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(57) ABSTRACT 
An easily implemented SRAM compatible memory device 
usable as a low power asynchronous SPRAM and a driving 
method therefor. The method for driving the SRAM com 
patible memory device includes the steps of (a) inputting a 
leading address designating at least one of the plurality of 
memory cells, (b) generating an address transition detection 
signal in response to the input leading address, (c) alloWing 
a predetermined DRAM access time to elapse after genera 
tion of the address transition detection signal, (d) performing 
an access operation of the DRAM memory array for the 
duration of the DRAM access time after step (c), and (e) 
inputting a lagging address different from the leading 
address after the lapse of a predetermined SRAM access 
time from the leading address input time. The SRAM access 
time is equal to or longer than tWice the DRAM access time. 
In the SRAM compatible memory device and the driving 
method therefor, a DRAM memory cell is operated tWice 
Within an access time of an SRAM access time, thereby 
being fully compatible With an asynchronous SRAM. 
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ASYNCHRONOUS SRAM COMPATIBLE MEMORY 
DEVICE USING DRAM CELL AND METHOD FOR 

DRIVING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a semiconductor memory 
device, and more particularly, to an asynchronous static 
random access memory (SRAM) using a dynamic random 
access memory (DRAM) cell, and a method for driving the 
same. 

[0003] 2. Description of the Related Art 

[0004] In general, a random access memory (RAM) of a 
semiconductor memory device is classi?ed as either an 
SRAM or a DRAM. Aunit memory cell for storing one-bit 
of information used in a conventional SRAM is imple 
mented by four (4) transistors cross-coupled as a latch and 
tWo (2) transistors serving as a transfer gate. 

[0005] In a general SRAM, since stored data is latched, a 
refresh operation for data retention is not required. Also, 
SRAMs typically are able to operate faster and consume less 
poWer than DRAMs. 

[0006] HoWever, since an SRAM unit memory cell is 
implemented by six (6) transistors, it occupies a larger die 
area than a DRAM unit memory cell implemented by one 
transistor and one capacitor. Therefore, the die area of an 
SRAM required for implementing a memory device With the 
same memory capacity is approximately 6 to 10 times that 
of a DRAM. So, the manufacturing cost is increased. 

[0007] In order to reduce the cost, a conventional DRAM 
may be used instead of an SRAM. In this case, hoWever, a 
DRAM controller is additionally required for periodic 
refresh operations. Also, the overall performance of the 
system itself may be deteriorated due to the periodic refresh 
operation and loW-speed operation of the DRAM. 

[0008] To overcome the disadvantages of the DRAM and 
SRAM, various implementations of the SRAM using 
DRAM cells continuously are being devised. One such 
implementation is disclosed in US. Pat. No. 5,999,474 to 
Wingyu Leung et al., in Which a memory device consists of 
a multi-bank DRAM and an SRAM cache, so that the refresh 
of the memory can be hidden from the outside to be 
compatible With an SRAM. 

[0009] HoWever, according to the technology of the 
above-noted US. patent, an SRAM having the same storage 
capacity and con?guration as a single DRAM bank, needs to 
be provided inside a memory device, and the circuit imple 
mentation is relatively complicated. Also, the memory 
device according to the above-noted US. patent is compat 
ible With a synchronous SRAM in Which external clocks are 
necessary. Thus, the technology based on the above-noted 
US. patent cannot be applied to a loW poWer asynchronous 
SRAM for mobile equipment or the like. 

SUMMARY OF THE INVENTION 

[0010] To solve the above problems, it is an object of the 
invention to provide an asynchronous SRAM compatible 
memory device using a DRAM cell, Which is easily imple 
mented and can be used as a loW poWer asynchronous 
SRAM. 
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[0011] Another object of the invention is to provide a 
method for driving the asynchronous SRAM compatible 
memory device. 

[0012] Accordingly, to achieve the above object, there is 
provided an SRAM compatible memory device in Which a 
leading address is primarily input and then a lagging address 
is secondarily input after a predetermined SRAM access 
time, the SRAM access time being elapsed for accessing 
valid data from the outside. The SRAM compatible memory 
device includes a DRAM memory array and a DRAM 
operation controller. The DRAM memory array has a plu 
rality of DRAM memory cells arranged in roWs and col 
umns. Each DRAM memory cell requires a refresh operation 
for retention of data stored Within a predetermined refresh 
period. The DRAM operation controller controls the DRAM 
memory array to perform an access operation after a pre 
determined DRAM access time (period) has elapsed from a 
time at Which the leading address is primarily input. The 
SRAM access time (period) is equal to or longer than tWice 
the DRAM access time. 

[0013] According to another aspect of the invention, there 
is provided a SRAM compatible memory device including 
an array of DRAM memory cells arranged in roWs and 
columns. Each DRAM memory cell requires a refresh 
operation for retention of data stored Within a predetermined 
refresh period. A leading address is primarily input, and then 
a lagging address is secondarily input after a predetermined 
SRAM access time (period) has elapsed for accessing valid 
data from the outside. The SRAM access time is equal to or 
longer than the sum of a refresh time for refreshing the 
DRAM memory cells and a DRAM access time for effec 
tively accessing the DRAM memory cells. 

[0014] According to still another aspect of the invention, 
there is provided an SRAM compatible memory device. In 
the SRAM compatible memory device, a leading address is 
primarily input, and then a lagging address is secondarily 
input after a predetermined SRAM access time has elapsed 
for accessing valid data from the outside. The SRAM 
compatible memory device comprises a DRAM memory 
array and a DRAM operation controller. The DRAM 
memory array has a plurality of DRAM memory cells 
arranged in roWs and columns. Each DRAM memory cell 
requires a refresh operation for retention of data stored 
Within a predetermined refresh period. The DRAM opera 
tion controller controls the DRAM memory array to start an 
actual access operation during a predetermined DRAM 
access time (period), in response to the input of a leading 
address. The DRAM operation controller controls the 
DRAM memory array to input the lagging address after 
another DRAM access time from a time at Which the actual 
operation is completed. The SRAM access time is equal to 
or longer than tWice the DRAM access time. 

[0015] To achieve another object of the invention, there is 
provided a method for driving an SRAM compatible 
memory device. The SRAM compatible memory device has 
a DRAM memory array including a plurality of DRAM 
memory cells arranged in a roW and column type matrix. 
Each DRAM memory cell requires a refresh operation for 
retention of data stored Within a predetermined refresh 
period. The method includes the steps of (a) inputting a 
leading address designating at least one of the plurality of 
memory cells, (b) generating an address transition detection 
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signal in response to the input leading address, (c) allowing 
a predetermined DRAM access time to elapse after genera 
tion of the address transition detection signal, (d) after the 
step (c), performing an access operation to access the 
DRAM memory array for the duration of the DRAM access 
time, and (e) inputting a lagging address different from the 
leading address after the lapse of a predetermined SRAM 
access time measured from time of inputting the leading 
address. The SRAM access time is equal to or longer than 
tWice the DRAM access time. 

[0016] According to another aspect of the invention, there 
is provided a method for driving an SRAM compatible 
memory device. The SRAM compatible memory device 
includes an array of DRAM memory cells arranged in roWs 
and columns, each DRAM memory cell requiring a refresh 
operation for retention of data stored Within a predetermined 
refresh period. The method comprises the steps of (a) 
inputting a leading address designating at least one of the 
plurality of memory cells, (b) generating an address transi 
tion detection signal in response to the input leading address, 
(c) performing an access operation to access the DRAM 
memory array for the duration of a predetermined DRAM 
access time in response to the address transition detection 
signal, (d) alloWing another DRAM access time to elapse 
after the step (c), and (e) inputting a lagging address different 
from the leading address after the lapse of a predetermined 
SRAM access time measured from the leading address input 
time. The SRAM access time is equal to or longer than tWice 
the DRAM access time. 

[0017] In the SRAM compatible memory device and 
method of driving the same according to the invention, the 
DRAM memory cell is operated tWice Within each access 
time, to be fully compatible With an asynchronous SRAM. 
Also, the SRAM compatible memory according to the 
invention can be easily implemented. Further, since the 
SRAM compatible memory according to the invention uses 
DRAM cells, it can function as a loW poWer asynchronous 
SRAM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The foregoing and further objects, features and 
advantages of the invention Will become more apparent from 
a consideration of the folloWing description, the appended 
claims and the accompanying draWings in Which the same 
numerals indicate the same or corresponding parts. 

[0019] FIG. 1 is a block diagram of an SRAM compatible 
memory device according to an embodiment of the inven 
tion; 

[0020] FIG. 2 is a timing diagram illustrating an eXample 
of When a read operation is performed from an idle (IDLE) 
state; 

[0021] FIGS. 3 through 5 are timing diagrams illustrating 
eXamples of When Write operations are performed from an 
idle (IDLE) state; 

[0022] FIGS. 6 and 7 are timing diagrams illustrating 
eXamples of When read and Write operations are performed 
from a reserved (RESERVED) state; 

[0023] FIG. 8 is a timing diagram for a case in Which a 
read command is further generated from a read (READ) 
state; 
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[0024] FIG. 9 is a timing diagram for a case in Which a 
read command is generated from a refresh (REFRESH) 
state; 

[0025] FIG. 10 is a timing diagram illustrating an eXample 
of generating a refresh command from an idle (IDLE) state; 

[0026] FIG. 11 is a timing diagram illustrating an eXample 
of When a refresh command is generated from a reserved 

(RESERVED) state or a read (READ) state; 

[0027] FIG. 12 is a state transition diagram of the internal 
DRAM in an SRAM compatible memory device according 
to an embodiment of the invention; 

[0028] FIG. 13 is a state transition diagram of the internal 
DRAM in an SRAM compatible memory device according 
to another embodiment of the invention; and 

[0029] FIG. 14A and FIG. 14B are timing diagrams for 
eXplaining a reserved period. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0030] FIG. 1 is a block diagram of an SRAM compatible 
memory device according to an embodiment of the inven 
tion. The SRAM compatible memory device according to 
the invention is implemented using a DRAM memory cell. 
Aplurality of DRAM memory cells is arranged in a DRAM 
memory array shoWn in FIG. 1. The DRAM memory cell is 
implemented by including one transistor and one capacitor 
as a unit cell. Thus, in order to retain data stored therein, a 
refresh operation is performed Within a predetermined 
refresh period. 

[0031] An externally input address ADDR is decoded by 
a roW decoder 103 and a column decoder 105. Also, a 
speci?c memory cell arranged at a roW and column of the 
DRAM memory cell array 101, is designated With the 
decoded address. Externally input data is stored in the 
designated memory cell in a Write (WRITE) mode. Also, in 
a read (READ) mode, the data stored in the designated 
memory cell is output to the outside through an output buffer 
109. In this speci?cation, for the convenience of eXplana 
tion, the DRAM memory array 101, the roW decoder 103, 
the column decoder 105, a Write buffer 107 and the output 
buffer 109, are referred to as an internal DRAM 100. 

[0032] In order to effectively perform the read/Write 
operations of the internal DRAM 100, an address latch 111, 
an address transition detection (ATD) circuit 113, a data 
latch 115 and a data transition detection (DTD) circuit 117 
are incorporated in the SRAM compatible memory device. 
The address latch 111 latches the ADDR and supplies the 
same to the roW decoder 103 and the column decoder 105. 
The ATD circuit 113 detects the change in the logic level of 
the ADDR to generate an address transition detection (ATD) 
signal. The ATD signal becomes activated With a predeter 
mined pulse Width When the ADDR makes a transition in a 
state in Which a chip selection signal CS is logic “high”. 

[0033] The data latch 115 latches input data DATA and 
supplies the same to the Write buffer 107. The DTD circuit 
117 generates a data transition detection (DTD) signal. The 
DTD signal becomes activated With a predetermined pulse 
Width When the DATA is input and a Write enable (WEB) 
signal goes “loW”. 
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[0034] Also, a refresh timer 119 for refreshing DRAM 
memory cells arranged in the memory array 101, is incor 
porated in the SRAM compatible memory device according 
to an embodiment of the invention. A refresh request 
(REFREQ) signal supplied from the refresh timer 119 is 
activated for a constant refresh period. 

[0035] Although the SRAM compatible memory device 
according to the invention internally employs DRAM 
memory cells, an externally controlled refresh operation is 
not required, Which makes the SRAM compatible memory 
device similar to the conventional SRAM. Also, signals for 
controlling the refresh operation are not input. In other 
Words, the SRAM compatible memory device of the inven 
tion operates externally in the same manner that the con 
ventional SRAM does. 

[0036] For implementation of the operation shoWn in 
FIGS. 2 through 11, a DRAM operation controller 121 is 
incorporated in the SRAM compatible memory device 
according to an embodiment of the invention. In detail, the 
DRAM operation controller 121 includes a DRAM state 
sWitching portion 121a, a DRAM operation controlling 
portion 121b, a DRAM state identifying portion 121c and a 
reserved state controlling portion 121d. The DRAM state 
identifying portion 121c identi?es the current operating state 
of the internal DRAM 100 by the information contained in 
the ATD signal and the WEB signal. 

[0037] The reserved state controlling portion 121d deter 
mines the Width of a reserved (RESERVED) state period of 
the internal DRAM 100, in accordance With the operating 
state of the internal DRAM 100 and the length of the time 
elapsed from the ATD signal being activated. The DRAM 
operation controlling portion 121b controls the internal 
DRAM 100 to perform an access operation such as a read 
operation, a Write operation or a refresh operation, after the 
RESERVED state period of the internal DRAM 100 deter 
mined by the reserved state controlling portion 121a' has 
lapsed. The DRAM state sWitching portion 121a sWitches 
the operating state of the internal DRAM 100, in response to 
the DTD, ATD or WEB signal. 

[0038] Five operating states of the internal DRAM 100 in 
the SRAM compatible memory device are designated as a 
READ state, a WRITE state, a REFRESH state, a 
RESERVED state and an IDLE state. When the DRAM is in 
the READ state, the operation of reading out data is per 
formed. In the WRITE state, the operation of Writing exter 
nally input data in the DRAM memory array 101 is per 
formed. In the REFRESH state, the operation of amplifying 
the data stored in the DRAM memory array 101 and 
reWriting the same is performed. In the RESERVED state, 
the refresh operation can be allocated to the internal DRAM 
100. The ?fth state of the DRAM 100, the IDLE state, is a 
state other than the READ state, the WRITE state, the 
REFRESH state and the RESERVED state, that is, a state in 
Which no operation is performed. 

[0039] Various operations of the SRAM compatible 
memory device according to the invention Will noW be 
described With reference to FIGS. 2 through 11. 

[0040] FIG. 2 is a timing diagram illustrating an example 
of initiating a read operation from an idle (IDLE) state. If an 
address ADDR primarily is input at a time t1, an ATD signal 
is generated as a pulse. The internal DRAM 100 is sWitched 
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from an IDLE state (A1) to a RESERVED state Successively, if a predetermined DRAM access time 

(period) D_tRC has elapsed, the internal DRAM 100 is 
sWitched from the RESERVED state to a READ state 
(A3), and reads out data for the duration of the access time 
D_tRC, to be output. 

[0041] If an SRAM access time S_tRC, of a period from 
the leading ADDR input time t1 to the lagging ADDR input 
time t2, is longer than tWice the DRAM access time D_tRC, 
the SRAM compatible memory device according to the 
invention performs a read operation in the same manner as 
the conventional SRAM does. 

[0042] In FIG. 2, activation of a CS signal to a logic 
“high” indicates that the internal DRAM 100 has entered a 
state in Which it is capable of performing read/Write access 
and refresh operations. The “high” state of the WEB signal 
indicates a READ state, and the “loW” state thereof indicates 
a WRITE state. For convenience of explanation, an expla 
nation of the CS and WEB signals is omitted. 

[0043] FIG. 3 is a timing diagram illustrating an example 
of initiating a Write operation from an idle (IDLE) state. Like 
in the READ operation shoWn in FIG. 2, the internal DRAM 
100 is sWitched from an IDLE state (B1) to a RESERVED 
state (B2). After the lapse of the DRAM access time D_tRC, 
the internal DRAM 100 is further sWitched to a WRITE state 
(B3) to perform a data Write operation. Here, a DTD signal 
is activated With a predetermined pulse Width responsive to 
activation of a WEB signal and input of data. In other Words, 
the internal DRAM 100 identi?es a WRITE state by the ?rst 
pulse of the DTD signal responsive to activation of the WEB 
signal. Also, the internal DRAM 100 Writes valid data by the 
second pulse of the DTD signal responsive to input of data. 
In this case as shoWn in FIG. 3, like in FIG. 2, When an 
SRAM access time S_tRC is longer than tWice the DRAM 
access time D_tRC, the SRAM compatible memory device 
according to the invention performs a Write operation in the 
same manner as does the conventional SRAM. 

[0044] FIG. 4 is a timing diagram illustrating another 
example of initiating a Write operation from an idle (IDLE) 
state. AWEB signal is activated Within a DRAM access time 
D_tRC folloWing a leading ADDR input time t1. HoWever, 
data is input after a period tWice the DRAM access time 

D_tRC. 
[0045] In FIG. 4, the internal DRAM 100 is sWitched to 
a RESERVED state (C2) in response to an ATD signal. After 
the lapse of the DRAM access time D_tRC, the internal 
DRAM 100 is further sWitched to a ?rst WRITE state (C3) 
to perform a data Write operation. HoWever, in the ?rst 
WRITE state (C3), data is not input. Thus, in the ?rst 
WRITE state (C3), an invalid WRITE operation is per 
formed, that is, invalid data is input. Thereafter, at a time t3, 
responsive to the input of data, the internal DRAM 100 is 
sWitched to a WRITE state (C4) in Which valid data is 
Written. Here, a SRAM access time S_tRC, that is, a time 
period from the leading ADDR input time t1 to a lagging 
ADDR input time t2, is longer than tWice the DRAM access 
time D_tRC, that is, longer than the minimum SRAM access 
time S_tRCmin. If such conditions of ADDR input, WEB 
signal input and data input as shoWn in FIG. 4 are alloWed 
in the conventional SRAM, the SRAM compatible memory 
device according to the invention Will satisfactorily perform 
an access operation such as a Write operation, in the same 
manner as does the conventional SRAM. 
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[0046] FIG. 5 is a timing diagram illustrating still another 
example of initiating a Write operation from an idle (IDLE) 
state. AWEB signal is activated during a DRAM access time 
D_tRC folloWing a leading address ADDR input time t1. 
Also, data is input during a period tWice the length of the 
DRAM access time D_tRC folloWing the leading address 
ADDR input time. 

[0047] The internal DRAM 100 is sWitched to a 
RESERVED state (D2) in response to an ATD signal. After 
the lapse of the DRAM access time D_tRC, the internal 
DRAM 100 is sWitched to a READ state (D3). The reason 
for the sWitch to the READ state (D3) is that the WEB signal 
is not yet activated to a logic “loW”. HoWever, the READ 
state (D3) is subsequently changed to an invalid READ state 
in Which invalid data is read out. 

[0048] If the WEB signal is activated to a logic “loW”, the 
internal DRAM 100 is sWitched to a ?rst WRITE state (D4) 
to perform a Write operation. HoWever, since no data is input 
in the ?rst WRITE state (D4), an invalid WRITE operation 
is performed. Thereafter, at a time t3, responsive to the input 
of data, the internal DRAM 100 is sWitched to a second 
WRITE state (D5) in Which valid data is Written. 

[0049] In FIG. 5, an SRAM access time S_tRC is longer 
than the minimum SRAM access time S_tRCmin. HoWever, 
if such rules of WEB signal input and data input as shoWn 
in FIG. 5 Were alloWed in the conventional SRAM, the 
SRAM compatible memory device according to the inven 
tion Will satisfactorily perform an access operation such as 
a Write operation, as does the conventional SRAM. 

[0050] FIG. 6 is a timing diagram illustrating an eXample 
of performing a read operation from a reserved 
(RESERVED) state, in Which a lagging address ADDR is 
input at a time t2 prior to a DRAM access time D_tRC 
folloWing a time t1 at Which a leading ADDR is input. 

[0051] First, if the leading ADDR primarily is input at the 
time t1, the internal DRAM 100 is sWitched from an IDLE 
state (E1) to a RESERVED state (E2) in response to gen 
eration of an ATD signal. HoWever, during the period of the 
RESERVED state (E2), the lagging ADDR is secondarily 
input at the time t2. In other Words, a time interval (T1) from 
the time t1 and the time t2 is shorter than the DRAM access 
time D_tRC. Then, the ATD signal is again generated and 
the internal DRAM 100 is further sWitched to a RESERVED 
state Thereafter, the internal DRAM 100 operates such 
that if a predetermined access time D_tRC has elapsed, the 
internal DRAM 100 is sWitched from the RESERVED state 
(E3) to a READ state And the data is read out for the 
duration of the access time D_tRC, to then be output. 

[0052] FIG. 7 is a timing diagram illustrating an eXample 
of performing a Write operation from a reserved 
(RESERVED) state. Like in FIG. 6, a lagging address 
ADDR is input at a time t2 prior to a DRAM access time 
D_tRC folloWing a time t1 at Which a leading ADDR is 
input. Thus, similarly to the case shoWn in FIG. 6, the 
internal DRAM 100 is sWitched to a WRITE state (F4) after 
tWo RESERVED states (F2 and F3). 

[0053] FIG. 8 is a timing diagram illustrating the case in 
Which a read command is further generated from a read 
(READ) state, in Which a lagging address ADDR is input at 
a time t2 that comes after a DRAM access time D_tRC from 
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a leading ADDR input time t1, and comes prior to a time 
Which is tWice the time D_tRC. 

[0054] First, if the leading address ADDR is primarily 
input at the time t1, an ATD signal is generated as a pulse. 
Then, the internal DRAM 100 is sWitched from an IDLE 
state (G1) to a RESERVED state (G2) in response to 
generation of the AT D signal. Continuously, if a predeter 
mined DRAM access time D_tRC has elapsed, the internal 
DRAM 100 is sWitched from the RESERVED state (G2) to 
a READ state (G3) to remain in the READ state (G3) for the 
duration of the access time D_tRC. HoWever, as shoWn in 
FIG. 8, the lagging ADDR is input at the time t2 While the 
DRAM is in the READ state (G3). Then, the ATD signal is 
generated as a pulse. If the READ state (G3) is terminated, 
the internal DRAM 100 is further sWitched to a RESERVED 
state (G4). Then, if the access time D_tRC has elapsed after 
the ATD signal is generated, the internal DRAM 100 is 
sWitched to a READ state (G5) to perform a read operation. 

[0055] FIG. 9 is a timing diagram illustrating the case in 
Which a read command is generated from a refresh 
(REFRESH) state of the DRAM. In FIG. 9, the REFRESH 
state (H1) is initiated at a time t1 and an address ADDR is 
input at a time t2 prior to completion of a REFRESH state 
(H2). Then, if during the REFRESH state (H1) a DRAM 
access time D_tRC elapses, the internal DRAM 100 is 
sWitched to the RESERVED state Also, if another 
DRAM access time D_tRC elapses after generation of an 
ATD signal, the internal DRAM 100 is sWitched from the 
RESERVED state (H2) to a READ state Continuously, 
the READ state (H3) is held for the duration of the access 
time D_tRC. 
[0056] FIG. 10 is a timing diagram illustrating an eXample 
of generating a refresh command from an idle (IDLE) state, 
in Which the refresh request (REFREQ) signal generated 
from the refresh timer (119 of FIG. 1) is activated during an 
IDLE state (11). Then, the internal DRAM 100 is sWitched 
to a REFRESH state (12) in response to the REFREQ signal. 
The activation of the REFREQ signal may occur irrespective 
of the logical state of a CS signal. After the REFRESH state 
(12) is held for the duration of the access time D_tRC, the 
internal DRAM 100 is sWitched again to an IDLE state (13). 

[0057] FIG. 11 is a timing diagram illustrating an eXample 
of generating a refresh command from a reserved 
(RESERVED) or read (READ) state. First, if an address 
ADDR is input and an ATD signal is then activated, the 
SRAM compatible memory device according to the inven 
tion enters a RESERVED state (J1). Even if a REFREQ 
signal is activated to a logic “high” in the RESERVED state 
(J1), the RESERVED state (J1) and a READ state (J2) are 
held for the duration of the access time D_tRC and another 
(folloWing) access time D_tRC, respectively. After the 
READ state (J2) is terminated, a REFRESH state (J3) is then 
started. Also, even if the REFREQ signal is activated to a 
logic “high” in the READ state (J2), the REFRESH state 
(J3) is started after the READ state (J2), held for the duration 
of access time D_tRC, is terminated. 

[0058] FIG. 12 shoWs conceptually a state transition 
scheme of the internal DRAM, Which is shoWn in detail in 
FIG. 2 to FIG. 11. Referring to FIG. 1 and FIG. 12, the 
state transition scheme of the internal DRAM Will be 
summariZed. 

[0059] When the activation of the ATD signal is generated 
from an idle state S1201, the internal DRAM 100 is 
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switched to a reserved state S1203, at transition T1201. If 
the WEB signal is in non-activation When the reserved state 
S1203 is terminated, the internal DRAM 100 is sWitched to 
a read state S1205, at transition T1202. If the WEB signal is 
in activation When the reserved state S1203 is terminated, 
the internal DRAM 100 is sWitched to a Write state S1207, 
at transition T1203. If the read state S1205 or the Write state 
S1207 is terminated Within a reserved period RSVD=I, the 
internal DRAM 100 is sWitched to the reserved state S1203, 
at transition T1204 or T1205. The reserved period is a 
predetermined time interval of the reserved state from the 
activation of the ATD signal, Which is illustrated in FIG. 
14A and FIG. 14B. In this speci?cation, RSVD=I means the 
inside of the reserved period, While RSVD=O means the 
outside of the reserved period. 

[0060] When the activation of the WEB signal is gener 
ated from the read state S1205, the internal DRAM 100 is 
sWitched to the Write state S1207, at transition T1206. If the 
activation of the REFREQ signal is generated from the idle 
state S1201, the internal DRAM 100 is sWitched to a ?rst 
refresh state S1209, at transition T1207. HoWever, if the 
activation of the REFREQ signal is generated from the read 
state S1205 or the Write state S1207, the internal DRAM 100 
is sWitched to a second refresh state S1211 after the comple 
tion of the read state S1205 or the Write state S1207, at 
transition T1208 or T1209. In this speci?cation the refresh 
state is shoWn as the ?rst and the second refresh state S1209 
and S1211, because the transition conditions from the ?rst 
and the second refresh state S1209 and S1211 to the other 
state are different. If the ?rst refresh state S1209 is termi 
nated in the outside of the reserved period RSVD=O, the 
internal DRAM 100 is sWitched to the idle state S1201, at 
transition T2110. HoWever, in the case of the second refresh 
state, the internal DRAM 100 is sWitched to the read state 
S1205 or the Write state S1207 according to the Whether the 
WEB signal is activated or not, at transition T1211 or T1212, 
in spite of the second refresh state being terminated in the 
outside of the reserved period RSVD=O. When the ?rst 
refresh state S1209 or the second refresh state S1211 is 
terminated in the inside of the reserved period RSVD=I, the 
internal DRAM 100 is sWitched to the reserved state S1203, 
at transition T1213 or T1214. 

[0061] If the WEB signal is in activation When the acti 
vation of the DTD signal is generated from the idle state 
S1201, the internal DRAM 100 is sWitched to the Write state 
S1207, at transition T1215. When the read state S1205 or the 
Write state S1207 is terminated in the outside of the reserved 
period RSVD=O, the internal DRAM 100 is sWitched to the 
idle state S1201, at transition T1216 or T1217. 

[0062] If the activation of the ATD signal is generated 
from the reserved state S1203, the internal DRAM 100 is 
maintained With the reserved state S1203, at transition 
T1218. If the activation of the DTD signal is generated from 
the Write state S1207, the internal DRAM 100 is maintained 
in the Write state S1207, at transition T1218. 

[0063] FIG. 13 is a state transition diagram of the internal 
DRAM in an SRAM compatible memory device according 
to another embodiment of the invention. Referring to FIG. 
13, a read state or a Write state is generated in advance of a 
refresh state. The state transition scheme of the internal 
DRAM in an SRAM compatible memory device according 
to this other embodiment of the invention Will be described 
beloW. 
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[0064] If the WEB signal is in non-activation When the 
activation of the AT D signal is generated from an idle state 
S1301, the internal DRAM 100 is sWitched to a read state 
S1305, at transition T1301. If the WEB signal is in activa 
tion When the activation of the ATD signal or the DTD signal 
is generated from an idle state S1301, the internal DRAM 
100 is sWitched to a Write state S1307, at transition T1302. 
When the activation of the REFREQ signal is generated 
from an idle state S1301, the internal DRAM 100 is 
sWitched to a refresh state S1303, at transition T1303. If the 
successive ?ag SE is 1 When the refresh state S1303 is 
terminated, the internal DRAM 100 is sWitched to a read 
state S1305 or a Write state S1307 depending on the acti 
vation of the WEB signal, at transition T1304 or T1305. The 
successive ?ag SE is set as 1 When the activation of the 
signal ATD is generated during a READ, WRITE or 
REFRESH operation. The successive ?ag SE is set as 0 
When a read operation, a Write operation or a refresh 
operation starts. 

[0065] If the successive ?ag SE is 0 When the refresh state 
S1303 is terminated, the internal DRAM 100 is sWitched to 
the idle state S1301, at transition T1306. If the REFREQ 
signal is in activation When the read state S1305 or the Write 
state S1307 is terminated, the internal DRAM 100 is 
sWitched to the refresh state S1301, at transition T1307 or 
T1308. If the successive ?ag SE is 1 and the WEB signal is 
in activation When the read state S1305 is terminated, the 
internal DRAM 100 is sWitched to the Write state S1307, at 
transition T1309. If the successive ?ag SE is 1 and the WEB 
signal is in non-activation When the read state S1305 is 
terminated, the internal DRAM 100 is maintained in the 
Write state S1307, at transition T1310. 

[0066] If the successive ?ag SE is 1 and the WEB signal 
is in non-activation When the Write state S1307 is termi 
nated, the internal DRAM 100 is sWitched to the read state 
S1305, at transition T1311. If the successive ?ag SE is I and 
the WEB signal is in activation When the Write state S1307 
is terminated, the internal DRAM 100 is maintained in the 
read state S1305, at transition T1312. If the successive ?ag 
SE is 0 When the read state S1305 or the Write state S1307 
is terminated, the internal DRAM 100 is sWitched to the idle 
state S1301, at transition T1313 or T1314. 

[0067] In the embodiment shoWn in FIG. 12, a reserved 
state capable of a refresh operation is generated in advance 
of a read state or a Write state. HoWever, in the other 
embodiment, shoWn in FIG. 13, a read state or a Write state 
is generated in advance of a refresh. 

[0068] In the invention, in order to implement a memory 
that is fully compatible With an asynchronous SRAM, a 
DRAM memory cell is operated tWice Within an access time 
of an SRAM. For example, in order to implement an 
asynchronous SRAM having an access time of 70 ns, the 
internal DRAM 100 is con?gured to have an access time of 
35 ns or less and the internal DRAM 100 is operated tWice, 
for a period of 70 ns. During the ?rst period of access time 
of the internal DRAM 100, no operation is performed, or a 
refresh operation is performed. HoWever, during the second 
period of access time of the internal DRAM 100, read/Write 
operations are performed. 

[0069] While the invention has been described With ref 
erence to speci?c embodiments, the description is illustra 
tive of the invention and is not to be construed as limiting the 








