction, and the in-
formation held in the memory circuit connecting
to the driven word line among the plurality of
memory circuits is output to the third bit line; and

a second read control circuit having a fifth tran-
sistor that has a source terminal connected to a
power supply and a gate terminal connected to
a read-column selection line; and a sixth tran-
sistor that has a source terminal connected to a
drain terminal of the fifth transistor, a gate ter-
minal connected to the second bit line, and a
drain terminal connected to a second global-bit-
line driver control line and, that charges the sec-
ond global-bit-line driver control line on the basis
of the input from the second read-column selec-
tion line and the potential level of the second bit
line; a seventh transistor that has a drain termi-
nal connected to the global-bit-line driver control
line, a gate terminal connected to the second
read-column selection line, and a source termi-
nal grounded and that pre-discharges the glo-
bal-bit-line driver control line on the basis of col-
umn selection signal; and an eighth transistor
that has a drain terminal connected to a fourth
bit line, a gate terminal connected to the second
global-bit-line driver control line, and a source
terminal grounded, wherein the eighth transistor
is brought into conduction on the basis of the
input from the pre-charged second global-bit-
line driver control line, the column having the
first bit line and the second bit line is thus se-
lected, and the information held in the memory
circuit connecting to the driven word line among
the plurality of memory circuits is output to the
fourth bit line.

8. A control method for reading data in a semiconductor
memory device, the semiconductor memory device
having:

a first plurality of memory circuits that connect
to a first bit line, a second bit line, and a word
line and that hold information;
a first pre-charge control circuit that connects to
a first pre-charge control line, the first bit line,
and the second bit line and that pre-charges the
first bit line and the second bit line on the basis
of the input from the first pre-charge control line;
and
a read control circuit having a first transistor that
has a source terminal connected to a power sup-
ply and a gate terminal connected to a read-
column selection line, a second transistor that
has a source terminal connected to a drain ter-
minal of the first transistor, a gate terminal con-
nected to the first bit line, and a drain terminal
connected to a global-bit-line driver control line
and that charges the global-bit-line driver control
line on the basis of the input from the read-col-
umn selection line and the potential level of the
first bit line; a third transistor that has a drain
terminal connected to the global-bit-line driver

9 10 
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control line, a gate terminal connected to the
read-column selection line, and a source termi-
nal grounded and that pre-discharges the glo-
bal-bit-line driver control line on the basis of col-
umn selection signal; and a fourth transistor that
has a drain terminal connected to a third bit line,
a gate terminal connected to the global-bit-line
driver control line, and a source terminal ground-
ed, the control method for reading data
comprising :

selecting the column having the first bit line
and the second bit line, by bringing the
fourth transistor into conduction on the ba-
sis of the input from the charged global-bit-
line driver control line; and
outputting the information held in the mem-
ory circuit connecting to the driven word line
among the first plurality of memory circuits
to the third bit line.

9. A control method for writing data in a semiconductor
memory device, the semiconductor memory device
having:

a first plurality of memory circuits that connect
to a first bit line, a second bit line, and a word
line and that hold information; and
a control circuit that writes data connecting to a
write-column-selection line and a write data in-
put line, the control method for writing data com-
prising:

selecting the column having the first bit line
and the second bit line on the basis of the
input from the write-column-selection line;
and
writing data from the write data input line to
a memory circuit connecting to the driven
word line among the first plurality of memory
circuits.

10. A control method for reading data in a semiconductor
memory device, the semiconductor memory device
having:

a plurality of memory circuits that connect to a
first bit line, a second bit line, and a word line
and that hold information;
a pre-charge control circuit that connects to a
first pre-charge control line, the first bit line, and
the second bit line and that pre-charges the first
bit line and the second bit line on the basis of
the input from the first pre-charge control line;
and
a first read control circuit having a first transistor
that has a source terminal connected to a power
supply and a gate terminal connected to a read-

column selection line; a second transistor that
has a source terminal connected to a drain ter-
minal of the first transistor, a gate terminal con-
nected to the first bit line, and a drain terminal
connected to a first global-bit-line driver control
line and that charges the first global-bit-line driv-
er control line on the basis of the input from the
read-column selection line and the potential lev-
el of the first bit line; a third transistor that has a
drain terminal connected to the global-bit-line
driver control line, a gate terminal connected to
the read-column selection line, and a source ter-
minal grounded; and a fourth transistor that has
a drain terminal connected to a third bit line, a
gate terminal connected to the first global-bit-
line driver control line, and a source terminal
grounded, wherein the fourth transistor is
brought into conduction on the basis of the input
from the charged first global-bit-line driver con-
trol line, the column having the first bit line and
the second bit line is thus selected, and the in-
formation held in a memory circuit connecting
to the driven word line among the plurality of
memory circuits is output to the third bit line; and
a second read control circuit having a fifth tran-
sistor that has a source terminal connected to a
power supply and a gate terminal connected to
a read-column selection line; and a sixth tran-
sistor that has a source terminal connected to a
drain terminal of the fifth transistor, a gate ter-
minal connected to the second bit line, and a
drain terminal connected to a second global-bit-
line driver control line and, on the basis of the
input from the second read-column selection
line and the potential level of the second bit line,
that charges the second global-bit-line driver
control line; a seventh transistor that has a drain
terminal connected to the global-bit-line driver
control line, a gate terminal connected to the
second read-column selection line, and a source
terminal grounded; and an eighth transistor that
has a drain terminal connected to a fourth bit
line, a gate terminal connected to the second
global-bit-line driver control line, and a source
terminal grounded, wherein the eighth transistor
is brought into conduction on the basis of the
input from the charged second global-bit-line
driver control line, the column having the first bit
line and the second bit line is thus selected, and
the information held in the memory circuit con-
necting to the driven word line among the plu-
rality of memory circuits is output to the fourth
bit line, the control method for reading data com-
prising:

selecting the column having the first bit line
and the second bit line by bringing the fourth
transistor into conduction on the basis of the
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input from the charged first global-bit-line
driver control line;
reading the information held in the memory
circuit connecting to the driven word line
among the plurality of memory circuits from
the third bit line;
selecting the column having the first bit line
and the second bit line by bringing the eighth
transistor into conduction on the basis of the
input from the charged second global-bit-
line driver control line; and
reading the information held in the memory
circuit connecting to the driven word line
among the plurality of memory circuits to
the fourth bit line.

13 14 



EP 2 211 352 A2

9



EP 2 211 352 A2

10



EP 2 211 352 A2

11



EP 2 211 352 A2

12



EP 2 211 352 A2

13



EP 2 211 352 A2

14



EP 2 211 352 A2

15



EP 2 211 352 A2

16



EP 2 211 352 A2

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2006331568 A [0002]

Non-patent literature cited in the description

• Kevin Zhang ; Ken Hose ; Vivek De ; Borys
Senyk. The Scaling of Data Sensing Schemes for
High Speed Cache Design in Sub-0.18 pm Technol-
ogies. Symposium on VLS1 Circuits Digest of Tech-
nical Papers, 2000, 226-227 [0002]

• J. Davis ; D. Plass ; P. Bunce ; Y. Chanl ; A.
Pelella ; R. Joshi ; A. Chen ; W. Huott ; T. Knips ;
P. Patel. A 5.6 GHz 64 kB Dual-Read Data Cache
for the POWER6TM Processor. IEEE International
Solid-State Circuits Conference, 2006 [0002]


	bibliography
	description
	claims
	drawings

