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(57) ABSTRACT 

A memory includes first circuit RFPDRAM including 
memory cells and operating in response to first clock signal, 
Second circuit and third circuit coupled with first circuit and 
buS coupling first circuit to Second and third circuits. The 
Second circuit outputs in response to Second clock signal, 
first address signal to first circuit. The third circuit outputs in 
response to third clock signal, Second address signal to first 
circuit. The first circuit includes refresh control circuit 
executing refresh operation for memory cells in response to 
fourth clock Signal and address latch for Storing first or 
Second address Signal in response to first clock signal. The 
first clock Signal has frequency equal to or more than Sum of 
frequencies respectively of Second, third, and fourth clock 
Signals. 
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SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a semiconductor 
device, and in particular, to a low-cost, high-speed, low 
power, highly integrated Semiconductor Storage device 
(memory) and a semiconductor device integrally including a 
logic circuit and a Semiconductor Storage device. 
0002. In the recent situation of the multimedia age, such 
needs of high-Speed data processing, lower power consump 
tion, downsizing of devices are increasingly growing also 
for devices and apparatuses which are daily used by indi 
vidual perSons. As a technique to Satisfy the needs, a 
large-scale integration unit including a large capacity 
memory and a logic circuit has attracted attention. When a 
memory and a logic circuit is integrally formed in one chip, 
the memory and the logic circuit can be connected to each 
other using many fine wiring Zones on the chip. Therefore, 
a large amount of data can be transferred at a time and hence 
a high-Speed data transfer is possible. When compared with 
a case in which different chips are connected to each other, 
the power consumed to transfer data can be reduced since 
the wiring capacity is Small and the data transfer distance is 
Short. Naturally, the number of chips to configure a System 
can also be decreased, and hence the System size can be 
minimized. 

SUMMARY OF THE INVENTION 

0003. As a memory to be integrally included in one chip 
together with a logic circuit, a 6-transistor Static memory cell 
(to be abbreviated as a 6T-static random access memory 
(SRAM) or a 6T-SRAM cell) including six transistors is 
used in general. However, there has been recently developed 
an example using a dynamic memory cell (to be referred to 
as a 1T-dynamic random access memory (DRAM) cell or a 
1T-SRAM memory cell) including one transistor and one 
capacitor. The 1TDRAM cell is smaller in area than the 
6T-SRAM cell. Therefore, when 1T-DRAM cells are used, 
a larger number of memories can be integrated in a unitary 
area of the chip. However, there exists drawbacks as follows. 
First, Since the capacitor included in the memory cell has a 
three-dimensional configuration. This increases the number 
of processes and Soars the production cost. Additionally, 
Since data accumulated as electric charge in the capacitor 
decreases by a leakage current, a So-called refresh operation 
is required. Moreover, when compared with a case in which 
6T-SRAM cells are employed, the access Speed is increased, 
particularly, the acceSS Speed associated with an operation to 
change a row address. The primary reason is that the 
contents of Storage are destructed in a read/write operation 
in an 1T-DRAM cell and hence the so-called re-write 
operation is required. The configuration and operation of a 
memory including 1TDRAM cells have been well known, 
and hence details thereof will not be described. Reference is 
to be made to, for example, “Super LSI Memory” written by 
Kiyoo Itoh and published from Baihukan. 
0004 For a memory cell which cope with the drawbacks 
of the 1TDRAM, JP-A-10-134565 describes a semiconduc 
tor Storage device using a 3-transistor dynamic memory cell 
(to be referred to as 3T memory cell or 3T DRAM cell 
herebelow). The 3T-DRAM cell occupies a less area than the 
1T-DRAM occupying a less area than the 6T-SRAM. Since 
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the 3T-DRAM cell primarily includes only transistors, it is 
not required to conduct the process to form a capacitor 
having a three-dimensional Structure. Therefore, the 
memory including 3T-DRAM cells can be fabricated in the 
Same transistor processes as for the memory including 
6T-SRAM cells. Furthermore, according to JP-A-10 
134565, when a word line is subdivided into (sub-)word 
lines and a logical gate is disposed for each word line, the 
reading and writing operations can be achieved in a non 
destructive manner and the cycle time can be reduced. 
Consequently, when compared with the case in which 
1T-DRAM cells are used, a higher-Speed memory is possi 
bly implemented. 

0005. However, even if the non-destructive operation 
alone is made possible, it is difficult to achieve a cycle Speed 
similar to that of the 6T-SRAM. In the 3T-DRAM cell, 
charge is accumulated in the gate capacity of a transistor, the 
refresh operation is required. Also in this point, the 
3T-DRAM cell is less easily handled as compared with the 
6T-SRAM. In the 3T-DRAM cell, a fine transistor is required 
to keep a Small memory cell area. Resultantly, it is impos 
Sible to provide a large accumulation capacity Similar to that 
of the 1TDRAM using a three-dimensional capacitor. 
Therefore, there exists a fear the refresh operation is con 
siderably more frequently executed as compared with the 
1T-DRAM cell. This increases the probability of occurrence 
of conflict between an access to the 3T-DRAM cell for other 
than the refresh operation (external access) and an internal 
acceSS for the refresh operation. Additionally, when a 
memory and a logic circuit are mounted on one chip, a 
plurality of circuits access the memory in many cases. In a 
representative example Such as graphics processing, a frame 
memory to Store Screen information must receive two kinds 
of accesses including read and write operations from a 
circuit which generates pixel information to draw an image 
and a read operation from a circuit which displayS memory 
contents on a Screen. To cope with a plurality of accesses as 
above, to completely use a memory having relatively insuf 
ficient refresh characteristic, operation becomes quite com 
plicated. 

0006 AS already described, memories employing 
1TDRAM, 3T-DRAM, and 6T-SRAM cells have been 
known. The 1TDRAM cell is slow in operation, requires a 
high process cost, and must be refreshed. The 3T-DRAM 
cell is leSS Satisfactory in the refresh characteristic, and the 
6T-SRAM cell is a drawback of large area. When using 
1T-DRAM and 3T-DRAM cells requiring the refresh opera 
tion, it is difficult in operation to minimize conflicts between 
the refresh operation and many accesses. 

0007. In this situation, a first object of the present inven 
tion is to provide a memory capable of operating at a high 
Speed. A Second object of the present invention is to provide 
a memory which can be produced at a low process cost. A 
third object of the present invention is to provide a memory 
for which an external refresh operation is not required. A 
fifth object of the present invention is to provide a memory 
occupying an area which is less than an area occupied by a 
memory including 6T-SRAM cells. A sixth object of the 
present invention is to provide a memory with favorable 
usability for a plurality of accesses thereto. 

0008. These problems will be solved according to the 
present invention as follows. 
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0009. To implement a high-speed memory, the read and 
write operations are conducted in a non-destructive opera 
tion and are pipelined. Only by conducting the read and 
write operations are executed in a nondestructive operation 
as in the prior art example, the cycle time of the memory is 
possibly reduced to Some extent. However, by pipelining the 
read operation and the write operation, an external acceSS 
can be received in a cycle time shorter than the inherent 
cycle time. In a specific configuration for the pipeline 
operation, a latch circuit for addresses and commands and 
latch circuit for data are disposed to pipeline internal opera 
tion of the memory. To implement a memory at a low 
process cost, a memory cell like the 3T-DRAM including 
only transistors is employed or a 1T-DRAM cell using a 
capacitor in a simple configuration Such as a planar type 
capacitor is employed. To implement a memory for which 
the external refresh operation is not required, the memory is 
operating at a frequency higher than a frequency of an 
external clock signal So that the refresh operation is executed 
when any external access is absent. To implement a memory 
occupying an area which is less than an area occupied by a 
memory including 6T-SRAM cells, memory cells each of 
which includes a Small number of elements Such as 
1T-DRAM cells or 3T-DRAM cells are employed. To imple 
ment with favorable usability for a plurality of accesses 
thereto, the operating frequency of the memory is set to a 
value more than a value obtained by adding the total 
frequency of external accesses to the frequency of internal 
access operation for the refresh operation. This makes it 
possible that all external accesses and the accesses necessary 
for the refresh operation can be executed without any 
conflict. That is, when viewed from all circuits to access the 
memory, the refresh operation can be hidden. Therefore, it is 
possible to implement a memory with Sufficient usability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.010 The present invention will be more apparent from 
the following detailed description, when taken in conjunc 
tion with the accompanying drawings, in which: 
0.011 FIG. 1 is a diagram showing constitution of an 
embodiment of a pipelined dynamic memory (PDRAM) 
including 3T-DRAM cells for non-destructive operation; 
0012 FIG. 2 is a diagram showing constitution of an 
embodiment indicating an example of 3T-DRAM cells 
employed by the present invention; 
0013 FIG. 3 is a diagram showing an embodiment of 
constitution of a refresh-free pipelined dynamic memory 
(RFPDRAM) including a control circuit to externally hide 
the refresh operation from the PDRAM of FIG. 1; 
0.014 FIG. 4 is a diagram showing an example of opera 
tion timing of the embodiment of FIG. 3; 
0015 FIGS. 5A and 5B are diagrams showing a con 
figuration of an embodiment in which a memory, RFP 
DRAM according to the present invention is integrally 
mounted on a Semiconductor chip together with a plurality 
of circuits, 
0016 FIG. 6 is a diagram showing constitution of a 
second embodiment of the PDRAM achieving the refresh 
operation in the PDRAM; 
0017 FIG. 7 is a diagram showing constitution of an 
embodiment of a circuit to select a word line in the embodi 
ment of FIG. 6; 
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0018 FIG. 8 is a diagram showing constitution of an 
embodiment of a refresh circuit in the embodiment of FIG. 
6; and 
0019 FIG. 9 is a diagram showing constitution of an 
embodiment of a refresh-free pipelined dynamic memory 
(RFPDRAM) including a control circuit to externally hide 
the refresh operation from the PDRAM of FIG. 6. 

DESCRIPTION OF THE EMBODIMENTS 

0020 Description will now be given of an embodiment of 
the present invention by referring to the drawings. Although 
the description will be given of an embodiment to achieve 
five objects above at the same time, it is also possible to use 
a unit or a Section which achieves part of the objects when 
necessary. For example, in the following description, 
3T-DRAM cells are operated in a non-destructive mode to 
execute the pipeline operation. There possibly exists a case 
in which, for example, the process cost reduction and 
increase in the operation Speed are not strongly required, but 
a large memory capacity is necessary. In this situation, 
1T-DRAM cells each of which includes a three-dimensional 
capacitor are operated in the ordinary destructive mode, and 
only the unit to hide the refresh operation may be employed. 
There may also exist a case in which the low process cost 
and the high integration are required and the refresh opera 
tion is to be hidden from a plurality of circuits. In this 
situation, planar 1TDRAM cells may also be used. Depend 
ing on required performance, it is possible to Select part of 
or all of the components or units to implement various 
configurations. 
0021 Circuit elements constituting each block of the 
embodiments are formed, not limited to, on one Semicon 
ductor Substrate Such as a Single crystal Substrate by known 
integrated circuit techniques Such as a complementary MOS 
transistor technique. For the circuit Symbols of metal oxide 
semiconductor field effect transistors (MOSFET), those not 
indicated with a circle at a gate thereof are an n-type 
MOSFET (NMOS) and those indicated with a circle at a gate 
thereof are a p-type MOSFET (PMOS). For simplicity, an 
MOSFET is called “MOS' or “MOS transistor herebelow. 
However, in this specification, an MOSFET is not limited to 
an FET including a metal oxide insulation film disposed 
between a metallic gate and a Semiconductor layer, but 
includes also a general FET Such as a metal insulator 
semiconductor FET (MISFET). 
0022 Strictly speaking, a latch circuit, a flip-flop circuit, 
and a register circuit inherently differ from each other. 
However, these circuits are collectively referred to as “latch 
circuits' if not otherwise specified. 
0023 Referring to FIGS. 1 to 4, description will be given 
of a representative embodiment of the present invention. 
FIG. 1 shows an embodiment of a nondestructive pipelined 
dynamic memory (PDRAM) configured with 3T DRAM 
cells. FIG. 2 shows an embodiment of a memory cell used 
in FIG. 1. FIG. 3 shows an embodiment of a control circuit 
to hide the refresh operation in the memory of FIG. 1. FIG. 
4 is a timing chart of operation to hide refresh operation for 
memory accesses from two circuits. First, operation of 
FIGS. 1 and 2 will be described. In FIG. 1, an MC3 is a 3T 
memory cell. As shown in FIG. 2, the MC3 includes NMOS 
transistors M3-1, M3-2, and M3-3, a read word line RWLm, 
a write word line WWLmn, a read bit line RBL, a write bit 
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line WBLi, and a power source terminal VPL3. Information 
is Stored as charge in a gate terminal of the M3-2. In a read 
operation, a high Voltage is applied to the read word line 
RWLm. This turns the NMOS transistor M3-1 on, and a 
current flows through the read bit line RBL according to the 
gate potential of the NMOS transistor M3-2. In the write 
operation, a high Voltage is applied to the write word line 
WWLimn to turn the NMOS transistor M3-3 on Such that a 
voltage is directly applied from the write bit line WBLi to 
the gate (potential) of the NMOS transistor M3-2. In the read 
operation, Since the gate and the bit line are not electrically 
conductive to each other in the MOS transistor M3-2 to 
accumulate information, Stored information cannot be 
destroyed. Therefore, any rewrite operation is not required 
and a high-speed cycle time can be implemented. On the 
other hand, in the write operation, the gate of the MOS 
transistor M3-2 is electrically conductive to the write bit line 
WBLi via the MOS transistor M3-3. Therefore, when 
memory cells of this type are configured in an array and a 
word line is shared between memory cells, there possibly 
exists the following fear. When an attempt is made to 
Selectively write data in part of memory cells Simultaneously 
Selected, information in memory cells not Selected is 
destroyed. This consequently requires a re-write operation in 
the write operation. JP-A-10134565 describes the event in 
detail. In the example described in the publication, a word 
line is Subdivided into (Sub-) word lines and a logic gate is 
disposed for each word line So that the read and write 
operations are executed in the non-destructive mode. Also in 
the present invention, to reduce the pipeline cycle time, it is 
necessary to execute the read and write operations in the 
non-destructive mode. To implement the non-destructive 
read and write operations, there may naturally be used a 
method similar to that of the known example. However, the 
embodiment of FIG. 1 employs another method suitable for 
high integration. In FIG. 1, a memory array includesk Sets 
of write and read bit lines and m sets of write and read word 
lines. However, a write word line is connected to every 
fourth memory cells. Although details of- operation will be 
described later, in the write operation, one of the word lines 
is Selected and information is Simultaneously written from 
input terminals DI1 to DIn to memory cells connected to the 
selected word line. Therefore, the write operation can be 
executed in the non-destructive mode. Since the read opera 
tion is inherently non-destructive, the word lines are not 
subdivided. In general, the 3T-DRAM. can be dimensioned 
to dispose a plurality of wiring Zones thereon, and hence the 
increase in area as a result of the provision of the word lines 
rarely arises a problem. It is rather advantageous because X 
Selector circuits XSEL can be collectively arranged to mini 
mize the occupied area. Next, operation of FIG. 1 will be 
described. In FIG. 1, symbols indicated outside the frame 
are signal names and Small rectangles indicate Signal termi 
nals, moreover, CLK is a clock signal, ADD is an address 
Signal, CS is a chip Select Signal, and WE is a write enable 
signal. DI1 to DIn are input data and DO1 to DOn are output 
data. Meaning of CS and WE are the same as for an ordinary 
memory. A correspondence between the magnitude of Signal 
potential and validity/nonvalidity of Signals can be deter 
mined in various ways. ASSume in this case that when CS is 
set to high potential, the memory PDRAM accepts an 
access; when WE is set to high potential with CS at high 
potential, the memory PDRAM accepts a write operation; 
and when WE is set to low potential with CS at high 
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potential, the memory PDRAM accepts a read operation. In 
FIG. 1, CRL is a control circuit which receives control 
signals such as CS and WE to control operation of internal 
circuits Such as an address decoder and a latch circuit. For 
Simplicity of drawings, only part of control Signals distrib 
uted from the controller to the internal circuits are shown. 
Moreover, X-ADRL, Y-ADRL, RDATAL, WDATAL, and 
CMDL indicate latch circuits to latch an X address, a y 
address, read data, write data, and a control Signal, respec 
tively. Using these components, the memory can achieve a 
pipeline operation. 

0024. In the read operation, an X address and a y address 
are once stored respectively in the address latches X-ADRL 
and Y-ADRL and a command corresponding to a read or 
readout operation is once Stored in the command latch Such 
that the addresses are inputted to an X decoder, X-DEC and 
a y decoder, Y-DEC. According to an output from the X 
decoder, one of the read word lines RWL1 to RWLn is 
selected, a signal is read to be fed to the read bit lines RBL1 
to RBLk, the Signal is then Selected by a read data Selector 
RSEL according to an output from the y decoder to be fed 
to a read amplifier RAMP. An output from the read amplifier 
RAMP is inputted to a read data latch RDATA in response 
to a Subsequent clock signal to be outputted as data output 
signals DO1 to DOn. 
0025. Also in the write operation, an X address and a y 
address are once Stored respectively in the address latches 
X-ADRL and Y-ADRL and a command corresponding to a 
read or readout operation is once Stored in the command 
latch Such that the addresses are inputted to an X decoder and 
a y decoder. Operation up to this point is Substantially equal 
to that of the read operation. Since word lines are classified 
into 4-line groups, the operation to Select a word line is 
different from that of the read operation. First, according to 
an output from the X decoder, one of the X Selector circuits 
XSEL is selected. Next, according to an output from the y 
decoder Supplying an input to the XSEL, one of four word 
lines to be connected to the XSEL is selected. Resultantly, a 
memory cell thus Selected is activated. On the other hand, 
input data DIl to DIn is stored in a write data latch RDATAL 
to be fed to a write data selector WSEL. According to a 
decode signal inputted from a y decoder Y-DEC, the write 
data selector WSEL selects a write bit line for the memory 
cell. Naturally, the selected write bit line is a bit line 
connected to the memory cell selected by the write word 
line. As a result, the inputted in data Signals DI1 to DIn are 
each amplified by a write amplifier WAMP and are then fed 
via the write bit line to be written as Storage information in 
the n Selected memory cells. In this way, the write operation 
is executed for all Selected memory cells, and hence the 
operation is executed in the nondestructive mode. Therefore, 
the re-write operation is not required and a high-speed 
operation can be executed. 
0026. In this embodiment, since a pipeline operation is 
executed, the cycle time externally viewed is a pipeline 
pitch. This further increases the operation Speed when 
compared with the prior art example in which only the 
non-destructive operation is executed. AS well known, in an 
ordinary design of memories, a Signal is read out from a 
memory cell such as 3T-DRAM cell of FIG. 2, the signal 
having polarity reversed with respect to polarity of accu 
mulated charge. In this case, it is only necessary in the 
PDRAM of FIG. 1 to dispose an inverting function in the 
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write amplifier or the read amplifier to match data polarity. 
In the embodiment, the write word lines are classified into 
groups each of which includes four word lines. However, the 
present invention is not restricted by the embodiment. 
According to the memory array configuration and the nec 
essary numbers of input and output lines, various modifi 
cations are possible, for example, each group may include 
two or eight word lines. This also applies to embodiments 
described later. 

0027. Referring next to FIGS. 3 and 4, description will 
be given of a method of hiding the refresh operation for 
memory accesses from two circuits. FIG. 3 shows an 
embodiment of a refresh-free pipelined dynamic memory 
(RFPDRAM) in which the refresh operation is hidden. In 
FIG. 3, PDRAM is a pipelined dynamic memory shown in 
FIG. 1 and the other circuits are peripheral circuits to hide 
the refresh operation. In FIG. 3, EADD and EDI respec 
tively indicate an address and data externally inputted 
thereto; and EDO is data outputted to an external device. 
Although these items are each configured with a plurality of 
bits, each item is collectively indicated with one bold line for 
simplicity of the drawing. EWE and ECS respectively 
indicate a write enable signal and a chip Select Signal 
supplied from an external device. CLK1 and CLK2 are clock 
signals. The CLK1 has a higher frequency than the CLK2. 
In the description, two signals CLK1 and CLK2 are inputted 
from an external device. However, when it is necessary to 
Simplify external control, it is naturally also possible that 
either one of the clock signals is received from an external 
device and the other one thereof is internally generated. In 
FIG.3, a control signal for the refresh operation is produced 
from a refresh sequencer REFSEQ. In a 3T-DRAM cell, 
Since there exist two bit lines, namely, a read bit line and a 
write bit line. Therefore, the refresh operation is executed in 
the following method. Data is read from the pertinent 
memory cell to be once held in a latch circuit and the data 
is written in the memory cell. During the refresh operation, 
a refresh chip select signal RFCS produced from the refresh 
sequencer REFSEQ is set to high potential. The refresh chip 
Select Signal is inputted via an OR logic circuit to the 
pipelined dynamic memory PDRAM, and consequently, 
even if the PDRAM is in a wait or standby state not to 
receive an access, the PDRAM is set to a state to receive an 
access. When a refresh input signal RFIN is set to high 
potential at timing Synchronized with an access associated 
with the refresh operation, the SelectorS Such as an address 
Selector, a data Selector, and a write enable Selector shown 
in the drawings execute a Switching operation. Resultantly, 
the Signals. Such as the address Signal, the data Signal, and the 
write enable signal are inputted to the PDRAM from the 
refresh sequencer REFSEQ, not from an external device. As 
already described, the first Step of the refresh operation is a 
read operation, and hence the refresh write enable Signal 
RFWE is set to low potential. Simultaneously, the refresh 
address generator RFADDG produces an address of a 
memory to be refreshed, and the address is fed to the 
PDRAM. When data is read from the memory cell of the 
PDRAM, the data is sent from an output terminal DO to be 
stored in the refresh data latch. On the other hand, in the 
write operation associated with the refresh operation, the 
refresh write enable signal RFWE is set to high potential. 
Data accumulated in the refresh data latch is then fed via a 
data input terminal DI to be again written in the pertinent 
memory cell of the PDRAM. As can be seen from the 
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configuration of FIG. 1, the number of memory cells 
refreshed at a time is equal to that of the memory cells on the 
write word line. 

0028. In the embodiment, by preventing the conflict 
between the refresh operation and the accesses from external 
circuits, the refresh operation can be completely hidden from 
any external device. Referring to FIG. 4, description will be 
given of a signal timing chart of operation in association 
with accesses from two external circuits A and B. In the 
chart, a Section marked with corrugated inclined lines rising 
in a lower-left direction indicates a region in which the 
Signal is invalid, and a Section marked with bold inclined 
line rising in a lower-right direction indicates a signal 
asSociated with the refresh operation. Although the Signals 
of FIG. 4 correspond to those in the drawings described 
above, description will be again given of the Signals. CLK1 
and CLK2 are clock signals. Although the CLK1 has a 
frequency which is twice that of the CLK2 in the descrip 
tion, it is only necessary that the CLK1 is larger in the 
frequency than the CLK2. When the frequencies respec 
tively of CLK1 and CLK2 are f1 and f2, the timing charge 
can be easily constructed if f2=f1/n (n=2, 3, . . . ), more 
favorably, f2=f1/2" (m=1, 2, . . . ). EADD indicates an 
address signal from an external device. In the Symbols Such 
as Ra-A and Wa2-B described in the field of EADD, the 
leading Ra and Wa respectively indicate a read address and 
a write address, the next numeral indicates a Sequential 
number of access, and the last A and B are used to discrimi 
nate the external circuit executing an access operation. For 
example, Wa2-B is a write address corresponding to a 
second access from the external circuit B. EDO is output 
data to be fed to an external circuit. Meaning of the Symbols 
in this field is similar to that described above. However, two 
leading alphabetical letters, Rd indicate read data. EDI is 
data inputted from an external circuit. Two leading alpha 
betical letters, Wol in this field indicate write data. ADD in 
the next row is an address to be input to the PDRAM, and 
Symbols respectively with -A and -B indicate addresses 
respectively from the external circuits A and B. Symbols 
respectively with RaC) and WaO indicate items from the 
refresh address generator. In two next rows, DO and DI 
indicate output data from the PDRAM and input data to the 
PDRAM. Also, symbols respectively with -A and -B indi 
cate data items respectively from the external circuits A and 
B, and symbols respectively with RaC) and WaO indicate 
data items from the refresh address generator. In two last 
rows, signals P1 and RFIN respectively indicate an internal 
Signal and a refresh input signal from the refresh Sequencer 
shown in FIG. 3. Each vertical dotted line indicates timing 
of a rise edge of clock 1, and a numeral with if at an upper 
end of the dotted line indicates a cycle number. In this timing 
chart, the PDRAM executes a pipeline operation at timing 
Synchronized with a high-Speed clock signal CLK1, and 
latency from an address to data is assumed as 2 in the read 
operation and 0 in the write operation. AS can be seen from 
the external address input EADD in the third row, the access 
from the external circuit A is executed in an odd cycle Such 
as cycle #1 or cycle #3. The external circuit B executes the 
access at timing of every fourth even cycle Such as cycle if2, 
cycle #6, and cycle #10. That is, one half of timing of the 
rising edge of clock 1 is distributed to the access of the 
external circuit A, and one quarter thereof to the access of 
the external circuit B. As can be seen from ADD (an address 
signal fed to the PDRAM), at timing in even cycles such as 
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cycle if4 or cycle #8, an acceSS for a refresh operation is 
received. In this embodiment as described above, one half of 
the timing in which the PDRAM can receive an access is 
distributed to the external circuit A, one quarter thereof to 
the external circuit B, and the remaining one quarter thereof 
to the refresh operation. As a result, the PDRAM is a 
complete pipelined memory in which the refresh operation 
is hidden from the circuits A and B, and the access to the 
PDRAM can be executed according to a fixed clock period. 
For example, when the frequency of CLK1 is 100 megaherz 
(MHz), it is possible that the access from the circuit A is 
received at an interval of 50 MHz and the access from the 
circuit B is received at an interval of 25 MHz. In this 
connection, Since the refresh operation requires two 25 MHZ 
cycles (for the read and write operation), it is possible to 
execute the refresh operation at an interval of 12.5 MHz if 
the refresh operation is executed at every possible timing. 
Naturally, the refresh operation need only be executed when 
necessary. It is only necessary to execute the refresh opera 
tion when necessary at any timing available for the refresh 
operation. According to the refresh characteristic of the 
3T-DRAM cell and conditions (such as temperature) of use 
of a Semiconductor device mounted, various modifications 
are possible. For example, the ratio of distribution of timing 
for the refresh operation is changed, the ratio thereof for 
each circuit is changed, the timing is distributed among three 
or more external circuits. In this situation, when the fre 
quency of CLK1 is f1, the frequency of CLK2 is f2, the 
frequency of CLK3 is f3, and the frequency of the refresh 
operation is f4, it is only necessary that each ratio of 
distribution satisfies f1.2f2+f3+f4. Each of f2, f3, and f4 
need not be expressed using a power of two (f=%") How 
ever, when f2, f3, and f4 are expressed in this form, 
Synchronization can be easily established between the clock 
Signals, and a more stable operation can be easily executed. 

0029. In the sixth cycle, cycle #6 of FIG. 4, a data output 
operation associated with a read operation for a refresh 
operation and a write access from the external circuit B are 
Simultaneously executed. However, as can be seen from the 
configuration of FIG. 1, since the read path and the write 
path are separated from each other, data collision cannot take 
place. Even if the access from the external circuit B is a read 
operation, the data output operation is executed at timing 
delayed by two cycles, and hence this does not cause any 
problem. However, in a data output cycle associated with a 
read operation for a refresh operation, it is necessary that the 
refresh input signal RFIN is set to low potential such that the 
selectors of FIG. 3 are Switched to supply the address, the 
write enable Signal, and the like from the external circuit to 
the PDRAM. For this purpose, as shown in the lowest row 
of FIG. 4, the RFIN signal is at high potential only in cycle 
#4 and cycle #8. According to the embodiment described 
above, by using 3T DRAM cells more highly integrated than 
the SRAM cells, it is possible to construct a pipeline 
memory access in which the refresh operation is completely 
hidden from each of external circuits. According to the 
embodiments shown in FIGS. 1 to 4, five objects of the 
present invention can be achieved. AS above, only part of the 
components or units may be Selectively used. However, 
there also exists an advantageous effect which can be 
obtained only by a combination. For example, Since the 
nondestructive operation and the pipeline operation are 
implemented in FIG. 1, quite a high-Speed memory opera 
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tion can be executed. Therefore, it is easy that all memory 
cells are refreshed within the retention time of the memory 
cells. 

0030 FIGS. 5A and 5B are diagram for explaining an 
embodiment of a Semiconductor chip including a refresh 
free pipelined dynamic memory RFPDRAM which hides the 
refresh operation. In FIG. 5A, CLKG indicates a clock 
generator to generate, in response to an external clock signal 
CLK, clock signals CLK1 to CLK3 used in the chip. The 
signals CLK1 to CLK3 may be inputted from an external 
device. However, when one of the signals CLK1 to CLK3 or 
a signal CLK4, which will be described later, is received 
from an external device and the remaining clock signals are 
generated in the chip, the number of chips can be minimized 
and this operation is Suitable for the usability. AS shown in 
FIG. SB, the ratio between the frequencies respectively of 
CLK1, CLK2, and CLK is 4:2:1 and a rising edge of CLK3 
matches a falling edge of CLK2. Logic circuits A and B 
access the refresh-free pipelined dynamic memory RFP 
DRAM using, as reference points of operation, the rising 
edges of CLK2 and CLK3, respectively. The RFPDRAM 
receives three accesses from the logic circuits A and B and 
an external circuit. BUSCTL indicates a bus controller 
which controls communication of Signals via the bus, com 
munication of data via the bus with an external device, and 
an access from an external device to the RFPDRAM. In the 
operation examples of the embodiments above, the RFP 
DRAM receives two clocks. In this embodiment, it is 
assumed that the RFPDRAM receives only the signal CLK1 
having a highest Speed and generates clock signals and other 
Signals necessary in the chip according to the CLK1. Also, 
it is assumed that the bus controller BUSCTL receives only 
the Signal CLK1 having a highest Speed and generates clock 
Signals and other signals necessary in the chip according to 
the CLK1. FIG. 5B shows timing of primary clock signals 
in the embodiment and types of accesses Synchronized with 
the timing in the embodiment. A, B, and Out respectively 
indicate accesses from the circuit A, circuit B, and an 
external circuit. For the refresh operation, there are shown 
RR (a read operation associated with a refresh operation) 
and RW (a write operation associated with a refresh opera 
tion). The access from an external device is executed at 
timing Synchronized with a rising edge of the clock signal 
CLK4. It is assumed in this case that the signal CLK4 is 
generated in the bus controller using the Signal CLK1 and is 
used in the input/output circuit. Therefore, the Signal is not 
shows in the output signals from the clock generator. How 
ever, naturally, it is also possible that the Signal CLK4 is 
generated by the clock generator and is delivered in the chip. 
Depending on cases, when it is difficult for the external 
circuit to generate input/output timing, the Signal CLK4 may 
be outputted to the external device So that the external device 
uses the signal CLK4. RFIN indicates the refresh input 
described in the embodiments above. The operation RR or 
RW is executed at timing Synchronized with the Signal 
RFIN. The signal RFIN is generated at timing corresponding 
to a falling edge of the Signal CLK4. 
0031. As can be seen from FIG. 5B, when compared with 
the frequency of the Signal CLK1 as the operating frequency 
of the RFPDRAM, the operating frequencies of the logical 
circuits are /2 and/4 of the frequency of the Signal CLK1 and 
the operating frequency for an external access and a refresh 
operation is /s of the frequency of the signal CLK1. There 
does not occur any conflict therebetween. According to the 
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embodiment described above, it is possible to design a 
Semiconductor chip which hides the refresh operation from 
the accesses from many circuits and the external circuit. A 
Specific application example of Such a Semiconductor chip 
can be a graphics chip. In this case, the RFPDRAM can be 
used as a unit which Serves as a frame memory to keep pixel 
data of a Screen and which also serves as a memory to keep 
a texture mapping pattern. ASSume that the logic circuit A is 
a drawing circuit to draw graphic data and the logic circuit 
is a circuit to draw a texture mapping pattern. The logic 
circuits A and B execute drawing operations by repeatedly 
executing operation in which data is read to be moved to the 
RFPDRAM, operations are executed for the data, and writes 
resultant data therein. In concurrence with the drawing, the 
frame data must be read out to an external device at a 
frequency of about 30 to about 60 times per second to 
display a Screen image. In general, when compared with the 
display data, the drawing data requires a higher memory data 
transfer Speed. It is therefore convenient that accesses of 
different frequencies can be distributed as in the embodi 
ment. According to the embodiment, Since the refresh opera 
tion is hidden from the respective circuits, it is not necessary 
to add a refresh controller to the logic circuits. Therefore, the 
chip can be more easily configured. In the embodiment in 
which it is assumed that the frequencies of CLK1, CLK2, 
CLK3, CLK4 are respectively f1, f2, f3, and f4, there exists 
relationships of f2=f1/2, f3=f1/4, and f4=f1/8 for simplicity. 
However, in general, it is only necessary to Satisfy a rela 
tionship that f1 is equal to or more than the Sum of f2, f3, and 
f4, namely, f1 af2+f3+f4. 
0.032 FIG. 6 shows a second embodiment of a pipelined 
dynamic memory including 3T-DRAM cells. The embodi 
ment is configured Such that by increasing the number of 
memory cells Selected in a refresh operation, the refresh 
cycle (the number of accesses necessary to refresh all 
memory cells of the entire PDRAM) is minimized. The 
3T-DRAM cell is advantageous, when compared with the 
1T-DRAM cell, in that a sufficient read or readout signal can 
be obtained even when a capacitor of a Small capacity is 
used. In the 1TDRAM cell, the readout signal quantity is 
determined only according to distribution of charges 
between the memory capacity and the bit line capacity. In 
contrast therewith, in the 3T-DRAM cell, the bit line is 
driven by a transistor, there exists an advantage of the gain 
of the transistor. However, for example, (1) the gate capacity 
is relatively small, (2) various leakage currents flow via the 
memory cell transistors, and the like, it is difficult to improve 
the retention characteristic of the memory cell depending on 
cases. Naturally, the accumulation charge can be increased 
by disposing another capacitor other than that of the tran 
Sistor and by increasing the Size of the transistor. However, 
this increases the process StepS and the memory cell area, 
which leads to a fear of increase in the production cost. 
When the retention characteristic is not Satisfactory, the 
minimum operating frequency of the PDRAM may be 
limited in an extreme case. In Such a case, it is favorable to 
use the configuration of FIG. 6 because the refresh cycle can 
be minimized. 

0033. In the first embodiment, to execute a refresh opera 
tion, data is once read and is moved to an area outside the 
PDRAM and the data is then re-written therein. When the 
data is read to be moved to the outside of the PDRAM, the 
number of memory cells which can be refreshed in one 
refresh operation is limited by the number of amplifiers and 
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the numbers of input and output terminals. To overcome this 
difficulty, in the configuration of FIG. 6, the read and write 
operations associated with the refresh operation are executed 
in the memory array. As a result, k memory cells activated 
in the read operation can be simultaneously refreshed, and 
hence the refresh cycle advantageously becomes /4 of (n=k/4 
in FIG. 1) that of the configuration of FIG. 1. The configu 
ration of FIG. 6 primarily differs from that of FIG. 1 in that 
a refresh circuit is arranged for each bit line, an X multise 
lector circuit XMSEL is disposed in place of the X selector 
circuit XSEL, and the PDRAM itself includes a refresh input 
signal terminal to control the X multiselector circuit XMSEL 
using a refresh input signal. The refresh operation will now 
be described (the ordinary read and write operations (non 
destructive operations) are the same as those of the embodi 
ment of FIG. 1, and hence description thereof will be 
avoided). First, in the readout operation for the refresh 
operation, one read word line is Selected. ASSume that 
RWL1 is selected in this case. As a result, data read from 
each of k memory cells connected to the selected RWL1 is 
fed via the associated read bit line to be stored in the refresh 
circuit RFCK disposed for each bit line. Thereafter, in the 
write operation for the refresh operation, four word lines 
(WWL11 to WWL14 in this case) of one group are simul 
taneously Selected, and the data is simultaneously written 
directly from each refresh circuit RFCK via the write bit line 
to the pertinent memory cell. In this embodiment as above, 
in the write operation for the refresh operation, four word 
lines of one group are simultaneously Selected. Naturally, in 
an ordinary write operation, only one write word line is 
activated like in the operation shown in FIG. 1. In the 
embodiment described above, when compared with the 
ordinary write operation, the number of memory cells 
Selected in the refresh operation can be increased and hence 
the refresh cycle can be minimized. 

0034 FIG. 7 shows an embodiment of a circuit to 
implement the word Selection as above. It is assumed in 
FIG. 7 that the number of read word lines of the PDRAM 
of FIG. 6 is 256 and the number of 4-word-line groups is 
256. In FIG. 7,3-input AND circuits and 3-input OR circuits 
are employed for easy understanding of the logical relation 
ship between the circuits. However, it is to be understood 
that the circuit configuration can be implemented using 
combinations of logic circuits having a Smaller number of 
inputs, ordinary NOR circuits, NAND circuits, and inverter 
circuits. In FIG. 7, a signal OWE is a signal generated from 
a write enable Signal and is Set to high potential in the write 
operation. A refresh input Signal RFIN is set to high potential 
in the read or write operation associated with a refresh 
operation or in a refresh mode. In an ordinary read operation 
and in a read operation in the refresh mode, the X decoder 
sets one of the lines X1 to X256 to high potential and the 
signal pWE to low potential. Therefore, only one read word 
line is selected by an AND gate 5 in the X multiselector 
XMSEL. On the other hand, in the write operation in the 
refresh mode, pWE is set to high potential and one of the 
output lines from the y decoder is set to high potential. 
Therefore, only one of the output signals from AND1 to 
AND4 is set to high potential. However, since the RFIN 
signal and OWE inputted to the AND6 are at high potential, 
the output from the AND6 is set to high potential, and the 
outputs from OR1 to OR4, namely, four word lines of the 
groups are Set to high potential. In an ordinary write opera 
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tion, the Signal RFIN is at low potential, and hence only one 
of four word lines of the group is Set to high potential. 

0035 FIG. 8 shows a configuration of the refresh circuit 
RFCK disposed for each bit line in the embodiment of FIG. 
6. Also in FIG. 8, simple logic symbols and Switches are 
used for easy understanding of the logical relationship 
between the circuits. However, the actual circuit System can 
be naturally configured using combinations of ordinary basic 
gate circuits. Operation of the embodiment of FIG.8 will be 
next described. First, in the read operation in the refresh 
mode, the signal RFIN is at high potential and pWE is at low 
potential, and hence the output from the gate ANDR is Set 
to high potential. Therefore, a read signal is sent from the 
read bit line RBLX via a Switch RF-SW1 to a refresh read 
data amplifier RF-AMPR and is held in a capacitor RF-C. 
The capacitor may be replaced with an input capacity of an 
amplifier in the Subsequent Stage. However, if this causes a 
problem of leakage, another capacity element may be dis 
posed. In this Section, an inherent latch circuit may be used. 
However, to arrange an RFCK circuit between the respective 
bit lines, the Simple configuration of the embodiment is 
advantageous because of a Small area occupied by the 
circuit. In the write operation in the refresh mode, the Signal 
RFIN is also at high potential, but the signal pWE is set to 
high potential. Therefore, the output from the gate ANDW 
is Set to high potential, and the output from the refresh write 
amplifier RF-AMPW is written via a switch RF-SW2 and 
the write bit line WBLX in the memory cell. In the 
3T-DRAM cells, according to the ordinary design, the Signal 
is read from therefrom in a reverse State. In Such a case, it 
is necessary to add a signal inverting function to either one 
of the amplifiers RF-AMPR and RF-AMPW to invert the 
information. In the example of FIG. 6, the amplifier RF 
AMPW includes an inverter having a signal inverting func 
tion. When the information is not reversed. in the read 
operation depending on the memory cell design, it is natural 
that the information need not be inverted in the refresh 
circuit RFCK as above. According to the refresh circuit of 
FIG. 7 described above, the information is held without 
using an inherent latch circuit, the occupied area can be 
reduced. Therefore, the increase in the occupied area when 
the circuit is disposed for each bit line can be considerably 
minimized. 

0.036 FIG. 9 shows a configuration of a control circuit to 
hide the refresh operation in the memory PDRAM of FIG. 
6. The configuration of FIG. 6 primarily differs from that of 
FIG. 3 in that the data latching or storing operation in the 
refresh mode is executed by the refresh circuit RFCK in the 
memory PDRAM, and hence the data latching function 
disposed outside the memory PDRAM is removed. Addi 
tionally, since a refresh input signal RFIN is used in the 
memory PDRAM, the signal RFIN is inputted thereto. The 
other basic operations are the Similar to those described in 
conjunction with FIGS. 3 and 4, and description thereof 
will be avoided. Also in this embodiment, an operation 
similar to that of FIG. 5 can be executed. 

0037 According to the embodiments shown in FIGS. 6 to 
9 above, in a memory including 3T-DRAM cells, the pipe 
line operation in which the refresh operation is hidden from 
the accesses from external circuits can be carried out. 
Moreover, the refresh operation can be efficiently executed 
in a shorter period of time. Therefore, the memory can 
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execute a stable operation even if the accumulation capacity 
is Small and the leakage is relatively large. 
0038. Description has been given of embodiments of the 
present invention. However, the present invention is not 
restricted by the embodiments, and various modifications of 
the embodiments are naturally possible within the Spirit and 
Scope of the present invention. For example, although the 
circuits WAMP and RAMP are disposed on both sides of a 
bit line in FIGS. 1 and 6, the actual circuit layout is not 
restricted by this arrangement. The circuits WAMP and 
RAMP may be disposed to be connected to one end of the 
bit line. It is also possible to use a So-called shared Sense 
amplifier layout in which the circuits WAMP and RAMP are 
connected respectively to both ends of the bit line an 
memory cells are connected to the respective bit lines. 
0039. Furthermore, a precharge circuit of the bit line is 
not shown in FIGS. 1 and 6 also for simplicity of the 
drawings. It is natural that circuits necessary for the memory 
circuit operation Such as a precharge circuit are additionally 
disposed at appropriate positions. Although not particularly 
described, it is necessary in Some cases to apply higher 
potential to the transistor connected, for example, to the 
word line of a memory cell than to the transistor used in 
other peripheral circuits. In Such a case, it is naturally 
necessary to use a transistor Sufficiently resistive against the 
Voltage limit for the gate of the transistor. For example, the 
transistors may be Selectively used according to the condi 
tion of use thereof, that is, as a transistor to which high 
potential is applied, a transistor having a thick gate oxide 
film is employed. In the peripheral circuit, a transistor 
having a thin gate oxide film is employed. 
0040. In the embodiments above, there are assumed 
3T-DRAM cells in each of which the read word line is 
separated from the write as shown in FIG. 2. However, 
3T-DRAM cells of another types may be used. For example, 
3T-DRAM cells used in a semiconductor device described in 
pages 42 and 43 of the proceedings of the 1970 IEEE 
International Solid State Circuit Conference may be 
employed in the present invention. In the 3T-DRAM cell, a 
read word line and a write word line are commonly used. 
However, also in this case, to implement the non-destructive 
operation, it is necessary to employ word lines grouped as in 
FIG. 1 or FIG. 6 to prevent destruction of information in the 
write operation. In this case, it is required to change the 
configuration and control of the word line and Selector 
circuits as well as the control operation of potential on word 
lines in the read and write operations. However, Such 
changes are in a range which can be executed by ordinary 
circuit techniques, and hence description thereof will be 
avoided. 

0041. Some of advantages of the embodiments are as 
follows. 

0042 (1) The write and read operations are executed 
as nondestructive operations, and the read and write 
operations are pipelined. When the write and read 
operations are executed as non-destructive opera 
tions as in the prior art example, a memory having a 
cycle time reduced to Some extent can be imple 
mented. In addition, when the read and write opera 
tions are pipelined, accesses from external circuits 
can be received in a cycle time Shorter than the 
inherent cycle time. 
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0043 (2) By using memory cells each including 
only transistors such as 3T-DRAM cells, a memory 
can be implemented at a low process cost. 

0044 (3) By operating the memory with a frequency 
higher than the frequency of the clock signal as a 
reference of an external access, a refresh operation is 
executed when acceSS is not received from an exter 
nal circuit. Therefore, the refresh operation can be 
hidden from the external circuit. 

0.045 (4) By using 3t-DRAM or 1TDRAM cells 
each including a Small number of elements, there can 
be implemented a memory having an area Smaller 
than that of the memory including 6T-SRAM cells. 

0046 (5) By setting the operating frequency of the 
memory to a value larger than a value obtained by 
adding the total value of frequencies of clock Signals 
as references of accesses from external circuits to a 
value of the frequency of the clock signal as a 
reference of the internal refresh operation, the 
accesses from the external circuits and the access 
necessary for the refresh operation can be accom 
plished without conflict therebetween. That is, the 
refresh operation can be hidden from all circuits to 
access the memory, and hence there can be imple 
mented a memory having Suitable usability. 

0047 According to the above-mentioned advantages of 
the present invention, it is possible to implement a highly 
integrated, high-Speed memory at a low production cost in 
which the refresh operation is hidden and accesses from 
many circuits can be received without conflict therebetween. 
When necessary, it is possible to implement a memory 
having part of the advantages. Therefore, it is possible to 
implement a Semiconductor device having characteristics 
which are absent in the memories of the prior art or it is 
possible to implement a Semiconductor device including a 
logic circuit and a memory. 
0.048. The specification and drawings are, accordingly, to 
be regarded in an illustrative rather than a restrictive Sense. 
it will, however, be evident that various modifications and 
changes may be made thereto without departing from the 
broader Spirit and Scope of the invention as Set forth in the 
claims. 

What is claimed is: 
1. A Semiconductor device, comprising: 
a first circuit including a plurality of memory cells, Said 

first circuit operating in response to a first clock Signal; 
a Second circuit and a third circuit which are coupled with 

Said first circuit; and 

a bus for coupling Said first circuit to Said Second and third 
circuits, wherein: 

Said Second circuit outputs, in response to a Second clock 
Signal, a first address Signal to Said first circuit; 

Said third circuit outputs, in response to a third clock 
Signal, a Second address signal to Said first circuit; 

Said first circuit includes a refresh control circuit for 
executing a refresh operation for the memory cells in 
response to a fourth clock Signal and an address latch 

May 13, 2004 

for Storing Said first or Second address Signal in 
response to Said first clock signal; and 

Said first clock signal has a frequency equal to or more 
than a Sum of frequencies respectively of Said Second, 
third, and fourth clock Signals. 

2. A Semiconductor device according to claim 1, wherein 
when Said frequency of Said first clock signal is f, Said 
frequencies fin respectively of Said Second, third, and fourth 
clock signals are represented as fn=f/2. 

3. A Semiconductor device according to claim 2, further 
comprising a bus controller connected to Said bus, Said bus 
controller controlling Said bus in response to Said first clock 
Signal. 

4. A Semiconductor device according to claim 1, wherein 
Said first circuit Sequentially executes an operation to 
acquire Said first and Second address signals and Said refresh 
operation in response to Said first clock signal. 

5. A Semiconductor device according to claim 1, wherein 
Said first circuit comprises: 

a first write bit line and a second write bit line; 
a first read bit line and a Second read bit line, 
a first memory cell comprising 

a first transistor and a Second transistor which are 
connected in Series between Said first read bit line 
and a first potential and 

a third transistor including a Source-drain path con 
nected between a gate of Said Second transistor and 
said first write bit line; 

a Second memory cell comprising 
a fourth transistor and a fifth transistor which are 

connected in Series between Said Second read bit line 
and Said first potential and 

a Sixth transistor including a Source-drain path con 
nected between a gate of Said fifth transistor and Said 
Second write bit line; 

a first write word line connected to a gate of Said third 
transistor; 

a Second write word line connected to a gate of Said 
Sixth transistor; 

a read word line connected to gate respectively of Said 
first and fourth transistors; 

a column decoder connected to Said address latch; and 
a row decoder connected to Said address latch and Said 
column decoder. 

6. A Semiconductor device according to claim 5, wherein 
Said row address decoder comprises: 

a first decoder circuit connected to aid address latch; and 
a row Selector circuit connected to Said first decoder 

circuit and Said column address decoder. 
7. A Semiconductor device according to claim 5, wherein 

Said first circuit comprises: 
a write column Selector connected to Said column decoder 

for Selecting Said first or Second write bit line, and 
a read column Selector connected to Said column decoder 

for Selecting Said first or Second read bit line; and 
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a latch circuit connected to Said read column Selector and 
Said write column Selector and Said refresh operation is 
executed by inputting a data Signal read from Said first 
or Second memory to Said latch circuit via Said read 
column Selector, and by re-writing the data Signal from 
Said latch circuit via Said write column Selector to 
asSociated one of Said first and Second memory cells. 

8. A Semiconductor device according to claim 5, wherein 
Said first circuit further comprises: 

a first latch circuit disposed on said first write bit line and 
said first read bit line; and 

a Second latch circuit disposed on Said Second write bit 
line and Said Second read bit line and Said refresh 
operation is executed by Selecting Said first and Second 
read word lines, and by re-writing the data via associ 
ated one of Said first and Second latch circuit. 

9. A Semiconductor device according to claim 1, wherein 
Said first circuit comprises: 

a first write bit line and a second write bit line; 
a first read bit line and a Second read bit line; 
a first memory cell comprising 

a first transistor and a Second transistor which are 
connected in Series between Said first read bit line 
and a first potential and 

a third transistor including a Source-drain path con 
nected between a gate of Said Second transistor and 
said first write bit line; 

a Second memory cell comprising 
a fourth transistor and a fifth transistor which are 

connected in Series between Said Second read bit line 
and Said first potential and 

a Sixth transistor including a Source-drain path con 
nected between a gate of Said fifth transistor and Said 
Second write bit line; 

a first Word line connected to gate respectively of Said 
first and third transistors, 

a Second word line connected to gate respectively of 
Said fourth and Sixth transistors, 

a column decoder connected to Said address latch; and 
a row decoder connected to Said address latch and Said 
column decoder. 

10. A Semiconductor device according to claim 9, wherein 
Said row address decoder comprises: 

a first decoder circuit connected to Said address latch; and 
a row Selector circuit connected to Said first decoder 

circuit and Said column address decoder. 
11. A Semiconductor device according to claim 9, wherein 

Said first circuit comprises: 
a write column Selector connected to Said column decoder 

for Selecting Said first or Second write bit line, and 
a read column Selector connected to Said column decoder 

for Selecting Said first or Second read bit line; and 
a latch circuit connected to Said read column Selector and 

Said write column Selector and 
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Said refresh operation is executed by inputting a data 
Signal read from Said first or Second memory to Said 
latch circuit via Said read column Selector, and by 
re-writing the data Signal from Said latch circuit via Said 
write column Selector to associated one of Said first and 
Second memory cells. 

12. A Semiconductor device according to claim 9, wherein 
Said first circuit further comprises: 

a first latch circuit disposed on said first write bit line and 
said first read bit line; and 

a Second latch circuit disposed on Said Second write bit 
line and Said Second read bit line, and 

Said refresh operation is executed by concurrently Select 
ing Said first and Second read word lines, and by 
re-writing the data via associated one of Said first and 
Second latch circuit. 

13. A Semiconductor device according to claim 1, wherein 
Said refresh control circuit comprises a clock generator 
circuit for receiving Said first clock signal and Said Second 
clock signal and for generating Said fourth clock signal. 

14. A Semiconductor device formed on a Semiconductor 
Substrate comprising: 

a plurality of DRAM memory cells each having first, 
Second, and third transistors and formed in a memory 
array, 

a plurality of first word lines coupled to the gates of Said 
first transistors, 

a plurality of Second word lines coupled to the gates of 
Said Second transistors, 

a plurality of first bit lines coupled to the Source/drain 
paths of Said first transistors, 

a plurality of Second bit lines coupled to the Source/drain 
paths of Said Second transistors, 

a terminal fed with a clock signal from outside of Said 
Semiconductor device, and 

an X address latch and a Y address latch, wherein each 
gate of Said third transistor is coupled to the Source/ 
drain path of Said first transistor, and each Source/drain 
path of Said third transistor is coupled to the Source/ 
drain path of Said Second transistor, and 

means for eliminating rewrite operations to non-Selected 
DRAM memory cells coupled to a selected word line, 
wherein read operation and write operation are pipe 
lined where an operational cycle is related to row 
CCCSS. 

15. The Semiconductor device according to claim 14, 
further comprising: 

means for deferring conflicts in the timing of refreshing 
operations against Said plurality of DRAM memory 
cells and access from outside of Said Semiconductor 
device. 

16. The Semiconductor device according to claim 15, 
wherein Said means for deferring conflicts comprises a 
circuit issuing the timing of Said refreshing operations based 
on a clock cycle having a higher frequency than Said clock 
Signal. 
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17. The semiconductor device according to claim 15, 
further comprising: 

a Selecting circuit to Select one of Said plurality of Said 
first word lines, 

wherein the number of said plurality of said first word 
lines is larger than the number of Said plurality of Said 
Second word lines, and 

wherein Said Selecting circuit is placed on one side of Said 
memory array. 

18. The semiconductor device according to claim 17, 
wherein the number of data inputted for writing data when 

one of said plurality of first word lines is selected is the 
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number of said DRAM memory cells provided to said 
one of Said plurality of first word lines, and 

wherein Said first Word lines extend as long as Said Second 
word lines. 

19. The semiconductor device according to claim 16, 
further comprising: 

a word driver circuit coupled to Said plurality of Said first 
word lines, and 

wherein Said word driver circuit is placed on one side of 
Said memory array. 
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