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BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a stacked memory 
semiconductor device that includes various kinds of memo 
ries, and, more particularly, the present invention relates to a 
combination of said stacked memories, a method for control 
ling those memories, and a structure for integrating those 
memories into a multi-chip module. 
0004 
0005. The following documents are referenced in this 
specification. The documents are numbered, and hereinafter, 
they will be described with reference to these numbers. 
“Document 1: LRS1337 Stacked Chip32MFlash Memory 
and 4MSRAM Data Sheet (Apr. 21, 2000); "Document 2: 
Official Gazette of JP-A 2996.16/1991 (Official Gazette of 
European Patent No. 566,360, Oct. 20, 1993); "Document 
3: Official Gazette of JP-A 146820/1993; and “Document 
4: Official Gazette of JP-A 5723/2001. 
0006 Document 1 discloses a stacked semiconductor 
memory in which a flash memory (capacity: 32 Mbits) and an 
SRAM (capacity: 4 Mbits) are molded together on a stacked 
chip in an FBGA package. The flash memory and the SRAM 
share address input terminals and data I/O terminals con 
nected to the input/output electrodes of the FBGA package 
respectively. However, the control terminals of the memories 
are independent of each other. 
0007 FIG. 17 in Document 2 shows a stacked semicon 
ductor memory in which a flash memory chip and a DRAM 
chip are molded together in a lead frame package. FIG. 1 in 
Document 2 shows a stacked memory in which a flash 
memory and a DRAM share address input terminals, data I/O 

2. Description of the Background 

Jun. 6, 2013 

terminals, as well as a control terminal connected to the 
input/output electrodes of the package respectively. 
0008 FIG. 1 in Document 3 shows a system comprised of 
a flash memory used as a main storage, a cache memory, a 
controller, and a CPU. 
0009 FIG. 2 in Document 4 shows a semiconductor 
memory comprised of a flash memory, a DRAM, and a trans 
fer control circuit. 
0010. An examination of cellular telephones, as well as 
memory modules used for those cellular phones, confirms 
that, in each of those memory modules, a flash memory and an 
SRAM are mounted together in one package. Cellular phones 
are often provided with various functions (related to the dis 
tribution of music, games, etc.), and the size of the corre 
sponding application programs, data, and work areas thereof 
are ever increasing. It is to be expected that cellular phones 
with larger capacity flash memories and SRAMs will soon be 
needed. Additionally, the recent enhancement of cellular 
phone functionalities may also require larger capacity memo 
1S. 

0011 Presently, a cellular phone uses a flash memory that 
employs so-called “NOR memory cell arrays.” The NOR 
flash memory employs memory cell arrays that Suppress the 
parasitic resistance. The NOR flash memory lowers the resis 
tance by providing one through-hole to bit line for two cells 
connected in parallel. This reduces the reading time to about 
80 ns, which is almost equal to the reading time of a large 
capacity, medium access speed SRAM. On the contrary, 
because one through-hole to bit line must be provided for two 
cells, the ratio of the through-hole to bit line area to the chip 
area increases such that the one-bit memory cell area also 
increases. It has been difficult to give a large capacity to the 
NOR flash memory. This has been a problem. 
0012 Typical large capacity flash memories are roughly 
classified into two types: AND flash memories that employ 
the AND memory arrays and NAND flash memories that 
employ the NAND memory arrays. In each of these flash 
memories, one through-hole to bit line is formed for 16 to 128 
cells, so that the flash memory can form high density memory 
arrays. Consequently, it is possible to reduce the one-bit area 
per memory cell more than that of NOR flash memories. A 
larger capacity can thus be given to those flash memories. On 
the contrary, the reading time for outputting the first data 
becomes about 25us to 50 us, so that those flash memories 
can not easily match the read access speed of an SRAM. 
0013. A flash memory can keep data even when the power 
supply to the cellular phone (or other device) is shut off. 
However, power is kept supplied to an SRAM so as to hold 
data therein even when the power to the cellular phone is off. 
To hold data in an SRAM for an extended period of time, 
therefore, the data retention current should be minimized. 
Large capacity SRAMs are confronted with problems in that 
the data retention current increases in proportion to an 
increase in the capacity of the memory and the data retention 
current increases due to an increase in the gate leakage cur 
rent. This occurs because a tunnel current flows to the sub 
strate from a gate when the oxide insulator of the MOS 
transistor is thinned in a micro-machining process meant to 
increase the capacity of the SRAM. As a result, the data 
retention current increases. It has been noted that it is increas 
ingly difficult to reduce the data retention current in larger 
capacity SRAMs. 
0014) To address the above-mentioned problems, the 
present invention preferably provides a ROM that has an 
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increased memory capacity and the ability to read and write 
data quickly, as well as a RAM that has an increased memory 
capacity and requires reduced data retention current. 

SUMMARY OF THE INVENTION 

0015. In at least one preferred embodiment, the present 
invention provides a semiconductor device comprising: a 
non-volatile memory having a first reading time; a random 
access memory RAM having a second reading time, which is 
more than 100 times shorter than the first reading time; a 
circuit that includes a control circuit that is connected to and 
controls access to both the non-volatile memory and the ran 
domaccess memory; and a plurality of input/output terminals 
connected to the circuit. 
0016. The control circuit is preferably adapted such that at 
least part of the data stored in the non-volatile memory (flash 
memory) is transferred to the DRAM (random access 
memory) before operation of the device. To write data in the 
non-volatile memory, the data should be initially written to 
the RAM and then written to the non-volatile memory from 
the RAM between access requests from devices located out 
side the semiconductor device. In addition, the control circuit 
may be adapted to control such that refreshment of the 
DRAM is hidden from external when the RAM is a DRAM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 For the present invention to be clearly understood 
and readily practiced, the present invention will be described 
in conjunction with the following figures, wherein like refer 
ence characters designate the same or similar elements, which 
figures are incorporated into and constitute a part of the speci 
fication, wherein: 
0018 FIG. 1 is a block diagram of a memory module of the 
present invention; 
0019 FIG. 2 is a block diagram of the chip 2 shown in FIG. 
1; 
0020 FIG.3 is an example of address maps of the memory 
module of the present invention; 
0021 FIG. 4 is an example of the address maps of the 
memory module of the present invention; 
0022 FIG. 5 is an example of the operation of the memory 
module of the present invention, executed when the module is 
powered; 
0023 FIG. 6 is a flowchart of data transfer from a FLASH 

to a DRAM in the memory module of the present invention; 
0024 FIG. 7 is a flowchart of data transfer from the 
DRAM to the FLASH in the memory module of the present 
invention; 
0025 FIGS. 8A and 8B are flowcharts of reading/writing 
from/to the DRAM in the memory module of the present 
invention; 
0026 FIG. 9 is an example of the operation of a data 
renewing management circuit CPB shown in FIG. 2; 
0027 FIG. 10 is a flowchart of the operation of the 
memory module of the present invention, executed when the 
power supply to the module is shut off 
0028 FIG. 11 is an example of the operation of the DRAM 
executed with a LOAD command issued from external; 
0029 FIG. 12 is an example of the operation of the DRAM 
executed with a STORE command issued from external; 
0030 FIGS. 13A and 13B show an example of reading/ 
writing data from/to the DRAM in the memory module of the 
present invention; 

Jun. 6, 2013 

0031 FIG. 14 is an example of reading data from the 
DRAM when a read request is issued from external to the 
DRAM while data is read from the DRAM with a STORE 
command; 
0032 FIG. 15 is a block diagram of the FLASH shown in 
FIG. 1: 
0033 FIG. 16 is a timing chart of reading data from the 
FLASH shown in FIG. 15: 
0034 FIG. 17 is another block diagram of the memory 
module of the present invention; 
0035 FIG. 18 is a block diagram of the FLASH shown in 
FIG. 17: 
0036 FIG. 19 is a timing chart for reading data from the 
FLASH shown in FIG. 18; 
0037 FIG. 20 is a block diagram of the DRAM: 
0038 FIG. 21 is another block diagram of the memory 
module of the present invention; 
0039 FIG. 22 is a block diagram of the chip 2 shown in 
FIG. 21; 
0040 FIG. 23 is an example of address maps of the 
memory module of the present invention; 
0041 FIG. 24 is an example of the memory maps of the 
memory module of the present invention; 
0042 FIG. 25 is an example of the operation of the 
memory module of the present invention, executed when the 
module is powered; 
0043 FIG. 26 is an example of the operation of the 
memory module of the present invention, executed when the 
module is powered; 
0044 FIGS. 27A to 27C show an example of the access 
priority order for the operation of the memory module of the 
present invention; 
004.5 FIGS. 28A and 28B show an example of the opera 
tion of the DRAM, executed with LOAD and STORE com 
mands issued from external; 
0046 FIGS. 29A and 29B show an example of the opera 
tion of the DRAM, executed in response to an access from 
external while the DRAM is accessed with LOAD and 
STORE commands; 
0047 FIG. 30 is a timing chart for the memory module of 
the present invention; 
0048 FIG. 31 is a timing chart for the memory module of 
the present invention; 
0049 FIG. 32 is a block diagram of an SRAM: 
0050 FIGS. 33A and 33B show an example of mounting 
chips on the memory module of the present invention; 
0051 FIGS. 34A and 34B show an example of mounting 
chips on the memory module of the present invention; 
0052 FIG. 35 is another block diagram of the memory 
module of the present invention; 
0053 FIG. 36 is a block diagram of the chip 2 shown in 
FIG. 35. 
0054 FIG. 37 is an example of memory maps of the 
memory module of the present invention; 
0055 FIGS. 38A to 38C are flowcharts describing a pro 
cess by which the DRAM is accessed and refreshed concur 
rently from external; 
0056 FIGS. 39A to 39C are flowcharts describing a pro 
cess by which the DRAM is accessed from external and in the 
memory module of the present invention concurrently; 
0057 FIGS. 40A and 40B show exemplary DRAM 
refreshing methods; 
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0058 FIGS. 41A and 41B are charts which describe a 
process by which an access is taken over when WORK and 
REF. periods are changed over; 
0059 FIG. 42 is a timing chart of the memory module of 
the present invention; 
0060 FIGS. 43A and 43B show an example of mounting 
chips on the memory module of the present invention; 
0061 FIGS. 44A and 44B show an example of mounting 
chips on the memory module of the present invention; and 
0062 FIG. 45 is a block diagram of a cellular phone 
including the memory module of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0063. It is to be understood that the figures and descrip 
tions of the present invention have been simplified to illustrate 
elements that are relevant for a clear understanding of the 
present invention, while eliminating, for purposes of clarity, 
other elements that may be well known. Those of ordinary 
skill in the art will recognize that other elements are desirable 
and/or required in order to implement the present invention. 
However, because such elements are well known in the art, 
and because they do not facilitate a better understanding of 
the present invention, a discussion of Such elements is not 
provided herein. The detailed description will be provided 
hereinbelow with reference to the attached drawings. 
0064. Hereunder, the preferred embodiments of the 
present invention will be described in detail with reference to 
the accompanying drawings. Although the circuit elements of 
each block in each of the embodiments are not specifically 
limited, the elements are assumed to be formed on a semi 
conductor Substrate such as single crystal silicon using known 
integrated circuit techniques, such as CMOS (complemen 
tary MOS transistor) and the like. 

First Exemplary Embodiment 

0065 FIG. 1 shows a first embodiment of a memory mod 
ule, which is an example of the semiconductor device of the 
present invention. This memory module is preferably com 
prised of three chips. Each of those three chips is now 
described. 
0066. The chip 1 (FLASH) is a non-volatile memory. This 
non-volatile memory may be a ROM (Read Only Memory), 
an EEPROM (Electrically Erasable and Programmable 
ROM), a flash memory, or any similar storage element. A 
typical example of the non-volatile memory used as chip 1 in 
this embodiment is a NAND flash memory (to be described 
below) in the broad sense. The NAND flash memory may 
have a memory capacity of about 256Mb and a reading time 
(time required between a read request and data output) of 
about 25 us to 50 us, which is comparatively slow. On the 
contrary, the SDRAM used as chip 3 has a large memory 
capacity of about 256Mb and a reading time of about 35 ns. 
Specifically, the reading time of chip 3 is preferably more 
than 100 times shorter than that of the chip 1. This provides an 
excellent contrast with the NOR flash memory whose reading 
time is about 80 ns, which is on the same order of magnitude 
of the reading time of the DRAM. The present invention 
provides a solution to efficient accesses to memories, like 
these, with reading times that differ significantly from each 
other. 
0067. The DRAM is preferably divided into various kinds 
such as EDO, SDRAM, DDR-SDRAM, and similar types 
according to differences in the internal configuration and the 
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interface type among them. Although any DRAM may be 
used as this memory module, this exemplary embodiment 
employs the SDRAM, which is a typical DRAM synchro 
nized with a clock. Chip 2 (CTL LOGIC) is provided with a 
control circuit for controlling chips 1 and 3. 
0068. The present memory module receives addresses (A0 
to A15), a clock signal (CLK), and command signals (CKE, 
/CS, FRAS, /CAS./WE, DQMU/DQML) input from external. 
It should be noted here that the terms "external' and “from 
external” refer to devices/operations outside of the memory 
module of the present invention. The memory module is 
powered via S-VCC, S-VSS, L-VCC, L-VSS, F-VCC, 
F-VSS, D1-VCC, and D1-VSS. The memory module uses 
DQ0 to DQ15 for data input/output. The memory module 
uses a so-called SDRAM interface for operations. 
0069 Chip 2 supplies signals required to operate chips 1 
and 3. Chip 2 supplies a serial clock (F-SC), addresses (A0 to 
A15), flash data (I/O0 to I/O7), and commands (F-CE, F-/OE, 
F-/WE, F-SC, F-/RES, F-CDE, F-RDY/BUSY) to chip 1. In 
addition, chip 2 supplies a clock (D1-CLK), addresses (D1 
A0 to D1-A14), commands (D1-CKE, D1-/CS, D1-/RAS, 
D1-/CAS, D1-/WE, D1-DQMU/DQML), and DRAM data 
(D1-DQ0 to D1-DQ15) to chip 3. 
0070 Hereunder, each command signal will be described 
briefly. The signals input to chip 2 are as follows: the CLK is 
a clock signal; the CKE is a clock enable signal; the ?cE is a 
chip select signal; the /RAS is a row address strobe signal; the 
/CAS is a column address strobe signal; the /WE is a write 
enable signal; and the DQMU/DQML is an I/O data mask 
signal. The signals input to chip 3 areas follows: the D1-CLK 
is a clock signal; the D1-CKE is a clock enable signal; the 
D1-/CS is a chip select signal; the D1-/RAS is a row address 
strobesignal; the D1-/CAS is a column address strobesignal; 
the D1-/WE is a write enable signal; and the D1-DQMU/ 
DQML is an I/O data mask signal. The signals input to chip 1 
are as follows: the F-/CE is a chip enable signal; the F-/OE is 
an output enable signal; the F-/WE is a write enable signal; 
the F-SC is a serial clock signal; the F-/RES is a reset signal; 
the F-CDE is a command data enable signal; the F-RDY/ 
BUSY is ready/busy signal; and the I/O0 to I/O7 are I/O 
signals used to input addresses, as well as input/output data. 
(0071. The control circuit (CTL LOGIC) of chip 2 selects 
a command register provided in the control circuit (CTL 
LOGIC) of chip 2, the DRAM of chip.3, or the FLASH of chip 
1 according to an address value received from external. 
Accesses from external can be distinguished among access to 
the command register, access to the DRAM, and access to the 
FLASH according to a value preset in the control register 
provided in the control circuit (CTL LOGIC). An SDRAM 
interface is preferably used to receive each of these accesses. 
0072. The DRAM is divided into a work area and a 
FLASH data copy area. The work area is used as a work 
memory in which programs are executed, and the FLASH 
data copy area is used as a memory for enabling FLASH data 
to be copied therein. 
0073. The command register in the control circuit (CTL 
LOGIC) is accessed to write a LOAD instruction code and a 
STORE instruction code, thereby copying (loading) FLASH 
data into the FLASH data copy area and writing back (stor 
ing) data into the FLASH from the FLASH data copy area of 
the DRAM. 
0074. In a case in which an address for accessing the 
command register is input via address signal lines (A0 to 
A15), a WRITE command is input via a command signal line 
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(CKE, /CS, /RAS, /CAS, /WE, DQMU/DQML), and a 
LOAD instruction code followed by the start and end 
addresses of an address range for selecting the FLASH are 
input to the command register via the I/O data signal lines 
(D1-DQ0 to D1-DQ15). The LOAD instruction code, as well 
as the start and end addresses with respect to the loading are 
written to the command register. After this process, the target 
data is read from the address range between the start and end 
addresses in the flash memory and is then transferred to the 
FLASH data copy area of the DRAM. Consequently, the 
FLASH data is held in the DRAM. 
0075. Whena STORE instruction code, as well as start and 
end addresses for selecting the FLASH are written in the 
command register, the target data is written in the address 
range between the start and end addresses from the FLASH 
data copy area of the DRAM. 
0076 A value may be preset in the control register pro 
vided in the control circuit (CTL LOGIC) to determine 
address correspondence between an address range in the 
FLASH and an address range in the FLASH data copy area of 
the DRAM. 
0077. The reliability of the FLASH is degraded when 
rewriting therein is repeated, whereby written data is read 
incorrectly and rewriting is sometimes disabled. When the 
control circuit (CTL LOGIC) reads data from the FLASH, 
chip 2 (CTL LOGIC) preferably checks whether or not read 
data contains an error, corrects the error if any, and transfers 
the corrected data to the DRAM. 

0078. When the control circuit (CTL LOGIC) writes data 
to the FLASH, chip 2 (CTL LOGIC) checks whether or not 
the writing is performed successfully. When chip 2 detects an 
error (not successful in an address), chip 2 writes the data to 
another address. This checking operation is so-called 
“replacement processing.” Chip 2 also manages such a fail 
address and the replacement processing executed for the fail 
address. 
0079. When accessing the FLASH data copy area of the 
DRAM, addresses for selecting the FLASH and a READ 
command are input via address signal lines (A0 to A15) and a 
command signal line (CKE, /CS, /RAS, /CAS, /WE, DQMU/ 
DQML). The control circuit of chip 2 then accesses the 
DRAM to read the target data from the address range in the 
FLASH data copy area of the corresponding DRAM. Conse 
quently, data may be read from the FLASH data copy area of 
the DRAM at the same speed as that of the DRAM. 
0080. To access the work area in the DRAM, address and 
command signals required for the access are input to the 
command register. The control circuit (CTL LOGIC) then 
generates an address for the work area in the DRAM and 
accesses the DRAM. For a read access, the data read from the 
DRAM is output to the data I/O lines (DQ0 to DQ15) via the 
DRAM data I/O lines (D1-DQ0 to D1-DQ15). For a write 
access, write data is input via data I/O lines (DQ0 to DQ15) of 
the memory module, then input to the DRAM via DRAM data 
I/O lines (D1-DQ0 to D1-DQ15). 
0081. As described above, the memory module of the 
present invention that uses the SDRAM interface makes it 
possible to read data from the FLASH almost at the same 
speed as that of the DRAM because the module includes an 
area enabled to copy part or all of the data from the FLASH 
and transfer the data into the DRAM before operation of the 
module. Data may also be written to the FLASH at the same 
speed as that of the DRAM because the data is initially written 
to the DRAM and thereafter written back to the FLASH as 
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needed. To read data from the FLASH in the memory module, 
the processing can be sped up and the reliability can be 
assured because errors are detected and corrected and 
replacement processing is undertaken for each fail address in 
which data is not correctly written. Additionally, because a 
large capacity DRAM is preferably used for the memory 
module, a FLASH data copy area as well as a large capacity 
work area may be secured in the DRAM, allowing the 
memory module to cope with the enhanced functions of any 
cellular telephone. 
I0082 FIG. 2 shows a block diagram of chip 2 (CTL 
LOGIC). Chip 2 (CTL LOGIC) is a control circuit that 
receives signals from external via an SDRAM interface to 
control both chip 3 (DRAM) and chip 1 (FLASH). The opera 
tion of each circuit block of chip 2 (CTL LOGIC) will now 
be described. 

0083. The initialization circuit INT initializes the control 
register in a memory management unit MMU and the DRAM 
when the DRAM is powered. The memory management unit 
MMU translates addresses input from external according to a 
value preset in a built-in control register to select a target to 
access, that is, a command register REG, a DRAM work area, 
a FLASH data copy area, or the FLASH. The value in the 
control register is initialized by the initialization circuit INT 
when the DRAM is powered. Afterwords, the value may be 
updated when an MMU CHANGE command is input to the 
command register REG. When data is written in an address of 
the FLASH data copy area of the DRAM, a data renewing 
address management circuit CPB holds the address informa 
tion. The command register REG holds LOAD, STORE, 
MMU CHANGE and other instruction codes, as well as the 
start and end addresses for loading, storing, and other func 
tions. 

0084. A data buffer R/W BUFFER holds data read/written 
from/to the DRAM, as well as data temporarily read/written 
from/to the FLASH. A clock buffer CLKBUF supplies a 
clock signal to both the DRAM and the FLASH control 
circuit FGEN. A command generator COM GEN generates 
commands required for accesses to the DRAM. An access 
controller A CONT generates addresses for controlling all of 
chip 2 and accessing the DRAM. A power module PM Sup 
plies power to the DRAM and controls the power supply. A 
FLASH control signal generator FGEN controls reading/ 
writing data from/to the FLASH. 
0085. An error correction circuit ECC checks whether or 
not the data read from the FLASH contains any error and 
corrects the error when detected. A replacement processing 
circuit REP checks whether or not writing to the FLASH is 
done correctly. When writing to an address fails, the REP 
writes the data to another address previously prepared in the 
FLASH (i.e., address replacement processing). 
I0086. The operation of the above-described memory mod 
ule will now be described. The initialization circuit INT ini 
tializes the control register located in the memory manage 
ment unit MMU and the DRAM when the DRAM is powered. 
In the case where the command register REG is selected and 
a LOAD command is written in the command register REG, 
data transfer from the FLASH to the DRAM begins. At first, 
the FLASH control signal generator FGEN reads target data 
from the FLASH. When no error is detected in the data read 
from the FLASH, the data is transferred directly to the data 
buffer R/W BUFFER. When an error is detected in the data, 
the error correction circuit ECC corrects the error and trans 
fers the corrected data to the data buffer R/W BUFFER. After 
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this, the DRAM receives a WRITE command from the com 
mand generator COM GEN, address signals from the access 
controller A CONT, and data read from the FLASH from the 
data buffer R/W BUFFER. The data is then written to the 
FLASH data copy area of the DRAM. 
I0087. When data is written to the FLASH data copy area of 
the DRAM, the data renewing management circuit CPB holds 
the write address information. When the command register 
REG is selected and a STORE command is written to the 
command register REG, data transfer from the FLASH data 
copy area of the DRAM to the FLASH begins. 
I0088. Initially, the DRAM receives a READ command 
from the command generator COM GEN and address signals 
from the access controller A CONT whereby the target data 
is read from the DRAM. The data read from the DRAM is 
transferred to the FLASH controller FGEN via the data buffer 
R/W BUFFER, then the FLASH control signal generator 
FGEN writes the data in the FLASH. 

0089. The address replacement processing circuit REP 
checks whether or not writing is done successfully and ter 
minates the processing when the writing is done successfully. 
When the writing in an address fails, data is written in another 
address prepared beforehand in the FLASH (address replace 
ment processing). When such a replacement processing is 
done, the circuit REP holds and manages the address infor 
mation that denotes Such a fail address in which the replace 
ment processing is done. The data renewing management 
circuit CPB clears the information of each FLASH address in 
which writing is ended sequentially from DRAM address 
information held therein. In this way, the data renewing man 
agement circuit CPB can manage the latest one of the 
addresses in which data is updated. 
0090. When the DRAM work area and the FLASH data 
copy area are selected and a READ command is received by 
the memory module, the DRAM receives the READ com 
mand signal from the command generator COM GEN and 
address signals from the access controller A CONT whereby 
the target data is read from the DRAM. When the DRAM 
work area and the FLASH data copy area are selected and a 
WRITE command is received by the memory module, the 
DRAM receives the WRITE command signal from the com 
mand generator COM GEN, address signals from the 
address generator A CONT, and data from the data buffer 
R/W BUFFER whereby the target data is written in the 
DRAM. 

0091. The data renewing management circuit CPB, when 
receiving a DRAM POWER-OFF command via the signal PS 
line, transfers the DRAM data corresponding to the address 
held therein to the FLASH. Initially, the DRAM receives a 
READ command and address signals from the command 
generator COM GEN and the access controller A CONT, 
respectively, whereby target data is read from the DRAM. 
The data read from the DRAM is transferred to the FLASH 
controller FGEN via the data buffer R/W BUFFER and is then 
written in the FLASH by the FLASH control signal generator 
FGEN. 

0092. The data renewing management circuit CPB then 
clears information of each FLASH address in which data is 
already written sequentially from the DRAM address infor 
mation held therein. When all the data items are written to the 
FLASH corresponding to the held addresses, the address 
information in the data renewing management circuit CPB is 
all cleared. After all the data items are transferred from the 
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DRAM to the FLASH, the power to the DRAM is shut off. 
This power shut-off reduces the power consumption of the 
DRAM. 

(0093. To restart the DRAM after the power supply to the 
DRAM is shut off, the DRAM must be powered again with a 
POWER-ON command input from the PS signal line and then 
initialized by the access controller (A CONT) in a predeter 
mined initialization procedure as instructed by the initializa 
tion circuit INT. 

0094 FIGS. 3 and 4 show memory maps in which 
addresses are translated by the memory management unit 
MMU. The user may select any of the memory maps accord 
ing to a value set in the control register in the MMU. Although 
not specifically limited, in this embodiment, the memory 
maps are assumed to be formed for a memory module in 
which the non-volatile memory includes a recording area of 
256+8 Mb and the DRAM includes a recording area of 256 
Mb. The capacity of the command register REG is 16 kb. 
(0095. In the maps shown in FIG.3, the row addresses (A0 
to A15) and the column addresses (A0 to A9) input via the 
address signal lines A0 to A15 are translated by the memory 
management unit MMU to those used in the command reg 
ister REG (8 kb), the DRAM work area (128 Mbits), the 
DRAM FLASH copy area (128 Mbits), and the FLASH (256 
M bits+8 Mb). Although not specifically limited, the com 
mand register REG, the DRAM, and the FLASH are mapped 
at the bottom of each memory map address space. The com 
mand register REG in the chip 2 (CTL LOGIC) receives 
instruction codes such as LOAD, STORE, MMU CHANGE, 
POWER-OFF, etc., as well as the start and end addresses for 
loading, storing, etc. written therein from external. 
(0096. The DRAM is shown divided into a work area (128 
Mbits) and a FLASH data copy area (128 Mbits). The work 
area is used as a work memory in which programs are 
executed. The FLASH data copy area is used to copy and hold 
part of the data stored in the FLASH area. When part of the 
data is to be copied from the FLASH to the FLASH data copy 
area, the memory management unit MMU determines the 
address correspondence between an address range in the 
FLASH and an address range in the FLASH data copy area 
according to a value preset in the control register located in 
the MMU. FIG. 3 shows an example of such address corre 
spondence denoting that the data in the A1 area (64 Mb) and 
the C1 area (64 Mb) in the FLASH area can be copied into the 
A area (64 Mb) and the C area (64 Mb) in the FLASH copy 
area of the DRAM. It is also possible to change the address 
correspondence so that the data in the B1 area (64 Mb) and the 
D1 area (64 Mb) in the FLASH can be copied into the FLASH 
copy area of the DRAM by changing the value preset in the 
internal control register located in the memory management 
unit MMU. The value in the MMU control register can be 
changed from external by writing an MMU CHANGE com 
mand and a new register value into the command register. 
(0097. Although not specifically limited, the FLASH (256 
Mb+8 Mb) is shown divided into a main data area MD-Area 
(A1, A2, B1, B2, C1, C2, D1, D2:255.75 Mb) and a replace 
ment area Rep-Area (E1, E2: 8.25Mb). The main data area 
MD-Area is shown further divided into a data area (A1, B1, 
C1, D1) and a redundant area (A2, B2, C2, D2), The data area 
is used to store programs and data, and the redundant area is 
used to store ECC parity data and other data required to detect 
and correct errors. Data in the FLASH data area is transferred 
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to the FLASH copy area of the DRAM, or data in the FLASH 
copy area of the DRAM is transferred to the FLASH data 
aca. 

0098. The reliability of the FLASH is degraded when 
rewriting is repeated therein, whereby data incorrect may be 
written and rewriting may be disabled. The replacement area 
is meant to replace a fail area (fail area B, fail area C) with 
another area for writing the data therein. The size of the 
replacement area is not specifically limited, but it should be 
determined so as to assure the reliability of the FLASH. 
0099 Data is transferred from the FLASH to the DRAM 
as follows. To transfer data from the FLASH area A1 to the 
FLASH copy area A located in the DRAM, a LOAD com 
mand as well as start and end addresses SAD and EAD for the 
A1 area in the FLASH are written to the command register. 
Thereafter, the control circuit (CTL LOGIC) reads the data 
from the address range specified by the start and end 
addresses FSAD and FEAD of the FLASH area A1 and then 
transfers the data to the address range specified by the DSAD 
and DEAD of the FLASH copy area A in the DRAM. The 
memory management unit MMU preferably determines the 
correspondence between the address ranges (FSAD->DSAD 
and FEAD->.DEAD). 
0100 For error correction, when reading data from the 
FLASH, the control circuit reads the data from the FLASH 
data area A1 and the ECC parity data from the redundant area 
A2, respectively. When an error is detected in the read data, 
the error correction circuit ECC corrects the error and then 
transfers only the corrected data to the DRAM. 
0101 Data is transferred from the DRAM to the FLASH 
as follows. To transfer data from the FLASH copy area A to 
the FLASH area A1, a STORE command as well as start and 
end addresses SAD and EAD for the FLASH area A1 are 
written to the command register. The control circuit (CTL 
LOGIC) then reads the target data from the address range 
specified by the start and end addresses DSAD and DEAD of 
the FLASH copy area A located in the DRAM and then writes 
the data in the address range specified by the FSAD and 
FEAD of the FLASH area A1. The memory management unit 
MMU preferably determines the correspondence between the 
address ranges (DSAD->FSAD and DEAD->FEAD). 
0102 For error correction, when writing data to the 
FLASH, the error correction circuit ECC generates ECC par 
ity data. The data read from the DRAM by the FLASH control 
circuit FGEN is written to the FLASH data area A1, and the 
generated ECC parity data is written to the redundant area A2. 
The address replacement processing circuit REP checks 
whether or not the writing is performed successfully. If the 
write is successful, the circuit REP terminates the processing. 
If the write fails, the circuit REP selects another address in the 
FLASH replacement area and writes the data to the replace 
ment data area E1 and the generated ECC parity data to the 
redundant area E2, respectively. 
0103) A description will now be made of a process for 
reading data from the FLASH copy area A located in the 
DRAM. When an address FAD0 of the FLASHA1 area and a 
READ command are input to the command register from 
external, the MMU translates the address FAD0 to an address 
DAD0 of the FLASH copy area A in the corresponding 
DRAM. Consequently, the DRAM is selected, and FLASH 
data copied to the DRAM can be read therefrom. In other 
words, data in the FLASH can be read at the same speed as 
that of the DRAM. 
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0.104 Data is read from the work area located in the 
DRAM as follows. When an address WADO of the work area 
and a READ command are input to the command register 
from external, the MMU outputs the address WAD0 to the 
access controller A CONT. Consequently, data can be read 
from the address WADO of the work area in the DRAM. 

0105 Data is written to the FLASH copy area A in the 
DRAM as follows. When an address FAD0 of the FLASH 
area A1, a WRITE command, and write data are input to the 
command register from external, the MMU translates the 
address FAD0 to an address DAD0 of the FLASH copy area 
A in the corresponding DRAM. Consequently, the DRAM is 
selected, and data is written in the FLASH copy area A in the 
DRAM. When data is written in the FLASH copy area A in 
the DRAM corresponding to the FLASH data area A1 in this 
way, FLASH data can be written at the same speed as that of 
the SRAM. 

0106 Data is written to the DRAM work area as follows. 
When an address WAD0 of the work area, a WRITE com 
mand, and input data are input to the command register from 
external, the access controller A CONT outputs the address 
WAD0 to the DRAM. Consequently, data is written in the 
address WADO in the DRAM work area. 

0107 FIG. 4 shows memory maps when the FLASH data 
copy area is reserved over 192 Mb in the DRAM. The copy 
area is therefore larger than that shown in FIG. 3. In the maps 
shown in FIG. 4, the memory management unit MMU trans 
lates row addresses (A0 to A15) and column addresses (A0 to 
A9) input via the address signal lines A0 to A15 to addresses 
used in the register area, the DRAM work area (64 Mb), the 
FLASH data copy area in the DRAM (192 Mb), and the 
FLASH (256 Mb). 
0108. The user may freely select any of the memory maps 
in the user's system by changing the preset value in the 
control register located in the MMU. The preset value in the 
control register in the MMU may be changed from external by 
writing an MMU CHANGE instruction code and a new reg 
ister value in the command register. 
0109 FIG. 5 shows initialization of the control circuit 
(CTL LOGIC) when power is supplied. When the DRAM is 
powered in a time period T1, the control circuit (CTL 
LOGIC) is initialized in reset period T2. The value in the 
control register provided in the memory management unit 
MMU is also initialized in period T2. In period T3, the ini 
tialization circuit INT initializes both the DRAM and the 
FLASH. When the initialization ends, the memory module 
goes into the idle state T4 and prepares to accept accesses 
from external. 

0110 FIG. 6 shows a flowchart of data transfer from the 
FLASH to the DRAM. When a LOAD command and 
addresses for selecting the FLASH are input (step 2) while the 
memory module waits for a command from external in the 
idle state (step 1), the memory module reads the data corre 
sponding to the input FLASH address range and the ECC 
parity data (step 3). An error check is then performed for the 
read data (step 4). If an error is detected in the data, the error 
is corrected (step 5), and the corrected data is written to the 
buffer (step 6). If no error is detected, the data is written 
directly to the buffer R/W BUFFER (step 6). When data is 
transferred from the buffer R/W BUFFER to the DRAM, a 
check is made to determine whether or not a refresh request is 
issued to the DRAM (step 7). If a refresh request is issued, a 
refresh processing is done (step 8) and data is written to the 
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DRAM (step 9). If no refresh request is issued, data is written 
to the DRAM immediately (step 9). 
0111 FIG. 7 shows a flowchart of data transfer from the 
DRAM to the FLASH. When a STORE command and 
addresses for selecting the FLASH are input (step 2) while the 
memory module waits for a command from external in the 
idle state (step 1), the memory module begins reading the 
target data from the address range of the DRAM. At this time, 
the memory module checks whether or not a refresh request is 
issued to the DRAM (step 3). If a refresh request is issued, the 
memory module refreshes the DRAM (step 4) and then reads 
data from the DRAM (step 5). If no refresh request is issued, 
the memory module reads the target data from the DRAM 
immediately (step 5). The read data is transferred to the buffer 
R/W BUFFER (step 6) and is then written into the FLASH 
(step 7). To write data in the FLASH (step 7), the memory 
module writes the data read from the DRAM and the ECC 
parity data generated by the error correction circuit ECC into 
the FLASH, respectively. The memory module then checks 
whether or not the writing in the FLASH is successful (step 
8). If the write is successful, the processing is terminated (step 
10). If the write fails, the memory module selects another 
address (step 9) and then writes the data in the address (step 
7). Thereafter, the memory module rechecks whether or not 
the writing is successful (step 11). When successful, the pro 
cessing is terminated (step 10). 
0112 FIG. 8A shows a flowchart of commands issued 
from external for reading data from a DRAM provided in the 
memory module. FIG. 8B shows a flowchart of commands 
issued from external for writing data into the DRAM pro 
vided in the memory module. Commands are preferably input 
from external via the SDRAM interface respectively. 
0113. The flowchart shown in FIG. 8A will now be 
described. The memory module waits for a command from 
external in the idle state (step 1). When an ACTIVE command 
and a row address (step 2), and then a READ command and a 
column address are received from external (step 3), the 
memory module reads the data from the DRAM memory 
cells selected by the input row and column addresses and 
outputs the data to external via the I/O data signal lines (DQ0 
to DQ15). Receiving a PRECHARGE command (step 4), the 
memory module goes into the idle state. 
0114. The flowchart shown in FIG. 8B will now be 
described. At first, the memory module waits for a command 
from external in the idle state (step 1). When an ACTIVE 
command and a row address (step 2), and then a WRITE 
command and a column address are received from external 
(step 3), the memory module writes the data input via the I/O 
data signal lines (DQ0 to DQ15) in the DRAM memory cells 
selected by the input row and column addresses. Receiving a 
PRECHARGE command (step 4), the memory module goes 
into the idle state. 

0115 FIG. 9 shows a flowchart of address holding and 
address clearing by the data renewing management circuit 
CPB. When data is written to the FLASH copy area in the 
DRAM in response to a WRITE command received from 
external (step 1), a flag signal corresponding to the write 
address is written to a flag register provided in the data renew 
ing management circuit CPB (step 2). When a STORE com 
mand and addresses are input from external, data transfer 
from the FLASH data copy area in the DRAM to the FLASH 
begins (step 3). Then, the memory module repeatedly checks 
whether or not the transfer is completed (step 4). When the 
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check result is “YES' (completed), the CPB clears the flag in 
the transfer complete address in the flag register. 
0116 FIG. 10 shows a flowchart of the operation of the 
memory module when a DRAM POWER-OFF command is 
input thereto. When a POWER-OFF command is input to the 
command register, all the data in the FLASH data copy area of 
the DRAM, which is not written back in the FLASH, is 
transferred to the FLASH. 

0117. When a POWER-OFF command is input to the 
command register (step 1), the memory module initially sets 
a search address as a start address for searching the data that 
has not yet written back to the FLASH from the data written 
in the FLASH data copy area of the DRAM (step 2). Upon 
finding a flag written to the flag register provided in the data 
renewing management circuit CPB corresponding to the 
search address (step 3), the memory module transfers the 
DRAM data corresponding to the search address to the 
FLASH (step 4). Completing the transfer, the memory mod 
ule clears this flag (step 5). The memory module then checks 
whether or not the current search address is the final one (step 
6). If the current address is not the final address, the memory 
module increments the current search address (adds one) to 
set the next search address (step 7) and then repeats the 
processings in steps 3 to 6. When the current address is the 
final address, the memory module completes the processing 
and shuts off the power supply to the DRAM (step 8). 
0118 FIG. 11 shows how the DRAM (e.g., SRAM) oper 
ates in the module when data is transferred from the FLASH 
to the DRAM in response to a LOAD command input to the 
command register. An ACTIVE command A and a row 
address R, as well as a WRITE command W and a column 
address Care input from external via the SDRAM interface of 
the memory module, and a LOAD instruction code Ldis input 
from external via the I/O signal lines IO0 to IO15 (note: the 
external I/O signal lines IO0 to IO15 are shown in FIG. 1 as 
I/O signal lines DQ0-DQ15). Thereafter, both start and end 
addresses Sa and Ea of the data in the FLASH to be copied 
into the DRAM are input via the I/O signal line IOO to IO15. 
The command register is selected according to the row and 
column addresses R and C, and the LOAD instruction code 
Ld, as well as the start and end addresses Sa and Ea are then 
written in the command register. 
0119 The control circuit then reads the data between the 
start and end addresses Sa and Ea from the FLASH and holds 
the data in the buffer. The control circuit then writes the data 
in the DRAM1. 

0.120. The DRAM1 addresses in which data is to be writ 
ten are translated by the memory management unit MMU so 
that the start address Sais translated into a row address R0 and 
a column addressCO, and the end address Ea is translated into 
a row address R0 and a column address CF for the FLASH 
copy area of the DRAM respectively. 
I0121 Writing data into the DRAM1 is accomplished as 
follows. Initially, an ACTIVE command A is input via the 
D1-COM line and a row address RO is input via the D1-A0 to 
D1-A15 lines, and thena WRITE command W is input via the 
D1-COM line and a column address C0 is input via the D1-A0 
to D1-A15 lines. Thereafter, data is input via the I/O signal 
lines D1-DQ0 to D1-DQ15. The writing of both column 
address and data is continued up to the final address CF. The 
writing is terminated by a PRECHARGE command P. A high 
WAIT signal is output between the start and end of the data 
writing in the DRAM to denote that data is being transferred 
to the DRAM. 
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0122 FIG. 12 shows the operation of the DRAM in the 
memory module while data is transferred from the DRAM to 
the FLASH in response to a STORE command input to the 
command register. An ACTIVE command A and a row 
address R, as well as a WRITE command W and a column 
address Care input from external via the SDRAM interface of 
the memory module. Thereafter, a STORE instruction code St 
is input via the I/O signal lines IO0 to IO15. Then, both start 
and end addresses Sa and Ea of the FLASH data to be copied 
back to the FLASH from DRAM are input via the I/O signal 
lines IO0 to IO15. The command register is selected accord 
ing to the row and column addresses Rand C, and the STORE 
instruction code St, and the start and end addresses Sa and Ea 
are written to the command register. 
0123. The control circuit reads the data from the address 
range between the start and end addresses Sa and Ea in the 
DRAM, and then writes the data in the FLASH. The 
addresses for reading data from the DRAM 1 are translated by 
the memory management unit MMU so that the start address 
Sais translated to a row address RO and a column address CO 
and the end address Ea is translated to a row address RO and 
a column address CF for the FLASH data copy area in the 
SDRAM, respectively. 
0.124 Reading data from the SDRAM1 is accomplished as 
follows: an ACTIVE command A is input via the D1-COM 
line and a row address RO is input via the D1-A0 to D1-A15 
lines; and then, a READ command R is input via the 
D1-COM line and a column address C0 is input via the D1-A0 
to D1-A15 lines. The reading is continued up to the final 
column address CF and is terminated by a PRECHARGE 
command P. A High WAIT signal is output between the start 
and end of the reading from the DRAM, denoting that data is 
being transferred from the DRAM. 
0125 FIG. 13A shows the operation of the DRAM when 
the work area in the DRAM is accessed, and FIG. 13B shows 
the operation of the DRAM when the FLASH copy area in the 
DRAM is accessed. 
0126 The reading operation shown in FIG. 13A will now 
be described in detail. Initially, an ACTIVE command A and 
a row address R0 and a READ command R and a column 
address C0 are input from external via the SDRAM interface. 
The control circuit then transfers the ACTIVE command and 
the row address R0, and then the READ command Rand the 
column address C0, to the DRAM1. As a result, the target data 
is output from the I/O signal lines D1-DQ0 to D1-DQ15 and 
is then output to external via the I/O signal lines IO0 to IO15. 
0127. The write operation shown in FIG. 13A is executed 
as follows. Initially, an ACTIVE command A and a row 
address R0 and then a WRITE command W and a column 
address C0 are input from external via the SDRAM interface. 
At this time, target data (In) is also input via the I/O signal 
lines IOO to IO15. The control circuit then writes the ACTIVE 
command A and the row address R0, and then the WRITE 
command W and the column address C0, to the DRAM1. The 
target data (In) is written to the DRAM via the I/O signal lines 
D1-DQ0 to D1-DQ15. 
0128. The read operation shown in FIG. 13B is executed as 
follows. Initially, an ACTIVE command A and a row address 
RD, followed by a READ command Rand a column address 
CD, are input from external via the SDRAM interface. The 
memory management unit MMU translates the row address 
RD of the FLASH to a row address RT of the FLASH data 
copy area and the column address CD of the FLASH to a 
column address CT of the FLASH data copy area, respec 
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tively. The ACTIVE command A and the row address RT. 
followed by the READ command R and the column address 
CT are input to the DRAM1. The target data is output from the 
I/O signal lines D1-DQ0 to D1-DQ15 and is then output to 
external from the I/O signal lines IO0 to IO15. 
I0129. The write operation shown in FIG. 13B is executed 
as follows. Initially, an ACTIVE command A and a row 
address RF, followed by a WRITE command W and a column 
address CF, are input from external via the SDRAM interface. 
At this time, target data (In) is also input via the I/O signal 
lines IO0 to IO15. The memory management unit MMU 
translates the row address RF of the FLASH to a row address 
RL of the FLASH data copy area and the column address CF 
of the FLASH to a column address CL of the FLASH data 
copy area, respectively. The ACTIVE command A and the 
row address RL, followed by the WRITE command W and the 
column address CL, are input to the DRAM1. The target data 
is output from the I/O signal lines D1-DQ0 to D1-DQ15 and 
is then written in the DRAM. 
I0130 FIG. 14 shows the operation of the DRAM when a 
READ command is received from external while data is read 
from the DRAM in response to a STORE command written in 
the command register from external. In the case where an 
ACTIVE command A and a row address RO are received 
from external while the STORE command drives the WAIT 
signal into High, whereby data Os is read from the DRAM so 
as to be transferred to the FLASH, the control circuit issues a 
PRECHARGE command Ps to the DRAM1 and suspends the 
reading of the data Os that is being transferred from the 
DRAM to the FLASH. Thereafter, the control circuit issues 
an ACTIVE command A and a row address RO to the 
DRAM1. Upon, receiving a READ command Randa column 
address C0 from external, the control circuit transfers the 
READ command R and the column address C0 to the 
DRAM1 to read data O, which is output from the IOO to IO15. 
I0131 Receiving a PRECHARGE command P and a bank 
address B0 from external, the control circuit transfers the 
PRECHARGE command P and the bank address B0 to the 
DRAM1 to complete the data reading. Thereafter, the control 
circuit issues an ACTIVE command AS, a row address R4, a 
READ command Rs, a column address C4, a READ com 
mand RS, and a column address C8 to the DRAM1 to restart 
reading of the data Os to be transferred from the DRAM to the 
FLASH. 

(0132 FIG. 15 shows a block diagram of chip 1 (FLASH) 
according to this embodiment. Chip 1 is comprised of a 
control signal buffer C-BUF; a command controller CTL: a 
multiplexer MUX; a data input buffer DI-BUF; an input data 
controller IDC; a sector address buffer SA-BUF, an X 
decoder X-DEC; a memory cell array MA (FLASH); a Y 
address counterY-CT; aY decoderY-DEC; aY gate and sense 
amplifier circuit Y-GATE/SENS AMP; a data register; and a 
data output buffer DO-BUF. The operation of chip 1 is the 
same as that of any of the conventional AND FLASH memo 
ries. The AND FLASH memories are often referred to as large 
capacity flash memories and classified as NAND flash memo 
ries in the broad sense. In this specification, the term "NAND 
flash memory” also denotes an AND FLASH memory. Chip 
1 (FLASH) can be used as a component of the memory 
module in this embodiment. 

0.133 FIG.16 illustrates a data read from an AND FLASH 
memory that may comprise chip 1. When the chip enable 
signal F-/CE and the command enable signal F-CDE are 
driven into low and the write enable signal F-/WE rises, a 
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READ instruction code Rcode is input via the I/O signal lines 
I/O0 to I/O7. Then, a sector address is input via the I/O signal 
lines I/O0 to I/O7 at the rising of each of the second and third 
write enable signals F-/WE. 
0134. The 16 kb data corresponding to the input sector 
address is transferred to the data register from the memory 
cell array MA. While data is transferred from the memory cell 
array MA to the data register, the FLASH is busy and the 
F-RDY/BUSY drives the RDY/BUSY signal into low. When 
the data transfer ends, data is read from the data register 
sequentially in units of 8 bits synchronously with the rising of 
the serial clock signal F-SC and is then output from the I/O 
signal lines I/O0 to I/O7. 
0135 FIG. 17 shows a block diagram of the memory mod 
ule in which chip 1 is comprised of a NAND flash memory. 
The signals input to the chip 1 are as follows: the F-/CE is a 
chip enable signal; the F-/CLE is a command latch enable 
signal; the F-ALE is an address latch enable signal; the F-/WE 
is a write enable signal; the F-/RE is a read enable signal; the 
F-/WP is a write protect signal; the F-R/B is a ready/busy 
signal; and the I/O0 to I/O7 are I/O signals used to input 
addresses and data. In this way, the memory module can also 
use a NAND flash memory. 
0.136 FIG. 18 shows a block diagram of a NAND flash 
memory used for this memory module. The NAND flash 
memory is comprised of: a logic controller L-CONT: a con 
trol circuit CTL: an I/O control circuit I/O-CONT, a status 
register STREG; an address register ADREG: a command 
register COMREG; a ready/busy circuit R/B: a high voltage 
generator VL-GEN: a row address buffer ROW-BUF; a row 
address decoder ROW-DEC; a column buffer COL-BUF; a 
column decoder COL-DEC; a data register DATA-REG; a 
sense amplifier SENSE-AMP; and a memory cell array MA. 
0.137 The operation of this chip 1 is the same as that of any 
of the conventional NAND flash memories. As described 
above, this chip 1 (FLASH) can also be used as a component 
of the memory module in this embodiment. 
0138 FIG. 19 illustrates a data read operation from the 
NAND flash memory used as chip 1. When the chip enable 
signal F-/CE is low, the command latch enable signal F-CLE 
is high, and the write enable signal F-/WE rises, a READ 
instruction code Rcode is input via the I/O signal lines I/O0 to 
I/O7. Thereafter, the address latch enable signal F-ALE 
becomes high, and the second to fourth write enable signals 
F-/WE rise. A page address is input via the I/O signal lines 
IFOO to IAO7. 
0.139. The 4 kbit (422-bit) data corresponding to the input 
page 4 kbit (422 bits) address is transferred to the data register 
DATA-REG from the memory cell array MA. While the data 
is transferred from the memory cell array MA to the data 
register DATA-REG, the FLASH is driven into the busy state 
and the F-R/B drives the ready/busy signal to low. When the 
data transfer ends, data is read from the data register DATA 
REG sequentially in units of 8 bits synchronously with the 
falling of the read enable signal F-/RE and is output from the 
I/O signal lines I/O0 to I/O7. 
0140 FIG. 20 shows a block diagram of the DRAM in this 
embodiment. The DRAM is comprised of: an X address 
buffer X-ADB; a refresh counter REF. COUNTER: an X 
decoder X-DEC; memory cell arrays MA; a Yaddress buffer 
Y-ADB; a Yaddress counter Y-AD COUNTER: Y decoders 
Y-DEC; a sense amplifier circuit and Y gate (column switch) 
SENSE AMP. & I/O BUS; an input data buffer INPUT 
BUFFER: an output data buffer circuit OUTPUT BUFFER: 
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and a control circuit and timing generator CONTROL 
LOGIC & TG. The DRAM is preferably a conventional gen 
eral-purpose SDRAM. In other words, the DRAM includes 
four independent memory banks, and those memory banks 
share address input terminals and data I/O terminals, which 
are used by each of the banks in a time-division manner. This 
DRAM may be used as a component of the memory module 
in this embodiment. 

0.141. As described above, the memory module of the 
present invention that uses the SDRAM interface can read 
data from the FLASH almost at the same speed as that of the 
DRAM, since it includes an area reserved in the DRAM that 
can copy part or all of the data from the FLASH, so that the 
data is transferred from the FLASH to the DRAM prior to 
operation. When writing data to the FLASH, it is also possible 
to obtain the same write access time as that of the DRAM 
because data is written to the DRAM once, and then written 
back into the FLASH as needed. 

0142. When data is read from or written to the FLASH in 
the memory module, error detection and error correction are 
performed for the read/written data. When the writing fails, a 
replacement processing is done for the fail address so as to 
write the data in another address. The processing can thus be 
sped up, and the reliability of the memory module is assured. 
0.143 Because the present invention uses a large capacity 
DRAM, it is possible to secure an area that can copy part or all 
of the data from the FLASH and a large capacity work area, 
the DRAM can cope with the enhanced functions of any 
cellular phone. 
0144. The sizes of the work area and the FLASH copy area 
to be secured in the DRAM, as well as the management units 
of those areas can be programmed from external and freely 
selected by the user as appropriate to the system. 

Second Exemplary Embodiment 

0145 FIG. 21 shows a second exemplary embodiment of 
the memory module of the present invention. This memory 
module is comprised of three chips. Hereinafter, each of the 
three chips will be described in detail. Chip 1 (FLASH) is 
preferably a non-volatile memory. This non-volatile memory 
may be a ROM (Read Only Memory), an EEPROM (Electri 
cally Erasable and Programmable ROM), a flash memory, or 
the like. In this exemplary embodiment, a flash memory is 
employed. Chip 2 (SRAM+CTL LOGIC) includes a static 
random access memory (SRAM) and a control circuit (CTL 
LOGIC) that are integrated thereon. The control circuit con 
trols the SRAM integrated on chip 2 as well as chip 3. Chip 3 
is a dynamic random access memory (DRAM). The DRAM is 
classified into various types such as EDO, SDRAM, DDR, 
etc. according to the differences in the internal configurations 
and the interface types among them. This memory module 
may be any of those DRAM types, but the SDRAM is 
employed in this embodiment as an example. 
0146 This memory module receives addresses (A0 to 
A24) and command signals (S-/CE1, S-CE2, S-/OE, S-/WE, 
S-/LB, S-/UB, LS-EN, F-EN) input from external. Power is 
supplied to the memory module via S-VCC, S-VSS, LF 
VCC, LF-VSS, LD-VCC, and LD-VSS. Data is input/output 
to/from this memory module via the I/O0 to I/O15 lines. 
So-called SRAM interfaces are used to operate this memory 
module. It should be noted that some of the above-mentioned 
signals may be altered or excluded for purposes of clarity or 
convenience in the drawings. 
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0147 Chip 2 supplies signals required for the operation of 
chip 1 and chip 3. Chip 2 supplies a serial clock (F-SC), 
addresses and FLASH data (I/O0 to I/O7), commands (F-CE, 
F-/OE, F-/WE, F-/RES, F-CDE, F-RDY/BUSY) and power 
(F-VCC, F-VSS) to chip 1. Additionally, chip 2 supplies a 
clock (D1-CLK), addresses (D1-A0 to D1-A14), commands 
(D1-CKE, D1-/CS, D1-/RAS, D1-/CAS D1-/WE, 
D1-DQMU/DQML), DRAM data (D1-DQ0 to D1-DQ15), 
and power (D1-VCC, D1-VSS, D1-VCCQ, D1-VSSQ) to 
chip 3. 
0148. The command signals input to chip 2 areas follows: 
the S-/CE1 and the S-CE2 are chip enable signals; the S-/OE 
is an outputenables signal; the S-/WE is a write enable signal; 
the S-/LB is a lower byte select signal; and the S-/UB is an 
upper byte select signal. 
014.9 The signals input to chip 1 areas follows: the F-/CE 

is a chip enable signal; the F-/OE is an output enable signal; 
the F-/WE is a write enable signal; the F-SC is a serial clock 
signal; the F-/RES is a reset signal; the F-CDE is a command 
data enable signal; and the F-RDY/BUSY is a ready/busy 
signal. The I/O0 to I/O7 are I/O signal lines used to input 
addresses and input/output data. 
0150. The chip 2 control circuit (CTL-LOGIC) selects one 
of the command register REG, the SRAM of chip 2, the 
DRAM of chip 3, and the FLASH of chip 1 provided therein 
according to a received address value. Accesses to the com 
mand register REG, the SRAM, the DRAM, and the FLASH 
described above can be distinguished according to a value 
preset in the control register provided in the control circuit 
(CTL LOGIC). A so-called “SRAM interface” is preferably 
used to access each of those areas. 

0151. The DRAM is divided into a work area and a 
FLASH data copy area. The work area is used as a work 
memory in which programs are executed, and the FLASH 
data copy area is used as a memory to copy data from the 
FLASH. 

0152 To access the SRAM in chip 2, address signals for 
selecting the SRAM, command signals, and the like are input 
to the control circuit (CTL LOGIC). For a read access to the 
SRAM, data is read from the SRAM and then output to the I/O 
signal lines (I/O0 to I/O15) of the memory module. For a 
write access to the SRAM, data is input via the data I/O lines 
(I/O0 to I/O15) of the memory module and then written to the 
SRAM. 

0153. FLASH data can be copied (loaded) into the FLASH 
data copy area located in the DRAM, and the data in the 
FLASH data copy area in the DRAM can be written back 
(stored) into the FLASH by accessing the command register 
REG in the control circuit (CTL LOGIC) and writing LOAD 
and STORE instruction codes therein. 

0154 When an address for accessing the command regis 
ter REG is input to an address signal line (A0 to A24), a 
WRITE command is inputted to a command signal line (S-/ 
CE1, S-CE2, S-/OE, S-/WE, S-LB, S-/UB), and a LOAD 
instruction code and both start and end addresses of a FLASH 
area for loading are input to the I/O data signal lines (I/O0 to 
I/O15). The LOAD instruction code, as well as the start and 
end addresses for loading are written to the command register. 
Thereafter, data is read from an address range between the 
start and end addresses for loading in the FLASH and is 
transferred to the FLASH data copy area in the DRAM. 
Consequently, the FLASH data comes to be held in the 
DRAM. 
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0.155. When a STORE instruction code as well as both 
start and end addresses for storing, which are used to select 
the FLASH, are written to the command register, data is 
written back into an address range between the start and end 
addresses for storing in the FLASH from the FLASH data 
copy area located in the DRAM. 
0156 A value can be preset in the control register provided 
in the control circuit (CTL LOGIC) so as to determine the 
address correspondence between an address range of the 
FLASH and an address range of the FLASH data copy area in 
the DRAM. 

(O157. The reliability of the FLASH may be degraded due 
to repetitive rewriting of data therein, whereby written data is 
incorrectly read and rewriting is disabled. When data is read 
from the FLASH, chip 2 (CTL LOGIC) detects and corrects 
errors, if any, so as to transfer the correct data to the DRAM. 
0158. For example, when data is written in the FLASH, 
chip 2 (CTL LOGIC) checks whether or not the data is writ 
ten correctly. If not written correctly, chip 2 (CTL LOGIC) 
writes the data in another address. This is a so-called “address 
replacement processing. Chip 2 (CTL LOGIC) also man 
ages respective fail addresses, as well as replacement process 
ings executed for those respective addresses. 
0159. When the FLASH data copy area in the DRAM is to 
be accessed, the FLASH area address range is input via 
address signal lines (A0 to A24), and a command is input via 
a command signal line (S-/CE1, S-CE2, S-/OE, S-/WE, 
S-/LB, S-/UB). When the command is a READ command, the 
control circuit of chip 2 accesses the DRAM and reads the 
target data from the address range in the DRAM FLASH data 
copy area, corresponding to the addresses in the FLASH area. 
When the command is a WRITE command, write data is input 
to the data I/O lines (I/O0 to I/O15) of the memory module 
and then input to the DRAM via the DRAM data I/O lines 
(D1-DQ0 to D1-DQ15). Consequently, both data reading and 
writing speeds of the FLASH become equal to those of the 
DRAM (in this case, an SDRAM.) 
(0160. When the work area in the DRAM is to be accessed, 
address and command signals required to access the area are 
input via the corresponding address and command lines. The 
control circuit (CTL LOGIC) then generates addresses for 
accessing the work area in the DRAM and accesses the 
DRAM. For a read access, data read from the DRAM is 
output to the data I/O lines (I/O0 to I/O15) via the DRAM data 
I/O lines (D1-DQ0 to D1-DQ15). For a write access, write 
data is input via the data I/O lines (I/O0 to I/O15) of the 
memory module and input to the DRAM via the DRAM data 
I/O lines (D1-DQ0 to D1-DQ15). 
(0161 The power to chip 3 (DRAM) is supplied from the 
LD-VCC and the LD-VSS connected to the D1-VCC, the 
D1-VSS, the D1-VCCQ, and the D1-VSSQ via the control 
circuit (CTL LOGIC). The power to the FLASH is supplied 
from the LF-VCC and the LF-VSS connected to the F-VCC 
and the F-VSS via the control circuit (CTL LOGIC). The 
command signal PS is used to control the power Supply to 
both the DRAM and the FLASH, so that the power supply is 
shut off when possible. 
(0162. When the power supply to the DRAM is shutoff, the 
control circuit (CTL LOGIC) enables only the data that must 
be written back into the FLASH to be automatically written 
back from the DRAM and shuts off the power supply to the 
DRAM after the data writing-back is completed. To power the 
DRAM again, the DRAM must be initialized. The control 



US 2013/O 145081 A1 

circuit (CTL-LOGIC) generates signals required to initialize 
the DRAM and the FLASH and to control the timings thereof. 
(0163 To periodically refresh the DRAM, the control cir 
cuit (CTL LOGIC) may issue the BANK ACTIVE com 
mand. Generally, the refreshing characteristics of the DRAM 
are degraded at high temperatures. This problem is avoided, 
however, by providing the control circuit (CTL LOGIC) 
with a thermometer, whereby the interval for issuing the 
BANK ACTIVE command at high temperatures may be nar 
rowed. The DRAM can thus be used in a wider temperature 
range. 
0164. According to the embodiment as described above, it 

is possible to realize a large capacity memory module, which 
uses the SRAM interface method and low-price general-pur 
pose SDRAM and FLASH memories. The memory module 
preferably has same access speed as that of the SRAM. 
0.165. The memory module of the present invention can 
read FLASH data at the same speed as that of the SRAM 
because the DRAM includes an area that can copy part or all 
of the FLASH data therein so that the data is transferred to the 
DRAM from the FLASH prior to access of that data. When 
data is to be written to the FLASH, it is possible to write data 
in the DRAM once and then write the data back into the 
FLASH only as needed. Therefore, data can be written back 
into the FLASH at the same speed as that of an SRAM. 
0166 Because a large capacity SDRAM is used in this 
example, it is possible to secure an area that can copy FLASH 
data, as well as a large capacity work area in the SDRAM. 
When data is read from the FLASH, both error detection and 
error correction are performed for the read data. When data is 
not written in an address in the FLASH, an address replace 
ment processing is accomplished for the fail address. The 
processing can thus be done quickly, and the reliability of the 
memory module is improved. 
(0167. When the interval for DRAM refreshing executed in 
the memory module is changed according to a temperature, 
the temperature range of the DRAM operation can be wid 
ened, whereby a large capacity memory module with a wide 
operation temperature range can be realized. The present 
invention also preferably provides a memory module that 
requires a lower data retention current. In order to address this 
principle, the interval for refreshing the DRAM to be 
executed in the memory module at a low temperature is 
extended, whereby the data retention current is reduced. In 
order to further reduce the data retention current, the power 
supply to the DRAM may be shut off and only the data stored 
in the SRAM is held. Consequently, only the minimum data 
retention current is required to hold the necessary data. 
0168 FIG.22 shows a block diagram of chip 2 (SRAM+ 
CTL LOGIC). Chip 2 (SRAM+CTL LOGIC) is preferably 
comprised of an SRAM and a control circuit (CTL LOGIC). 
The SRAM integrated on chip 2 is a conventional asynchro 
nous SRAM used generally in System design. The control 
circuit (CTL LOGIC) is shown as an area enclosed by a 
broken line in FIG. 22. The control circuit (CTL LOGIC) 
occupies most of the space of chip 2 except for the SRAM. 
The control circuit (CTL LOGIC) is comprised of the circuit 
blocks of AS; MMU; ATD, ATD; CTD; R/W BUFFERCPB; 
A CONT: REG: INT; TMP; RC; PM; CLK GEN; and 
COM GEN. Hereinafter, the operation of each of those cir 
cuit blocks will be described in detail. 

(0169. The initialization circuit INT initializes both the 
control register in the memory management unit MMU and 
the DRAM when the power is supplied. 
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0170 The memory management unit MMU translates 
addresses input from external according to a value preset in 
the control register and selects the command register REG in 
the register area, the work area in the DRAM, the FLASH 
data copy area in the DRAM, or the FLASH and provides 
access to the selected one. The value in the control register is 
initialized by the initialization circuit INT when the memory 
module is powered. To change the value in the control regis 
ter, a memory management MMU CHANGE command may 
be input to the command register REG. When the SRAM is 
selected, the access Switch (AS) sends address and command 
signals to the SRAM, whereby the SDRAM is accessed. 
0171 The address transition detector circuit (ATD) 
detects a change in any of the address and command signals 
and outputs pulses. The command transition detector circuit 
(CTD) detects a change in any of the command signals and 
outputs pulses. An access to the memory module begins when 
these detector circuits detect signal changes. 
0172. When data is written to an address in the FLASH 
data copy area in the DRAM, the data renewing address 
management circuit CPB stores the address information. 
0173 The command register REG receives and stores 
commands such as LOAD, STORE, MMU CHANGE, 
POWER-OFF, as well as start and end addresses for loading, 
storing, and other functions that are written thereto. The data 
buffer R/W BUFFER temporarily holds data read/written 
from/to the DRAM or data read/written from/to the FLASH. 
The command generator COM GEN generates commands 
required to access the DRAM. The access controller 
A CONT controls all of chip 2 and generates addresses 
required to access the DRAM. The FLASH control signal 
generator FGEN controls reading/writing data from/to the 
FLASH. 

0.174. The error correction circuit ECC checks whether or 
not an error is included in read data. When an error is 
included, the circuit ECC corrects the error. The replacement 
processing circuit REP checks whether or not data is written 
to the FLASH correctly. When data is not written to an 
address correctly, the circuit REP writes the data to another 
address previously prepared in the FLASH (address replace 
ment processing). 
0.175. The temperature measuring module (TMP) mea 
Sures temperatures and outputs a signal according to the mea 
sured temperature to both the RC and the A CONT. The RC 
is a refresh counter that generates addresses for refreshing in 
accordance with the DRAM refreshing interval. The tempera 
ture measuring module (TMP) outputs a signal that changes 
the refreshing interval according to the measured tempera 
ture. 

0176 The power module (PM) controls the power Sup 
plies to the control circuit (CTL LOGIC) of chip 2 and the 
DRAM. The clock generator (CLK GEN) generates a clock 
and supplies the clock to the DRAM and the control circuit 
(CTL LOGIC). 
0177 Next, the operation of this memory module will be 
described in detail. To access chip 2 (SRAM+CTL LOGIC), 
the conventional general asynchronous SRAM method is 
used to interface the access. When a change occurs in any of 
the address signals (A0 to A24) and the command signals 
(S-/LB, S-/UB, S-/WE, S-/CE1, S-CE2, S-/OE), the ATD 
detects the change, whereby an access to the command reg 
ister REG, the SRAM, the DRAM, or the FLASH begins. 
0.178 The value of an address (A0 to A24) input from 
external is initially translated by the memory management 
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unit MMU. According to the translated address, the access 
target (command register REG, SRAM, DRAM, or FLASH) 
is determined. The address translation pattern is determined 
by a value preset in the control register provided in the 
memory management unit MMU. 
0179 When the command register REG is selected and a 
LOAD instruction code is written to the command register 
REG, FLASH data is transferred to the DRAM as follows. 
Initially, the FLASH control signal generator FGEN reads 
data from the FLASH. If the read data contains no errors, the 
FGEN transfers the data directly to the data buffer R/W 
BUFFER. If the read data contains any error, the error cor 
rection circuit ECC corrects the error and transfers the cor 
rected data to the data buffer R/W BUFFER. Thereafter, the 
DRAM receives a WRITE command from the command 
generator COM GEN, address signals from the access con 
troller A CONT, and the data that was read from the FLASH 
from the data buffer R/W BUFFER, whereby the data is 
written in the FLASH data copy area in the DRAM. 
0180. When the command register REG is selected and a 
STORE command is written to the command register, data is 
transferred from the FLASH data copy area of the DRAM to 
the FLASH as follows. Initially, the DRAM receives a READ 
command from the command generator COM GEN and 
address signals from the access controller A CONT, whereby 
data is read from the DRAM. The data read from the DRAM 
is transferred to the FLASH controller FGEN via the data 
buffer R/W BUFFERS and the FLASH control signal gen 
erator FGEN writes the data in the FLASH. The address 
replacement circuit REP checks whether or not the data is 
written successfully. If successful, the REP terminates the 
processing. If not successful, the REP writes the data in 
another address prepared beforehand in the FLASH (address 
replacement processing). When Such a replacement process 
ing is done, the REP holds and manages the address informa 
tion that denotes each address for which Such a replacement 
processing is performed. The data renewing management 
circuit CPB selects the information of each FLASH address 
in which writing has already been sequentially performed and 
clears the address information. In this way, the data renewing 
management circuit CPB can keep management of addresses 
in which the latest renewed data is held. 

0181. When the DRAM work area or the FLASH data 
copy area are selected and a READ command is written to the 
command register, the DRAM receives the READ command 
signal from the command generator COM GEN and address 
signals from the access controller A CONT, whereby data is 
read from the DRAM. When the DRAM work area or the 
FLASH data copy area are selected and a WRITE command 
is written to the command register, the DRAM receives the 
WRITE command signal from the command generator 
COM GEN, address signals from the address controller 
A CONT, and data from the data buffer R/W BUFFER, 
whereby the data is written in the DRAM. 
0182. When the command register REG is selected and a 
POWER-OFF command is written to the command register, 
the data renewing management circuit CPB transfers the 
DRAM data corresponding to the address held therein as 
follows. Initially, the DRAM receives a READ command 
from the command generator COM GEN and address signals 
from the access controller A CONT, whereby data is read 
from the DRAM. The data read from the DRAM is transferred 
to the FLASH controller FGEN via the data buffer R/W 
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BUFFER and is then written to the FLASH by the FLASH 
control signal generator FGEN. 
0183 The data renewing management circuit CPB selects 
the information of each DRAM address held therein from 
which data is written in the FLASH and clears the address 
information sequentially. When all the data corresponding to 
the addresses held therein is written to the FLASH, the 
address information in the data renewing management circuit 
CPB is all cleared. 

0184. When the memory module is used at high tempera 
tures, the DRAM refreshing interval should be reduced so 
that the refresh process is performed more frequently. In this 
memory module, therefore, a temperature measuring module 
TMP measures the temperature and sends the measured tem 
perature to both the refresh counter and the access controller. 
When the temperature rises, the refresh counter decreases the 
refreshing interval and outputs a refresh address. When the 
temperature falls, the refresh counter can extend the DRAM 
refreshing interval So as to reduce the data retention current. 
When the temperature falls, therefore, the refresh counter 
extends the refreshing interval and outputs a refresh address. 
0185. An apparatus in which the above memory module is 
mounted may desire current consumption to be reduced 
according to the operation state. A description will now be 
made of a method for reducing the power consumption of the 
memory module by changing the operation State with use of 
a power module. 
0186 Initially, the simplest method for reducing the power 
consumption as described above is to enable the power mod 
ule to stop the refresh from being performed by the refresh 
counter with use of the command signal PS. Although the data 
stored in the DRAM is erased at this time, the refreshing 
power can be reduced. To further reduce the power consump 
tion, the power to the DRAM may be shut off in the memory 
module. In this case, the power module stops the power Sup 
ply to the D1-VCC, which is supplied to the DRAM, accord 
ing to the command signal PS output from the Subject appa 
ratuS. 

0187 To still further reduce the power consumption, the 
power module may stop the power Supply to a part related to 
the access to the DRAM on chip 2 (SRAM+CTL LOGIC) 
according to the command signal PS. In this state, for 
example, the power is supplied only to the SRAM, the MMU, 
and the AS on chip 2 (SRAM+CTL LOGIC) to enable their 
operations so that the memory module is set in a mode that 
enables only the accesses to the SRAM. It may also be pos 
sible to enable the data in the SRAM to be held by the 
command signal PS. In this case, all the power Supplies 
except for the S-VCC and S-VSS supplied to the SRAM may 
be shut off so that accesses to the memory module are dis 
abled. In this state, the memory module holds the data stored 
in the SRAM. 

0188 To restart the DRAM after the power supply to the 
DRAM is shut off once, the DRAM must be initialized in 
addition to restarting of the power supply to the DRAM. The 
initialization proceeds normally, but this memory module 
uses an initialization circuit INT that instructs the access 
controller A CONT to use a predetermined initialization pro 
cedure. To restart the DRAM after the DRAM refreshment is 
stopped, the DRAM must also be initialized. In this case, the 
initialization circuit INT instructs the access controller 
A CONT to use the predetermined initialization procedure 
for the initialization. 
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0189 FIGS. 23 to 26 show examples of the memory maps 
in which addresses are translated by the memory manage 
ment unit MMU. The user may select any of these memory 
maps according to a value preset in the control register pro 
vided in the MMU. Although not specifically limited, it is 
assumed in this embodiment that the memory module is pro 
vided with a FLASH whose memory capacity is 256+8 Mb, a 
2 Mb SRAM, and a 256 Mb DRAM. A description will be 
made hereinafter for typical memory maps used in the 
memory module. 
0190. In the memory maps shown in FIG. 23, the memory 
management unit MMU translates addresses input via the 
address signal lines A0 to A24 to addresses used in the com 
mand register REG (16 kb), the SRAM data retention area (2 
Mb), the work area (128 Mb) in the DRAM, the FLASH data 
copy area (128 Mb) in the DRAM, and the FLASH (256+8 
Mb). Although not specifically limited, mapping of the com 
mand register REG, the SRAM, the DRAM, and the FLASH 
begins at the bottom of the address space in each memory map 
in this embodiment. 
0191 The command register REG holds instruction codes 
such as LOAD, STORE, and MMU REGISTER CHANGE, 
as well as the start and end addresses for loading, storing, and 
the like. The DRAM is divided into a work area (128 Mb) and 
a FLASH data copy area (128 Mb). The work area is used as 
a work memory in which programs are executed. The FLASH 
data copy area is used to copy and hold part of FLASH data. 
(0192. The data retention area (2 Mb) in the SRAM is 
localized at the bottom of the address space in each memory 
map. Although this area is duplicated within the DRAM in the 
memory space, the DRAM is not accessed; only the SRAM is 
accessed. The SRAM areas can be managed exclusively when 
the power supply of the memory module is controlled to hold 
and use only the data in the SRAM. 
(0193 The DRAM area (SHADOW) that is not accessed 
can be used for redundancy. This memory module is enabled 
to extend the DRAM refreshing interval when the memory 
module operates at a low temperature to reduce the power 
consumption. However, when the memory module operates 
at a low temperature, Some memory cells (fail bits) might 
become difficult to retain data. The SHADOW area in the 
DRAM is used in such a case to hold the data instead of those 
fail bits. In FIG. 23, the DRAM includes fail bits A and B, and 
those fail addresses are registered beforehand, so that the 
SHADOW area is accessed instead of any of the fail bits to 
which an access to the DRAM is attempted. The fail bit is thus 
saved by the replacement processing through the use of the 
SHADOW, whereby the refreshing interval is extended to 
reduce the power consumption of the memory module when 
the memory module operates at a low temperature. 
(0194 To copy part of the FLASH data into the FLASH 
data copy area, the memory management unit MMU deter 
mines the address correspondence between an address range 
in the FLASH data copy area and an address range in the 
FLASH according to a value preset in the internal register. 
FIG. 23 shows an example of such address correspondence 
denoting that data in the A1 (64 Mb) and C1 (64 Mb) areas in 
the FLASH can be copied into the A (64 Mb) and C area (64 
Mb) in the FLASH data copy area of the DRAM, respectively. 
The address correspondence may be changed so that the data 
in the B1 (64 Mb) and D1 (64 Mb) in the FLASH can be 
copied into the FLASH data copy area in the DRAM respec 
tively by changing the value preset in the internal control 
register in the memory management unit MMU. 
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(0195 Although not specifically limited, the FLASH 
(256+8 Mb) is divided into a main data area MD-Area (A1, 
A2, B1, B2, C1, C2, D1, D2:255.75 Mb) and a replacement 
area Rep-Area (E1, E2: 8.25 Mb). The main data area is 
further divided into a data area (A1, B1, C1, D1) and a 
redundant area (A2, B2, C2, D2). The data area is used to store 
programs, and the redundant area is used to store ECC parity 
data and other data used to detect and correct errors. Data in 
the data area in the FLASH is transferred to the FLASH data 
copy area in the DRAM, or data in the 
(0196. FLASH data copy area in the DRAM is transferred 
to the data area in the FLASH. 
(0197) The reliability of the FLASH, when rewriting is 
repeated therein, is degraded, whereby written data is incor 
rectly read and rewriting is disabled. The replacement area is 
used in Such a case to write data when the writing in a fail area 
(fail area C, fail area D) fails. Although the size of the replace 
ment area is not specifically limited, the size should be deter 
mined so as to assure the FLASH reliability. 
0198 Next, a process for transferring data from the 
FLASH to the DRAM will be described. To transfer data from 
the FLASHA1 data area to the FLASH data copy area A in the 
DRAM, a LOAD command as well as start and end addresses 
SAD and EAD of the FLASH data area A1 are written to the 
command register. The control circuit (CTL LOGIC) then 
reads data from the address range denoted by the start and end 
addresses FSAD and FEAD in the FLASH data area A1 and 
transfers the data to the address range denoted by the start and 
end addresses DSAD and DEAD in the FLASH data copy 
area A in the DRAM. The correspondence between those 
address ranges is determined by the memory management 
unit MMU. 
(0199. When reading data from the FLASH, the control 
circuit (CTL LOGIC) reads the data from the FLASH data 
area A1 and the ECC parity data from the redundant area A2 
in the data management unit (8 kbits), and the error correction 
circuit ECC performs error correction if any error is detected, 
whereby only corrected data is transferred to the DRAM. 
0200 Data is transferred from the DRAM to the FLASH 
as follows. To transfer data from the FLASH data copy area A 
in the DRAM to the FLASH data area A1, a STORE com 
mand as well as start and end addresses SAD and EAD of the 
FLASH data area A1 are written to the command register. The 
control circuit (CTL LOGIC) then reads the data from the 
address range between the start and end addresses DSAD and 
DEAD of the FLASH data copy area A in the DRAM and 
writes the data in the address range between start and end 
addresses FSAD and FEAD of the FLASH data area A1. The 
correspondence between those address ranges is determined 
by the memory management unit MMU. 
0201 When writing data in the FLASH, the error correc 
tion circuit generates ECC parity data in the data management 
unit (8 kb in this case). The FLASH control circuit FGEN 
writes the data read from the DRAM to the FLASH data area 
A1 and the generated ECC parity data in the redundant area 
A2, respectively. The address replacement circuit REP 
checks whether or not the writing is done successfully. If 
Successful, the REP terminates the processing. If not success 
ful, the REP selects another address in the FLASH replace 
ment area and writes the data read from the DRAM in the 
replacement area E1 and the generated ECC parity data in the 
replacement redundant area E2, respectively. 
0202 Data is read from the FLASH data copy area A of the 
DRAM as follows. When an address FAD0 of the FLASH 
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data area A1 and a READ command are received from exter 
nal, the MMU translates the address FAD0 to an address 
DAD0 of the FLASH data copy area A in the corresponding 
DRAM. Consequently, the DRAM is selected, and FLASH 
data copied into the DRAM can be read from the DRAM. In 
other words, FLASH data can be read at the same speed as 
that of the DRAM. 

0203 Data is read from the work area in the DRAM as 
follows. When an address WAD0 of the work area in the 
DRAM and a READ command are received from external, 
the MMU outputs the address WAD0 to the address generator 
A CONT. Consequently, data can be read from the address 
WADO in the DRAM work area. 

0204 Data is written to the FLASH data copy area A in the 
DRAM as follows. When an address FAD0 of the FLASH 
data area A1, a WRITE command, and write data are received 
from external, the MMU translates the address FAD0 to the 
address DAD0 used in the FLASH data copy area in the 
corresponding DRAM. Consequently, the DRAM is selected, 
and data is written to the FLASH data copy area A in the 
DRAM. Because data is written to the FLASH data copy area 
A in the DRAM corresponding to the FLASH data area A1 in 
this way, FLASH data can be written to the DRAM at the 
same speed as that of the SRAM. 
0205 Data is written to the DRAM work area as follows. 
When an address WAD0 of the work area, a WRITE com 
mand, and input data are received from external, the address 
generator A CONT outputs the address WAD0 to the 
DRAM. Consequently, data can be written in the address 
WADO in the DRAM work area. 

0206. In the memory map example shown in FIG. 24, the 
SRAM area is dispersed in a plurality of address spaces. The 
SRAM address space is therefore duplicated with the DRAM 
address space, and access to the duplicated space is per 
formed to the SRAM. A plurality of SHADOW areas are used 
to save a plurality of fail bits. In this example, the SRAM area 
is set in units of 2 kb. This is to adjust to the writing/erasing 
unit of the FLASH memory. When the same management unit 
is used for both address space and FLASH memory, the OS 
(operating system) and other programs can more easily 
handle memory spaces. When the power supply of the 
memory module is controlled to hold and use only the SRAM 
data, the SRAM area can be dispersed in the memory space. 
0207 FIG. 25 shows an example of memory maps in 
which the SRAM and the DRAM are mapped in different 
address spaces. There is no SHADOW area generated due to 
the duplication in the mapping. Consequently, the address 
space becomes as wide as 258 Mb (DRAM 256Mb+SRAM 
2 Mb). 
0208. In the memory maps shown in FIG. 26, the SRAM 
area shown in FIG. 22 is divided into 128 areas. As in the 
example shown in FIG. 25, the address space thus becomes 
wider. Just like the example shown in FIG. 22, when the 
power supply of the memory module is controlled to hold and 
use only the SRAM data, the SRAM area can be dispersed in 
the memory space. The MMU can thus allocate the SRAM 
area and the DRAM area in specified address spaces. The 
allocation can be changed easily by changing the value preset 
in the built-in control register of the MMU. Furthermore, to 
reduce the data retention current, it is only necessary to allo 
cate an address space for storing the target data and to stop the 
power supply to the DRAM. This method will realize a 
memory module that requires less data retention current. 
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0209 FIG. 27A shows a priority order of accesses from 
external to the DRAM, that is, accesses for refreshing the 
DRAM and accesses with LOAD and STORE commands. In 
FIG. 27, the first priority is given to the access for refreshing, 
the second priority is given to the access from external, and 
the third priority is given to the access with the LOAD or 
STORE command. 
0210 FIG. 27B shows the operation of the DRAM, which 

is accessed with a READ command (read access) and a REF. 
command (refreshing access) from external. FIG. 27C shows 
the operation of the DRAM, which is accessed with a WRITE 
command (write access) and a REF. command (refreshing 
access). 
0211 When no REF access is performed and an external 
access (i.e., READ or WRITE) is performed, the external 
access is accepted by the DRAM and enabled to read/write 
data therefrom/thereto. When both REF access and an exter 
nal access are requested, the higher priority REF access is 
accepted, and then the external access is accepted. While the 
refreshing is performed, the WAIT signal is high, which 
denotes that the DRAM is accessed. 

0212 FIG. 28A shows how data is transferred from the 
FLASH to the DRAM in response to a LOAD command 
written in the command register. In this case, target data is 
read from the FLASH and then held in the data buffer R/W 
BUFFER once. Thereafter, the DRAM is accessed to write 
the data. The WAIT signal is kept at High until this writing in 
the DRAM is completed. The signal denotes that an access to 
the DRAM has already begun. 
0213 FIG. 28B shows how data is transferred from the 
DRAM to the FLASH in response to a STORE command 
written in the command register. In this case, target data is 
read from the DRAM and held in the data buffer R/W 
BUFFER once. Thereafter, the FLASH is accessed to write 
the data thereto. The WAIT signal is kept at High until the read 
access to the DRAM is completed. The signal denotes that the 
DRAM is being accessed. 
0214 FIG. 29A shows how the DRAM works in response 
to a read access from external while a write access is being 
performed for the DRAM with a LOAD command. Although 
the type of the external access is not specifically limited at this 
time, the access is assumed as a read in this embodiment. For 
such an external access, the write access to the DRAM with 
the LOAD command is stopped once so that the external 
access can be processed. The write access to the DRAM with 
the LOAD command is restarted when the external access 
processing is completed. 
0215 FIG. 29B shows how the DRAM works in response 
to a write/read access from external while a read access is 
being performed to the DRAM with a STORE command. 
Although the type of the external access is not specifically 
limited at this time, the access is assumed as a write in this 
embodiment. For such an external access, the read access to 
the DRAM with the STORE command is stopped once so that 
the external access may be processed. The read access to the 
DRAM with the STORE command is restarted when the 
external access processing is completed. 
0216 FIG. 30 shows an example of the operation wave 
form of the memory module of the present invention. A0 to 
A24, S-/CE1, S-CE2, S-/LB, S-/UB, S-/OE, and S-/WE are 
so-called asynchronous SRAM interface signals to be input to 
the memory module. Data I/O signals I/O0 to I/O15 are 
divided into input signals and output signals and represented 
as DIN and DOUT, respectively. MMU, ATD, and CTD rep 
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resent output signals from the MMU circuit, the ATD circuit, 
and the CTD circuit, respectively. D1-CLK is a clock signal 
supplied to the DRAM, and D1-COM is a generic name for 
the command signals supplied to the DRAM. D1-A0 to 
D1-A15 are addresses, and D1-DQ0 to D1-DQ15 are DRAM 
I/O signals. 
0217. Initially, a description will be made for a read access 

to the DRAM. When address signals are input via the address 
lines A0 to A24, the MMU circuit outputs translated 
addresses. When the ATD circuit detects a change in any of 
the address lines A0 to A24 and the command lines (S-/CE1. 
S-CE2, S-/LB, S-/UB, S-/OE, and S-/WE) and addresses and 
commands are determined, the ATD outputs pulses. This 
pulse becomes a trigger for issuing a BANK ACTIVE com 
mand A and a row address Ro and then a READ command R 
and a column address Co to the DRAM. The data read from 
the DRAM is output to the D1-DQ0 to D1-DQ 15 lines and 
output to the I/O0 to I/O15 lines via the R/W BUFFER. 
0218. An example of a write access will now be described. 
For a write access, a BANK ACTIVE command A and a row 
address Ro are issued at the falling of the ATD signal just like 
in the above read access. Thereafter, the CTD circuit detects 
a change in any of the command lines (S-/CE1, S-CE2, 
S-/LB, S-/UB, S-/OE, and S-/WE) to recognize a write 
access, and then outputs pulses. This pulse becomes a trigger 
for issuing a WRITE command W and a column address Co. 
whereby the write access is processed. 
0219 FIG. 31 shows an example of the operation wave 
form of the memory module of the present invention. This 
waveform denotes that an external read access is performed 
while the DRAM is being refreshed. 
0220. To refresh the DRAM, a BANK ACTIVE command 
A and a row address Ro are issued to the DRAM, and a 
PRECHARGE command Panda bank address Baare issued 
to the DRAM. While this refreshing is performed, the refresh 
counter outputs a signal RC that denotes that the DRAM is in 
a refresh period. An external read access, when requested 
during this refreshing period, will be processed as follows. 
When address signals are input to address lines (A0 to A24), 
the MMU circuit outputs translated addresses. When the ATD 
circuit detects a change in any of the address lines A0 to A24 
and the command lines (S-/CE1, S-CE2, S-/LB, S-/UB, 
S-/OE, and S-/WE) and addresses and commands are deter 
mined, the ATD outputs pulses. This pulse triggers a latching 
of these addresses and commands. When the refreshing ends, 
a BANK ACTIVE command and a row address Ro, and a 
READ command Rand a column address Co are issued. The 
data read from the DRAM is output to the D1-DQ0 to 
D1-DQ15 lines and output to the I/O0 to I/O15 lines via the 
RFW BUFFER 

0221 FIG.32 shows a block diagram of an SRAM accord 
ing to this embodiment. The SRAM is comprised of an X 
decoder X-DEC; memory cell arrays MA (SRAM); a Y gate 
Y-GATE; aY decoderY-DEC; an input data control circuit D 
CTL: a control circuit CONTROL LOGIC; and an I/O buffer 
of each signal line. This SRAM is known as "asynchronous 
can be employed as a component of the memory module in 
this embodiment. 
0222. According to the embodiments as described above, 

it is possible to realize a large capacity memory module that 
uses general-purpose DRAM and SRAM interfaces. In the 
memory module of the present invention, a part or all of the 
FLASH data may be copied and transferred to the DRAM 
from the FLASH beforehand, so as to enable FLASH data to 
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be read at the same speed as that of the DRAM (such as an 
SDRAM or SRAM). Because the target data written in the 
DRAM once can be writtenback in the FLASH as needed, the 
write access speed also becomes the same as that of the 
SRAM. When data is to be read from the FLASH, error 
detection and error correction are performed for the read data, 
so that a replacement processing is accomplished for each fail 
address in which data is not correctly written. Therefore, the 
processing in the memory module is sped up, and the memory 
module reliability is improved. 
0223 Because it is possible to secure a data retention area 
in the SRAM, as well as a FLASH data copy area and a work 
area in the DRAM with use of the memory management unit 
MMU, the memory module of the present invention can be 
used widely for various apparatuses. While the control circuit 
(CTL LOGIC) of the present invention uses an SRAM as 
described above, the control circuit (CTL LOGIC) is used to 
refresh the DRAM. It is therefore possible to use the DRAM 
just like an SRAM with no consideration for refreshing of the 
DRAM. 

0224 Furthermore, when the DRAM refreshing interval is 
narrowed, the DRAM can also be used at high temperatures, 
whereby the temperature range of the memory module can be 
more widely set. On the other hand, when the DRAM is used 
at a low temperature, the DRAM refreshing interval is wid 
ened, whereby the data retention power consumption can be 
reduced. The memory module can therefore reduce the data 
retention power consumption. 
0225. The power module PM can also be operated to stop 
the power supply to part or all of the DRAM, thereby limiting 
the use of the memory area and reducing the data retention 
power. Furthermore, the power supply to the control circuit 
can also be stopped to reduce the data retention power con 
Sumption of the memory module of the present invention. 

Third Exemplary Embodiment 

0226 FIGS. 33A and 33B show a third exemplary 
embodiment of the memory module of the present invention. 
FIG. 33A shows a top view and FIG. 33B shows a cross 
sectional view through line A-A of the memory module, 
respectively. This memory module enables chip 1 (FLASH) 
chip 2 (CTL LOGIC), and chip 3 (DRAM) described in the 
first embodiment or chip 1 (FLASH), chip 2 (SRAM+CTL 
LOGIC), and chip 3 (DRAM) described in the second 
embodiment to be mounted on a Substrate (for example, a 
printed circuit board PCB made of glass epoxy) mounted on 
an apparatus with use ofball grid arrays (BGA). Although not 
specifically limited, chip 1 uses a general-purpose DRAM 
bear chip at one end of which signal and power Supply pads 
are disposed in a line, and chip 3 uses a general-purpose 
DRAM bear chip in the center of which signal and power 
Supply pads are disposed in a line. 
0227. The bonding pads on chip 1 are connected to the 
bonding pads on the substrate via bonding wires (PATH2). 
and the bonding pads on chip 2 are connected to the bonding 
pads on the substrate via bonding wires (PATH3). The bond 
ing pads on chip 3 are connected to the bonding pads on chip 
2 via bonding wires (PATH1). Chip 1 and chip 2 are con 
nected to each other via bonding wires (PATH4). The chip 
mounted surface of the substrate is molded with resin to 
protect the chips and the wirings thereon. The Surface may 
further be protected by a metallic, ceramic, or resin cover 
(COVER). 
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0228. In this embodiment of the present invention, the 
memory module can be configured with a smaller mounting 
area because bear chips are mounted on the printed circuit 
board PCB directly. In addition, because the chips can be 
disposed close to each other, the wiring among the chips may 
be shortened. Because the bonding wire method is employed 
for all the wirings between the chips, as well as between each 
chip and the substrate, the memory module can be fabricated 
in fewer process steps. Furthermore, because the chips are 
connected to each other via bonding wires directly, the num 
ber of bonding pads and the number of bonding wires on the 
substrate may be reduced, whereby the memory module can 
be fabricated in fewer process steps. 
0229. The memory module may use general-purpose 
DRAM bear chips that are produced in large quantities, 
whereby the memory module can be stably supplied at a low 
price. When the substrate surface is protected with a resin 
cover, the strength of the memory module structure increases. 
When the substrate surface is protected with a ceramic or 
metallic cover, the strength of the memory module structure 
increases and the characteristics of heat flux and shielding are 
improved. 
0230 FIGS. 34A and 34B show a variation of the memory 
module of the present invention shown in FIGS. 33A and 
33B. FIG. 34A shows a top view and FIG.34B shows a cross 
sectional view of the memory module. In this example, ball 
grid arrays (BGA) are used for mounting and wiring chip 3 
(DRAM) and chip 2 (CTL LOGIC or SRAM+CTL 
LOGIC). The bonding pads on chip 1 are connected to the 
bonding pads on the substrate via bonding wires (PATH2). 
This mounting method can omit the bonding between chip 2 
(CTL LOGIC or SRAM+CTL LOGIC) and chip 3 
(DRAM), as well as between chip 2 (CTL LOGIC) and the 
substrate, thereby reducing the number of bonding wires. It is 
thus possible to reduce the number of fabrication process 
steps and further improve the reliability of the memory mod 
ule. 

Fourth Exemplary Embodiment 

0231 FIG. 35 shows another embodiment of the memory 
module of the present invention. The memory module in this 
embodiment is preferably comprised of four chips. Each of 
these chips will now be described in detail. Chip 1 (FLASH) 
is a non-volatile memory. The non-volatile memory may be a 
ROM (Read Only Memory), an EEPROM (Electrically Eras 
able and Programmable ROM), a flash memory, or the like. In 
this embodiment, a flash memory is employed. Chip 2 
(SRAM+CTL LOGIC) is comprised of a static random 
access memory (SRAM) and a control circuit (CTL LOGIC) 
that are integrated thereon. The control circuit controls the 
SRAM and chips 3 and 4 which are integrated on chip 2. Chip 
3 (DRAM1) and chip 4 (DRAM2) are dynamic random 
access memories (DRAM). DRAMs are classified into vari 
ous types such as EDO, SDRAM, and DDR, according to the 
differences in the internal configuration and the interface 
types among them. Although any type of DRAM may be used 
for this memory module, the ADRAM is employed in this 
embodiment. 

0232. This memory module receives addresses (A0 to 
A24) and command signals (S-/CE1, S-CE2, S-/OE, S-/WE, 
S-/LB, S-/UB, LS-EN, F-EN) input from external. The power 
is supplied to this memory module via S-VCC, S-VSS, 
F-VCC, F-VSS, L-VCC, and L-VSS. The S-I/O0 to S4/015 
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are used to input/output data. This memory module uses 
so-called SRAM interfaces for operations. 
0233 Chip 2 supplies signals required for the operation of 
chips 3 and 4. Chip 2 supplies a serial clock (F-SC), addresses 
(A0 to A24), FLASH data (I/O0 to I/O7), commands (F-CE, 
F-/OE, F-/WE, F-SC, F-/RES, F-CDE, F-RDY/BUSY), and 
DRAM data (D1-DQ0 to D1-DQ15, D2-DQ0 to D2-DQ15) 
to chip 1. In addition, chip 2 supplies clocks (D1-CLK, 
D2-CLK), addresses (D1-A0 to D1-A14, D2-A0 to D2-A14), 
commands (D1-CKE, D2-CKE, D1-/CS, D2-/CS, D1-/RAS, 
D2-/RAS, D1-/CAS, D2-/CAS, D1-/WE, D2-/WE, 
D1-DQMU/DQML, D2-DQMU/DQML), DRAM data (D1 
DQ0 to D1-DQ15, D2-DQ0 to D2-DQ15), powers (D1-VCC, 
D2-VCC, D1-VSS, D2-VSS, D1-VSSQ, D2-VCCQ, 
D1-VSSQ, D2-VSSQ) to chips 3 and 4. 
0234 Each of the above commands input to chip 2 will 
now be described: the S-/CE1 and the S-CE2 are chip enable 
signals: the S-/OE is an output enable signal: the S-/WE is a 
write enable signal: the S-/LB is a lower byte select signal: 
and the S-/UB is an upper byte select signal. 
0235. The commands input to chip 1 are as follows: the 
F-/CE is a chip enable signal, the F-/OE is an output enable 
signal, the F-/WE is a write enable signal, the F-SC is a serial 
clock signal, the F-/RES is a reset signal, the F-CDE is a 
command data enable signal, the F-RDY/BUSY is a ready/ 
busy signal, and the I/O0 to I/O7 are I/O signals used to 
control the flash memory respectively. 
0236. The control circuit (CTL LOGIC) of chip 2 selects 
the command register of the control circuit (CTL LOGIC) of 
chip 2, the SRAM of chip 2, the DRAM of chip 3/chip 4, or 
the FLASH of chip 1 according to an address value received 
from external. It is also possible to select the command reg 
ister, the SRAM, the DRAM, or the FLASH according to a 
value set beforehand in the control register provided in the 
control circuit (CTL LOGIC). The so-called “SRAM inter 
face' is preferably used for the access to any of them. 
0237 To access an SRAM area in chip 2, the addresses of 
the SRAM area and the necessary commands are input to the 
control circuit (CTL LOGIC). For a read access, data is read 
from the SRAM and output via the data I/O lines (S-I/O0 to 
S-I/O15) of the memory module. For a write access, the write 
data is input via the data I/O lines (S-I/O0 to S-I/O15) of the 
memory module and written in the SRAM. 
0238 When the command register in the control circuit 
(CTL LOGIC) is accessed to write a LOAD command or 
STORE command therein, it is possible to copy (load) 
FLASH data to the FLASH data copy area in the DRAM or 
write back (store) the data in the FLASH from the FLASH 
data copy area of the DRAM. When addresses for accessing 
the command register are input from the address signal lines 
(A0 to A24), a WRITE command is input from the command 
signal line (S-/CE1, S-CE2, S-/OE, S-/WE, S-/UB), and a 
LOAD instruction code followed by start and end addresses 
of a FLASH area are input from the I/O data signals (I/O0 to 
I/O15), the LOAD command followed by the start and end 
addresses are written to the command register. Then, the 
target data is read from the FLASH area between the start and 
end addresses, and the data is transferred to the FLASH data 
copy areas in DRAM1 and in the DRAM2, respectively. 
Consequently, the FLASH data is held in the DRAM. 
0239. Likewise, when a STORE instruction code followed 
by start and end addresses of a FLASH area are written to the 
command register, the target data is written back in the 
FLASH area between the start and end addresses from the 
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FLASH data copy area of DRAM1 or DRAM2. The address 
correspondence between the address range of the FLASH 
area and the address range of the FLASH data copy area in 
each of DRAM1 and DRAM2 can be determined by a value 
preset in the control register provided in the control circuit 
(CTL LOGIC). 
0240. The reliability of the FLASH, when rewriting is 
repeated therein, is degraded, whereby written data is incor 
rectly read and rewriting is disabled sometimes. When read 
ing data from the FLASH, chip 2 (CTL LOGIC) makes error 
detection and error correction for read data so as to transfer 
corrected data to the DRAM1/DRAM2. When writing data in 
the FLASH, chip 2 (CTL LOGIC) checks whether or not 
data is written correctly. If not written correctly, chip 2 writes 
the data in another address (replacement processing). Chip 2 
also manages such a fail address and the replacement pro 
cessing performed for Such the fail address. 
0241. To access the FLASH data copy area in the DRAM, 
the addresses of the FLASH area are input from the address 
signal lines (A0 to A24) along with a command signal input 
from a commandline (S-/CE1, S-CE2, S-/OE, S-/WE, S-/LB, 
S-/UB). When the command signal is a READ command, the 
control circuit of chip 2 accesses the DRAM to read the target 
data from the address range in the FLASH data copy area of 
the DRAM corresponding to the address range of the FLASH 
area via the DRAM data I/O lines (D1-DQ0 to D1-DQ15 or 
D2-DQ0 to D2-DQ15). When the command signal is a 
WRITE command, the write data is input from the data I/O 
lines (S-I/O0 to S-I/O15) of the memory module and then 
input to the DRAM via the DRAM data I/O lines (D1-DQ0 to 
D1-DQ15 and D2-DQ0 to D2-DQ15). Consequently, the read 
and write access times of the FLASH become the same as 
those of the SRAM. 

0242 To access the work area in the DRAM, the address 
and command signals required for the access are input to the 
command register. The control circuit (CTL LOGIC) then 
generates the addresses of the work area in the DRAM and 
accesses the DRAM. For a read access, the data read from the 
DRAM is output to the data I/O lines (S-I/O0 to S-I/O15) via 
the DRAM data I/O lines (D1-DQ0 to D1-DQ15 or D2-DQ0 
to D2-DQ15). For a write access, the write data is input from 
the data I/O lines (S-I/O0 to S-I/O15) of the memory module 
and input to the DRAM via the DRAM data I/O lines (D1 
DQ0 to D1-DQ15 and D2-DQ0 to D2-DQ15). 
0243 The power to DRAM1 is supplied via the LD-VCC 
and the LD-VSS. LD-VCC and LD-VSS are connected to the 
D1-VCC, the D1-VSS, the D1-VCCQ, and the D1-VSSQ via 
the control circuit (CTL LOGIC). The power supply to the 
DRAM is controlled by the command signal PS, and the 
power supply may be shut off as needed. When the power 
supply to the DRAM is to be shut off, the control circuit 
(CTL LOGIC) enables only necessary data to be automati 
cally written back to the FLASH from the DRAM and then 
shuts off the power supply to the DRAM after the writing 
back is ended. When the power supply to the DRAM is to be 
restored, the DRAM and the FLASH must be re-initialized. 
The control circuit (CTL LOGIC) generates a signal 
required for the initialization of the DRAM and controls the 
timing. 
0244. The control circuit (CTL LOGIC) can also issue a 
BANK ACTIVE command periodically to refresh the 
DRAM. Generally, the refreshing characteristics of the 
DRAM are degraded at high temperatures. To avoid such 
trouble, the control circuit (CTL LOGIC) may be provided 

Jun. 6, 2013 

with a thermometer so that the interval for issuing the BANK 
ACTIVE command may be narrowed at high temperatures, 
whereby the DRAM may be used in a wider temperature 
range. Furthermore, because two DRAMs are used for the 
memory module of the present invention, the work area and 
each FLASH area are duplicated, so that one data item is held 
in the two DRAMs while the refreshing timing is adjusted so 
that the refreshing is hidden from external, whereby accesses 
to the memory module are not limited by refreshing from 
external. 

0245. As described above, according to this embodiment, 
it is possible to realize a large capacity memory module, 
which employs the SRAM interface, has a low-price general 
purpose SDRAM and FLASH, and has the same access speed 
as that of the SRAM. The memory module of the present 
invention enables the copying of part or all of the FLASH data 
to be secured in the DRAM so that data is transferred from the 
FLASH to the DRAM before it is accessed. FLASH data can 
thus be read at the same speed as that of the SRAM. When 
data is to be written to the FLASH, the data may be written in 
the DRAM once and then written back into the FLASH as 
needed. This is why the data write access speed becomes the 
same as that of the SRAM. 

0246 When data is read from the FLASH. error detection 
and error correction are preferably performed for the read 
data. In the case where data is not written correctly in an 
address during writing in the FLASH, the data is written in 
another address (address replacement processing), whereby 
the write processing is sped up and the reliability of the 
memory module is improved. Because the memory module of 
the present invention uses a large capacity SDRAM, an area 
that can copy part of or all of the FLASH data and a large 
capacity work area can be secured in the SDRAM. 
0247. In the memory module of the present invention, 
which uses a DRAM, the DRAM is refreshed in the module, 
thereby each DRAM can be used just like an SRAM without 
consideration to the refreshing of each DRAM during opera 
tion. In addition, the interval of refreshing performed in the 
module may be changed, whereby the temperature range of 
DRAM operation can be widened. This is why the present 
invention can realize a large capacity memory module with a 
wider temperature range. 
0248. Furthermore, the memory module of the present 
invention can hide refreshing of each DRAM from external 
because data is held in two DRAMs and the refreshing timing 
of each of the DRAMs is adjusted. Therefore, there is no need 
to adjust the DRAM refreshing timing to give consideration 
to the refreshing when this memory module is accessed. 
Consequently, this memory module can be used just like any 
memory module that uses only a conventional SRAM. There 
fore, no modification is required for any conventional system 
that uses a large capacity memory module. 
0249. The present invention also preferably provides a 
memory module that requires less data retention current. The 
DRAM refreshing in the module may be performed at longer 
intervals especially when operating at a low temperature, 
whereby the data retention current can be reduced. To further 
reduce the data retention current, the power Supply to the 
DRAM is shut off, and only the data stored in the SRAM is 
held. Because only necessary data is stored in the SRAM and 
the power Supply to the memory that stores other unnecessary 
data is shut off in this way, the data retention current can be 
minimized to hold the necessary data in the memory module. 
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(0250 FIG. 36 shows a block diagram of chip 2 (SRAM+ 
CTL LOGIC). Chip 2 (SRAM+CTL LOGIC) is comprised 
ofan SRAM and a control circuit (CTL LOGIC). The SRAM 
integrated on chip 2 is a conventional asynchronous SRAM. 
The control circuit (CTL LOGIC) is comprised of AS: 
MMU; ATD; CTD; REG; FIFO: CPB: R/W BUFFER: 
CACHE: A-CONTINT TMP; RC; PM; CLK GEN; FGEN: 
and COM GEN located in an area outside the SRAM of chip 
2. This area is enclosed by a broken line in FIG. 36. 
0251 Hereunder, the operation of each circuit block of 
chip 2 (SRAM+CTL LOGIC) will be described in detail. 
The initialization circuit INT initializes the control register 
located in the memory management unit MMU and the 
DRAM when the power is supplied. 
0252. The memory management unit MMU translates 
addresses received from external and selects the command 
register REG, the SRAM, the work area in the DRAM, the 
FLASH data copy area in the DRAM, or the FLASH for 
access according to a value preset in the built-in control 
register. The value in the control register is initialized by the 
initialization circuit INT when the power is supplied. The 
value in the control register is updated in response to an MMU 
CHANGE command input to the command register REG. 
When the SRAM is selected, the access switch (AS) sends 
address and command signals to the SRAM, whereby the 
SRAM is accessed. 
0253. Upon detecting a change in any of the address and 
command signals, the address transition detector circuit 
(ATD) outputs pulses. The command transition detector cir 
cuit (CTD) also detects a change in any of the command 
signals and then outputs pulses. When those detector circuits 
detect such signal changes, the target memory access begins. 
0254 The data buffer R/W BUFFER temporarily holds 
data before the data is read/written from/to the DRAM. The 
first-in first-out memory (FIFO) is a buffer circuit that outputs 
data in the order it is input thereto. The FIFO temporarily 
holds data and addresses before the data is written to those 
addresses in the DRAM. The cache CACHE temporarily 
stores data read/written from/to the DRAM when DRAMs 
are changed for refreshing and an access is continued for a 
long time. In addition, the CACHE also stores data to be 
written in the DRAM with a LOAD command temporarily. 
0255. The data renewing management circuit CPB holds 
information of addresses or an address range in the FLASH 
data copy area allocated in the DRAM, in which data is 
renewed, that is, information of addresses oran address range 
in which data is written. 
0256 The command register REG holds instruction codes 
of commands such as LOAD, STORE, memory management 
MMU CHANGE, POWER-OFF, as well as start and end 
addresses for loading, storing, and other functions therein. 
The command generator COM GEN generates commands 
required for accessing the DRAM. The access controller 
A CONT controls all of chip 2 and generates addresses 
required for accessing the DRAM. The FLASH control signal 
generator FGEN controls reading/writing data from/to the 
FLASH. 

0257. The error correction circuit ECC checks whether or 
not any erroris included in the data read from the FLASH and 
corrects the error, if any. The replacement processing circuit 
REP checks whether or not data is correctly written in each 
address in the FLASH. When writing to an address fails, the 
REP writes the data in another address (replacement address) 
prepared beforehand in the FLASH. 
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0258. The temperature measuring module (TMP) mea 
Sures the temperature and outputs a signal corresponding to 
the measured temperature to the RC and the A CONT. The 
RC is a refresh counter and generates addresses to which 
DRAM refreshing is to be performed in accordance with the 
DRAM refreshing interval. According to the output signal of 
the temperature measuring module TMP the refreshing inter 
Val may be changed. 
0259. The power module PM controls the power supply to 
the control circuit (CTL LOGIC) of chip 2 and the DRAM. 
The clock generator (CLK GEN) generates a clock and Sup 
plies the clock to the DRAM and the control circuit (CTL 
LOGIC) 
0260 The operation of this memory module will now be 
described. Access to a memory of chip 2 (SRAM+CTL 
LOGIC) is accomplished via a conventional asynchronous 
SRAM interface. When the ATD detects a change in any of the 
address signal lines (A0 to A24) and in any of command 
signal lines (S-/LB, S-/UB, S-/WE, S-/CE1, S-CE2, S-/OE), 
an access to the command register REG, the SRAM, or the 
DRAM begins. A value input to an address signal line (A0 to 
A24) from externalis initially translated by the MMU. There 
after, an address translation pattern is determined by the value 
preset in a register in the MMU. The translated address deter 
mines the access destination (command register REG, 
SRAM, or DRAM). 
0261) When the SRAM is selected (to be accessed), the 
MMU sends the translated address to the SRAM and instructs 
the access Switch AS to transfera command. The access to the 
SRAM begins in response to the command received from the 
access Switch AS. Hereinafter, an access to the asynchronous 
SRAM is performed. 
0262 For a read access to the DRAM, addresses input 
from external and translated by the MMU, as well as com 
mands detected by the ATD, are all sent to the A CONT. The 
A CONT, determining which DRAM is to be accessed 
according to the addresses and the commands received from 
the MMU, instructs the COM GEN to issue a command to 
the DRAM. The A CONT also translates the addresses 
received from the MMU to row and column addresses of the 
DRAM and outputs the translated addresses to one of the two 
DRAMs which is to be accessed. The COM GEN issues a 
command to the DRAM to be accessed synchronously with 
the clock generated by the CLK GEN. Receiving the com 
mand and the addresses, the DRAM outputs data, which is 
then transferred to the I/O0 to I/O15 via the R/W BUFFER. 
The read access is thus ended. 

0263. For a write access to the DRAM, the A CONT 
receives addresses input from external and translated by the 
MMU, as well as commands and data detected by the ATD 
and by the DTD. The A CONT determines which DRAM is 
to be accessed according to the received addresses and com 
mands, then instructs the COM GEN to issue a command to 
the DRAM. The A CONT also translates addresses received 
from the MMU to addresses of the DRAM and outputs the 
translated addresses to the DRAM to be accessed. The COM 
GEN issues a command to the DRAM to be accessed syn 
chronously with the clock generated by the CLK GEN. The 
write data is input from the data lines I/O0 to I/O15 and held 
in the R/W buffer before it is written to the DRAM to be 
accessed. The write data and the addresses are held in the 
FIFO once and are then written to the other DRAM after the 
refreshing is ended. 
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0264. When the memory module is to be used at a high 
temperature, the DRAM refreshing interval may be shortened 
So as to more frequently perform the refreshing. In this 
memory module, the temperature measuring module TMP 
measures the temperature and sends the measured tempera 
ture to both the refresh counter and the access controller. 
When the temperature rises, the refresh counter shortens the 
refreshing interval and outputs the addresses for refreshing. 
On the contrary, when the temperature falls, the DRAM 
refreshing interval may be extended to reduce the data reten 
tion current. The temperature measuring module TMP again 
measures the temperature and sends the measured tempera 
ture to both the refresh counter and the access controller. 
When the temperature falls, the refresh counter extends the 
refreshing interval and outputs the addresses for refreshing. 
0265. The user may desire a reduction in the current con 
Sumption according to the operation state of the Subject appa 
ratus in which the above memory module is mounted. A 
description will now be made of a method for controlling a 
power Supply so as to reduce the power consumption of the 
memory module according to the operation state of the 
memory module with use of a power module. 
0266 Initially, the simplest method for reducing power 
consumption is to enable the power module to stop the 
refreshing performed by the refresh counter according to the 
command signal PS. In this case, the data stored in the DRAM 
is erased, but the refreshing power will be reduced. To further 
reduce the power consumption, the power Supply to the 
DRAM is shut off in the memory module. In this case, the 
power module stops the power supply to the D1-VCC and the 
D2-VCC according to the command signal PS output from 
the Subject apparatus. Such a shut-off of the power Supply 
may be performed on both of the DRAMs or may be per 
formed on only one of the DRAMs. 
0267 To further reduce the power consumption, the power 
module may stop the power Supply to a part of chip 2 
(SRAM+CTL LOGIC) which is related to the access to the 
DRAM, according to the command signal PS. In this state, for 
example, it is possible that power is Supplied only to the 
SRAM, the MMU, and the AS on chip 2 (SRAM+CTL 
LOGIC) so as to put the memory module into a mode in which 
only the SRAM can be accessed. Furthermore, it is possible to 
operate the memory module with use of the command signal 
PS so that only SRAM data is held. In this case, all the power 
supplies except for the S-VCC and the S-VSS connected to 
the SRAM are shut off, thereby accesses to the memory 
module is disabled. In this state, the memory module holds 
data stored in the SRAM. 
0268. To restart the DRAM after the power supply thereto 

is shut off, the DRAM must be initialized, in addition to 
restarting the power supply. While the initialization method is 
a conventional one, the initialization of the DRAM in this 
memory module is accomplished by the access controller 
(A CONT) in an initialization procedure instructed by the 
initialization circuit (INT). 
0269. The DRAM, when it is refreshed, must also be ini 

tialized before it is restarted. The DRAM in this memory 
module is also initialized by the access controller (A CONT) 
in an initialization process instructed by the initialization 
circuit (INT). 
0270 FIG. 37 shows examples of memory maps in which 
addresses are translated by the MMU. The user can select any 
of those memory maps according to a value preset in the 
built-in control register of the MMU. Although not specifi 
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cally limited, it is assumed in this embodiment that the 
memory maps are for a memory module in which the FLASH 
memory area is 256+8 Mb, the SRAM data retention area is 2 
Mb, and the DRAM memory area is 256 Mb in capacity, 
respectively. In the memory maps shown in FIG. 37, the 
memory management unit MMU translates addresses input 
via the address lines A0 to A24 to those used in the command 
register REG, the SRAM, the work area in the DRAM, the 
FLASH data copy area in the DRAM, and the FLASH. One of 
the REG, the SRAM, the work area, the FLASH data copy 
area, and the FLASH is selected and accessed according to 
the translated addresses. 

0271 The command register located in the control circuit 
(CTL LOGIC) receives instruction codes such as LOAD, 
STORE, MMU register CHANGE, and POWER-OFF, as 
well as start and end addresses for loading, storing, and the 
like writtentherein from external. When a LOAD command is 
written to the command register REG, the control circuit 
transfers target data from the FLASH to the DRAM. In other 
words, the control circuit writes the data to the DRAM. When 
a STORE command is written to the command register, the 
control circuit transfers target data from the DRAM to the 
FLASH. In other words, the control circuit reads the data 
from the DRAM. 

(0272. The two DRAMs (chips 3 and 4) are preferably 
mapped to the same address space and hold the same data. 
Each of the DRAMs repeats an access period (working 
period) and a refreshing period (REF period) that is alter 
nately given priority execution. Each memory access to the 
DRAM from external is performed during a working period. 
(0273. In this example, the 2 Mb SRAM area is localized at 
the lower portion of the address space. This area is duplicated 
with the DRAM in the mapping of the memory space, but 
only the SRAM is accessed in this memory space; the DRAM 
is not accessed. The SRAM area can be managed to control 
the power Supply to the memory module so as to hold and use 
only the data in the SRAM. 
(0274) Any DRAM area (SHADOW) that is not accessed 
can be used to save the memory cells of the DRAM from 
being lost. While this memory module is preferably provided 
with a function that reduces the power consumption to extend 
the DRAM refreshing interval when the memory module is 
used at a low temperature, data retention may be difficult in 
some memory cells (fail bits). In such a case, this SHADOW 
DRAM area is used to hold the data instead of those fail bits. 
FIG. 37 illustrates a case in which the DRAM includes a fail 
bit A during a WORK period and a fail bit B during a REF 
period. These addresses are registered beforehand, whereby 
the SHADOW area is used instead of each of those fail bits. In 
this way, the fail bits are saved by the SHADOW area and the 
refreshing interval is extended at a low temperature, whereby 
a memory module with reduced power consumption may be 
realized. 

0275 FIG.38 shows the principle of the access controlling 
method for hiding the DRAM refreshing from external. The 
operation of the DRAM of the present invention will be 
understood using a concept in which priority is given to an 
access to a bank during a REF period. 
0276 FIG. 38A shows an explanatory view of an access 
priority order. In FIG.38A, DRAM1 is in the WORK period 
and DRAM2 is in the REF period. FIG. 38A also shows 
DRAM accesses to be performed in response to a refresh 
request, a LOAD command, and a STORE command issued 
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from the CACHE that takes over an access temporarily, the 
FIFO that stores write data temporarily, and the RC. 
(0277 DRAM1, while it is in the WORK period, is 
accessed (1) from external. On the other hand, DRAM2, 
while it is in the REF period, gives top priority to the refresh 
ing (2). Thereafter, data held in the FIFO is written (3) to 
DRAM2, and data is written back (4) to DRAM2 according to 
the LOAD command held in the CACHE. Finally, DRAM2 is 
accessed (5) according to a LOAD/STORE command. The 
control circuit (CTL LOGIC) determines the priority order 
among those operations and executes each processing in the 
priority order. 
0278. The external access (1) is performed, each for 80 ns. 
However, the refreshing (2), the writing-back from the FIFO 
(3), the write access from the CACHE (4), and an access by a 
LOAD/STORE command (5) is executed for 70 ns. This 
memory module makes use of Such a time difference to hide 
the DRAM refreshing from external. 
0279 FIG. 38B shows how read accesses are consecu 
tively accomplished to DRAM1 during a WORK period. 
Only an external access (3) is executed to DRAM1 for 80 ns. 
and the access is completed after the target data is read. On the 
other hand, DRAM2 is refreshed (2) for 70 ns. 
0280 FIG.38C shows how a write access is accomplished 

to DRAM1. An external write access (1) is initially executed 
to DRAM1 during a WORK period. At the same time, write 
data is held in the FIFO. In DRAM2 during a REF period, top 
priority is given to the refreshing (2). Thereafter, the data held 
in the FIFO is written back (3) in DRAM2. At this time, while 
80 ns is taken for completing one cycle of operation of 
DRAM1 during a WORK period, only 70 ns is used for 
completing one cycle of operation of DRAM2 during a REF 
period. Consequently, even while DRAM2 is refreshed, writ 
ing in DRAM2 is performed faster than DRAM1. It is thus 
possible to catchup with DRAM1 soon after all the data items 
Stored in the FIFO are written to DRAM2. 

0281 FIG. 39 shows how write and read accesses to/from 
the DRAM with LOAD and STORE commands may be hid 
den from external. FIG. 39A shows how the DRAM is 
accessed in response to read and write accesses from external 
while a read access to the DRAM by a STORE command is 
processed. In FIG. 39A, DRAM1 is in a WORK period and 
DRAM2 is in a REF period. In DRAM1, only the read access 
(1) from external is executed for 80 ns. On the other hand, in 
DRAM2, only the read access (4) to the DRAM with a 
STORE command is processed for 70 ns. 
0282 FIG. 39B shows how the DRAM is accessed in 
response to a write access from external while a write access 
to the DRAM with a LOAD command is processed. In 
DRAM1, only the write access (1) from external is executed 
for 80 ns. At this time, the write data is held in the FIFO. In 
DRAM2 during a REF. period, the write access (5) to the 
DRAM is processed with a LOAD command. At this time, the 
write data is held in the CACHE. After this, the data held in 
the FIFO is written (3) to the DRAM. The data held in the 
CACHE is written back to DRAM1 when DRAM1 goes into 
a REF period. In this case, DRAM2 in a REF period takes 70 
ns to end one cycle of operation while DRAM1 in a WORK 
period takes 80 ns to end one cycle of operation. Conse 
quently, because DRAM2 can write data with a LOAD com 
mand faster than DRAM 1, DRAM2 can follow up with 
DRAM 1 soon even after writing all the data items are written 
in the FIFO into the DRAM. 
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0283 FIG. 39C shows how the DRAM is accessed in 
response to a write access from external while a write access 
to the DRAM from the CACHE is processed after the 
DRAM1 is shifted into a REF period and DRAM2 is shifted 
into a WORK period respectively. In DRAM2, the write 
access (1) from external is processed for 80 ns and the write 
data is held in the FIFO. In DRAM1 in a REF period, the write 
access (4) to the DRAM from the CACHE is processed, and 
the data held in the FIFO is written (3) in the DRAM. In this 
case, DRAM1 in a REF period takes 70 ns to end one cycle of 
operation while DRAM2 in a WORK period takes 80 ns to 
end one cycle of operation. Consequently, because DRAM1 
is faster than DRAM2 in writing from the CACHE, DRAM1 
can follow up with DRAM2 soon even after writing all the 
data items held in the FIFO are written to DRAM1. Internal 
accesses to the DRAM with LOAD and STORE commands 
can be hidden so that external accesses are enabled as 
described above. 

0284 FIG. 40 shows how the two DRAMs work in a time 
division manner so as to hide DRAM refreshing and internal 
accesses to the DRAM with LOAD and STORE commands. 
FIG. 40A shows an example of DRAM operation at 75.de 
gree. C. or under, which is a normal operation temperature 
range. The two DRAMs (DRAM1 and DRAM2) alternately 
repeat WORK and REF periods. One of the two DRAMs, 
which is in a WORK period (displayed as WORK) processes 
external accesses. Initially, DRAM1 goes into a WORK 
period and processes external accesses. On the other hand, 
DRAM2 is in a REF period and gives priority to refreshing. 
When an external access is a write, DRAM2 writes data after 
the refreshing ends. 
(0285. The memory cells of a DRAM are typically 
refreshed within 64 ms. In the example shown in FIG. 40, the 
WORK period and the REF period are changed at least eight 
times within this time, so that each of DRAM1 and DRAM2 
alternately repeats the WORK period and the REF period four 
times. 
0286 A description will now be made for refreshing 
enabled during a REF period and a write access and writing 
back enabled with a LOAD command on the presumption that 
an 8 ms refreshing time, which is one REF period, is defined 
as T1, a time required for writing back data from the FIFO in 
response to a write access during the T1 is defined as T2, and 
a time enabled for a write access with a LOAD command is 
defined as T3. Foran SDRAM that is 256Mb in capacity, the 
memory cell configuration is 8192 rows.times.512 columns. 
times.416-bit banks The SDRAM is typically required to be 
refreshed only 32,768 times (for 8192 rows.times.4 banks) 
for 64 ms. Consequently, in the example shown in FIG. 40A, 
one DRAM has 4 REF periods for 64 ms, so that the DRAM 
is refreshed 8192 times in one REF period (8 ms). 
0287. One necessary refreshing time is 70 ns, so that T1 
becomes 70 uns.times.8192 times=0.574 ms. On the other 
hand, the maximum number of external write accesses 
enabled for 80 ms becomes 100,000 times (8 ms/80 ns) when 
all the accesses are write ones. The time Ti required for 
writing back data in the DRAM during a REF period is 7 ms 
(70 ns.times. 100,000 times). When 4096 write accesses are 
performed with a LOAD command, the time T3 required for 
the write accesses with the LOAD command becomes 70 
uns.times.4096 times=0.287 ms. 

0288 Consequently, the result of T1+T2+T3 becomes 
7.861 ms<8 ms. Thus, it will be understood that refreshing in 
a REF period, as well as write accesses and writing-back with 
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the LOAD command, can be sufficiently performed. In addi 
tion, it is also possible to refresh a plurality of banks in a REF 
period in the DRAM simultaneously. In this case, the number 
of refreshing times to be performed in a T1 period may be 
reduced so that the T1 period can be reduced. When the T1 
time is reduced in this way, it is also possible to reduce the 
FIFO capacity, as well as to shorten the external access inter 
valso as to speed up the processing of the memory module. 
0289 FIG. 40B shows a case in which the DRAM refresh 
ing interval is changed. Generally, the DRAM refreshing 
characteristics are degraded at high temperatures. Conse 
quently, for example, when the temperature is higher than 
about 75.degree. C., the refreshing interval is shortened, 
whereby data retention is enabled and the DRAM operation is 
enabled in a wider temperature range. In this example, the 
refreshing interval is shortened to 48 ms when the tempera 
ture is high. When the T1 remains the same while the T2 is 
5.25 ms and the T3 is 0.144 ms, the result of T1+T2+T3 
becomes 5.97 ms<6 ms. It will thus be understood that 
refreshing in a REF period, as well as both write access and 
write-back at the time of loading can be sufficiently pro 
cessed. 

0290. On the other hand, the DRAM refreshing interval 
can be shortened when the temperature is low to reduce the 
data retention current. In the illustrated example, the refresh 
ing time is extended to 128 ms, which is double, when the 
temperature is reduced. In this case, the REF period becomes 
16 ms. When the T1 remains the same, the T2 is 14 ms and the 
T3 is 1.15 ms, with a result T1+T2+T3 of 15.8 ms<16 ms. It 
will thus be understood that refreshing in a REF period, as 
well as both write access and writing-back at the time of 
loading can be sufficiently processed. 
0291. While the DRAM operation has been described for 
each chip in this embodiment, the operation may be per 
formed for each bank according to the memory module per 
formance and the memory chip configuration. In addition, 
while the refreshing interval (64 ms) is divided into 8 WORK 
and REF periods, the refreshing period may be divided into 
more periods so as to reduce the FIFO capacity for holding 
data and addresses. On the contrary, the refreshing interval 
may also be divided into fewer divisions so as to reduce the 
change-over times between WORK and REF periods, 
whereby the control circuit that makes such change-over 
operations can be simplified. 
0292 FIGS. 41A and 41B show the CACHE operations. 
FIG. 41A shows a case in which a write access is requested 
from external just before WORK and REF periods are 
changed over. In this case, an external access A is performed 
when the WORK period of DRAM1 ends. In such a case, the 
WORK period of the DRAM1 is extended by dT until the 
write access ends. On the other hand, DRAM2 goes into a 
WORK period as scheduled, whereby DRAM2 stands by 
without enabling data to be written therein until the write 
access ends. The data that is not written in DRAM2 is held in 
the CACHE. When an access is performed to an address of the 
same data as that held in the CACHE during a WORK period, 
data is preferably read/written from/to the CACHE instead of 
from/to DRAM2. When the access is a write, data is written as 
usually to DRAM1 during a REF period via the FIFO. The 
data held in the CACHE is writtenback to DRAM1 in the next 
REF period after the WORK period of DRAM2 ends. When 
this writing-back ends, the data in the CACHE is cleared. 
When the access is a read, the WORK period of DRAM1 is 
extended only by dT until the access ends. 
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0293 FIG. 41B shows a case in which an access is per 
formed for longer than the WORK/REF period and a case in 
which the operation cannot be completed within the extended 
period dT. The external access B began while DRAM1 is in a 
WORK period passes the extended period dT, and the access 
is continued in the next REF period undisturbed. In this case, 
the access is also executed to the CACHE and DRAM1 goes 
into a REF period. DRAM2 goes into a WORK period as 
scheduled and then into the stand-by state. When the access is 
a read, data is transferred from DRAM1 to the CACHE. When 
the access is a write, the data written in the CACHE is written 
back into both of DRAM1 and DRAM2 when the access 
ends. The writing-back is performed when each DRAM goes 
into a REF period. When the writing-backends, the data in the 
CACHE is cleared. In this way, the CACHE may be used to 
process accesses to be performed in both WORK and REF 
periods, as well as accesses to be performed in one or more 
WORK periods. 
0294 FIG. 42 shows an example of the operation wave 
form of the memory module of the present invention. A0 to 
A20, S-/CE1, S-CE2, S-/LB, S-/UB, S-/OE, and S-/WE are 
signals to be input to the memory module. They are asynchro 
nous SRAM interface signals. Data I/O signals I/O0 to I/O15 
are divided into input signals and output signals and repre 
sented as DIN and DOUT. MMU, ATD, and DTD are output 
signals of the MMU circuit, the ATD circuit, and the CTD 
circuit. D1-CLK is a clock supplied to DRAM 1 and 
D1-COM is a nominal name of command signals Supplied to 
DRAM1. D1-A0 to D1-A15 are address signals supplied to 
DRAM1, and D1-DQ0 to D1-DQ15 are DRAM I/O lines 
used to input/output data signals of DRAM1. 
0295 D2-CLK is a clock supplied to DRAM2 and 
D2-COM is a nominal name of the command signals Supplied 
to DRAM2. D2-A0 to D2-A15 are address signals supplied to 
the DRAM (DRAM2). D2-DQ0 to D2-DQ15 are DRAM I/O 
lines used to input/output data signals of DRAM2. 
0296. A first read access will now be described. When an 
address is input via an address line (A0 to A24), the MMU 
circuit translates the address and outputs the result. The ATD 
circuit then detects a change in any of the address lines A0 to 
A24 and the command lines (S-/CE1, S-CE2, S-/LB, S-/UB, 
S-/OE, and S-/WE) and outputs pulses when both addresses 
and commands are determined. This pulse triggers the issu 
ance of a BANK ACTIVE command A and a row address Ro 
and then a READ command R and a column address Co to 
DRAM1 during a WORK period. The data read from 
DRAM1 is output to the D-DQ0 to D-DQ15 and to the I/O0 
to I/O15 lines via the R/W BUFFER. On the other hand, a 
BANKACTIVE command A and a PRECHARGE command 
P are input to the DRAM during a REF period to refresh 
DRAM2. 

0297. A description will now be made for a write access to 
be processed in the next cycle. For a write access, a BANK 
ACTIVE A and a row address Ro are issued to both DRAM1 
and DRAM2 at the falling of the ATD signal just like in the 
above read access. Because no refreshing is done at the time 
of a write access, both commands and addresses are issued to 
both DRAM1 and DRAM2. After this, the CTD circuit 
detects a change in any of the command lines (S-/CE1. 
S-CE2, S-/LB, S-/UB, S-/OE, and S-/WE) and recognizes a 
write operation to be executed, and CTD outputs pulses. This 
pulse triggers the issuance of a WRITE command W and a 
column address Co to both DRAM1 and DRAM2, whereby 
data is written in the target DRAM. 
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0298 As described above, according to this embodiment, 
it is possible to realize a large capacity memory module that 
uses SRAM interfaces and low-priced DRAMs. The control 
circuit (CTL LOGIC) of the present invention, which uses 
DRAMs, refreshes the DRAMs such that each DRAM can be 
used just like an SRAM without giving any consideration to 
the refreshing process. In addition, because two DRAMs are 
used to hold the same data and it is possible to adjust the 
refreshing timing and internal accesses to each DRAM with 
LOAD and STORE commands, the DRAM refreshing and 
the internal accesses can be hidden from external. Thus, there 
is no need to give consideration to the DRAM refreshing and 
internal accesses to each DRAM so as to adjust timings for 
accessing this memory module. Consequently, the memory 
module may be used just like any memory module that uses 
only a conventional SRAM. The large capacity memory mod 
ule can be used with any conventional systems without modi 
fication. In addition, when the DRAM refreshing interval is 
narrowed, it is possible to operate the DRAMs at high tem 
peratures, thereby allowing the memory module to work in a 
wider temperature range. On the other hand, when the tem 
perature is low, the DRAM refreshing interval can be 
extended to reduce the data retention power consumption, 
whereby the memory module can be realized with reduced 
data retention power consumption. 
0299. It is also possible to stop the power supply to part or 

all of each DRAM with use of a power module PM to limit the 
memory area, thereby reducing the data retention power con 
Sumption. In addition, when the power Supply to the control 
circuit is stopped, the data retention power consumption of 
the memory module can further be reduced. In Such a case, the 
data retention area can be freely specified by the MMU, so 
that the memory module can be used for a wide variety of 
apparatuses. 

Fifth Exemplary Embodiment 
0300 FIGS.43A and 43B show a fifth exemplary embodi 
ment of the memory module of the present invention. FIG. 
43A shows a top view and FIG. 43B shows a cross sectional 
view through line A-A of the memory module, respectively. 
This memory module includes chip 1 (FLASH), chip 2 
(SRAM+CTL LOGIC), chip 3 (DRAM1), and chip 4 
(DRAM2) that are mounted on a substrate (for example, a 
printed circuit board PCB composed of a glass epoxy sub 
strate) with use of ball grid arrays (BGA). Although not 
specifically limited, chips 3 and 4 are general-purpose 
DRAM bear chips in the center of which signal and power 
Supply pads are disposed in a line. Chip 1 is preferably a 
general-purpose bear chip at one end of which signal and 
power Supply pads are disposed in a line. 
0301 The bonding pads on chip 1 are connected to those 
of the substrate via bonding wires (PATH2), and the bonding 
pads on chip 2 are connected to those of the Substrate via 
bonding wires (PATH3). Chips 3 and 4 are connected to chip 
2 via bonding wires (PATH1). Chips 1 and 2 are connected to 
each other via bonding wires (PATH4). The top surface of the 
chips, which are mounted on the Substrate, is resin-molded to 
protect each chip and connection wiring. The top surface of 
the substrate may further be covered by a metallic, ceramic, or 
resin cover (COVER). 
0302) In all of the above embodiments of the present 
invention, bear chips are preferably mounted on a printed 
circuit board PCB directly. It is thus possible to reduce the 
chip mounting area of the memory module. In addition, 
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because chips can be disposed close to each another on the 
substrate, the wiring between chips may be shortened. Fur 
ther, because the bonding wire method is employed for the 
wiring between chips and the wiring between each chip and 
the substrate, the number of process steps for fabricating the 
memory module can be reduced. In addition, because chips 
are directly connected to each other via bonding wires, the 
number of bonding pads and the number of bonding wires on 
the substrate can be reduced, whereby the number of process 
steps for fabricating the memory module can also be reduced. 
Furthermore, because mass produced general-purpose 
DRAM bear chips are used, the memory module can be stably 
supplied at a low price. When a resin cover is used, the 
memory module can be configured more strongly. When a 
ceramic or metallic cover is used, the memory module can be 
configured more strongly with improved heat flux and shield 
ing characteristics. 
0303 FIGS. 44A and 44B show a variation of the memory 
module of the present invention shown in FIG. 43. FIG. 44A 
shows a top view and FIG. 44B shows a cross section of the 
memory module, respectively. In this example, chip 2 
(SRAM+CTL LOGIC) is mounted over both chips 3 and 4. 
The PATHS is used for the wiring between chip 2 and chip 3 
or 4. The bonding pads on chip 1 are connected to those on the 
substrate via bonding wires (PATH2), and the bonding pads 
on chip 2 are connected to those on the substrate via the 
bonding wires (PATH3). Chips 1 and 2 are connected to each 
other via the bonding pads (PATH4). 
0304. This chip mounting method can reduce the area of 
the printed circuit board PCB. In addition, the wiring PATH1 
between integrated chips can shorten the wiring, so that the 
reliability of the wiring can be improved and the noise radi 
ated externally can be reduced. 

Sixth Exemplary Embodiment 
(0305 FIG. 45 shows an embodiment of a cellular phone 
that uses the memory module of the present invention. The 
cellular phone is preferably comprised of: an antenna ANT: a 
wireless block RF; a base band block BB; a voice codec block 
SP; a speaker SK; a microphone MK; a processor CPU: a 
liquid crystal display LCD; a keyboard KEY, and the memory 
module MEM of the present invention. 
0306 The operation of the cellular phone will now be 
described. A voice received via the antenna ANT is amplified 
in the wireless block and input to the base band block BB. The 
base band block BB converts the analog signals of the voice to 
digital signals, and an error correction is performed for the 
signals. These signals are then decoded and output to the 
voice codec block SP. When the voice codec block SP con 
verts the digital signals to analog signals and outputs them to 
the speaker SK, the voice on the other side of the connection 
is output from the speaker SK. 
0307. A description will now be made for a series of opera 
tions for accessing a home page on the Internet to down-load 
music data, play back the music, and save the down-loaded 
music data from a cellular phone. The memory module MEM 
stores a basic program and application programs (mail, Web 
browser, music play-back, and game programs). When the 
user starts up the Web browser from the keyboard KEY, the 
Web browser program stored in the FLASH provided in the 
memory module MEM is transferred to the DRAM located in 
the same memory module. After this program transfer, the 
processor CPU executes the Web browser program in the 
DRAM, and the Web browser is displayed on the liquid crys 
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tal display LCD. When the user accesses a desired home page 
and specifies down-loading of desired music data from the 
keyboard, the music data is received via the antenna ANT. 
amplified in the wireless block RF, and input to the base band 
block BB. The base band block BB converts the analog sig 
nals of the music data to digital signals. Thereafter, both error 
correction and decoding are performed on the signals. 
Finally, the music data consisting of digital signals is saved in 
the DRAM in the memory module MEM and then transferred 
to the FLASH. 
0308 The user then starts the music playback program 
using the keyboard KEY. Then, the music playback program 
is transferred from the FLASH in the memory module MEM 
to the DRAM located in the same memory module. When the 
program transfer to the DRAM completes, the processor CPU 
executes the music playback program in the DRAM and the 
program is displayed on the LCD. Thereafter, the user speci 
fies listening to the music down-loaded to the DRAM from 
the keyboard. The processor CPU executes the program to 
process the music data held in the DRAM, whereby the user 
can listen to the music output from the speaker SK. 
0309 At this time, the large capacity memory module of 
the present invention holds both Web browser and music 
playback program in the DRAM, and the processor CPU 
executes both of the programs simultaneously. In addition, 
the CPU may start up the e-mail program to send/receive 
e-mails concurrently. The Web browser is preferably held in 
the DRAM in the memory module MEM even when idle. The 
Web browser can thus be restarted immediately. When the 
user inputs a command for shutting off the power Supply, the 
memory module operates only the SRAM and holds the mini 
mum data to minimize the power consumption. 
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0310. As described above, the use of the memory module 
of the present invention enables many mails, application pro 
grams, music data, still image data, motion picture data, and 
the like to be stored, as well as lots of music and a plurality of 
programs to be played back and to be executed, respectively. 
0311. Nothing in the above description is meant to limit 
the present invention to any specific materials, geometry, or 
orientation of parts. Many part/orientation Substitutions are 
contemplated within the scope of the present invention. The 
embodiments described herein were presented by way of 
example only and should not be used to limit the scope of the 
invention. 

0312 Although the invention has been described in terms 
of particular embodiments in an application, one of ordinary 
skill in the art, in light of the teachings herein, can generate 
additional embodiments and modifications without departing 
from the spirit of, or exceeding the scope of the claimed 
invention. Accordingly, it is understood that the drawings and 
the descriptions herein are proffered by way of example only 
to facilitate comprehension of the invention and should not be 
construed to limit the scope thereof. 
What is claimed is: 

1. A controller for use with a flash memory and a random 
access memory, the controller comprising: 

a command register; and 
a control unit that, upon a load instruction from a compo 

nent that is external to the controller being written into 
the command register, controls a transfer of data from 
the flash memory to the random access memory. 
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