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(54) [Title of the Invention]  
 
Semiconductor Memory Apparatus and Memory System Using the Apparatus   
 
(57) [Abstract] 
 
[Problem] 
 
To provide a semiconductor memory apparatus that can be accessed quickly and that has 
nonvolatile data. 
 
[Solution] 
 
A semiconductor memory 8 includes DRAM 9, a flash memory 11, and a transfer control 
circuit 12. The transfer control circuit 12 transfers data in the flash memory 11 to the DRAM 
9 in response to a rising power supply potential VDD, transfers data in the DRAM 9 to the 
flash memory 11 in response to a PW OFF signal indicating that the external power supply 
switch 15 has been turned off, and outputs a READY signal for turning off the internal power 
supply switch 7. This operates as a DRAM 9 during normal operation, and operates as flash 
memory 11 when the power is off. 
 

 
 
9: DRAM 
10: Flash memory unit 

11: Flash memory 
12: Transfer control circuit 
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[Claims] 
 
[Claim 1] 
 
A semiconductor memory apparatus that reads and writes data in response to an external 
control signal and an external address signal, the semiconductor memory apparatus 
comprising: 
a volatile semiconductor memory device that reads and writes data in response to the 
external control signal and the external address signal during normal operation; 
a nonvolatile semiconductor memory device whose data input and output terminals are 
connected to the data input and output terminals of the volatile semiconductor memory 
device; 
a first transfer control circuit for transferring data in the nonvolatile semiconductor memory 
device to the volatile semiconductor memory device in response to the application of a 
power supply voltage to the semiconductor memory apparatus; 
a data erase circuit for erasing stored data in the nonvolatile semiconductor memory device 
during normal operation in response to the completion of a data transfer from the 
nonvolatile semiconductor memory device to the volatile semiconductor memory device; 
and 
a second transfer control circuit for transferring data in the volatile semiconductor memory 
device to the nonvolatile semiconductor memory device in response to the supply of a 
power stoppage notice signal for giving notice that the supply of the power supply voltage 
will be stopped, and outputting a power stop permission signal for permitting stoppage of 
the supply of the power supply voltage in response to the completion of the data transfer. 
 
[Claim 2] 
 
The semiconductor memory apparatus according to claim 1, wherein the semiconductor 
memory device is housed in a single package. 
 
[Claim 3] 
 
The semiconductor memory apparatus according to claim 1, wherein the semiconductor 
memory apparatus is divided and housed in a plurality of packages forming a module. 
 
[Claim 4] 
 
The semiconductor memory apparatus according to claim 2 or claim 3, wherein a chip 
including at least a portion of the volatile semiconductor memory device and a chip 
including at least a portion of the nonvolatile semiconductor memory device are stacked 
inside the package or packages. 
 
[Claim 5] 
 
The semiconductor memory apparatus according to any one of claim 1 to claim 4, wherein 
the volatile semiconductor memory device is a DRAM, and the nonvolatile semiconductor 
memory device is flash memory. 
 
[Claim 6] 
 
A memory system comprising:  
a semiconductor memory apparatus that reads and writes data in response to an external 
control signal and an external address signal; and 
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a power supply circuit for applying a power supply voltage to the semiconductor memory 
apparatus, wherein the semiconductor memory apparatus comprises: 
a volatile semiconductor memory device that reads and writes data in response to the 
external control signal and the external address signal during normal operation; 
a nonvolatile semiconductor memory device whose data input and output terminals are 
connected to the data input and output terminals of the volatile semiconductor memory 
device; 
a first transfer control circuit for transferring data in the nonvolatile semiconductor memory 
device to the volatile semiconductor memory device in response to the application of a 
power supply voltage to the semiconductor memory apparatus; 
a data erase circuit for erasing stored data in the nonvolatile semiconductor memory device 
during normal operation in response to the completion of a data transfer from the 
nonvolatile semiconductor memory device to the volatile semiconductor memory device; 
and 
a second transfer control circuit for transferring data in the volatile semiconductor memory 
device to the nonvolatile semiconductor memory device in response to the supply of a 
power stoppage notice signal for giving notice that the supply of the power supply voltage 
will be stopped, and outputting a power stop permission signal for permitting stoppage of 
the supply of the power supply voltage in response to the completion of the data transfer; 
and 
the power supply circuit comprises: 
an external power supply switch having one electrode that receives an external power 
supply voltage; 
a signal generating circuit that provides the power stop notice signal to the second transfer 
control circuit in response to the external power supply switch being turned off; and 
a power supply including a voltage converting circuit connected to the other electrode of the 
external power supply switch and converting an external power supply voltage applied via 
the external power supply switch to the power supply voltage, and a battery charged with 
the power supply voltage generated by the voltage converting circuit; and 
an internal power supply switch having one electrode that receives output voltage from the 
battery in the power supply and another electrode connected to a power supply terminal of 
the semiconductor memory apparatus, the internal power supply switch being turned on in 
response to the external power supply switch being turned on and being turned off in 
response to the power stop permission signal being outputted from the second transfer 
control circuit. 
 
[Detailed Description of the Invention] 
 
[0001] 
 
[Technical Field of the Invention] 
 
The present invention relates to a semiconductor memory apparatus and a memory system 
using this apparatus, and more specifically to a semiconductor memory apparatus that 
reads and writes data in response to an external control signal and an external address 
signal and a memory system using this apparatus. 
 
[0002] 
 
[Prior Art] 
 
DRAMs currently used in a wide variety of applications can be accessed at high speed, but 
are volatile memories that lose stored information when the power is turned off. Therefore, 
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power to a DRAM has to be turned off after information in the DRAM has been written to a 
nonvolatile storage medium such as a hard disk or a flash memory card. Also, when the 
power is turned on again, some of the data in the nonvolatile storage medium such as a 
hard disk or flash memory card has to be written to the DRAM. 
 
[0003] 
 
DRAM is used, for example, as the main memory of personal computers, and because 
nothing is stored in the DRAM immediately after the power is turned on, a basic program for 
exchanging data with a keyboard or hard disk first has to be written to the DRAM. Because 
the basic program is usually in ROM, a DRAM, ROM, and data bus and control circuit for 
transferring data from the ROM to the DRAM have to be mounted on the motherboard of the 
personal computer. 
 
[0004] 
 
[Problem to Be Solved by the Invention] 
 
Because the transfer of data from the ROM to the DRAM is slow, a considerable amount of 
time is required after turning on power to the personal computer before the user can 
actually start working on the personal computer, and this time cannot be shortened. 
 
[0005] 
 
Therefore, the main object of the present invention is to provide a semiconductor memory 
apparatus that can be accessed quickly and that has nonvolatile data, and to provide a 
memory system using this apparatus. 
 
[0006] 
 
[Means for Solving the Problem] 
 
The invention according to claim 1 is a semiconductor memory apparatus that reads and 
writes data in response to an external control signal and an external address signal, the 
semiconductor memory apparatus including a volatile semiconductor memory device, a 
nonvolatile semiconductor memory device, a first transfer control circuit, a data erase 
circuit, and a second transfer control circuit. The volatile semiconductor memory device 
reads and writes data in response to the external control signal and the external address 
signal during normal operation. The nonvolatile semiconductor memory device has data 
input and output terminals connected to the data input and output terminals of the volatile 
semiconductor memory device. The first transfer control circuit transfers data in the 
nonvolatile semiconductor memory device to the volatile semiconductor memory device in 
response to the application of a power supply voltage to the semiconductor memory 
apparatus. The data erase circuit erases stored data in the nonvolatile semiconductor 
memory device during normal operation in response to the completion of a data transfer 
from the nonvolatile semiconductor memory device to the volatile semiconductor memory 
device. The second transfer control circuit transfers data in the volatile semiconductor 
memory device to the nonvolatile semiconductor memory device in response to the supply 
of a power stoppage notice signal for giving notice that the supply of the power supply 
voltage will be stopped, and outputs a power stop permission signal for permitting stoppage 
of the supply of the power supply voltage in response to the completion of the data transfer. 
 
[0007] 
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The invention in claim 2 is the semiconductor memory apparatus according to claim 1, 
wherein the semiconductor memory device is housed in a single package. 
 
[0008] 
 
The invention in claim 3 is the semiconductor memory apparatus according to claim 1, 
wherein the semiconductor memory apparatus is divided and housed in a plurality of 
packages forming a module. 
 
[0009] 
 
The invention in claim 4 is the semiconductor memory apparatus according to claim 2 or 
claim 3, wherein a chip including at least a portion of the volatile semiconductor memory 
device and a chip including at least a portion of the nonvolatile semiconductor memory 
device are stacked inside the package or packages. 
 
[0010] 
 
The invention in claim 5 is the semiconductor memory apparatus according to any one of 
claim 1 to claim 4, wherein the volatile semiconductor memory device is a DRAM, and the 
nonvolatile semiconductor memory device is flash memory. 
 
[0011] 
 
The invention according to claim 6 is a memory system including a semiconductor memory 
apparatus that reads and writes data in response to an external control signal and an 
external address signal, and a power supply circuit for applying a power supply voltage to 
the semiconductor memory apparatus. The semiconductor memory apparatus includes a 
volatile semiconductor memory device, a nonvolatile semiconductor memory device, a first 
transfer control circuit, a data erase circuit, and a second transfer control circuit. The 
volatile semiconductor memory device reads and writes data in response to the external 
control signal and the external address signal during normal operation. The nonvolatile 
semiconductor memory device has data input and output terminals connected to the data 
input and output terminals of the volatile semiconductor memory device. The first transfer 
control circuit transfers data in the nonvolatile semiconductor memory device to the volatile 
semiconductor memory device in response to the application of a power supply voltage to 
the semiconductor memory apparatus. The data erase circuit erases stored data in the 
nonvolatile semiconductor memory device during normal operation in response to the 
completion of a data transfer from the nonvolatile semiconductor memory device to the 
volatile semiconductor memory device. The second transfer control circuit transfers data in 
the volatile semiconductor memory device to the nonvolatile semiconductor memory device 
in response to the supply of a power stoppage notice signal for giving notice that the supply 
of the power supply voltage will be stopped, and outputs a power stop permission signal for 
permitting stoppage of the supply of the power supply voltage in response to the completion 
of the data transfer. The power supply circuit includes an external power supply switch, a 
signal generating circuit, a power supply, and an internal power supply switch. The external 
power supply switch has one electrode that receives an external power supply voltage. The 
signal generating circuit provides a power stop notice signal to the second transfer control 
circuit in response to the external power supply switch being turned off. The power supply 
includes a voltage converting circuit connected to the other electrode of the external power 
supply switch and converting an external power supply voltage applied via the external 
power supply switch to the power supply voltage, and a battery charged with the power 
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supply voltage generated by the voltage converting circuit. The internal power supply switch 
has one electrode that receives output voltage from the battery in the power supply and 
another electrode connected to a power supply terminal of the semiconductor memory 
apparatus, the internal power supply switch being turned on in response to the external 
power supply switch being turned on and being turned off in response to the power stop 
permission signal being outputted from the second transfer control circuit. 
 
[0012] 
 
[Embodiments of the Invention] 
 
Fig. 1 is a block diagram showing essential components on the motherboard 1 of a personal 
computer in an embodiment of the invention. Referring to FIG. 1, this motherboard 1 
includes a CPU 2, an ASIC 3, a signal generating circuit 4, a memory controller 5, a direct 
current power supply 6, an internal power supply switch 7, and a semiconductor memory 8. 
 
[0013] 
 
CPU 2 performs various arithmetic and control operations. The ASIC 3 is an application-
specific integrated circuit device for exchanging data with, for example, a keyboard, a hard 
disk, and a display such as a liquid crystal display panel. 
 
[0014] 
 
The signal generating circuit 4 is connected to the output terminal of an external power 
supply switch 15 to generate signal φ 1 and apply it to the memory controller 5. The signal 
φ1 is at the "H" level when the external power supply switch 15 is turned on and alternating 
current power supply voltage VAC is applied, and is at the "L" level when the external power 
supply switch 15 is turned off. 
 
[0015] 
 
The memory controller 5 exchanges data with the CPU 2 and the semiconductor memory 8 
serving as the main memory. The memory controller 5 sets signal φ1 to the "H" level to 
turn on internal power supply switch 7 in response to the external power supply switch 15 
being turned on, applies a pulse signal PW OFF (power supply stop notice signal) to the 
semiconductor memory 8 in response to the external power supply switch 15 being turned 
off and signal φ1 reaching the “L”  level, and sets signal φ1' to the "L" level to turn off the 
internal power supply switch 7 in response to a READY signal (power supply stop permission 
signal) from the semiconductor memory 8. 
 
[0016] 
 
The direct current power supply 6 includes a voltage converting circuit that rectifies and 
smoothes the alternating current power supply voltage VAC supplied via the external power 
supply switch 15 and converts it into direct current power supply voltages VCC, VDD, and 
VDDQ for the motherboard 1, and a plurality of rechargeable batteries, each charged by the 
direct current power supply voltages VCC, VDD, VDDQ generated by the voltage converting 
circuit. Because the direct current power supply 6 incorporates rechargeable batteries, it 
supplies the power supply voltages VCC, VDD, and VDDQ for a predetermined amount of 
time even when the external power supply switch 15 has been turned off and the supply of 
alternating voltage VAC has been stopped. The power supply potentials VCC, VDD, VDDQ 
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and the ground potentials VSS, VSSQ generated by direct current power supply 6 are 
applied to the internal power supply switch 7. 
 
[0017] 
 
The internal power supply switch 7 is turned on while signal φ1′ from memory controller 5 
is at the “H” level, power supply potentials VDD, VDDQ and ground potentials VSS, VSSQ 
are applied to the semiconductor memory 8, and power supply potential VCC is applied to 
the CPU 2, the ASIC 3, and the memory controller 5, etc. It is turned off while signal φ1' is 
at the "L" level, and the supply of power supply potentials VCC, VDD, VDDQ and ground 
potentials VSS, VSSQ is cut off. 
 
[0018] 
 
The semiconductor memory 8 is driven by power supply potentials VDD, VDDQ and ground 
potentials VSS, VSSQ, stores data provided from the memory controller 5, and provides 
read data to the memory controller 5. In other words, as shown in Fig. 2, the semiconductor 
memory 8 includes DRAM 9 and a flash memory unit 10, and the flash memory unit 10 
includes flash memory 11 and a transfer control circuit 12. 
 
[0019] 
 
The DRAM 9 receives a clock signal CLK, control signals CKE, /CS, /RAS, /CAS, /WE, DQMU, 
and DQML, and address signals A0 to A11, BA0, and BA1 from the memory controller 5 
during normal operations, and stores data DQ0 to DQ15 supplied from the memory 
controller 5 during a write operation, and supplies read data to the memory controller 5 
during a read operation. 
 
[0020] 
 
In addition, the DRAM 9 receives clock signal CLK, control signals CKE, /CS, /RAS, /CAS, 
/WE, DQMU, and SQML, and address signals A0 to A11, BA0, and BA1 from the transfer 
control circuit 12 during data fetching and data storage, stores read data DQF0 to DQF15 in 
the flash memory 11 during data fetching, and supplies read data DQ0 to DQ15 to the flash 
memory 11 during data storage. 
 
[0021] 
 
The flash memory 11 receives control signals CE#, OE#, WE#, WP#, PR#, BYTE#, and 
RY/BY# and address signals AF0 to AF21 from the transfer control circuit 12, and stores 
read data DQ0 to DQ15 from the DRAM 9 during data storage, and supplies read data DQF0 
to DQF15 to the DRAM 9 during data fetching. 
 
[0022] 
 
The transfer control circuit 12 transfers data stored in the flash memory 11 to the DRAM 9 
in response to the rising edge of the power supply potential VDD, and erases all of the data 
in the flash memory 11 after completing the data transfer. In addition, the transfer control 
circuit 12 transfers data in the DRAM 9 to the flash memory 11 in response to a PW OFF 
signal from the memory controller 5, and sends a READY to signal the memory controller 5 
in response to completing the data transfer. 
 
[0023] 
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Fig. 3 is a flowchart showing the operations performed by the motherboard 1 in Fig. 1 and 
Fig. 2, and Fig. 4 is a timing chart for these operations. First, when the external power 
supply switch 15 is turned on while the power supply is off in  (time t0), alternating 
current power supply voltage VAC is supplied to the signal generating circuit 4, signal φ1 is 
set to the “H” level, signal φ1' is set to the “H” level, and the internal power supply switch 7 
is turned on. Output potentials VDD, VDDQ, VSS, and VSSQ from the direct current power 
supply 6 are supplied to the semiconductor memory 8, and output voltage VCC from the 
direct current power supply 6 is supplied to CPU 2, ASIC 3, and memory controller 5, etc. 
 
[0024] 
 
After a predetermined amount of time has passed since the rising edge of the power supply 
potential VDD (time t0), the transfer control circuit 12 fetches data in  (times t1 to t2). In 
other words, as shown in Fig. 5, read address signals AF0 to AF21 and read commands 
(with signals CE# and OE# set to the "L" level and signals WE# and PR# set to the "H" 
level) synchronized with the clock signal CLK are supplied from the transfer control circuit 
12 to the flash memory 11. Meanwhile, a write command (WR) and write address signals A0 
to A15 are supplied from the transfer control circuit 12 to the DRAM 9, and the data stored 
in the flash memory 11 is fetched and stored in the DRAM 9.  
 
[0025] 
 
After the data fetching in  has been completed, the normal operations in  are performed 
(times t2 to t3). During normal operations, the semiconductor memory 8 operates as a 
DRAM 9 from the perspective of the memory controller 5. The DRAM 9 is in an idle state or 
access standby when not accessed by the memory controller 5 (), and reads and writes 
data when accessed (). However, a refresh operation is periodically performed even while 
in the idle state. 
 
[0026] 
 
Meanwhile, the data in the flash memory 11 is erased during this period (). The data is 
erased by the transfer control circuit 12. The data in the flash memory 11 is erased in this 
manner because all data in the memory cells has to be erased in order to write data to a 
flash memory 11. The flash memory 11 in which the data in all memory cells has been 
erased enters an idle state or access standby (). 
 
[0027] 
 
When the external power supply switch 15 is turned off in  (time t3), the signal φ1 
reaches the "L" level and the supply of the alternating current power supply voltage VAC for 
the direct current power supply 6 is stopped. Because the direct current power supply 6 
includes rechargeable batteries as described above, it continues to output power supply 
voltages VCC, VDD, and VDDQ even when the supply of the alternating current power 
supply voltage VAC is stopped. 
 
[0028] 
 
In addition, a PW OFF pulse signal is outputted from the memory controller 5 to the transfer 
control circuit 12 in response to the falling edge of signal φ1 at the "L" level, and data 
storage in  is performed in response by the transfer control circuit 12 (times t3 to t4). In 
other words, as shown in Fig. 6, a read command (RD) and read address signals A0 to A15 
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synchronized with the clock signal CLK are supplied from the transfer control circuit 12 to 
the DRAM 9. Meanwhile, write commands (with signals CE# and WE# set to the "L" level 
and signals OE# and PR# are set to the "H" level) and write address signals AF0 to AF21 
are transferred from the transfer control circuit 12 to the flash memory 11. Data stored in 
the DRAM 9 is fetched and stored in the flash memory 11. 
 
[0029] 
 
After the transfer control circuit 12 has sent the final write address signal to the flash 
memory 11, the transfer control circuit 12 outputs a READY signal at the "H" level to the 
memory controller 5 (time t4). In response, signal φ1' reaches the "L" level to turn off 
internal power supply switch 7 (time t5), and the supply of power supply potentials VDD, 
VDDQ and ground potentials VSS, VSSQ to the semiconductor memory 8 is cut off. 
 
[0030] 
 
Fig. 7 is a diagram showing the configuration of the semiconductor memory 8. A DRAM chip 
9' is provided in the center of the package 20, a flash memory chip 11' is provided on the 
lower side in the figure, and a transfer control circuit chip 12' is provided on the upper side 
in the figure. Chips 9', 11' and 12' are connected via pads 21 and bonding wires 22.  
 
[0031] 
 
A plurality of pins P1 to P54 are arranged at a predetermined pitch along both long sides of 
the package 20. Each of pins P1 to P54 is connected via a bonding wire 22 to a pad 21 of 
the DRAM chip 9'. Pins P1 to P54 are used to apply power supply potentials VDD, VDDQ and 
ground potentials VSS, VSSQ, input clock signal CLK, control signals CKE, /CS, /RAS, /CAS, 
/WE, DQMU, and DQML, address signals A0 to A11, BA0, and BA1, input and output data 
DQ0 to DQ15, input the PW OFF signal, and output the READY signal. 
 
[0032] 
 
In the present embodiment, a DRAM 9, flash memory 11, and transfer control circuit 12 are 
provided in a semiconductor memory 8, data in the flash memory 11 is transferred to the 
DRAM 9 in response to the external power supply switch 15 of the personal computer being 
turned on, the DRAM 9 is used as the semiconductor memory 8 and data in flash memory 
11 is erased during normal operations, and data in the DRAM 9 is stored in the flash 
memory 11 in response to the external power supply switch 15 being turned off. In this 
way, a semiconductor memory 8 can be realized that enables high-speed access like a 
DRAM but has data nonvolatility like a flash memory. 
 
[0033] 
 
The cost of the motherboard 1 can also be reduced because a ROM separately mounted on 
the motherboard 1 becomes unnecessary and a data transfer circuit from the ROM to the 
main memory becomes unnecessary. Because there is no need to transfer data from the 
ROM to the main memory, the time from turning on the power to the personal computer 
becoming ready for use is shortened. 
 
[0034] 
 
Modified examples of this embodiment will now be described. In the modified example 
shown in Fig. 8, a DRAM chip 9' is provided in the central portion of the package 30, and the 
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chip 10' for the flash memory unit 10 is provided on the surface of the DRAM chip 9' in the 
central portion. These chips 9' and 10' are connected via a plurality of pads 21 and bonding 
wires 22. Note that the pins have been omitted to simplify the drawing. Because the chips 9' 
and 10' are stacked inside the package 30 in this modified example, the area occupied by 
the chips 9', 10' is reduced, and the package 30 can be made smaller. 
 
[0035] 
 
In the modified example shown in Fig. 9, a DRAM chip 9' is provided in the central portion of 
the package 40, and a chip 10' for the flash memory unit 10 is provided on the surface of 
the DRAM chip 9' in the central portion. These chips 9' and 10' are connected via a plurality 
of balls 41. The pads 21 of the DRAM chip 9' are connected to external pins P via bonding 
wires 22. These chips 9', 10' are sealed with a resin 42. In this modified example, the chips 
9', 10' are stacked inside the package 40, and the chips 9', 10' are connected via balls 41. 
In this way, the area occupied by the chips 9', 10' is reduced, and the package 40 can be 
made smaller. 
 
[0036] 
 
The DRAM 9 and the flash memory unit 10 may also be integrated into a single chip. They 
can also be sealed in a thinner package by using bumps to connect the chip.  
 
[0037] 
 
Also, as shown in Fig. 10, a module 50 that operates as a single memory unit may be 
constructed by assembling a plurality of semiconductor memories 8. For example, a 256 MB 
fast access nonvolatile memory can be realized by mounting eight semiconductor memories 
8 in the present invention on the substrate of a Mitsubishi Electric 256 MB 168 pin 
unbuffered dual inline module. This 256 MB module can also be used as the main memory 
in a personal computer by pre-storing data that is usually stored in ROM in the flash 
memory 11 of the semiconductor memory 8. As a result, the data transfer bus between the 
ROM and the main memory on the motherboard of a conventional personal computer, the 
bus control circuit, and the ROM become unnecessary. In addition, a module formed using a 
semiconductor memory 8 of the present invention may be used instead of a conventional 
floppy disk or CDROM. 
 
[0038] 
 
In the modified example shown in Fig. 11, the module 51 is composed of a plurality of 
semiconductor memories 8 and a control circuit 52. The control circuit 52 receives direct 
current power supply potential VDD from a direct current power supply 60 outside of the 
module 51 via an input terminal 53, and supplies direct current power supply potentials 
VDD and VDDQ to each semiconductor memory 8 in the module 51. Also, the control circuit 
52 supplies a PW OFF signal to each semiconductor memory 8 in response to the supply of 
the direct current power supply potential VDD from the direct current power supply 60 being 
stopped, and the supply of the direct current power supply potentials VDD and VDDQ to 
each semiconductor memory 8 is stopped when a READY signal has been outputted from all 
of the semiconductor memories 8. 
 
[0039] 
 
In other words, as shown in Fig. 12, the direct current power supply 60 converts the 
alternating current power supply voltage VAC applied via an external power supply switch 
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15 into direct current power supply potential VDD. The control circuit 52 includes a 
rechargeable battery 61, an internal power supply switch 62, a signal generating circuit 63, 
and an AND gate 64. The rechargeable battery 61 is charged with the direct current power 
supply potential VDD from the direct current power supply 60 and outputs direct current 
power supply potentials VDD and VDDQ. The rechargeable battery 61 continues to output 
direct current power supply potentials VDD and VDDQ for a predetermined period of time 
even when supply of the direct current power supply potential VDD from the direct current 
power supply 60 has been stopped. 
 
[0040] 
 
The internal power supply switch 62 receives the output potentials VDD and VDDQ from the 
rechargeable battery 61, turns on to apply direct current power supply potentials VDD and 
VDDQ to each semiconductor memory 8 when control signal φ1' is at the "H" level, and 
turns off to stop the supply of direct current power supply potentials VDD and VDDQ to the 
semiconductor memories 8 when control signal φ1' is at the "L" level. The AND gate 64 
receives a READY signal from all of the semiconductor memories 8. The output signal φ64 
from the AND gate 64 reaches the "H" level in response to all READY signals reaching the 
"H" level. 
 
[0041] 
 
The signal generating circuit 63 sets signal φ1' to the "H" level to turn on internal power 
supply switch 62 in response to the external power supply switch 15 being turned on and 
the direct current power supply potential VDD being outputted from the direct current power 
supply 60, supplies a PW OFF pulse signal to each semiconductor memory 8 in response to 
the external power supply switch 15 being turned off and output from the direct current 
power supply potential VDD from the direct current power supply 60 being stopped, and 
sets signal φ1' to the "L" level to turn off the internal power supply switch 62 in response to 
the READY signals from all of the semiconductor memories 8 reaching "H" level and the 
output signal φ64 from AND gate 64 reaching the "H" level. 
 
[0042] 
 
Because the control circuit 52 generates a PW OFF signal and controls internal power supply 
switch 62 in response to a READY signal in this modified example, the configuration of the 
memory controller 5 can be simplified in comparison to the system in Fig. 1 in which the 
memory controller 5 is responsible for this function. 
 
[0043] 
 
In the modified example shown in Fig. 11, the module 51 is composed of a semiconductor 
memory 8 in which the DRAM, flash memory, and transfer control circuit are sealed in a 
single package. However, the present invention is not limited to this modified example, and 
a chip in which the transfer control circuit is realized using a conventional DRAM, flash 
memory, ASIC, etc. may be mounted separately on the module board. 
 
[0044] 
 
It should be noted that the embodiments disclosed at this time should be considered as 
illustrative in all respects and not limitative. The scope of the present invention is indicated 
by the scope of the claims rather than the description provided above, and is intended to 
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include all modifications within the scope of the claims and any meaning equivalent to the 
scope. 
 
[0045] 
 
[Effects of the Invention] 
 
As mentioned above, the invention according to claim 1 is a semiconductor memory 
apparatus including a volatile semiconductor memory device that reads and writes data in 
response to the external control signal and the external address signal during normal 
operation, a nonvolatile semiconductor memory device whose data input and output 
terminals are connected to the data input and output terminals of the volatile semiconductor 
memory device, a first transfer control circuit for transferring data in the nonvolatile 
semiconductor memory device to the volatile semiconductor memory device in response to 
the application of a power supply voltage, a data erase circuit for erasing stored data in the 
nonvolatile semiconductor memory device during normal operation after completion of a 
data transfer, and a second transfer control circuit for transferring data in the volatile 
semiconductor memory device to the nonvolatile semiconductor memory device in response 
to the supply of a power stoppage notice signal, and outputting a power stop permission 
signal in response to the completion of the data transfer. As a result, a semiconductor 
memory apparatus can be realized that operates as a volatile semiconductor memory device 
during normal operations and does not lose data even when the power is turned off. 
 
[0046] 
 
The invention in claim 2 is the semiconductor memory apparatus according to claim 1, 
wherein the semiconductor memory device is housed in a single package. In this case, the 
semiconductor memory apparatus is easier to handle. 
 
[0047] 
 
The invention in claim 3 is the semiconductor memory apparatus is divided and housed in a 
plurality of packages forming a module. In this case, the semiconductor memory apparatus 
is easier to handle, and the storage capacity can be increased. 
 
[0048] 
 
The invention in claim 4 is the semiconductor memory apparatus according to claim 2 or 
claim 3, wherein a chip including at least a portion of the volatile semiconductor memory 
device and a chip including at least a portion of the nonvolatile semiconductor memory 
device are stacked inside the package or packages. In this case, the size of the package or 
packages can be reduced. 
 
[0049] 
 
The invention in claim 5 is the semiconductor memory apparatus according to any one of 
claim 1 to claim 4, wherein the volatile semiconductor memory device is a DRAM, and the 
nonvolatile semiconductor memory device is flash memory. The present invention is 
particularly effective in this case. 
 
[0050] 
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The invention in claim 6 is a memory system including a semiconductor memory apparatus 
according to claim 1 and a power supply circuit for applying a power supply voltage to the 
semiconductor memory apparatus. The power supply circuit is provided with an external 
power supply switch having one electrode that receives an external power supply voltage, a 
signal generating circuit that provides the power stop notice signal to the second transfer 
control circuit in response to the external power supply switch being turned off, a power 
supply including a voltage converting circuit connected to the other electrode of the external 
power supply switch and converting an external power supply voltage applied via the 
external power supply switch to the power supply voltage and a battery charged with the 
power supply voltage generated by the voltage converting circuit, and an internal power 
supply switch that supplies output voltage from the battery to the semiconductor memory 
apparatus in response to the external power supply switch being turned on, and that stops 
the supply of output voltage from the battery in response to a power stop permission signal. 
In this case, a semiconductor memory apparatus can be realized that operates as a volatile 
semiconductor memory device during normal operations and does not lose data even when 
the power is turned off, and that can easily transfer data in the volatile semiconductor 
memory device to the nonvolatile semiconductor memory device when the external power 
supply switch is turned off. 
 
[Brief Description of the Drawings] 
 
[Fig. 1] 
 
Fig. 1 is a block diagram showing the configuration of the motherboard in a personal 
computer in an embodiment of the invention. 
 
[Fig. 2] 
 
Fig. 2 is a block diagram showing the configuration of the semiconductor memory in Fig. 1. 
 
[Fig. 3] 
 
Fig. 3 is a flowchart showing operations performed by the motherboard in Fig. 1. 
 
[Fig. 4] 
 
Fig. 4 is a time chart showing operations performed by the motherboard in Fig. 1. 
 
[Fig. 5] 
 
Fig. 5 is a time chart showing a data fetching operation for the semiconductor memory in 
Fig. 2. 
 
[Fig. 6] 
 
Fig. 6 is a time chart showing a data storage operation for the semiconductor memory in 
Fig. 2. 
 
[Fig. 7] 
 
Fig. 7 is a diagram showing the configuration of the semiconductor memory in Fig. 2. 
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[Fig. 8] 
 
Fig. 8 is a diagram showing a modified example of the embodiment. 
 
[Fig. 9] 
 
Fig. 9 is a diagram showing another modified example of the embodiment. 
 
[Fig. 10] 
 
Fig. 10 is a diagram showing yet another modified example of the embodiment. 
 
[Fig. 11] 
 
Fig. 11 is a diagram showing still another modified example of the embodiment. 
 
[Fig. 12] 
 
Fig. 12 is a circuit block diagram showing the configuration of the control circuit shown in 
Fig. 11. 
 
[Key to the Drawings] 
 
1: Motherboard 
2: CPU 
3: ASIC 
4, 63: Signal generating circuit 
5: Memory controller 
6, 60: Direct current power supply 
7, 62: Internal power supply switch 
8: Semiconductor memory 
9: DRAM 
9′: DRAM chip 
10: Flash memory unit 
10′: Flash memory chip 
11: Flash memory 
11′: Flash memory chip 
12: Transfer control circuit 
12′: Transfer control circuit chip 
15: External power supply switch 
20, 30, 40: Package 
21: Pad 
22: Bonding wire 
41: Ball 
50, 51: Module 
52: Control circuit 
53: Terminal 
61: Rechargeable battery 
64: AND gate  
P: Pin 
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[Fig. 1] 
 

 
 
4: Signal generating circuit 
5: Memory controller 
6: Direct current power supply 
7: Internal power supply switch 
8: Semiconductor memory 
10: Flash memory unit 
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[Fig. 2] 
 

 
 
9: DRAM 
10: Flash memory unit 
11: Flash memory 
12: Transfer control circuit 
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[Fig. 3] 
 

 
 
(1) Power OFF 
(2) Fetch Data (Flash Memory  DRAM) 
(3) Normal Operations 
(4) Delete Data (Flash Memory)  
(5) Idle (Flash Memory) 
(6) Idle (DRAM) 
(7) Read/Write/Refresh (DRAM) 
(4) Store Data (DRAM  Flash Memory)  
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[Fig. 4] 
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[Fig. 5] 
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[Fig. 6] 
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[Fig. 7] 
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[Fig. 8] 
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[Fig. 9] 
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[Fig. 10] 
 

 
 
[Fig. 11] 
 

 
 
52: Control circuit 
60: Direct current power supply  
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[Fig. 12] 
 

 
 
60: Direct current power supply 
61: Rechargeable battery 
62: Internal power supply switch 
63: Signal generating circuit 
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