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(57) ABSTRACT 

According to one embodiment, a disk array control device 
manages a plurality of drives as a single logical drive. The 
disk array control device includes a ?rst register con?gured to 
store a to-he-accessed drive number Which is designated by a 
host, and a control module. The control module is con?gured 
to receive a command from the host, determine Whether the 
received command is a predetermined command Which is 
used for maintenance of each of the drives, and execute, in a 
case Where the received command is the predetermined com 
mand, a pass-through process of sending the received com 
mand to the drive Which is designated by the to-be-accessed 
drive number in the ?rst register. 
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DISK ARRAY CONTROL DEVICE AND 
STORAGE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the ben 
e?t of priority from Japanese Patent Application No. 2008 
278646, ?led Oct. 29, 2008, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND 

[0002] 1. Field 
[0003] One embodiment of the present invention relates to 
a disk array control device Which manages a plurality of 
drives as a single logical drive, and a storage device including 
the disk array control device. 
[0004] 2. Description of the Related Art 
[0005] In recent years, in an information processing appa 
ratus such as a server or a personal computer, use is made of 

a disk array control system such as a redundant array of 
inexpensive disks (RAID). 
[0006] The disk array control system is a system Which 
handles a plurality of drives, such as hard disk drives, as a 
single logical drive. In the disk array control system, data is 
distributively Written in a plurality of drives in units of a data 
block. Accordingly, the performance of data Write and read 
can be improved. 
[0007] Jpn. Pat. Appln. KOKAI Publication No. 2007 
188372 discloses a disk array controller Which controls an 
array disk that comprises a plurality of disk drives. In order to 
make it possible to update the ?rmware of each disk drive, the 
disk array controller includes a memory module Which stores 
a ?ag designating Whether the plural disk drives are used as an 
array disk or are used as unit disk drives. In the case Where the 
?ag is “l”, the disk array controller executes a process for 
array-controlling the plural disk drives. On the other hand, in 
the case Where the ?ag is “0”, the disk array controller enables 
a system apparatus to access each disk drive as a unit disk 
drive. 
[0008] In the disk array controller of Jpn. Pat. Appln. 
KOKAI Publication No. 2007-188372, hoWever, in the case 
Where the ?ag is “0”, no process for array control is executed, 
and all commands from the system, Which include data read/ 
Write commands, are directly sent to a certain disk drive. 
Thus, if the ?ag is set to “0” during the operation of the system 
in Which the plural disk drives are array-controlled, the data 
structure, Which is constructed on the array disk, may possi 
bly be destroyed. Consequently, it is practically dif?cult to 
update the ?rmWare during the operation of the system. 
[0009] Therefore, it is necessary to realiZe a novel function 
Which can execute a process relating to the maintenance of 
each of the drives even in the state in Which the operating 
system is running. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0010] A general architecture that implements the various 
feature of the invention Will noW be described With reference 
to the draWings. The draWings and the associated descriptions 
are provided to illustrate embodiments of the invention and 
not to limit the scope of the invention. 
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[0011] FIG. 1 is an exemplary block diagram shoWing a 
structure example of a storage device according to an embodi 
ment of the invention; 
[0012] FIG. 2 is an exemplary ?oW chart illustrating an 
example of the procedure of a command pass-through control 
process Which is executed by a disk array controller provided 
in the storage device according to the embodiment; 
[0013] FIG. 3 shoWs an example of a log page structure 
Which is stored in each of a plurality of drives provided in the 
storage device according to the embodiment; 
[0014] FIG. 4 shoWs a structure example of a pass-through 
control register provided in the storage device according to 
the embodiment; 
[0015] FIG. 5 is an exemplary vieW for explaining a pass 
through control operation for a DOWNLOAD MICRO 
CODE command, Which is executed by the disk array con 
troller provided in the storage device according to the 
embodiment; 
[0016] FIG. 6 is an exemplary vieW for explaining a pass 
through control operation for a SMART command, Which is 
executed by the disk array controller provided in the storage 
device according to the embodiment; 
[0017] FIG. 7 is an exemplary ?oW chart for describing an 
example of the procedure of an access process for a pass 
through control register in the storage device, Which is 
executed by the disk array controller provided in the storage 
device according to the embodiment; 
[0018] FIG. 8 is an exemplary ?oW chart for describing an 
example of the procedure of a pass-through control process 
for a DOWNLOAD MICROCODE command, Which is 
executed by the disk array controller provided in the storage 
device according to the embodiment; 
[0019] FIG. 9 is an exemplary ?oW chart for describing an 
example of the procedure of a pass-through control process 
for a SMART command, Which is executed by the disk array 
controller provided in the storage device according to the 
embodiment; 
[0020] FIG. 10 shoWs an example of implementation of the 
storage device according to the embodiment; 
[0021] FIG. 11 is an exemplary perspective vieW shoWing 
the external appearance of an information processing appa 
ratus including a main body in Which the storage device 
according to the embodiment is accommodated; and 
[0022] FIG. 12 is an exemplary block diagram shoWing the 
structure of the information processing apparatus shoWn in 
FIG. 11. 

DETAILED DESCRIPTION 

[0023] Various embodiments according to the invention 
Will be described hereinafter With reference to the accompa 
nying draWings. In general, according to one embodiment of 
the invention, a disk array control device manages a plurality 
of drives as a single logical drive. The disk array control 
device comprises a ?rst register con?gured to store a to-be 
accessed drive number Which is designated by a host, and a 
control module. The control module is con?gured to receive 
a command from the host, determine Whether the received 
command is a predetermined command Which is used for 
maintenance of each of the drives, and execute, in a case 
Where the received command is the predetermined command, 
a pass-through process of sending the received command to 
the drive Which is designated by the to-be-accessed drive 
number in the ?rst register. 
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[0024] To begin With, referring to FIG. 1, a structure 
example of a storage device according to an embodiment of 
the invention is described. The storage device is realized as a 
storage device Which supports, eg the AT attachment (ATA) 
standard. This storage device 12 is a drive device Which 
functions as an external storage device of an information 
processing apparatus 1 such as a server or a personal com 
puter. A host 11 and the storage device 12 are provided in the 
information processing apparatus main body of the informa 
tion processing apparatus 1. The host 11 is a core unit of the 
information processing apparatus 1 and is composed of a 
CPU Which executes various programs, a memory, etc. The 
storage device 12 is connected to the host 11 via an ATA 
interface such as a serial ATA interface. 

[0025] The storage device 12 comprises a RAID controller 
201 and a plurality of drives 210. The RAID controller 201 is 
a disk array controller for handling the plural drives 210 as a 
single logical drive. In the present embodiment, the RAID 
controller 201 and an n-number of drives 210 are provided in 
the housing of the storage device 12. In this case, the number 
“n” is an integer of 2 or more. 

[0026] The RAID controller 201 is interposed betWeen the 
host 11 and the n-number of drives 210. The RAID controller 
201 includes a host-side ATA interface 101 and an n-number 
of drive-side ATA interfaces 111. The RAID controller 201 is 
connected to the host 11 via the host-side ATA interface 101. 
In addition, the n-number of drives 210 are connected to the 
n-number of drive-side ATA interfaces 11 of the RAID con 
troller 201. 
[0027] Each drive 210 functions as an ATA device that is a 
drive supporting the ATA standard. Each drive 210 is com 
posed of, for instance, a hard disk drive (HDD) or a solid state 
drive (SSD). The SSD is a semiconductor disk drive Which 
stores data in a nonvolatile semiconductor memory such as a 
NAND ?ash memory. 
[0028] The RAID controller 201 is a controller for causing 
the n-number of drives 210 to appear as a single drive to the 
host 11. Since the RAID controller 201 and the n-number of 
drives 210 are built in the housing of the storage device 12, the 
storage device 12 is accessed as a single ATA device from the 
host 11. In order to improve the data read/Write performance, 
the RAID controller 201 distributes data among the n-number 
of drives 210. Various RAID levels, such as RAIDO, RAID3 
and RAID5, are applicable to the RAID controller 210. In the 
present embodiment, it is assumed that the RAID controller 
201 is realiZed, for instance, as a disk array controller corre 
sponding to RAIDO. 
[0029] The RAID controller 201 has a command pass 
through control function for enabling the n-number of drives 
210, Which are under the control of the RAID controller 201, 
to be directly accessed from the host 11. For example, the 
command pass-through control function can directly send 
(pass-through) only a predetermined command relating to the 
maintenance of drives from the host 11 to an arbitrary one of 
the n-number of drives 210. In order to realiZe this command 
pass-through control function, the RAID controller 201 
includes a pass-through control register 300. The pass 
through control register 300 is a register Which can be 
accessed by the host 11 With use of a command that is stipu 
lated in the ATA standard. The pass-through control register 
300 is used, for example, in order to store a to-be-accessed 
drive number Which is designated by the host 11. 
[0030] A control module 400 in the RAID controller 201 is 
a processor Which controls the operation of the RAID con 
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troller 201. As illustrated in a How chart of FIG. 2, the control 
module 400 receives a command that is sent from the host 11 
(block S11). The control module 400 determines Whether the 
received command is a predetermined command Which is 
used for the maintenance of drives (block S12). In the case 
Where the received command is the predetermined command, 
the control module 400 executes a pass-through process for 
sending the received command to the drive Which is desig 
nated by the to-be-accessed drive number that is set in the 
pass-through control register 300 by the host 11 (block S13). 
For example, if the host 11 has sent the above-described 
predetermined command to the storage device 12 in the state 
in Which the to-be-accessed drive number that designates the 
drive number 0 is set in the pass-through control register 300, 
the control module 400 of the RAID controller 201 sends the 
command, Which has been received by the host 11, to the 
drive 210 (ATA drive 0) corresponding to the drive number 0. 
On the other hand, if the received command is not the prede 
termined command, for example, if the received command is 
a data read/Write command, the control module 400 executes 
a RAID control process for executing data read/Write among 
the n-number of drives 210 (block S14). 
[0031] As the above-described predetermined command, 
use may be made of a DOWNLOAD MICROCODE com 
mand. The DOWNLOAD MICROCODE command is an 
ATA command Which is used in order for the host 11 to alter 
a microcode (?rmware) of the drive. 
[0032] As the above-described predetermined command, 
use may also be made of a SMART command. The SMART 
command is an ATA command for reading or Writing a log 
page structure (SMART information) Which is stored in the 
drive 210. 
[0033] As has been described above, the command pass 
through control function of the present embodiment affects 
only the operation corresponding to a limited predetermined 
command, such as a DOWNLOAD MICROCODE command 
or a SMART command, in the commands from the host 11. 
Thus, even during the period in Which the operating system is 
being executed in the host 11, the command pass-through 
control function can be utiliZed. In other Words, even in the 
state in Which the operating system is running, the process 
(eg alteration of the microcode, read/Write of log data) relat 
ing to the maintenance of each drove can be executed, Without 
affecting the data structure recorded distributively among the 
n-number of drives 210. 

[0034] Further, the command pass-through control func 
tion of this embodiment has a pass-through mode Which 
sends each of all kinds of commands from the host 11 to the 
drive Which is designated by the to-be-accessed drive number 
that is set in the pass-through control register 300. This pass 
through mode can be used, for example, in order to evaluate 
the operation of each drive 210 at a time of shipment of the 
storage device 12. 
[0035] The pass-through control register 300 includes a 
drive select register 301, a pass-through mode (PTM) register 
302 and a page select register 303. For the access to the drive 
select register 301, pass-through mode (PTM) register 302 
and page select register 303, use may be made of a SMART 
command for designating Write of log data to a ?rst vender 
speci?c log address Which belongs to a log address range 
allocated to a log page structure (SMART log page structure). 
The log page structure (SMART log page structure) is used 
for storing various log information such as a self-test result. 
As the SMART command for designating Write of log data to 
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the ?rst vender-speci?c log address, use may be made of, for 
instance, a SMART WRITE LOG command to the ?rst 
vender-speci?c log address, or a WRITE LOG EXT com 
mand to the ?rst vender-speci?c log address. Speci?cally, as 
shown in FIG. 3, in the log page structure stored in each drive, 
a log address range (00h to FFh) is allocated, and the log page 
structure comprises 256 pages. Of the log address range (Oh to 
FFh), A0h to BFh are vender speci?c addresses (pages). The 
vender speci?c address is an address Which is reserved for the 
speci?c purpose of the manufacturer (vender) of the storage 
device 12. In the present embodiment, for example, a log 
address A0h (also referred to as “page A0 ”) is used as the 
?rst vender-speci?c log address, and a SMART Write com 
mand to the log address AOh is used for access to the pass 
through control register 300. 
[0036] The access to the pass-through control register 300 
can also be realiZed by using a vender speci?c command. 
HoWever, some kind of driver softWare, Which is executed by 
the host 11, or some kind of bridge device in the host 11, fails 
to support a vender speci?c command in Which a command 
protocol is not de?ned. In the present embodiment, since a 
SMART command in Which the protocol is de?ned is used for 
the access to the pass-through control register 300, high com 
patibility can be obtained. 
[0037] The drive select register 301 is a register for storing 
the to-be-accessed drive number Which is designated by the 
host 11. 

[0038] The pass-through mode (PTM) register 302 is a 
register for storing an operation mode Which is designated by 
the host 11. An example of the operation mode is the above 
described pass-through mode for sending all kinds of com 
mands from the host 11 to the drive that is designated by the 
to-be-accessed drive number. Other examples of the opera 
tion mode are a log page mode and a SMART READ DATA 
mode. In accordance With the value that is set in the pass 
through mode (PTM) register 302 by the host 11, the opera 
tion mode of the RAID controller 201 is set to the pass 
through mode, the log page mode or the SMART READ 
DATA mode. 
[0039] The log page mode is a mode for reading/Writing the 
log page structure (SMART information) by using a SMART 
command to a second vender-speci?c log address belonging 
to the log address range allocated to the log page structure 
(e. g. a SMART READ LOG command to the second vender 
speci?c log address, or a SMART WRITS LOG command to 
the second vender-speci?c log address). In this case, a to-be 
accessed page (log address) in the log page structure is des 
ignated by the to-be-accessed log address Which is stored in 
the page select register 303. 
[0040] For example, a log address Alh (also referred to as 
“page Alh”) is used as the second vender-speci?c log 
address. Speci?cally, the pageAlh is used as a WindoW for the 
host 11 to access the log page structure of each drive. 
[0041] The SMART READ DATA mode is a mode for 
reading the SMART data structure, Which is the SMART 
information different from the above-described log page 
structure, by using a SMART command to the second vender 
speci?c log address belonging to the log address range allo 
cated to the log page structure (eg a SMART READ LOG 
command to the second vender-speci?c log address, or a 
SMART WRITE LOG command to the second vender-spe 
ci?c log address). In the SMART READ DATA mode, the 
page select register 303 is not used, and the entire SMART 
data structure is returned to the host 11. 
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[0042] FIG. 4 shoWs a structure example of the pass 
through control register 300 Which is allocated to the page 
AOh. 

[0043] Of the data memory area of 5 l 2 bytes corresponding 
to page AOh, a data memory area corresponding to byte 0 is 
used as the drive select register 301. In Byte 0, bit7:0 indi 
cates the RAID controller 201, and bit7:l indicates the ATA 
drive. In Byte 0, bit6-0 indicates the to-be-accessed drive 
number (to-be-accessed ATA drive number). When bit7:l, 
the drive 210, Which is designated by the ATA drive number 
indicated by bit6-0, is the object of access. 
[0044] Of the data area of 512 bytes corresponding to the 
page AOh, the data area of byte 1 is used as the page select 
register 303. The value of 1 -byte data, Which is set in the data 
area of byte 1, indicates the to-be-accessed log address (to 
be-accessed log page). 
[0045] The data area of byte 2 in the data area of 512 bytes 
corresponding to the page A0h is used as the PTM register 
302. In the data area of byte 2, l-byte data:00h indicates the 
log page mode. In the data area of byte 2, l-byte data:0lh 
indicates the SMART READ DATA mode. In the data area of 
byte 2, l-byte dataIFFh indicates the pass-through mode. 
[0046] The control module 400 receives a command from 
the host 11. If the received command is a SMART command 
Which designates Write of log data to the log page AOh, the 
control module 400 Writes the data (5 l2-byte log data) from 
the ho st 1 1 in the pass-through control register 3 00, thereby to 
set the to-be-accessed drive number, to-be-accessed log 
address or operation mode (log page mode, SMART READ 
DATA mode, pass-through mode) in the pass-through control 
register 300. 
[0047] In the operation modes other than the pass-through 
mode, the DOWNLOAD MICROCODE command, and the 
SMART command to the log page Alh become the predeter 
mined commands that are passed through to the drive 210. In 
other Words, in the operation modes other than the pass 
through mode, the commands that are passed through are only 
the DOWNLOAD MICROCODE command and the SMART 
command to the log page Alh. 

[0048] Thus, the RAID controller 201 of the present 
embodiment can provide three kinds of direct access meth 
ods, namely, the direct access by the DOWNLOAD MICRO 
CODE command (hereinafter referred to as “DLMC com 
man ”), the direct access by the SMART command and the 
direct access by the pass-through mode. 
[0049] The RAID controller 201 is provided With the drive 
select register 301, page select register 303 and pass-through 
mode register (PTM register) 302, and the operation of the 
RAID controller 201 can be varied by the combination of 
values of these registers. 
[0050] The pass-through control register 300 (drive select 
register 301, page select register 303 and PTM register 302) is 
cleared by poWer-on of the storage device 12 or softWare reset 
of the storage device 12. The default values of the pass 
through control register 300 are all Zeros. 

[0051] The values of the pass-through control register 300 
can be varied by the SMART WRITE LOG command to the 
page A0h from the host 11, or the WRITE LOG EXT com 
mand to the page A0h from the host 11. 

[0052] Next, the pass-through control operation, Which is 
executed by the RAID controller 201, is speci?cally 
described. 
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[0053] <Pass-Through Control to DLMC Command> 
[0054] As shown in FIG. 5, When the value of the PTM 
register 302 is not FFh, the pass-through control operation to 
the DLMC command is varied in accordance With the value of 
the drive select register 301. 
[0055] In the case Where the value of the PTM register 302 
is not FFh, When the bit7 of the drive select register 301 is 0, 
the pass-through destination (access destination) of the 
DLMC command is the RAID controller 201 itself. Speci? 
cally, the microcode of the RAID controller 201 is varied. 
When the bit7 of the drive select register 301 is l, the pass 
through destination of the DLMC command is the ATA drive 
210 Which is designated by the ATA drive number that is 
indicated by the bit6-0 of the drive select register 301. For 
example, if the ATA drive number that is indicated by bit6-0 
is k, the DLMC command is passed through to the drive 210 
of the drive number k. 
[0056] In the case Where the value of the PTM register 302 
is FFn, the value of the bit7 of the drive select register 301 is 
not used, and all commands from the host 11 are passed 
through to the ATA drive 210 Which is designated by the ATA 
drive number that is indicated by bit6-0 of the drive select 
register 301. 
[0057] <Pass-Though Control to SMART Command> 
[0058] As shoWn in FIG. 6, When the value of the PTM 
register 302 is not FFh, the SMART command to the page 
Alh is passed through to the ATA drive 210 Which is desig 
nated by the ATA drive number that is indicated by the bit6-0 
of the drive select register 301. On the other hand, the 
SMART command to the pages other than the page Alh is 
passed through to the RAID controller 201 itself. 
[0059] SMART commands include commands for execut 
ing read/Write access to the log of a certain page in the log 
page structure (SMART READ LOG command, SMART 
WRITE LOG command, READ LOG EXT command, 
WRITE LOG EXT command), and a command for reading 
the SMART data structure (SMART READ DATA com 
mand). In the present embodiment, in each of the case of 
accessing the log page structure and the case of accessing the 
SMART data structure, the host 11 uses the SMART com 
mand to the page Alh. 

[0060] To begin With, the access to the log page is 
described. 
[0061] When the value of the PTM register 302 is 00h (log 
page mode), the host 11 can access the Log page of the ATA 
drive through the page Alh. The SMART READ LOG com 
mand to the pageAlh or the SMART WRITE LOG command 
to the page Alh is passed through as a SMART READ/ 
WRITE LOG command to the page number, Which is indi 
cated by the page select register 303, of the ATA drive that is 
designated by the ATA drive number indicated by the bit6-0 of 
the drive select register 301. For example, if the ATA drive 
number indicated by the bit6-0 of the drive select register 301 
is k and the page number indicated by the page select register 
303 is j, the SMART READ LOG command to the page 
number j or the SMART WRITE LOG command to the page 
number j is sent to the drive of the drive number k. 
[0062] The READ LOG EXT command to the pageAlh or 
the WRITE LOG EXT command to the page Alh is passed 
through as a READ/ WRITE LOG EXT command to the page 
number, Which is indicated by the page select register 303, of 
the ATA drive that is designated by the ATA drive number 
indicated by the bit6-0 of the drive select register 301. For 
example, if the ATA drive number indicated by the bit6-0 of 
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the drive select register 301 is k and the page number indi 
cated by the page select register 303 is j, the READ LOG EXT 
command to the page number j or the WRITE LOG EXT 
command to the page number j is sent to the drive of the drive 
number k. 
[0063] Next, the access to the SMART data is described. 
[0064] When the value of the PTM register 302 is 01h 
(SMART READ DATA mode), the host 11 can access the 
SMART data structure of the ATA drive through the page 
Alh. 
[0065] The SMART READ LOG command to the page 
Alh or the READ LOG EXT command to the page Alh is 
passed through as a SMART READ DATA command to the 
ATA drive that is designated by the ATA drive number indi 
cated by the bit6-0 of the drive select register 301. Speci? 
cally, the SMART READ LOG command to the page Alh or 
the READ LOG EXT command to the page Alh is converted 
to the SMART READ DATA command by the RAID control 
ler 201. If the ATA drive number indicated by the bit6-0 of the 
drive select register 301 is k, the SMART READ DATA 
command is sent to the drive of the drive number k. 
[0066] <Pass-Through Control in the Pass-Through 
Mode> 
[0067] When the value of the PTM register 302 is FFn 
(pass-through mode), all commands are passed through to the 
ATA drive Which is designated by the ATA drive number that 
is indicated by bit6-0 of the drive select register 301. 
[0068] In order to cancel the pass-through mode, software 
reset is used. The reason for this is that after the operation 
mode is once set to the pass-through mode, all commands 
including the SMART command to the page A0h are passed 
through, and thus the content of the pass-through control 
register 3 00 cannot be updated by the command from the ho st 
11. 
[0069] Next, referring to a How chart of FIG. 7, a descrip 
tion is given of the access process to the pass-through control 
register 300, Which is executed by the control module 400. 
[0070] The control module 400 receives a command Which 
is sent from the host 11 (block S21). The control module 400 
determines Whether the received command is a SMART com 
mand Which designates Write of log data to the page A0h 
(block 522). If the received command is the SMART com 
mand Which designates Write of log data to the page A0h, the 
control module 400 Write-accesses the pass-through control 
register 300, and Writes the log data from the host 11 to the 
pass-through control register 300 (block S23). If the received 
command is not the SMART command Which designates 
Write of log data to the page A0h, the control module 400 
executes some other process (command process) (block S24). 
[0071] Next, referring to a How chart of FIG. 8, a descrip 
tion is given of the pass-through control process to the DLMC 
command, Which is executed by the control module 400. 
[0072] The control module 400 determines Whether the 
value of the PTM register 302 is FFh or not (block S31). If the 
value of the PTM register 302 is FFh, that is, if the operation 
mode of the RAID controller 201 is the pass-through mode, 
the control module 400 passes all commands from the host 11 
through to the ATA drive Which is indicated by the bit6-0 of 
the drive select register 301 (block S32). 
[0073] On the other hand, if the value of the PTM register 
302 is not FFh, the control module 400 determines, each time 
the control module 400 receives a command from the host 11, 
Whether the received command is a DLMC command or not 
(block S33, S34). If the received command is the DLMC 
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command, the control module 400 passes the received com 
mand through to the ATA drive Which is designated by the 
ATA drive number indicated by the bit6-0 of the drive select 
register 301 (block S35). On the other hand, if the received 
command is a command other than the DLMC command, the 
control module 400 executes some other process (block S36). 
[0074] Next, referring to a How chart of FIG. 9, a descrip 
tion is given of the pass-through control process to the 
SMART command, Which is executed by the control module 
400. 
[0075] The control module 400 determines Whether the 
value of the PTM register 302 is FFh or not (block S41). If the 
value of the PTM register 302 is FFh, that is, if the operation 
mode of the RAID controller 201 is the pass-through mode, 
the control module 400 passes all commands from the host 11 
through to the ATA drive Which is designated by the ATA drive 
number indicated by the bit6-0 of the drive select register 301 
(block S42). 
[0076] On the other hand, if the value of the PTM register 
302 is not FFh, the control module 400 determines, each time 
the control module 400 receives a command from the host 11, 
Whether the received command is a SMART command to the 
page Alh (the SMART READ LOG command to the page 
Alh, the SMART WRITE LOG command to the page Alh, 
the READ LOG EXT command to the page Alh, or the 
WRITE LOG EXT command to the page Alh) (block S44, 
S45). 
[0077] If the received command is the SMART command 
to the page Alh, the control module 400 passes the SMART 
command for accessing the log page structure or the SMART 
data structure through to the ATA drive Which is designated by 
the ATA drive number indicated by the bit6-0 of the drive 
select register 301 (blocks S47 to S49). Speci?cally, in blocks 
S47 to S49, for example, the control module 400 determines 
Whether the operation mode is the log page mode or the 
SMART READ DATA mode (block S47). If the operation 
mode is the log page mode, the control module 400 sends the 
SMART command to the page number j that is indicated by 
the page select register 303 (the SMART READ LOG com 
mand to the page j, the SMART WRITE LOG command to 
the page j, the READ LOG EXT command to the page j, or the 
WRITE LOG EXT command to the page j) to the drive of the 
drive number k that is indicated by the bit6-0 of the drive 
select register 301 (block S48). In the case Where the opera 
tion mode is the SMART DATA READ mode, the control 
module 400 executes a process of converting the SMART 
READ LOG command to the page Alh or the READ LOG 
EXT command to the page Alh to the SMART READ DATA 
command (block 549). Speci?cally, in the case Where the 
received command is the SMART READ LOG command to 
the page Alh or the READ LOG EXT command to the page 
Alh and the operation mode is the SMART DATA READ 
mode, the control module 400 sends the SMART READ 
DATA command to the drive of the drive number k that is 
indicated by the bit6-0 of the drive select register 301. 
[0078] FIG. 10 shoWs an example of implementation of the 
storage device 12. 
[0079] FIG. 10 assumes the case in Which the storage 
device 12 is realiZed as a semiconductor disk drive incorpo 
rating a plurality of SSDs, e.g. tWo SSDs. The storage device 
12 has a housing 500 With the same outside dimensions as, 
eg a 2.5-inch HDD. The housing 500 includes a circuit board 
503 on Which the RAID controller 201 is mounted, and tWo 
circuit boards 501 and 502 on Which tWo SSDs 210 are 
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mounted, respectively. The RAID controller 201 controls the 
tWo SSDs 210 as a disk array of, eg RAID level 0. In the case 
Where the memory capacity of each SSD 210 is 128 GB, the 
RAID controller 201 can handle the tWo SSDs 210 as a single 
SSD having a memory capacity of 256 GB. The host 11 
recogniZes the storage device 12 as a single SSD (ATA drive) 
With a memory capacity of 256 GB. 
[0080] Each SSD 210 comprises a controller 601, a DRAM 
602 and a plurality of nonvolatile semiconductor memories 
607. Each of the nonvolatile semiconductor memories 607 is 
composed of, eg a NAND ?ash EEPROM. It is possible that 
the RAID controller 201 and the tWo SSDs 210 are mounted 
on a single circuit board. 
[0081] In the storage device 12 With the structure as shoWn 
in FIG. 10, it is practically dif?cult to remove each SSD 210 
from the housing 500. Since the pass-through control func 
tion of the present embodiment can execute the pass-through 
process for only the command relating to the drive mainte 
nance, such as a DLMC command or a SMART command, it 
is possible to perform a process for the maintenance of an 
arbitrary SSD 210 (collection of SMART information, update 
of ?rmWare), Without removing each SSD 210 from the hous 
ing 500 or affecting user data that is distributively recorded in 
the tWo SSDs 210, even in the state in Which the operating 
system is running. 
[0082] Next, referring to FIG. 11, a description is given of 
a structure example of the information processing apparatus 1 
Which includes the storage device 12. 
[0083] The information processing apparatus 1 can be real 
iZed, for example, as a notebook portable computer FIG. 11 is 
a perspective vieW shoWing the external appearance of the 
information processing apparatus 1 that is realiZed as a por 
table computer. 
[0084] The information processing apparatus 1 comprises 
an information processing apparatus main body 2 and a dis 
play unit 3. A display device that is composed of an LCD 
(Liquid Crystal Display) 4 is built in the display unit 3. 
[0085] The display unit 3 is attached to the information 
processing apparatus main body 2 such that the display unit 3 
is freely rotatable betWeen an open position Where a top 
surface of the main body 2 is exposed, and a closed position 
Where the top surface of the main body 2 is covered. The main 
body 2 has a thin box-shaped housing. A poWer sWitch 5, a 
keyboard 6 and a touch pad 7 are disposed on the top surface 
of the main body 2. 
[0086] An LED (Light Emitting Diode) 8 is disposed on a 
front surface of the main body 2. On the right side surface of 
the main body 2, there are disposed an optical disc drive 
(ODD) 9 Which can Write/read data in/ from optical disc 
media such as a DVD (Digital Versatile Disc), and a PC card 
slot 10 Which detachably accommodates a PC card. In the 
information processing apparatus 1, the storage device 12 
according to the present embodiment is accommodated in the 
main body 2 as an external storage device Which functions as 
a boot drive. The storage device 12 is realiZed, for example, as 
a semiconductor disk drive having the structure as described 
With reference to FIG. 10. The information processing appa 
ratus main body 2 functions as the above-described host 11. 
[0087] FIG. 12 is a block diagram shoWing the system 
con?guration of the information processing apparatus 1 
shoWn in FIG. 11. 
[0088] As shoWn in FIG. 12, the information processing 
apparatus 1 includes, in addition to the above-described LCD 
4, poWer sWitch 5, keyboard 6, touch pad 7, LED 8, ODD 9, 
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PC card slot 10 and storage device 12, a CPU 100, a north 
bridge 102, a main memory 103, a GPU (Graphic Processing 
Unit) 104, a south bridge 105, a ?ash memory 106, an 
EC/KBC (Embedded Controller/Keyboard Controller) 107, 
and a fan 108. 

[0089] The CPU 100 is a processor Which controls the 
operation of the information processing apparatus 1. The 
CPU 100 executes an operating system and various applica 
tion programs including utilities, Which are loaded from the 
storage device 12 into the main memory 103. The CPU 100 
also executes a BIOS (Basic Input/Output System) that is 
stored in the ?ash memory 106. The BIOS is a program for 
hardWare control. 
[0090] The north bridge 102 is a bridge device that connects 
a local bus of the CPU 100 and the south bridge 105. The north 
bridge 102 has a function of executing communication With 
the CPU 104 via a bus, and includes a memory controller that 
access-controls the main memory 103. The GPU 104 controls 
the LCD 4 that is used as a display device of the information 
processing apparatus 1. 
[0091] The south bridge 105 is a controller that controls 
various devices such as the storage device 12, ODD 9, a PC 
card Which is loaded in the PC card slot 10, and ?ash memory 
106. 

[0092] The EC/KBC 107 is a l-chip microcomputer in 
Which an embedded controller for poWer management and a 
keyboard controller for controlling the keyboard 6 and touch 
pad 7 are integrated. The EC/KBC 107 also executes control 
of the LED 8 and the fan 108 for cooling. 
[0093] As has been described above, according to the com 
mand pass-through control function of the present embodi 
ment, the folloWing advantageous effects can be obtained. 
[0094] Speci?cally, in a general RAID system, each indi 
vidual drive cannot directly be accessed. In the present 
embodiment, hoWever, maintenance functions, such as the 
update of ?rmware and collection of SMART information, 
can be realiZed in ?elds in each individual drive. In this case, 
in the modes other than the pass-through mode (PTM 
registerIFFh), the command pass-through control function of 
the present embodiment affects only the operations of the 
DLMC command, the SMART READ/WRITE LOG com 
mand to the page Alh, and the READ/WRITE LOG EXT 
command to the page Alh. Therefore, even during the period 
in Which the operating system is running, the maintenance 
process, such as the update of ?rmWare and collection of 
SMART information, can easily be executed for each indi 
vidual drive. 

[0095] In addition, since the SMART command in Which 
the protocol is de?ned is used for the access to the pass 
through control register 300, high compatibility With various 
hosts can be realiZed. 

[0096] The implementation of the pass-through mode 
(PTM registeFFFh) may optionally be adopted. 
[0097] The page number, the arrangement of data and the 
meanings of values in the present embodiment are mere 
examples, and other de?nitions may be adopted Within the 
scope of the present invention. 
[0098] The storage device 12 may also be realiZed as a 
storage device such as a NAS (network-attached storage) 
device. 

[0099] The various modules of the systems described 
herein can be implemented as softWare applications, hard 
Ware and/ or softWare modules, or components on one or more 
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computers, such as servers. While the various modules are 
illustrated separately, they may share some or all of the same 
underlying logic or code. 
[0100] While certain embodiments of the inventions have 
been described, these embodiments have been presented by 
Way of example only, and are not intended to limit the scope 
of the inventions. Indeed, the novel methods and systems 
described herein may be embodied in a variety of other forms; 
furthermore, various omissions, substitutions and changes in 
the form of the methods and systems described herein may be 
made Without departing from the spirit of the inventions. The 
accompanying claims and their equivalents are intended to 
cover such forms or modi?cations as Would fall Within the 
scope and spirit of the inventions. 

1. A disk array control device Which manages a plurality of 
drives as a single logical drive, comprising: 

a ?rst register con?gured to store a to-be-accessed drive 
number Which is designated by a host; and 

a control module con?gured to determine Whether a com 
mand received from the host is a predetermined com 
mand Which is used for maintenance of each of the 
drives, and execute, in a case Where the received com 
mand is the predetermined command, a pass-through 
process of sending the received command to the drive 
Which is designated by the to-be-accessed drive number 
in the ?rst register. 

2. The disk array control device according to claim 1, 
Wherein the predetermined command is a DOWNLOAD 
MICROCODE command Which enables the host to vary a 
microcode of a drive. 

3. The disk array control device according to claim 2, 
Wherein each of the drives stores a log page structure, and 

in a case Where the command received from the host is a 
SMART command Which designates Write of log data to 
a ?rst predetermined vender-speci?c log address 
belonging to a log address range Which is allocated to the 
log page structure, the control module Writes data from 
the host to the ?rst register, thereby to set the to-be 
accessed drive number in the ?rst register. 

4. The disk array control device according to claim 3, 
further comprising a second register con?gured to store a 
to-be-accessed log address Which is designated by the host, 

Wherein in a case Where the command received from the 
host is a SMART command Which designates read or 
Write of log data to a second predetermined log address 
in the log address range Which is allocated to the log 
page structure, the control module sends the SMART 
command, Which designates read or Write of log data to 
the to-be-accessed log address of the second register, to 
the drive Which is designated by the to -be-accessed drive 
number in the ?rst register. 

5. The disk array control device according to claim 1, 
further comprising a register con?gured to store an operation 
mode Which is designated by the host, 

Wherein in a case Where the operation mode is a pass 
through mode for sending all kinds of commands from 
the host to the drive that is designated by the to-be 
accessed drive number in the ?rst register, the control 
module sends each of the commands, Which are received 
from the host, to the drive Which is designated by the 
to-be-accessed drive number in the ?rst register. 

6. A storage device comprising: 
a housing; 
a plurality of drives provided in the housing; and 
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a disk array control device provided in the housing, con 
?gured to manage the plurality of drives as a single 
logical drive, the disk array control device including a 
?rst register con?gured to store a to-be-accessed drive 
number Which is designated by a host, and a control 
module con?gured to determine Whether a command 
received from the host is a predetermined command 
Which is used for maintenance of each of the drives, and 
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9. The storage device according to claim 6, Wherein each of 
the drives is a semiconductor disk drive including a nonvola 
tile memory and a controller Which controls access to the 
nonvolatile memory in accordance With a command from the 
disk array control device. 

10. An information processing apparatus comprising: 
an information processing apparatus main body; and 
a storage device Which is provided in the information pro 

execute, in a case Where the received command is the 
predetermined command, a pass-through process of 
sending the received command to the drive Which is 
designated by the to-be-accessed drive number in the 
?rst register. 

7. The storage device according to claim 6, Wherein the 
predetermined command is a DOWNLOAD MICROCODE 
command Which is used by the host in order to vary a micro 
code of the drive. 

8. The storage device according to claim 7, Wherein each of 
the drives stores a log page structure, and 

in a case Where the command received from the host is a 
SMART command Which designates Write of log data to 
a ?rst predetermined log address in a log address range 
Which is allocated to the log page structure, the control 
module Writes data from the host to the ?rst register, 
thereby to set the to -be-acces sed drive number in the ?rst 
register. 

cessing apparatus main body and includes a housing, a 
plurality of drives provided in the housing, and a disk 
array control device Which is provided in the housing 
and manages the plurality of drives as a single logical 
drive, the disk array control device including a ?rst reg 
ister Which stores a to-be-accessed drive number Which 
is designated by the information processing apparatus 
main body, and a control module Which determines 
Whether a command received from the information pro 
cessing apparatus main body is a predetermined com 
mand Which is used for maintenance of each of the 
drives, and executes, in a case Where the received com 
mand is the predetermined command, a pass-through 
process of sending the received command to the drive 
Which is designated by the to-be-accessed drive number 
in the ?rst register. 


