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SEMICONDUCTOR MEMORY, AND MEMORY 
ACCESS METHOD 

FIELD OF THE INVENTION 

0001. The present invention relates to a semiconductor 
memory constituted of a memory cell requiring a refresh 
operation. Furthermore, this invention relates to a technique 
for freeing a Semiconductor memory from the refresh opera 
tion in a method of memory access to Such a Semiconductor 
memory. 

BACKGROUND OF THE INVENTION 

0002. In semiconductor memories, it is necessary that a 
fresh command is input periodically from the outside to 
perform a refresh operation and the charge lost from a 
memory cell by current leakage is Supplemented. DRAM is 
an example of Such Semiconductor memory. This refresh 
operation and memory access Such as usual read and write 
cannot be allowed at the Same time and therefore the usual 
memory acceSS is performed after the refresh operation is 
finished. This gives rise to a time Zone during which the 
usual memory access cannot be done on account of the 
execution of the refresh operation. In addition, because it is 
necessary to control timing between the refresh operation 
and the usual memory access, this is a heavy burden for a 
memory controller. 
0.003 Conventionally, a technique for freeing a memory 
from a refresh operation is proposed in Semiconductor 
memories requiring a refresh operation. For example, a 
technique for freeing a Semiconductor memory from the 
refresh operation by using a cache memory is known (see 
U.S. Pat. No. 5,999.474). 
0004. However, the aforementioned conventional tech 
niques have the problem that the hit or miss of the cache 
causes a difference in the Speed of the read operation and in 
the Speed of the write operation. Furthermore, if a large 
cache memory is disposed to decrease the rate of cache miss, 
this brings about the disadvantages that the Semiconductor 
memory is large-scaled or the degree of integration is 
decreased. 

SUMMARY OF THE INVENTION 

0005. It is an object of this invention to provide a 
Semiconductor memory requiring a refresh operation and a 
method of memory access to Such a Semiconductor memory. 
Furthermore, is it an object of this invention to provide a 
semiconductor memory which is freed from the refresh 
operation and the method making it possible to freeing a 
Semiconductor memory from the refresh operation appar 
ently without using a cache memory. 
0006 According to the present invention, a refresh opera 
tion is performed on the basis of a refresh Signal generated 
in the inside of a Semiconductor memory, a parity is Stored 
together with data, and the data of a memory cell which 
cannot be read because a refresh operation is given priority 
when the refresh operation and the data read operation are to 
be performed at the Same time is determined based on the 
parity and the data for memory cell which cannot be written 
because a refresh operation is given priority when the 
refresh operation and the data write operation are to be 
performed at the same time is Stored and held temporarily in 
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a separate memory area and the held data is rewritten 
afterward in the proper memory cell. 

0007 Thus, when the necessities for a refresh operation 
and for reading or writing of data arise at the same time, the 
data of a memory cell which cannot be read is determined by 
a parity and the data for memory cell which cannot be 
written is rewritten in the proper memory cell after it is 
Stored and held temporarily in a separate area. Therefore, the 
refresh operation can be freed without using the cash 
memory. 

0008. Other objects and features of this invention will 
become apparent from the following description with refer 
ence to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a block diagram showing the structure of 
a Semiconductor memory according to a first embodiment of 
the present invention; 
0010 FIG. 2 is a typical view for explaining one example 
of the Structure of a memory cell array in a Semiconductor 
memory according to the first embodiment of the present 
invention; 

0011 FIG. 3 is a typical view for explaining one example 
of the hierarchical Structure of a word line in a Semicon 
ductor memory according to the first embodiment of the 
present invention; 

0.012 FIG. 4 is a circuit diagram showing an essential 
part of the electric connection between Sense amplifiers and 
data buses in a Semiconductor memory according to the first 
embodiment of the present invention; 
0013 FIG. 5 is a diagram showing a logical relationship 
between each signal as to the circuit shown in FIG. 4; 
0014 FIG. 6 is a typical view for explaining one example 
of a mechanism for Selecting a Sub-array which is a Subject 
of refresh in a Semiconductor memory according to the first 
embodiment of the present invention; 
0015 FIG. 7 is a circuit diagram showing an example of 
the Structure of a write data buffer in a Semiconductor 
memory according to the first embodiment of the present 
invention; 

0016 FIG. 8 is a logical value table showing a logical 
relationship between each Signal as to the circuit shown 
FIG. 7; 

0017 FIG. 9 is a circuit diagram showing an example of 
the Structure of a parity generating circuit in a Semiconduc 
tor memory according to the first embodiment of the present 
invention; 

0018 FIG. 10 is a circuit diagram showing an example 
of the Structure of a parity-data comparing circuit in a 
Semiconductor memory according to the first embodiment of 
the present invention; 
0019 FIG. 11 is a typical view for giving explanations 
concerning the case of performing a usual data read opera 
tion or data write operation independently in a Semiconduc 
tor memory according to the first embodiment of the present 
invention; 
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0020 FIG. 12 is a typical view for giving explanations 
concerning a case in which a refresh operation and a data 
read operation are performed at the same time in a Semi 
conductor memory according to the first embodiment of the 
present invention; 
0021 FIG. 13 is a typical view for giving explanations 
concerning a case in which a refresh operation and a data 
read operation are performed at the same time in a Semi 
conductor memory according to the first embodiment of the 
present invention; 
0022 FIG. 14 is a typical view for giving explanations 
concerning a case in which a refresh operation and a data 
write operation are performed at the Same time in a Semi 
conductor memory according to the first embodiment of the 
present invention; 
0023 FIG. 15 is a block diagram showing the structure 
of a Semiconductor memory according to a Second embodi 
ment of the present invention; 
0024 FIG. 16 is a typical view for explaining one 
example of the Structure of a memory cell array in a 
Semiconductor memory according to the Second embodi 
ment of the present invention; 

0.025 FIG. 17 is a typical view for explaining a refresh 
unit in a Semiconductor memory according to the Second 
embodiment of the present invention; 

0.026 FIG. 18 is a circuit diagram showing an essential 
part of the electric connection between sense amplifiers and 
data buses in a Semiconductor memory according to the 
Second embodiment of the present invention; 

0.027 FIG. 19 is a schematic chart showing a waveform 
of each Signal when data is written in a memory cell and data 
is rewritten in a memory cell having the same row address 
as the above memory cell from a data register shown in FIG. 
18. 

0028 FIG. 20 is a typical view for giving explanations 
concerning the case (flag: 0) where a usual data read 
operation is independently performed in a Semiconductor 
memory according to the Second embodiment of the present 
invention; 

0029 FIG. 21 is a typical view for giving explanations 
concerning the case (flag: 1) where a usual data read 
operation is independently performed in a Semiconductor 
memory according to the Second embodiment of the present 
invention; 

0030 FIG. 22 is a circuit diagram showing one example 
of the Structure of a logical circuit for Supplying the data 
from a data register to data buses in a Semiconductor 
memory according to the Second embodiment of the present 
invention; 

0.031 FIG. 23 is a typical view for giving explanations 
concerning the case (flag: 0) where a refresh operation and 
a data read operation are performed at the same time in a 
Semiconductor memory according to the Second embodi 
ment of the present invention; 
0.032 FIG. 24 is a typical view for giving explanations 
concerning the case (flag: 1) where a refresh operation and 
a data read operation are performed at the same time in a 
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Semiconductor memory according to the Second embodi 
ment of the present invention; 
0033 FIG.25 is a typical view for explaining the case of 
performing a data write operation independently in a Semi 
conductor memory according to the Second embodiment of 
the present invention; 
0034 FIG. 26 is a typical view for giving explanations 
concerning the case (flag: 0) where a refresh operation and 
a data write operation are performed at the Same time in a 
Semiconductor memory according to the Second embodi 
ment of the present invention; and 
0035 FIG. 27 is a typical view for giving explanations 
concerning the case (flag: 1) where a refresh operation and 
a data write operation are performed at the Same time in a 
Semiconductor memory according to the Second embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0036 Preferred embodiments of a semiconductor 
memory and a memory acceSS method according to the 
present invention will be explained in detail below with 
reference to the accompanying drawings. 
0037 FIG. 1 is a block diagram showing the structure of 
a Semiconductor memory according to a first embodiment of 
the present invention. This Semiconductor memory 1 is 
provided with a command receiving circuit 11, an address 
receiving circuit 12, a row decoder 13, a column decoder 14, 
a data input and output circuit 15, a refresh Signal generating 
circuit 2 and an internal address generating circuit 3 which 
corresponds to a refresh Signal generating unit, a write data 
buffer 4 which is a memory area, a write data buffer control 
circuit 5 which corresponds to a rewrite control unit, a parity 
generating circuit 6 which corresponds to a parity generating 
unit, a parity/data comparing circuit 7 which corresponds to 
a parity/data comparing unit, a memory cell array 8, a 
column driver 81, a data bus amplifier section 82 including 
a write amplifier and a read amplifier and a main word 
drivers and sense amplifier drive circuit 83. 
0038 Further, the refresh signal generating circuit 2 is 
constituted of a refresh oscillator 21 and a divider 22. The 
command receiving circuit 11 outputs a control Signal for 
receiving an address in the address receiving circuit 12 in 
time to commands for reading and writing data received 
from, for example, an external CPU. The received address is 
decoded by the row decoder 13 and the column decoder 14 
and Supplied to the main word drivers and Sense amplifier 
drive circuit 83 and the column driver 81. 

0039 The semiconductor memory 1 according to the first 
embodiment has the following Structure. Specifically, a 
refresh Signal is generated in the Semiconductor memory 1 
and a refresh operation is performed based on the refresh 
Signal. When data is written, a parity is generated and Stored. 
When a refresh operation and a usual data read or write 
operation are performed at the same time, a Sub-array as a 
Subject of refresh is given priority. For this reason, a parity 
is generated on the assumption that the data of a memory cell 
which cannot be read at the time of data read-out is 1 (may 
be 0) and the generated parity is compared with the parity 
stored at the time of data write-in to determine the value of 
data assumed as 1 (or 0). 
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0040. The data which cannot be written in a memory cell 
Since a Sub-array as a Subject of refresh is given priority is 
stored and held temporarily in the write data buffer 4. When 
the refresh operation is not overlapped on the usual data read 
or write operation, the data held in the write data buffer 4 is 
rewritten in a corresponding memory cell. 
0041 FIG. 2 is a typical view for explaining one example 
of the structure of the memory cell array 8. The memory cell 
array 8 has, though not particularly limited to, a structure in 
which, for example, 81 Sub-arrays are arranged like a matrix 
of size 9 (row)x9 (column). Each sub-array has a structure 
in which plural memory cells are arranged matrix-like, 
though not particularly illustrated. For example, nine Sub 
arrays constitute one block. Namely, the memory cell array 
8 is constituted of 9 blocks. Here, the block means a unit to 
which memory acceSS is given at the same time when data 
is written or read. 

0042. In the example shown in FIG. 2, the block 1 is 
constituted of 8 sub-arrays shown as “1” and one sub-array 
for parity shown as "1P in the figure. Similarly, the block 
2 is constituted of 8 sub-arrays shown as “2 and one 
sub-array for parity shown as “2P in the figure. This is the 
same to the block 3 to the block 9. In each of the blocks 1 
to 9, each one of 9 sub-arrays contained in the same block 
is arranged in each of the first to ninth block rows (herein 
after referred to as RB1 to RB9) and in each of the first to 
ninth block columns (hereinafter referred to as CB1 to CB9). 
Here, the block row means a row consisting of Sub-arrayS 
forming a line in a row direction (the direction of a word 
line) and the block column means a column forming a line 
in a column direction (the direction of a bit line). 
0.043 Here, a sub-array defined by the point where a 
block row RBi crosses a block column CB (i, j=1, 2, * 9) 
is expressed by RBi CB for the sake of convenience to 
explain the positions of Sub-arrays of each block of the 
memory cell array 8 in detail. For example, as shown in 
FIG. 2, the nine sub-arrays constituting the block 1 are 
RB1*CB1, RB2 *CB2, RB3*CB3, RB4*CB4, RB5* CB5, 
RB6*CB6, RB7*CB7, RB8 *CB8 and RB9*CB9. Among 
these sub-arrays, RB9* CB9 is a sub-array for storing the 
parity of the block 1. 
0044) The nine sub-arrays constituting the block 2 are 
RB1*CB2, RB2*CB3, RB3*CB4, RB4*CB5, RB5* CB6, 
RB6*CB7, RB7 *CB8, RB8*CB9 and RB9*CB1. Among 
these sub-arrays, RB8 * CB9 is a sub-array for storing the 
parity of the block 2. The nine Sub-arrays constituting the 
block 3 are RB1*CB3, RB2* CB4, RB3* CB5, RB4*CB6, 
RB5*CB7, RB6*CB8, RB7 *CB9, RB8*CB1 and 
RB9*CB2. Among these sub-arrays, RB7 * CB9 is a sub 
array for storing the parity of the block 3. This is the same 
to the blocks 4 to 9. 

0.045 Precisely, when k is an integer from 1 to 9, nine 
sub-arrays constituting a block k are RB1*CBk, 
RB2*CB(k+1), RB3*CB(k+2) RB4*CB(k+3), RB5*CB(k+ 
4) RB6*CB(k+5), RB7 *CB(k+6), RB8*CB(k+7) and 
RB9*CB(k+8). If the numeral (namely, the sum of k and 1 
to 8) appended behind CB exceeds 9, it is set to a value 
obtained by Subtracting 9 from the numeral. Among these 
sub-arrays, RB(10-k) * CB9 is a sub-array for storing the 
parity of the block k. Incidentally, in the first embodiment, 
the memory cell array 8 is constituted of 8 blocks and 
therefore the block 9 may be used for a redundant sub-array 
for Storing a parity or the like. 
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0046 Each sub-array is surrounded by Sub-word drivers 
84 and sense amplifiers 85. Although not particularly illus 
trated, one column Selective line rises in each region Sand 
wiched by each sub-word drivers 84 and data determined in 
number per each column Selective line is output. For 
instance, in the case of the Structure in which data of 2 bits 
or 4 bits per one column Selective line is output, the number 
of bits of the output data is 16 bits or 32 bits since the 
memory cell array 8 has the structure of 8 blocks. In the 
main word drivers and sense amplifier drive circuit 83, a 
Sense amplifier drive signal generating circuit group 86 and 
main word drivers 87 are arranged. 
0047. In the first embodiment, the refresh operation is 
performed in the unit of Sub-array. FIG. 2 shows a case in 
which the Sub-array positioned at RB2*CB3 of the block 2 
is a subject of refresh. Because the structure shown in FIG. 
2 is provided with 9 sub-arrays per one block, there fresh 
operation is performed at an interval of /6 of that of the 
conventional case where the refresh operation is performed 
in the unit of block. In other words, an oscillation Signal 
generated in a refresh oscillator 21 is divided by a divider 22 
So that the frequency is 9 times as high as that of a 
conventional Signal used for controlling refresh timing. 
0048 Based on a refresh signal refz output from the 
refresh Signal generating circuit 2, for example count-up of 
a counter in the internal address generating circuit 3 is made, 
whereby row addresses for activating a Sub-array which is a 
Subject of refresh are generated Successively. These gener 
ated row addresses are decoded by the row decoder 13 and 
Supplied to the main word drivers and Sense amplifier drive 
circuit 83. 

0049 FIG. 3 is a typical view for explaining one example 
of the hierarchical Structure of a word line and shows a 
Section of 4 blocks of one block row. The number of main 
word lines 88 provided per one block row is for example, 64. 
The main word lines 88 are driven by a main word drivers 
87 over the entire of 9 sub-arrays lined on the block row on 
which the main word lines 88 are wired. The number of 
sub-word lines 89 provided per one main word line 88 is, for 
example, 4 or 8. The sub-word line 89 is selected by a 
sub-word line selective signal 91 Supplied from the Sub 
word drivers 84 and driven only in an individual sub-array 
by a selective sub-word line drive signal 92. Namely, in the 
first embodiment, the memory cell array 8 is activated in the 
unit of Sub-array. 
0050. The generation of the Sub-word line selective sig 
nal 91 when a usual data write or read operation is per 
formed is separated from that when a refresh operation is 
performed. AS to the refresh operation, a structure in which 
the sub-word line 89 is selected in order by a method other 
than the above methods may be adopted. The Sub-word line 
selective signal 91 is supplied from the row decoder 13 and 
the selective sub-word line drive signal 92 is supplied from 
a circuit 94 which generates the selective sub-word line 
drive signal 92. Also, the selection of the main word line 88 
is made by a Selective Signal Supplied from the row decoder 
13. 

0051 FIG. 4 is a circuit diagram showing the essential 
part of the electric connection between the Sense amplifiers 
and the data bus. FIG. 5 is a diagram showing a logical 
relationship between each Signal in the circuit shown in 
FIG. 4. However, in FIG. 5, no operational timing is taken 
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into consideration. In FIG. 4 and FIG. 5, BL and /BL 
represent bit lines (or bit line potential) and n01 and n02 
represent nodes (or its potential) provided for the sake of 
convenience. Furthermore, rdbX and rdbZ represent data 
Signals which are Supplied to the data buses when data is 
read, WabX and WabZ represent data Signals which are 
Supplied to the data buses when data is written, psa and nsa 
represent Sense amplifiers activating Signals, CL represents 
a column Selective signal, rcleZ represents Sense amplifier 
column Selective signal when data is read, wclx represents 
Sense amplifier Selective signal when data is written, and 
Selz represents a Sub-array Selective Signal. 

0.052 The sub-array selective signal Selz is a signal for 
activating the Sense amplifier column in the unit of Sub 
array. The column Selective signal CL is Supplied from the 
column decoder 14. The Sense amplifier column Selective 
Signal rcleZ and wclx and the Sub-array Selective signal Selz 
are supplied from the row decoder 13. 

0053. The sub-array selective signal Selz and the sense 
amplifier column Selective signal rcleZ when data is read are 
input into a NAND gate Na1. The output terminal of the 
NAND gate Na1 (corresponding to the node n01) is con 
nected to each Source of a transistor Q1 and a transistor Q2. 
The gate of each of the transistor Q1 and the transistor Q2 
is connected to the bit line BL and the bit line/BL respec 
tively. The drain output of each of these transistors Q1 and 
Q2 is output as the data Signals rdbX and rdbZ respectively 
through a transistor Q3 and a transistor Q4 to which the 
column Selective signal CL as an input into the gate when 
data is output. 

0.054 The sub-array selective signal Selz is inverted by an 
inverter In1. The inverse signal of the sub-array selective 
signal selz is input into a NOR gate No1 together with the 
Sense amplifier column Selective Signal WClx generated 
when data is written. The output terminal (corresponding to 
the node n02) of the NOR gate No1 is connected to the gate 
of each of the transistor Q5 and the transistor O6. The data 
Signals wabz and wabX generated when data is written are 
supplied to the source of each of the transistor Q5 and the 
transistor Q6 respectively. The drain of each of the transistor 
Q5 and the transistor Q6 is connected to the bit line BL and 
the bit line /BL respectively through a transistor Q7 and a 
transistor Q8 which respectively receive the column selec 
tive signal CL as an input into the gate. The output signal of 
the NAND gate Na1 and the output signal of the inverter In1 
and NOR gate No 1, namely n01 and no2 may be common 
to plural Sense amplifiers. 

0055. The sense amplifier latch 93 connected to the bit 
lines BL and /BL is activated when the sense amplifier 
activating Signal psa is in the State of a relatively high 
potential level “H” and the Sense amplifier activating Signal 
nsa is in the state of a relatively low potential level “L”. As 
shown in FIG. 5, if the column selective signal CL, the 
Sub-array Selective signal Selz, and the Sense amplifier col 
umn Selective signal rcleZ when data is read are all put in the 
“H” state when the sense amplifier latch 93 is activated, the 
potential level of the node n01 is “L”. A potential difference 
corresponding to a potential difference between the bit line 
BL and the bit line /BL is thereby developed between the 
data Signals rdbX and rdbZ which are Supplied to the data 
buses. AS a consequence, the data of an object memory cell 
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is read from the sense amplifier for which the CL line is “H” 
among the Sub-arrayS. Selected by the Sub-array Selective 
Signal Selz. 
0056. On the other hand, if the column selective signal 
CL and the Sub-array Selective signal Selz are both put in the 
“H” State and the Sense amplifier column Selective signal 
wclx when data is written is put in the “L” state when the 
sense amplifier latch 93 is activated, the potential level of the 
node n02 is “H”. Write data is thereby supplied to the bit line 
BL and the bit line /BL as the data signals wabz and wabx. 
AS a consequence, the data is written in an object memory 
cell from the sense amplifier for which the column selective 
signal CL is “H” among the sub-arrays selected by the 
Sub-array Selective signal Selz. 
0057 FIG. 6 is a typical view for explaining one example 
of a mechanism for Selecting a Sub-array which is being 
refreshed. The memory cell array 8 is provided with signal 
lines for Supplying row direction refresh enable signals 
refr12 to refr'92 in each block row of RB1 to RB9. The 
memory cell array 8 is also provided with Signal lines for 
Supplying column direction refresh enable signals refc1z to 
refc92 in each block column of CB1 to CB9. A sub-array to 
which the row direction refresh enable signal refritz and the 
column direction refresh enable signal refcitz are Supplied is 
a subject of refresh. 
0.058 Here, if means numerals from 1 to 9. The row 
direction refresh enable Signal refritz and the column direc 
tion refresh enable signal refcitz are Supplied from the 
internal address generating circuit 3. The internal address 
generating circuit 3 is provided with, for example, a counter 
and by the count-up of the counter, the row direction refresh 
enable signal refritz and the column direction refresh enable 
Signal refcitz are activated in order. 
0059. In the example shown in FIG. 6, because the 
Second row direction refresh enable Signals refr2z and the 
third column direction refresh enable signals refc32 are 
supplied, the sub-array of RB2*CB3 is a subject of refresh. 
Therefore, the sub-array of RB2*CB3 is activated for the 
execution of a refresh operation. It is to be noted that a 
Sub-array which is a Subject of refresh can be Selected by a 
combination of the row direction refresh enable signal refritz 
and a block number instead of using the column direction 
refresh enable signal refcitz. 
0060) Further, as shown in FIG. 6, the memory cell array 
8 is provided with Signal lines for Supplying non-activating 
signals inact1z to inact92 to each block column of CB1 to 
CB9. The non-activating signal inactitz is activated corre 
sponding to a Sub-array which is not allowed to conduct the 
usual data write or read operation due to the refresh opera 
tion. The non-activating Signal inactitz is generated in the 
memory cell array 8. 
0061. In the example shown in FIG. 6, the refresh 
operation for the sub-array of RB2* CB3 and the data write 
operation in the block 4 are performed at the same time. In 
this case, because the sub-array of RB2*CB3 is activated as 
aforementioned by the refresh operation, a Sub-array posi 
tioned at the block row of RB2 among Sub-arrays included 
in the block 4, specifically, the Sub-array of RB2* CB5 is not 
activated. The non-activating Signal inact5z corresponding 
to the sub-array of RB2*CB5 is activated to be put in the 
“H” state instead. By this operation, information specified is 
resultantly held in the write data buffer 4 corresponding to 
the block column CB5. 



US 2002/OO67649 A1 

0062) The aforementioned write data buffer control cir 
cuit 5 generates a rewrite enable Signal wback which is a 
control Signal, used for rewriting the data held in the write 
data buffer 4, in a corresponding memory cell when the 
refresh operation and the data read operation or the refresh 
operation and the data write operation are not performed at 
the same time. The rewrite enable Signal wback is generated 
based on the write enable Signal Wenz and read enable signal 
renz which are Supplied from the command receiving circuit 
11 and the refresh signal refz Supplied from the refresh 
Signal generating circuit 2. Specifically, the write data buffer 
control circuit 5 has a logical circuit which takes the logic of 
the write enable Signal Wenz, read enable signal renz and 
refresh Signal refz and outputs the rewrite enable signal 
wback. Such a logical circuit can be structured variously and 
the specific illustration thereof is therefore omitted. 
0.063 FIG. 7 is a circuit diagram showing one example 
of the structure of a part of the write data buffer 4. The write 
data buffer 4 is provided with a circuit which holds write 
data and a circuit which holds a Set of row address and 
column address corresponding to the held data. For example, 
one combination of a circuit which holds write data and a 
circuit which holds a set of row address and column address 
corresponding to the held data is disposed in each block 
column. The circuit which holds write data is structured of, 
for example, two transfer gates Tr1 and Tr2, Six inverters In2 
to Int, three NAND gates Na2 to Na4 and a delay circuit 41. 
The write data wdata Supplied from the data input-output 
circuit 15 is input into a latch consisting of two inverters In2 
and In3 through the first transfer gate Tr1. The data of the 
latch is output as a rewrite data wedbz to the data buses 
through the Second transfer gate Tr2. 

0064. A non-activating signal inact02 is inverted by the 
inverter In4 and input into the NAND gate Na2 among the 
two NAND gates Na2 and Na3 constituting a flip-flop 
circuit. The rewrite enable signal wback is inverted by the 
inverter Ins and input into the other NAND gate Na3. The 
outputs of these two NAND gates Na2 and Na3 are another 
inputs of the other NAND gates Na3 and Na2 respectively. 
The second transfer gate Tr2 is controlled by the output 
signal of the NAND gate Na2 and a signal formed by 
inverting the output Signal by the inverter Inó. 

0065. The output signal of the inverter Inó is input 
directly to one input terminal of the NAND gate Na4. The 
output signal of the inverter Inó is input into another input 
terminal of the NAND gate Na4 through the delay circuit 41. 
This delay circuit 41 is disposed to enable the acceptance of 
the next data after the data held in the latch is exactly 
transferred to the write amplifier or the data buses. The first 
transfer gate Tr1 is controlled by the output signal of the 
NAND gate Na4 and a signal formed by inverting the output 
signal by the inverter InT. 

0.066. A circuit which holds a set of row addresses is a 
circuit having the same Structure as the aforementioned 
circuit which holds write data except that the names of each 
part are changed as follows: the transfer gates Tr1 and Tr2 
to transfer gates Tr3 and TrA, the six inverters In2 to Int to 
inverters Ins to In 13, the three NAND gates Na2 to Na4 to 
NAND gates Na5 to Na7 and the delay circuit 41 to a delay 
circuit 42. In place of the write data wdata, a decode Signal 
rap00z of one of the row addresses corresponding to the held 
data is input into the input Side transfer gate Tr3 from the 
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row decoder 13. From the output side transfer gate TrA, a 
decode address signal rapbk00z for rewrite in place of the 
rewrite data WCdbZ is Supplied to the main word drivers and 
sense amplifier drive circuit 83. 
0067. A circuit which holds a set of column addresses, 
though not shown, is a circuit having the same Structure as 
the aforementioned circuit which holds a row address. 
However, in place of the decode signal rap00z of a row 
address, a decode Signal cap(002 of one of the column 
addresses is input into an input Side transfer gate from the 
column decoder 14. Also, from an output Side transfer gate, 
a column direction decode address signal capbk00z for 
rewrite in place of the row direction decode address Signal 
rapbk00z is supplied to the column driver 81. In this manner, 
when data is held in the write data buffer 4, the decoded 
addresses (row address and column address) are held 
together. Therefore, the write data buffer 4 is provided with 
an area Storing the held data and an area Storing the decoded 
addresses. 

0068. When the held data is rewritten in a corresponding 
memory cell, a word line and a column line are activated 
based on the address stored in the write data buffer 4. In the 
example shown in FIG. 7, since the decoded addresses 
rap002 and cap00z are stored in the write data buffer 4, the 
row decode address signal rapbk00z for rewrite and the 
column decode address Signal capbk002 for rewrite are input 
directly to the main word drivers and the Sense amplifier 
drive circuit 83 and the column driver 81 respectively. The 
write data buffer 4 is provided with circuits having the 
aforementioned structure in numbers same as those of the 
predetermined addresses and the addresses are thereby held. 
The write data buffer 4 may be made to store an address 
itself which has not been decoded. In this case, addresses for 
rewrite which are output from the write data buffer 4 are 
input into the row decoder 13 and the column decoder 14. 
0069 FIG. 8 is a logical value table showing the logical 
relationship between each Signal as to the circuit shown in 
FIG. 7. In Fig. 8, no3 and n04 represent, for convenience of 
explanation, nodes. The node n03 corresponds to an output 
terminal point of the inverter Inó and the node n04 corre 
sponds to an output terminal point of the inverter In12. First, 
a latch of write data will be explained. In the initial state, the 
non-activating Signal inactOz and the rewrite enable Signal 
wback are both “L” and the potential level of the node n03 
is “H”. At this time, the state allows the rewrite of data. 
0070. When the non-activating signal inact0z is “H” and 
the rewrite enable signal wback is “L”, the potential level of 
the node n03 is “L”. This allows the inputside transfer gate 
Tr1 to be put in an OFF state and the outputside transfer gate 
Tr2 to be put in an OFF state. Therefore, the write data buffer 
4 is in a write inhibitive state, thereby the write data wdata 
input is latched. The non-activating Signal inactOz is then 
changed to “L”, but the write inhibitive state continues. 
Here, the non-activating Signal inactOz is changed to “H” in 
response to the condition that a corresponding non-activat 
ing signal inactitz (for example, #=5) in each block column 
is activated to “H”. 

0071. When the non-activating signal inact02 is changed 
to “L” and the rewrite enable signal wback is changed to “H” 
from this condition, the potential level of the node n03 is 
changed to “H”. This results in that the output side transfer 
gate Tr2 is put in an ON state and the data held in the latch 
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is output to the data buses as the rewrite data WCdbZ and 
written in a corresponding memory cell by the write ampli 
fier. The memory cell in which the data is written is specified 
by the addresses held in the aforementioned circuit which 
holds a row address and in the aforementioned circuit which 
holds a column address in the write data buffer 4. Thereafter, 
the System returns to the initial State. 
0.072 This is the same to the latch of the row address and 
column address. Specifically, when the non-activating Signal 
inact0z is “H” and the rewrite enable signal wback is “L”, 
the row address and the column address are latched. These 
latched row address and column address are output when the 
non-activating Signal inactOz is “L” and the rewrite enable 
signal wback is “H”. 
0.073 FIG. 9 is a circuit diagram showing one example 
of the Structure of the parity generating circuit 6. This parity 
generating circuit 6 is, though not particularly limited to, a 
circuit which generates a parity as, for example, data of 8 
bits. In FIG. 9, 02 to 7z are data of each bit of 8-bit data 
Supplied from the data input-output circuit 15. This parity 
generating circuit 6 is a logical circuit in which each 8 
bit-data 02 to 7z is input and a parity signal pz is “H” when 
the last Significant bit of the Sum of each data is an even 
number whereas the parity Signal pz is “L” when the last 
Significant bit of the Sum of each data is an odd number. The 
parity signal pz is transferred to the write amplifier and 
written in a corresponding parity bit of the memory cell 
array 8. 
0074 FIG. 10 is a circuit diagram showing the structure 
of the parity-data comparing circuit 7. In FIG. 10, prodatz is 
a parity generated based on the data read from the memory 
cell array 8, namely, the parity of the read data. This parity 
prdatz of the read data is, for example, calculated on the 
assumption that when the refresh operation is overlapped on 
the usual data read operation, data of a memory cell which 
cannot be read because the refresh operation is given priority 
is 1 though no particular limitation is imposed on the method 
of calculating the parity. prz is the parity Stored in the 
memory cell array 8, specifically, the parity (hereinafter 
referred to as accumulated parity) accumulated together 
when data which is a Subject of read is written in the memory 
cell array 8. 
0075. The parity-data comparing circuit 7 is provided 
with a NOR gate No2 and a NAND gate Na3 which 
respectively take NOR logic and NAND logic of the parity 
prdatz of read data and the accumulated parity prz, an 
inverter In14 which inverts the output of the NOR circuit 
No2 and a NAND gate Na9 which takes NAND logic of the 
output of the inverter In14 and the output of the NAND gate 
Na8. The output signal of the NAND gate Nas, namely the 
output signal compz of the parity-data comparing circuit 7 is 
1 if the parity praatz of the read data coincides with the 
accumulated parity prZ and 0 if the both parities prodatZ and 
prZ don’t coincide with each other. Here, Since the data of 
the memory cell which cannot be read is assumed as 1, the 
value of the output Signal compz is output as it is to the data 
input-output circuit 15 as the data of the memory cell from 
which the data cannot be read. 

0.076 Next, in the semiconductor memory 1 according to 
the first embodiment, explanations will be furnished about a 
case in which the usual data read operation or data write 
operation is performed, specifically, the data read operation 
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or the data write operation is independently performed 
without overlap on the refresh operation taking FIG. 11 as 
an example. In the example shown in FIG. 11, the block 4 
is assumed to be the Subject of data read and data write. 
Therefore, nine sub-arrays RB1* CB4, RB2*CB5, 
RB3*CB6, RB4*CB7, RB5* CB8, RB6*CB9, RB7* CB1, 
RB8*cB2 and RB9*CB3 belonging to the block 4 are 
activated. Accordingly, nine main word lines rise. Because 
one column Selective line rises in the block column of each 
of CB1 to CB9, nine column selective lines in total rise. A 
predetermined number of data buses is disposed in each 
column Selective line and the predetermined number of data 
are read or written. 

0077 Next, explanations will be given about a case in 
which the refresh operation and the data read operation are 
performed at the same time in the Semiconductor memory 1 
according to the first embodiment taking FIG. 12 as an 
example. In the example shown in FIG. 12, the block 4 is 
a subject of data read and the sub-array of RB2* CB3 is a 
subject of refresh similarly to the example shown in FIG. 11. 
In this case, because the refresh operation is given priority 
in the block row RB2, the sub-array RB2* CB3 is activated 
and a word line corresponding to the refresh address is 
activated. 

0078. On the contrary, the sub-array of RB2*CB5 
belonging to the block 4 is not activated. For this reason, the 
data stored in a memory cell in the sub-array of RB2* CB5 
is not output resultantly. However, as aforementioned, the 
data which is not output is assumed as 1 to compare the 
parity prodatz of read data with the accumulated parity prz by 
the parity-data comparing circuit 7 thereby determining the 
value of the data which is not output. Also, in the block 
column CB3, the sub-array of RB2*CB3 which is a subject 
of refresh and the sub-array of RB9*CB3 which is a subject 
of read are activated and the sub-array of RB9*CB3 is 
Selected by the Sub-array Selective Signal Selz, whereby no 
data is output from the Sub-array which is a Subject of 
refresh and data is output only from the Sub-array which is 
a Subject of read. 
007.9 FIG. 13 shows a case in which a parity storing 
Sub-array is a Subject of refresh when the refresh operation 
and the data read operation are performed at the same time. 
Specifically, in FIG. 13, the sub-array of RB6*CB9 is a 
parity Storing Sub-array of the block 4 and, at the Same time, 
a Subject of refresh. In this case, because the refresh opera 
tion is given priority, the accumulated parity prZ is not 
output from the sub-array of RB6 CB9, but all data except 
for a parity are output from the block 4. The output data is 
read data as it is. 

0080 Next, explanations will be given about a case in 
which the refresh operation and the data read operation are 
performed at the same time in the Semiconductor memory 1 
according to the first embodiment taking FIG. 14 as an 
example. In the example shown in FIG. 14, the block 4 is 
a subject of data write and the Sub-array of RB2*CB3 is a 
subject of refresh similarly to the example shown in FIG. 11. 
Similarly to the case of read, the refresh operation is given 
priority in the block row RB2 and therefore the sub-array of 
RB2*CB3 is activated. Because the sub-array of RB2*CB5 
is not activated, no data can be written in a memory cell in 
the sub-array of RB2*CB5. 
0081. The data to be written in the memory cell in the 
sub-array of RB2* CB5 is written once in the write data 
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buffer 4. Then, as aforementioned, the data held in the write 
data buffer 4 is written in the proper memory cell when any 
one of the refresh operation, the data write operation and the 
data read operation is independently performed. This is the 
Same to a case in which the parity Storing Sub-array is a 
subject of refresh when the refresh operation and the data 
write operation are performed at the same time. 
0082) According to the first embodiment, when the 
refresh operation and the data read or data write operation 
are performed at the same time, the data in a memory cell 
which cannot be read because the refresh operation is given 
priority is determined based on the parity. Furthermore, the 
data in a memory cell in which the data cannot be written 
because the refresh operation is given priority is rewritten in 
the proper memory cell after Stored and held temporarily in 
the write data buffer 4. This arrangement makes it possible 
to free the Semiconductor memory from the refresh opera 
tion apparently. Therefore, the problem that a difference in 
the Speed of the read operation and in the Speed of the write 
operation is caused by the hit or miss of the cache when a 
cache memory is used to free a Semiconductor memory from 
the refresh operation and the problem that the Semiconductor 
memory is large-scaled or the degree of integration is 
decreased by disposing a large cache memory to lower the 
rate of cache miss can be Solved. 

0.083 Also, the first embodiment has the structure in 
which a refresh Signal is generated in the Semiconductor 
memory 1 and the refresh operation is performed based on 
the refresh Signal. It is unnecessary to input a refresh 
command from the outside. Because the Semiconductor 
memory 1 can be used as a storage of an SRAM interface, 
a conventional SRAM can be replaced by the semiconductor 
memory 1. In this case, Such an effect that the power 
consumption and the area of the integrated circuit are 
Smaller than those in the case of the SRAM. 

0084. Also, according to the first embodiment, the semi 
conductor memory 1 may be used as a Storage which is the 
same as or similar to a DRAM interface and for which no 
refresh command from the outside is not required. In this 
case, because no refresh command is required, Such an effect 
that the timing control of a refresh operation and a data read 
operation or a data write operation is made Simple. Also, 
because there is no time Zone during which memory acceSS 
is inhibited on account of a refresh operation, the utilization 
efficiency of a bus can be more improved than in the case of 
a conventional DRAM without burdening a memory con 
troller with a complex operation. To State in other words, a 
high data transfer Speed is attained. 
0085. According to the first embodiment, the peak cur 
rent consumption during refresh operation is more decreased 
than in the conventional case of performing refresh in the 
unit of block because the refresh operation is performed in 
the unit of Sub-array. Therefore, the noise of power wirings 
caused by a variation in current consumption can be 
decreased. Also, because the maximum value of the Supply 
capacity of a power generating circuit can be decreased 
depending on an architecture, Such an advantage that the 
circuit area can be more decreased and the designing can be 
made more easily is obtained. 
0.086. It is to be noted that, in the first embodiment, 
explanation is given taking into consideration a case where 
the number of the blocks defined by a row address is eight 
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as an example. However, the invention is not limited to this 
case and the number of the blockS may be Seven or less or 
nine or more. Also, in the first embodiment, the data which 
is a Subject of read or write is designed to be 8 bits, however, 
the invention is not limited to this and the same effect is 
obtained even if the data is 4 bits, 16 bits, 32 bits or 64bits. 
Moreover, all of the structure of the memory cell array 8, the 
hierarchical Structure of the word line, the Structure as to the 
connection between the Sense amplifiers and the data buses, 
there fresh Signal generating circuit 2, the write data buffer 
4, the write data buffer control circuit 5, the parity generating 
circuit 6 and the parity-data comparing circuit 7 are not 
limited to the aforementioned Structures and can be vari 
ously changed in design. 

0087 FIG. 15 is a block diagram showing the structure 
of a Semiconductor memory according to a Second embodi 
ment of the present invention. This Semiconductor memory 
101 is provided with a command receiving circuit 111, an 
address receiving circuit 112, a row decoder 113, a column 
decoder 114, a data input and output circuit 115, a refresh 
Signal generating circuit 102 and an internal address gener 
ating circuit 103 which corresponds to a refresh unit, a data 
register 104 which is a memory area comprising a nonvola 
tile Storage, a parity generating circuit 106 which corre 
Sponds to a parity generating unit, a parity-data comparing 
circuit 107 which is a parity-data comparing unit, a memory 
cell array 108, a column driver 181, a data bus amplifier 
Section 182 including a write amplifier and a read amplifier 
and a word driver and sense amplifier drive circuit 183. 

0088. Further, the refresh signal generating circuit 102 is 
constituted of a refresh oscillator 121 and a divider 122. 
Similarly to the first embodiment, the command receiving 
circuit 111 outputs a control Signal for taking an address in 
the address receiving circuit 112 in time to commands for 
reading and writing data received from, for example, an 
external CPU. The taken address is decoded by the row 
decoder 113 and the column decoder 114 and supplied to the 
word driver and sense amplifier drive circuit 183 and the 
column driver 181. The aforementioned parity generating 
circuit 106 and the aforementioned parity-data comparing 
circuit 107 have the same Structures as the parity generating 
circuit 106 and the parity-data comparing circuit 7 according 
to the first embodiment respectively, explanations of these 
parts are omitted. 

0089. The semiconductor memory 101 according to the 
Second embodiment 2 has the following Structure. Specifi 
cally, a refresh Signal is generated in the Semiconductor 
memory 101 to perform a refresh operation on the basis of 
the refresh Signal. Also, when data is written, a parity is 
generated and Stored. When the refresh operation and a usual 
data read or data write operation are performed at the same 
time and a Sub-array which is a Subject of refresh and a 
Sub-array including a memory cell which is a Subject of read 
or write use a Sense amplifier in common or as a signal line 
used in a read or write operation, one used in plural Sense 
amplifier columns in common and one used in Sense ampli 
fier columns relative to the Same block in common are used 
together, the Sub-array which is the Subject of refresh is 
given priority. 

0090 For this reason, data in a memory cell which cannot 
be read when data is read is assumed 1 (may be 0) to 
generate a parity and the generated parity is compared with 
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the value of a parity Stored when the data is written to 
determine the value of the data assumed as 1 (or 0). Also, 
data which cannot be written in a memory cell because a 
Sub-array which is a Subject of refresh is given priority is 
stored and held temporarily in a data register 104. Then the 
effective data is rewritten in a corresponding memory cell 
when the Successive data read or write operation is per 
formed in a row including a memory cell in which the data 
held in the data register 104 is to be originally written. 
0.091 FIG. 16 is a typical view for explaining one 
example of the structure of a memory cell array 108. The 
memory cell array 108 has, though not particularly limited 
to, a structure in which, for example, 20 Sub-arrays are 
arranged like a matrix of size 4 (row)x5 (column) Each 
Sub-array has a structure in which plural memory cells are 
arranged matrix-like, though not particularly illustrated. For 
example, in the Second embodiment, 5 Sub-arrays constitutes 
one block and the memory cell array 108 is constituted of 4 
blocks. 

0092. In the example shown in FIG. 16, the block 1 is 
constituted of 4 sub-arrays shown as “1-1 to “1-4” and one 
sub-array for parity shown as "1P in the figure. Similarly, 
the block 2 is constituted of 4 sub-arrays shown as “2-1” to 
“2-4” and one sub-array for parity shown as “2P in the 
figure. This is the same to the block 3 and the block 4.5 
Sub-arrays contained in the same block is arranged in the 
Same block row. Namely, Sub-arrays in one row which are 
lined along a word line with the same row address are 
included in the same block. 

0093. Each sub-array is surrounded by a word driver 184 
and a sense amplifier column 185. The word driver 184 is 
Structured Such that it can operate independently on each 
Sub-array. For example, in the Second embodiment, the 
number of Sense amplifiers (paired bit line) which are 
disposed is 2k (provided that k=1024) per one block and the 
ratio of the word driver 184 disposed is one for every 512 
sense amplifiers. For example, 512 or 1024 word lines are 
arranged in a Zone Sandwiched between the Sense amplifier 
columns 185, specifically, in one block row. 
0094) In addition, data registers 105a to 105d (in FIG. 
15, the symbol 104 representing these registers is attached) 
are disposed every row address and have the same row 
address as the memory cell array 108. Whether data held in 
each of these data registers 105a to 105d is effective or not 
is determined by a flag. Specifically, the flag has a function 
as a means determining whether data held in the data 
registers 105a to 105d is effective or ineffective. For 
example, if the held data is effective, the flag is 1 where as 
if the held data is ineffective, the flag is 0. Also, in addition 
to the data, a column address (or may be a column address 
and a row address) of a memory cell in which the data is to 
be originally Stored and the address of a Sub-array are Stored 
in each of the data registers 105a to 105d. 
0.095 FIG. 17 is a typical view for explaining a refresh 
unit in the second embodiment. As shown in FIG. 17, the 
refresh operation is performed in the unit of sub-array. FIG. 
17 shows a case in which a sub-array positioned at the fourth 
place of the block 3, namely the sub-array of 3-4 is a subject 
of refresh. In the structure shown in FIG. 17, five sub-arrays 
per one block is provided and therefore a refresh operation 
is accomplished at an interval of /S of that in the conven 
tional case where the refresh operation is performed in the 

Jun. 6, 2002 

unit of block. To State in other words, an oscillation signal 
generated in a refresh oscillator 121 is divided by a divider 
122 So that the frequency is 5 times as high as that of a 
conventional Signal used for controlling refresh timing. 

0096 Based on a refresh signal refz output from the 
refresh Signal generating circuit 102, row addresses for 
activating a Sub-array which is a Subject of refresh are 
generated Successively by the internal address generating 
circuit 103 and the refresh operation is performed based on 
the generated row address in the same manner as in the first 
embodiment. 

0097 FIG. 18 is a circuit diagram showing the essential 
part of the relation of the connection between the Sense 
amplifiers and the data buses. In FIG. 18, WDB and /WDB 
are a pair of data buses, CL is a column Selective line used 
when the usual data write operation is performed, RWDB 
and/RWDB are a pair of data buses used when an operation 
of rewrite of the data from the data register 104 is performed 
and RCL is a column Selective line used when the operation 
of rewrite of the data from the data register 104 is performed. 
0098 Namely, the semiconductor memory according to 
the second embodiment provided with the two data buses 
RWDB and /RWDB for data rewrite operation and the 
column selective line RCL besides the two data buses WDB 
and /WDB for usual data write operation and the column 
Selective line CL. WCL in FIG. 18 is a selective line for 
Selecting Sense amplifiers corresponding to a Sub-array 
which is a subject of data write or data rewrite. The potential 
level of this selective line WCL is made to be “H” which is 
common to the Sense amplifier column of the Sub-array 
which is a Subject of data write and data rewrite. 
0099 Each sense amplifier 185 is connected to the data 
bus WDB for usual write through two Switching transistors 
Q1 and Q2 and to the data bus/WDB for usual write through 
two Switching transistorS Q3 and Q4. Also, each Sense 
amplifier 185 is connected to the data bus RWDB for rewrite 
through two switching transistors Q.5 and Q6 and to the data 
bus /RWDB for rewrite through two Switching transistors 
O7 and Q8. Four transistors O1, Q3, Q5 and O7 are 
respectively put in the ON state when the potential level of 
the Selective line WCL is “H”. 

0100 Two transistors Q2 and Q4 are respectively put in 
the ON state when the potential level of the column selective 
line CL1 for usual data write operation is “H”. Therefore, a 
data wdata is supplied to the sense amplifiers 185, selected 
since the potential level of the column selective line CL for 
usual data write operation is changed to “H” when the 
potential level of the selective line WCL is “H”, from the 
data input-output circuit 115 through the two data buses 
WDB and /WDB for usual data write operation. The data is 
written in a corresponding memory cell. This State is shown 
in the upper half section of FIG. 18 and the flow of the data 
is shown by the Solid one-side arrow. 
0101. On the other hand, two transistors Q6 and Q8 are 
respectively put in the ON state when the potential level of 
the column selective line RCL2 for data rewrite operation is 
“H”. Therefore, data is supplied to the sense amplifiers 185, 
Selected Since the potential level of the column Selective line 
RCL2 for data rewrite operation is changed to “H” when the 
potential level of the selective line WCL is “H”, from the 
data register 104 through the two data buses RWDB and 
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/RWDB for data rewrite operation. The data is rewritten in 
a corresponding memory cell. This State is shown in the 
lower half section of FIG. 18 and the flow of the data is 
shown by the one-side arrow of the two-dot long and two 
short dashes line. The column selective line RCL2 for data 
rewrite operation is placed in the “H” level on the basis of 
the column address held together with the data in the data 
register 104. 
0102) Such a structure as to the relation of the connection 
between the sense amplifiers 185 and the data bus ensures 
that an operation of writing data in a certain memory cell in 
response to a write command and an operation of rewriting 
the held data from the data register 104 in a memory cell 
having the same column address as the certain memory cell 
can be performed independently in the Sense amplifier 
column selected when the potential level of the selective line 
WCL is “H”. Accordingly, the two data buses RWDB and 
/RWDB for data rewrite operation, the column selective line 
RCL for data rewrite operation and the Switching transistors 
Q6 and Q8 constitute a means for rewriting the data stored 
and held in the data register 104 in a corresponding memory 
cell. 

0103 FIG. 19 is a waveform chart showing a waveform 
of each Signal when data is written in a certain memory cell 
and data is rewritten in a memory cell having the Same row 
address as the certain memory cell from the data register 104 
in the circuit shown in FIG. 18. In FIG. 19, WRT represents 
a timing Signal for write, WL represents the potential of a 
word line, CL represents the potential of the column Selec 
tive line CL for usual data write operation, RCL represents 
the potential of the column selective line RCL for data 
rewrite operation and BL and /BL respectively represent the 
potential of bit lines. As shown in FIG. 19, the potential of 
the column selective line RCL for data rewrite operation is 
changed to the “H” level in timing delayed by t after the 
potential of the column selective line CL for usual data write 
operation is changed to the “H” level. It is to be noted that 
this figure explains a typical case and therefore does not 
reflect the actual duration of t. 

0104. This reason is that after the column selective line 
CL for usual data write operation corresponding to a certain 
memory cell rises when data is written, the flag of the data 
register 104 which corresponds to the same row address as 
that of the certain memory cell is examined and when the 
value is 1, Specifically, effective data is held in the data 
register, the corresponding column Selective line RCL for 
data rewrite operation rises. 
0105 Next, explanations will be given about a case in 
which the usual data read operation is independently per 
formed, Specifically, the usual data read operation is per 
formed independently without overlapping on a refresh 
operation and the flag of the data register 104 is 0 in the 
Semiconductor memory 101 according to the Second 
embodiment with reference to FIG. 20. In the example 
shown in FIG. 20, the block 2 is a subject of data read. For 
this reason, five sub-arrays 2-1,2-2, 2-3, 2-4 and 2P belong 
ing to the block 2 are activated. The data and the parity are 
output from a memory cell in each of these five Sub-arrayS. 
0106 Next, explanations will be given about a case in 
which the usual data read operation is performed and the flag 
of the data register 104 is 1 in the semiconductor memory 
101 according to the second embodiment with reference to 
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FIG. 21. In the example shown in FIG. 21, the block 2 is a 
subject of data read. The column address held in the data 
register coincides with the column address which is a Subject 
of read and effective data which is to be written in a memory 
cell which is a subject of read in the sub-array 2-4 is held in 
the data register 105b. In this case, with regard to each of the 
Sub-arrayS 2-1, 2-1, 2-3 and 2P, the data and the parity are 
output from a corresponding memory cell, but no correct 
data is output from the Sub-array 2-4. 
0107 On the other hand, correct data is output from the 
data register 105b through a logical circuit 201. This logical 
circuit 201 will be explained later. Then, the data held in the 
data register 105b is rewritten in a corresponding memory 
cell of the sub-array 2-4. The data held in the data register 
105b is invalid resulting from the completion of rewrite of 
the held data and therefore a corresponding flag of the data 
register 105b becomes O. When the column addresses do not 
coincide with each other, the same usual read operation as in 
FIG. 20 is carried out and the data in the data register is 
rewritten. 

0.108 FIG. 22 is a circuit diagram showing one example 
of the structure of the logical circuit 201. This logical circuit 
201 comprises transfer gates and inverters in numbers 
respectively equal to the number of Sub-arrays per one 
block, specifically, five transfer gates TrS to Tr9 and five 
inverters In15 to In19 in the example illustrated. In FIG.22, 
Seg02 to Segaz are Segment numbers of the data in the 
direction of the column of the sub-array which data is held 
in the data register corresponding to each address and regaO1 
is data held in the data register corresponding to a row 
address of a(01. Here, in the Segment numbers Seg02 to Segaz 
in the direction of the column of the Sub-array, j in Segi Z 
(provided that j=0 to 4) is a numeralj when the number of 
the Sub-array is expressed by i-j. 
0109) Also, rcdbpz is a read common data bus corre 
sponding to the sub-array with a parity and rcdb0z to rcodb32 
are read common data buses corresponding to four Sub 
arrayS eXcluding the Sub-array with a parity in one block. 
These read common data buses rcabpz and rcdbOz to rcodb32 
are used in common with the data buses for usual read data. 
The potential level of each of seg02 to seg4z is “H” when it 
is selected and “L” when it is unselected. 

0110. The transfer gate Tr5 is controlled by the signal 
Seg02 and a Signal obtained by inverting the Signal Seg02 by 
the inverter In15 and is put in the ON state when the 
potential level of seg02 is “H”. The transfer gate Tró is 
controlled by the Signal Seg1z and a signal obtained by 
inverting the Signal Seg12 by the inverter In 16 and is put in 
the ON state when the potential level of seg1z is “H”. 
Similarly, the transfer gate Tr7, the transfer gate Tr3 and the 
transfer gate Tr9 are put in the ON state when the potential 
of each of Seg22, Seg32 and Segaz is “H” respectively. By 
putting either one of these transfer gates TrS to Tr9 in the ON 
State, the data rega01 held in the data register is output to 
desired read common data buses rcodbpz and rcdb02 to 
rcdb32. 

0111 Next, explanations will be given about a case in 
which the refresh operation and the usual data read operation 
are performed at the same time and the flag of the data 
register 104 is 0 in the semiconductor memory 101 accord 
ing to the second embodiment with reference to FIG. 23. In 
the example shown in FIG. 23, the block 2 is a subject of 
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data read similarly to the case of FIG. 20 and the sub-array 
of 3-4 is a subject of refresh. In this case, since the refresh 
operation is given priority, a word line corresponding to the 
sub-array of 3-4 is activated, but a word line for the 
sub-array of 2-4 is not activated. Therefore, the data stored 
in a memory cell in the Sub-array 2-4 is not output. 
0112 Therefore, in the same manner as in the first 
embodiment, the data of the Sub-array of 2-4 is assumed as 
1 to generate a parity on the basis of the above data and the 
data read from three sub-arrays 2-1, 2-2 and 2-3. Then, the 
generated parity is compared with the parity read from the 
sub-array of 2P in the parity-data comparing circuit 107 to 
thereby determine the value of the data to be read from the 
sub-array of 2-4. 
0113. Next, explanations will be given about a case in 
which the refresh operation and the usual data read operation 
are performed at the same time and the flag of the data 
register 104 is 1 in the semiconductor memory 101 accord 
ing to the second embodiment with reference to FIG. 24. In 
the example shown in FIG. 24, the block 2 is a subject of 
data read similarly to the case of FIG. 20 and the sub-array 
of 3-4 is a subject of refresh. Further, the data register 105b 
Stores effective data to be originally Stored in the Sub-array 
2-2 and the column address held in the data register does not 
coincide with the column address which is a Subject of read. 
In this case, the data read operation is the same as when the 
refresh operation and the data read operation are performed 
at the same time and the flag of the data register 104 is 0 (the 
case shown in FIG. 23). Then, since the flag of the data 
register 104 is 1, corresponding data from the data register 
105b is rewritten in a proper memory cell and a correspond 
ing flag is Set to 0. When the column addresses coincide with 
each other, the data held in the register is output as correct 
data to the parity-data comparing circuit 107 in the same 
manner as in the case of FIG. 21. 

0114) Next, explanations will be given about a case in 
which the usual data write operation is independently per 
formed, Specifically, the usual data write operation is per 
formed independently without overlapping on the refresh 
operation in the Semiconductor memory 101 according to 
the second embodiment with reference to FIG. 25. In the 
example shown in FIG. 25, the block 2 is a subject of data 
write. For this reason, five sub-arrays 2-1, 2-2, 2-3, 2-4 and 
2P belonging to the block 2 are activated. The data and the 
parity are written in a memory cell in each of these five 
Sub-arrayS. When the flag is 0, for example, an operation of 
rewrite of the data from the data register 105b and an 
operation of making the data held in the data register 105b 
invalid are not performed. 
0115 When the flag is 1, effective data is held in the 
register 105b and the column address held in the data 
register 105b corresponding to the row address of a memory 
cell which is a subject of write coincide with the column 
address in a memory cell which is a Subject of write, a 
corresponding flag is set to 0 to make the data held in the 
data register 105b invalid. This is because data to be written 
in a proper memory cell afterwards is the latest data. When 
the column address held in the data register 105b corre 
sponding to the row address of a memory cell which is a 
Subject of write does not coincide with the column address 
of a memory cell which is a Subject of write, the data is 
rewritten in a memory cell with the column address held in 
the data register 105b and a corresponding flag is Set to 0. 
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0.116) Next, explanations will be given about a case in 
which the refresh operation and the data write operation are 
performed at the same time and the flag of the data register 
104 is 0 in the semiconductor memory 101 according to the 
Second embodiment with reference to FIG. 26. In the 
example shown in FIG. 26, the block 2 is a subject of data 
write similarly to the case of FIG. 25 and the Sub-array of 
3-4 is a subject of refresh. The sub-array of 2-4 and the 
Sub-array of 3-4 use the same Sense amplifier in common, 
the Sub-array of 3-4 which is a subject of refresh is activated, 
but the Sub-array of 2-4 is not activated. For this reason, data 
cannot be written in a memory cell in the Sub-array of 2-4 
and therefore the data to be originally written in a memory 
cell in the Sub-array of 2-4 is once written in the data register 
105b with a corresponding row address. At this time, the 
corresponding column address and the address of the Sub 
array are also stored in the data register 105b. Then, a 
corresponding flag is Set to 1. 
0117 Next, explanations will be given about a case in 
which the refresh operation and the data write operation are 
performed at the same time and the flag of the data register 
104 is 1 in the semiconductor memory 101 according to the 
Second embodiment with reference to FIG. 27. In the 
example shown in FIG. 27, the block 2 is a subject of data 
write and the Sub-array of 3-3 is a subject of refresh. Further, 
effective data to be originally stored in the sub-array of 2-4 
is held in the data register 105b with a row address corre 
sponding to a memory cell which is a subject of write. When 
the column address held in the data register does not 
coincide with the column address which is a Subject of write, 
first the effective data held in the data register 105b is 
rewritten in a proper memory cell in the Sub-array of 2-4 and 
a corresponding flag is set to 0. 

0118. Thereafter, in the same manner as when the refresh 
operation and the data write operation are performed at the 
same time and the flag of the data register 104 is 0 (the case 
shown in FIG. 26), data (the data of the sub-array of 2-3 in 
the example illustrated) which cannot be written in a proper 
memory cell because the refresh operation is given priority 
is stored in the data register 105b together with a corre 
sponding column address and a corresponding number of the 
Sub-array. Then, a corresponding flag is Set to 1. It is to be 
noted that when the usual operation of writing data in a 
memory cell which has the same row address as but different 
from the effective data held in the data register 104, the 
effective data held in the data register 104 can also be 
rewritten in the same manner as above. When the column 
address held in the data register coincides with the column 
address which is a Subject of write, the data which cannot be 
written is Stored in the data register in the same manner as 
in the case of FIG. 26 and a corresponding flag is kept 1 as 
it is. 

0119) According to the second embodiment, the same 
effect as obtained in the first embodiment can be obtained, 
Specifically, the Semiconductor memory is freed from 
refresh without using a cache memory. Therefore, the prob 
lem that a difference in the Speed of the read operation and 
in the Speed of the write operation is caused by the hit or 
miss of the cache when a cache memory is used to free a 
Semiconductor memory from the refresh operation and the 
problem that the Semiconductor memory is large-scaled or 
the degree of integration is decreased by disposing a large 
cache memory to lower the rate of cache miss can be Solved. 
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0120) Furthermore, the semiconductor memory 101 can 
be used as a storage of an SRAM interface in the same 
manner as in the first embodiment. Also, the Semiconductor 
memory 101 may be used as a memory device which is the 
same as or similar to a DRAM interface and for which no 
refresh command from the outside is not required. Also, 
according to the Second embodiment, the peak current 
consumption during refresh operation is more decreased 
than in the conventional case of performing refresh in the 
unit of block because a refresh operation is performed in the 
unit of Sub-array. These facts show that the same effect as in 
the first embodiment is obtained. 

0121. It is to be noted that, in the second embodiment, 
explanation is given taking into consideration a case in 
which the number of the blocks defined by a row address is 
four as an example. However, the invention is not limited to 
this case and the number of the blocks may be three or less 
or five or more. Also, all of the structure of the memory cell 
array 108, the number of the sense amplifiers, the structure 
as to the connection between the Sense amplifiers and the 
data buses, the refresh Signal generating circuit 102, the 
parity generating circuit 106 and the parity-data comparing 
circuit 107 are not limited to the aforementioned structures 
and can be variously changed in design. 

0122). Also, instead of the flag for determining whether 
effective data is held in the data register 104 or not, the 
address held in the data register 104 may be compared with 
the address which is a subject of read or write to determine 
whether effective data is held in the data register 104 or not. 
Alternatively, the input or output of data to or from the data 
register 104 may be controlled by a Switching means. 
Further, the controller is made to Store an address corre 
sponding to effective data held in the data register 104 in 
advance and based on the Stored address, whether the 
effective data is held in the data register 104 or not may be 
determined. 

0123. According to the present invention, when a refresh 
operation and a data read or write operation are carried out 
at the same time, data in a memory cell from which the data 
cannot be read is determined by a parity and data in a 
memory cell which cannot be written is rewritten in a proper 
memory cell after it is Stored and held temporarily in a 
Separate area. Accordingly, the Semiconductor memory can 
be freed from refresh operation apparently without using a 
cache memory and therefore the problem which arises when 
the refresh operation of a Semiconductor memory is freed 
using the cache memory can be Solved. Specifically, the 
problem that a difference in the Speed of the read operation 
and in the Speed of the write operation is caused by the hit 
or miss of the cache when a cache memory is used to free 
a Semiconductor memory from the refresh operation and the 
problem that the Semiconductor memory is large-scaled or 
the degree of integration is decreased by disposing a large 
cache memory to lower the rate of cache miss can be Solved. 

0.124. Although the invention has been described with 
respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but 
are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the 
art which fairly fall within the basic teaching herein set 
forth. 
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What is claimed is: 
1. A Semiconductor memory comprising: 
a parity generating unit which generates a first parity in 

accordance with a plurality bits of write data; 
a memory cell array having plural blocks which are 

Subjected to a data write or read operation Simulta 
neously, each block being provided with plural Sub 
arrayS Storing the write data and one or more arrayS 
Storing the first parity, each Sub-array being provided 
with plural memory cells, 

a refresh unit which performs a refresh operation to each 
of the Sub-arrays, and 

a parity-data comparing unit which compares the first 
party with a Second parity generated by assuming that 
read data from on of the plural Sub-arrays which cannot 
be accessed because other block is activated by the 
refresh operation when the refresh operation and the 
data read operation are performed at the same time is 0 
or 17 to determine the write data stored in the plural 
Sub-arrayS. 

2. The Semiconductor memory according to claim 1, 
wherein the memory cell array is formed by arranging each 
of the Sub-arrays included in the same block in a different 
block row. 

3. The Semiconductor memory according to claim 1, 
wherein the memory cell array is formed by arranging all of 
the Sub-arrays included in the same block in the same block 
OW. 

4. A Semiconductor memory comprising: 
a parity generating unit which generates a first parity in 

accordance with a plurality bits of write data; 
a memory cell array having plural blocks which are 

Subjected to a data write or read operation Simulta 
neously, each block being provided with plural Sub 
arrayS Storing the write data and one or more arrayS 
Storing the first parity, each Sub-array being provided 
with plural memory cells, 

a refresh unit which performs a refresh operation to each 
of the Sub-arrays, and 

a memory area which temporarily Stores the write data 
corresponding to one of the plural Sub-arrays, which 
cannot be accessed because other block is activated by 
the refresh operation when the refresh operation and the 
data write operation are performed at the Same time. 

5. The Semiconductor memory according to claim 4, 
wherein the memory cell array is formed by arranging each 
of the Sub-arrays included in the same block in a different 
block row. 

6. The Semiconductor memory according to claim 4, 
wherein the memory cell array is formed by arranging all of 
the Sub-arrays included in the same block in the same block 
OW. 

7. The Semiconductor memory according to claim 4, 
wherein the memory area is provided with an area which 
Stores write data and an area which Stores at least one of a 
row address and a column address of a memory cell in which 
the write data is to be originally written. 

8. The Semiconductor memory according to claim 4, the 
Semiconductor memory further comprising a rewrite control 
unit which rewrites the data, Stored in the memory area, in 
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a corresponding memory cell when the refresh operation and 
the data read or write operation are not performed at the 
Same time. 

9. The Semiconductor memory according to claim 4, 
wherein the memory area is disposed in a row of each of the 
memory cell array. 

10. The semiconductor memory according to claim 9, the 
Semiconductor memory further comprising a rewrite control 
unit which rewrites the data, Stored in the memory area, in 
a corresponding memory cell when, when effective data is 
Stored in the memory area, the Successive data read or write 
operation is performed in a row including a memory cell in 
which the stored data is to be originally written. 

11. A Semiconductor memory comprising: 
a parity generating unit which generates a first parity in 

accordance with a plurality bits of written data; 
a memory cell array having plural blocks which are 

Subjected to a data write or read operation Simulta 
neously, each block being provided with plural Sub 
arrayS Storing the write data and one or more arrayS 
Storing the first parity each Sub-array being provided 
with plural memory cells, 

a refresh unit for performing a refresh operation to one of 
the Sub-arrayS, 

a parity-data comparing unit which compares the first 
parity with a Second parity generated by assuming that 
read data from one of the plural Sub-arrays, which 
cannot be accessed because other block is activated by 
the refresh operation when the refresh operation and 
data read operation are performed at the same time, is 
0 or 1 to determine the write data stored in the plural 
Sub-arrays, and 

a memory area which temporarily Stores the write data 
corresponding to one of Said Sub-arrays which cannot 
be accessed because other block is activated by the 
refresh operation when the refresh operation and the 
data write operation are performed at the Same time. 

12. The Semiconductor memory according to claim 11, 
wherein at least one or more of the memory area is disposed 
in each column. 

13. The Semiconductor memory according to claim 11, the 
Semiconductor memory further comprising a determining 
unit which determines whether the data stored in the 
memory area is effective or ineffective. 

14. The Semiconductor memory according to claim 11, the 
Semiconductor further comprising a circuit which outputs 
effective data, which is Stored in the memory area and is to 
be written in a memory cell which is being read, to a data bus 
corresponding to the memory cell in which the data is to be 
written when the data is read. 

15. A memory access method comprising the Steps of 
performing a refresh operation to each of plural Sub 

arrays made by dividing blockS which are Subjected to 
a read or write operation Simultaneously; 
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generating a first parity in accordance with a plurality bits 
of write data and Storing the first parity; and 

determining the write data Stored in the Sub-arrays by 
comparing the first parity with a Second parity gener 
ated by assuming that read data from one of Said plural 
Sub-arrays, which data cannot be accessed because 
other block is activated by the refresh operation when 
the refresh operation and data read operation are per 
formed at the same time, is 0 or 1. 

16. A memory access method comprising the Steps of 
performing a refresh operation to each of plural Sub 

arrays made by dividing blockS which are Subjected to 
a write or read operation simultaneously; 

generating a first parity in accordance with a plurality bits 
of write data and Storing the parity; and 

temporarily Storing and holding write data corresponding 
to one of Said plural Sub-arrays, which cannot be 
accessed because other block is activated by the refresh 
operation when the refresh operation and data write 
operation are performed at the same time, in a memory 
area other than the plural Sub-arrayS. 

17. The memory access method according to claim 16, 
wherein at least one of a row address and a column address 
of the memory cell in which the write data is to be originally 
written is Stored in the memory area together with the write 
data. 

18. The memory access method according to claim 16, the 
method further comprising a step of rewriting the data, 
Stored in the memory area, in a corresponding memory cell 
when the refresh operation and the data read or write 
operation are not performed at the same time. 

19. The memory access method according to claim 16, the 
method further comprising a step of rewriting the data, 
Stored in the memory area, in a corresponding memory cell 
when, when effective data is Stored in the memory area, the 
Successive data read or write operation is performed in a row 
including the memory cell in which the Stored data is to be 
originally written. 

20. A Semiconductor memory comprising: 
a parity generating unit which generates a parity in 

accordance with a plurality bits of write data; 
a memory cell array having plural Sub-arrayS Storing the 

write data and one or more arrayS Storing the parity; 
a refresh unit which performs a refresh operation to one 

of the Sub-arrays, and 
a parity-data comparing unit which compares read data 

from the plural Sub-arrayS Storing the write data, with 
the parity, to determine the write data when are of the 
plural Sub-arrays cannot be accessed due to Said refresh 
operation. 


