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TITLE OF THE INVENTION
SEMICONDUCTOR MEMORY HAVING AN OVERLAID BU%/84;§CTURE
_BACKGROUND OF THE INVENTION
The present invention relates to a semiconductor
memory having an overlaid bus structure and a control
circuit for the same.

Recent demands for reduction in the-number of

. parts of apparatuses associated with a trend toward

 portable apparatuses, reduction in power consumption,

and higher spéed and expanded bit widths for improved
data transfer efficiency have resulted in an increased
need for the sé—called memories combined wiﬁh logic
ﬁherein memories of various capacities and configura-
tions are combined with logic systems performing
various kinds of data processing into a single IC chip.

In most cases, a bus for exchanging data between a

- memory portion and a logic portion has a constant width,

e.g., 64 or 128 bits. In order to satisfy various
requirements of such systems mixed with a logic portion
or the like; it is desirable that a memory portion is
configured to have a data bus width which remains
unchanged irrespective'of changes in an address
configuration or memory capacity.

ih order to satisfy such a need, memory systems
having an overlaid 5us structure have been proposed.

FIG. 16 shows a circuit configuratioﬁ of memory

cell arrays of a memory system having an overlaid bus
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structure and a peripheral portion of the same. FIG. 16
focuses on three memory cell arrays among a plurality
of memory cell arrays which constitute a memory system.
The memory system shown in FIG. 16 employs a shared
sense amplifier system in which a sense amplifier is
shared by memory cells in adjoining memory cell arrays.
The memory systém is formed by memory cell arrays
MCAi-1, MCAi, and MCAi+l, data line pairs DATAO through |
DATA255 shared by the memory cell arrays, sense

amplifiers S/A and S/Al through S/A4, column switches

.CSW, CSW1, and CSW2, and a decoder circuit DEC. Each

memory cell array has 256 lines and 1024 columns and
has 1024 bit line pairs and 256 word lines which are
not shown. FIG. 16 shows only bit lines pairs BL and

BL1 through BL4. The sense amplifiers S§/A and S/Al

'thrqugh S/A4 are shared by adjoining memory cell arrays.

For example, the sense amplifier S/Al is shared by the
memory cell arrays MCAi and MCAi-1, and the sense
amplifier S/A2 is shared by the memory cell arrays MCAi
and MCAi+l.

éLl through BL4 of the memory cell arfay MCAi are
connected to sense amplifiers S/Al through S/A4,
respectively. The sense amplifiers S/Al and S/A3 are
connected to the data line pair DATAQ thfough the
columns switch CSW1l, and the Sense amplifiers S/A2 and
S/A4 are connected to the data line pair DATAO through

the column switch CSW2. Therefore, the four sense
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amplifiers S/Al through S/A4 of the memory cell érray
MCAl can be connected to the pair of data lines DATAQ.
That is, each memory cell array has a common data line
pair for every four bit lines. Although not shown,
since a memory cell array has 1024 bit line pairs,
there are 1024/4 = 256 pairs of data lines DATA. The
operation of this memory system will be described below
with reference to an example wherein data on the memory
cell array MCAi are read on the data line pairs DATAQ
through DATA255. |

Accordihg to a row address, the decoder circuit
DEC selects one word line of the desired memory cell
array MCAi. The data on the bit line pairs BL1 through
BL4 designated by the selected word line are trans-
mitted to the sense amplifiers S/Al through S/A4 to
activate MCAi. Further, when the sense operation of the

sense amplifiers S/Alithrough S/A4 is complete, the

decoder circuit DEC controls turning on/off of the

column switches CSW1 and CSW2 according to a column
address to transmit.the data sensed and held by one of
the sense amplifiers S/Al through S/A4 to the data line
pair DATAO. Thus, the data in the memory cell selected
according to the column address on the word line
selected according to the row address are transmitted
to the data line pair DATAO. .Since data are similarly
transmitted to the data line pairs DATAl through

DATA255, data are transmitted to 256 pairs of data
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lines in total.

FIG. 17 shows a configuration of a memory system
with a data bus having a width of 128 1I/0 as an example
of a memory system utilizing the above-described
overlaid structute.

The memory system is formed by.two blocks 1701 and
1702 which are each formed by sixteen memory cell
arrays MCAQO through MCA1l5 and MCAl6 through MCA31l,
respectively. Each of the memory cell arrays has 256
Yows aﬁd 1024 columns, which means that the total
capacity of the memory system is 8 megabit.

| There are groups of data lines 1704 and 1705 each
consisting of 256 data lines which can be connected to
the memory cell arrays MCAO through MCA1l5 and MCA16
through MCA31, respectively, in the direction of the
bit lines of the memory cell arrays; The groups of data
lines 1704 and 1705 are connected to column decoders
1706 and 1707, respectively. A decoder circuit 1703
is provided between the blocks 1701 and 1702 and is
shared by those blocks to control the selection of word
lines and column switches in each of the blocks
simultaneously.

The decoder circuit 1703 selects arbitrary woxrd
lines of, for example, the memory cell afrays MCAS and
MCA21 according to a row address input thereto. The-
data on the selected word lines are transmitted to the

sense amplifier to be sensed (memory cell arrays MCAS
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and MCA21 are activated). Next, the decoder circuit

1703 selects the sense amplifier according to a column

address input thereto to transmit the data to the
groups of data lines 1704 and 1705. The groups of data
lines 1704 and 1705 are connected to the column |
decodérs 1706 and 1707, respectively. The column

decoders 1706 and 1707 select 64 data lines from among

the respective 256 data lines and connect them to data

buses 1708 and 1709, reépectively.

As described above, there are upper and lower data
buses of 64 I/0 ea¢h which provide an overall bus width
of 128 1/0.

The capacity of a memory system having such a
structure can be 'increased or decreased by increasing
or decreasing the number of memory cell arrays MCA.
However, this will not increase or decrease the number
of the data lines. It is therefore possible to always
maintain a constant data bus width.

A description will now be made on a case wherein
data are read from the memory cell arrays MCAl3 and
MCA29 after the data_in the memory .cell arrays.MCAS and
MCA 21 are read.

First, the data in the memory cell arrays MCA5 and
MCA2]1 are read according to the procedure described
above. Next, the decoder circuit resets and.precharges
the memory cell arrays MCA5 and MCA21 which have been

in an activated state. Then, the decoder circuit 1703
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selects arbitrary word lines of the memory cell arrays
MCA13 and MCA29 according to a row address input
thereto. The data on the selected word lines are
transmitted to the sense amplifier to be sensed (memory
cell arrays MCAl3 and MCA29 are activated). Nekt, the
decoder circuit 1703 selects the sense amplifier
according to a column address input thereto to transmit
the data to the groups of data lines 1704 and 1705.

The data on the groups of data lines 1704 and 1705

are input to the column decoders 1706 and 1707,
respectively. The column decoders 1706 and 1707 select
64 data lines from among the respective 256 data lines
and connect them to data buses 1708 and 1709,
respectively.

| As described above, the memory cell arrays are
activated and precharged according to the row addresses
decoded by the decoder circuit 1703. Therefore, the
operation of reading the data in the different memory
cell arrays proceeds in a sequence such that the memory
cell arrays MCA5 and MCA21 are activated; the data are
read from the same; the memory cell arrays MCAS and
MCA21 are reset and précharged; the memory cell arrays
MCA1l3 and MCA29 are activated; and then the data are
read from the same. Thus, the operations of activating,
resetting and precharging a memory cell are required
each time it is read.

Further, in the above-described example, one each
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memory cell array is activated in the blocks 1701 and

1702 simultaneously. However, it is possible to

‘activate a plurality of memory cell arrays simultane-

ously by adjusting the numbers of bits of addresses
input to a word line selection poftion and a column
switch selection portion (which are not shown) in the
decoder circuit 1703. For example, if one of the bits
of an input row address is used for controlling a
column switch along with a column address instead of
being used for selecting a word line, two memory cell
arrays are activated in each of the blocks 1701 and
1702. In this case, the memory cell arrays MCAO, MCAS8,
MCAal6, and MCA24 are activated simultaneously and,
similarly, the memory cell arrays MCAS5, MCAl1l3, MCA21,
and MCA29 are activated simultaneously.

Thus, when two memory cell arrays are simultane-
ously activated in each of the blocks 1701 and 1702,
the operation of reading the data in the memory cell

arrays MCAl3 and MCA29 after reading the data in the

-memory cell arrays MCAS5 and MCA21 as described above

proceeds in a sequence such that the memory cell arrays
MCAS, MCAl3, MCA21,-and MCA29 are activated; data are
read from the memory cell arrays MCAS and MCAl3 are
read; and then data are read from the memory cell
arrays MCAl1l3 and MCA29. Thus, the resetting and
precharging of the memory cells can be omitted.

Even in such a case, however, there are
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predetermined combinations of memory cell arrays that
can be activated simultaneously, and the activation,
resetting, and precharging are required for an
operation of reading data from memory cell arrays which
are not activated simultaneously (e.g., MCAS5, MCA21 and
MCA3 and MCAl9). |

As described above, in a conventional memory
system of the overlaid type, memory cell arrays must be
activated, reset, and precharged when data are read
therefrom, which has placed a limit on efforts for
increasing the speed of data reading operations.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to
provide an overlaid type memory system in which any
reduction in the speed of reading from different memory
cell arrays associated with activation, resetting, énd
precharging of the same is avoided by activating each
of the memory cell arrays independently of other-memory
cell arrays and by maintaining each of the memory cell
arrays in an activated state.

The object of the present invention is achieved by
the cénfigurations described below.

- According to a first aspect of the present
invention, there is provided a semiconductor memory
comprising: |

a plurality of memory'cell arrays including a

plurality of memory cells;
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a plurality of sense amplifiers;

a plurality of data lines connected to the
plurality of sense amplifiers; and

a plurality of array control portions differently
provided in association with each of the plurality of

memory cell arrays for transmitting data in any of the

memory cells of the memory cell arrays to the sense

amplifiers and for transmitting data in any of the
sense amplifiers to the data lines.

According to a second aspect of the present
invention, there is provided a semiconductor memory
comprising:

a first memory cell array having a first bit line
pair;

a second memory cell array having a second bit
line pair and a third bit line pair;

a third memory cell array having a fourth bit line
pair; |

a first sense amplifier disposed between the first
and second memory cell arrays;

a second sense amplifier disposed between the
second and third memory cell arrays;

a first array selection switch for controlling
connection between the first bit line pair and the
first sense amplifier;

a second array selection switch for controlling

connection between the second bit line pair and the
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first sense amplifier;

a third array selection switch for controlling
connection between the third bit line pair and the
second sense amplifier;

a fourth array selection switch for controlling
connection between the fourth bit line pair and the
second sense amplifier;

_ é pair of data lines shared by the first, second,
and third memory cell arrays;

a first column switch for controlling connection
between the first sense amplifier and the pair of data
lines;

a second column switch for controlling connection
between the second sense amplifier and the pair of data
lines;

a first afray control portion provided in
association with the first memory cell array for
controlling the turning on/off of the first array
selection switch and the first column switch;-.

a second array control portion provided in
association with'the_second memory cell array for
controlling the turning on/off of the secoﬁd and third
array selection switches and the first and second
column switches; and

a third array control portion provided in
association with the third memory cell.array for

controlling the turning on/off of the fourth array
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selection switch and the second column switch.

According to a third aspect of the present
invention, there is provided a semiconductor memory
comprising:

three or more memory cell arrays having different

" bank addresses; -

a plurality of data lines connected to each of the
three or more memory cell arrays;

an array control portion provided in association
with each of the three or more memory cell arrays; and

a supply méans for supplying array control signals
for controlling the memory cell arrays to the array
control portions, each of the plurality of array
control portions transmitting data on an arbitrary word
line of the memory cell array associated with an array
control signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

According to a fourth aspect of the present
invention, there is provided a semiconducﬁor memory
comprising:

two or more blocks including three or more memory
cell arrays having different bank addresses, a
plurality of data lines connected to each of the three
or more memory cell arrays, and an array control

portion provided in association with each of the three
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or more memory cell arrays; and

a supply means for supplying array control signals
for controlling the memory cell arrays to the array
control_portions, each of the array control portions
transmitting data on an arbitrary word line of the
memory cell array associated with an array control
signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

According to a fifth aspect of the present
invention, there is provided a semiconductor memory
comprising:

two or more first blocks including three or more
memory cell arrays having different bank addresses and
a plurality of data lines connected to each of the
three or more memory cell arrays;

two or more second blocks including an array
control portion provided in association the two or more
first blocks and two or more memory cell arrays having
tﬁe same bank address as the two or ﬁore first banks;
and

a supply means for supplying an array control
signal for controlling the memory cell arrays to the
array control portions, each of the array control
portions transmitting data on an arbitrary word line

of the memory cell array associated with an array
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control signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

According to a sixth aspect of the present
invention, there is provided a semiconductor memory
comprising:

two or more first blocks including three or more
memory cell arrays having different bank addresses and
a plurality of data lines connected to each of the
three or more memory cell arrays;

at least a second block including an array
control portion provided in association with the two or
more first blocks and each of two or more memory cell
arrays having the same bank address as the two or more
first blocks and a supply means for supplying an array
control signal for controlling the memory cell arrays
to the array control portions, each of the array
control portions transmitting data on an arbitrary word
line of the memory cell array associated with an array
control signal supplied by the supply means to a sense
amplifier, transmitting arbitrary data in the sense
amplifier to the data lines thereafter, and precharging
the sense amplifier thereafter.

Additional object and advantages of the invention
will be set forth in the description which follows, and

in part will be obvious from the description, or may be
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learned by practice of the invention. The object and

- advantages of the invention may be realized and

obtained.by means of the instrumentalities and
combinations particularly pointed out in the appended
claims. _

BRIEF DESCRIPTION.OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the
preferred embodiﬁents given below, serve to explain the
principles of the invention.

FIG. 1 illustrates a basic configuration around
memory cell arrays of a semiconductor memory according
to the present invention;

FIG. 2 illustrates a circuit configuration of
an array control porﬁion of a semiconductor memory
according to the present invention;

FIGS. 3A and 3B illustrate circuit configurations
of the array selection decoder of the array control
portion shown in FIG. 2;

FIGS. 4A through 4D illustrate circuit configura-
tions of the word line deéoder of the array control
portion shown in FIG. 2;

FIGS. 5A through 5C illustrate circuit configufa-

tions of the word lihe column switch selection control
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portion of the array control portion shown in FIG. 2;

FIG. 6 illustrates a circuit configuration around
memory cell arrays of a semiconductor memory according
to the present invention;

FIG. 7 illustrates a configuration of a memory
system according to a first embodiment of the present
invention{

FIG. 8 illustrates é configuration of a memory
system according to a second embodiment of the present
invention;

FIG. 9 illustrates a configuration of a memory
system according to a third embodiment of the present
invention;

FIG. 10 illustrates a configuration of a memory
system according td a fourth embodiment 6f the present
invention;

FIG. 11 illustrates a configuration of a memory
system according to a fifth embodiment of the present
invention;

FIG. 12 illustrates a configuration of a memory
system according to a sixth embodiment of'the present
invention; |

FIG. 13 illustrates a configuration of a memory
system according to a seventh embodiment of the present
invention;

FIG. 14 illustrates an example of timing at which

a memory system according to the present invention is
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operated asynchronously;
FIG. 15 illustrates a configuration of a memory

system according to an eighth embodiment of the present

invention;

FIG. 16 illustrates a basic configuration around
memory cell arrays of a conventional semiconductor
memory; and

FIG. 17 illustrates a configuration of a conven-
tional memory system.

| DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a circuit configuration of

memory cell arrays and of a memory system of a

semiconductor memory according to the present invention

and a peripheral portion of the same. FIG. 1 focuses on

three memory cell arrays among a plurality of memory
cell arrays which constitute the memory system. The

memory system shown in FIG. 1 employs a shared sense

amplifier system in which a sense amplifier is shared
by memory cells in adjbining memory cell arrays.

This memory system is formed by memory cell arrays
MCAi-1, MCAi, and MCAi+l, array control portions'
CTRLi-1, CTRLi, and CTRLi+l provided at respective
memory cell arrays, 256 data line pairs DATAO through
DATA255 shared by the memoxry cell arrays, array
selection switches ASW and ASW1 through ASW4, sense
amplifiers S/A and S/Al through S/A4, and column

switches CSW, CSW1l, and CSW2. Each of the memory cell
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arrays MCAi, MCAi-1, and MCAi+l1l has 1024 bit line pairs
and 256 word lines. FIG. 1 shows only bit lines pairs
BL and BL1 through BL4. The sense amplifiers S/A and
S/Al through S/A4 are shared by adjoininé memory cell
arrays. For example, the sense amplifiers S/Al and S/A3
are shared by the memory cell arrays MCAi and MCAi-1,
and the sense amplifiers S/A2 and S/A4 are shared by
the memory cell arrays MCAi and MCAi+1.

The bit line pairs BL1l through BL4 of the memory
cell array MCAi are respectively connected to sense
amplifiers S/Al through S/A4 via the array selection
switches ASW1l through ASW4. The sense amplifiers S/Al
and S/A3 are connected to the data line pair DATAQ
through the columns switch CSWl, and the sense amplifi-
ers 5/A2 and S/A4 are connected to the data line pair
DATAQ through the column switch CSW2. Therefore, the
four sense amplifiers S/Al through S/A4 of the memory
cell array MCAl can be connected to the pair of data
lines DATAO. That is, each memory,bell array has a
common data line pair for every four bit lines.
Although not shohn; since a memory cell arfay has
1024 bit line pairs, theré are 1024/4 = 256 pairs of

data lines DATA. This system is different from the

- memory system shown in FIG. 16 in that an array control

portion is provided for each of the memory cell arrays
and in that the bit lines are connected to the sense

amplifiers through the array selection switches. The
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operafion of this memory system will be described below
with reference to an example wherein data on the memory
cell array MCAi are read on the data line pairs DATAO
through DATA255.

It is determined whether the memory cell array can
be activated or not from a bank address included in an
array control signal and signals BZi-1 and BZi+l
transmitted by the array control portions CTRLi-1 and
CTRLi+l1 of the adjacent memory cell arrays MCAi-1 and
MCAi+l indicating whether or not the respective memory
cell arrays have been activated. Specifically, the
memory cell array MCAi can be activated if the bank
address included in the array control signal goincides
with the bank address of the memory cell array MCAi and
the memory cell arrays MCAi-1 and MCAi+l1 have not been
activated. If it is determined that the memory cell
array MCAi can be activated, the array control portion
CTRLi selects an arbitrary word line of the memory cell
array MCAi. Further, when this word line is suffi-
ciently boosted, the array contiol portion CTRLi
transmits a signal SENi for turning the array selection
switches ASW1 through ASW4 on. Upon receipt of the
signal SENi, the array selection switches ASW1 through
ASW4 perform such that the bit line pairs BL1 through
BL4 of the memory cell array MCAi are connected to the
sense amplifiers S/Al through S/A4. The data on the bit

line pairs BL1l, BL2, BL3, and BL4 designated by the
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selected word line are transmitted to the sense
amplifiers S/Al through S/A4 to activate the memory
cell array MCAi. When the sense operation of the sense
amplifiers S/Al through S/A4 is complete, the array
control portion CTRLi transmits signals CSSil and CSSi2
to control the tufning on/off of the column switches
CSW1l and CSW2 and transmits the data held in one of the
sense amplifiers S/Al through S/A4 to the data line
pair DATAO. Thus, the data on the selected bit lines on
the selected word line are transferred to the data line
pair DATAO at specified timing. Since data are
similarly transmitted to the data line pairs DATAl
through DATA255, data are transmitted to 256 data line
pairs in total. When a plurality of memory cell arrays
are activated simultaneously, again, the data held in
only one of the sense amplifiers S/A are transmitted to
a data line pair through control over fhe turning
on/off of a column switch;

Next, FIG. 2 illustrates a circuit configuration
of the array control portion CTRLi.

The array control portion CTRLi is formed by
an array selection decoder 201, a word line control
portion 202, a sense control portion 203, a word line
decoder 204, and a column switch selection control
portion 205. An array control signal is a signal which
is commonly supplied to all array control portions and

which includes a bank address, a row address, a column
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address, and various timing signals. Upon receipt of
all or part of the bank addresses included in an array
control signal, the arréy selection decoder 201
determines whether the relevant memory cell array can
be selected or not and, if yes, transmits a signal BNKi
to the word 1line control portion 202 and the sense
control portion 203 at timing which allows the memory
cell array to be activated. In response to the signal
BNKi, the word line control portion 202 transmits a-
signal BZi indicating the relevant memory“cell array
has been activated to the array control portions of the
two memory cell arrays adjacent thereto and transmits
signals /RDPRC (“/” symbolizes an inverted signal) and
RDACT to the word line decoder 204 for controlling the
word line decoder. On the other hand, in response to
the signal BNKi, the sense control portion 203
transmits a signal CENBi to the column switch selection
control portion 205 after a period required for the
word line the selected word line to be completely
activated after the transmission of the signals /RDPRC
and RDACT by the word line decoder 204 to indicate that
data are now ready for tfansfer out of the cell array
and also transmits a signal SEN or BEQ to the sense
amplifier to control equalization of the sense
amplifier and the bit line. Signals for controlling the
operational sequence are exchanged between the word

line control portion 202 and the sense control portion
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203. The word line decoder 204 decodes a row address
upon receipt of. the signals /RDPRC and RDACT and
transmits a signal for selecting an arbitrary word line.
The column switch selection control portion 205
receives a bank address and a signal CEBi transmitted
by the sense control portion 203 and, if the relevant
memory cell array has been selected and is in a state
wherein data are held in the sense amplifier, i.e.,

the so-called activated state, it decodes a column
address at timing for switching the column switches and
transmits signals to turn the column switches on and
off.

FIG. 3A shows the array selection decoder 201 in
detail. BO through B3 are 4-bit bank addresses and are
paired with respective inverted signals /B0 through /B3,
and either of them is input to a NAND gate 30la.
Therefore, there are sixteen patterns of input to the
NAND date 301a, which means that sixteen bank addresses
can be decoded. Specifically, the input signals to the
NAND gate 30la of the array control portion associated
with the memory cell array having the bank address
corresponding to an externally supplied bank address
are all “H“, and the NAND gates 30la transmit “L”. If
the signals BZi+l and BZi-1 are both “L”, a NOR gate
302a becomes “H”, and a signal Matchi rises. The
signals Bzi+l and BZi-1 are signals transmitted by the

adjacent memory cell arrays on both sides which becomes
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“H” if the memory cell arrays have been activated.

Since the present embodiment employs the shared sense
system wherein a sense amplifier is shared by adjoining
memory cell arrays, the array control portion CTRLi can
not activate the memory cell array even if the bank
address is input if either of the adjoining cell arrays
on both sides thereof has been activaﬁed. Thus, the
signal Matchi becomes “H” when the bank address of the
relevant memory cell array is input and the adjacent
memory cell arrays on both sides thereof have not been
activated.

A signal ACT is a signal indicating timing at
which a memory cell array included in an array control
signal is to ‘be activated. Further, a signal PRC is a
sighal indicating timing at which a memory cell array
included in an array control signal is put in a |
precharge state. These signals are pulse signals which
becomes “H” for a predetermined period. NANDs 303a
through 306a ferm a flipflop circuit which transmits
a signal BNKi which directly controls the word line
control portion 202 and the sense control portion 203.
The signal BNKi becomes “H” at the time when the signal
ACT rises with the signal Matchi at “H”. At this time,
the memory cell array starts a series of sense
operations. Further, the signal BNKi becomes “L” at
timing et the time when the signal PRC rises with the

signal Matchi at “H”. AT this time, the memory cell
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array starts a series of precharge operations. At time
other than the'above—described two times, since the
state of the flipflop circuit formed by the NANDs 303a
through 306a is-maintained, the state of the signal
BNKi is also maintained.

FIG. 3A illustrates a circuit configuratioh of the
array selection decoder wherein one memory cell array
is activated at a time in a block consisting of sixteen
memory cell arrays. FIG. 3B illustrates a circuit
configuration of the array selection decoder wherein
two memory cell arrays are activated simultaneously.

When two memory cell arrays are activated
simultaneously in a block, two of the sixteen array
control portions are activated. Therefore, there
are eight patterns of input to NAND gates 301b.

Specifically, the input signals to the NAND gates 301b

of two array control portions associated with the

memory cell arrays having a bank address partially
corresponding to an externally suppliéd-bank address
are all “H”. Thus, with the array selection decoder
shown in FIG. 3B, two array control portions perform
activation or precharging of the memory cell arrays
associated therewith simultaneously.
FIGS. 4A through 4D illustrate the word line

decoder 204 in detail. FIG. 4A shows a circuit for
predecoding a word line drive signal. FIG. 4B shows

a row address signal conversion circuit. FIG. 4C shows
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a converted signal decoding circuit. FIG. 4D shows a
word line drive signal genefation circuit. A row
address is decoded by these four-circuifs. The
operation of these circuits will be described in detail.

The circuit for predecoding a word line drive
signal shown in FIG. 4A is formed by a P4channel'.
transistor 401 and N-channel transistors 402, 403, and
404 connected in series between a word line drive
voltage Vboot and a ground potential and a latch
circuit 405 constituted by an inverter and transmits
a word line drive signal WLDR (0;3) and an inverted
signal /WLDR (0;3) of the same.

First, when the signal /RDPRC is “L”, the
transistor 401 is turned on, and the connection point
between the transistors 401 and 402 is precharged. Next,
when this signal becomes “H” to turn the transistor 401
off, the transistor 404 is turned on at the time when
the signal RDACT whiqh is subjected to transition in
the form of a pulse becomes “H” to decode row addresses
RAO and RAl. The decoded row addresses RAQ0 and RA1l are
transmitted after being_converted into the Qord line
drive signal WLDR (0;3) and the inverted signal /WLDR
(0;3) of the same. RAO and RAl are two bits of a row
address. RAO and RAl are paired with inverted signals
/RA0 and /RAl, respectively, and either of them is
input to each of the N-channel transistors 402 and 403.

Further, the signal RDACT is a signal which is “H” in
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the period when the corresponding memory cell array is
activated. Therefore, the word line decoder 204 decodes
a row address only at the time when the memory cell
array associated therewith is activated.

The row address signal convérsion circuit shown in
FIG. 4B is formed by a NAND gate 406 to which two bits
each of row addresses afe input and an inverter. For
example, RA2 and RA3 are paired with their inverted
signals /RA2 and /RA3, and either of them is input to-
the NAND gate 406 which in turn transmits a signal PXA
(0;3) through the inverter. Similarly, a signal PXB
(0;3) is generated in accordance with row addresses RA4
and RA5, -and a signal PXC (0;3) is.generated in
accordance with row addresses RA6 and RA7.

The conversion signal decode circuit shown in
FIG. 4C is a circuit which further decodes the signals
PXA (0;3), PXB (0;3), and PXC (0;3) obtained by the
conversion at the row address signal conversion circuit
shown in FIG. 4B. This circuit is formed by a P-channel
transistor 407 and N-channel transistors 408, 409, 410,
and 411 connected in series between the word line drive
voltage Vbobt and the ground potential and a latch
circuit 412 constituted by an inverter and transmits
an inverted signal /RDC (0;63) of a word line decode
signal. Each of the transistors 408, 409, and 410
receives any one of the signals PXA (0;3), PXB (0;3),

and PXC (0;3) at its gate input and performs decoding
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operation similar to that of the circuit for

predecoding a word line drive signal shown in FIG. 4A.
The word line drive signal generation circuit

shown in FIG. 4D is formed by a P—channel transistor

413 and N-channel transistors 414 and 415 and is

“connected to word lines of memory cell arrays at its

output. The output signals WLDR (0;3) and /WLDR (0;3)
of the circuit for. predecoding a word line drive signal
shown in FIG. 4A and the output signals /RDC (0;63) of
the converted signal decode circuit shown in FIG. 4C.
control the turning on/off of the transistors 413, 414,
and 415. Then, “H” is transmitted to the selected woxrd
line, and the ground potential is transmitted to other
word lines.

The circuitry of the system driving the word lines
and sense amplifiers is as described above. A cell
array selected according to a bank address is driven by
a closed circuif in that array. Therefore, a memory
cell array forming a part of a block can be controlled
irrespective of the state of other memory cell arrays.
Further, the activated state of a memory cell array is
maintained until the memory cell array is put in a
precharged state.

FIGS. 5A through 5C illustrate the column switch
selection control portion 205 in detail. The coiumn
switch selection control portion controls a switching

system for connecting data lines and sense amplifiers
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to allow exchange of data with an activated cell array.
FIG. 5A shows a switch control signal generation
circuit. FIG. 5B shows a column address predecode
circuit. FIG. 5C shows a column address decode circuit.
In the switch control signal generation circuit
shown in FIG. 5A, B0 through B3 designate 4-bit bank
addresses and are paired with respective invefted
signals /B0 through /B3, and-either of them is input to

a NAND gate 501. Specifically, if an externally

supplied bank address coincides with the bank address

of a memory cell array set in an array control poxrtion,
the input signals to the NAND gate 501 of the array
control portion are all “H”, and the NAND gate 501
transmits “L”. A signal CENBi is a signal transmitted
by the sense control portion 203 and which becomes “H”
if the corresponding memory cell array has completed

a sense operation and data are held in the sense
amplifier. A signal ACC is a signal which determines
timing for controlling column switches. The switch
control signal generation circuit put a signal SWONi in
a “H” state at the time when the activation signal ACC
becomes “H” if the bank address of the corrésponding
memory cell has been input and that memory cell has
been activated. At thié time, the column switch of the
corresponding memory cell array is enabled. If the bank
address of the corresponding memory cell array has not

been input, the signal SWONi becomes “L”, and the
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column switch of this memory cell array does not
operate. If the corresponding memory cell array is in
the precharge state, the signal CENBi becomes “L”. 1In

this case, the signal SWONi also becomes “L”, and the

‘column switch of this memory cell array does not

operate.

The column address predecode circuit shown in
FIG. 5B is formed by a NAND gate 502 to which two bits
of a column address are input and an inverter. CA2 and
CA3 are paired with inverted signals /CA2 and /CA3,
respectively, and either of them is input to a NAND
gate 502 which transmits a signal YA (0;3) through the
inverter. |

In the column address decode circuit shown in

FIG. 5C, an OR gate 503 receives the input of the

signal SWONi transmitted by the switch control signal
generation circuit and signals SWONi-1 transmitted by
the switch control signal generation circuits of the
adjacent array control portions on both sides thereof.
The output of this OR gate 503 and the output signal YA
(0;1) of the column address predecode circuit shown in
FIG. 5B are input to a NAND gate 504 which in turn
transmits a signal CSS (0;1) through the inverter.
Similarly, a signal CSS (2;3) is generated. This signal
CSs (0;3) is a signal for controlling the turning
on/off of four column switches.

"Each memory cell -array has four column switch
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control signal lines. Further, since the present
invention employs the shared sense system whefein
a sense amplifier is shared by adjacent memory cell
arrafs on both sides thereof, two of the column switch
control signal lines are shared by a memory cell array
associated therewith and the memory cell array
preceding the same and are controlled by the signal CSS
(0;1), and the remaining two lines are shared by the
memory cell array aésociated and the memory cell
sucéeeding the same and are controlled by the signal
CSS (2;3). When either the memory cell array concerned
or one of the adjaceﬁt memory cell array controls the
column switch in response to the signal SWONi which
becomes “H” when the column switch of the memory cell
array concerned is controlled or the signal SWONi-1
which becomes “H” when the column switch of the
adjacent memory cell array is controlled, the signal
CSS (0;1) decodes the signal YA (0;1) and transmits the
column switch control signal CSS (0;1). Similarly, when
either the memory cell.array concerned or the other
adjacent memory cell array controls the column switch,
the column switch control signal CSS (2;3) decodes the
signal YA (2;3) and transmits the column switch control
signal CSS (2;:;3).

If all bits of a bank address are input to the
switch control signal generation circuit shown in

FIG. 57, even if a plurality of memory cell arrays are
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activated, the column switches can be controlled by one
memory cell array. This is because memory cell arrays
that form a block have different addresses.

While the array control operation has been
described with reference to FIGS. 3A through 5C, a
detailed descfiption will now be made with reference
to FIG. 6 on an operation wherein a sense amplifier and
a column switch are controlled by various signals
transmitted by an arfay'control portion to read data
from a memory cell array. FIG. 6 is a detailed version
of FIG. 1.

The memory cell array MCAi has 1024 bit line pairs
such as BL1 and /BL1. Although not showﬁ, 128 memory
cells are actually connected to each of these bit lines

and, therefore, 256 memory cells are connected to one

bit line pair, i.e., one sense amplifier. The sense

amplifiers S/Al through S/A4 are shared by adjacent
memory cell arrays on both sides thereof, and the
turning on/off of array selection gates Ql, 02, Q3, Q4,
QS5, @6, Q7, Q8, ..., Ql6 determines the memory cell
array to which each sense ampiifier is' connected. For
example, if the memory cell array MCAi is selected, the
array selection switch control signal SENi becomes “H”
to turn the array selection gates Q1, Q2, Q3, Q4, Q5,
Q6, Q7, and Q8 on and to connect the bit liﬁes BL1,
/BLl1, BL2, /BL2, BL3, /BL3, BL4, and /BL4 to the sense

amplifiers S/Al, S/A2, S/A3, and S/A4. At this time,
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since the memory cell arrays MCAi-1 and MCAi+l are not
selected, the array selection switch control signals
SENi-1 and SENi+l afe “L”, and the array selection
gates Q9, 010, Q11, Q12, 013, Ql4, Q15, and Q16 are off.
Thus, the bit line pairs and sense amplifiers of the
selected memory cell array are connected to'drive_the
sense amplifiers.

A restore/equalize portion R/E has the function of
reading the H level of the bit lines properly to allow
sufficient charge to be rewritten in the cell and also
equalizing the bit line pairs during precharging to
generate a reference potential during a sense operation.
This portion is controlled by a signal BEQ output by a
sense control eircuit. |

The data defined in the sense amplifiers S/Al,
S)AZ, S/A3, and S/A4 are selected by column switches
017, 018, Q19, Q20, Q21, 022, 023, and Q24 and are
connected to a pair of data lines DATA to be
transferred.

A description will now be made on a case wherein a
pair of data on the bit lines BL1l, /BLl, BL2, /BL2, BL3,
/BL3, BL4, and /BL4 of the memory cell array MCAi are
transferredlto the data lines DATA. The memory cell
array is'selected( ahd an arbitrary wofd-line in the
memory cell array MCAi is selected, although not shown.
Since the memory cell array MCAi is selected, the array

selection switch control signal SENi becomes “H” to
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turn the array selection gates Q1, Q2, Q3, Q4, Q5, Q6,
Q7, and Q8 on and to connect the bit lines BL1 and /BL1
to the sense amplifiers S/Al. 'Similarly, the bit lines
BL2 and /BL2 are connected to the sense amplifier S/A2;
bit lines BL3 and /BL3 are connected to the sense
amplifier S/A3; and the bit lines BL4 and /BL4 are
connected to the sense amplifier S/A4. At this time,
since the memory cell arrays MCAi-l and MCAi+l are not
selected, the array selection switch control signals
SENi-1 and SENi+l are “L”, and the array selection
gates Q9, Q10, Q11, Q12, Q13, Q14, Q15, and Ql6 are off.
When a sense amplifier S/A completes sensing, the
column switch control signals CSS (0;1) and CSS (2;3)
are transmitted. If the data on the bit lines BL1 and
/BL1 afe selected from a column address, a signal CSSO0
becomes “H” and signals CSS1, CSS2, and CSS3 become “L”.
When the column switch control signal CSS0 becomes “H”,
the transistors Q17 and Q19 forming a column switch
is turned on to select the data held in the sense
amplifier S/Al and to transfer it to the data.line
pair DATA. At this time, since the column switch
control signals CSS1, CSS2, and CSS3 are “L”, the
transistors Q18, Q19, 020, Q21, 022, 023, and Q24 are
off. Thus, the switches can be controlled to take out
arbitrary data in the.memory cell array onto the data
lines.

A description will now be made with reference to
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the drawings on a method of controlling a memory system
according to the present invention by referring to an
actual configuration of the same as an example.

FIG. 7 shows a configuration of a memory system
with a data bus having a width of 128 I/0 as a first
example of the present invention. Like the conventibnal
memory system shown in FIG. 16, this memory system is
formed by two blocks 701 and 702 which are respectively
formed by sixteen each.memory cell arrays MCAO through
MCA15 and MCA16 through MCA31 having different bank
addresses. Each of the memory cell arrays has 256 rows
and 1024 columns, which means that the total capacity
of the memory system is 8 megabit.

‘The blocks 701 and 702 respectively include groups
of data lines 704 and 705 each consisfing of 256 data
lines which can be connected to the sixteen each memory
cell arrays MCAO through MCAl5 and MCAlG through MCA31,
respectively, in the direction of the bit lines of the
memory cell arrays. The groups of data lines 704 and
705 are connected to column decoders 706 and 707,
respectively. Each of the memory cell_arrays includes
an array control portion 703 to which a common array
control signal is supplied, although not shown.
Opposite memory cell arrays belonging to the blocks 701
and 702 have the same bank address.

When the bank address of a memory cell array

associated with a array control portion 703 coincides
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with a bank address included in the array control
signal, the array control portion 703 activates the
memory cell array associated therewith in accordance
with the bank address and row addresses. For'exaﬁple,
when the bank address of the memory cell arrays MCAS
and MCA21 is input, the array control portions of the
memory cell arrays MCAS5 and MCA 21 select arbitrary .
word lines of the memory cell arrays MCA5 and MCA21 and
control array selection switches to connect the bit
lines of the memory cell arrays MCAS5S and MCA2]1 to the
sense amplifier. The data on the selected word lines
are transmitted to the sense amplifier to be sensed
(the memory cell arrays MCA5 and MCA21 are activated).

Next, when the bank address of a memory cell array

-~ associated with a array control portion 703 coincides

with a bank address included in the array control
signal, the array control portion 703 reads the data in

the memory cell array associated therewith in

‘accordance with the bank address and column addresses.

For example, .when the bank address of the memory cell
arrays MCAS and MCA21 is input, the array control
portions of the memory cell arrays MCAS énd MCA 21 turn
arbitrary column switches of the memory cell arrays
MCAS and MCA21 on and off to transmit the data sensed
in the sense amplifier to the data lines 704 and 70S5.
The signals on the data lines 704 and 705 are input to

the column decoders 706 and 707, respectively. The
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column decoders 706 and 707 select 64 data lines from
among the respective 256 data lines and connect them to
data buses 708 and 709, respectively.

As described above, there are upper and lower data
buses of 64 I/0 each which provide an overall bus width
of 128 I1/0.

A description will now be made on a case wherein
data are read from the memory cell arrays MCAl3 and
MCA29 after the data in the memory cell arrays MCAS and
MCA 21 are read.

First, the data in the memory cell arrays MCAS5 and
MCA21 are read according to the procedure described
above. Thereafter, the memory cell arrays MCA5 and
MCA21 are maintained in an activated state until those
memory cell arrays are précharged. Next, regardless pf
the activated state of the memory cell arrays MCA5 and
MCA21, array control portions 703 activate memory cell
arrays associated therewith according to the array
control signal. The array control portions of the
memory cell arrays MCA1l3 and MCA29 activate those
memory cell arrays in accordance with the bank address
of the Memory cell arrays MCAl3 and MCA29. Now, the
memory system has four activated memory cell arrays
MCAS, MCAl13, MCA21, and MCA29. Next, the array control
portions 703 reads the data in the memory cell arrays
associated therewith according to the array control

signal. Specifically, the array control portions of the
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memory cell érrays MCAl13 and MCA29 performs control
such that the data in the memory cell arrays MCA1l3 and
MCA29 are read. At this time, since the bank address of
the memory cell arrays MCA5 and MCA21 is not input to
the array control portions, no data is transmitted from
the memory cell arrays MCAS5 and MCA21.

Thus, the array control portion provided at each
memory cell array controls the corresponding memory
cell array regardless of the state of other memory cell
arrays. Therefore, the operation of reading the data in
the different memory cell arrays proceeds in a sequence
such that the memory cell arrays MCA5 and MCA21l are
activated; the data are read from the same; the memory
cell arrays MCAl1l3 and MCA31 are activated; and then the
data are read from the same. This eliminates the need
for an operation of precharging the memory cell arrays
MCAS5 and MCA21.

When the reading of the data in the memory cell
arrays MCA5 and MCA21 is followed by the reading of the
data in MCA1l3 and MCA29 and then by further reading of
the data in the memory cell arrays MCAS and MCAZl, the
memory cell arrays MCA5 and MCA21 are already in an. |
activated state at the second reading.

Thus, the array control portion provided at each
memory cell array can.maintain the activated state of
the memory cell array until it is precharged. Therefore,

the operation of the second reading proceeds in
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a sequence such that the memory cell arrays MCAS5 and
MCA21 are activated; the data are read from the same;
the memory cell arrays MCAl1l3 and MCA29 are activated;
the data are read from the same;_and the data in the
memory cell arrays MCAS and MCA21 are read. This
eliminates the need for an operétion of activating the
memory cell arrays MCASIand MCA21 for the second time
and therefore makes it possible to increase the speed
of the data reading operation.

As described above, the memory system according to
the first embodiment of the present invention allows
memory cell arrays which are not adjacent to each other
to be freely activated and therefore makes it possible
to reduce the number of activating and precharging
operations compared to conventional memdry systems.

Further, it is possible to activate a plurality of
memory cell arfays in the same block simultaneously by
inputting a part of the bits of a bank address to the
array selection decoder circuit of an array control
portion. In this case, the array selection decoder
circuit of an array control porfion will have the
configuration shown in FIG. 3B.

For example, two memory cell arrays are simultane-
ously activated in each of the blocks 701 and 702.
Specifically, the mémory cell arrays MCAO, MCA8, MCAl6,
and MCA24 are simultaneously activated. Other combina-

tions of memory cell arrays are also possible.
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When a part of bank addresses included in an array
control signal coincides with a part of the bank
addresses of memory cell arrays, the'array control
portions 703 concerned activates the memory cell arrays
associated therewith in accordance with the part of
bank addresses and column addresses. For example, when
a part of the bank addresses of the memory cell arrays
MCA5, MCAl3, MCA21, and MCA29 is input, the array
control portions of the memory cell arrays MCAS, MCAl3,
MCA21, and MCA29 select arbitrary word lines of the
memory cell arrays MCAS, MCAl3, MCAZl,-and MCA29 and
control array selection switches to connect the bit
lines of the memory cell arrays MCAS5, MCAl3, MCA21l, and
MCA29 to the sense amplifiers. The data on the selected
word lines are transmitted to the sense amplifiers to
be sensed (the memory cell arrays MCAS5, MCAl3, MCA21,
and MCA29 are activated). Next, when a bank address
included in an array control signal coincides with the
bank address of a memory cell array, the array control
portion 703 associated therewith reads the data in the
memory cell array associatéd therewith in accordance
with the bank address and column addresses. For example,
when the bank address of the memory cell arrays MCAS
and MCA21 is input, the array control portibns of the.
memory cell arrays MCA5 and MCA 21 turn arbitrary
column switches of the memory cell arrays MCA5 and

MCA21 on and off to transmit the data sensed in the
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sense amplifier to the data lines 704 and 705. The data
on the data lines 704 and 705 are input to the column
decoders circuits 706 and 707, respectively. The column
decoders 706 and 707 select 64 data lines from among
the respective 256 data lines and connect them to data
buses 708 and 709,'respective1y. Thus, the data in the
memory cell arrays MCA5 and MCA21 are read. At this
time, siﬁcé the bank address of the memory cell arrays
MCA13 and MCA29 is not input, the data in MCA13 and
MCAl1l9 are not transmitted.

Further, it is possible to activate memory cell
arrays which are not adjacent to each other, e.g., the
memory cell arrays MCAO, MCA8, MCAl6, and MCA24 with
the memory cell arrays MCA5, MCAl13, MCA21, and MCA29
maintained ih an activated state.

Since the memory cell arrays MCAQ0 through MCAlS
share the da;a lines 704 and the memory cell arrays
MCA1l6 through MCA31l share the data lines 705, each of
the blocks 701 and 702 has 256 data lines. Each of the
column decoders 706 and 707 selects 64 data lines from
among the 256 data lines and connects them to the data
bus 708. As a result, the two blocks prévide 128 data
buses in total. The numbers of the data lines selected
by the column decoders 706 and 707-are determined by
the numbers of I/0 buffer circuits of the data lines
provided in the circuit blocks of the column décoders

706 and 707. Specifically, an increase in the width of
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the data buses output by the column decoders 706 and
707 will result in an increase in the number of the I/0
buffer circuits provided for the respective outputs,
which increases the area occupied by the I/0 buffer
circuits. Conversely, a decrease in the width of the
data buses output by the column decoders 706 and 707
will result in a decrease in the number of the I/0
buffer circuits provided fqr the respective outputs,
which decréases the area occupied by the I/O buffer
circuits.

The number of the memory cell arrays activated
simultaneously is determined by the setting of a
refresh cycle and a column depth, i.e., the number of
the columns. When two memory cell arrays are simultane-
ously activated in each of the blocks, the refresh
cycle and the column depth will be as follows.. Since
four memory cell arrays aré refreshed simultaneously,
the time required for activating all of the memory cell
arrays is equal to the time required for activating
eight memory cell arrays each having 256 rows. That is,
the refresh cycle isl256_X 8 = 2048.

Since two memory cell érrays are simultaneously
activated in the same block, eight pairs of bit lines
are connected to one data line. A column switch CSW
selects one of the eight bit pairs and.connects it to
data lines. Further, a:column decoder selects one of

four pairs'of data lines and connect it to a data bus.
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Therefore, the number of fhe bit line pairs connected
to one 1/0 of the daﬁa bus is 8 X 4 = 32, which means
a column depth of 32. In this case, there is provided
a system of 2048 rows X 32 columns X 128 I/0.

As described above, by changing the number of
memory cell arrays activated simultaneously, the
configuraﬁion of rows and columns. per I/0 can be
changed. For example, when four memory cell arrays are
simultaneously activated, the refresh cycle is 256 X
4 = 1024, which means a column depth of 64. 1In this
case, there is provided a system of 1024 rows X
64 columns X 128 I/0.

Nekt, as a second embodiment of the invention,
FIG. 8 illustrates a configuration of a memory system
with a data bus having a width of 128 I/0O like the
first embodiment. This memory system is formed by four
blbcks 801 through 804 which are respectively formed by
groups each consisting of eight memory cell arrays MCAO
through MCA7, MCA8 through MCAl15, MCAl6 through MCA23,
and ﬁCA24 through MCA31 having different bank addresses.
Each memory cell array has 256 rows X 1024 columns, and
the total capacity of the memory system is 8 megabit.

The blocks 801, 802, 803, and B804 respectively
include groups'of data lines 810, 812, 814, and 816 in
the direction of the bit lines. The memory cell arrays
MCAOQ through MCA7, MCA8 through MCAl1l5, MCAl6 through

MCA23, and MCA24 through MCA31 of the respective blocks
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can be connected to the groups of data lines 810, 812,
814, and 816, respectively. Each of the groups includes
256 data lines. The data lines 810, 812, 814, and 816
are connected to column decoders 806, 807, 808, and 809.
Each of the memory cell arrays includes an array
control.portion 805 to which a common array control
signal is sﬁpplied, although not shown. Opposite memory
cell arrays belonging to an upper block and a lower
block have the same bank éddress. Further, memory cell
arrays in positional correspondence between laterally
adjoining blocks have the same bank address.

Since the array contrbl portions 805 operate
similarly to the array control portions in the above-
described first embodiment, this second embodiment also
allows memory cell arrayé which are not adjacent to
each other in each block to be sequentially activated.
Further, an activated state can be maintained. It is
therefore possible as in the first embodiment to reduce
the numbef of activating and precharging operations
during reading from different memory cell arrays. .

The refresh cycle of the memory system of the
present embodiment is 256 X 8 = 2048. The column depth
is 4 X 8 = 32. In this case, there is provided a
system of 2048 rows X 32 columns X 128 I/0 which is
equivalent to that obtained in the first embodiment by
activating one memory cell array at a time in a single

block.
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The present embodiment provides a higher data rate
that available with the first embodiment because the
length of the data lines is reduced. Further, the
number of memory cell arrays connected to the data
lines is reduced, which reduces the charging and
discharging of eléctrical charge due to stray
capacitance to advantageously decrease the drive
current. |

In a memory system according to the present
invention, the choice between the configuration of
1024 rows X 64 columns X 128 I/0 according to the first

embodiment and the configuration of 2048 rows X

.32 columns X 128 I/0 according to the second embodiment

depends on how to exchange data between the system and
logic outside the memory. In a DRAM, sense amplifier
access time is generally shorter for the columns than
the rows.

For example, if requests from logic outside a
memorylcan be satisfied by switching columns, the

configuration of 1024 rows X 64 columns X 128 I/O is

.preferably.chosen for such a memory system to reduce

the number of rows selected at a time. On the contrary,
if.frequent word line switching is required to satisfy
requests from logic outside a memory, the configuration
of 2048 rows X 32 columns X 128 I/O0 is preferably
chosen for such a memory system to increase the number

of rows selected at a time. As described above, in the
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case of a memory system combined with logic, a more
adequate memory system must be chosen in accordaﬁce
with requests from the logic or the like outside the
memory. |

A description will now be made on third and
fourth embodiments of the invention which are
modifications of the memory systems according to the
first and second embodiments, respectively to increase
the total capacity to 9 megabit. FIGS. 9 and 10 show
a configuration of a memory cell system according to
the third embodiment which corresponds to the first
embodiment. Two each memory cell arrays, i.e., MCAl6
and MCAl7 and MCA34 and MCA35 are respectively added to
upper and lower blocks 901 and 902 according to the
first embodiment, four memory cell arrays being added
in total. The third embodiment is different from the
first embodiment in the positions of cell arrays
activated simultaneously. According to the first
embodiment, as shown in FIG. 7, simultaneous activation
of the memory cell arrays takes place in each of banks,
e.g.{ a bank consisting'of MCAO0, MCA8, MCAl6, and MCA24,
a.bank consisting of MCAl, MCA9, MCAl7, and MCA2S5,
a bank consisting'of MCA2, MCA1lOQ, MCA18, and MCA26,
a bank consisting of MCA3, MCAll, MCAl19, and MCA27,
a bank consisting of MCA4, MCAl2, MCA20, and MCA28,
a bank consisting of MCAS, MCA13, MCA21, and MCA29,

a bank consisting of MCA6, MCAl4, MCA22, and MCA30, and
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a bank consisting of MCA7, MCA1l5, MCA23, and MCA3l.
Meanwhile, according to the third eﬁbodiment, as shown
in FIG. 9, activation takes place in each of a bank
consisting'of MCAO, MCA9, MCAl18, and MCA27, a bank
consisting of MCAl, MCAl10, MCAl9, and MCA28, a bank
consisting of MCA2, MCAll, MCA20, and MCA29, a bank
consisting of MCA3, MCAl12, MCA2l1l, and MCA30, a bank
consisting of MCA4, MCAl3, MCA22, and MCA31l, a bank
consisting of MCAS, MCA14, MCA23, and MCA32, a bank
consisting of MCAG, MCAlS,.MCA24, and MCA33, a bank
consisting of MCA7, MCAl6, MCA25, and MCA36, and a bank
consisting of MCA8, MCAl7, MCA26, and MCA3S5.

Since one memory ceil array has 256 rows and 1024
columns, two memory cell arrays provide a capacity of
0.5 megabit. It is therefore physically possible to add
memory cell arrays MCAl6 and MCA34 to blocks 901 and
902, respectively, to configure a memory cell array
having a total capacity of 8.5 megabit. Since upper
and lower blocks of the present embodiment operate
similarly at the same time, only the operation of the
upper block 901 ﬁill be_described. If the added memory
cell arrays have the same address as that of fhe memory
cell arrays MCAQ, MCA8, and MCAl6, three memory cell
arrays are activated only when such bank address is
specified, and two memory cells are activated when a
different bank address is specified. When three memory

cell ‘arrays are activated, the column switch selects
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one of 12 bit line pairs and connects it to the data
line. Meanwhile, when two memory cell arrays are
activated, the column switch sélects one of ‘8 bit line
pairs and connects it to the data line. Thus, the
column depth (the number of cblumns) varies from bank
address to bank address. Similarly, if a new bank
address is set for the added memory cell array MCAl6,
activation of one memory cell array takes place only
when such a bank address is specified, and two memory
cells are activated if a different bank address is
specified. In this case, the column depth again varies
from bank address to bank address. Thus, the column
depth varies if there is no consistency in the number
of memofy cell arrays simultaneously activated. This
results in non-uniformity of an address space, i.e.,
the column depth varies depending on the memory cell
array activated. It is therefore necessary to increase
or decrease the number of memory cell arrays using the
number of the memory cell arrays activated simultane-
ously in a block as a unit. This is the reason for the
fact that the minimqm addition to the total capacity of
8 megabit of the first embodiment results in a memory
system having a total capacity of 9 megabit.

FIG. 10 shows a configuration of a memory cell
system according to the fourth embodiment which
corresponds to the second embodiment. One new memory

cell array is added to each of the blocks 801, 802, 803,
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and 804 of the second embodiment, i.e., four memory
cell arrays MCA8, MCAl7, MCA26, and MCA35 are added in

total. Since it is necessary to increase or decrease

.the number of memory cell arrays using the number of

the memory cell arrays activated simultaneously in a

block as a unit as described above, one memory cell

array may be added to each of the blocks in this case.

As apparent from the third and fourth embbdiments,
a cénstant I/0 width can be always maintained even if
the number of memory cell arrays is increased. Further,
although not shown, a constant 1I/0 width can be always
maintained according to the above-described rule even
if the number of memory cell arrays is decreased.

More practical embodiments of the present
invention will now be described. In the embodiments
described below, the arfay control portions are shared
by upper and lower memory cell arrays to activate'the
upper and lower cell afrays as in pairs instead of
providing the array control portions independently for
each cell array. In this case, although fiexibility of
control is reduced because a control circuit is shared
by two cell arrays, design flexibility is increased in
terms of the suf%ace area of the chip.

FIG. 11 shows a structure of a memory system
having 128 I/0 and a memory capacity of 9 megabit as
a fifth embodiment of the present invention. This

memory system is formed by four blocks 1101 through
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1104 which are each.formed by nine memory cell arrays
MCAO0 through MCAB, MCA9 through MCAl7, MCAl8 through
MCA26, and MCA27 through MCA35, respectively, having
different bank addresses. Each of the memory cell
arrays has 256 rows and 1024 columns, which means that
the total capacity of.the memory syétem is 9 megabit.

In the four blocks 1101, 1102, 1103, and 1104,
there are groups of data lines 1111, 1113, 1115, and
1117 each consisting of 256 data lines which can be
connected to the memory cell. arrays MCA0 through MCAS8,
MCAS through MCA17,- MCAl18 through MCA26, and MCA27
through MCA35, respectively, in the direction of the
bit lines of the memory cell arrays. The groups of data
liﬁes 1111, 1113, 1115, and 1117 are connected to
column- decoders 1107, 1108, 1109, and 1110. Further,
upper and lower memory cell arrays respectively include
array control portions 1105 and 1106 to which a common
array control signal is supplied. Memory cell arrays in .
positional correspondence between laterally.adjoining
blocks have the same bank address.

Since the array control portions 1105 basically
operate similarly to the array control portions in the
above-described first embpdiment, this fifth embodiment
also allows memory cell arrays in laterally aligned
blocks which are not adjacent to each other to be
sequentially activated. Further, an activated state can

be maintained. It is therefore possible as in the first
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embodiment to reduce the number of activating and
precharging operations during reading from different
memory cell arrays.

FIG. 12 shows a structure of a memory system
having 64 1I/0 and a memory capacity of 8 megabit as a
sixth embodiment of the present invention. This memory
system is formed by four blocks 1201 through 1204 which
are each formed by eight memory cell arrays MCAQ
through MCA7, MCA8 through MCA1S, MCAiQ through MCA23,
and MCA24 through MCA3l, respectively, having different
bank addresses. Each of the memory cell arrays has 256
rows and 1024 columns, which means that the total
capacity of the memory system is 8 megabit. 1205 and
1206 designate array control portions.

Two blocks 1201 and 1202 and two blocks 1203 and
1204 share data buses BaAS1 and BaS2 having a data width
of 32 1/0, respeétively. Therefore, there is a data bus
of 64 1/0 as a whole. For example, let us assume that
a bank consisting of MCAl, MCAé, MCA5, and MCA7 and a
bank consisting of MCAl17, MCA 19, MCA21,'and MCA23 are
activated when data of 32 I/0 are taken out from each
of the blocks 1201land 1203. Then, memory cell arrays
MCA9, MCAll, MCAl13, MCAl5, MCA25, MCA27, MCA29, and
MCA31 are also activated simultaneously. However, the
columns switches of the blocks 1202 and 1204 aré all
turned off, and no data transfer takes place.

Conversely, when data are taken out from the blocks
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1202 and 1204, all of the column switches of the blocks
1201 and 1203 are turned off. The block from which data
are to be transmitted is determined depending on the
column address. That is, the memory cell arrays
corresponding to the.blocks 1201 and 1202 and the
blocks 1203 and 1204 have bank addreéses which are.
different from each other in one high order bit.
Further, all bits of the bank addreésés excluding the
one high order bit are input to an array selection
decoder 201, and all bits of the bank addresses are
input to a column selection control portion 205.

.For example, if the memory cell arrays MCAl, MCA3,
MCAS5, MCA7, MCAl17, MCA 19, MCA21, MCA23, MCA9, MCAll,
MCA13, MCAl5, MCA25, MCA27, MCA29, and MCA31l shaded in
FIG. 12 are activated simultaneously, this means that
one half of the entire memory cell arrays are activated
simultaneously. Therefore, the address configuration
per one I/0 of this memory system is 256 X 2 = 512 rows,
and 32 X 4 X 2 = 256 bolumns because the memory cell
arrays on the upper and lower blocks which are:
simultaneously activated correspond to one bit of the
column address. The number of bits required for each
address is nine for the row address and eight for the
column address, which result in a difference of one bit.
Thus, the difference between the row and column address
configurations can be small.

FIG. 13 illustrates a configuration of a memory
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system in which'memory cell arrays are operated
asynchronously as é seventh embodiment of the present
invention. Hereinafter; a combination'of a plurality of
memory cell arrays is referred to as “bank”. For
example, memory cell arrays MCAO and MCA9 forms a bank
B0, and eighteen banks, i.e., Bl through Bl17 are formed
in total similarly. Those banks have different bank
addresses. The configuration inside the dotted line
1300 is substantially the same as that shown in FIG. 11.
For example, let us assume that the banks B2, BS,
and Bl6 are activated asynchronously. This is because
the memory cell arrays which have béen activated by
array control portions are kept in an activated state
until precharged. In a block 1301, since one bank Bl6
has been activated, data of 64 I/0 are transferred
from this bank B16. This bank has a configuration of
64 I/0 X 256 rows X 32 columns. Meanwhile, in a block
1302, since two banks B2 and B5 have been activated,
data of 64 I/0 are transferred from either of the two
banks B2 and B5. The bank to transmit data is
determined by the specification of the bank at the time
of the access to the data. Even if a plurality of banks
have been activated in one block, data are transferred
from only one bank at one access. As described above,
data of 64 I/O are transferred from each of the blocks
1301 and 1302, i.e., data of 128 I/0 are transferred in

total. At this time, among the array control signals
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supplied to array control portions of the memory cell
arrays in the blocks 1301 and 1302, only the signal for
indicating timing is shared by the blocks, and the
address signal is different between the blocks 1301

and 1302.

A description will now be made on a case wherein
a bank B18 consisting of memofy cell arrafs MCA36 and
MCA37 and a bank B1l9 consisting of memory cell arrays
MCA 38 and MCA39 are respectively added to the blocks
1302 and 1301 to expand the memory capacity. According
to the present invention, each bank has a bank address,
and one bank specified by a bank address transmits data
even if a plurality of banks have been activated in one
block. Therefore, the memory capacity.can be expanded
on a bank-by-bank-basis.

FIG. 14 shows relationship between various signals
for bank access for the memory system described in the
seventh embodiment. FIG. 14 shows the relationship
between the signal ACT for activating a memory cell
array, the signal PRC for precharging an array, and the
signal ACC for determining timing for controlling a
column switch as described above and a bank addréss,

a column address, and output data transmitted. The
letters BO, Bl, B2, aﬁd B3 on the timing chart indicate
that those signals are transmitted to designate
respective banks. A signal ACT 1401 for activating the -

bank Bl is transmitted with the bank B0 activated,  and
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the bank Bl designated by a bank address 1405 is also
activated. Next, a signal PRC1402 for precharging the
bank B0 is transmitted, and the bank BO designated by
the bank address 1406 is put in a precharge state.
Further, a signal ACT1403 for activating the bank B2 is
transmitted, and the bank B2 designated by a bank
address 1407 is activated. Subsequently, a signal
ACT1404 for activating the bank B3 is transmitted, and
the bank B3 designated by a bank address 1408 is
activated. An example of data access in such cases is
shown below.

The shaded areas of the bank addresses indicate
periods in which the addresses are invalid. When a
predetermined period has passed after assertion of the
signal ACC, data at the specified column address are
output from the specified bank. For example, when a
signal ACC1409 for activating the column switch of the
bank B0 is transmitted with the bank B0 activated, the
column switch specified by the column address of the
bank B0 specified by a bank address 1415 is controlled
to transmit output data 1421 at a predeteimined time
interval. Next, when a signal ACC1410 for confrolling
the column switch of the bank Bl is transmitted, since
the bank Bl has already been activated, the column
switch specified by the column address of the bank Bl
specified by a bank address 1416 is controlled to

transmit output data 1422 at a predetermined time
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interval. Next, when a signal ACCl1411 for controlling
the column switch of the bank B2 is transmitted, since
the bank B2 has already been activated, the column
switch specified by £he column address of the bank B2
specified by a bank address 1417 is controlled to
transmit output data 1423 at a predetermined time
interval. When a signal ACC1412 for controlling the
column switch of the bank Bl again is transmitted,
since the bank Bl has been kept in an activated state
and has not been precharged, the column switch
specified by the column address of the bank Bl
specified by a bank address 1418 is controlled to
transmit output data 1424 at a predetermined time
interval. When a signal ACC1413 for controlling the
column switch of the bank B2 is transmitted again,
since the bank B2 has been kept in an activated state
and has not been precharged, again, output data 1425
are transmitted at a predetermined time interval. In
this example, if there is limitation on activation of
arrays between the banks by the shared sense system,
either the bank Bl or B2 does not output data when
those banks are formed by, for example, adjoining
arrays because they are not activated simultaneously.
While seyeral memory cell arrays remain in an
activated state simultaﬁeously as described above, the
following procedure is performed each time data in

different memory cell arrays are accessed, selecting



3

10

15

20

"~ 25

- 55 -

each of the memory cell arrays; determining whether the
cell array can be activated, and selecfing the memory
cell array depending on the result of the determinatioh.
This makes it possible to perform déta access only by
controlling the turning on/off of coiumn swifches,
thereby allowing the operating time to be shortened.
Further, by synchronizing the'signal ACC for
controlling column switches with, for example, the
clock of a CPU, exchange of.data between a memory
system and a logic circuit in a memory combined with
logic can be simplified.

A bank may be formed by any number of memory cell
arrays. FIG. 15 shows a case wherein a bank is formed
by four memory cell arrays. This memory system has a
total memory capacity of 8 megabit and is formed by 32
cell arrays of 256 K. The system is formed by eight
banks as a whole and memory cell arrays are allocated
to banks Bl through B8. The allocation of the memory
cell arrays to the banks is limited by the fact that
adjacent memory cell arrays can not be allocafed to the
same bank because a sense amplifier is shared by
adjacent memory cell arrays on both sides thereof.
Otherwise, allocation patterns can be freely chosen.

In this case, as in the seventh embodiment, a common
timing-signal and_différent address signals are .
supplied to blocks 1501 and 1502. In the block 1502,

the bank B8 is activated, and data of 64 I/0 are
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transferred from either of two pairs'of memory cell
arrays in accordance with a column address. In the
block 1501, the banks Bl and B3 are activated, and data
of 64 I/0 are transferred from a memory cell pair
selected in accordance with the bank specification by

a bank address and a column address.' In this case,

the address configuration of one bank is 64 I/O X

256 rows X 64 columns.

By maintaining a plurality of memory cell arrays
in an activated state simultaneously as described above,
the time required for data access can be shortened. 1In
the present embodiment, it is also possible to obtain
output data of 128 I/0 from the left end right blocks
by keeping only a timing signal for exchange of data
with memory cells in synchronization between the blocks
1501 and 1502.

The number of memory cell arrays used to form one
bank is determined by the desired number of column per
bahk. If one bank is formed by a pair of upper and
lower memory cell arrays, the memory capacity of a |
memory sfetem having a data width of 128 I/0 can be
increased and decreased on a megabit basis by adding
one pair each of memory cell arrays to both of the left
and right blocks. Therefore, for example, a memory
system of M megabit will have M pairs of memory cell
arrays at each of the blocks. Thus, the numbers of.roﬁs

and columns of an address configuration achievable in
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" this memory system can be obtained as shown below.

Number of Rows L = 256 X M/m

Number of Columns C = 32 X m
where m represents the number of memory cell arrays
activated simultaneously inla block which is a divisor
of M (including 1 and excluding M).

The number of banks which can be configured in
this memory system for each block can be obtained as
shown below.

Number of Bank B = M/m
where M/m is true if B is equal to or greater than 4.
If B equal to or smaller than 3, no bank can be
configured because adjoining cell arrays can not be
activated simultaneously. Even if the number of banks
is M/m, the number of banks which can be activated
simultaneously is limited to M/2m or the maximum
integer which does not exceed the same. If the number
of memory cell arrays is increased within such
restrictions, the time required for data access can be
shortened.

While particular embodiments of the present
invention have been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from this
invention in its broader aspects and, therefore, the
appended claims are to encompass within their scope all

such changes and modifications as fall within the true
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spirit and scope of this invention.

Additional advantages and modifiéations will
readily occur to thoég_skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordinély, various
modifications may be made without departing from the
spirit or scope of the general inventive concept aé

defined by the appended claims and their equivalent.



_—

I

10

15

20

25

- 59 -

CLAIMS

1. A semiconductor memory comprising:

a plurality of memory cell arrays including a
plurality of memory cells;

a plurality of sense amplifiers;

a plurality of data lines connected to said
plurality of sense amplifiers; énd

an array control portions provided at each of said
plurality of memory cell arrays, said array control
portion transmitting data in any of the memory cells of
said memory cell array to said sense amplifier and
transmitting data in any of said sense amplifiers to
said data lines.

2. .An apparatus according to claim 1, wherein said
plurality of memory cell arrays have different bank
addresses and.wherein said array control portions
control a memory cell array associated therewith when
a bank address input thereto is equal to the bank
address of said memory cell array.

3. An apparatus according to claim 2, wherein said
array control portion controls said sense amplifier
such that said sense amplifier is maintained in a data
transmission mode during a period after the data ih
said memory ceil are transmitted to said sense
amplifier until the data in said sense amplifier are
reset.

4. A semiconductor memory cemprising:



,\

*

4

10

15

20

25

(N

L

LT

- 60 -

..a first memory cell array having a first bit line
pair;
a second memory cell array having a second bit
line pair and a third bit line pair;

a third memory cell array having a fourth bit line

" pair;

a first sense amplifier disposed between said
first and second memory cell arrays;

a second sense amplifier disposed between said
second and third memory cell arrays;

a first array selection switch for controlling
connection between said first bit line pair and said
first sense amplifier;

a second'array selection switch for controlling
connection between said second bit line pair and said
first sense amplifier;

a third array selection switch for controlling
connection bereen said third bit line pair and said
second sense amplifier;

'a fourth array selection switch for controlling
connection between said fourth bit line pair and said
second sense amplifier;

a pair of data lines shared by said first, second,
and third memory cell arrays;

| a first column s&itch for controiling connection
between said first sense amplifier and said pair of

data lines;
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a second column switch for controlling connection
between said second sense amplifier and said pair of
data lines} |

a first array control portion provided at said
first memory cell array for controlling the turning
on/off of said first array selection switch and said
first column switch; |

a second array control portion provided at said
second memory cell array for controlling the turning
on/off of said second and third array selection
switches and said first and sé&ond column switches; and

a third array control portion provided at said
third memory cell array for controlling the turning
on/off of said fourth array selection éwitch and said
second column switch.

5. An apparatus accdrding to claim 4, wherein said
second array control portion transmits a signal to said
first and third array control portions indicating
whether or not the data in said second memory cell
array are being transmitted to said first and second
sense amplifiers, receives a signal from said first
array control portion indicating whether or not the
data in said first memory cell arfay are being
transmitted to said first sense amplifier,_and receives
a signal from said third array control portion
indicating whether or not the data in said third memory

cell array are being transmitted to said second sense
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6. An apparatus according to claim 4, wherein said
first, second, and third memory cell arrays have
different bank addresses and wherein said first, second,.
and third array contrpl portions control a memory cell
array associated therewith when a bank address input
thereto is equal to the bank address of said memory
cell array.

7. An apparatus according to claim 6, wherein said

second array control portion performs control such that

the transmission of data to said first and second sense

amplifiers is maintained during a period after data on
said second and third bit lines are transmitted to said
first sense amplifier until the data in said first and
sense amplifier are reset.

8. An apparatus according to claim 6, wherein if
the data in said first or second memory cell array are
not being transmitted to said first or second sense
amplifier, said second array control portion transmits
the data in said second memory cell array the sense
amplifier. |

9. An apparatus according to ciaim 6, wherein a
common array control signal is supplied to said first,
second, and third array control portions, and wherein
said array control signal said bank addresses, row
addresses, column addresses, and a signal indicating

timing for reading data from the memory cell arrays.
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10. A semiconductor'memory comprisings:

three or more memory cell arrays having bank
addresses different from each other;

a plurality of data lines connected to each of
said memory cell arrays; and

an array control portion provided at each of said
memory cell arrays, said array control portions
transmitting the data on a predetermined bit line on
the memory cell array associated therewith to a sense
amplifier based on an array control signal, trans-
mitting predetermined data in said sense amplifier to
said data lines thereafter, and precharging said sense
amplifier thereafter.

11. An apparatus according to claim 10, wherein
said memory cell'array performs control such that the
data are held in said sense amplifier during a period
after the data on the predetermined bit line of said
memory cell array associated therewith are transmitted
to said sense amplifier until said sense amplifier is
precharged.

12. An apparatus according to claim 11, wherein
said array control signal includes a bank address, a
row address, and a column address and wherein said
array control portion connects a bit line of thé memory
cell array associated therewith to a sense amplifier
based on a part of said bank address and said row

address to transmit the data in the memory cells to
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said sense amplifier and thereafter connects said sense
amplifier to Said.data line based on said bank address
and column address to transmit the data in said sense
amplifier to said data line.

13. An apparatus according to claim 11, wherein
Said array control signal includes a bank address, a

row address, and a column address and wherein if said

- bank address coincides with at léast a part of the bank

address of a memory cell, said array contrdl portion
connects a bit line of the memory cell array associated
therewith tb a sense amplifier based on the row address
to transmit the data in the memory cell to said sense
amplifier'and, thereafter, if said bank address
coincides with the bank address of the bank address,
connects said sense amplifier to said data line based
on the column address to transmit the data in said
sense amplifie: to said data line.

14. An apparatus according to claim 11, wherein
said array control signal includes a signal indicating
timing for activating a memory cell array, a signal

indicating timing for putting a memory cell array in

a precharge state, and a signal indicating timing for

transmitting the data in said sense amplifier to said
data line and wherein said array control pdrtion
connects the bit line of the memory cell array'
associated therewith to said sense amplifier to

transmit the data in the memory cells to said sense
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amplifier based on signals transmitted by the array

control portions adjacent thereto indicating that said

memory cell array has been activated or not and said
signal indicating timing for activating A memory cell
array, connects said sense émplifier to said data line
to transmit the data in said sense amplifier to said
data line based on said signal indicating timing for
transmitting the data in said sense amplifier to the
data line thereafter, and puts the memory cell array
associated therewith in a precharge state based on said
timing signal for putting a memory cell array in a
precharge state thereafter.

15. An apparatus according to claim 11, wherein
said array control signal includes a bank address, a
row address, a column address, a signal indicating
timiﬁg for activating a memory cell array, a.signal
indicating timing for putting a memory cell array in
a precharge state, and a signal indicating timing for

transmitting the data in said sense amplifier to said

- data line and wherein said array control portion

connects the bit line of'thg memory cell array

-associated therewith to said sense amplifier to

transmit the data in the memory cells to said sense

amplifier. based on signals transmitted by the control
portions adjacent thereto indicating that said memory
cell array has been activated or not, at least a part

of said bank address, said row address, and said timing
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signal for activating a memory cell array, connects
said sense amplifier to said data line to transmit the
data in said sense amplifier to said data line based on
said bank address and column address and said timing
signal for transmitting the data in said sense
amplifier to the data line thereafter, and puts the
memory cell array associated therewith in a precharge
state based on said bank address and said timing signal
for putting a memory cell array in a precharge state
thereafter.
16. A semiconductor memory comprising:
" at least two blocks, each of said blocks
including:
at least three memory cell arrays having bank
addresses different from each other;
a plurality of data lines ;onnected to each of
said meméry cell arrays; and
" an array control portion provided at each of said
memory cell arrays for.controlling said memory cell
arrays in accordance with an array control signal;'said
array control'portion transmitting data in the memory
cell array associated therewith to based on said array
control signal.
17. A semiconductor memory comprising:
at least two blocks, each of said blocks
including: |

at least three memory cell arrays having bank
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addresses different from each other;

a plurality of data lines connected to each of
said memory cell arrays; and

array control portions provided between said
blocks for controlling memory cell arrays in each of
said blocks in accordance with an array control signal,

said ‘array control portion transmitting the data in the

- memory cell arrays in each of said blocks to said data

lines based on said array control signal.
18. A semiconductor memory comprising:

at least two blocks, each of said blocks

-including:

atlleast three memory cell arrays having bank
addresses different.from each other;

a plurality of data lines connected to each of
said memory cell arrays; and

array control portions provided between said
blocks for controlling memory cell arrays in each of
said blocks in accordance with an array control signal,
said array control portion transmitting the data in the -
memory cell arrays in one of said blocks to said data
lines based on said array control signal.

19. An apparatus according to claim 16, wherein
said array control signal is common to all of said
blocks.

20. An apparatus according to claim 16, further

comprising:
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a sense amplifier provided at said memory cell
arrays for amplifying data on bit lines. .

21. An apparatus according to claim 17, wherein
said array control portions connect selected bit lines
of said memory cell arrays associated therewith to said
sense amplifier to transmit the data on said bit lines
to said sense amplifier, said sense amplifier holding
said dafa until it is precharged.

22. An apparatus according to claim 20, wherein
said array control signal includes a timing signal
indicating timing at which the data in said sense
amplifier are transmitted to said data lines, said
timing signal being synchronized between all of said
array control portions.

23. An apparatus according to claim i?, further
comprising:

data buses provided for each of said blocks in
a quantity smaller than thé number of the data lines in
each of said blocks; and

decoders provided at each of said blocks for
selecting a data line to be connected to said data bus
from amdng said data lines.

24. An apparatus according to claim 16, further
comprising: |

data buses shared by said blocks in a quantity
smaller than the number of the data lines in each of

said blocks; and
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a decoder provided at each of said blocks for
seiecting a data line to be connected to said data bus
from among said data lines.

25. An apparatus according to claim 19, wherein
5 each of said blocks includes a column decoder for
selecting said data lines.
.26. An apparatus according to claim 19, wherein
said first biock includes a column decoder for

selecting said data lines.



