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STORAGE DEVICE AND DATA PROCESSING 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 14/552,316, filed on Nov. 24, 2014, which 
claims the benefit of priority from Japanese Patent Appli 
cation No. 2014-135795, filed Jul. 1, 2014, the entire con 
tents of each of which are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
storage device and a data processing method thereof. 

BACKGROUND 

0003. One type of a storage device has a device sleep 
function. The device sleep function is a function of entering 
a low power consumption state (hereinafter, device sleep 
state) in response to a trigger signal from a host. Before the 
storage device enters the device sleep state, data stored in 
volatile memory such as a DRAM or an SRAM is trans 
ferred to nonvolatile memory such as a NAND flash 
memory, and after that, power Supply to the storage device 
is cut off. 
0004. However, each time the storage device enters the 
device sleep state, the data in the Volatile memory is 
transferred to the nonvolatile memory. As the writing in the 
nonvolatile memory is carried out each time, the perfor 
mance of the nonvolatile memory becomes lower. 

DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a diagram illustrating an example of a 
storage device according to a first embodiment. 
0006 FIG. 2 is a sequence chart illustrating a sequence of 
device sleep processing. 
0007 FIG. 3 is a flow chart schematically illustrating an 
operation according to a second embodiment. 
0008 FIG. 4 is a flow chart illustrating an execution of 
the device sleep processing according to the second embodi 
ment. 

0009 FIG. 5 is a flow chart illustrating processing that 
precedes first device sleep processing. 
0010 FIG. 6 is a flow chart illustrating processing that 
precedes second device sleep processing. 
0011 FIG. 7 is a flow chart illustrating an example of a 
returning operation from a device sleep state. 
0012 FIG. 8 is a flowchart illustrating an execution of 
device sleep processing according to a third embodiment. 
0013 FIG. 9 is a flow chart schematically illustrating an 
operation according to a fourth embodiment. 
0014 FIG. 10 is a flow chart illustrating an execution of 
device sleep processing according to the fourth embodiment. 

DETAILED DESCRIPTION 

00.15 Exemplary embodiments provide a storage device 
which can Suppress performance degradation of a nonvola 
tile semiconductor memory and a data processing method. 
0016. In general, according to one embodiment, a storage 
device includes a nonvolatile memory unit, a volatile 
memory unit, a power Supply control unit configured to 
control power Supply to the nonvolatile memory unit and the 
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Volatile memory unit, and a control unit configured to 
control the power Supply unit to cut off the power Supply to 
the nonvolatile memory unit and the volatile memory unit 
during a first operation, and control the power Supply unit to 
cut off the power Supply to the nonvolatile memory unit and 
to maintain the power Supply to the volatile memory unit 
during a second operation that is different from the first 
operation. 
0017. In a so-called hybrid hard disk device (hereinafter, 
hybrid drive) in which a hard disk device and a NAND flash 
memory are mounted, when the hybrid drive enters a device 
sleep state, in order to reduce power consumption, power 
Supply to a volatile memory, such as a static RAM or a 
synchronous DRAM (SDRAM) is cut off. In this case, 
management information or the like stored in a system area 
of a volatile memory is transferred to a nonvolatile memory 
such as a NAND flash memory, or to a hard disk, for a 
back-up. 
0018. In order to reduce time to return from a device 
sleep state, it is necessary to back-up management informa 
tion or the like in the NAND flash memory, not in the hard 
disk device. However, if the device sleep operation is 
frequently executed, writing to the NAND flash memory is 
frequent. As a result, within a product operation guarantee 
period, writing times in the NAND flash memory may reach 
a maximum limit. Therefore, exemplary embodiments are to 
suppress performance degradation of the NAND flash 
memory caused by the execution of device sleep processing. 
0019 Hereinafter, embodiments will be described with 
reference to the drawings. 

First Embodiment 

(0020 Configuration of Hybrid Drive 
0021 FIG. 1 illustrates a configuration example of a 
storage device, that is, a hybrid drive 1, according to a first 
embodiment. The hybrid drive 1 is usually mounted on an 
electronic apparatus, Such as a personal computer, a video 
camera, a music player, a mobile terminal, a mobile phone, 
a tablet terminal, and a printer apparatus. 
0022. The hybrid drive 1 includes a semiconductor drive 
unit 10, such as a solid state drive (SSD), and a magnetic 
disk drive unit 20. 

0023 Semiconductor Drive Unit 10 
0024. The semiconductor drive unit 10 includes a NAND 
flash memory (hereinafter, NAND memory) 11, and a 
memory controller 12. 
0025. The NAND memory 11 is used as a cache memory 
for storing the data accessed by a host device 51. Due to this, 
when the hybrid drive 1 is used as a storage device, the host 
device 51 may access the storage device at a high speed. The 
NAND memory 11 includes a memory cell array as a 
memory area in which a plurality of memory cells (not 
illustrated) are disposed. The memory cell array includes a 
plurality of blocks, which is a unit of data erasing, and is 
divided into a system area and a cache area. 
0026. According to an access command (for example, a 
write command or a read command) from a main controller 
27, the memory controller 12 controls an access to the 
NAND memory 11. The memory controller 12 includes a 
host interface controller (hereinafter, host IF) 121, a memory 
interface controller (hereinafter, memory IF) 122, a micro 
processor unit (MPU) 123, a read only memory (ROM) 124, 
and a random access memory (RAM) 125. 
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0027. The host IF 121 is electrically connected to the 
main controller 27, receives a signal transferred from the 
main controller 27, and transmits a signal to the main 
controller 27. Specifically, the host IF 121 receives a com 
mand (a write command, a read command or the like) 
transferred from the main controller 27, and transfers the 
command to the MPU 123. In addition, the host IF121 sends 
a response of the MPU 123 in response to the command 
transferred from the main controller 27 to the main control 
ler 27. In this manner, the host IF121 controls a data transfer 
between the main controller 27 and the MPU 123. 
0028. The memory IF 122 is electrically connected to the 
NAND memory 11, and accesses the NAND memory 11 
according to the control of the MPU 123. 
0029. The MPU 123, based on the command transferred 
from the main controller 27, executes access processing (for 
example, write processing or read processing) to the NAND 
memory 11 according to a predetermined control program. 
0030 The ROM 124 stores in advance a control program 
for the MPU 123 to execute the access processing therein. 
0031. The RAM 125 temporarily stores required data. A 
portion of the memory area of the RAM 125 is used as a 
work area of the MPU 123. 
0032 Magnetic Disk Drive Unit 20 
0033. A magnetic disk drive unit 20 includes a disk 21, a 
head 22, a spindle motor (SPM) 23, an actuator 24, a driver 
integrated circuit (IC) 25, a head IC 26, the main controller 
27, a flash ROM (FROM) 28, a static RAM (SRAM) 29, and 
a synchronous DRAM (SDRAM) 30. 
0034. The disk 21 as the nonvolatile memory has a 
recording Surface on which data is magnetically recorded, 
for example in one surface thereof. The disk 21 is rotated at 
a high speed by the SPM 23. The SPM 23 is driven by a 
driving current (or driving Voltage) which is Supplied from 
the driver IC 25. The recording surface of the disk 21 has a 
plurality of tracks which are disposed in a concentric fashion 
or in a spiral shape. 
0035. The head (head slider) 22 is disposed correspond 
ing to the recording surface of the disk 21. The head 22 is 
disposed at a front edge of a suspension which protrudes 
from an arm of the actuator 24. The actuator 24 includes a 
voice coil motor (VCM) 240, which is a driving source of 
the actuator 24. The VCM 240 is driven by a driving current 
(or driving voltage) supplied from the driver IC 25. Accord 
ing to the actuator 24 being driven by the VCM 240, the 
head 22 moves so as to draw an arc over the disk 21 in a 
radius direction of the disk 21. 
0036 Meanwhile, FIG. 1 illustrates a configuration in 
which one disk 21 is included. However, a plurality of disks 
21 may be disposed in a stacked manner. In addition, in FIG. 
1, the disk 21 has the recording Surface in one surface 
thereof. However, the recording surfaces may be formed in 
both surfaces of the disk 21, and the head may be disposed 
corresponding to each of both recording Surfaces. 
0037. The driver IC 25 drives the SPM 23 and the VCM 
240, according to the control of the main controller 27. 
When the VCM 240 is driven by the driver IC 25, the head 
22 is positioned over a target track on the disk 21. Further 
more, the driver IC 25 receives a power supply voltage from 
a power supply controller 41, and as will be described later, 
Supplies the power Supply Voltage to each unit. 
0038. The head IC 26 is disposed at a position separated 
from the actuator 24 in FIG. 1, but is fixed to a predeter 
mined portion of the actuator 24, for example, and is 
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electrically connected to the main controller 27 via a flexible 
print circuit board (FPC). The head IC 26 amplifies a read 
signal which is read by a read element of the head 22. In 
addition, the head IC 26 converts write data which is 
supplied from the main controller 27 into a write current, 
and outputs the write current to a write element of the head 
22. 
0039. The main controller 27 is achieved by a large scale 
integrated circuit (LSI) in which, for example, a plurality of 
components are integrated in a single chip. The main con 
troller 27 includes a read and write (R/W) channel 271, a 
hard disk controller (HDC) 272, and an MPU 273. 
0040. The R/W channel 271 processes a signal relating to 
read and write. That is, the R/W channel 271 converts the 
read signal amplified by the head IC 26 into digital data, and 
decodes read data from the digital data. In addition, the R/W 
channel 271 encodes the write data which is supplied from 
the HDC 272 via the MPU 273, and transfers the encoded 
write data to the head IC 26. 
0041 An HDC 272 is electrically connected to a host 
interface (host IF) 52 of the host device 51 via a device 
interface (device IF) 274. The device IF 274 receives a 
signal transferred from the host device 51, and transfers a 
signal to the host device 51. Specifically, the HDC 272 
receives an access command (a write command, a read 
command or the like) which is transferred from the host 
device 51, and transfers the received command to the MPU 
273. The HDC 272 controls the data transfer between the 
host device 51 and the HDC 272. The HDC 272 also 
functions as a disk interface controller which controls writ 
ing to the disk 21 and reading from the disk 21, via the MPU 
273, the R/W channel 271, the head IC 26, and the head 22. 
0042. The MPU 273 controls an access to the NAND 
memory 11 through the memory controller 12, and controls 
an access to the disk 21 through the R/W channel 271, the 
head IC 26, and the head 22, according to an access 
command (a write command, or a read command) from the 
host device 51. 
0043. In addition, the MPU 273, based on a device sleep 
(DEVSLP) signal which is supplied from the host device 51, 
controls the power Supply controller 41, and executes the 
device sleep processing, which will be described later. 
0044) The above-described operation of the MPU 273 is 
executed in accordance with a firmware stored in the FROM 
28. 

0045. A portion of the memory area of the SRAM 29 is 
used as a work area of the MPU 273, in which the data or 
the like stored in a system area of the NAND memory 11 is 
temporarily retained. 
0046. The SDRAM 30 temporarily retains the data or the 
like stored in the system area of the NAND memory 11. 
0047. The power supply controller 41, based on a request 
which is supplied from the MPU 273 or the host device 51, 
controls the power supply to the hybrid drive 1. That is, the 
power supply controller 41 is connected to the host device 
51 via the host IF 52, and is connected to the MPU 273 of 
the main controller 27, the driver IC 25 of the magnetic disk 
drive unit 20, and the SDRAM. 30. The power supply 
controller 41 Supplies a power Supply Voltage to the driver 
IC 25, and the SDRAM. 30. The driver IC 25 applies the 
power Supply Voltage from the power Supply controller 41 to 
the NAND memory 11, the memory controller 12, the head 
IC 26, the main controller 27, the FROM 28, the SRAM 29, 
and the SDRAM. 30. Furthermore, when the power supply 
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voltage is applied, the driver IC 25 supplies a power-on reset 
signal to the main controller 27. 
0048. In addition, as will be describe later, when entering 
the device sleep state, the power supply controller 41 cut off 
the power supply to each unit. When returning from the 
device sleep state, the power Supply controller 41 generates 
a boot indicator signal, according to negating of the 
DEVSLP signal which is supplied from the host device 51, 
and supplies the generated signal to the MPU 273. The boot 
indicator signal includes information on whether or not the 
power supply voltage is applied to the SDRAM 30 in the 
device sleep state. The MPU 273, based on the boot indi 
cator signal which is Supplied from the power Supply 
controller 41, determines whether or not to be normally 
powered on or returned from the device sleep state. 
0049 Meanwhile, an example in which the above-de 
scribed hybrid drive 1 includes two nonvolatile memories of 
the disk 21 and the NAND memory 11, is illustrated. 
However, the hybrid drive 1 is not limited to this, and may 
be configured with a plurality of kinds of nonvolatile memo 
ries in which an access speed or a memory capacity is 
different from each other. 
0050 Sequence of Device Sleep Processing 
0051 FIG. 2 schematically illustrates a sequence of 
device sleep processing. 
0052. As illustrated in FIG. 2, when a status of hybrid 
drive 1 is a state of PHYRDY, Partial, or Slumber, a state of 
the DEVSLP signal which is supplied from the host device 
51 is in a negative state. At this time, if the DEVSLP signal 
is asserted, the MPU 273 executes a preparation for entering 
the device sleep state. In addition, as will be described later, 
if the DEVSLP signal is asserted, preceding processing for 
entering the device sleep state is executed by the MPU 273 
and the power supply controller 41, and after that, the power 
of the hybrid drive 1 which includes the device IF 274 is 
turned off. Due to this, the device IF 274 enters the device 
sleep state later than the host IF 52. 
0053. In the present embodiment, as will be described 

later, the device sleep processing includes a case where the 
power supply to the SDRAM 30 is cut off (hereinafter, first 
device sleep processing), and a case where the power Supply 
to the SDRAM 30 is not cut off (hereinafter, second device 
sleep processing). 
0054. In a case of the first device sleep processing, the 
data retained in the SRAM 29 and the SDRAM30 is backed 
up in the NAND memory 11. In addition, in a case of the 
second device sleep processing, the data stored in the SRAM 
29 is backed up in the SDRAM30. The second device sleep 
processing may reduce the number of writing to the NAND 
memory 11. 
0055. After this preparation is finished, the MPU 273 
issues a power-off request with respect to the power Supply 
controller 41. In a case of the second device sleep process 
ing, the power Supply controller 41 cuts off the power Supply 
to the driver IC 25 according to the request, and thereby the 
hybrid drive 1 is powered off and enters the device sleep 
state, except for the power supply controller 41 and the 
SDRAM. 30. 

0056 Meanwhile, in a case of returning from the device 
sleep state, if the state of the DEVSLP signal which is 
supplied to the power supply controller 41 from the host 
device 51 is negative state, the power supply controller 41 
starts the power supply to the driver IC 25. The driver IC 25 
applies the power Supply Voltage to the main controller 27, 
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the FROM 28, the SRAM 29, and the SDRAM 30, and 
Supplies the power-on reset signal to the main controller 27. 
The main controller 27 starts the firmware by executing the 
power-on processing. The MPU 273 of the main controller 
27 determines whether the hybrid drive 1 is normally 
powered on or the hybrid drive 1 is returned from the device 
sleep state, according to the boot indicator signal which is 
Supplied from the power Supply controller 41. As a result, in 
a case of returning from the device sleep, the data backed up 
in the NAND memory 11 or the SDRAM 30 is restored in 
the SRAM 29. After that, the MPU 273 stands by for 
out-of-band (OOB: for example, COMRESET or COM 
WAKE) from the host device 51, and if the OOB is detected, 
enters the PHYRDY State. 
0057 Condition for Performing Second Device Sleep 
Processing 
0.058 As described above, the present embodiment 
includes the first and second device sleep processings. When 
entering the device sleep state, if anyone of the following 
conditions (1), (2), and (3) is satisfied, the second device 
sleep processing is executed in which the power Supply 
controller 41 does not cut off the power supply to the 
SDRAM 30, the MPU 273 stores management information 
or the like of the system area (hereinafter, data) in the 
SDRAM 30, instead of in the NAND memory 11. 
0059 (1) Time Dt between the time when returned from 
the preceding first device sleep processing and the present 
time does not exceed a retainable interval (time) Mt of the 
data in the NAND memory 11. 
0060 (2) The total number Tc of times the first device 
sleep processing is executed exceeds a threshold value Fc. 
0061 (3) The number Pc of times the first device sleep 
processing is executed within an arbitrary time interval “It’ 
exceeds a threshold Gc. 
0062 By executing the second device sleep processing 
using one of the above-described conditions (1), (2), and (3), 
it is possible to suppress the number of writing in the NAND 
memory 11, even if the device sleep request issued from the 
host device 51 is frequent. 
0063. In addition, by adjusting the values of the time Mt. 
the threshold Fc, and the threshold Gc, within a range which 
satisfies the product operation guarantee period in which the 
maximum limit of the rewriting times to the NAND memory 
11 is considered, it is possible to cause the hybrid drive 1 to 
execute the first device sleep processing in response to the 
device sleep request of the host device 51. 
0064. Meanwhile, one of the above-described conditions 
(1), (2), and (3) may be used, or two or more of them may 
be used for the condition triggering the second device sleep 
processing. In the following embodiments, a case where 
each one of the conditions (1), (2), and (3) is used for the 
triggering condition will be described. 

Second Embodiment 

0065. In a second embodiment, whether the condition (1) 
is met is determined, and the first device sleep processing or 
the second device sleep processing is executed accordingly. 
0.066 An example of a calculation method of the retain 
able interval Mt of the management information or the like 
which is used for the condition (1) will be illustrated in the 
following description. 
0067. If the number of rewritable times with respect to 
the NAND memory 11 is defined as Nc, the size (Byte) of 
an area of the NAND memory 11 which is secured for 
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retaining the management information or the like of the 
system area is defined as Ns, a retention size (Byte) of the 
management information or the like of the system area per 
device sleep is defined as Ss, and the number of retainable 
times of the management information or the like of the 
system area is defined as Sc, the number of retainable times 
Sc is represented by the following Formula (1). 

Sc=(NoxNs)/Ss (1) 

0068. If the product operation guarantee period (time) is 
Lt, the retainable interval (time) Mt of the management 
information or the like of the system area is represented by 
the following Formula (2). 

Mt = LifSc (2) 

0069. By executing the second device sleep processing 
(data is not retained in the NAND memory 11, and power 
supply voltage is not applied to the SDRAM. 30) without 
writing to NAND memory 11, as long as the following 
Formula (3) is not satisfied, even if there is a device sleep 
request from the host device 51, it is possible to satisfy the 
product operation guarantee period. 

Disai (3) 

0070 Here, Dt is the time between the time when 
returned from the preceding first device sleep processing 
(data is retained in the NAND memory 11 and power is off) 
and the present time. 
(0071. For example, if Nc-10,000 times, Ns=2 GB, Ss=2 
MB, and Lt=26,280 hours (three years), the retainable times 
Sc of the management information or the like which is 
retained in the system area becomes as follows from For 
mula (1). 

Sc=(NoxNs)/SS=10,000,000 times 

0072 The retainable interval (time) Mt of the manage 
ment information or the like which is retained in the system 
area becomes as follows from Formula (2). 

Mt = LifSc 

= 26,280 hours 10,000,000 times 

= 9.46 seconds 

0073. Accordingly, even if the first device sleep process 
ing is executed by one per 9.46 seconds in a shortest time, 
it is possible to satisfy the product operation guarantee 
period. 
0074. Operation of Second Embodiment 
0075 An operation of the second embodiment which 
uses the condition (1) will be described with reference to 
FIGS. 3 to 7. 

0076. As illustrated in FIG. 3, if the power of the hybrid 
drive 1 is turned on, the power supply controller 41 starts the 
power supply to the driver IC 25. The driver IC 25 applies 
the power supply voltage to the main controller 27, and 
supplies the power-on reset signal. The main controller 27 
executes power-on initialization processing, thereby starting 
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the firmware (S11). The MPU 273 of the main controller 27 
determines that the power-on is a normal power-on based on 
the boot indicator signal which is supplied from the power 
supply controller 41. 
0077. After that, an operation of a hardware timer (not 
illustrated) which is built in, for example, the MPU 273, is 
started, and time is measured (S12). Meanwhile, while not 
being limited to the hardware timer, a software timer may be 
used. 
0078. Subsequently, by the power-on initialization pro 
cessing, the retainable interval (time) Mt of the management 
information or the like of the system area of the NAND 
memory 11 is calculated (S13). 
0079. After the above-described retainable interval Mt is 
calculated, the MPU 273 enters a ready state (S14). 
0080. After that, whether or not the command issued by 
the host device 51 is received is determined (S15). As a 
result, if it is determined that the command is received, 
processing corresponding to the command is executed 
(S16). For example, if a write command is received, data 
write processing is executed according to the write com 
mand. After that, the control proceeds to step S15. 
0081. On the other hand, if the command is not received, 
whether or not the device sleep request issued by the host 
device 51 is detected is determined (S17). That is, whether 
or not the DEVSLP signal is asserted is determined. As a 
result, if the DEVSLP signal is not asserted, the control 
proceeds to step S15. 
0082 Meanwhile, if it is determined that the DEVSLP 
signal is asserted, the device sleep processing is executed 
(S18). 
I0083 FIG. 4 illustrates the execution of the device sleep 
processing according to the second embodiment. 
0084. In FIG. 4, the time Dt between the time when 
returned from the preceding first device sleep processing and 
the present time is first calculated (S21). The time Dt is 
calculated using the time measured by, for example, the 
hardware timer. The time when returned from the preceding 
first device sleep processing is retained in, for example, the 
NAND memory 11 or the disk 21, and this time is read in the 
power-on initialization processing. 
0085. Next, whether or not the time Dt exceeds the 
retainable interval (time) Mt of the management information 
or the like of the system area is determined (S22). As a 
result, if it is determined that the time Dt is equal to or 
exceeds the time Mt, preceding processing of the first device 
sleep processing is executed (S23). If it is determined that 
the time Dt does not exceed the time Mt, preceding pro 
cessing of the second device sleep processing is executed 
(S24). 
I0086 FIG. 5 illustrates an example of preceding process 
ing of the first device sleep processing. 
I0087. In the preceding processing of the first device sleep 
processing, the management information or the like retained 
in the SRAM 29 and the SDRAM 30, which are volatile 
memories, is first backed up in the system area of the NAND 
memory 11, which is a nonvolatile memory (S31). 
I0088. After that, the power supplies of the SRAM 29 and 
the SDRAM30 are cut off by the power supply controller 41 
(S32). 
I0089 FIG. 6 illustrates an example of preceding process 
ing of the second device sleep processing. 
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0090. In the preceding processing of the second device 
sleep processing, the data retained in the SRAM 29, which 
is a volatile memory, is first backed up in the SDRAM 30 
(S41). 
0091. After that, the power supply to the SRAM 29 is cut 
off by the power supply controller 41, and the power supply 
to the SDRAM 30 is maintained (S42). 
0092. After the preceding processing of the above-de 
scribed first or second device sleep processing is executed, 
the control proceeds to step S25 as illustrated in FIG. 4. In 
step S25, the power supplies to circuits except for the 
volatile memory and the power supply controller 41 are cut 
off. That is, if the preceding processing S23 of the first 
device sleep processing is executed, the power Supply to the 
SRAM 29 and the SDRAM 30 has been already cut off. In 
this state, the power supplies to the circuits except for the 
power supply controller 41 are cut off. In addition, if the 
preceding processing S24 of the second device sleep pro 
cessing is executed, the power supply to the SRAM 29 has 
been already cut off, and the power supply to the SDRAM 
30 is maintained. In this state, the power supplies to the 
circuits except for the SDRAM 30 and the power supply 
controller 41 are cut off. In this manner, the power supplies 
to the circuits except for the power supply controller 41 are 
cut off, and the device sleep state is performed (S26). 
0093. In the device sleep state, whether or not a return 
request from the device sleep state is detected by the power 
supply controller 41 is determined (S27). That is, the power 
supply controller 41 is in a detection stand-by state of the 
negative state of the DEVSLP signal supplied from the host 
device 51. In this state, if the negative state of the DEVSLP 
signal is detected by the power supply controller 41, the 
control proceeds to a return operation from the device sleep 
state as illustrated in step S19 of FIG. 3. 
0094 FIG. 7 illustrates an example of the return opera 
tion from the device sleep state. 
0095. If the DEVSLP signal which is supplied from host 
device 51 to the power supply controller 41 is in the negative 
state, the power Supply controller 41, as described above, 
starts the power supply to the driver IC 25. The driver IC 25 
applies the power Supply Voltage to the main controller 27, 
the FROM 28, the SRAM 29, the SDRAM 30, and the like, 
and Supplies the power-on reset signal to the main controller 
27. The main controller 27 starts the firmware by executing 
the power-on processing (S51). 
0096. The MPU 273 of the main controller 27 determines 
whether the hybrid drive 1 is normally powered on, or the 
hybrid drive 1 is returned from the device sleep state, using 
the boot indicator signal which is supplied from the power 
Supply controller 41. As a result, in a case of return from the 
device sleep, whether or not the power supply to the 
SDRAM 30 is disconnected is determined (S52). This 
determination is performed based on the information on 
whether or not the power Supply Voltage is applied to the 
SDRAM 30 in the device sleep state included in the boot 
indicator signal. As a result, if the power Supply to the 
SDRAM30 is cut off, it is determined to return from the first 
device sleep processing, and the data backed up in the 
NAND memory 11 is read and restored in the SRAM 29 and 
the SDRAM30 (S53). In addition, if the power supply to the 
SDRAM30 is not cut off, it is determined to return from the 
second device sleep processing, and the data backed up in 
the SDRAM 30 is read and restored in the SRAM 29 (S54). 
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(0097. After that, detection stand-by for the GOB from the 
host device 51 is performed (S55). In this state, if the GOB 
is detected, the power supply states of the host IF and the 
device IF are returned to the PHYRDY state (S56), and are 
returned from the device sleep state (S57). 
0098. According to the above-described second embodi 
ment, when entering the device sleep state, whether or not 
the time Dt between the time when returned from the 
preceding device sleep state and the present time exceeds the 
retainable interval (time) Mt of the management information 
or the like of the system area, is determined. If the time Dt 
does not exceeds the time Mt, the data retained in the SRAM 
29 is not backed up in the NAND memory 11 by the second 
device sleep processing, and is backed up in the SDRAM30 
to which the power Supply Voltage is continuously supplied. 
Due to this, it is possible to reduce the number of writing 
times in the NAND memory 11, and to suppress perfor 
mance degradation of the NAND memory 11. 
(0099. In addition, the retainable interval (time) Mt of the 
management information or the like retained in the system 
area, the threshold Fc, and the threshold Gc are adjustable. 
Due to this, within a range which satisfies the product 
operation guarantee period in which the maximum limit of 
the rewriting times to the NAND memory 11 is considered, 
it is possible to execute the first device sleep processing 
according to the device sleep request of the host device 51. 
Thus, it is possible to vary the time period required until the 
first device sleep processing is executed, and to achieve both 
prevention of the performance degradation of the NAND 
memory 11 and power consumption reduction. 

Third Embodiment 

0100. In the second embodiment, based on the condition 
(1), whether the first device sleep processing is executed or 
the second device sleep processing is executed, is deter 
mined. In a third embodiment, based on the condition (2) 
instead, and thereby the first device sleep processing or the 
second device sleep processing is executed. 
0101. In the above-described condition (2), whether or 
not the total number Tc of times the first device sleep 
processing is executed exceeds the threshold Fc is deter 
mined. 
0102) An example of a calculation method of the thresh 
old Fc which is used for the condition (2) is illustrated in the 
following description. 
0103 Here, if the total power-on life time is defined as 
PLt, the threshold Fc is represented by the following For 
mula (4). 

0104. Here, Sc represents the retainable times of the 
management information or the like of the system area, and 
Lt represents the product operation guarantee period (time). 
0105. Here, if Sc of Formula (4) is substituted with 
Formula (1), the threshold Fc is represented by following 
Formula (5). 

0106 Here, Nc represents the rewritable times for the 
NAND memory 11, NS represents the size of an area on the 
NAND memory 11 which is secured for retaining the 
management information or the like of the system area, and 
SS represents the retention size of the management infor 
mation or the like of the system area per the device sleep. 
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01.07 Thus, if the total number Tc of times the first device 
sleep processing is executed until now, that is, the total 
number Tc of times the management information or the like 
of the system area is retained in the NAND memory 11 does 
not exceeds the threshold Fc, it is possible to continuously 
execute the first device sleep processing. 
0108 For example, if the retainable times Sc of the 
management information or the like of the system area is 
10,000,000 times, the total power-on life time PLt is 10 
hours, and the product operation guarantee period Lt is 
26,280 hours (three years), the threshold Fc is calculated as 
follows from Formula (5). 

Fc=10,000,000 timesx(10 hours. 26.280 hours)=3, 
805 times 

0109 That is, if the total power-on life time PLt of the 
hybrid drive 1 is 10 hours and the first device sleep pro 
cessing is not executed during the 10 hours at all, it is 
possible to continuously execute the first device sleep pro 
cessing, even if there is a device sleep request of 3,805 
times. That is, it is possible to vary the time period required 
until executing the first device sleep processing is possible 
for the next time, unlike the case of the condition (1). 
0110. Meanwhile, the total number Tc of times the device 
sleep state is entered is increased each time the first device 
sleep processing is executed. 
0111 Operation of Third Embodiment 
0112 An operation of a third embodiment in which the 
condition (2) is used will be described with reference to 
FIGS. 3 and 8. Meanwhile, the same signs and reference 
numerals will be attached to the same parts as in the second 
embodiment, and description thereof will be omitted. 
0113. As illustrated in FIG. 3, if the power supply to the 
hybrid drive 1 is on, the firmware is started in step S11, and 
the operation of the hardware timer is started in step S12. 
After that, by the power-on initialization processing, the 
total number Tc of times the first device sleep processing is 
executed is calculated (S13). The total number Tc is calcu 
lated based on the recording of operation log, for example. 
After the operation, the hybrid drive 1 enters a ready state 
(S14). 
0114 Subsequently, steps S15 to S17 are executed, and in 
step S17, if the device sleep request is detected, the device 
sleep is executed (S18). 
0115 FIG. 8 illustrates an execution of the device sleep 
processing according to the third embodiment. 
0116. In FIG. 8, the threshold Fc is first calculated using 
the above-described Formula (5) (S61). After that, whether 
or not the total number Tc of times the device sleep state is 
entered does not exceed the threshold Fc is determined 
(S62). As a result, if the total number Tc does not exceed the 
threshold Fc, the total number Tc is increased (S63), and the 
preceding processing of the first device sleep processing 
illustrated in FIG. 5 is executed (S23). Meanwhile, if the 
total number Tc exceeds the threshold Fc, the preceding 
processing of the second device sleep processing illustrated 
in FIG. 6 is executed (S24). 
0117. In this manner, after the preceding processing of 
the first or second device sleep processing is executed, the 
hybrid drive 1 enters the device sleep state after step S25 
(S26). After that, if a return request from the device sleep 
state is detected (S27), return processing from the device 
sleep is executed by step S19 illustrated in FIG. 3. 
0118. According to the above-described third embodi 
ment, when the storage device enters the device sleep state, 
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whether or not the total number Tc of times the device sleep 
state is entered exceed the threshold Fc is determined. As a 
result, if the total number Tc exceeds the threshold Fc, the 
second device sleep processing is executed. Due to this, it is 
possible to reduce the number of writing times in the NAND 
memory 11, and to Suppress the performance degradation of 
the NAND memory 11. 
0119. In addition, according to the third embodiment, the 
threshold Fc is calculated using the total power-on life time 
PLt, the product operation guarantee period Lt, or the like, 
and thereby it is possible to vary the threshold Fc. Due to 
this, it is possible to vary the time period required until the 
second device sleep processing is executed, and to achieve 
both prevention of the performance degradation of the 
NAND memory 11 and power consumption reduction. 

Fourth Embodiment 

0.120. A fourth embodiment determines the condition (3), 
and thereby the first device sleep processing or the second 
device sleep processing is executed. 
I0121. As the condition (3), whether or not the number PC 
of times the first device sleep processing is executed within 
the arbitrary time interval “It’ exceeds the threshold Gc is 
determined. 
I0122) An example of a calculation method of the thresh 
old Gc, which is used for the condition (3), is illustrated in 
the following description. 
I0123. Here, if the retainable times of the management 
information or the like of the system area is defined as Sc, 
an arbitrary time interval is defined as “It’, and a product 
operation guarantee period is defined as Lt, a threshold Gc 
is represented by following Formula (6). 

0.124. If Sc of Formula (6) is substituted with Formula 
(1), Gc is represented by following Formula (7). 

(0.125. Here, Nc represents rewritable times in the NAND 
memory 11, Ns represents the size of an area on the NAND 
memory 11 secured for retaining the management informa 
tion or the like of the system area, and Ss represents the 
retention size of the management information or the like of 
the system area per the device sleep. 
0.126 Thus, if the number Pc of times the first device 
sleep processing is executed during the arbitrary time inter 
val “It’ does not exceed the threshold Gc, it is possible to 
continuously perform the first device sleep processing. 
I0127. Meanwhile, each time the power supply is on or 
power-on life time Pt reaches the arbitrary time interval Itxn 
(n is natural number), the number PC of times the first device 
sleep processing is executed is initialized to “0”, and each 
time the first device sleep processing is executed, Pc is 
increased. In addition, the arbitrary time interval “It’ may be 
varied at an arbitrary timing after the power is on. 
I0128 Operation of Fourth Embodiment 
I0129. An operation of a fourth embodiment in which the 
condition (3) is used will be described with reference to 
FIGS. 9 and 10. Meanwhile, the same signs and reference 
numerals will be attached to the same parts as in the second 
and third embodiments, and description thereof will be 
omitted. 
I0130. As illustrated in FIG. 9, if the power supply to the 
hybrid drive 1 is on, the firmware starts in step S11, and the 
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operation of the hardware timer is started in step S12. After 
that, the power-on life time Pt, and the number Pc of times 
the first device sleep processing is executed within the 
arbitrary time interval “It’ are cleared, and the arbitrary time 
interval "It is initialized to a constant value, and “n” is 
initialized to “1” (S71). 
0131. After the above-described initialization, the MPU 
273 enters a ready state (S14). 
0132) Subsequently, the value of the hardware timer is set 
to the power-on life time Pt (S72). 
0133. After that, whether or not the power-on life time Pt 
is equal to or longer than the arbitrary time interval Itxn is 
determined (S73). As a result, if the power-on life time Pt is 
equal to or longer than the arbitrary time interval Itxn, the 
number Pc of times the first device sleep processing is 
executed is cleared to “0”, and the value of “n” is increased 
(S74). In addition, in the determination of step S73, if the 
power-on lifetime Pt does not reach the arbitrary time 
interval Itxn, step S74 is skipped. 
0134) Subsequently, steps S15 to S17 are executed, and in 
step S17, if a device sleep request is detected, the device 
sleep processing is executed (S18). 
0135 FIG. 10 illustrates execution of the device sleep 
processing according to the fourth embodiment. 
0136. In FIG. 10, the threshold Gc is first calculated using 
Formula (6) (S81). 
0.137 After that, whether or not the number Pc of times 
the first device sleep processing is executed during the 
arbitrary time interval "It does not exceed the threshold Gc 
is determined (S82). As a result, if the number Pc does not 
exceed the threshold Gc, the number Pc is increased (S83), 
and the preceding processing of the first device sleep pro 
cessing illustrated in FIG. 5 is executed (S23). In addition, 
as a result of the determination, if the number Pc of times 
exceeds the threshold Gc, the preceding processing of the 
second device sleep processing illustrated in FIG. 6 is 
executed (S24). 
0.138. As described above, after the preceding processing 
of the first or second device sleep processing is executed, the 
hybrid drive 1 enters the device sleep state through step S25 
(S26). After that, if the return request from the device sleep 
state is detected (S27), the return processing from the device 
sleep is executed using step S19 illustrated in FIG. 9. 
0.139. According to the fourth embodiment, when enter 
ing the device sleep state, whether or not the number Pc of 
times the first device sleep processing is executed within the 
arbitrary time interval “It’ exceeds the threshold Gc is 
determined. As a result, if the number Pc exceeds the 
threshold Gc, the second device sleep processing is 
executed. Due to this, it is possible to reduce the number of 
writing times in the NAND memory 11, and to suppress the 
performance degradation of the NAND memory 11. 
0140. In addition, according to the fourth embodiment, it 

is possible to vary the arbitrary time interval “It’. Due to 
this, it is possible to vary the time period required until the 
second device sleep processing is executed, and to achieve 
both prevention of the performance degradation of the 
NAND memory 11 and power consumption reduction. 
0141 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inven 
tions. Indeed, the novel embodiments described herein may 
be embodied in a variety of other forms; furthermore, 
various omissions, Substitutions and changes in the form of 

Apr. 20, 2017 

the embodiments described herein may be made without 
departing from the spirit of the inventions. The accompa 
nying claims and their equivalents are intended to cover 
such forms or modifications as would fall within the scope 
and spirit of the inventions. 
What is claimed is: 
1. A storage device comprising: 
a nonvolatile memory; 
a volatile memory; 
a power Supply control circuitry configured to control 

power Supply to the nonvolatile memory and the Vola 
tile memory; and 

a control circuitry configured to carry out selected one of 
a first operation and a second operation in response to 
a request received from a device external to the storage 
device, wherein 

the first operation includes controlling the power Supply 
circuitry to cut off the power supply to the nonvolatile 
memory and the Volatile memory, and 

the second operation includes controlling the power Sup 
ply circuitry to cut off the power Supply to the non 
Volatile memory and to maintain the power Supply to 
the volatile memory. 

2. The storage device according to claim 1, wherein 
the control circuitry is further configured to cause data 

stored in the volatile memory to be transferred to the 
nonvolatile memory before the power supply to the 
volatile memory is cut off during the second operation. 

3. The storage device according to claim 2, wherein 
the nonvolatile memory includes a nonvolatile semicon 

ductor memory and a magnetic disk, and 
the data stored in the volatile memory are transferred to 

the nonvolatile semiconductor memory. 
4. The storage device according to claim 1, wherein 
the request is a request to cause the storage device to enter 

into a sleep state. 
5. The storage device according to claim 1, further com 

pr1S1ng: 

a second Volatile memory, wherein 
the control circuitry is further configured to control the 
power Supply circuitry to cut off power Supply to the second 
Volatile memory during the first and second operations. 

6. The storage device according to claim 5, wherein 
the control circuitry is further configured to cause data 

stored in the second volatile memory to be transferred 
to the nonvolatile memory before the power supply to 
the nonvolatile memory and the power Supply to the 
second volatile memory are cut off during the first 
operation. 

7. The storage device according to claim 5, wherein 
the control circuitry is further configured to cause data 

stored in the second volatile memory to be transferred 
to the volatile memory before the power supply to the 
second volatile memory is cut off during the second 
operation. 

8. The storage device according to claim 5, wherein 
the volatile memory is an SDRAM, and 

the second volatile memory is an SRAM. 
9. The storage device according to claim 1, wherein 
the nonvolatile memory is a nonvolatile semiconductor 

memory. 
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10. The storage device according to claim 1, wherein 
the request is notified by assertion of a sleep signal, and 
the control circuitry is further configured to control the 
power Supply control circuitry to resume the power 
Supply to the nonvolatile memory and the power Supply 
to the Volatile memory in response to negation of the 
sleep signal after the first operation, and the power 
Supply to the nonvolatile memory in response to nega 
tion of the sleep signal after the second operation. 

11. A method for processing a storage device including a 
nonvolatile memory and a volatile memory, the method 
comprising: 

receiving a request from a device external to the storage 
device; and 

in response to the request received, carrying out selected 
one of a first operation and a second operation, wherein 

the first operation includes cutting off power Supply to the 
nonvolatile memory and power Supply to the Volatile 
memory; and 

the second operation includes cutting off the power Supply 
to the nonvolatile memory while maintaining the power 
Supply to the volatile memory. 

12. The method according to claim 11, wherein 
the second operation further includes transferring data 

stored in the volatile memory to the nonvolatile 
memory before the power supply to the volatile 
memory is cut off. 

13. The method according to claim 12, wherein 
the nonvolatile memory includes a nonvolatile semicon 

ductor memory and a magnetic disk, and 
the data stored in the volatile memory are transferred to 

the nonvolatile semiconductor memory. 
14. The method according to claim 11, wherein 
the request is a request to cause the storage device to enter 

into a sleep state. 
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15. The method according to claim 11, wherein 
the storage device further includes a second volatile 

memory, and 
each of the first operation and the second operation further 

includes cutting off power Supply to the second volatile 
memory. 

16. The method according to claim 15, wherein 
the first operation further includes transferring data stored 

in the second volatile memory to the nonvolatile 
memory before the power supply to the nonvolatile 
memory and the power Supply to the second volatile 
memory are cut off. 

17. The method according to claim 15, wherein 
the second operation further includes transferring data 

stored in the second volatile memory to the volatile 
memory before the power supply to the second volatile 
memory is cut off. 

18. The method according to claim 15, wherein 
the volatile memory is an SDRAM, and 
the second volatile memory is an SRAM. 
19. The method according to claim 11, wherein 
the nonvolatile memory is a nonvolatile semiconductor 

memory. 

20. The method according to claim 11, wherein the 
request is notified by assertion of a sleep signal, the method 
further comprising: 

resuming the power Supply to the nonvolatile memory and 
the power supply to the volatile memory in response to 
negation of the sleep signal after the first operation; and 

resuming the power Supply to the nonvolatile memory in 
response to negation of the sleep signal after the second 
operation. 


