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SEMICONDUCTOR MEMORY DEVICE AND
METHOD FOR READING AND WRITING
DATA THEREIN

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
device and method for reading and writing data therein, and
more particularly, to a semiconductor memory device hav-
ing a plurality of memory cells arranged in row and column
directions, a word line corresponding to each memory cell
row and a complementary bit line pair corresponding to each
memory cell column, and method for reading and writing
data therein

2. Description of the Background Art

FIG. 8 1s a block diagram showing an arrangement of a
conventional static random access memory (hereinafter
referred to as an SRAM). Referring to FIG. 8, this SRAM
includes a plurality of memory cells 14a—14d (for simplicity
four are shown in FIG. 8) arranged in row and column
directions, word lines 13a and 13b corresponding to respec-
five rows, and complementary bit line pairs 15a, 15b and
16a, 16b corresponding to respective columns.

As shown in FIGS. 9(a) and 9(b), memory cell 14a
mncludes driver transistors 61la and 61b, access transistors
62a and 62b, load resistances 63a and 63b, and storage nodes
64a and 64b. Driver transistors 61a and 61b have their drains
connected to storage nodes 64a and 64b, their gates con-
nected to storage nodes 64b and 64a, and their sources
connected to a ground line 51, respectively. Access transis-
tors 62a and 62b have their sources connected to storage
nodes 64a and 64b, their drains connected to bit lines 15a
and 15b, and their gates connected to word line 13a, respec-
fively. Load resistances 63a and 63b are each connected to
a power supply line 50 at one end and connected to storage
nodes 64a and 64b, respectively, at the other end. Other
memory cells 14b—14d are similar to memory cell 14a.

This SRAM further includes a row address buffer 2 and a

row address decoder 3 for selecting word line 13a or 13b 1n
response to a row address-signal 1, a column address buifer
6 and a column address decoder 7 for selecting bit line pair
15a, 15b or 16a, 16b 1n response to a column address signal
5, and an address transition sensing circuit 4 for generating
a bit line equalizing signal 9, a word line activation signal
10, a sense amplifier activation signal 11 and a latch signal
12 1n response to transition of address signals 1 and 5.

This SRAM further includes bit line loads 17a—18b and
equalizers 17c¢ and 18c provided on one end of each of bit
line pairs 15a, 15b and 16a, 16b, and column select gates 52
provided on the other end of each of bit line pairs 15a, 15b
and 16a, 16b. Bit line loads 17a—18b are constituted by
P-channel MOS transistors having their sources or drains
connected to power supply line 50 or bit lines 15a—16b and
their gates connected to ground line 51, respectively. Equal-
1zers 17¢ and 18c are constituted by P-channel MOS tran-
sistors having their sources or drains connected to bit line
pairs 15a, 15b and 16a, 16b and their gates receiving bit line
equalizing signal 9 from address transition sensing circuit 4.

Column select gate 52 includes transfer gates 19a, 19b
and inverter 19¢ corresponding to bit line pair 15a and 15b,

5

10

15

20

25

30

35

40

45

50

55

60

65

2

as well as transfer gates 20a, 20b and mverter 20c¢ corre-
sponding to bit line pair 16a and 16b. Transfer gates
19a—-20b respectively include a P-channel MOS ftransistor
and an N-channel MOS transistor having their conductive
clectrodes connected to each other.

Transter gates 19a and 19b are each connected to bit lines
15a and 15b at one conductive electrode and connected to 10
lines 21a and 21b, respectively at the other conductive
clectrode, and have their gates on the side of the N-channel
MOS ftransistors connected 1n common and further con-
nected to column address decoder 7 through a column select
line 8a. In addition, transfer gates 19a and 19b have their to
cgates on the side of the N-channel MOS ftransistors con-
nected to their gates on the side of the P-channel MOS
transistors through inverter 19c¢. Transfer gates 20a, 20b and
inverter 20c on the side of bit line pair 16a and 16b are
similar to those on the side of bit line pair 15a and 15b.

This SRAM further includes a sense circuit 22, an output
buffer 24 and an output latch 26. As shown 1n FIG. 10, sense
circuit 22 includes a sense amplifier 70 and a tristate buifer
80. Sense amplifier 70 includes P-channel MOS transistors
71 and 72 constituting a current mirror circuit. N-channel
MOS transistors 73 and 74 constituting a differential input
circuit, and an N-channel MOS transistor 75 for activating
or deactivating these circuits. P-channel MOS transistor 71,
N-channel MOS ftransistors 73 and 75 are connected 1n
serics between power supply line 50 and ground line 51, and
P-channel MOS transistor 72 and N-channel MOS transistor
74 are connected 1n series between power supply line 50 and
a drain of N-channel MOS transistor 75. P-channel MOS
transistors 71 and 72 have their gates connected 1n common
and further connected to a drain of P-channel MOS transis-
tor 71, and N-channel MOS transistors 73 and 74 have their
cgates connected to 10 lines 21a and 21b, respectively, and
N-channel MOS ftransistor 75 has its gate receiving sense
amplifier activation signal 11 from address transition sensing,
circuit 4. A connection node between P-channel MOS tran-

sistor 72 and N-channel MOS transistor 74 forms an output
node 76.

As shown 1n FIG. 11, tristate buffer 80 includes P-channel
MOS transistors 81 and 82 as well as N-channel MOS
transistors 83 and 84 connected 1n series between power
supply line 50 and ground line 51. Transistors 84 and 81
have their gates receiving sense amplifier activation signal
11 and a complementary signal thereof 11, respectively, and
transistors 82 and 83 have their gates connected to output
node 76 of sense amplifier 70. A connection node 85 of
transistors 82 and 83 forms an output node of this tristate
buifer 80 and 1s connected to a read data bus 23.

As shown 1 FIG. 12, output latch 26 includes a transfer
cgate 91 and inverters 92—-95, and transter gate 91 includes an
N-channel MOS transistor 91a and a P-channel MOS tran-
sistor 91b having their conductive electrodes connected to
cach other. Latch signal 12 from address transition sensing
circuit 4 1s mput to a gate of N-channel MOS transistor 91a,
and 1s also 1mnput to a gate of P-channel MOS transistor 91b
through inverter 92. Transfer gate 91 has its one conductive
electrode connected to read data bus 23, and the other
conductive electrode connected to the one conductive elec-
trode through inverters 93 and 95. Inverter 94 1s connected
between 1nverter 93 and the other conductive electrode of
transfer gate 91.

FIG. 13 1s a timing chart showing the operation of the

SRAM shown 1n FIGS. 8—12. Description of read operation
of this SRAM will now be given with reference to FIGS.
8—13.
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Externally mput row address signal 1 1s applied to row
address buffer 2 for outputting an amplified signal of row
address signal 1 and an inverted amplified signal thereof.
and an output of row address buifer 2 1s applied to row
address decoder 3 for decoding a row address signal which
1s output from row address bufler 2 and to address transition
sensing circuit 4.

Meanwhile, externally input column address signal 5 1s
applied to column address buffer 6 for outputting an ampli-
fied signal of column address signal § and an inverted
amplified signal thereof, and an output of column address
bufifer 6 1s applied to column address decoder 7 for decoding,
a column address signal which 1s output from column to
address buffer 6, and to address transition sensing circuit 4.
Column address decoder 7 selects column select line b&a or
8b corresponding to column address signal §. For example,
when column select line 8a 1s selected, column select line 8a
rises to an “H” level as shown in FIG. 13(f), transfer gates
19a and 19b responsively become conductive, and bit line
pair 15a and 15b as well as 1O line pairs 21a and 21b become
conductive.

Address transition sensing circuit 4 generates bit line
cequalizing signal 9, word line activation signal 10, sense
amplifier activation signal 11 and latch signal 12, corre-
sponding to transition of a row address and a column
address. Timing of these signals 9-12 1s such as shown 1n
FIGS. 13(a)¢). In response to transition of a row address
and a column address, bit line equalizing signal 9 first falls
to an “L” level, and then, word line activation signal 10 rises
to an “H” level. Sense amplifier activation signal 11 rises to
an “H” level in response to rise of word line activation signal
10, and latch signal 12 rises to an “H” level in response to
rise of sense amplifier activation signal 11.

Bit line pairs 15a, 15b and 16a, 16b to which memory
cells 14a, 14¢c and 14b and 14d are connected are precharged
to a power supply potential by bit line loads 17a, 17b and
18a, 18b, respectively. When bit line equalizing signal 9 falls
to an “L” level, equalizers 17¢ and 18c become conductive
and potentials of bit line pairs 15a, 15b and 16a 16b are
equalized.

Row address decoder 3 selects word line 13a or 13b
corresponding to row address signal 1 for a period deter-
mined by word line activation signal 10. For example, when
word line 1 1s selected, word line 13a rises to an “H” level
as shown 1n FIG. 13(g), and memory cells 14a and 14b are
responsively activated.

Operation of an activated memory cell, for example, 14a
will now be debscribed. Assume that a storage node 64a of
memory cell 14a 1s at an “H” level and a storage node 64b
thereof 1s at an “L” level. At this time, one driver transistor
61la of memory cell 14a 1s not conductive and the other
driver transistor 61b 1s conductive In addition, since word
line 13a 1s at an “H” level and 1n a selected state, access
transistors 62a and 62b of memory cell 14a are conductive.
Accordingly, current flows through a path 1n the direction of
bit line 15b, access transistor 62b, driver transistor 61b and
ground line 51 (this current is hereinafter referred to as
column current Ic). However, column current Ic does not
flow through another path in the direction of bit line 15a
access transistor 62a, driver transistor 61a and ground line
51, since driver transistor 61a 1s not conductive.

In other words, when storage node 64a of activated
memory cell 14a 1s at an “H” level and storage node 64b
thereof 1s at an “L” level, column current Ic flows from bait
line 15b into memory cell 14a and potential of bit line 15b
decreases gradually. Similarly, when storage node 64a of
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activated memory cell 14a 1s at an “L” level and storage
node 64b thereof 1s at an “H” level column current Ic flows
from bit line 15a 1into memory cell 14a and potential of bat
line 15a decreases gradually. Accordingly, as shown 1n FIG.
13(h), potential of one of IO line pair 21a and 21b decreases
oradually.

As shown 1n FIG. 10, IO line pair 21a and 21b are
connected to gates of mnput transistors 73 and 74 of sense
amplifier 70 of sense circuit 22, respectively. When sense
amplifier activation signal 11 output from address transition
sensing circuit 4 rises, N-channel MOS transistor 75 of sense
amplifier 70 as well as P-channel MOS transistor 81 and
N-channel MOS transistor 84 of tristate buifer 80 become
conductive, and sense amplifier 70 and tristate buffer 80 are
activated simultaneously.

In sense amplifier 70, since N-channel MOS transistor 73
and P-channel MOS transistor 71 are connected 1n series and
P-channel MOS transistor 71 and P-channel MOS transistor
72 constitute a current mirror circuit, current of the same
value flows through N-channel MOS transistor 73 and
P-channel MOS transistor 72. If potential of 10 line 21a 1s
higher than that of IO line 21b, current flowing through
N-channel MOS transistor 73 and P-channel MOS transistor
72 1s larger than that flowing through N-channel MOS
transistor 74, difference current therebetween flows into
output node 76, and potential of output node 76 1s pulled up.
Contrary, 1f potential of IO line 21a 1s lower than that of 10
line 21b, current flowing through N-channel MOS transistor
73 and P-channel MOS transistor 72 1s smaller than that
flowing through N-channel MOS transistor 74, difference
current therebetween flows from output node 76, and poten-
tial of output node 76 1s pulled down.

When potential of output node 76 of sense amplifier 70 1s
pulled up to an “H” level, P-channel MOS transistor 82 of
tristate buifer 80 becomes non-conductive and N-channel
MOS transistor 83 thereof becomes conductive, current
flows from read data bus 23 through N-channel MOS
transistors 83 and 84 into ground line 51, and potential of
read data bus 23 1s pulled down to an “L” level.

Contrary, when potential of output node 76 of sense
amplifier 70 1s pulled down to an “L” level, P-channel MOS
transistor 82 of tristate builer 80 becomes conductive and
N-channel MOS transistor 83 therecof becomes non-
conductive, current flows from power supply line 50 through
P-channel MOS transistors 81 and 82 into read data bus 23,
and potential of read data bus 23 1s pulled up to “H” level
as shown 1n FIG. 13(3).

Output butfer 24 outputs read data signal 25, correspond-
ing to data of read data bus 23. When read data bus 23
becomes attains an “H” level, read data signal 25 which 1s
output from output buifer 24 also attains an “H” level as

shown in FIG. 13(j).

When latch signal 12 output from address transition
sensing circuit 4 rises, output latch 26 lathes data of read
data bus 23. In other words, when latch signal 12 rises to an
“H” level 1n output latch 26 shown 1n FIG. 12 transfer gate
91 becomes conductive. For example, when read data bus 23
1s at an “H” level, outputs of mnvents 93, 94 and 95 are at an
“L” level, an “H” level, and an “H” level, respectively. This
state 1s maintained even 1if latch signal 10 falls to an “L”
level and transter gate 91 becomes non-conductive. After
completion of latching, latch signal 12 becomes 1nactive.
Then, sense amplifier activation signal 11 and word line
activation signal 10 fall to an “L” level and read operation
1s completed.

However in a conventional SRAM operating current
thereof has been large. In other words, since sense amplifier
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70 and tristate buffer 80 are activated simultancously by
sense amplifier activation signal 11 as shown i FIGS. 10
and 11, transistors 81 and 84 of tristate buffer 80 are
rendered conductive before potential of output node 76 of
sense amplifier 70 1s established to an “H” level or an “L”
level, and current leaks from power supply line 50 through
transistors 81-84 to ground line 51.

In addition, 1n the conventional SRAM, sense amplifier 70
continuously consumes direct current while sense amplifier
activation signal 11 1s at an “H” level and N-channel MOS

transistor 75 of sense amplifier 70 1s conductive.

In the conventional SRAM, word lines 13a and 13b are at
an “H” level and column current Ic 1s consumed throughout
data read operation.

SUMMARY OF THE INVENTION

It 1s a primary object of the present invention to provide
a semiconductor memory device which requires small oper-
ating current.

Briefly speaking, 1n a semiconductor memory device in
accordance with the present invention, a sensing circuit for
sensing that a complementary output of a sense amplifier has
been established 1s provided, and a tristate buffer 1s activated
by an output of the sensing means. Accordingly, unlike in a
conventional semiconductor memory device in which a
sense amplifier and a tristate bufler are activated
simultaneously, current does not leak in a tristate buffer.
Consequently, reduction in operating current can be
achieved.

Preferably, a sense amplifier 1s a latch type sense ampli-
fier. Thus, current consumption of a sense amplifier after
establishment of an output of the sense amplifier can be
prevented, resulting 1n further reduction 1n operation current.

Preferably, the sensing means 1s constituted by an AND
circuit which receives a complementary output of a sense
amplifier. Thus, the sensing means can be formed easily.
Preferably, a read control circuit 1s provided. Thus, operating
current can be significantly reduced. In other words, since
the read control circuit sets a word line to a selected state,
activates a desired memory cell, writes potential difference
corresponding to data of the memory cell to an 1nput node
pair of a sense amplifier, and then blocks a transfer gate, load
of a sense amplifier can be made quite small. In addition,
since the read control circuit sets a word line to a non-
selected state 1n response to an output from a sensing circuit
and deactivates a memory cell, column rent flowing through
a memory cell can be minimized.

Operating current can be reduced by a method for reading
data 1n a semiconductor memory device 1n accordance with
a first aspect of the present invention for the same reason as
that 1n the case where the above-described read control
circuit 1s provided.

Briefly speaking, in a method for reading data 1n a
semiconductor memory device 1n accordance with a second
aspect of the present invention, a word line of a desired row
of memory cells 1s once set to a selected state for a
prescribed period and data of each memory cell of the row
1s temporarily stored 1n a bit line pair to which each memory
cell 1s connected, and then, the bit line pair 1s successively
connected to a read circuit and data 1s read continuously.
Therefore, data of all the memory cells of one memory cell
row 1s read by setting a word line 1n a selected state only
once, and column current can be significantly reduced
compared to a conventional semiconductor memory device
in which a word line must be set to a selected state every
time data of one memory cell 1s read, resulting in reduction
in operating current of the device.
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6

In a method of writing data 1n a semiconductor memory
device 1n accordance with the present invention, first, each
bit line pair and a write circuit are sequentially connected to
cach other by column select gate, data 1s stored temporarily
in each bit line pair, then, a word line of a desired row of
memory cells 1s set to a selected state for a prescribed period,
aid data 1s written to each of the memory cells of that row
at a time. Therefore, data 1s written to all the memory cells
of one row by setting a word line to a selected state only
once, and column current can be significantly reduced
compared to a conventional semiconductor memory device
in which a word line must be set to a selected state every
time data 1s written to one memory cell, resulting 1n reduc-
fion 1n operating current.

The foregoing and other objects, feature aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an arrangement of an
SRAM 1n accordance with a first embodiment of the present
invention.

FIG. 2 1s a circuit diagram showing an arrangement of a
sense circuit of the SRAM shown 1 FIG. 1.

FIGS. 3(a) and (b) are timing charts of a sense amplifier

activation signal for activating the sense circuit shown in
FIG. 2.

FIGS. 4(a) to 4(m) are timing charts showing data read
operation of the SRAM shown 1n FIG. 1.

FIG. § 1s a block diagram showing an arrangement of an
SRAM 1n accordance with a second embodiment of the

present 1nvention.

FIGS. 6(a) to 6(m) timing charts showing continuous data
read operation of the SRAM shown i FIG. 5.

FIGS. 7(a) to 7(m) are timing charts showing continuous
data write operation of the SRAM shown in FIG. 5.

FIG. 8 1s a block diagram showing an arrangement of a
conventional SRAM.

FIGS. 9(a) to 9(b) are circuit diagrams showing an
arrangement of a memory cell of the SRAM shown 1n FIG.

8.

FIG. 10 1s a circuit diagram showing an arrangement of a
sense circuit of the SRAM shown 1 FIG. 8.

FIG. 11 1s a circuit diagram showing an arrangement of a
tristate bufler of the sense circuit shown 1n FIG. 10.

FIG. 12 1s a circuit diagram showing an arrangement of an
output latch of the SRAM shown 1n FIG. 8.

FIGS. 13(a) to 13(;) timing charts showing read operation
of the SRAM shown 1n FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

EMBODIMENT 1

FIG. 1 1s a block diagram showing an arrangement of an
SRAM 1n accordance with a first embodiment of the present
invention. Referring to FIG. 1. this SRAM 1s different from
a conventional SRAM shown 1n FIG. 8 1n that a sense circuit
39 1s provided instead of a sense circuit 22 and this sense
circuit 39 outputs a signal 32 for detecting establishment of
an output of a sense circuit (hereinafter referred to as an
output establishment detection signal) to a row address
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decoder 3, and 1n that an address transition sensing circuit 4
outputs two sense amplifier activation signals 11" and 11"
instead of a sense amplifier signal 11 1n order to activate this
Sense clrcuit.

FIG. 2 1s a circuit diagram showing an arrangement of
sense circult 39. Referring to FIG. 2, this sense amplifier 39
includes transfer gates 27a and 27b, a latch type sense
amplifier 28, a circuit 31 for generating an output establish-
ment detection signal (hereinafter referred to as an output
establishment detection signal generating circuit) and a
tristate buffer 33.

Transfer gates 27a and 27b are connected between 10 line
21a and I/O node 29 of sense amplifier 28 and between 10
line 21b and I/O node 30 of sense amplifier 28, respectively,
and are controlled by sense amplifier activation signal 11'.
Transter gates 27a and 27b are respectively constituted by a
P-channel MOS transistor with its gate receiving sense
amplifier activation signal 11"

Sense amplifier 28 imncludes P-channel MOS transistors 53
and 54 as well as N-channel MOS ftransistors 355-57.

P-channel MOS transistor 33 and N-channel MOS transis-
tors 55 and 57 are connected 1n series between a power
supply line 50 and a ground line 51, and P-channel MOS
transistor 54 and N-channel MOS transistor 56 are con-
nected 1n series between power supply line 50 and a drain of
N channel MOS transistor 537. Transistors 533 and 55 have
their gates connected 1n common and further connected to a
connection node of transistors 54 and 56. Transistors 54 and
56 have their gates connected mm common and further
connected to a connection node of transistors 33 and 55. The
connection nodes of transistors 54 and 56 as well as tran-
sistors 33 and 55 form I/O nodes 29 and 30, respectively.
N-channel MOS transistor 57 receives sense amplifier acti-
vation signal 11" at 1its gate.

Output establishment detection signal generating circuit
31 1s constituted by a two-input NAND gate 31a, and input
nodes of NAND gate 31a are connected to I/O nodes 29 and

30 of sense amplifier 28, respectively.

Tristate buffer 33 includes a P-channel MOS transistor 34,
an N-channel MOS transistor 35, three-input NAND gates
36 and 37, and an mverter 38. P-channel MOS transistor 34
and N-channel MOS ftransistor 35 are connected in series
between power supply line 50 and ground line 51, and a
connection node of P-channel MOS transistor 34 and
N-channel MOS transistor 35 1s connected to a read data bus
23. Three mput nodes of NAND gate 36 are connected to I/0
node 29 of sense amplifier 28, a gate of N channel MOS
transistor 57 of sense amplifier 28, and an output node of
NAND gate 31a which constitutes output establishment 50
detection signal generating circuit 31, respectively, and an
output node of NAND gate 36 1s connected to a gate of
P-channel MOS transistor 34. Three input nodes of NAND
cgate 37 are connected to I/0 node 30 of sense amplifier 28,
a gate of N-channel MOS transistor 57 of sense amplifier 28,
and an output node of NAND gate 31a which constitute
output establishment detection signal generating circuit 31,
respectively, and an output node of NAND gate 37 1is
connected to a gate of N-channel MOS transistor 35 through
inverter 38.

Since other arrangement 1s similar to that of the SRAM
shown 1n FIG. 8, description thereof will not be repeated.

FIG. 3 1s a timing chart of sense amplifier activation
signals 11" and 11" for activating sense circuit 39 shown 1n
FIG. 2. First, detailed description of read operation of this
sense circuit 39 will be given with reference to FIGS. 2 and

3.
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Sense amplifier activation signal 11' 1s at an “L” level for
a period T1, at an “H” level for periods T2—T4, and at an “L”
level for a period TS, as shown in FIG. 3(a). Sense amplifier
activation signal 11" 1s at an “L” level for periods T1 and T2,
at an “H” level for a period T3, and at an “L” level for

periods T4 and TS, as shown in FIG. 3(b).

For period T1, since sense amplifier activation signals 11'
and 11" are both at an “L” level, transfer gates 27a and 27b
are both conductive and potentials of 10 line pair 21a and
21b are input to I/O node pair 29 and 30. Since sense
amplifier activation signal 11" 1s at an “L” level, N-channel
MOS transistor 57 of sense amplifier 28 1s not conductive,
and sense amplifier 28 1s 1nactive. At this time, since the gate
of P-channel MOS transistor 34 of tristate buffer 33 rises to
an “H” level and the gate of N-channel MOS transistor 35

of tristate buffer 33 falls to an “L” level, output of tristate
buifer 33 1s “Hi1-Z".

For period T2, sense amplifier activation signal 11' rises
to an “H” level and transfer gates 27a and 27b become
non-conductive. Thus, IO line pair 21a and 21b are discon-
nected from I/0 node pair 29 and 30 of sense amplifier 28,
and load of sense amplifier 28 1s reduced, resulting 1n
improvement 1n the speed of sensing operation. Since sense

amplifier activation signal 11" 1s at an “L” level, an output
of tristate buffer 33 1s “Hi-Z” just as for period T1.

For period T3, since sense amplifier activation signals 11'
and 11" are both at an “H” level, sense amplifier 28 1s
activated and 1t amplifies potential difference between 1/0
node pair 29 and 30. When potential of either I/O node 29
or 30 exceeds threshold of NAND gate 31a, output estab-
lishment detection signal 32 which 1s output from NAND
cgate 31a rises to an “H” level. Thus, if potential of I/O node
29 15 at an “H” level, the gate of P-channel MOS transistor
34 falls to an “L” level and current flows from power supply
35 line 50 through P-channel MOS transistor 34 to read data
bus 23 and read data bus 23 1s pulled up to an “H” level.
Contrary, if potential of I/O node 30 1s at an “H” level, the
cgate of N-channel MOS ftransistor 35 rises to an “H” level
current flows from read data bus 23 through N-channel MOS
transistor 35 to ground line 51 and read data bus 1s pulled
down to an “L” level.

Since latch type sense amplifier 28 does not consume
direct current after an output thereof has been established,
current consumption can be reduced. In other words, when

I/O node 30 1s at an “H” level and I/O node 29 1s at an “L”
level, P-channel MOS transistor 54 and N-channel MOS
transistor 55 are nonconductive, and when I/O node 30 1s at
an “L” level and I/O node 29 1s at an “H” level, P-channel
MOS transistor 53 and N-channel MOS transistor 56 are
non-conductive, and therefore, direct current does not flow
from power supply line 50 to ground line 51. In addition,
since tristate buifer 33 1s controlled by output establishment
detection signal 32, P-channel MOS ftransistor 34 and
N-channel MOS transistor 35 do not become conductive
simultaneously, current does not leak from power supply
line 50 through transistors 34 and 35 into ground line 51.

For period T4, since sense amplifier activation signal 11"
again falls to an “L” level, an output of tristate buffer 33 1s
“Hi-Z".

For period T35, sense amplifier activation signal 11" also
fall to an “L” level, transfer gates 27a and 27b becomes
conductive, and I/O node pair 29 and 30 of sense amplifier
28 are again connected to 10 line pair 21a and 21b.

FIG. 4 1s a timing chart showing operation of the SRAM
shown 1n FIGS. 1 and 2. Description of read operation of the
SRAM will now be given with reference to FIGS. 1-4.
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Externally input row address signal 1 1s applied to a row
address buffer 2 for outputting an amplified signal and an
inverted amplified signal of row address signal 1, and an
output of row address buifer 2 1s applied to a row address
decoder 3 for decoding a row address signal output from row
address buffer 2 and to address transition sensing circuit 4.

Meanwhile, externally input column address signal 5 1s
applied to a column address buffer 6 for outputting an
amplified signal and an mnverted amplified signal of column
address signal 5§, and an output of column address bufler 6
1s applied to a column address decoder 7 for decoding a
column address signal output from column address bufler 6
and to address transition sensing circuit 4. Column address
decoder 7 selects a column select line 8a or 8b correspond-
ing to column address signal S. For example, when column
select line 8a 1s selected, column select line 8a rises to an
“H” level as shown 1n FIG. 4(g), transfer gates 19a and 19b
responsively become conductive, and bit line pair 15a and
15b as well as IO line pair 21a and 21b become conductive.

Address transition sensing circuit 4 generates a bit line
cequalizing signal 9, a word line activation signal 10, sense
amplifier activation signals 11' and 11", and a latch signal 12,
corresponding to transition of a row address and a column
address. Timing of signals 9-12 1s such as shown 1n FIG.
4(a)—(f). In response to transition of a row address and a
column address, bit line equalizing signal 9 first falls to an
“L” level and word line activation signal 10 then rises to an
“H” level. Sense amplifier activation signal 11 rises to an
“H” level 1n response to rise of word line activation signal
10, and sense amplifier activation signal 11" and latch signal
12 rise to an “H” level 1n response to rise of sense amplifier
activation signal 11'.

Bit line pairs 15a, 15b and 16a, 16b to which memory
cells 14a, 14c and 14b, 14d are connected are precharged to
power supply potential by bit line loads 17a, 17b and 18a,
18b, respectively. When b1t line equaling signal 9 falls to an
“L” level, equalizers 17¢ and 18c become conductive and
potentials of bit line pairs 15a, 15b and 16a, 16b arc
equalized.

Row address decoder 3 selects word line 13a or 13b
corresponding to row address signal 1 for a period deter-
mined by word line activation signal 10. For example, when
word line 13a 1s selected, word line 13a rises to an “H” level
as shown in FIG. 4(h) and memory cells 14a and 14b are

responsively activated.

When memory cells 14a and 14b are activated, current Ic
flows mnto memory cells 14a and 14b from one of bit line
loads 17a and 17b as well as one of bit line loads 18a and
18b, which are connected to memory cells 14a and 14b on
so the side of a storage node at an “L” level, respectively.
Thus, potentials of one of bit lines 15a and 15b as well as
one of bit lines 16a and 16b begin to decrease gradually.
Accordingly, potential of one of 10 lines 21a and 21b also
begins to decrease gradually.

10 line pair 21a and 21b are connected to inputs of sense
circuit 39, respectively. When sense amplifier activation
signal 11' output from address transition sensing circuit 4
rises with potential difference between 10 line pair 21a and
21b being large enough, I/O node pair 29 and 30 of sense
amplifier 28 are disconnected from IO line pair 21a and 21b.

Then, when sense amplifier activation signal 11" rises,
sense amplifier 28 begins to amplily potential difference
between 1I/0 node pair 29 and 30. Thus, when potential of
either I/O node 29 or 30 exceeds threshold of an “L” level,
NAND gate 31a outputs output establishment detection
signal 32. When output establishment detection signal 32
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rises to an “H” level, tristate buffer 33 comes to be ready for
output, and outputs data corresponding to read data to read
data bus 23. Mecanwhile, output establishment detection
signal 32 1s 1nput to row address decoder 3 and used to cause
word lines 13a and 13b to fall. Thus, period during which
word lines 13 and 13b are active can be minimized, resulting
in reduction 1n column current Ic.

An output buifer 24 outputs a mad data signal 25 corre-
sponding to data of read data bus 23.

When latch signal 12 output from address transition
sensing circuit 4 rises, an output latch 24 latches data of read
data bus 23. Upon completion of latching, larch signal 12
falls to an “L” level. Then, sense amplifier activation signal
11" and 11' fall to an “L” level m this order and read

operation 1s completed.

In this embodiment, since latch type sense amplifier 39 1s
provided, sense amplifier 39 does not consume direct current
after an output of sense amplifier 39 has been established In
addition, since word lines 13a and 13b are caused to fall by
output establishment detection sign 12, period during which
word lines 13a and 13b are active can minimized and
column current Ic can be reduced, resulting in reduction in
current consumption of the SRAM.

EMBODIMENT 2

FIG. § 1s a block diagram showing an arrangement of an
SRAM 1n accordance with a second embodiment of the
present invention, and FIGS. 6 and 7 timing charts showing
read and write operations of the SRAM shown 1n FIG. §,
respectively.

In this embodiment, externally synchronized continuous
read operation (burst read) and continuous write operation
(burst write) with small power consumption will be
described. Although 2-bit continuous read and write opera-
tions will be described for convenience 1n this embodiment,
increase 1n the number of columns will enable further
continuous read and write operations.

First, an arrangement of this SRAM will be described
Referring to FIG. 5, this SRAM 1s different from the
conventional SRAM shown 1n FIG. 8 1n that a control cut 40
and a column address counter 44 are provided 1nstead of an
address transition sensing circuit 4, a column address buffer
6 and a column address decoder 7, and 1n that gates of
P-channel MOS transistors constituting bit line loads 17a,
17b and 18a, 18b are connected 1n common to gates of
P-channel MOS transistors constituting equalizers 17¢ and
18c, respectively, mnstead of being connected to a ground line
51. This SRAM includes an equalizing circuit 45 for equal-
1zing potentials of 10 line pair 21a and 21b, and an 1nput
buffer 47 and a write driver 49 for writing data to memory
cells 14a—14d. Since other arrangement of this SRAM 1is
similar to that of the SRAM shown i FIG. 8 description
thereof will not be repeated.

Continuous read operation of this SRAM will now be
described with reference to FIGS. § and 6. Externally 1nput
row address signal 1 1s applied to a row address buifer 2 for
outputting an amplified signal and an inverted amplified
signal thereof. An output of row address buffer 2 1s applied
to a row address decoder 3 for decoding a row address signal
output from row address buffer 2.

Row address signal 1 1s valid when an address strobe
signal 59 1s at an “H” level at a rising edge of an externally
mput external clock signal 58.

A write enable signal 60 1s a signal for indicating read
operation when 1t 1s at an “H” level and write operation at
an “L” level, and 1n this case, signal 60 1s fixed to an “H”
level.
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Control circuit 40 generates a bit line precharge signal 41,
a word line activation signal 42 and a column selection
control signal 43 1n response to inputs of external clock
signal 58, address strobe signal 59 and write enable signal

60.

When bit line precharge signal 41 falls to an “L” level, bit
line pairs 15a, 15b and 16a, 16b are precharged to power
supply potential. However, when bit line precharge signal 41
rises to an “H” level, bit line loads 17a, 17b and 18a, 18b are
oif, and therefore, bit line pairs 15a, 15b and 16a, 16b are set
to a floating state.

Row address decoder 3 selects word line 13a or 13b
corresponding to row address signal 1 while word line
activation signal 42 1s at an “H” level.

Assume that word line 13a 1s selected, for explanation.
When word line 13a rises to an “H” level, memory cells 14a
and 14b are activated, and potentials of either bit line 15a or
15b and either bit line 16a or 16b 1s decreased rapidly by
data of memory cells 14a and 14b, and therefore, potential
difference between bit lines becomes large.

It 1s noted that since potentials of bit line pairs 15a, 15b
and 16a, 16b on the side of an “L” level decrease to ground
potential if word line 13a 1s kept 1n a selected state for a long
fime, bit lines 15-16b may be clamped, for example, by a
diode-connected N-channel MOS transistor. In this case,
potential of a bit line on the side of an “L” level decreases
only by threshold voltage of the N-channel MOS transistor
from power supply potential.

When a prescribed potential difference between two bit
lines 1s obtained, word line 13a falls to an “L” level. Since
bit line loads 17a, 17b and 18a, 18b are non-conductive even
if word line 13a falls to an “L” level, potential difference
between bit lines can be held as 1t has been, so long as
leakage 1s not considered. In this case, 1t can be considered
that data of memory cells 14a and 14b are stored temporarily
in bit line pairs 15a, 15b and 16a 16b, respectively.

Column address counter 44 successively selects column
select lines 8a and 8b 1n response to column select control
signal 43. When column select line 8a rises to an “H” level,
transfer gates 19a and 19b are both conductive, and bit line
pair 15a and 15b and 10 line pair 21a and 21b are connected
to each other. Thus, potential difference between bit line pair
15a and 15b is transmitted to 10 line pair 21a and 21b.

Sense amplifier 22 amplifies potential difference between
10 line pair 21a and 21b and outputs data to read data bus
23. Output buifer 24 outputs a read data signal 25 corre-
sponding to data of read data bus 23. Output latch 26 latches
data of read data bus 23 at appropriate timing.

When column select control signal 43 falls to an “L”
level, column select line 8a 1s set 1n a non-selected state, and
bit line pair 15a and 15b and 1O line pair 21a and 21b are not

connected to each other.

When column select control signal 43 falls to an “L”
level, an equalizing circuit 45 precharges and equalizes
potentials of 10 line pair 21a and 21b to power supply
potential.

When column select control signal 43 rises to an “H”
level, column address counter 44 selects column select line
8b. When column select line 8b rises to an “H” level, transtfer
gates 20a and 20b both become conductive, and bit line pair
16a and 16b are connected to each other. Thus, potential

difference between bit line pair 16a and 16b 1s transmitted to
10 line pair 21a and 21b.

Sense amplifier 22 amplifies potential difference between
1O line pair 21a and 21b, and outputs data to read data bus
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23. Output buifer 24 outputs read data signal 25 correspond-
ing to data of read data bus 23. Output latch 26 latches data
of read data bus 23 at appropriate timing.

When column select control signal 43 falls to an “L”
level, column select line 8b 1s set to a non-selected stat
transfer gates 20a and 20b become non-conductive, and bit
line pair 16a and 16b and IO line pair 21a and 21b are not
connected to each other. When column select control signal
43 falls to an “L” level, equalizing circuit 45 precharges
potenfials of 10 line pair 21a and 21b to power supply
potential.

Although 2-bit continuous read operation has been 1is
described, increase 1n the number of columns will enable her

continuous read operation.

In continuous read operation which has been described
above, since word line 13a rises only once, column current
Ic can be significantly reduced, resulting 1n reduction in
operating current of the SRAM.

Continuous write operation of this SRAM will now be
described with reference to FIGS. § and 7. Externally 1nput
row address signal 1 1s applied to row address buffer 2 for
outputting an amplified signal and an i1nverted amplified
signal of row address signal 1. An output of row address
buffer 2 1s applied to row address decoder 3 for decoding a
row address signal output from row address buifer 2.

Row address signal 1 1s valid when address strobe signal
59 1s at an “H” level at a nising edge of eternally input
external clock signal 58.

Write enable signal 60 1s a signal for indicating read
operation when 1t 1s at an “H” level and write operation at
an “L” level, and 1n this case, pulse of an “L” level 1s mput.

If write enable signal 60 1s at an “L” level a rising edge
of external clock signal 58, write data input 46 1s taken into

input butfer 47. Input butfer 47 outputs write data to write
data bus 48.

Control circuit 40 generates bit line precharge signal 41,
word line activation signal 42 and column select control
signal 43 1n response to 1mputs of external clock signal 38,
address strobe signal 59 and write enable signal 60. In the
case of write operation, bit line precharge signal 41 1s fixed
at an “H” level. When column select control signal 43 rises
to an “H” level, column address counter 44 selects column
select line 8a. When column select line 8a rises to an “H”
level, column select gates 19a and 19b both become
conductive, and bit line pair 15a and 15b and IO line pair 21a
and 21b are connected to each other.

Since write driver 49 pulls down potential of one of 10
line pair 21a and 21b to ground potential 1n response to data
of write data bus 48, potential of one of bit line pair 15a and
15b 1s simultaneously pulled down to ground potential.

When column select control signal 43 falls to an “L”
level, column select line 8a 1s set to a non-selected state,
transfer gates 19a and 19b become non-conductive, and bit
line pair 15a and 15b and IO line pair 21a and 21b are not
connected to each other.

However, since bit line loads 17a and 17b are non-

conductive, potential difference between bit lines 1s held as
it has been even if bit line pair 15a and 15b and 10 line 21a
and 21b are not connected to each other.

In the next cycle, if write enable signal 60 1s at an “L”
level at a rising edge of external clock signal 58, write data
input 46 1s taken into input bufier 47. Input butfer 47 outputs
write data to write data bus 48.

When column select control signal 43 rises to an “H”
level, column address counter 44 selects column select line
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8b. When column select line 8b rises to an “H” level, transfer
gates 20a and 20b turn on and bit line pair 16a and 16b and
1O line pair 21a and 21b are connected to each other.

Since write driver 49 pulls down potential of one of 10
line pair 21a and 21b to ground potential corresponding to
data of write data bus 48, potential of one of bit line pair 16a
and 16b 1s simultaneously pulled down to ground potential.

When column select control signal 43 falls to an “L”

level, column select line 8b 1s set to a non-selected state,
column select gates 20a and 20b become non-conductive,

and bit line pair 16a and 16b and 10 line pair 21a and 21b
are not connected to each other.

However, since bit line loads 18a and 18b are
nonconductive, potential difference between bit lines 1s held
as 1t has been even if bit line pair 16a and 16b and IO line
pair 21a and 21b are not connected to each other.

If word line activation signal 42 rises to an “H” level at
the time when write data 1s stored 1n bit line pairs 15a, 15b
and 16a, 16b, row address decoder 3 selects word line 13a
or 13b corresponding to row address signal 1.

Assume that word line 13a 1s selected, for explanation.
When word line 13a rises to an “H” level, memory cells 14a
and 14b are activated, and write data which has been stored
temporarily 1n bit line pairs 15a, 15b and 16a, 16b 1s written
to memory cells 14a and 14b, respectively.

Although 2-bit continuous write operation has been
described, increase 1n the number of columns will enable
further continuous write operation.

As has been described above, externally synchronized
continuous read operation (burst read) and continuous write
operation (burst write) with small power consumption can
be implemented by the present mmvention. Although 2-bit
continuous read and write operations have been described
for convenience 1n this embodiment, increase 1n the number
of columns will enable further continuous read and write
operations.

Although the present mvention has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1s
by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:
1. A semiconductor memory device 1n which electrical
rewriting of data is possible, comprising;:
a plurality of memory cells arranged 1n row and column
directions;

a word line provided corresponding to each row of
memory cells;

a complementary bit line pair provided corresponding to
cach column of memory cells;

a sense amplifier including a complementary iput node
pair for amplifying potential difference between the
input node pair;

a transter gate provided between said bit line pair and said
input node pair of said sense amplifier;

sensing means for sensing that a complementary output of
said sense amplifier has been established; and

a tristate buffer controlled by an output of said sensing
means for outputting an output of said sense amplifier
to a data bus.

2. The semiconductor memory device according to claim
1, wherein

said sense amplifier 1s a latch type sense amplifier includ-
Ing,
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first and second transistors of a first conductivity type
having their first and second electrodes connected
between one of said mnput node pair and a fast referee
potential line and between another of said input node
pair and said first reference potential line, and their
input electrodes connected to said another input node
and said one input node, respectively, and

first and second transistors of a second conductivity type
having their fast and second electrodes connected
between one of said mmput node pair and a second
reference potential line and between another of said
input node pair and said second reference potential line
and their mput electrodes connected to said another
input node and said one nput node, respectively.

3. The semiconductor memory device according to claim

1, wherein

sald sensing means 1s an AND circuit which receives a
complementary output of said sense amplifier.
4. The semiconductor memory device according to claim
1, comprising:
read control means for activating a desired memory cell
by setting said word line to a selected stat writing
potential difference corresponding to data of the
memory cell to said mput node pair of said sense
amplifier, then, cutting off said transfer gate, activating
said sense amplifier, and deactivating said memory cell
by setting said word line to a non-selected state in
response to an output of said sensing means.
5. A method of reading data of a memory cell in a
semiconductor memory device including

a plurality of memory cells arranged 1in row and column
directions,

a word lime provided corresponding to each row of
memory cells,

a complementary bit line pair provided corresponding to
cach column of memory cells,

a sense amplifier having a complementary mput node pair
for amplifying potential difference between the input
node pair,

a transfer gate provided between said bit line pair and said
Input node pair of said sense amplifier,

sensing means for sensing that a complementary output of
said sense amplifier has been established, and

a tristate buffer controlled by an output of said sensing
means for outputting an output of said sense amplifier
to a data bus, comprising the steps of:

activating a desired memory cell by setting said word line

to a selected state, writing potential difference corre-

sponding to data of the memory cell to the input node

pair of said sense amplifier, then, cutting off said

transfer gate, activating said sense amplifier, and deac-

tivating said memory cell by setting said word line to

a non-selected state 1n response to an output of said
SenNSINg means.

6. A method of continuously reading data of a desired row

of memory cells 1n a semiconductor memory device having

a plurality of memory cells for storing data arranged in
row and column directions,

a word limme provided corresponding to each row of
memory cells,

a complementary bit line pair provided corresponding to
cach column of memory cells.

a selectively activated bit line load provided correspond-
ing to each complementary bit line pair, each bit line
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load being connected between a bit line pair and a
power supply terminal of the semiconductor memory,

read mean for reading data of a desired memory cell, and

a column select gate provided corresponding to each bit
line pair, for connecting a bit line pair to which a
desired memory cell 1s connected and said read means
to each other, said method comprising the steps of:

applying a signal to each bit line load for causing each
complementary bit line pair to be 1n a floating state;

applying a signal having a prescribed period to a word line
corresponding to the desired row, and during said
prescribed period, storing the data of each memory cell
of said desired row 1n a floating bit line pair to which
cach memory cell 1s connected wherein said data 1s
stored simultaneously 1n each bit line pair; and
thereafter,

sequentially applying a signal to each column select gate
for successively connecting and disconnecting each bit
line pair, one by one, to and from said read means,
wherein potential differences stored 1n the bit line pairs
are continuously transferred to and amplified by said
read means;

whereby the word line 1s rendered conductive only once
and data 1s read continuously, so that a burst read
operation 1s implemented.

7. A method of simultaneously writing data to a desired

row of memory cells 1n a semiconductor memory device
having

a plurality of memory cells for storing data arranged 1n
row and column directions,

a word line provided corresponding to each row of
memory cells,

a complementary bit line pair provided corresponding to
cach column of memory cells,

a switched bit line load provided corresponding to each
complementary bit line pair, each load being connected
between a bit line pair and a power supply terminal of
the semiconductor memory,

write means for writing data to a desired memory cell, and

a column select gate provided corresponding to each bit
line pair, for connecting a bit line pair to which a
desired memory cell 1s connected and said write means
1s to each other, said method comprising the steps of:

applying a signal to each bit line load for causing each
complementary bit line pair to be 1n a floating state;

sequentially applying a signal to each column select gate
for successively connecting and disconnecting, one by
one, cach floating bit line pair to and from the write
means, wherein write data 1s continuously transferred
from said write means to each floating bit line pair; and
thereafter,

applying a signal having a prescribed period to a word line
corresponding to the desired row, and during said
prescribed period, writing the data of each bit line pair
to each memory cell of said desired row, wherein said
data 1s written simultaneously into each desired
memory cell;

whereby data 1s written to said bit line pairs continuously,
and the word line 1s rendered conductive only once, so
that a burst write operation 1s implemented.
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8. A semiconductor memory device in which electrical

rewriting of data is possible, comprising:

a plurality of memory cells arranged in row and column
directions,

a word line provided corresponding to each row of
memory cells;

a complementary bit line pair provided corresponding to
each column of memory cells;

a sense amplifier including a complementary input node
pair for amplifving potential difference between the
input node patr, said input node pair receiving poten-
lials of a corresponding complementary bit line pair;

sensing means for sensing that a complementary output of
said sense amplifier has been established; and

a tristate buffer controlled by an ouiput of said sensing
means for outputiing an output of said sense amplifier
fo a data bus.

9. The semiconductor memory device according to claim

8, wherein

said sense amplifier is a latch type sense amplifier includ-
Ing

first and second transistors of a first conductivity type

having their first and second electrodes connected
between one of said input node pair and a first refer-
ence potential line and between another of said input
node pair and said first reference potential line, and
their input electrodes connected to said another tnput
node and said one nput node, respectively, and

first and second transistors of a second conductivity type

having their first and second electrodes connected
between one of said input node pair and a second
reference potential line and between another of said
input node pair and said second reference potential
line, and their input electrodes connected to said
another inpui node and said one input node, respec-
fively.

10. The semiconductor memory device according to claim

8, wherein

said sensing means is an AND circuit which receives a
complementary output of said sense amplifier.
11. The semiconductor memory device according to claim

8, COMprISIng.

read control means for activaiing a destred memory cell
by setting said word line to a selected state, writing
potential difference corresponding to data of the
memory cell to said input node pair of said sense
amplifier, then, activating said sense amplifier, and
deactivating satd memory cell by setting said word line
o a non-selected state in response to an output of said
SeNSIng means.

12. A method of reading data of a memory cell in a

semiconductor memory device including

a plurality of memory cells arranged in row and column
directions,

a word line provided corresponding to each row of
memory cells,

a complementary bit line pair provided corresponding to
each column of memory cells,
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a sense amplifier having a complementary input node pair activating a desired memory cell by seitting said word line
for amplifying potential difference between the input to a selected state, writing potential difference corre-
node pair, said input node pair recetving potentials of sponding to data of the memory cell fo the input node
a corresponding complementary bit line pair, ; pair of said sense amplifier, then, activating said sense

sensing means for sensing that a complementary ouitput of amplifier, and deactivating said memory cell by setting
said sense amplifier has been established, and said word line to a non-selected state tn response to an

a tristate buffer controlled by an output of said sensing output of said sensing means.

means for outputiing an output of said sense amplifier
fo a data bus, comprising the steps of: £k ® k%
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