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SEMICONDUCTOR MEMORY DEVICE WITH
REDUCED DATA ACCESS TIME

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

FIELD OF THE INVENTION

The present mvention relates to a semiconductor memory
device; and, more particularly, to the semiconductor memory
device capable of providing a reduced data access time.

DESCRIPTION OF RELATED ART

Generally, a semiconductor memory device 1s classified as
a random access memory (RAM) and a read only memory
(ROM).

The RAM includes a Dynamic RAM (DRAM) and a Static
RAM (SRAM). One cell of the dynamic RAM has one tran-
s1stor and one capacitor and that of the static RAM does four
transistors and two load resistances. The DRAM 1s used more
widespread than the SRAM because the DRAM 1s more
eificient than SRAM 1n a chip mtegration and a manufactur-
INg Process.

Today, an operation speed of a central processing unit
(CPU) 1s more dramatically advanced than that of the DRAM.
As a result, many problems may arise because the operation
speed of the memory device 1s slower than that of CPU. For
overcoming these problems, several kinds of scheme 1n the
memory device have been developed for a high speed data
transmission.

FI1G. 1 1s a block diagram showing a conventional memory
device.

As shown, the memory device is provided with an instruc-
tion controller 200, more than one banks 100, and a data
input-output buffer 300. The instruction controller 200 con-
trols the bank 100 1n various operation modes, e.g., read, write
and refresh execution mode, in response to a plurality of the
istructions /RAS, /CAS, /WE, /CS, CKFE, CK and the like,
inputted from an external part (not shown). The bank 100 has
a number of segments 120A to 120H, each segment includes
arow address decoder 121 and a column address decoder 122
so that data stored 1n a umit cell block read out 1n response to
an mputted address or an mputted data 1s written 1n the unit
cell block of the segment 120A. The data input-output buifer
300 serves to buifering the inputted or the outputted data for
the unit cell block of the bank 100.

Typically, the memory device has, e.g., four banks. How-
ever, FIG. 1 describes only one bank 100 in detail, because
cach of the banks has the same structure. Although, for the
sake of convenience, elements of the conventional memory
device are simplified 1n FIG. 1, another element may be
contained in the conventional memory device.

One bank has input/output (I/O) sense amplifier blocks
110A and 110B for amplifving sensed data outputted from,
¢.g., eight segments 120A to 120D and 120E to 120H to
provide the amplified data to the data put/output (I/O)
builfer 300. Each segment 1s constituted of several unit cell
blocks. Furthermore, the I/O sense amplifier blocks 110A and
110B supplies the data mputted from the data input/output
(1/0) butfer 300 to the first to eighth segments 120A to 120H.

The first segment 120A includes the row address decoder
121, the column address decoder 122 and a cell area 120A_1.

The row address decoder 121 decodes a row address to output
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the decoded row address to the cell area 120A_1. The column
address decoder 122 decodes a column address to output the
decoded column address to the cell area 120A 1.

The cell area 120A_1 1s constituted of a plurality of unit
cell blocks, each having a number of unit cells. One unit cell
block 124 A 1s coupled to a pair of the bit line sense amplifier
block, e.g., 123 A and 123B, for sensing and amplifying the
data outputted from the unit cell block, e.g., 124A.

For example, the 256 Mb memory device includes typi-
cally, four 64 Mb banks. In this case, a size of the segment 1s
8 Mb because each bank 100 includes eight segments 120A to
120H. Each segment, e.g., 120A has eight unit cell blocks
124 A to 124H and each unit cell block, e.g., 124 A has 256
word lines and 4 Kb(4x1024) bit lines. Thus, each unit cell
block, e.g., 124 A has 256x4 Kb unit cells. Hereinafter, it 1s
assumed that the size of the segment 1s 8 Mb and each unit cell
block has 256 word lines.

As mentioned, 1f each unit cell block, e.g., 124 A 1s coupled
to two sense amplifier blocks, e¢.g., 123A and 123B, 1t 1s
needed that the segment 120A having eight unit cell blocks
124 A to 124H should have sixteen bit line sense amplifier
blocks. However, the segment 120A of the conventional
memory device 1s implemented by using nine bit line sense
amplifier blocks 123 A to 1231. Each bit line sense amplifier
block, e.g., 123B 1s commonly connected to the two neigh-
boring unit cell blocks, e.g., 124A and 124B. Namely, two
neighboring unit cell blocks, e.g., 124 A and 124B commonly
hold one bit line sense amphﬁer block, e.g., 123B for effi-
ciency of chip integration. In this case, the bit line sense
amplifier block, e.g., 123B may be selectively coupled to the
unit cell blocks 124A and 124B under control of the instruc-
tion controller 200.

FIG. 2 1s a schematic circuit diagram demonstrating a bit
line sense amplifier block and a unit cell block shown 1n FIG.
1. That 1s, the partial structure of two unit cell blocks 124 A
and 124B and the bit line sense amplifier block 123B 1is
described.

As shown, the first unit cell block 124 A has 256x4 Kb unit
cells, each having one MOS transistor and one capacitor,
wherein a word line 1s coupled to the gate of the MOS tran-
sistor and each of bit lines BL and /BL 1s coupled to the drain
of the MOS transistor. The source of the MOS transistor 1s
coupled to one electrode of the capacitor and the other elec-
trode of the capacitor 1s coupled to a cell plate supplier, e.g.,
a ground voltage. For the sake of convenience, since the
structure of the second unit cell block 124B 1s identical to first
unit cell blocks 124 A, the structure of the second unit cell
block 124B 1s not described 1n detail.

The bit line sense amplifier block 123B 1s provided with a
bit line sense amplifier 123B_4, a precharge block 123B_3,
an equalization block 123B_2, a data output block 123B_5
and first and second bit line sense amplifier connection units
123B_1 and 123B_6.

The bit line sense amplifier 123B_4 1s enabled by bit line
sense amplifier enable signals RTO and /S for amplifying the
difference between two voltage levels supplied to the bit line
pair BL0 and /BL0 as a sensed data. The precharge block
123B_3 precharge the bit line pair BL0 and /BLO up to a bit
line precharge voltage Vblp 1in response to a precharge enable
signal BLE(Q)'. The precharge enable signal BLEQ' 1s enabled
if the bit line sense amplifier 123B_4 1s disabled. The equal-
ization block 123B_2 1s enabled by an equalization signal
BLEQ so as to equalize voltage levels appearing on the bit
line pair BL0O and BL1 connected to the first cell unit block
124 A. The data output block 123B_3 outputs the data sensed
and amplified by the bit line senses amplifier 123B_4 to a data
line pair DB0 and /DB0 by a column control signal, e.g., CDO,
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generated by using a column address. It the first connection
unit 123B_1 1s enabled by a first sense amplifier connection
signal BISH, the bit line sense amplifier 123B_4 1s connected
to the first unit cell block 124A. Otherwise, 1f the second
sense bit line sense amplifier connection unit 123B_6 1s
enabled by a second connection signal BISL, the bitline sense
amplifier 123B_4 1s connected to the second umit cell block
124B.

Herein, the first unit cell block 124 A 1s provided with a
plurality of unit cells coupled to N number of bit line pairs,
¢.g., BLOand/BLO, ..., BLN-1and /BLN-1, and M number
of word lines e.g., WLO , WLM-1. Namely, a size of the
first unit cell block 1s N><M blts Herein, M and N are positive
integers. Since the first unit cell block 124 A 1s coupled to the
first and second bit line sense amplifier blocks 123A and
123B, the number of the sense amplifiers included in each bit
line sense amplifier block 123 A or123B 15 N/2. So, in the first
unitcell block 124 A, some of the data coupled to some bit line
pairs, e.g., BL1 and /BL1, . . ., BLN-1 and /BLN-1, in
response to an instruction is outputted to the first bit line sense
amplifier block 123A; and others coupled to other bit line
pairs, e.g., BL0O and /BL0, BL2 and /BL2, . . ., 1s outputted to
the second bit line sense amplifier block 123B.

Moreover, the second bit line sense amplifier block 123B 1s
selectively connected to one of the first and second unit cell
blocks 124A and 124B 1n response to the first and second
sense amplifier connection signals BISH and BISL.

FIGS. 3 and 4 are timing diagrams describing operation of
the conventional memory device described 1n FIGS. 1 and 2.

Hereinafter, referring FIGS. 1 to 4, the operation of the
conventional memory device 1s described 1n detailed.

First, when an address 1s inputted to the memory device,
the mputted address 1s classified into a bank address, a row
address and a column address. Furthermore, the row address
1s split into a cell block address and a local address. The bank
address 1s used for selecting one among four banks. One
segment and one unit cell block 1n the selected bank are
selected by the cell block address. The local address 1s used
for selecting one word line 1n the selected unit cell block, and
the column address 1s used for selecting one unit cell in 4 Kb
unit cells selected by the word line.

Continuously, 1t 1s described the operation of the memory
device 1n a read mode.

First of all, one bank, e.g., 100, 1s selected by a bank
address 1n response to a read mnstruction RDO0. Herein, a row
address 1s then mputted to a row address decoder 121,
included in each segment of the selected bank 100.

Then, the row address decoder 121 decodes the cell block
address and the local address included 1n the inputted row
address and one unit cell block 124 A 1n a selected segment
120A of the bank 100 1s selected by using the cell block
address and the local address.

Next, a word line, e.g., WL, of 256 word lines in the first
unit cell block 124 A, 1s activated by the local address output-
ted from the row address decoder 121 when the bit line pairs
BLO and /BLO, ..., BLN-1 and /BLLN-1 included in the first
unit cell block 1s typically precharged with a half of a supply
voltage by the precharge blocks 123A_3 and 123B_3 shown
in FIG. 2.

After that, each bit of 4 Kb data stored in unit cells con-
nected to the activated word line WL 1s individually supplied
to each of bit line pairs BLO and /BLO, . . ., BLN-1 and
/BLN-1. At this time, 11 the first sense amplifier connection
signal BISH shown 1n FIG. 2 1s enabled and the second sense
amplifier connection signal BISL 1s disabled, the bit line
sense amplifier blocks 123A and 123B are connected to the

selected first unit cell block 124 A.
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Next, the bit line sense amplifiers 123A_4 and 123B_4
senses and amplifies the data supplied at the bit line pairs BL0
and /BLO0, ..., BLN-1 and /BLN-1.

That 1s, the bit line sense amplifier 123B senses and ampli-
fies data supplied to some bit line pairs BL.O and /BL0, BL2
and /BL2, ..., BLN-2 and /BLN-2. Stmultaneously, the bit
line sense amplifier 123B senses and amplifies data supplied
to other bit line pairs BL1 and /BL1, BL3 and /BL3, . . .,
BLN-1 and /BLN-1. Of course, the bit line sense amplifier
block 123B allocated between two unit cell blocks 124 A and
1248 1s selectively connected to the two neighboring unit cell
blocks 124A and 124B at a preferred timing scheme deter-
mined by the instructions /RAS, /CAS, /WE, /CS, CKE, and
CK etc, for obtaining a high integration and a high operation
speed of the memory device.

And then, the column address decoder 122 decodes the
iputted column address in response to the read instruction
RDO0 to output the column select signal, e.g., CD0, CD1, CD?2,
... The 4 Kb data 1s amplified by the bit line sense amplifier
blocks 123 A and 123B; and the selected data by the column
select signal 1s outputted to the I/O sense amplifier block
110A shown in FIG. 1 through the use of the data line pair DB
and /DB.

The I/O sense amplifier block, e.g., 110A, amplifies the

selected data signal for compensating a loss occurred 1n a
relatively long data line pair DB and /DB and outputs the
amplified data signal to the data I/O bufler 300. The data
input-output butter 300 temporarily stores and outputs the
amplified data outputted from each bank to an external part
(not shown) at predetermined data output timing scheme.

In the meanwhile, selected 4 Kb data latched after sensed
and amplified by the bit line sense amplifier blocks 123 A and
123B should be restored 1n selected 4 Kb unit cells connected
to the word line WL 0 activated by the read instruction RDO.

In the conventional memory device, a capacitance of the
capacitor included 1n the umit cell 1s a few femto-farad and
charge amount stored in the capacitor 1s very small. As a
result, after the charge stored 1n the capacitor of the cell-umit
1s discharged to the bit line as sensed data, the sense data 1s
amplified by the sense amplifier and should be restored 1n the
capacitor. Typically, the capacitor can be recharged over 90
percentages of a charging capability of the capacitor by using
the above restoration operation.

Furthermore, since a small amount of charges stored 1n the
capacitor may be lost with lapse of time, the memory device
needs a refresh operation for periodically recharging the
capacitor. Therefore, 1t 1s necessary that the memory device
spends an additional time for the refresh or the data restora-
tion operation 1n order to prohibit the data loss 1n the capaci-
tor.

FIG. 3 1s a ttiming diagram showing the operation of con-
tinuously and sequentially accessing at least two data in one
bank of the memory device shown 1n FIG. 1. Hereinafter, the
operation of continuously and sequentially retrieving at least
two data 1 one bank 1s referred as a intra bank data access.

As shown, 11 the first read mstruction RD0 1s inputted to the
memory device, the inputted row address 1s divided 1nto the
cell block address and the local address at a first timing period
t0. Herein, the cell block address and local address are indi-
vidually used for selecting one unit cell block and one word
line, e.g., the first umit cell block 124 A and the word line WL0.
Then, atthe first timing period t0, 4 Kb data stored 1n unit cells
are sensed and amplified in response to the activated word line
WLO by the bit line sense amplifier blocks 123 A and 123B
connected to the first unit cell block 124A.

Next, 1n a second timing period t1, a selected data D0 of the
amplified 4 Kb data 1s selected and outputted by the column
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select signal CD0 generated from the mputted column
address and, at the same time, the amplified 4 Kb data are
restored 1n the original unit cells coupled to the activated word
line WLO0. As above described, one read operation 1s com-
pleted during two timing periods t0 and t1.

Likewise, after the two timing periods t0 and t1, 1f a second
read instruction RD1 1s inputted, the second read operation by
the second read instruction RD1 1s then executed during two
timing periods 12 and t3.

The normal row cycle time shown 1n FIG. 3 1s defined as a
time period since a word line 1s activated in response to a
current row address or an instruction until a next word line 1s
activated by a next row address or a next instruction.

Hereinatter, in detail, operation of a data writing mode 1s
described.

Like the data reading mode, the writing operation also
includes the step that 4 Kb data are sensed and amplified by
the bit line sense amplifier blocks after a selected word line 1s
activated.

In a first timing period t0, one word line 1s activated by the
row address; and, then, 4 Kb data 1n response to the activated
word line are sensed and amplified by the bit line sense
amplifiers blocks, e.g., 123A and 123B.

In a second timing period t1, data inputted from external-
part 1s latched 1n a bit line sense amplifier selected in response
to a column select signal, e.g., CD0. Herein, the column select
signal CD0 used for storing the new data 1s decoded from the
column address. Then, 4 Kb data are stored in unit cells
selected by the activated word line. Herein, 1t may be unnec-
essary to sense and amplily the inputted data which 1s latched
in the bit line sense amplifier because voltage level of the
inputted data are enough high to be sensed and stored. As
above described, the writing operation 1s also carried out
during the two timing periods t0 and t1.

As mentioned above, the memory device having a capaci-
tor which 1s served as a storage element needs two timing,
periods for completing one data reading r writing operation.
First, a data stored 1n the unit cells 1s sensed and amplified, or
an iputted data 1s sensed at the first timing period t0. Second,
the amplified data 1s outputted to external part, or the inputted
data from external part 1s stored in each unit cell at the second
timing period.

In a high integrated memory device, the quantity of stored
charge stored as a data signal 1s relatively small because the
s1ze of the capacitor 1s very small. As a result, i the charge
stored 1n the capacitor 1s not amplified periodically, the
charge stored in the capacitor may be lost to thereby allow the
stored data to be corrupted. Namely, the refresh operation
including the data restoration operation should be periodi-
cally carried out for preserving the data of the unit cell after
the reading or writing operation as described.

In the conventional memory device, after the data are
accessed by one instruction, the next data can not be accessed
immediately, since the mmtially accessed data should be
restored to the original unit cells.

On the other hand, the conventional memory device
employs a bank interleaving mode for reducing the data res-
toration time 1n a inter bank data access, 1.e., to thereby
improve the operation speed of the memory device. The inter
bank data access means that at least two data stored 1n differ-
ent banks are continuously and sequentially accesses.

In the bank interleaving mode, the conventional memory
device may continuously output data to the external part in
response to the mputted instructions, without any additional
data access time for a restoration operation. Namely, the next
data may be accessed and outputted from the neighboring
bank, during the current data is restored in the original bank.
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FIG. 4 1s a timing diagram describing a bank interleaving,
mode of the conventional memory device shown FIG. 1.

As shown, 1n the bank interleaving mode of the memory
device, a first word line of a first bank, e.g., WL0 of B0, 1s
activated by a first read 1instruction RD0 at a first timing period
t0 and a first data D0 1n response to the first activated word line
WLO 1s outputted and restored at a second timing period t1.
Simultaneously, at the second timing period t1, a next read
instruction RD1 1s continuously inputted in a second bank B1.
And, a second word line of the second bank, e.g., WL0 of B1,
1s activated; and a second data D1 1n response to the second
activated word line WLO 1s outputted at the second timing
period t1. Thus, in the bank interleaving mode, the first to
third data D0, D1 and D2 are continuously outputted in
response to the continuously first to third read instructions
RD0, RD1 and RD2.

As describe above, 11 the data outputted from the neighbor-
ing bank are sensed and amplified by the next inputted
instruction in neighboring bank while the present data are
restored 1n the current bank, the data access time may be
reduced.

However, as mentioned above, 1t 1s difficult to apply the
bank interleaving mode 1n the intra bank data access of the
conventional memory device and, to obtain higher data access
time 1n the convention memory device. That 1s, in the intra
bank data access of the convention memory device, the con-
ventional memory device should recerve the next instruction
alter the current data outputted 1n response to the present
instruction are restored in the original unit cell.

Therefore, even though the conventional memory device
may use the bank mterleaving mode, the data access speed in
the memory device 1s greatly depend on a data access pattern,
1.e., the inter bank data access or the intra bank data access.

If a system uses the conventional memory device whose
data access speed is seriously affected by the data access
pattern, there may be occurred some critical problems about
the operation rehiability of the system because the operation
speed of the system may not be stable.

Therefore, 1t 1s necessary to develop a memory device
which can access the data on high speed less sensitive to the
data access pattern.

[,

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to provide
a method and an apparatus of a memory device for accessing
data on high speed so that the data restoration time does not
alfect seriously the data access time.

In addition, there 1s provided a method and a apparatus of
the memory device for high speed data access unrelated a data
access pattern by using inter or intra cell block interleaving
mode which can make the memory device operate on high
speed without reduction of data access time when at least two
data accesses are sequentially occurred in the same bank.

In accordance with an aspect of the present invention, there
1s provided a memory device including at least two cell blocks
connected to a global bit line for outputting data 1n response
to an 1nstruction; at least one global bit line connection unit
for selectively connecting the global bit line to each cell block
under control of a control block, one global bit line connec-
tion unit being allocated between the two cell blocks; and said
control block for controlling output of data stored 1n each cell
block to the global bit line and restoration of the outputted
data of the global bit line to the original cell block or another
cell block which 1s determined by depending upon whether
data 1n response to a next instruction 1s outputted from the
original cell block or another cell block.
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In accordance with another aspect of the present invention,
there 1s provided a memory device including a plurality of
unit cell blocks, each having a plurality of unit cells, a first
local bit line sense amplifier block for sensing and amplitying
data from a unit cell, and a second local bit line sense ampli-
fier block for sensing and amplifying data from another cell
unit; a first global bit line sense amplifier block for latching,
data sensed and amplified from the first local bit line sense
amplifier block; a second global bit line sense amplifier block
for latching data sensed and amplified from the second local
bit line sense amplifier block; a first global bit line connection
unit, 1 response to a first control signal, for selectively con-
necting either the second local bit line sense amplifier block
of a first unit cell block to the second global bit line sense
amplifier block or the first local bit line sense amplifier block
ol a second unit cell block to the first global bit line sense
amplifier block; a second global bit line connection unit, 1n
response to a second control signal, for selectively connecting,
either the second local bit line sense amplifier block of a third
unit cell block to the second global bit line sense amplifier
block or the first local bit line sense amplifier block of a forth
unit cell block to the first global bit line sense amplifier block;
and a control unit for generating the control signals to thereby
control a storing operation of the data latched 1n the first and
the second global bit line sense amplifier block.

In accordance with another aspect of the present invention,
there 1s provided a memory device including a plurality of
first unit cell blocks, each having a plurality of unit cells, a
first local bit line sense amplifier block for sensing and ampli-
tying data from a unit, and a second local bit line sense
amplifier block for sensing and amplifying data from another
unit cell; a first global bit line sense amplifier block for latch-
ing data sensed and amplified by the first local bit line sense
amplifier block; a second global bit line sense amplifier block
for latching data sensed and amplified by the second local bit
line sense amplifier block; and a control unit for controlling a
restoration execution of data latched 1n the first and the sec-
ond global bit lines.

In accordance with another aspect of the present invention,
there 1s provided a memory device including a plurality of
unit cell blocks, each including a local bit line sense amplifier
block for sensing and amplifying data stored in a plurality of
unit cell and having the plurality of th unit cells; a global b1t
line sense amplifier block for latching data sensed and ampli-
fied by the plurality of the local bit line sense amplifier block;
and a control unit for controlling the use of the latched data in
a restoration execution.

In accordance with another aspect of the present invention,
there 1s provided a memory device including a cell area
including N+1 number of unit cell blocks, each having M
number of word lines for responding to mputted row address;
and a control unit for controlling the cell area to thereby
restoring data accessed 1n a first unit cell block selected out of
the N+1 number of the unit cell blocks either in the first unit
cell block or 1n a second unit cell block.

In accordance with another aspect of the present invention,
ther 1s provided a memory device including a cell area having
N+1 number of unit cell blocks, each including M number of
word lines for responding to an mputted row address; a pre-
determined cell block table for storing information wherein at
least more than one word line among the (N+1 )xM number of
the word lines 1s assigned as a predetermined restorable word
line by using the information; a tag block for sensing an input
logical cell block address for designating a unit cell block to
be accessed to converting the input logical cell block address
into a physical cell block-address for designating a unit cell
block to be restored; and a control unit for controlling the tag
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block and the predetermined cell block table for activating
one word line of the umit cell block selected by the physical
cell block address.

In accordance with another aspect of the present invention,
there 1s provided a memory device including a cell area
including N+1 number ol unit cell blocks adding N number of
the unit cell blocks individually having M number of word
lines for responding to an 1mnputted row address and an addi-
tional unit cell block having M number of the word lines; a
data access control unit for controlling operation that data
accessed 1n a first unit cell block selected in the N+1 number
of the unit cell blocks are restored either in the first unit cell
block or 1n a second unit cell block; and an instruction control
unit for controlling an operation that a cell block address 1n
response to a second instruction being at an active next timing
period 1s conversed and a bit line 1n response to a first Instruc-
tion 1s precharged during accessing data in response to the
first present active instruction.

In accordance with another aspect of the present invention,
there 1s provided a method for operating a memory device
having first and second cell blocks, each having a number of
cell unmits including the steps of: (A) sensing and amplifying a
first data in the first cell block; (B) restoring the first data in the
second cell block; and (C) sensing and amplifying a second
data 1n the first unit block, wherein both the step (B) and the
step (C) are performed at a substantially simultaneous timing
period.

In accordance with another aspect of the present invention,
there 1s provided a method for operating a memory device
having an N+1 number of unit cell blocks adding an N num-
ber of unit cell blocks and an additional unit cell block 1ndi-
vidually both corresponding to an 1mnputted row address and
having an M number of word lines, N and M being positive
integers icluding steps of: (A) sensing and amplifying a first
data 1n a first unit cell block selected out of the N+1 number
of the unit cell blocks; (B) restoring the first data in a second
unit cell block selected out of the N+1 number of the unit cell
blocks; and (C) sensing and amplifying a second data in the
first unit cell block, wherein both the step (B) and the step (C)
are performed at a substantially simultaneous timing period.

In accordance with another aspect of the present invention,
there 1s provided 67. A method for operating a memory devic
including an N+1 number of unit cell blocks, adding a N
number of unit cell blocks and an additional unit cell block,
both corresponding to an mputted row address and having a
M number of word lines, N and M being positive integers,
comprising the steps of: (A) activating a first word line of a
first unit cell block selected out of the N+1 number of the unit
cell blocks; (B) sensing and amplitying a K number of data in
response to the first word line; (C) moving the K number of
the sensed and amplified date 1n response to the first word line
to the other umit cell block having a predetermined word line
in response to the first word line and restoring thereot; (D)
activating a second word line of the first unit cell block; (E)
sensing and amplitying a K number of data in response to the
second word line, wherein the steps (C) and (E) are performed
at substantially simultaneous timing period.

In accordance with another aspect of the present invention,
there 1s provided a method for operating a memory device
having a cell area containing an N+1 number of unit cell
blocks, adding an N number of unit cell blocks and an addi-
tional unit cell block, both corresponding to an inputted row
address and having an M number of word lines, N and M
being positive integers including the steps of: (A) sensing
data by both a logical cell block address for selecting a N
number of logical unit cell blocks by receiving the row
address and a local address for selecting one out of the M
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number of word lines included in the s lected unit cell block;
(B) converting the logical cell block address to a physical cell
block address for selecting one out of a N+1 number of the
physical cell block addresses; (C) activating a first word line
in response to the local address 1n a first unit cell block
selected 1n response to the converted physical cell block
address; (D) sensing and amplifying the data in response to
the first word line; (E) moving the first data to a second unit
cell block of which a predetermined word line 1s assigned 1n
response to the first word line; (F) activating a second word
line of the first unit cell block 1n response to the local address
inputted for a next istruction; and (G) sensing and amplity-
ing a second data in response to the second word line, wherein
the steps E and G are occurred at a substantially simultaneous
timing period.

In accordance with another aspect of the present invention,
there 1s provided a method for operating a memory device
including a cell area having an N+1 number of unit cell
blocks, adding an N number of unit cell blocks and an addi-
tional unit cell block, individually both corresponding to an
inputted logical cell block address and having an M number
of word lines, N and M being positive integers including the
steps of: (A) receiving a first logical cell block address 1n
response to a first instruction and thereof converting to a first
physical cell block address for selecting one out of a N+1
number of the physical cell block addresses; (B) sensing and
amplifving a first data 1n a first unit cell block 1n response to
the first physical cell block address; (C) moving the first data
and latching thereof; (D) precharging the first data sensed and
amplified 1n the first unit cell block; (E) converting to a second
physical cell block address after receiving a second logical
cell block address 1n response to a second 1nstruction; (F)
moving the first latched data to the second unit cell block
selected out of the N+1 number of the unit cell blocks and
restoring thereof; and (G) of sensing and amplifying the sec-
ond data in the second unit cell block 1n response to the
second physical cell block address, wherein the steps F and G
are occurred at a substantially simultaneous timing period.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the instant
invention will become apparent from the following descrip-
tion of preferred embodiments taken 1n conjunction with the
accompanying drawings, 1n which:

FI1G. 1 1s a block diagram showing a conventional memory
device;:

FIG. 2 1s a schematic circuit diagram demonstrating a bit
line sense amplifier block and a unit cell block shown 1n FIG.
1

FIGS. 3 and 4 are timing diagrams describing data access
operations of the conventional memory device described 1n
FIG. 1;

FIG. 5 1s a block diagram describing a semiconductor
memory device 1n accordance with a preferred embodiment
ol the present 1nvention.

FIG. 6 15 a block diagram showing a segment in the semi-
conductor memory device 1n accordance with an embodiment
of the present invention;

FIG. 7 1s a block diagram describing a segment 1n the
semiconductor memory device i accordance with another
embodiment of the present invention;

FIGS. 8 and 9 are timing diagrams depicting operation of
the semiconductor memory device, depending upon a data
access pattern:
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FIG. 10 1s a block diagram describing a segment in the
memory device i accordance with another embodiment of

the present invention;
FIG. 11 1s a schematic circuit diagram showing a cell area
shown 1n FIG. 10;

FIG. 12 1s a schematic circuit diagram describing a cell
block of the cell area shown 1n FIG. 11;

FIGS. 13 A to 13D are explanatory diagrams depicting the
operation of the cell area shown 1n FIG. 11;

FIG. 14 1s a block diagram showing a segment in the
memory device 1n accordance with another embodiment of
the present invention;

FIG. 15 1s a schematic circuit diagram describing a cell
block of the bank shown 1n FIG. 14;

FIG. 16 1s a block diagram showing a segment 1n the
memory device in accordance with another embodiment of
the present invention;

FIG. 17 1s a timing diagram describing the operation of the
memory device described 1n FIG. 16;

FIG. 18 1s a block diagram showing a segment 1n the
inventive memory device i accordance with another embodi-
ment of the present invention;

FIG. 19 1s an exemplary block diagram describing a pre-
determined cell block table shown 1n FIG. 18:;

FIG. 20 1s an exemplary block diagram depicting a tag
block shown 1n FIG. 18;

FI1G. 21 1s a block diagram showing a part of a control block
shown i FIG. 18;

FIGS. 22 and 23 describe explanatory diagrams of the tag
block shown 1n FIG. 20 1n detail;

FIG. 24 1s a timing diagram depicting operation of the
memory device shown 1n FIG. 18;

FIG. 25 1s a timing diagram describing the operation of the
memory device employing the tag block shown 1n FIG. 18;

FIG. 26 1s a block diagram showing a semiconductor
memory device 1n accordance with another preferred
embodiment of the present invention;

FIG. 27 1s a timing diagram depicting an inter cell block
interleaving mode in the memory device shown 1n FIG. 26;

FIG. 28 1s a timing diagram depicting operation of the
memory device shown 1n FIG. 26 1n a read mode;

FIG. 29 1s a timing diagram depicting operation of the
memory device shown 1n FIG. 26 1n a write mode;

FIG. 30 15 a sitmulation wavelform showing operation of the
memory device shown 1n FIG. 26 1n the read mode;

FIG. 31 1s a schematic circuit diagram describing a circuit
for generating signals used for a global bit line connection
unit shown in FIG. 24;

FIG. 32 1s a timing diagram showing operation of the
memory device 1n response to the signals generated from th
circuit shown in FIG. 31;

FIG. 33 1s a block diagram depicting a memory device
having a reduced row cycle time;

FIG. 34 1s a block diagram describing the memory device
shown 1n FIG. 33 1n detail;

FIG. 35 1s a timing diagram depicting operation of the
memory device shown 1n FIG. 34 in response to continuously
inputted reed nstructions; and

FIG. 36 1s a timing diagram showing operation of the
memory device shown in FIG. 34 in comparison with that of
the memory device shown in FIG. 18.

DETAILED DESCRIPTION OF THE INVENTION

Heremaiter, a semiconductor memory device 1 accor-
dance with the present invention will be described 1n detail

referring to the accompanying drawings.



US RE42,976 E

11

Referring to FIG. §, there 1s shown a block diagram show-
ing a semiconductor memory device in accordance with a
preferred embodiment of the present invention.

As shown, the semiconductor memory device includes a
plurality of banks. Each bank has at least one segment 510A
to 510D and an mput/output (I/0) sense amplifier block 590.
The segment, e¢.g., S10A, includes a cell area 520, a control
block 580, a row address decoder 560 and a column address
decoder 565. Herein, because the row and column address
decoder 560 and 3565 are similar to those of the conventional
memory device as shown in FIG. 1, detailed descriptions
about operation of the row and column address decoder 560
and 565 1s omitted for the sake of convenience.

Referring to FIG. 6, the cell area 520 includes at least two
cell blocks, e.g., 610 and 620, at least one global bit line
connection unit, e.g., 550. The cell block, e.g., 610, outputs
data through the use of a global bit line 503 1n response to an
istruction. The global bit line connection unit 550 allocated
between the two cell blocks, e.g., 610 and 620, serves to
selectively connect the global bit line 505 to each cell block,
e.g., 610 or 620. For the sake of convenience, the row address
decoder and the column address decoder identical to those
shown 1n FIG. 5 does not described in the segment embodi-
ment, hereinatter.

The memory device can support an “intra cell block inter-
leaving mode™. Hereinafter, the inter cell block interleaving
mode 1s defined as an operation that during a current data in
response to a current instruction 1s restored in the original cell
block or 1n another cell block, a next data in response to a next
instruction 1s simultaneously outputted from the same cell
block.

For implementing the intra cell block interleaving mode,
the control block 580 controls the cell area 1n a manner that a
first data 1s restored 1nto the original cell block, e.g., 610 and
a second data 1s simultaneously outputted from the same cell
block, e.g., 610 1n response to a next instruction, after the cell
block, e.g., 610 outputs the first data to the global bit line 505
in response to an mstruction.

In detail, a first cell block 610 1includes a first cell array 616,
a first local sense amplifier unit 612A and a first local sense
amplifier connection unit 614A. The first cell block 610 tur-
ther includes a second local sense amplifier unit 612B and a
second local sense amplifier connection umt 614B.

The first cell array 616 has a plurality of unit cells and 1s
coupled to the first and the second local sense amplifier units
612A and 612B through the first and second local sense
amplifier connection units 614A and 614B. The first local
sense amplifier block 612A amplifies and outputs a first data
outputted from the first cell array 616 to the global bit line
505. The first local sense amplifier connection unit 614A
serves 1o selectively connect the first cell array 616 to the first
local sense amplifier block 612A. As soon as the first data
from the first cell array 616 1s supplied to the first local sense
amplifier unit 612A, the first cell array 616 1s 1solated from
the first local sense amplifier block 612A by the first local
sense amplifier connection unit 614 A.

After the first data 1s coupled to the input/output sense
amplifier block 590, the first data should be restored. Thus,
the global bit line connection unit 550 connects the global bit
line 505 to the second local sense amplifier unit 612B. Then,
the first data 1s amplified by the second local sense amplifier
unit 612B; and the amplified first data 1s restored in the
original cells. Stmultaneously, a second data 1n response to
the next instruction can be outputted from the same cell array
616 or another cell array, e.g., 626 aiter amplified by the local
sense amplifier unit, e.g., 612A or 622A.
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Thus, a data access time of the inventive memory device 1s
not depended upon whether the first and second data are
accessed on the same cell blocks or each different cell block
in the intra cell block data access. Namely, the mventive
memory device can guarantee stable operation speed without
depending on a data access pattern.

FIG. 7 1s a block diagram describing a segment in the
semiconductor memory device in accordance with another
embodiment of the present invention.

As shown, the segment of the semiconductor memory
device includes a first cell block 710, a second cell block 720,
a connection unit 790 and a control block. And the segment
turther includes a latch unit 770 and the cell area 1s couple to
a control block 780 which 1s similar to the control block
shown 1n FIG. 6.

Each of the first and the second cell blocks 710 and 720 has
a plurality of unit cells and a local sense amplifier unit 712 or
722. The connection unit 790 1s used for selectively connect-
ing or disconnecting an alternative of the first and second cell
block 710 and 720 to a global bit line 705. The latch unit 770
temporary latches a data supplied in the global bit line 705.
The control block 780 supports an intra cell block interleav-
ing mode.

For supporting the inter cell block interleaving mode, the
control block 780 controls the cell area 1n a manner that a first
data from the first cell block 710 1s restored into the other cell
block, e.g., 720, and a second data 1s stmultaneously output-
ted from the same cell block, e.g., 710 1n response to a next
instruction, aiter a first cell block, e.g., 710 outputs a first data
to the global bit line 705 1n response to a 1nstruction.

In detail, 1f the second data in response to the next instruc-
tion 1s sequentially accessed in the first cell block 710 after the
first data 1n response to the current mstruction 1s accessed 1n
the same cell block 710, the first data is restored not in the
original cell block 710 but in the second cell block 720. At this
time, the latch unit 770 1s used for temporanly latching the
first data supplied to the global bit line 705.

Namely, first of all, the connection unit 790 connects the
first cell block 710 to the global bit line 705 for outputting the
first data. The first data 1s outputted to an external circuit and
latched 1n the latch unit 770. Then, the connection unit 790
connects the second cell block 720 to the global bit line 705
for restoring the latch d first data, while the second data 1s
accessed and amplified by the local sense amplifier unit 712
of the first cell block 710.

I1 the second data 1s accessed and outputted from the sec-

ond cell block, the latched first data 1s restored 1n the original
cell block 710 while the second data for the second cell block
720 1s amplified by the local sense amplifier unit 722 of the
first cell block 720.
Thus, the data access time of the inventive memory device
of the present invention 1s not depended upon whether the first
and second data are outputted from the same cell block or a
different cell block. Namely, the inventive memory device
can guarantee a stable operation speed less sensitive to a data
access pattern.

FIGS. 8 and 9 are timing diagrams depicting operation of
the semiconductor memory device, depending upon a data
access pattern.

Herein, as shown 1n FIGS. 7 to 9, there 1s described the
operation ol the memory device i accordance with the
present invention. First, referring to FI1G. 8, there 1s described
the operation of the memory device 1n an intra cell block data
access.

As shown, by sequentially inputted instructions CDO0 to
CD2, e.g., the first data 1s sensed and amplified 1n the first cell
block 710 at a first timing period t0. Herein, at a second timing

-
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period t1, the first data 1s restored 1n the second cell block and
the second data 1s sensed and amplified 1n the same first cell
block 710.

Herein, at a third timing period t2, the second data 1s
restored 1n the second cell block 720 and the third data 1s
sensed and amplified in the same first cell block 710. And
next, the third data 1s restored 1n the second cell block 720 at
the forth timing period t3.

After the first data 1s sensed and amplified by the local
sense amplifier 712 included 1n the first cell block 710, the
first data latched by the latch block 770 moves to the second
cell block 720 for first data restoration time.

The data exchange between the latch block 770 and the first
or the second cell block 710 or 720 1s performed through the
use of the global bit line 705. The global bit line 705 1s
selectively connected to the first and the second cell blocks
710 and 720 by the connection unit 790.

Referring to FIG. 9, 1in an inter cell block data access, the
second data 1s accessed 1n the second cell block 720 after the
first data 1s accessed 1n the first cell blocks 710.

When first to third data are alternatively retrieved 1n the
first and the second cell blocks 710 and 720 1n response to
continuously inputted instructions CD0 to CD2, the first data
1s sensed and amplified 1n the first cell block 710 at a first
timing period t0; and then, at a second timing period t1, the
first data 1s restored 1n the first cell block 710 and, at the same
time, the second data 1s sensed and amplified 1n the second
cell block 720.

Next, at a third timing period t2, the second data 1s restored
in the second cell block 720; and, at the same time, the third
data 1s sensed and amplified 1n the first cell block 710. And
then, the third data 1s restored in the first cell block 710 at the
forth timing period t3.

For instance, after the first data 1s sensed and amplified, the
first data latched by the latch block 770 moves to the first or
the second cell block 710 or 720 for the data restoration time.
Namely, when the data are alternatively retrieved from the
first and the second cell blocks 710 and 720 1n the inter cell
block data access, an inter cell block interleaving mode 1s
performed 1n a manner that another data accessed by a next
instruction 1s sensed and amplified during a first data latched
in the latch block 770 1s restored in the original cell block.

In the case that an inputted 1nstruction 1s the read instruc-
tion, the data latched 1n the latch block 770 1s outputted to the
external part; otherwise, 1n a written mode, the data inputted
from the external part 1s replaced with the latched data.

Since, in the memory device of the present mnvention, data
access operation and restoration operation are simultaneously
carried out at the same row cycle time, the data access time
can be dramatically reduced.

FIG. 10 1s a block diagram describing a segment in the
memory device in accordance with another embodiment of
the present invention.

As shown, the segment of the memory device includes N+1
of unit cell blocks, e.g., 1010 to 1050, N/2+1 global bit line
connection units, e.g., 1090A to 1090C, first and second
global bit line sense amplifier units 1075A and 1075B and a
control block 1080.

Each unit cell block, e.g., 1010 includes a cell array 1016
having a plurality of unit cells, a first local bit line sense
amplifier block, e.g., 1012A and a second local bit line sense
amplifier block, e.g., 1012B. The first global bit line sense
amplifier unit 1075 A serves to latch data sensed and amplified
by the first local bit line sense amplifier block, e.g., 1012A,
included in each unit cell block. The second global bit line
sense amplifier unit 10738 1s used for latching data sensed
and amplified by the second local bit line sense amplifier
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block, e.g., 1012B, included 1n each unit cell block. Each
global bit line connection unit, e.g., 1090A serves to selec-
tively connect the global bit line 1005 to the second local bit
line sense amplifier block, e.g., 1212B of one unit cell block,
¢.g., 1010 and the first local bit line sense amplifier block,
¢.g., 1022 A of the otherunit cell block, e.g.,1020. The control
block 1080 1s used for controlling operations of inputting and
outputting data outputted from each unit cell block and restor-
ing the outputted data 1n the original cell unit or another cell
unit.

The control block 80 supports operation that, in the intra
cell block data access, the first data 1s restored not 1n the first
unit cell block 1010 but in another unit cell block, e.g., 1050,
while the second data 1s accessed 1n the first unit cell block
1010.

In addition, the control block 80 supports operation that, in
the inter cell block data access, the first data 1s restored 1n the
first unit cell block 1010 while the second data 1s accessed 1n
another unit cell block, e.g., 1020.

FIG. 11 1s a circuit diagram showing the cell area 1020
shown 1n FIG. 10.

As shown, the cell areca 1020 of the memory device
includes the first to the fifth cell blocks 1180A to 1180FE, each
having a plurality of the unit cell and the first and the second
global bit line sense amplifier blocks 1175A and 1175B
coupled to each unit cell block through the use of the global
bit line 1005.

Each of the first and the second global bit line sense ampli-
fier unit 1175A and 1175B has a plurality of the global bit line
sense amplifier GSA. The global bit line sense amplifier
1170A included 1n the first global bit line sense amplifier unit
1075 A 1s coupled to the global bit line sense amplifier 11708
included 1n the second global bit line sense amplifier block
1075B through use of the first global bit line pair GBL0 and
/GBLO0. The amplified data by the first and second global bit
line sense amplifier units 1075A and 1075B 1s outputted
through the use of global sense amplifier lines 1105A and
1105B.

The global bit line sense amplifier GSA latches and ampli-
fies the data supplied from the local bit line sense amplifier
L.SA. The configuration of the global bit line sense amplifier
(GSA can be 1dentical to that of the local bit line sense ampli-
fier LSA.

The global bit line connection unit, e.g., 1090 A, selectively
connects the global bit line 1005 to the two neighboring local
bit line sense amplifiers, e.g., 12128 and 1022B. Fach of the
global bit line connection units, e.g., 1090A, 1s allocated
between two unit cell blocks 1010 and 1020. There are pro-
vided with three global bit line connection units 11 the number
of the unit cell blocks 1s S as shown 1n FIG. 11. If the number
of these 1s 9, there are provided with be five global bit line
connection units.

As mentioned above, each unit cell block, e.g., 1010,
includes the unit cell array, e.g., 1216 and the first and the
second local bit line sense amplifiers, e.g., 1012A and 1012B.
The first and the second local bit line sense amplifiers, e.g.,
1012A and 1012B, have a plurality of the bit line sense
amplifiers. Each first local bit line sense amplifier, e.g.,
1012A, 1s connected to the global bit line 1005 through a
switch transistor A.

The first to the fifth unit cell block control blocks 1180A to
1180FE respectively output a switch control signal, e.g.,
GBIS12 or GBIS34, for selectively connecting the local bat
line sense amplifier LSA, e.g., 1212A or 1212B, included 1n
cach the unit cell block, e.g., 1010, to the global bit line 1005
through the global bit line connection umt, e.g., 1090A,
10908, 1090C.
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Through the global bit line 1005 connected to the first and
the second global bit line sens amplifier 1070A and 10708, a
data latched in the first and the second global bit line sense
amplifier block 1070A and 1070B 1s outputted to the external
part, or a data inputted from the external part is supplied to the
first and the second global bit line sense amplifier block
1070A and 1070B.

FI1G. 12 15 a schematic circuit diagram describing a partial
circuit of the unit cell block of the cell area shown 1n FIG. 10.

Each unit cell array, e.g., 1016, included 1n each second

unit cell blocks, e.g., 1010, has a plurality of the word lines
WLO0, WL1, . .. and WLN, a plurality of bit line pairs, e.g.,

BL0 and /BLO, ..., BLN and /BLN, a plurality of unit cells.
Herein, the unit cell includes a capacitor and a MOS transistor
correspondently connected to each word line and each bit line
pair.

As shown, the second local bit line sense amplifier block
1012B of the first unit cell block 1010 1includes a bit line sense
amplifier 1230B, a precharge block 1210B, a bit line sense

amplifier connection block 1040B and an equalization block
1220B. Since these block 1210B, 12208, 1040B and 12308

are 1dentical to those shown FIG. 2, for the sake of conve-
nience, detail descriptions are omitted. However, especially,
for preventing the data collision in each of global bit line pair
GBLO0 and /GBLO, the first local bit line sense amplifier LSA
related to a cell array 1s coupled to one of global bit sense
amplifier pair GSA, and the second local bit line sense ampli-
fier LSA related to the same cell array 1s couple to the other of
the global bit sense amplifier pair GSA.

Under the control of the cell block controller, e.g., 1180A,
cach bit line sense amplifier, e.g., 1012A and 1012B of the
unit cell block, e.g., 1010, 1s selectively connected to the
global bit line 1003 or the global bit line connection unit, e.g.,
1090A.

FIGS. 13A to 13D are circuit diagrams depicting how to
access the data 1n the cell block and output the access data to
a global sense amplifier block.

FIGS. 13A to 13D describe the data transmission between
the local bit line sense amplifier LSA and the global bit line
sense amplifier GSA. Especially, two data respectively out-
putted from the first and second local bit line sense amplifier
blocks are individually transmitted to the global bit line sense

amplifiers 1170A and 1170B throughout the global bit line
pair GBLO0 and /GBLJO.

Hereinafter, referring to FIGS. 10 to 12 and FIGS. 13A to
13D, the memory device shown 1n FIG. 10 1s described 1n
detail.

Referring to FIGS. 13A and 13C, 1n a read mode, operation
of reading a data stored in unit cell block, e.g., 1020 and 1040,
1s described. After the instruction 1s mputted 1n the memory
device, the data stored in the unit cell block, e.g., 1020, 1s
selected by the inputted address in response to the mnstruction.
Then, the selected data 1s sensed and amplified by two local
bit line sense amplifiers, €.g., 1320A and 1320B, connected to
the unit cell. The sensed and amplified data 1s moved and
thereby latched into the global bit line sense amplifiers 1170A
and 11708 (as designated by using a bold line shown 1n FIG.
13A to 13C).

For the sake of convenience, one-bit data transmission 1s
described in FIG. 13A to 13D. However, several bit data, e.g.,
4 Kb data in response to an activated word line, e.g., WL0 can
be outputted at the same time.

Referring to FIGS. 13B and 13D, operation of writing a
data stored in unit cell block, e.g., 1010 and 1050, is
described. After the istruction 1s mputted in the memory
device, the data inputted from the external part 1s latched 1n
{

he global bit line sense amplifiers 1170A and 1170B. Then,
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the latched data 1s moved to two local bit line sense amplifiers,
e.g., 1350A and 1350B, of the unit cell block, e.g., 1050.
Likewise, the writing operation 1s carried out between the
global bit line sense amplifiers 1170A and 11708 and other
umit cell blocks, e.g., 1010, 1020, 1030 and 1040 (as desig-
nated by using a bold line shown 1n FIG. 13B to 13D).

In addition, in the inventive memory device, each unit cell
block has two local bit line sense amplifiers for sensing and
amplifying data. Namely, when 4 Kb data 1n response to a
word line 1s outputted, some data, e.g., 2 Kb data, 1s sensed
and amplified by the first local bit line sense amplifier block;
and the other data, e.g., 2 Kb data, 1s sensed and amplified by
the second local bit line sense amplifier block. As a result, the
bank should have two global bit line sense amplifier blocks,
e.g., 1170A and 1170B.

FIG. 14 1s a block diagram showing a segment 1n the
memory device i accordance with another embodiment of

the present mmvention, and FIG. 15 1s a schematic circuit
diagram describing a cell block of the bank shown 1n FIG. 14.

I the unit cell block, e.g., 1410 of the segment has one local
bit line sense amplifier block, e.g., 1412 and all data, e¢.g., 4
Kb data 1n response to the activated word line 1s sensed and
amplified by the local bit line sense amplifier 1412, the global
bit line connection unit 1s unnecessary and only one global bit
line sense amplifier block 1s needed.

Therefore, in FIGS. 14 and 15, there 1s described the bank
in case that the unit cell block, e.g., 1410, has one local bit line
sense amplifier block, e.g., 1412. Herein, for the sake of
convenience, detail description about operation of the unit
cell block, e.g., 1410, 1s omitted because each block, e.g.,
1510,1520,1530 and 1540, included 1n the local bit line sense
amplifier block, .e.g., 1412 1s same to each block, e.g., 12108,
12208, 1230B and 1240B, shown 1n FIG. 12.

As shown 1n FIG. 15, data selected by a word line, e.g.,
WLO 1s sensed by the bit line sense amplifier 1412. The
sensed and amplified data 1s then coupled to the global bit line
pair GBLO and /GBLO0 by a connection unit 1540 of the bit
line sense amplifier 1412. Herein, the bit line sense amplifier
includes an equalization unmit 1510, a precharge umt 1520, a
sense amplifier 1530 and the connection unit 1540.

FIG. 16 1s a block diagram showing a bank 1n the inventive
memory device 1n accordance with another embodiment of

the present invention.

As shown, the bank includes a cell area 1620 and a control
block 1680. The cell area 1620 has N+1 number of unit cell
blocks, e.g., 1630_1, ..., 1630_N+1, and a data latch block
1670. Also, 1n each unit cell block, M number of word lines 1s
coupled to a plurality of unit cells. The N and M are positive
integers. Herein, a size of memory device, 1.e., a storage
capability, 1s calculated with the exception of the additional
unit cell block. Namely, 1n the FIG. 16, a size of the bank 1s
M(number of word lines)xN(number of unit cell blocks)x
(number of bit lines).

The control block 1680 supports the intra cell block inter-
leaving mode. The After a first data in response to a current
instruction 1s outputted from, e.g., a first unit cell block
1630 _1, the first data 1n latched 1n the data latch block 1670.
Then, 11 a second data 1n response to a next instruction 1s
outputted from the first unit cell block 1630_1, the first data 1s
restored 1n another unit cell block, e.g., 1630_N+1. At this
time, since the memory device can use an additional unit cell
block and the data latch block, a row address of the first data
1s not changed.

FIG. 17 1s a timing diagram describing operation of the
memory device shown 1n FIG. 16; and, especially, describes
the intra cell block interleaving mode when a first and the
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second data are sequentially accessed in the same unit cell
block among N+1 numbers of the unit cell blocks shown 1n
FIG. 16.

Hereinaftter, referring to FIGS. 16 and 17, there 1s described
the execution of the memory device, shown 1n FIG. 16, in
accordance with the present invention.

The additional unit cell block 1s used for restoring the first
data when the second data are sequentially accessed 1n the
same unit cell block. As shown 1n FIG. 17, the first data 1s
stored 1n unit cells coupled to a first word line WL0, and the
second data 1s stored in unit cells coupled to a second word
line WL1 of the same unit cell block.

First, at a first timing period t0, the first word line WL of,
¢.g., first unit cell block 1630 _1 1s activated 1n response to a
first instruction CDO; and, then, first data in response to the
first word line WLO0 1s sensed and amplified. The amplified
first data moves to the data latch block 1670.

At a second timing period t1, first, the second word line
WL1 of, e.g., first unit cell block 1630_1 1s activated 1n

response to a second nstruction CD1; and, at the same time,
the first word line WLO0 of, e.g., third unit cell block 1630_3 1s
activated. Then, the second data 1n response to the second
word line WL1 1s sense and amplified; and, at the same time,
the first data 1s restored into unit cells in response to the first
word line WL0 of the third unit cell block 1630 1.

As described above, the data access time of the memory
device 1n accordance with the present invention can be actu-
ally precluded the data restoration time, because the second
data can be sensed and amplified by the next instruction
during the first data 1n response to the present mstruction 1s
restored. Thus, the data access time can be effectively reduced
to thereby obtain a high speed operation of the memory
device. In addition, mn the memory device of the present
invention, the data restoration operation can be simplified by
simply changing only the cell block address of the data.

FIG. 18 1s the block diagram depicting a segment 1n the
inventive memory device in accordance with another embodi-
ment of the present invention. The structure or configuration
of the segment shown 1n FIG. 18 1s substantially 1dentical to
that of the segment shown 1n FIG. 16, except that a predeter-
mined cell block table 1810 and a tag block 1830 are coupled
to a control block 1880.

The predetermined cell block table 1810 includes a plural-
ity of registers for storing predetermined restore cell block
address information. The tag block 1830 generates a target
restore cell block address corresponding to an access cell
block address based on the predetermined restore cell block
address information. The control block 1880 controls the
predetermined cell block table 1810, the cell area 1820 and
the tag block 1830 1n order to support the intra cell block
interleaving mode.

FIG. 19 1s a block diagram describing the predetermined
cell block table 1810 shown 1n FIG. 18.

As shown, the predetermined cell block table 1810
includes Mx(IN+1) registers, each having the predetermined
restore cell block address information. The predetermined
restore cell block address information contains a predeter-
mined restore cell block address and 1ts condition informa-
tion. The predetermined restore cell block address consists of,
¢.g., 3 bits, and 1ts condition information of, e.g., 1 bit. The
predetermined restore cell block address information repre-
sents a target cell block to be restored, corresponding to an
accessed word line of unit cell block. Its condition informa-
tion represents whether the target cell block to be restored 1s
available or not.

The predetermined cell block table 1810 recerves a current
row address Cur_RA, a previous row address Pre_RA and a
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previous restore physical cell block address Pre_ PBA. Also,
the predetermined cell block table 1810 1s updated by an
updating signal EBT_UP DATE. The predetermined cell
block table 1810 outputs an available restore cell block
address Extra_BA to the tag block 1830.

FIG. 20 1s a block diagram depicting a tag block 1830
shown 1n FIG. 18.

As shown, the tag block 1830 includes the N+1 number of
unit tag tables 1910 to 1910 (herein, e.g., N 1s 8), the N+1
number of comparators 1912A to 1912B (herein, e.g., N 1s 8),
a cell block address decoder 1832, a cell block address
encoder 1834 and a tag control block 1838.

The cell block address decoder 1832 receives the available
restore cell block address Extra_ BA outputted from the pre-
determined cell block table 1810 and selects one among unit
tag tables 1n response to the available restore cell block
address Extra_BA. Then, the comparator, e.g., 1912A, com-
pares an address of converting the current row address
Cur_RA based on the selected unit tag table with the logical
cell block address Cur_ LBA. And last, the cell block address
encoder 1834 outputs a current restore physical cell block
address Cur_PBA which 1s encoded 1n response to a result of
comparison. Herein, each of the unit tag tables 19A0 to 1910
stores a restore cell block address information corresponding
to Nx256 word lines of unit cell blocks.

The tag block 1830 further includes a delay unmit 1836 for
delaying the current restore physical cell block Cur_PBA by
one clock period to access a restore cell block.

Herein, each of unit tag tables 19A0 to 1910 has 256 reg-
isters, and one register LBA consists of three bits. For
instance, the first unit tag table 19 A0 stores information what
logical cell block 1s corresponded with each 256 numbers of
the word lines included 1n the first unit cell block, and the
second unit tag table 432B stores information what logical
cell block 1s corresponded with each of 256 numbers of the
word lines included 1n the second unit cell block.

In addition, in each tag table 19A0 to 1910, the first register
0 stores the logical cell block address 1n response to the word
line *“WLO0’ of each unit cell block, the second register 1 stores
the logical cell block address in response to the word line
‘WL1’ of each unit cell block, and 256th register 255 stores
the logical cell block address in response to the word line
‘“WL255’ of each unit cell block.

FIG. 21 1s the block diagram of some part of the control
block 420 shown 1n FIG. 18.

As shown, the control block 1880 has the signal input block
2110 for recewving an instruction Ext_ CMD, a logical cell
block address Ext LBA and a local address Ext RA from the
external part and thereby outputting a current instruction
Cur_CMD, a current logical cell block address Cur_LBA and
the current row address Cur_RA 1n the present execution
clock and a previous mstruction Pre_CMD, aprevious logical
cell block address Pre_LBA, a previous row address Per RA.

In addition, the address convert control block 2120
included 1n the control block 1880 receives the instruction
Cur_CMD, the logical cell block address Cur_LLBA and the
local address Cur_RA 1n the present execution clock and the
instruction Pre CMD, the logical cell block address
Pre ILBA and the local address Pre_ R A 1n the prior execution
clock. And then, the address convert control block 2120 out-
puts predetermined cell block update signal EBT_UPDATE,
precharge active signal PC_ACT[0:8], the mstruction kaill
signal CMD_KILL and an inner restoration signal INTW]O:
5]

The predetermined cell block update signal EBT_UP-
DATE 1s used for updating the information stored in the
predetermined cell block table 1810 when the restore physi-
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cal cell block address Cur_PBA of the current operation clock
1s 1dentical to that Pre PBA of the previous operation clock.

In addition, the mstruction kill signal CMD_KILL termi-
nates the operation of the next instruction when the word line
of the unit cell block 1s continuously accessed. The error 1s
occurred if the tag information 1s read in the state that the
information about the physical cell block address 1n response
to the logical cell block address 1n the tag block 430 1s not
correctly updated 1n response to the prior mstruction, when
the word line of the unit cell block 1s continuously accessed.

The precharge active signal PC_ACT[0:8] 1s used for
selecting the physical cell block address in response to the
inputted mstruction. The mner restoration signal INTW/[0:8]
1s used for delivering the data accessed in the unit cell block
selected by the present active mstruction and thereby latched
in the data latch block into the unit cell block of which
determined word line 1s assigned and thereby restores the
data, when the physical cell block address Cur_PBA of the
present execution clock 1s same to that Pre PBA of the prior
execution clock.

The clock delay block 2121 delays the inner restoration
signal INTW]0:8] for one clock so that the iner restoration
signal INTW[0:8] 1s later than the percharge active signal
PC_ACT[0:8]. This 1s needed for restoring the data using the
inner restoration signal INTW/[0:8], after selecting the unit
cell block using the precharge signal PC_ACT][0:8]; selecting
one word line 1n the selected unit cell block; and sensing and
amplifying the data in response to the selected word line.

FI1G. 22 1s circuit diagram showing the first to third bits of
cach unit tag table 19 A0 to 1910 shown 1n FIG. 19, and FIG.
23 1s circuit diagram of the forth bit of each unit tag table
19A0 to 1910 shown 1n FIG. 19.

As shown, the first to third bits are dynamic cells and the
forth bit 1s a static cell, 1n order to maintain operation speed.
The static cell 1s used for the forth bit because th forth bit 1s
more relatively often updated than the first to third bats.

FI1G. 24 1s a timing diagram depicting operation of the bank
in the inventive memory device shown in FIG. 18.

Hereinafter, referring to FIGS. 18 to 24, there 1s described
the operation of the memory device in accordance with the
present invention in detail.

First of all, one instruction CD0 1s inputted at a first timing,
period t0, and two timing periods 1s needed for operating one
istruction, ¢.g., CD0, For example, during first and second
timing period t0 and t1, the operation of the first instruction
CD0 1s carried out. Each timing period, e.g., t0,t1, . . ., 1s split
into two timing sets, €.g., a5 and b,. At the timing set a,,
blocks related to a tag operate; and, at the other timing set by,
blocks of the cell area 1820 operate.

First, the timing set a, 1s described 1n detail.

In a,-1 timing set, the control block 1480 receives the
logical cell block address for selecting one out of the 8 unit
cell blocks included 1n the cell area 1820 and the local address
for selecting one out of the 256 word lines.

And then, 1n a,-2 timing set, the tag block 1830 converts the
logical cell block address to the physical cell block address
Cur PBA.

In a,-3 timing set, the predetermined block table 1810
senses a unit cell block including the predetermined word line
of the word line WL0, inresponse to the present inputted local

address Cur RA. And the cell block address Extra BA hav-

ing the predetermined word line 1s outputted to the control
block 420 and the tag black 430 1n response to a result of
comparison.
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And then, in a,-4 timing set, the predetermined cell block
410 1s updated by the result of comparing the unit cell block
selected by the first instruction CD0 with that selected by the
prior struction.

Continuously, there 1s described the operation of the cell
arca 1820 in response to the first instruction CDO0 of the first
timing period t0.

During b,-1 timing set, in the first unit cell block which 1s
selected 1n response to the converted physical cell block
address Cur_PBA, the first word line 1n response to the local
address 1s activated.

And then, during b,-2 timing set, K bits first data 1n
response to the first word line 1s sensed and amplified.

During b,-3 timing set, K bits first data 1s latched in the data

latch block 1870.

Then, 1n the read mode, 1.e., the first instruction CDO 1s a
“read” 1nstruction, the data selected by the column address

among the K bits data latched 1n the data latch block 1870 1s

outputted while the second instruction CD1 1s inputted.
Meanwhile, 1n the write mode, 1.e., the first instruction CDO0 1s
a “write” mstruction, the data inputted from the external part

overwrites the data selected by the column address among the
K bits data latched 1n the data latch block 1870.

At the second timing period t1, that the timing set when the
K bits first data in response to the first instruction CDO 1s
actually outputted to the external part of the memory device.
The K bits first data can be outputted, before another 4 Kb
data in response to the second instruction CD1 1s latched 1n

the data latch block 1870.

Continuously, there 1s described at each timing set, e.g., a,,
a,, . .., when the blocks related to tag operate in second
timing period tl. The second instruction CD1 1s also inputted
in the second timing period t1.

At a,-1 timing set, the row address inputted 1n response to
the second instruction CD1 1s split into the local address and
the logical cell block address.

At a,-2 timing set, the tag block 430 converts the logical

cell block address Cur_LLBA to the physical cell block address
Cur PBA.
At a,-3 timing set, the predetermined block table 1810

senses the predetermined of the second word line WL3 1n
response to the local address Cur_RA mputted by the second
instruction CD1 and thereby outputs the cell block address
Extra_BA having the predetermined word line to the control
block 1880 and the tag block 1830. Herein, the selected
register 1s updated.

And then, 1n a, -4 timing set, the unit cell block selected by
the second instruction CD1 1s compared with that selected by
the first nstruction CDO.

As a result of comparison, 1f the same umt cell block 1s
continuously accessed by the first and the second instructions
CDO0 and CD1, the predetermined unit cell block of the first
word line selected by the first instruction CD0 11 substituted
with the unit cell block 1n response to the first instruction
CDO0. Herein, substituting the predetermined word line means
to updating information stored 1n the register of the predeter-
mined cell bock table 1810.

For instance, the predetermined unit cell block of the word
line *“WL1’ in response to the first instruction CD0 1s assigned
as the forth unit cell block at the timing point of inputting the
second 1nstruction CD1; and, after updating the predeter-
mined cell block table 1810, the predetermined unit cell block
of the word line * WL1 1n response to the first instruction CDQ
1s changed from the forth unit cell block to the first unit cell
block. Namely, in the predetermined cell block table 1810,
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the register 1n response to the word line *“WL171s 0117, After
updating the predetermined cell block table 1810, the register
1s changed into “000”.

Continuously, there 1s described the operation of the cell
areca 1820 1n response to the second instruction CD1 of the
second timing period t1.

In b, -1 timing set, the second word line 1n response to the
local address inputted by the second instruction CD1 1s acti-
vated. Also, at same time, the predetermined unit cell block in
response to the first word line selected by the first instruction
CD0 1n a,-3 timing set of the first timing period t0 1s activated.

And then, 1n b, -2 timing set, the K bits first data latched 1n
the data latch block 1870 1s restored in the K bits unit cells in
response to the predetermined unit cell block of the first word
line. Also, the K bits second data 1n response to the second
activated word line are simultaneously sensed and amplified.

In b,-3 timing set, the K bits second data sensed and ampli-
fied 1n response to the second word line 1s latched 1n the data
latch block 1870.

Then, 1n the read mode, 1.e., the second instruction CD1 1s
a “read” instruction, the data selected by the column address
among the K bits data latched 1n the data latch block 1870 1s
outputted while the second instruction CD1 1s inputted.
Meanwhile, in the write mode, 1.e., the second instruction
CD1 1s a “write” instruction, the data inputted from the exter-
nal part overwrites the data selected by the column address
among the K bits data latched 1n the data latch block 1870.

In the mtra cell block data access pattern, the memory
device of the present invention not restores the first data but
access the second data 1n the unit cell block, and the restora-
tion operation of the first data 1s operated by the predeter-
mined unit cell block.

Meanwhile, 1n the inter cell block data access pattern, the
operation of the memory device 1s described.

First, the first data i1s sensed and amplified 1n the first unmit
cell block and latched 1n the data latch block 1870. Herein, the
first data 1s restored 1n the first unit cell block, and the second
data 1s sensed and amplified 1n another unit cell block and
latched 1n the data latch block at a substantially simultaneous
timing period.

Thus, the memory device of the present invention supports
the 1nter cell block interleaving mode 1n case of the 1ntra cell
block data access pattern, and supports the intra cell block
interleaving mode 1n case of the inter cell block data access
pattern. As aresult, the memory device can stably access data
on high speed without depending on the data access pattern.

FIG. 25 1s a timing diagram depicting operation of the
memory device shown 1n FIG. 18.

As shown, 1n operation timing of the blocks related to the
tag, operation of the memory device includes the following
step of mputting the local address and thereby sensing the
predetermined word line A; converting the logical cell block
address to the physical cell block address 1n the tag block 430
B; then, comparing two unit cell block accessed by the
present active instruction and the prior instruction F; updatmg
the predetermined cell block by the result from comparing
them G. At this, the cell block can activate the selected word
line, and so on, for updating the predetermined cell block G.

FIG. 26 1s a block diagram showing a semiconductor
memory device in accordance with another preferred
embodiment of the present invention.

The memory device in accordance with the present
embodiment has a plurality of banks, but one bank 2600 1s
described in FIG. 26 because each bank has the identical
structure and configuration.

As shown, one bank 2650 has total eight segments 2640A
to 2640H and I/0 sense amplifier blocks 2580A and 26808

10

15

20

25

30

35

40

45

50

55

60

65

22

for amplitying the data outputted from the eight segments
2640A to 2640H and delivering the data or delivering the data
outputted form a data mput/output builer 2690 to the seg-
ments 2640A to 2640H.

In addition, the segment 2640A has a low address decoder
2660 for decoding the address outputted from the control
block 2700 and outputting 1t to the cell area 2650, and a
column address decoder 2670 for outputting the inputted
column address to the cell area 2650.

A si1ze of the memory device shown 1n FIG. 26 15 256 Mb.
If the memory device consists of 4 banks, one bank consists of
64 Mb unit cells. If one bank consists of 8 segments, a si1ze of
one segment 1s 8 Mb.

The cell area 2650 included 1n each segment consists of
nine unit cell blocks 2710 to 2790, and one unit cell block has
256 word lines, 4 Kb(4x1024) bit lines, and 256x4 Kb unait
cells. p The control block 2700 includes a tag block 2730 for
converting the logical cell block address about nine unit cell
blocks 2710 to 2790 to the physical cell block address, a
predetermined cell block table 2710 for storing information
about 256 predetermined word line, and a tag controller 2820
for controlling the tag block 2830 and the predetermined cell
block table 2810.

Because the cell area 2650 has one more unit cell block
than the unit cell block in response to the mputted cell block
address, the inputted cell block address 1s considered as the
logical cell block address and the tag block 2830 of the
control block 2700 converts the logical cell block address to
the physical cell block address. Also, the control block 2700
searches what unit cell block has the predetermined word line
in response to the word line selected by the inputted row
address.

In addition, each of mine unit cell block, e.g., 2710,
included 1n the cell area 2650 has the local bit line sense
amplifier blocks, e.g., 2712A and 2712B, one local bit line
sense amplifier block 2712 A senses and amplifies some ol the
K number of the data in response to the selected word line and
the other local bit line sense amplifier 2712B senses and
amplifies the others of the K bits the data.

The cell area 2650 has a first and a second global bit line
sense amplifier blocks 2705A and 2705B for latching the data
outputted from the local bit line sense amplifier block
included 1n each unit cell 2710 to 2790, a global bit line 2707
for data transmission between each unit cell blocks, e.g., 2710
and the first and the second global bit line sense amplifier
blocks 2705A and 2705B, and five global bit line connection
units 2718 to 2758 for connecting the global bit line 2707 to
the nine unit cell blocks 2710 to 2790.

The first and the second global bit line sense amplifier
blocks 2705A and 2705B 1s basically provided with the local
bit line sense amplifier and the sense amplifier for latching the
data outputted from the local bit line sense amplifier block
and amplitying the data signal reduced by being delivered
throughout the global bit line.

FIG. 27 1s a timing diagram depicting a cell block inter
leaving mode 1n the memory device shown 1in FIG. 26, 1n the
inter cell block data access. FIG. 28 1s a timing diagram
showing operation of memory device 1n the intra cell block
data access of the read mode, and FI1G. 29 1s a timing diagram
describing operation of memory device 1n FIG. 26 1n the intra
cell block data access of the write mode.

First, referring to FIG. 27, there 1s described the memory
device 1 accordance with the present embodiment 1n the
interleaving mode.

The row address inputted 1n response to one instruction has
a cell block address for assigning the bank, the segment, and
one umt cell block 1n the segment, and a local address for
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selecting one word line 1n the selected unit cell block. Also,
the column address for selecting one out of the 4K number of
the bit line included 1n one unit cell block 1s mputted in
response to the instruction.

In first timing period t0, the logical cell block address in
response to the first read 1nstruction RDO 1s converted to the
physical cell block address, and the first unit cell block BL0 1s
selected by the converted physical cell block address.

At this, the word line WL0 of the first unit cell block BLO
1s activated by the local address in response to the first read
instruction RD0. The 4K bits the data stored in the 4K number
of unit cell in response to the activated word line 1s sensed and
amplified by the local bit line sense amplifier blocks, e.g.,
2712A and 2712B.

The 4K bits sensed and amplified data 1s moved to the first
and the second global bit line sense amplifier blocks 2705A
and 27058, and thereon latched. Then, one data D0 selected
out of the 4 Kb data latched 1n the first and the second global
bit line sense amplifier blocks 2705A and 2705B by the
column address in response to the firstread imnstruction RDO0 1s
outputted to the I/O sense amplifier block 2680A. At this, the
timing when the actual data D0 1s outputted to the external
circuit of the memory device 1s the second timing period t1.

In second timing period t1, the 4 Kb data latched 1n the first
and the second global bit line sense amplifier block 2705A
and 2705B 1n response to the first read instruction RDO 1s
moved to the 4K number of unit cells 1n response to the word
line WL of the first unit cell block BLO.

In the other hand, during the data restoration 1n response to
the first read instruction RDO, there 1s activated the word line
WLO of the second unmit cell block BLL1 selected in response to
the second read instruction RD1 and the 4 Kb data inresponse
to the activated word line WLO are sensed and amplified by
the local bit line sense amplifier blocks 2722A and 2722B
included in the second unit cell block (BLL1) 2720.

Then, the 4 Kb data sensed and amplified in response to the
second read instruction RD1 are moved to the first and the
second global bit line sense amplifier blocks 2705A and
27058 throughout the global bit line 2707 and thereby
latched 1n there.

One selected by the column address 1n response to the
second read 1nstruction RD1 1n the 4 Kb data latched 1n the
first and the second global bit line sense amplifier blocks 171
and 173 1s outputted to the I/O sense amplifier block 180A. At
this, the timing period when the actual data D1 1s outputted to
the external circuit of the memory device 1s the third timing
period t2.

Then, 1n the third timing period t3, the 4 Kb data latched in
the first and the second global bit line sense amplifier blocks
2705A and 2705B in response to the second read instruction
RD0 1s moved to the 4K number of the unit cells 1n response
to the word line WL0 of the second unit cell block (BL1) 152.

Thus, 1n the inter cell block data access pattern, the
memory device 1n accordance with the present embodiment
senses and amplifies the data 1n one unit cell block for restor-
ing another data in the other unit cell block.

In the inter cell block data access patterns, the data read
time 1s reduced for the data restoration time by operating in
the interleaving mode and thereby the memory device 1s
executed on high speed. The row cycle time by the unit cell
block interleaving shown in FIG. 27 i1s called the timing set
that the word line 1n response to the next instruction 1s acti-
vated after the word line 1s activated by inputting one nstruc-
tion.

In addition, the execution that the data are written by turns
between the unmit cell blocks 1s not described because it 1s
same to the read execution except overwriting the iput data
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in response to the write instruction on the data selected 1n
response to the write instruction in the 4 Kb data latched 1n the
first and the second global bit line sense amplifier blocks
2705A and 2705B.

Next, referring to FI1G. 28, operation of the memory device
1s described in case of the intra cell block data access pattern.

Assuming that the eight read instructions RD0 to RD7 are
inputted as shown 1n FIG. 28, the contents marked 1n each
read instruction 1s the word line of the unit cell block where

the data 1s read. There are assumed the predetermined word
lines of the word lines 1n response to the eight read nstruc-

tions RDO0 to RD7 1n the second unit cell block (BLL1) 2720.

At first timing period t0, the logical cell block address 1n
response to the first mputted read instruction RD0 1s con-
verted to the physical cell block address. The oblique line part
ol each timing period 1s the timing set when the logical cell
block 1s converted to the physical cell block address. At this,
it 1s assumed that the unit cell block selected by the converted
physical cell block address 1s same to that selected by the
logical cell block address.

The word line WLO of the first unit cell block BLO 1s
activated by the physical cell block address converted 1n
response to the first read mstruction RD0. And then, the data
stored 1n the 4K number of the unit cells 1n response to the
activated word line WLO0 1s sensed and amplified by the local
sense amplifier block included in the first unit cell block BLO.

Then, the 4 Kb data sensed and amplified by the local sense
amplifier block 1s moved to the first and the second global bit
line sense amplifier blocks 2705A and 2705B and latched
thereol throughout the global bit line 2707. One bit data
selected among the 4K bits the data latched 1n the first and the
second global bit line sense amplifier blocks 2705A and
27058 by the column address imnputted 1n response to the first
read struction CD0 1s outputted to the I/O sense amplifier
block 2680A. Herein, actually, the data D0 1s outputted to the
external circuit of the memory device at the second timing
period tl throughout the I/0O sense amplifier block 2680A and
the data input/output butler 2690.

Also, the word line WL0 of the second unit cell block BL1
1s sensed as the predetermined word line of the word line WLO
at the first timing period t0.

Then, the local bit line sense amplifier block and the bit line
are forcedly precharged at the second timing period tl, and
there are eliminated the 4 Kb data stored 1n the local bit line
sense amplifier block of the first unit cell block BL0 after
sensed and amplified 1n response to the first read nstruction.

And then, the word line WL.1 of the first unit cell block BL.0O
1s activated by the address in response to the second read
instruction RD1. The data stored in the 4 Kb unit cells 1n
response to the activated word line WL1 are sensed and
amplified by the local bit line sense amplifier block included
in the first unit cell block BLO.

In the other hand, the 4 Kb data latched in the first and the
second global sense amphﬁer blocks 2705A and 2705B at
this timing period t1, assuming that the 4K bits data stored by
the first read instruction RD0, are moved to and stored in the
4 Kb unit cells in response to the word line WL0 of the second
unit cell block BL1 assigned as the predetermined word line
of the word line WLO0. The data 1s moved throughout the
global bit line 27058, and the ‘INTWO0’ shown in FIG. 28
presents the foregoing process.

Namely, while the 4 Kb data in response to the second read

instruction RD1 1s sensed and amplified in the first unit cell
block BL.0O, the 4 Kb data latched 1n the first and the second
global bit line sense amplifier blocks 2705A and 2705B 1n

response to the first read instruction RDO are moved to the
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local bit line sense amplifier block of the second unit cell
block BL1, and the 4 Kb unit cells in response to the word line
WLO 15 restored.

Also, now and then, the word line WL of the second unit
cell block BIL1 1s the logical first unit cell block BL0, and the
word line WL0 of the first unit cell block BLO0 1s assigned to
the predetermined word line of the word line WLO0. There

updates imndividually information about this 1 the predeter-
mined cell block table 2710 and the tag block 2730, and the

symbol ‘EBT_UP1’ shown 1n FIG. 26 describes this update
operation.

Then, the 4 Kb data sensed and amplified in response to the
second read nstruction RD1 are moved to and latched 1n the
first and the second global bit line sense amplifier blocks
2705A and 2705B, and the data D1 selected out of the latched
data by column address 1n response to the second read instruc-
tion RD1 1s outputted to the I/O sense amplifier block 2680A.

And then, at the third timing period t2, the word line WL2
of the first unit cell block BLO 1n response to the third read

instruction RD2 1s activated, and the 4 Kb data 1n response to
the activated word line WL2 moved to the first and the second
global bit line sense amplifier block 2705A and 27058 and
thereby latched after those are sensed and amplified.

In the other hand, the restoration execution about the sec-
ond read instruction RD1 occurs 1n the 4K number of unit
cells 1in response to the word line WL1 of the second unit cell
block BL1, and the ‘INTW1’ shown 1n FIG. 28 presents this
execution. At this time, there are updated the predetermined
cell block table 2710 and the tag block 2730, and the
‘EBT_UP2’ presents this updating execution.

At the forth timing period t3, the restoration execution
about the third read 1nstruction RD2 occurs 1n the 4K number
of unit cells 1 response to the word line WLO of the second
unit cell block BL1, and the ‘INTW2’ shown in FIG. 26
presents this execution. At this time, there are updated the
predetermined cell block table 2710 and the tag block 2730,
and the ‘EBT_UP3’ presents this updating execution.

In the other hand, the word line WL3 of the first unit cell
block BLO 1n response to the forth read instruction RD3 1s
activated, and the 4 Kb data 1in response to activated word line
WL3 1s sensed and amplified.

And then, at the fifth timing period t4, the restoration
execution about the forth read instruction RD3 does not make
the data move to the second unit cell block BL1 having the
predetermined word line of the word line WL3, but occurs in
the 4K number of unit cells 1n response to the word line WL3
of the first unit cell block BLO.

There 1s a reason that the word line WLO0 1n response to the
fifth read instruction RD4 1s immediately activated because
execution about the fifth read instruction RD4 as a next
instruction occurs 1n the second unit cell block BLL1 and that
about the forth read instruction as a prior instruction occurs 1n
the first unit cell block BL0. Thus, 1t 1s unnecessary to update
the predetermined cell block table 2710 because the prede-
termined word line of the word line WL3 1s not changed at this
time, and this 1s presented by the updating signal ‘EBT-
_UPN".

For continuous reference, 1f the fifth and the sixth read
instructions RD4 and RD5 are inputted at each timing period
t4 and t5, like forgoing statement, the 4 Kb data in response to
the read istruction 1s sensed and amplified at first timing,
period, latched 1n the global bit line sense amplifier block,
e.g., 2705A and 27058, and then one data selected out of the
4K bits latched data 1s outputted. Then, at second timing
period, the predetermined word line of the activated word line
makes the data move to the assigned unit cell block and the
restoration execution 1s occurred.
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Reterring FIG. 28, the memory device 1s operated in the
intra cell block data access.

Though read instructions 1s actually operated during the
dotted line part in each timing period, the data 1s moved and
restored in the predetermined restore unit cell block, so there
are updated the predetermined cell block table 2710 and the
tag table 2730 1n this timing set. The updating signals
‘EBT_UP1 to ‘EBT_UPS’ present the update of the tag block
2730, and the updating signals ‘EBT_UPNI1’ to
‘EB'T_UPNS’ present the not update of the predetermined tag
table.

In addition, the oblique line part, e.g., ‘X’ timing set, pre-
sents a timing set when there are forcedly precharged the data
latched 1n the local bit line sense amplifier block of the unit
cell block 1n accordance with the prior instruction by reading
continuously the data 1n the same unit cell block and convert-
ing the logical cell block address to the physical cell block
address.

In conclusion, when continuously reading 1n the same unit
cell block, at first timing period, the memory device 1n accor-
dance with the present embodiment amplifies the data n
response to the inputted read instruction and the data 1s moved
to the global bit line sense amplifier block, e.g., 2705A and
27058 and latched, at second timing period, the data latched
in the global bit line sense amplifier block 1s moved to the unit
cell block 1n which the predetermined word line of the word
line activated by the read instruction and thereby restored.

Thus, 1n case that the data are continuously accessed 1n the
same unit cell block, the data can be accessed on high speed
because the following read mstruction 1s inputted without the
data restoration execution.

Referring to FIG. 29, there 1s described the execution of
continuously writing the data in one unit cell block.

At first timing period t0, the logical cell block address
inputted in response to the first write istruction WRO 1s
converted to the physical cell block address and the word line
WLO of the second unit cell block BL1 1s activated.

Herein, though the cell block address inputted in response
to the first write mnstruction WRO0 selects the word line WL0 of
the first logical unit cell block BL0, the actual data inresponse
to the first logical unmit cell block BL0 1s stored 1n the unit cell
in response to the word line WL 0 of the second physical unit
cell block BL1. In “instruction operating timing set” shown 1n
FI1G. 29, there are described information about the word line
of the logical unit cell block inputted by converting execution
of the cell block address mputted in response to the write
instruction and the word line of the physical unit cell block
selected after converting the cell block address.

Then, the 4 Kb data 1n response to the activated word line
WLO 1s sensed and amplified, moved to the first and the
second global bit line sense amplifier blocks 2705A and
27058, and thereby latched.

And then, there 1s eliminated one bit data selected among
the 4 Kb data 1n response to the activated word line WLO by
the column address inputted in response to the first write
instruction WRO, and the data D0 mputted from external
circuit 1n response to the write instruction WRO 1s latched
instead of the eliminated data.

At second timing period tl, the 4 Kb data sensed and
amplified by the first write imnstruction WRO 1s restored 1n the
4K number of unit cells 1n response to the word line WL0 of
the second unit cell block BL.0. Thus, the write execution 1s
similar to the read execution except replacing the one of the
latched data with the data inputted from external circuit after
sensing, amplilying, and latching the data.

In the other hand, at this timing period t1, the logical cell
block address 1s converted to the physical cell block address
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in response to the second write instruction WR1, and the word
line WL1 of the third unit cell block BL2 1s activated 1n

accordance with the converted physical cell block address.
Then, the 4 Kb data in response to the activated word line
WL1 are sensed and amplified, being latched 1n the first and
the second global bit line sense amplifier blocks 710 and 730.

And then, there 1s eliminated one data selected by the
column address inputted 1n response to the second write
instruction WR1 and the data D1 nputted from the external

circuit 1n response to the second write mstruction WR1 1s
latched instead of the eliminated data.

At third timing period t2, the 4 Kb data latched 1n the first
and the second global bit line sense amplifier blocks 2705A
and 27058 1n response to the second write mstruction WR1

are restored 1n the 4K number of the unit cells coupled to the

word line WL1 of the third unit cell block BL2.

In the other hand, there 1s activated the word line WL2 of
the second unit cell block BL1 1n response to the third write
instruction WR2. Then, the 4 Kb data 1n response to the
activated word line WL2 are sensed and amplified, being

latched 1n the first and the second global bit line sense ampli-
fier blocks 2705A and 27035B.

And then, there 1s eliminated one data selected by the
column address inputted in response to the third write imstruc-
tion WR2, and the data D0 inputted from the external circuit
in response to the third write nstruction WR2 1s latched
instead of the eliminated data.

At forth timing period t3, the 4 Kb data latched 1n the first
and the second global bit line sense amplifier blocks 2705A
and 2705B 1n response to the third write instruction WR2 are
not restored 1n the second unit cell block BI.1, but restored in
4K number of the unit cells 1n response to the word line WL2
of the first unit cell block BL0 assigned as the predetermined
word line of the word line WL2. The ‘INTW0’ shown in FIG.
29 describes the forgoing process.

At this time, the predetermined word line of the word line
WL2 changes the word line WL2 of the first umit cell block

BLO into the word line WL2 of the second unit cell block
BL1, and information about this updates 1n the predetermined
cell block table 2710. Also, the tag table 2730 1s updated
because of changing information about the logical cell block
address, and this 1s described by the ‘EBT_UP1T’.

After this time, the predetermined word line of the word
line WL2 1s the word line WL2 of the second unit cell block
BLO0. Also, the word line WL2 of the second unit cell block
BL1 is the word line WL2 of the logical cell block address
‘BL0’ 1n the prior step, but the word line WL2 of the first unit
cell block BLO 1s the word line WL2 of the logical cell block
address ‘BL0’ past this time.

After that, execution about the forth write instruction WR3
1s same to that about the first write mstruction WRO.

Then, because the data must be continuously written 1n the
first unit cell block BLO when there 1s executed the fifth and
the sixth write instructions WR4 and WRS, like the forgoing,
execution, the 4 Kb data latched in response to the fifth write
instruction WR4 at sixth timing period t5 are restored 1n the 4
Kb unit cells 1n response to the word line WL of the second
unit cell block BL1 assigned as the predetermined word line
of the word line WL0. The ‘INTW1’ shown 1n FIG. 29
describes this process.

The dotted line part of the mstruction activating timing set
shown 1n FIG. 29 presents a timing set when the data 1n
response to the prior instruction 1s moved to the unit cell block
of which word line 1s assigned as the predetermined word line
and restored 1n there, because the data 1n response to the next
instruction 1s written 1n the same umit cell block.
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In conclusion, the memory device 1 accordance with the
present embodiment uses the cell block interleaving method
for writing the data when the data 1s written 1n each other unit
cell block, and restores the data by moving 1t to the unit cell
block of which word line 1s assigned as the predetermined
word line when the data 1s continuously written 1n the same
unit cell block. This 1s possible because the memory device
has the 256 number of the predetermined word line by 1nclud-
ing one more the unit cell block than the unit cell blocks 1n
response to the mputted cell block address.

Theretfore, in the write mode, the data can be written on
high speed because the next write instruction 1s operated
without depending on the data restoration time of the current
data.

In addition, 1t 1s possible to write the data on high speed
because the date restoration time 1s always reduced without
depending on the data writing patterns, whether the data are
continuously written in the one unit cell block or in each other
unit cell block.

FIG. 30 15 a sitmulation waveform showing operation of the
memory device 1n intra cell block data access of read mode.

As shown, the restoration operation about the read data 1s
occurred 1n the unit cell block of which word line 1s assigned
as the predetermined word line because the following read
instruction continuously reads the data 1n the same unit cell
block when the read instructions RDO0 to RD2 and RD4 to
RDS i1s activated, and there are occurred total 5 times of data
transmittance and restoration execution, e.g., ‘INTW’ shown
in FIG. 30. Also, because the next instruction accesses other
unit cell block when the read instructions RD3, RD6, and
RD7 1s executed, the data restoration operation, e¢.g., ‘ACT”
shown 1n FIG. 30, 1s occurred 1n one selected unit cell block.

FIG. 31 1s a schematic circuit diagram describing a circuit

for generating connection control signals used in the global
bit line connection umnits, e.g., 2718, 2728, . . . , and 2758,
shown 1n FIG. 26.

As a circuit described 1n FI1G. 29 15 a circuit for controlling
the global bit line connection units, e.g., 2718, a first NOR
gate NOR1 receives signals PCG-ACT|[2n] and PCG-ACT
[2n+1] for sensing and amplifying the data in response to the
word line selected by the mstruction, and a second NOR gate
NOR2 receives signals INTW|[2n] and INTW[2n+1] for mov-
ing and restoring the data when the same unit cell block 1s
continuously accessed and outputs a global bit line control
signal GBIS for controlling the global bit line connection
unit. The 1, 2, 3 means delaying time delayed by each of delay
blocks Delayl to Delay3.

FIG. 32 1s a timing diagram showing operation of the
memory device 1n response to the signal generated from the
circuit shown in FIG. 31.

The oblique line part shown in FIG. 32 means a time when
the logical cell block address 1s converted to the physical cell
block address 1n each of timing periods. The delaying times 1,
2, and 3 shown 1n FIG. 32 1s determined by the delay blocks
Delayl to Delay3 shown 1n FIG. 31.

The ‘LSA_EN’ shown 1n FIG. 32 1s a enable signal of the
local bit line sense amplifier, the ‘GBIS’ 1s a enable signal of
the global bit line sense amplifier, and the ‘GSA_EN’ 1s a
enable signal of the global sense amplifier block.

In addition, ¢ ’1s forcedly imactivated when the second
instruction next activated accesses the word line activated by
the first instruction in the same unit cell block, and the
‘INTW’ presents that the predetermined word line of the word
line 1n response to the first mnstruction moves the data to the
unit cell block of which word line 1s assigned as the prede-
termined word line and thereby latches the data in there. In the

memory device of the present invention as shown in FIG. 32,
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it 1s understood that the converting time of the cell block
address and the forcedly precharging time occupy 40 percent
of total one timing period.

Referring to the foregoing statement, for implementing the
memory device 1n accordance with the present invention, the
memory device must include one unit cell block per one cell
area in the segment, the predetermined cell block table, and
the tag block, etc. In addition, because the global bit line sense
amplifier and the global bit line are further included, there 1s
more a additional area than the typical memory device

However, the memory device of the present invention can
be accessed more on high speed than the prior memory device
because the execution time of the memory device 1s reduced
tor the data restoration time by adding the above stated blocks

Assuming that the row cycle time of the memory device 1n
accordance with the prior art 1s tRC, that 1n accordance with

the present invention is MAX{0.5x(tBAT,+tRP+tRC),
tINTW}. Namely, in ‘0.5x(tBAT,+tRP+tRC)” and ‘tINTW’,
which one 1s longer time than the other determines the row
cycle time of the memory device.

Herein, the ‘tBAT” 1s the converting time of the cell block
address, the ‘tRP’ 1s the precharging time, the ‘tRC’ 1s the
previous row cycle time, and the “tINTW’ 1s the restoration
time by moving the internally latched data to the unit cell
block of which word line 1s assigned as the predetermined
word line.

Herein, for implementing a preferred embodiment, as the
‘tRP’ 1s the forcedly precharge execution occurred when
every instruction 1s operated, for immediately accessing next
data when the data are accessed 1n the same unit cell block, i1t
means to sensing and amplifying the data at the prior timing,
disabling the local bit line sense amplifier, and precharging
the local bit line.

The row cycle time of the memory device in accordance
with the present invention 1s determined by which one 1s
longer time than the other determines the row cycle time of

the memory device, and typically, 1t 1s determined to “0.5x
(tBAT,+tRP+tRC)” because ‘0. 5x(tBAT,+tRP+tRC)” 1s

longer than “tINTW”.

If the row cycle time of the memory device 1s ‘0.5x(tBAT, +
tRP+tRC)’, because reducing by the data restoration time
even though further adding the forcedly precharging time and
the time when the logical cell block address 1s converted to the
physical cell block address, the row cycle time 1s reduced
about 30% to about 40%, referring to comparing the row
cycle time of the present invention shown 1n FIGS. 28 and 29
with that of the conventional memory device.

For instance, 1f one instruction executes for 15 n second, 1n
the conventional memory device, the row cycle time 1s two
timing period, namely 30 n second. However, in the present
invention, assuming that the cell block converting time 1s 3 n
second and the forcedly precharging time 1s 3 n, the row cycle
time 1s 21 n second adding one timing period 135 n second with
6 n second additional timing.

In the other hand, the memory device 1n accordance with
the preferred embodiment moves the data 11 the unit cell block
accessed by the next instruction 1s 1dentical to that accessed
by the previous instruction, and updates the tag 11 the data 1s
moved.

However, for implementing the memory device 1n accor-
dance with the present invention, both activating the word line
of the unit cell block accessed at the present timing and
moving to the unit cell block including the predetermined
word line of the selected word line to restore can be occurred
at simultaneous time 1n the memory device. In this case, the
data1s always stored in two unit cell blocks, the unit cell block
storing the actual data 1s determined by the tag table. In this
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case, 1f the data sensed and amplified in the unit cell block 1s
latched 1n the global bit line sense amplifier block whenever
the instruction 1s executed, the memory device 1s 1mple-
mented for forcedly precharging the data latched 1n the local
bit line sense amplifier block of the unit cell block.

In addition, 1 the preferred embodiment, the memory
device recerves the data or outputs the data at latching time
alter sensing and amplifying the data at first timing, but it 1s
possible to implement the memory device for recerving or
outputting the data in response to the instruction at the data
restoration execution that 1s the second timing when the
instruction 1s activated.

One of the above methods 1s properly selected according to
design techmque of the memory device, and the data is
accessed on high speed unrelated to the data restoration time
using which above method the memory device 1s 1mple-
mented by.

It 1s possible for the memory device in accordance with the
preferred embodiment to execute on high speed because of
reducing the data access time, but adding to time tBAT con-
verting the logical cell block address to the physical cell block
address and forcedly precharging time tRP which are not
included in the prior memory device.

For high speed execution in the present invention, 1t 1s
provided the memory device having row cycle time reducing
for forcedly precharging time tRP and converting time tBAT
of the cell block address from the memory device shown 1n
FIG. 26.

FIG. 33 1s a block diagram showing the memory device
having a reduced row cycle time.

As shown, the memory device of the present invention
directly receives the instruction CD from the control block
3380, and generates the second instruction CD_D, delaying
the instruction CD {for forcedly precharging time tRP and
converting time tBAT ofthe cell block address outputted from
the delay block 3382. The control block 3380 converts the
logical cell block address to the physical cell block address
and operates forcedly precharging execution, and the delayed
instruction CD_D controls the cell area 3320 for operating
other executions needed 1n the data access process.

FIG. 34 15 a block diagram describing the memory device
shown 1n FIG. 33 1n detail.

As shown, the memory device includes a cell area includ-
ing N+1 number of umt cell blocks adding N number of the
unit cell blocks individually having M number of word lines
for responding to an inputted row address and an additional
unit cell block having M number of the word lines; a data

access control block for controlling operation that data
accessed 1n a first unit cell block selected 1n the N+1 number
of the unit cell blocks are restored either 1n the first unit cell
block or 1n a second unit cell block; and an instruction control
block for controlling operation that a cell block address in
response to a second mstruction being at an active next timing
period 1s conversed and a bit line 1n response to a first instruc-
tion 1s forcedly precharged during accessing data in response
to the first present active istruction.

The data access control block controls operation that not a
first data 1s restored 1n a first unit cell block but a second data
1s accessed 1n the first unit cell block and the first data 1s
restored 1n the firs unit cell block, when the first and the
second data 1s continuously accessed in the first unit cell
block.

The data access control block controls operation that a
second data 1s accessed in the second unit cell block at a
timing period when a first data 1s restored 1n the first unit cell
block when the first and second data are accessed 1n the first
and the second unit cell blocks by turns.
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FIG. 35 1s a timing diagram depicting operation of the
memory device shown in FIG. 34 in response to continuously
inputted read instruction. Hereinafter, referring to FIGS. 33 to
35, there 1s described operation of the memory device.

First, the memory device converts the logical cell block
address 1n response to the first inputted read 1nstruction RD0
to the physical cell block address, and operates forcedly pre-
charging operation. At this, 11 the unit cell block accessed 1n
response to the prior instruction 1s same to that 1n response to
the first read instruction RDO0 activated at the present, the
precharging operation does not operates the restoration
execution of the prior read instruction but operates forced
precharging operation. However, like this, there 1s not
occurred the actual forced precharging operation 1n the first
read execution of the memory device because there 1s not the
previous instruction.

Thus, when the memory device of the present invention
operates the first instruction, there 1s latency, e.g., ‘X’ timing
set 1n F1G. 35, for forced precharging time tRP and converting
time tBAT of the cell block address.

In the other hand, the delay block 3382 1n the instruction
timing control block 3450 generates the first delayed nstruc-
tion RD0_D delayed for forced precharging time tRP and
converting time tBAT of the cell block address.

Then, at first timing period t0, the data access control block
3380 1s controlled for activating the word line WL0 of the first
unit cell block BLO 1n response to the first delayed instruction
RDO0_D outputted from the imstruction control block 3420.
And the 4 Kb data 1n response to the activated word line WL0
are sensed and amplified by the local bit line sense amplifier.

Then, the 4K bits sensed and amplified data are moved to
and latched 1n the data latch block 3470. One data D0 selected
out of the 4K bits sensed and amplified data by the column
address mputted in response to the first read 1nstruction CDO
1s outputted to the IO sense amplifier block, referring to 2600
of F1G. 26. Herein, like a foregoing statement, the output data
D0 15 outputted to the external circuit of the memory device
throughout the input/output butler, and so on.

In the other hand, at first timing t0, the instruction control
block 3420 receives the second read instruction RD1 and
converts the logical cell block address 1n response to the
second read instruction to the physical cell block address.
Then, the mstruction control block 3420 compares the first
read 1nstruction RD0 with the unit cell block having the data
accessed by the second read mstruction RD1. At this, because
the data 1s read 1n the same unit cell block by the first and the
second read instruction RD0 and RD1, there are forcedly
precharged the 4 Kb data latched 1n the local bit line sense
amplifier block of the first unit cell block BLO after sensed
and amplified in response to the first read instruction RDO,
e.g., ‘Y timing set of FIG. 35.

In addition, at Y’ timing set, the instruction timing control
block 3450 generates the second delayed nstruction RD1_D
delaying the second read instruction RD1 for forced pre-
charging time tRP and converting time tBAT of the cell block
address.

Then, at second timing period t1, the word line WL1 of the
first unit cell block BL0 1s activated 1n response to the second
delayed read instruction RD1_D. And the 4 Kb data 1n
response to the activated word line WL1 1s sensed and ampli-
fied by the local bit line sense amplifier, moved to the data
latch block 3470. Then, one data D1 selected out of the 4 Kb
data latched in the data latch block 450 by the column address
inputted 1n response to the second read instruction RD1 1s
outputted to the I/0 sense amplifier.

In the other hand, at this timing period t1, there 1s activated

the word line WL0 of the second unit cell block BLL1, which
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1s assigned as the predetermined word line of the word line
WLO activated 1n response to the first read mstruction, and the
data latched 1n the data latch block 3470 are moved to the 4K
number of the unit cells 1n response to word line WL0 of the
second umt cell block BLL1 and thereby latched in. The
‘INTW0’ describes this execution.

Then, at second timing period t1, the third read nstruction
RD2 is inputted to the mnstruction control block 3420, and the
logical cell block address 1n response to the third read mstruc-
tion 1s converted to the physical cell block address. And, the
instruction timing control block 3450 compares the second
read mnstruction RD1 with the unit cell block having the data
accessed by the third read instruction RD2. At this, because
the data 1s read 1n the same unit cell block by the second and
the third read mstruction RD1 and RD2, there are forcedly
precharged the 4 Kb data latched 1n the local bit line sense
amplifier block of the first unit cell block BLO after sensed
and amplified 1n response to the second read instruction RD1,
¢.g., ‘Z’ timing set of FIG. 35.

In addition, at ‘7’ timing set, the mstruction timing control
block 3450 generates the third delayed instruction RD2_D
delaying the third read instruction RD2 for forced precharg-
ing time tRP and converting time tBAT of the cell block
address.

At third timing period 12, the word line WL2 of the first unit
cell block BL0 1s activated by the third delayed read instruc-
tion RD2_D delayed for forced precharging time tRP and
converting time tBAT of the cell block address trom the delay
block 440. And the 4 Kb data in response to the activated word
line WL2 1s sensed and amplified by the local bit line sense
amplifier, moved to the data latch block 3470. Then, one data
D2 selected out of the 4 Kb data latched 1n the data latch block
3470 by the column address inputted in response to the third
read instruction RD2 1s outputted to the IO sense amplifier.

In the other hand, at this timing period t2, there 1s activated
the word line WL1 of the second unit cell block BLL1, which
1s assigned as the predetermined word line of the word line
WL1 activated 1n response to the second read instruction
RD1, and the data latched 1n the data latch block 3470 are
moved to the 4K number of the unit cells 1n response to word
line WL1 of the second unit cell block BL1 and thereby
latched 1n. The ‘INTW1’ describes this execution.

Operation of the memory device shown 1 FIG. 34 like
foregoing statement 1n similar to that shown 1n FIG. 25, but
there are differences that the memory device uses the inputted
read instruction for converting the cell block address and, for
execution related to activating word line, sensing and ampli-
tying the data in the unit cell, restoring 1t, and so on, executing
forced precharging execution and thereby the delayed read
instruction RD_D delayed for forced precharging time tRP
and converting time tBAT of the cell block address.

In this way, at initial operation of the memory device, the
row cycle time has the latency, e.g., ‘X’ of FIG. 35, of forced
precharging time tRP and converting time tBAT of the cell
block address 1 response to the first activated road 1nstruc-
tion, however it reduces for forced precharging time tRP and
converting time tBAT of the cell block address since the
second read instruction 1s activated.

There 1s a reason that the row cycle time 1s not affected
because executions 1n response to the following read nstruc-
tion, both forced precharging and conversion of the cell block
address, are occurred when the data 1s sensed and amplified 1in
response to the prior read mstruction.

In above description, there 1s described the read operation
of the memory device shown 1n FIG. 34, and the explanation
about the write operation 1s omitted because the write opera-
tion 1s similar to the read operation. Namely, at the write
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execution, mstead of outputting the data selected out of the
data latched 1n the data latch block 3470, it 1s different for the

memory device to overwrite the data inputted from the exter-
nal circuit to the data selected out of the data latched in the
data latch block 3470.

FIG. 36 1s a timing diagram showing operation of the
memory device shown 1n FIG. 34, comparing with operation
of the memory device shown 1n FIG. 18, for easily under-
standing operation of the memory device 1n accordance with
the present invention.

As shown, the first instruction CDO0 operates to convert the
cell block address and to forcedly precharge at a, timing set,
and the first delayed instruction CD0_D delaying the first
instruction CDO for ‘tRP+tBAT” operates to activate word
line and to sense/amplify the data in response to the activated
word line at b, timing set. And the second instruction CD1
operating next timing 1s inputted to convert the cell block
address at al timing set of b, period, then there 1s occurred the
forced precharging execution 1n response to the first instruc-
tion. At b, timing set, the second delayed nstruction CD1_D
delaying the first instruction CDO for ‘tRP+tBAT” operates to
activate word line and to sense/amplify the data in response to

the activated word line at b, timing set.

Thus, the row cycle time of the memory device shown in
FIG. 34 is decided into MAX{0.5xtRC tINTW }. At this time,
“tRC’ 1s the prior row cycle time b,+b,, and ‘tINTW’ 1s a time
for activating the predetermined word line of the word line 1n
response to the operating instruction, moving the data to the
unit cell block of which word line 1s assigned as predeter-
mined word line from the data latch block and thereby restor-
ing.

The row cycle time MAX{0.5xtRCtHINTW} of the
memory device shown in FIG. 34 eliminates ‘tBAT” for con-
verting the cell block address and ‘tRP’ for precharging forc-
edly from the row cycle time MAX{0.5x(tRC,+tRP+tRC),
tINTW} of the memory device described in foregoing
statement.

Because ‘tINTW’ 1s typically longer than ‘tRP’, the row
cycle time 1s substantially 0.5xtRC, so it 1s possible for the
memory device shown 1n FIG. 34 to reduce the row cycle time
for maximum a half vis-a-vis the row cycle time of the
memory device 1n accordance with the prior art. Namely, as
shown 1n F1G. 36, the row cycle time of the memory device in
accordance with the prior art 1s b,+b,, but that in accordance
with the present invention 1s b,,.

In the present invention, the memory device for accessing,
the data on high speed 1s implemented, free to the data resto-
ration time that certainly occupies large part of the data access
time 1n the memory device using the capacitor as the memory
unit element.

In addition, there 1s provided the method and the apparatus
of the memory device for high speed data access unrelated to
a data access pattern that the data are either continuously
accessed 1n one cell block or accessed by turns 1n each of cell
blocks. Thus, 1n the system including the memory device of
the present invention as main memory device, total speed of
the system 1s dramatically improved unrelated to the data
access pattern.
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While the present invention has been described with
respect to the particular embodiments, 1t will be apparent to
those skilled 1n the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims

What 1s claimed 1s:

1. A memory device, comprising:

at least two cell blocks connected to a global bit line for
outputting data in response to an nstruction;

at least one global bit line connection unit for selectively
connecting the global bit line to each cell block under
control of a control block, one global bit line connection
unit being allocated between the two cell blocks; and

said control block for controlling output of data stored in
cach cell block to the global bit line and restoration of the
outputted data of the global bit line to the original cell
block or another cell block which 1s determined by
depending upon whether data in response to a next
instruction 1s outputted from the original cell block or
another cell block.

2. The memory device as recited in claim 1, wherein each

cell block includes:

a first cell array including a plurality of unit cells and
outputting data;

a first bit line sense amplifier block for amplifying data
outputted from the first cell array and outputting the
amplified data to the global bit line; and

a first bit line sense amplifier connection umit for connect-
ing the first cell array to the first bit line sense amplifier
block and disconnecting the first cell array to the first bit
line sense amplifier block as soon as the data are sensed
in the first bit line sense amplifier block.

3. The memory device as recited in claim 2, wherein each

cell block includes:

a second bit line sense amplifier block for amplifying data
inputted from the global bit line; and

a second bit line sense amplifier connection unit for con-
necting or disconnecting the first cell array to the second
bit line sense amplifier block.

4. The memory device as recited in claim 3, further com-
prising a latch means for transiently latching the data supplied
to the global bit line 1n response to the mstruction.

5. The memory device as recited 1n claim 4, wherein the
control block controls to restore the data latched by the latch
means 1n the first cell block and to read another data stored in
the first cell block or another cell block 1n response to the next
instruction at a substantially simultaneous timing period.

6. The memory device as recited 1n claim 5, wherein the
control block controls to output the data latched by the latch
means 1n response to the active instruction.

7. A memory device, comprising.

at least two cell blocks connected to a global bit line for
outputting data in response to an instruction; and

a control block for restoring the outputted data of the
global bit line to one of said at least two cell blocks
depending upon whether data in vesponse to a next
instruction is outputted from one of said at least two cell

blocks.
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