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DESCRTIPTTION

Title of Invention
STORAGE SYSTEM

Technical Field

Embodiments of the present invention relate to a

technique for controlling a nonvolatile memory.

Background Art

Storage devices implemented with a nonvolatile

memory have recently become widespread. As one of

such storage devices,

implemented with a NAND flash memory has been known.

a solid state drive (SSD)

The SSD is used as a storage of various

computers. Recently,
storage in data center

In data centers,

the SSD is also used as a

S.

it is necessary to read and

write large amounts of data at a high speed.

Under these circumstances, there is a need to

implement a new storage system that is useful for

processing large amounts of data.
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Summary of Invention

Technical Problem

An object to be solved by an embodiment of the

present invention is to provide a storage system

useful for processing large amounts of data.

Solution to Problem

According to an embodiment, a storage system
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comprises a package stocker, a drive, a host
apparatus, and a package transport device. The
package stocker is configured to store a plurality of
semiconductor packages. Each of the plurality of
semiconductor packages includes one or more
nonvolatile memory dies. The drive includes at least
one socket on which the semiconductor package is able
to be detachably mounted, and a controller that is
configured to control the one or more nonvolatile
memory dies of the semiconductor package mounted on
the socket. The host apparatus is communicatively
connected to the drive, and is configured to execute
reading and writing data from and to the one or more
nonvolatile memory dies of the semiconductor package
via the controller. The package transport device is
configured to transport the semiconductor package
between the package stocker and the drive. The host
apparatus determines a first semiconductor package
that includes a first nonvolatile memory die to be
accessed, among the plurality of semiconductor
packages. When the first semiconductor package is
mounted on the socket of the drive, the host apparatus
executes reading or writing data from or to the first
nonvolatile memory die via the controller. When the
first semiconductor package is not mounted on the
socket of the drive, the host apparatus causes the
package transport device to transport the first
semiconductor package to the socket of the drive, and
to mount the first semiconductor package on the socket
of the drive.
Brief Description of Drawings
FIG. 1 is a block diagram illustrating an example

of a configuration of a storage system according to a
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first embodiment.

FIG. 2 is a side view illustrating an example of
an arrangement of a package stocker, a package
transport device, a drive, and a host apparatus, which
are included in the storage system according to the
first embodiment.

FIG. 3 is a plan view illustrating an example of
an arrangement of the package stocker, the package
transport device, the drive, and the host apparatus,
which are included in the storage system according to
the first embodiment.

FIG. 4 is a diagram illustrating an example of a
configuration of a semiconductor package used in the
storage system according to the first embodiment.

FIG. 5 is a diagram illustrating shapes of a
front surface, a back surface, and a side surface of a
semiconductor package used in the storage system
according to the first embodiment.

FIG. 6 is a perspective view illustrating a
plurality of pairs of rails included in the package
stocker of the storage system according to the first
embodiment.

FIG. 7 is a block diagram illustrating an example
of a configuration of the host apparatus included in
the storage system according to the first embodiment.

FIG. 8 i1s a diagram illustrating a package
loading/unloading slot of the package stocker included
in the storage system according to the first
embodiment.

FIG. 9 is a diagram illustrating an operation of
adding a new semiconductor package to the package
stocker included in the storage system according to

the first embodiment.
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FIG. 10 is a diagram illustrating an operation of
changing a location of a semiconductor package, which
is executed in the storage system according to the
first embodiment.

FIG. 11 is another diagram illustrating an
operation of changing a location of a semiconductor
package, which is executed in the storage system
according to the first embodiment.

FIG. 12 is a diagram illustrating another
operation of changing a location of a semiconductor
package, which is executed in the storage system
according to the first embodiment.

FIG. 13 is a diagram illustrating still another
operation of changing a location of a semiconductor
package, which is executed in the storage system
according to the first embodiment.

FIG. 14 is a diagram illustrating still yet
another operation of changing a location of a
semiconductor package, which is executed in the
storage system according to the first embodiment.

FIG. 15 is a diagram illustrating still yet
another operation of changing a location of a
semiconductor package, which is executed in the
storage system according to the first embodiment.

FIG. 16 is a flowchart illustrating a procedure
of a process of reading or writing data, which is
executed by the host apparatus included in the storage
system according to the first embodiment.

FIG. 17 is a flowchart illustrating details of a
procedure of a process of reading or writing data,
which is executed by the host apparatus included in
the storage system according to the first embodiment.

FIG. 18A is a flowchart illustrating a part of
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another procedure of the process of reading or writing
data, which is executed by the host apparatus included
in the storage system according to the first
embodiment.

FIG. 18B is a flowchart illustrating a
continuation part of said another procedure of the
process of reading or writing data, which is executed
by the host apparatus included in the storage system
according to the first embodiment.

FIG. 19 is a block diagram illustrating an
example of a configuration of a storage system
according to a second embodiment.

FIG. 20 is a perspective view illustrating an
example of a configuration of a tray used in the
storage system according to the second embodiment.

FIG. 21 is a cross-sectional view of the tray
illustrated in FIG. 20.

FIG. 22 is a perspective view illustrating an
example of another configuration of the tray used in
the storage system according to the second embodiment.

FIG. 23 is a cross-sectional view of the tray
illustrated in FIG. 22.

FIG. 24 is a plan view illustrating shapes of an
upper surface and a lower surface of the tray
illustrated in FIG. 22.

FIG. 25 is a side view of the tray illustrated in
FIG. 22.

FIG. 26 is a perspective view illustrating a rail
structure of a package stocker included in the storage
system according to the second embodiment.

FIG. 27 is a perspective view illustrating
another example of the rail structure of the package

stocker included in the storage system according to
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the second embodiment.

FIG. 28 is a block diagram illustrating an
example of a configuration of a host apparatus
included in the storage system according to the second
embodiment.

FIG. 29 is a diagram illustrating a tray
loading/unloading slot of the package stocker included
in the storage system according to the second
embodiment.

FIG. 30 is a diagram illustrating an operation of
adding a new tray to the package stocker included in
the storage system according to the second embodiment.

FIG. 31 is a diagram illustrating the alignment
between the tray and a drive, which are included in
the storage system according to the second embodiment.

FIG. 32 is another diagram illustrating the
alignment between the tray and the drive included in
the storage system according to the second embodiment.

FIG. 33 is a diagram illustrating an operation of
changing a location of a tray, which is executed in
the storage system according to the second embodiment.

FIG. 34 is another diagram illustrating an
operation of changing a location of a tray, which is
executed in the storage system according to the second
embodiment.

FIG. 35 is a diagram illustrating another
operation of changing a location of a tray, which is
executed in the storage system according to the second
embodiment.

FIG. 36 is a diagram illustrating still another
operation of changing a location of a tray, which is
executed in the storage system according to the second

embodiment.
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FIG. 37 is a diagram illustrating still yet
another operation of changing a location of a tray,
which is executed in the storage system according to
the second embodiment.

FIG. 38 is a diagram illustrating still yet
another operation of changing a location of a tray,
which is executed in the storage system according to
the second embodiment.

FIG. 39 is a flowchart illustrating a procedure
of a process of reading or writing data from or to a
nonvolatile memory die, which is executed by the host
apparatus included in the storage system according to
the second embodiment.

FIG. 40 is a flowchart illustrating details of
the procedure of the process of reading or writing
data from or to the nonvolatile memory die, which is
executed by the host apparatus included in the storage
system according to the second embodiment.

FIG. 41A is a flowchart illustrating a part of
another procedure of the process of reading or writing
data from or to the nonvolatile memory die, which is
executed by the host apparatus included in the storage
system according to the second embodiment.

FIG. 41B is a flowchart illustrating a
continuation part of said another procedure of the
process of reading or writing data from or to the
nonvolatile memory die, which is executed by the host
apparatus included in the storage system according to
the second embodiment.

Description of Embodiments

Hereinafter, embodiments will be described with

reference to the drawings.
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(First Embodiment)

First, a configuration of a storage system
according to a first embodiment will be described.
FIG. 1 is a block diagram illustrating an example of a
configuration of a storage system 1 according to the
first embodiment. The storage system 1 may be used in
a data center.

The storage system 1 includes a storage
read/write (R/W) device 2, a package transport device
3, and a package stocker 4.

The storage R/W device 2 includes a host unit 21
and a drive 22. FIG. 1 illustrates a case where the
storage R/W device 2 includes two host units 21a and
21b and two drives 22a and 22b. However, the number
of the host units 21 and the number of the drives 22
provided in the storage R/W device 2 may be one, or
three or more.

The host unit 21 is a host apparatus configured
to execute the reading and writing of data from and to
a nonvolatile memory die. The host unit 21 is
communicatively connected to the corresponding drive
22. The host unit 21 and the corresponding drive 22

can communicate with each other according to, for

example, a standard of PCI ExpressTM (PCcIeT™) . 1In
addition, the host unit 21 may communicate with a
management server 5 in the data center via a network.
The host unit 21 and the management server 5 can
communicate with each other according to, for example,
a standard of Ethernet.

The drive 22 includes a controller and at least
one socket. The socket is configured such that a
semiconductor package 41 is able to be detachably

mounted thereon. The controller is configured to
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control one or more nonvolatile memory dies included
in a semiconductor package 41 mounted on the socket.

In the example illustrated in FIG. 1, the host
unit 2la is communicatively connected to the drive
22a. The host unit 21b is communicatively connected
to the drive 22b.

That is, the host unit 21a is a host apparatus
configured to execute the reading and writing of data
from and to one or more nonvolatile memory dies of a
semiconductor package 41 having been mounted on a
socket of the drive 22a, via the controller of the
drive 22a. Similarly, the host unit 21b is a host
apparatus configured to execute the reading and
writing of data from and to one or more nonvolatile
memory dies of a semiconductor package 41 having been
mounted on a socket of the drive 22b, via the
controller of the drive 22b.

The package transport device 3 is a device that
transports a semiconductor package 41 between the
package stocker 4 and the drive 22. The package
transport device 3 may include, for example, one or
more transport units 31 that are movable up and down,
and right and left. The transport unit 31 may
transport a semiconductor package 41 stored in any
storage location of a plurality of storage locations
in the package stocker 4 to any drive 22 in the
storage R/W device 2, and may mount the transported
semiconductor package 41 on a socket of the drive 22.
In addition, the transport unit 31 may detach a
semiconductor package 41 from a socket of any drive
22, and may transport the detached semiconductor
package 41 to any storage location in the package

stocker 4. The package transport device 3 may include
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one or more transport robots.

The package stocker 4 is capable of storing a
plurality of semiconductor packages 41. Each of the
semiconductor packages 41 includes one or more
nonvolatile memory dies. Each of the one or more
nonvolatile memory dies is, for example, a NAND flash
memory.

Next, a basic operation of the storage system 1
will be described. The host unit 21 has a location
management function and a transport control function.
The location management function is a function of
managing locations where the plurality of
semiconductor packages 41 are respectively present.
The transport control function is a function of
controlling the transport of a semiconductor package
41 by controlling the package transport device 3.

A package identifier (also referred to as a
semiconductor package identification name) is assigned
to each of the plurality of semiconductor packages 41.
The host unit 21 may manage a correspondence between
the package identifier and a location where a
semiconductor package 41 identified by this package
identifier is present.

A location where a certain semiconductor package
41 may be present is, for example, any one socket
among one or more sockets included in the drive 22, or
any one package storage location among a plurality of
package storage locations included in the package
stocker 4.

The host unit 21 determines a semiconductor
package 41 that includes a nonvolatile memory die to
be accessed, among the plurality of semiconductor

packages 41. The host unit 21 identifies the location
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where the determined semiconductor package 41 is
present, whereby the host unit 21 may determine
whether or not the determined semiconductor package 41
is mounted on any one socket of the drive 22.

When the determined semiconductor package 41 is
mounted on any one socket of the drive 22, the host
unit 21 executes the reading or writing of data from
or to the nonvolatile memory die to be accessed, via
the controller of the drive 22.

When the determined semiconductor package 41 is
not mounted on any of the sockets of the drive 22 and
is stored in the package stocker 4, the host unit 21
causes the package transport device 3 to transport the
determined semiconductor package 41 from the package
stocker 4 to any one socket of the drive 22, and to
mount the determined semiconductor package 41 on the
socket. In this case, the host unit 21 may transmit a
transport request described below, to the package
transport device 3.

For example, this transport request specifies a
location in the package stocker 4 where the determined
semiconductor package 41 is stored (also referred to
as a package storage location) as a transport source
location, and also specifies any one socket of the
drive 22 as a transport destination location. A
transport unit 31 of the package transport device 3
transports the semiconductor package 41 present at the
specified transport source location to the specified
transport destination location. Then, the transport
unit 31 mounts the semiconductor package 41 to the
socket of the transport destination location.

Generally, in a storage device such as a solid

state drive (SSD), a semiconductor package is fixedly
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mounted on a board in the storage device by soldering.

On the other hand, in the storage system 1
according to the present embodiment, each of the
plurality of semiconductor packages 41 is separated
from the drive 22, and each semiconductor package 41
itself is used as a removable storage medium that is
detachably mounted on a socket of the drive 22.

Generally, a storage medium and a controller are
incorporated in a drive such as an SSD or a hard disk
drive (HDD). Thus, the size of each drive is
relatively large. Therefore, the configuring of a
storage system in which a plurality of drives each
incorporating a storage medium and a controller are
selectively connected to a host unit may increase in
size and cost of the entire storage system.

A configuration of a storage system using a
storage medium which includes no controller, such as
an optical disc medium or a magnetic tape, is also
conceivable. However, it is necessary to physically
move an optical head or a magnetic head in an
operation of reading and writing data from and to the
optical disc medium or the magnetic tape. Therefore,
in the configuration of the storage system using the
optical disc medium or the magnetic tape as the
storage medium, the latency until a reading and
writing process becomes executable increases and the
I/0 throughput decreases as compared with a
configuration in which data is read and written from
and to a nonvolatile memory die.

In the storage system 1, the semiconductor
package 41 and the drive 22 are separated. Therefore,
the semiconductor package 41 alone can be stored in

the package stocker 4 as a storage medium. Therefore,
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it is possible to reduce a space required for storing
multiple storage media.

Further, a semiconductor package 41 that includes
a nonvolatile memory die to be accessed is transported
from the package stocker 4 to a socket in the drive 22
by the package transport device 3, and the
semiconductor package 41 is mounted on this socket.
The semiconductor package 41 mounted on the socket is
electrically connected to the controller of the drive
22. Therefore, since it is not necessary to
physically move an optical head or a magnetic head, it
is possible to rapidly execute the reading and writing
of data to and from the nonvolatile memory die to be
accessed, with low latency as compared with the
configuration using an optical disk medium or a
magnetic tape as a storage medium. As a result, it is
possible to make the storage system 1 suitable for
processing large amounts of data required in a data
center.

The host unit 21 may further have a function of
managing a priority of each of the plurality of
semiconductor packages 41. The algorithm for
determining the priority of each of the plurality of
semiconductor packages 41 is not limited to a specific
algorithm, and the priority of each of the plurality
of semiconductor packages 41 can be determined based
on various conditions.

For example, the priority of a semiconductor
package 41 that includes a certain nonvolatile memory
die may be determined based on an access request to
this nonvolatile memory die. The priority of each of
the semiconductor packages 41 may be determined based

on the access frequency to each of the semiconductor
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packages 41. The priority of each of the
semiconductor packages 41 may be determined based on
the elapsed time since the last access time to each of
the semiconductor packages 41. The priority of each
of the semiconductor packages 41 may be determined
based on a state indicating completion or incompletion
of an access process to each of the semiconductor
packages 41. The priority of each of the
semiconductor packages 41 may be determined based on
an estimated remaining time until the access process
to each of the semiconductor package 41 is completed.
The priority of each of the semiconductor packages 41
may be determined based on an application program
executed in the host unit 21. The priority of each of
the semiconductor packages 41 may be determined based
on the prediction result of a probability of an
occurrence of an access request to each of the
semiconductor packages 41.

Alternatively, the priority of each of the
semiconductor packages 41 may be determined by using
combinations of any two or more conditions of the
access request, the access frequency, the elapsed time
since the last access time, the completion or
incompletion of the access process, the estimated
remaining time until the completion of the access
process, the application program to be executed, and
the prediction result of the probability for access.

The host unit 21 can also control the location
where each of the plurality of semiconductor packages
41 is present, based on the priority of each of the
plurality of semiconductor packages 41. For example,
the host unit 21 may control the location where each

of the plurality of semiconductor packages 41 is
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present, based on the priority of each of the
plurality of semiconductor packages 41, such that a
semiconductor package 41 having a priority of a first
level is mounted on a socket of the drive 22, and a
semiconductor package 41 having a priority of a second
level, which is lower than the priority of the first
level, 1is stored in the package stocker 4.

Note that some of the transport units 31 included
in the package transport device 3 may be used as
buffers that temporarily hold semiconductor packages
41. 1In this case, a semiconductor package 41 having
the priority of the second level, which is lower than
the priority of the first level, is held in a
transport unit 31 included in the package transport
device 3. Then, a semiconductor package 41 having a
priority of a third level, which is lower than the
priority of the second level, is stored in the package
stocker 4.

A transport unit 31 holding a semiconductor
package 41 having the priority of the second level may
be moved to a specific evacuation location so as not
to interfere with the transporting operation by
another transport unit 31. The transport unit 31
holding the semiconductor package 41 having the
priority of the second level is also referred to as a
“buffer of the package transport device 3” or a
“buffer of the robot” below. Each of the transport
units 31 included in the package transport device 3
may function as the buffer of the package transport
device 3. Therefore, the number of buffers of the
package transport device 3 is equal to the number of
transport units 31 included in the package transport

device 3.
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Further, holding a semiconductor package 41,
which has been detached from a socket of the drive 22,
in the package transport device 3 (that is, the
transport unit 31) without storing the detached
semiconductor package in the package stocker 4 is also
referred to as “transporting the semiconductor package
41 to the buffer of the package transport device 3”
below.

Next, an example of an arrangement of the package
stocker 4, the package transport device 3, the drive
22, and the host unit 21 will be described. FIG. 2 is
a side view illustrating an example of an arrangement
of the package stocker 4, the package transport device
3, the drive 22, and the host unit 21. FIG. 3 is a
plan view illustrating an example of an arrangement of
the package stocker 4, the package transport device 3,
the drive 22, and the host unit 21.

FIGS. 2 and 3 illustrate a configuration in which
the package stocker 4, the package transport device 3,
the drive 22, and the host unit 21 are arranged in a
server rack 11 disposed in a data center.

In the following description of the present
embodiment, an X-axis, a Y-axis, and a Z-axis are
defined. The X-axis, the Y-axis, and the Z-axis are
orthogonal to each other. An X-Y plane defined by the
X-axis and the Y-axis corresponds to, for example, a
floor of the data center. The Z-axis corresponds to,
for example, the height direction of the data center.

The server rack 11 is a rack for accommodating a
computer and a communication device. The size and
shape of the server rack 11 are defined, for example,
by the Electronic Industries Association of America

(EIA).
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The server rack 11 includes a front plate (front
door) 12, a top plate 13, a back plate 14, a floor
plate 15, and side plates 16 and 17. The server rack
11 is, for example, a deep type 19-inch rack having a
depth of 36 inches (914.4 mm), a height of 73.5 inches
(1868.9 mm), and a width of 19 inches (482.6 mm).

In the server rack 11, the package stocker 4 may
be disposed on the front plate (front door) 12 side,
and the drive 22 and the host unit 21 may be disposed
on the back plate 14 side. Furthermore, the package
transport device 3 may be disposed near a central part
between the front plate (front door) 12 and the back
plate 14.

As illustrated in FIG. 2, the drive 22a and the
host unit 21la may be accommodated in a housing 2a.
Similarly, the drive 22b and the host unit 21b may be
accommodated in a housing 2b.

The drive 22a includes a printed circuit board

221, one or more sockets 222, a controller 223, a PCI

ExpressTM (PCIeTM) switch 224, and a PCIe connector
225. The socket 222, the controller 223, and the PCIe
switch 224 are disposed on the printed circuit board
221. A case where a plurality of sockets 222 are
disposed on the printed circuit board 221 will be
assumed below.

Each of the sockets 222 is a socket on which a
semiconductor package 41 is able to be detachably
mounted.

The controller 223 is a memory controller that
controls one or more nonvolatile memory dies included
in the semiconductor package 41 mounted on each of the
sockets 222. The controller 223 may be implemented

with a large scale integration (LSI) such as a
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system-on-a-chip (SoC). The number of controllers 223
disposed on the printed circuit board 221 may be one,
or two or more. Each of the controllers 223 on the
printed circuit board 221 is connected to the PCIe
switch 224. The number of PCIe switches 224 disposed
on the printed circuit board 221 may be one, or two or
more. FEach of the PCIe switches 224 is electrically
connected to the corresponding PCIe connector 225.

One or more PCIe connectors 225 are disposed on
the back surface of the printed circuit board 221 of
the drive 22a. The printed circuit board 221 is
connected to a system board of the host unit 21a via
the one or more PCIe connectors 225.

A processor, a memory, a system controller, a
communication interface controller, and the like are
provided on the system board of the host unit 21la.
The host unit 2la is communicatively connected to the
drive 22a via the one or more PCIe connectors 225.
The host unit 2la reads or writes data from or to any
nonvolatile memory die within the semiconductor
package 41 mounted on any socket 222, wvia the
controller 223.

Since a configuration of each of the drive 22b
and the host unit 21b is similar to the configuration
of each of the drive 22a and the host unit 21la, a
detailed description of the configuration of each of
the drive 22b and the host unit 21b will be omitted
here.

As illustrated in FIG. 2, the package transport
device 3 may include a pillar 32 extending in the
vertical direction (Z-axis direction) and some
transport units 31. Each of the transport units 31 is

movable in an up-down direction along the pillar 32.
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Each of the transport units 31 has an arm (not
illustrated) such as a robot hand, and can grip any
semiconductor package 41 by using the arm.

For example, when transporting a semiconductor
package 41 having been stored at a certain storage
location in the package stocker 4 to the drive 22a,
one transport unit 31 moves to a height corresponding
to the storage location of the semiconductor package
41, which is to be transported, and grips the
semiconductor package 41, which is to be transported.
Then, the one transport unit 31 moves to a height
corresponding to the drive 22a, and mounts the
semiconductor package 41, which is to be transported,
on one socket 222 of the drive 22a.

Note that, in a case where another semiconductor
package 41 is present between the package transport
device 3 and the semiconductor package 41 to be
transported, first, one transport unit 31 grips this
another semiconductor package 41 and moves to an upper
portion or a lower portion while gripping this another
semiconductor package. Then, another transport unit
31 grips the semiconductor package 41, which is to be
transported, and mounts the semiconductor package 41,
which is to be transported, on one socket 222 of the
drive 22a. Thus, even if multiple semiconductor
packages 41 are stored to be arranged along a
direction from the package transport device 3 toward
the front plate 12 (i.e., the -Y direction illustrated
in FIG. 2), it is possible to transport any
semiconductor package 41 among the multiple
semiconductor packages 41.

As illustrated in FIG. 2, the package stocker 4

includes one or more pairs of rails (rail pair R11,
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rail pair R12, ...) on which a plurality of
semiconductor packages 41 can be placed.

Next, an example of a configuration of the drive
22 and the package stocker 4 will be described in
detail with reference to the plan view of FIG. 3.

The drive 22 includes, for example, 48 pieces of
the sockets 222 arranged in 12 rows x 4 columns, 12
pieces of the controllers 223, three PCIe switches
224, and three PCIe connectors 225 respectively
connected to the three PCIe switches 224. FEach of the
12 pieces of the controllers 223 controls the four
semiconductor packages 41 mounted on the corresponding
four sockets 222 in one row. Each of the three PCIe
switches 224 is connected to the corresponding four
controllers 223. Each of the three PCIe switches 224
communicates with the corresponding four controllers
223.

The package stocker 4 includes a plurality of
pairs of rails (here, 12 pieces of rail pairs R11 to
R121). 1In each of the rail pairs R11 to R121, some
semiconductor packages 41 can be placed. Each of the
rail pairs R11 to R121 includes a pair of rails
extending parallel to each other along the Y-axis
direction. A semiconductor package 41 that is placed
on a certain rail pair can slide and move along the
rail pair.

Next, a configuration of the semiconductor
package 41 will be described. FIG. 4 is a diagram
illustrating an example of the configuration of the
semiconductor package 41 used in the storage system 1
according to the present embodiment.

The semiconductor package 41 is, for example, a

ball grid array (BGA) package. The semiconductor
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package 41 includes a plurality of nonvolatile memory
dies 411, a package board 412, a plurality of ball-
type metal terminals 413, a first surface (front
surface) 416, and a second surface (back surface) 417
opposite to the first surface 416.

The plurality of nonvolatile memory dies 411 are
stacked in the vertical direction on the surface of
the package board 412. The plurality of nonvolatile
memory dies 411 are covered and sealed with, for
example, a molding resin 410. Each of the nonvolatile
memory dies 411 includes channel terminals
corresponding to one channel. The channel terminals
corresponding to one channel include a chip enable
signal terminal, a plurality of I/0 terminals, a
plurality of control signal terminals, and the like.

The upper surface of the molding resin 410 forms
the first surface 416 of the semiconductor package 41.
The lower surface of the package board 412 forms the
second surface 417 of the semiconductor package 41.

The plurality of ball-type metal terminals 413
are disposed on the second surface 417. The plurality
of ball-type metal terminals 413 include a plurality
of signal terminals corresponding to a plurality of
channels. The ball-type metal terminals 413 are
connected to the channel terminals of the plurality of
nonvolatile memory dies 411 included in the
semiconductor package 41.

A part of the storage area of at least one of the
plurality of nonvolatile memory dies 411 included in
the semiconductor package 41 is used as an
identification information storage area 418. The
identification information storage area 418 stores

identification information for identifying this
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semiconductor package 41. As the identification
information, an identifier (package identifier) that
is capable of uniquely identifying each semiconductor
package 41 may be used. The package identifier may be
stored in the identification information storage area
418 together with a check code. The check code is a
code for verifying the integrity of the package
identifier. The check code is, for example, a cyclic
redundancy code (CRC), another type of parity
different from the CRC, or a hash value calculated
from the identification information.

By storing the pair of the identification
information (package identifier) and the check code in
the identification information storage area 418, it is
possible to verify the integrity of a value read as
the identification information from the identification
information storage area 418.

FIG. 5 is a diagram illustrating shapes of a
front surface, a back surface, and a side surface of
the semiconductor package 41. The left part of FIG. 5
is a plan view of the semiconductor package 41 as
viewed from the upper surface side, and the central
part of FIG. 5 is a plan view of the semiconductor
package 41 as viewed from the lower surface side. 1In
addition, the right part of FIG. 5 is a side view of
the semiconductor package 41.

The front surface 416 of the semiconductor
package 41 (that is, the upper surface of the molding
resin 410) is used as a marking surface. A plurality
of ball-type metal terminals 413 are disposed on the
back surface 417 of the semiconductor package 41 (that
is, the lower surface of the package board 412). Note

that, on the back surface 417 of the semiconductor
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package 41, there is an area where no ball-type metal
terminal 413 is disposed. Specifically, no ball-type
metal terminal 413 is disposed in the outermost
peripheral area of the back surface 417.

Next, a configuration of the package stocker 4
will be described. FIG. 6 is a perspective view
illustrating a plurality of pairs of rails included in
the package stocker 4.

FIG. 6 illustrates a case where three rail units
401 to 403 are provided in the package stocker 4.

The rail unit 401 includes two side walls 4011
and 4012 facing each other at a distance, and four
rail pairs R11 to R14 disposed inside the two side
walls 4011 and 4012. The rail pair R11 includes a
pair of rails that are opposed to each other at a
distance and extend parallel to each other. By using
such a rail structure having a gap between the rails,
it is possible to support the semiconductor package 41
while avoiding the ball-type metal terminals 413
disposed on the back surface of the semiconductor
package 41 from contacting with the rails. That is,
only the outermost peripheral area of the back surface
of the semiconductor package 41, where the ball-type
metal terminal 413 is not provided, comes into contact
with the rail pair R11. Each of the other rail pairs
R12 to R14 has a configuration similar to that of the
rail pair RI11.

The rail unit 402 includes two side walls 4021
and 4022 facing each other at a distance, and four
rail pairs R21 to R24 disposed inside the two side
walls 4021 and 4022. The rail pair R21 includes a
pair of rails that are opposed to each other at a

distance and extend parallel to each other. Each of
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the other rail pairs R22 to R24 has a configuration
similar to that of the rail pair R21.

The rail unit 403 includes two side walls 4031
and 4032 facing each other at a distance, and four
rail pairs R31 to R34 disposed inside the two side
walls 4031 and 4032. The rail pair R31 includes a
pair of rails that are opposed to each other at a
distance and extend parallel to each other. Each of
the other rail pairs R32 to R34 has a configuration
similar to that of the rail pair R31.

Next, a configuration of the host unit 21 will be
described. FIG. 7 is a block diagram illustrating an
example of a configuration of the host unit 21. Here,
the host unit 2l1a, which is one of a plurality of host
units 21 provided in the storage system 1, will be
described.

The host unit 2la includes a processor 201, a
main memory 202, a system controller 203, a
communication interface controller 204, and the like.
The processor 201, the main memory 202, the system
controller 203, and the communication interface
controller 204 are mounted on the system board of the
host unit 21a.

The main memory 202 is, for example, a dynamic
random access memory (DRAM).

The communication interface controller 204
communicates with the package transport device 3 via a
communication interface 205. As the communication
interface 205, for example, an interface conforming to
a standard of Ethernet may be used. 1In this case, the
communication interface controller 204 may be, for
example, a network interface controller (NIC). Note

that the communication interface controller 204 may
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also be used for communication with the management
server 5.

The processor 201 executes various programs
(software) loaded on the main memory 202. These
programs may include, for example, an application
program 211, an operating system (0S) 212, a file
system 213, a device driver 214 for controlling the
drive 22a, a storage management tool 216, and the
like. The storage management tool 216 is a program
for managing each of the semiconductor packages 41 and
controlling the transport of each of the semiconductor
packages 41.

In the following description, description that a
program executes a certain process means that the host
unit 2la (more specifically, the processor 201)
executes the process by executing the program.

The host unit 2la (more specifically, the
processor 201) can manage a semiconductor package
management table 6 under the control of the storage
management tool 216. The semiconductor package
management table 6 is management data for the
plurality of semiconductor packages 41. The
semiconductor package management table 6 may be stored
in the main memory 202.

The host unit 21la is configured to assign a
unique semiconductor package identification name to
each semiconductor package 41. The host unit 21a uses
the semiconductor package management table 6 to manage
the semiconductor package identification name of each
of the semiconductor packages 41, the priority of each
of the semiconductor packages 41, the state of each of
the semiconductor packages 41, and the location of

each of the semiconductor packages. A semiconductor
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package 41 having a certain semiconductor package
identification name may be described below by using
the semiconductor package identification name. For
example, a semiconductor package 41 having a
semiconductor package identification name
“semiconductor package A” may be referred to as a
semiconductor package A.

FIG. 7 illustrates an example in which the host
unit 21la identifies each of the plurality of
semiconductor packages 41 used in the storage system 1
by using each of a semiconductor package A, a
semiconductor package B, ..., and a semiconductor
package E, which are semiconductor package
identification names.

The host unit 2la stores the priority of each of
the plurality of semiconductor packages 41 in the
semiconductor package management table 6. Then, the
host unit 2la instructs the package transport device 3
to transport a semiconductor package 41, based on the
priority managed in the semiconductor package
management table 6.

The host unit 2la stores, in the semiconductor
package management table 6, information indicating
whether each of the plurality of semiconductor
packages 41 has been connected to the host unit 21a,
has been stored in the package stocker 4, or has been
held in a transport unit 31 of the package transport
device 3, as the state of each of the semiconductor
packages 41.

Here, a state in which a certain semiconductor
package 41 has been connected to the host unit 21a
means a state in which this semiconductor package 41

has been mounted on a socket 222 of the drive 22a.
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Therefore, when a certain semiconductor package 41 has
been connected to the host unit 2la, the host unit 21a
can recognize that this semiconductor package 41 has
been mounted on the socket 222, which is included in
the drive 22a connected to the host unit 2la. Then,
the host unit 21la can recognize that it is possible to
read and write data from and to a nonvolatile memory
die 411 of this semiconductor package 41.

In addition, a state in which a certain
semiconductor package 41 has been stored in the
package stocker 4 means that this semiconductor
package 41 has been placed on any rail pair of the
package stocker 4. Therefore, when a certain
semiconductor package 41 has been stored in the
package stocker 4, this semiconductor package 41 is
not mounted on a socket 222 provided in the drive 22a,
so that the host unit 2la can recognize that it is not
possible to read and write data from and to a
nonvolatile memory die 411 of this semiconductor
package 41.

The host unit 2la stores location information of
the semiconductor package 41 in the semiconductor
package management table 6 as information indicating a
location where a respective one of the plurality of
semiconductor packages 41 is mounted or stored.

When a certain semiconductor package 41 is
connected to the host unit 2la, the host unit 21la
stores, in the semiconductor package management table
6, a socket number indicating a socket 222 on which
this semiconductor package 41 is mounted, as the
location information of this semiconductor package 41.

In addition, when a certain semiconductor package

41 is stored in the package stocker 4, the host unit
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2la stores, in the semiconductor package management
table 6, a storage location number indicating a
location in the package stocker 4 where this
semiconductor package 41 is stored, as the location
information of this semiconductor package 41.

In the example illustrated in FIG. 7, a
semiconductor package 41 having the semiconductor
package identification name “semiconductor package A”
has the highest priority (priority = 1st). The
semiconductor package 41 having the semiconductor
package identification name “semiconductor package A”
has been mounted on a socket #1 of the drive 22a. A
semiconductor package 41 having the semiconductor
package identification name “semiconductor package B”
has the second highest priority (priority = 2nd). The
semiconductor package 41 having the semiconductor
package identification name “semiconductor package B”
has been mounted on a socket #2 of the drive 22a.
Further, a semiconductor package 41 having the
semiconductor package identification name
“semiconductor package C” has the third highest
priority (priority = 3rd). The semiconductor package
41 having the semiconductor package identification
name “semiconductor package C” has been stored in a
storage location #1 of the package stocker 4. A
semiconductor package 41 having the semiconductor
package identification name “semiconductor package D”
has the fourth highest priority (priority = 4th). The
semiconductor package 41 having the semiconductor
package identification name “semiconductor package D”
has been stored in a storage location #2 of the
package stocker 4. A semiconductor package 41 having

the semiconductor package identification name
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“semiconductor package E” has the fifth highest
priority (priority = 5th). The semiconductor package
41 having the semiconductor package identification
name “semiconductor package E” has been stored in a
storage location #3 of the package stocker 4.

Further, a distance between the storage location
#2 and the package transport device 3 is longer than a
distance between the storage location #1 and the
package transport device 3. In addition, a distance
between the storage location #3 and the package
transport device 3 is longer than the distance between
the storage location #2 and the package transport
device 3. Therefore, the semiconductor package C
stored in the storage location #1 can be more easily
taken out by the transport unit 31 than the
semiconductor package D stored in the storage location
#2. Further, the semiconductor package D stored in
the storage location #2 can be more easily taken out
by the transport unit 31 than the semiconductor
package E stored in the storage location #3. The host
unit 2la may instruct the package transport device 3
to store a semiconductor package 41 having a higher
priority in a storage location where the semiconductor
package 41 can be more easily taken out, according to
the priority of each of the semiconductor packages 41.

Further, the host unit 2la may use a transport
unit 31 as a buffer. At this time, the host unit 21la
may instruct the package transport device 3 such that
the transport unit 31 holds a semiconductor package 41
having the highest priority among a plurality of
semiconductor packages 41 stored in the package
stocker 4.

Note that the storage management tool 216 also
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executes a process for managing data and its amount
stored in each of the semiconductor packages 41 which
are not mounted on any socket 222 of the drive 22a
(also referred to as offline packages). For example,
the storage management tool 216 executes a process for
managing data and its amount stored in each of the
semiconductor packages 41 stored in the package
stocker 4. The storage management tool 216 can report
the data and its amount stored in each of the offline
packages to the 0S 212 or the file system 213. Thus,
the 0S 212 or the file system 213 can manage not only
the data stored in each of the semiconductor packages
41 that are currently mounted on the sockets 222 of
the drive 22a but also the data and its amount stored
in each of the offline packages.

Next, a package loading/unloading slot used when
a semiconductor package 41 is added to the package
stocker 4 and when a semiconductor package 41 is
ejected from the package stocker 4 will be described.
FIG. 8 i1s a diagram illustrating a package
loading/unloading slot of the package stocker 4.

The package stocker 4 includes a package
loading/unloading slot 420 used to add a semiconductor
package 41 to the package stocker 4 from the outside
of the package stocker 4, and to eject a semiconductor
package 41 from the package stocker 4 to the outside
of the package stocker 4. The package
loading/unloading slot 420 is an opening provided in
the front surface 42 of the package stocker 4. The
front surface 42 corresponds to the front surface 12
of the server rack 11.

A semiconductor package 41 is added to the

package stocker 4 from the outside of the package
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stocker 4 through the package loading/unloading slot
420 provided in the package stocker 4. The added
semiconductor package 41 is stored in the package
stocker 4 together with a plurality of semiconductor
packages 41 already stored.

Further, an unnecessary semiconductor package 41
is ejected from the package stocker 4 to the outside
of the package stocker 4 through the package
loading/unloading slot 420 provided in the package
stocker 4.

The package stocker 4 includes a package
loading/unloading slot 430 provided in a surface on a
side facing the package transport device 3 in addition
to the package loading/unloading slot 420 provided in
the front surface 42 of the package stocker 4. The
package loading/unloading slot 430 is used to store a
semiconductor package 41 in the package stocker 4 and
to take out a semiconductor package 41 from the
package stocker 4. The package transport device 3
executes an operation of storing a semiconductor
package 41 in the package stocker 4 through the
package loading/unloading slot 430 and an operation of
taking out a semiconductor package 41 from the package
stocker 4 through the package loading/unloading slot
430. The package loading/unloading slot 430 is
provided, for example, in the back surface of the
package stocker 4 and is located on the opposite side
of the package loading/unloading slot 420. 1In
addition, although not illustrated here, a plurality
of pairs of rails extend in a direction from the
package loading/unloading slot 420 of the package
stocker 4 toward the package transport device 3, that

is, in a direction from the package loading/unloading
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slot 420 toward the package loading/unloading slot
430.

Next, an operation of adding a semiconductor
package 41 to the package stocker 4 from the outside
will be described. FIG. 9 is a diagram illustrating
an operation of adding a new semiconductor package 41
to the package stocker 4 through the package
loading/unloading slot 420 of the package stocker 4.

The upper part of FIG. 9 is a plan view of a
server rack 11 before a new semiconductor package 1is
added. The lower part of FIG. 9 is a plan view of the
server rack 11 after 12 pieces of new semiconductor
packages are added.

As can be seen from FIG. 9, the package transport
device 3 opposes the package loading/unloading slot
420 provided in the front surface 12 of the server
rack 11. Each of the 12 pieces of rail pairs R11 to
R121 extends in a direction (Y direction) from the
package loading/unloading slot 420 toward the package
transport device 3.

As illustrated in the upper part of FIG. 9, 96
pieces of semiconductor packages 41 are already placed
on the 12 pieces of the rail pairs R11 to R121. The
96 pieces of the semiconductor packages 41 are
semiconductor packages already stored in the package
stocker 4.

Here, it is assumed that 12 pieces of
semiconductor packages 41 are added to the package
stocker 4. In this case, as illustrated in the lower
part of FIG. 9, the 12 pieces of semiconductor
packages 41 are respectively placed on the rail pairs
R11 to R121 through the package loading/unlocading slot

420 by, for example, a robot or an operator. As a
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result, the 12 pieces of the semiconductor packages 41
are stored in the package stocker 4.

As described above, in the package stocker 4, the
plurality of rail pairs R11 to R121 each extending in
the direction from the package loading/unloading slot
420 toward the package transport device 3 are
provided. Therefore, it is possible to easily add and
eject a semiconductor package 41 through the package
loading/unloading slot 420.

Next, transporting and mounting/detaching
operations of a semiconductor package 41 controlled by
the host unit 21 will be described. FIG. 10 is a
diagram illustrating an operation of changing a
location of a semiconductor package 41 between the
package stocker 4 and a socket 222 of the drive 22
based on change in the priority of the semiconductor
package 41, which is executed in the storage system 1
according to the present embodiment.

The host unit 21 manages the priority of each of
the semiconductor packages 41 provided in the storage
system 1 by using the semiconductor package management
table 6. Then, the host unit 21 instructs the package
transport device 3 to transport and mount/detach a
semiconductor package 41 based on the priority of each
of the semiconductor packages 41 provided in the
storage system 1.

In the example illustrated in FIG. 10, the host
unit 21 manages eight semiconductor packages 41
including a semiconductor package A, a semiconductor
package B, ..., and a semiconductor package H. The
host unit 21 instructs the package transport device 3
to mount the semiconductor package A having the

highest priority among the managed semiconductor
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packages 41 on, for example, the socket #1, and to
mount the semiconductor package B having the second
highest priority among the managed semiconductor
packages on, for example, the socket #2. As a result,
information indicating that the semiconductor package
A and the semiconductor package B are respectively
mounted on the socket #1 and the socket #2 is stored
in the semiconductor package management table 6. As
described above, when the number of sockets provided
in the drive 22 is two, the two semiconductor packages
A to B having the priorities of 1st to 2nd are mounted
on the two sockets #1 to #2 of the drive 22,
respectively. The priorities of 1st to 2nd correspond
to the priority of the first level.

In addition, the six semiconductor packages 41
(semiconductor packages C to H) having the priorities
of 3rd to 8th are stored in the package stocker 4.

The package stocker 4 may include at least two types
of storage locations, i.e., a first storage location
and a second storage location. The distance between
the first storage location and the package transport
device 3 is shorter than the distance between the
second storage location and the package transport
device 3. The first storage location includes, for
example, storage locations #1 to #3. The second
storage location includes, for example, storage
locations #4 to #6. For the package transport device
3, the storage locations #1 to #3 are storage
locations where a semiconductor package 41 can be more
easily taken out than the storage locations #4 to #6.

Among the six semiconductor packages 41 stored in
the package stocker 4, the three semiconductor

packages C to E having the priorities of 3rd to 5th
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are stored in the storage locations #1 to #3 included
in the first storage location. The priorities of 3rd
to 5th correspond to the priority of the second level
which is lower than the priority of the first level.

In addition, among the six semiconductor packages
41 stored in the package stocker 4, the three
semiconductor packages F to H having the priorities of
6th to 8th are stored in the storage locations #4 to
#6 included in the second storage location. The
priorities of 6th to 8th correspond to the priority of
the third level which is lower than the priority of
the second level.

Here, an operation of the host unit 21 when the
priority of the semiconductor package C stored in the
package stocker 4 exceeds the priority of the
semiconductor package B will be described. FIG. 11 is
another diagram illustrating an operation of changing
a location of a semiconductor package 41 between the
package stocker 4 and a socket 222 of the drive 22
based on change in the priority of the semiconductor
package 41, which is executed in the storage system 1
according to the present embodiment.

For example, it is assumed that the priority of
the semiconductor package C increases from 3rd to 2nd
and the priority of the semiconductor package B
decreases from 2nd to 3rd. First, the host unit 21
instructs the package transport device 3 to detach the
semiconductor package B from the socket #2, to
transport the semiconductor package C to the drive 22,
to mount the semiconductor package C on the socket #2,
and to transport the detached semiconductor package B
to, for example, the storage location #1 of the

package stocker 4. The package transport device 3
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detaches the semiconductor package B from the socket
#2, transports the semiconductor package C to the
socket #2 from which the semiconductor package B has
been detached, mounts the semiconductor package C on
the socket #2, and transports the detached
semiconductor package B to the storage location #1 of
the package stocker 4.

Then, the host unit 21 updates the semiconductor
package management table 6. Specifically, the host
unit 21 stores, in the semiconductor package
management table 6, information indicating that the
semiconductor package B is stored in the storage
location #1 of the package stocker 4, and information
indicating that the semiconductor package C is mounted
on the socket #2.

Next, an operation of changing a storage location
in the package stocker 4 where a semiconductor package
41 is stored will be described. FIG. 12 is a diagram
illustrating an operation of changing a location of a
semiconductor package 41 in the package stocker 4
based on change in the priority of the semiconductor
package 41, which is executed in the storage system 1
according to the present embodiment.

Here, for example, it is assumed that, in the
state illustrated in FIG. 10, the priority of the
semiconductor package H increases from 8th to 3rd, and
the priorities of the semiconductor packages C to G
decreases from the priorities of 3rd to 7th to the
priorities of 4th to 8th. The new priority (3rd) of
the semiconductor package H belongs to the priority of
the second level, and the new priority (6th) of the
semiconductor package E belongs to the priority of the

third level. Therefore, the host unit 21 instructs
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the package transport device 3 to exchange the storage
location of the semiconductor package H and the
storage location of the semiconductor package E with
each other. First, the package transport device 3
takes out the semiconductor package E from the storage
location #3 of the package stocker 4. Then, the
package transport device 3 further takes out the
semiconductor package H from the storage location #6
of the package stocker 4. Thereafter, the package
transport device 3 stores the semiconductor package E
in the storage location #6 of the package stocker 4.
Then, the package transport device 3 stores the
semiconductor package H in the storage location #3 of
the package stocker 4.

Then, the host unit 21 updates the semiconductor
package management table 6. Specifically, the host
unit 21 stores, in the semiconductor package
management table 6, information indicating that the
semiconductor package E is stored in the storage
location #6 of the package stocker 4, and information
indicating that the semiconductor package H is stored
in the storage location #3 of the package stocker 4.

By the above operation, the host unit 21 can
control such that a semiconductor package 41 having a
higher priority among the semiconductor packages 41
stored in the package stocker 4 is stored in a storage
location (here, the storage location #1) where the
package transport device 3 can easily take out the
semiconductor package 41. As a result, when the
priority of the semiconductor package 41 stored in the
storage location #1 of the package stocker 4 exceeds
the priority of the second level, it is possible to

shorten the time required to transport this
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semiconductor package 41 from the package stocker 4 to
a socket 222 of the drive 22.

Next, the transporting and mounting/detaching
operations of a semiconductor package 41 controlled by
the host unit 21 when a buffer of the package
transport device 3 is available will be described.
FIG. 13 is a diagram illustrating an operation of
changing a location of a semiconductor package 41
among the package stocker 4, the package transport
device 3, and a socket 222 of the drive 22, based on
change in the priority of the semiconductor package
41, which is executed in the storage system according
to the present embodiment.

The host unit 21 manages eight semiconductor
packages 41 including a semiconductor package A, a
semiconductor package B, ..., and a semiconductor
package H. The host unit 21 instructs the package
transport device 3 to mount the semiconductor package
A having the highest priority among the managed
semiconductor packages 41 on, for example, the socket
#1 of the drive 22 and to mount the semiconductor
package B having the second highest priority among the
managed semiconductor packages 41 on, for example, the
socket #2 of the drive 22. The package transport
device 3 transports the semiconductor package A to the
socket #1 of the drive 22, and mounts the
semiconductor package A on the socket #1. 1In
addition, the package transport device 3 transports
the semiconductor package B to the socket #2 of the
drive 22, and mounts the semiconductor package B on
the socket #2. The host unit 21 stores information
indicating that the semiconductor package A and the

semiconductor package B are respectively mounted on
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the socket #1 and the socket #2, in the semiconductor
package management table 6.

As described above, when the number of sockets
provided in the drive 22 is two, the two semiconductor
packages A to B having the priorities of 1st to 2nd
are mounted on the two sockets #1 and #2 of the drive
22, respectively. The priorities of 1st to 2nd
correspond to the priority of the first level.

In addition, the host unit 21 instructs the
package transport device 3 to hold the two
semiconductor packages C and D having the priorities
of 3rd to 4th. The priorities of 3rd to 4th
correspond to the priority of the second level which
is lower than the priority of the first level.

The package transport device 3 (for example, the
transport unit #1) that has received the instruction
holds the semiconductor package C. In addition, the
package transport device 3 (for example, the transport
unit #2) that has received the instruction holds the
semiconductor package D. Thus, the two semiconductor
packages C to D having the priorities of 3rd to 4th
are held in the package transport device 3. That is,
the transport unit #1 that holds the semiconductor
package C is used as a buffer #1 of the package
transport device 3, and the transport unit #2 that
holds the semiconductor package D is used as a buffer
#2 of the package transport device 3.

As a result, the host unit 21 stores information
indicating that the semiconductor package C and the
semiconductor package D are respectively held in the
transport unit #1 (buffer #1) and the transport unit
#2 (buffer #2), in the semiconductor package

management table 6.



10

15

20

25

30

40

In addition, the four semiconductor packages E to
H having the priorities of 5th to 8th are stored in
the package stocker 4. Among the four semiconductor
packages 41 stored in the package stocker 4, the three
semiconductor packages E to G having the priorities of
5th to 7th are stored in the storage locations #1 to
#3 included in the first storage location. The
priorities of 5th to 7th correspond to the priority of
the third level which is lower than the priority of
the second level.

Among the four semiconductor packages 41 stored
in the package stocker 4, the semiconductor package H
having the priority of 8th is stored in any one of the
storage locations #4 to #6 (for example, the storage
location #4) included in the second storage location.

Here, an operation of the host unit 21 when the
priority of the semiconductor package C held in the
buffer #1 of the package transport device 3 exceeds
the priority of the semiconductor package B will be
described. FIG. 14 is a diagram illustrating an
operation of changing a location of a semiconductor
package 41 between the package transport device 3 and
a socket 222 of the drive 22 based on change in the
priority of the semiconductor package 41, which is
executed in the storage system 1 according to the
present embodiment.

For example, it is assumed that the priority of
the semiconductor package C increases from 3rd to 2nd,
and the priority of the semiconductor package B
decreases from 2nd to 3rd. First, the host unit 21
instructs the package transport device 3 to detach the
semiconductor package B from the socket #2, to

transport the semiconductor package C to the drive 22,
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to mount the semiconductor package C on the socket #2,
and to hold the detached semiconductor package B in
the package transport device 3. The package transport
device 3 detaches the semiconductor package B from the
socket #2. Then, the package transport device 3
transports the semiconductor package C held by the
transport unit #1 to the socket #2 from which the
semiconductor package B has been detached, and mounts
the semiconductor package C on the socket #2. The
detached semiconductor package B is maintained in a
state of being held in the package transport device 3
(for example, the transport unit #1).

In response to the above operation, the host unit
21 updates the semiconductor package management table
6. Specifically, the host unit 21 stores, in the
semiconductor package management table 6, information
indicating that the semiconductor package B is held in
the buffer #1 of the package transport device 3 and
information indicating that the semiconductor package
C is mounted on the socket #2.

Next, an exchange operation when the priority of
a semiconductor package 41 stored in the package
stocker 4 exceeds the priority of a semiconductor
package 41 held in a buffer of the package transport
device 3 will be described. FIG. 15 is a diagram
illustrating an operation of changing a location of a
semiconductor package 41 between the package stocker 4
and the package transport device 3 based on change in
the priority of the semiconductor package 41, which is
executed in the storage system 1 according to the
present embodiment.

Here, for example, it is assumed that, in the

state illustrated in FIG. 13, the priority of the
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semiconductor package E increases from 5th to 4th and
the priority of the semiconductor package D decreases
from 4th to 5th. The new priority (4th) of the
semiconductor package E belongs to the priority of the
second level, and the new priority (5th) of the
semiconductor package D belongs to the priority of the
third level. Therefore, the host unit 21 instructs
the package transport device 3 to exchange the
location of the semiconductor package E and the
location of the semiconductor package D with each
other. Specifically, first, the host unit 21
instructs the package transport device 3 to transport
the semiconductor package D to the storage location #1
of the package stocker 4, and further instructs the
package transport device 3 to hold the semiconductor
package E in the transport unit #2. The package
transport device 3 that has received the instruction
transports the semiconductor package D held by the
transport unit #2 to the storage location #1 of the
package stocker 4. Then, the transport unit #2
exchanges the semiconductor package E stored in the
storage location #1 of the package stocker 4 with the
semiconductor package D held in the transport unit #2.
The transport unit #2 then holds the semiconductor
package E as the buffer #2.

In response to the above operation, the host unit
21 updates the semiconductor package management table
6. Specifically, the host unit 21 stores, in the
semiconductor package management table 6, information
indicating that the semiconductor package D is stored
in the storage location #1 of the package stocker 4,
and information indicating that the semiconductor

package E is held in the transport unit #2 (buffer #2)
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of the package transport device 3.

By the above operation, the host unit 21 can
cause the package transport device 3 to hold, in
advance, a semiconductor package 41 having a higher
priority among the semiconductor packages 41 stored in
the package stocker 4. As a result, when the priority
of the semiconductor package 41 held in the transport
unit 31 exceeds the priority of the semiconductor
package 41 connected to a socket 222, it is possible
to eliminate the time required for the package
transport device 3 to take out the semiconductor
package 41 from the package stocker 4. That is, by
using a buffer of the package transport device 3, it
is possible to greatly reduce the time required for
moving the semiconductor package 41 as compared with
adjustment of the storage location in the package
stocker 4.

Next, a process of the reading or writing of data
from or to a nonvolatile memory die 411 of a
semiconductor package 41 will be described. FIG. 16
is a flowchart illustrating a procedure of the process
of the reading or writing of data, which is executed
by the host unit 21 of the storage system 1 according
to the present embodiment.

First, the host unit 21 determines a
semiconductor package 41 that includes a nonvolatile
memory die 411 to be accessed (Step S11). Here, the
nonvolatile memory die 411 to be accessed is
determined, based on a read request or a write request
which is received from the application program 211.
Then, a semiconductor package 41 that includes this
nonvolatile memory die 411 to be accessed is

determined in Step S11.
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The host unit 21 determines whether or not the
semiconductor package 41 determined in Step S11 is
mounted on a socket 222 of the drive 22 (Step S12).

In Step S12, the host unit 21 may determine whether or
not the determined semiconductor package 41 is mounted
on a socket 222 of the drive 22 by referring to the
semiconductor package management table 6.

When the determined semiconductor package 41 is
mounted on a socket 222 of the drive 22 (Yes in Step
S12), the host unit 21 executes, via the controller
223, the reading or writing of data from or to the
nonvolatile memory die 411 to be accessed, which is
included in the determined semiconductor package 41
(Step S13).

When the determined semiconductor package 41 is
not mounted on any socket 222 of the drive 22 (No in
Step S12), the host unit 21 causes the package
transport device 3 to transport the determined
semiconductor package 41 from the package stocker 4 to
the drive 22, and to mount the semiconductor package
41 on the socket 222 (Step S14).

When the semiconductor package 41 is mounted on
the socket 222 by the package transport device 3, the
host unit 21 reads the package identifier stored in
the semiconductor package 41 via the controller 223,
and checks whether or not the read package identifier
coincides with the package identifier of the
determined semiconductor package 41. When the read
package identifier coincides with the package
identifier of the determined semiconductor package 41,
the host unit 21 executes, via the controller 223, the
reading or writing of data from or to the nonvolatile

memory die 411 to be accessed, which is included in
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the determined semiconductor package 41 (Step S13).

FIG. 17 is a flowchart illustrating details of a
procedure of the process of reading or writing data,
which is executed by the host unit 21 of the storage
system 1 according to the present embodiment.

First, the host unit 21 determines a
semiconductor package 41 that includes a nonvolatile
memory die 411 to be accessed (Step S21).

The host unit 21 determines whether or not the
semiconductor package 41 determined in Step S21 is
mounted on a socket 222 of the drive 22 (Step S22).

In Step S22, the host unit 21 may check whether or not
the determined semiconductor package 41 is mounted on
the socket 222 of the drive 22 by referring to the
semiconductor package management table 6.

When the determined semiconductor package 41 is
mounted on the socket 222 of the drive 22 (Yes in Step
S22), the host unit 21 executes, via the controller
223, the reading or writing of data from or to the
nonvolatile memory die 411 to be accessed, which is
included in the determined semiconductor package 41
(Step S23).

When the determined semiconductor package 41 is
not mounted on any socket 222 of the drive 22 (No in
Step S22), the host unit 21 checks whether or not
there is an empty socket in the drive 22 (Step S24).
The empty socket is a socket 222 on which no
semiconductor package 41 is mounted.

When there is an empty socket in the drive 22
(Yes 1in Step S24), the host unit 21 causes the package
transport device 3 to transport the determined
semiconductor package 41 from the package stocker 4 to

the drive 22, and to mount the transported
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semiconductor package on the empty socket (Step S25).
In this case, the host unit 21 instructs the package
transport device 3 to take out the determined
semiconductor package 41 from the package stocker 4
and to mount the determined semiconductor package 41
on the empty socket.

When the semiconductor package 41 is mounted on
the socket 222 by the package transport device 3, the
host unit 21 reads the package identifier stored in
the semiconductor package 41 via the controller 223,
and checks whether or not the read package identifier
coincides with the package identifier of the
determined semiconductor package 41.

When the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 stores information
indicating that the determined semiconductor package
41 is mounted on the socket 222 of the drive 22, in
the semiconductor package management table 6.

Then, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the nonvolatile memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 (Step S23).

When there is no empty socket in the drive 22 (No
in Step S524), the host unit 21 determines whether or
not there is a semiconductor package 41 having a
priority lower than the priority of the determined
semiconductor package 41 among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
(Step S26).

When there is no semiconductor package 41 having

a priority lower than the priority of the determined
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semiconductor package 41 among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
(No in Step S26), the host unit 21 executes the
process of Step S24 again. The host unit 21 waits
until the priority of each semiconductor package 41 is
changed and thus there is a semiconductor package 41
having a priority lower than the priority of the
determined semiconductor package 41 among the
semiconductor packages 41 mounted on the sockets 222
of the drive 22.

When there is a semiconductor package 41 having a
priority lower than the priority of the determined
semiconductor package 41 among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
(Yes in Step S26), the host unit 21 causes the package
transport device 3 to detach a semiconductor package
41 having the lowest priority among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
from the corresponding socket 222, and to transport
the detached semiconductor package 41 to the package
stocker 4 (Step S27). As a result, the socket 222
from which the semiconductor package 41 has been
detached becomes an empty socket.

Then, the host unit 21 causes the package
transport device 3 to transport the determined
semiconductor package 41 from the package stocker 4 to
the drive 22, and to mount the transported
semiconductor package 41 to the empty socket (Step
S25). In this case, the host unit 21 instructs the
package transport device 3 to take out the determined
semiconductor package 41 from the package stocker 4
and to mount the determined semiconductor package 41

on the socket 222.
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When the semiconductor package 41 is mounted on
the socket 222 by the package transport device 3, the
host unit 21 reads the package identifier stored in
the semiconductor package 41 via the controller 223,
and checks whether or not the read package identifier
coincides with the package identifier of the
determined semiconductor package 41.

When the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 stores information
indicating that the determined semiconductor package
41 is mounted on the socket 222 of the drive 22, in
the semiconductor package management table 6.

Then, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the nonvolatile memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 (Step S23).

As a result, even when there is no empty socket
in the drive 22, the host unit 21 can mount the
determined semiconductor package 41 on a socket 222 by
detaching a semiconductor package 41 having a priority
lower than the priority of the determined
semiconductor package 41 from the socket 222.

Next, a process of reading or writing data from
or to a nonvolatile memory die 411 of a semiconductor
package 41 when a buffer of the package transport
device 3 1is available will be described. FIGS. 18A
and 18B are flowcharts illustrating another procedure
of the process of reading or writing data from or to
the nonvolatile memory die 411, which is executed by
the host unit 21 of the storage system 1 according to

the present embodiment.
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First, the host unit 21 determines a
semiconductor package 41 that includes a nonvolatile
memory die 411 to be accessed (Step S301).

The host unit 21 determines whether or not the
semiconductor package 41 determined in Step S301 is
mounted on a socket 222 of the drive 22 (Step S302).
The host unit 21 may determine whether or not the
determined semiconductor package 41 is mounted on the
socket 222 of the drive 22 by referring to the
semiconductor package management table 6.

When the determined semiconductor package 41 is
mounted on a socket 222 of the drive 22 (Yes in Step
S302), the host unit 21 executes, via the controller
223, the reading or writing of data from or to the
nonvolatile memory die 411 to be accessed, which is
included in the determined semiconductor package 41
(Step S303).

When the determined semiconductor package 41 is
not mounted on any socket 222 of the drive 22 (No in
Step S302), the host unit 21 checks whether or not
there is an empty socket in the drive 22 (Step S304).

When there is an empty socket in the drive 22
(Yes in Step S304), the host unit 21 executes the
process of Step S305 in FIG. 18B.

When there is no empty socket in the drive 22 (No
in Step S304), the host unit 21 determines whether or
not there is a semiconductor package 41 having a
priority lower than the priority of the determined
semiconductor package 41 among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
(Step S307).

When there is no semiconductor package 41 having

a priority lower than the priority of the determined
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semiconductor package 41 among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
(No in Step S307), the host unit 21 executes the
process of Step S304 again. The host unit 21 waits
until the priority of each semiconductor package 41 is
changed and thus there is a semiconductor package 41
having a priority lower than the priority of the
determined semiconductor package 41 among the
semiconductor packages 41 mounted on the sockets 222
of the drive 22.

When there is a semiconductor package 41 having a
priority lower than the priority of the determined
semiconductor package 41 among the semiconductor
packages 41 mounted on the sockets 222 of the drive 22
(Yes in Step S307), the host unit 21 causes the
package transport device 3 to detach the semiconductor
package 41 having a priority lower than the priority
of the determined semiconductor package 41 from the
socket 222, and to transport the detached
semiconductor package 41 to a buffer of the package
transport device 3 (Step S308). As a result, the
semiconductor package 41 detached from the socket 222
is not stored in the package stocker 4 but is held in
the package transport device 3. 1In addition, the
socket 222 from which the semiconductor package 41 has
been detached becomes an empty socket. Then, the host
unit 21 executes the process of Step S305 in FIG. 18B.

The host unit 21 determines whether or not the
determined semiconductor package 41 is present in a
buffer of the package transport device 3, that is,
whether or not the determined semiconductor package 41
is held in the package transport device 3 (Step S305).

The host unit 21 may determine whether or not the
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determined semiconductor package 41 is held in the
package transport device 3 by referring to the
semiconductor package management table 6.

When the determined semiconductor package 41 is
present in a buffer of the package transport device 3,
that is, when the determined semiconductor package 41
is held in any one of the transport units 31 of the
package transport device 3 (Yes in Step S305), the
host unit 21 causes the package transport device 3 to
transport the determined semiconductor package 41 from
the buffer of the package transport device 3 to the
drive 22, and to mount the transported semiconductor
package 41 on the empty socket (Step S306). In this
case, the host unit 21 instructs a transport unit 31
that has been holding the determined semiconductor
package 41 to mount the determined semiconductor
package 41 on the socket 222.

When the semiconductor package 41 is mounted on
the socket 222 by the transport unit 31, the host unit
21 reads the package identifier stored in the
semiconductor package 41 via the controller 223, and
checks whether or not the read package identifier
coincides with the package identifier of the
determined semiconductor package 41.

When the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 stores information
indicating that the determined semiconductor package
41 is mounted on the socket 222 of the drive 22, in
the semiconductor package management table 6.

Then, the host unit 21 executes, via the
controller 223, the reading or writing of data from or

to the nonvolatile memory die 411 to be accessed,
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which is included in the determined semiconductor
package 41 (Step S303 in FIG. 18A).

When the determined semiconductor package 41 is
not present in any buffer of the package transport
device 3, that is, when the determined semiconductor
package 41 is not held in any transport unit 31 of the
package transport device 3 (No in Step S305), the host
unit 21 checks whether or not there is an empty buffer
in the package transport device 3 (Step S309). The
empty buffer of the package transport device 3 is a
transport unit 31 that is not holding a semiconductor
package 41.

When there is an empty buffer in the package
transport device 3, that is, when there is a transport
unit 31 that is not holding a semiconductor package 41
(Yes in Step S309), the host unit 21 causes the
package transport device 3 to transport the determined
semiconductor package 41 from the package stocker 4 to
the empty buffer in the package transport device 3,
that is, to a transport unit 31 that is not holding a
semiconductor package 41 (Step S310). In this case,
the host unit 21 may instruct a transport unit 31 that
is not holding a semiconductor package 41 to take out
the determined semiconductor package 41 from the
package stocker 4. As a result, the determined
semiconductor package 41 is held by the transport unit
31, and thus the determined semiconductor package 41
is present in a buffer of the package transport device
3.

Then, the host unit 21 causes the package
transport device 3 to transport the determined
semiconductor package 41 from the buffer of the

package transport device 3 to the drive 22, and to
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mount the transported semiconductor package on the
empty socket (Step S306). In this case, the host unit
21 instructs the transport unit 31 that has been
holding the determined semiconductor package 41 to
mount the determined semiconductor package 41 on the
socket 222.

When the semiconductor package 41 is mounted on
the socket 222 by the transport unit 31, the host unit
21 reads the package identifier stored in the
semiconductor package 41 via the controller 223, and
checks whether or not the read package identifier
coincides with the package identifier of the
determined semiconductor package 41.

When the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 stores information
indicating that the determined semiconductor package
41 is mounted on the socket 222 of the drive 22, in
the semiconductor package management table 6.

Then, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the nonvolatile memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 (Step S303 in FIG. 18A).

When there is no empty buffer in the package
transport device 3 (No in Step S309), the host unit 21
determines whether or not there is a semiconductor
package 41 having a priority lower than the priority
of the determined semiconductor package 41 among the
semiconductor packages 41 held in the buffers of the
package transport device 3 (Step S311).

When there is no semiconductor package 41 having

a priority lower than the priority of the determined



10

15

20

25

30

54

semiconductor package 41 among the semiconductor
packages 41 held in the buffers of the package
transport device 3 (No in Step S311), the host unit 21
executes the process of Step S309 again. The host
unit 21 waits until the priority of each semiconductor
package 41 is changed and thus there is a
semiconductor package 41 having a priority lower than
the priority of the determined semiconductor package
41 among the semiconductor packages 41 held in the
buffers of the package transport device 3.

When there is a semiconductor package 41 having a
priority lower than the priority of the determined
semiconductor package 41 among the semiconductor
packages 41 held in the buffers of the package
transport device 3 (Yes in Step S311), the host unit
21 causes the package transport device 3 to transport
a semiconductor package 41 having the lowest priority
among the semiconductor packages 41 held in the
buffers of the package transport device 3 to the
package stocker 4 (Step S312). In Step S312, the host
unit 21 may instruct a transport unit 31 that has been
holding the semiconductor package 41 having the lowest
priority to transport the semiconductor package 41 to
the package stocker 4. As a result, this transport
unit 31 becomes an empty buffer that is not holding a
semiconductor package 41.

Then, the host unit 21 causes the package
transport device 3 to transport the determined
semiconductor package 41 from the package stocker 4 to
the empty buffer of the package transport device 3
(Step S310). In this case, the host unit 21 may
instruct the transport unit 31 that has become the

empty buffer to take out the determined semiconductor
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package 41 from the package stocker 4. As a result,
the determined semiconductor package 41 is held by
this transport unit 31, and thus the determined
semiconductor package 41 is present in a buffer of the
package transport device 3.

Then, the host unit 21 causes the package
transport device 3 to transport the determined
semiconductor package 41 from the buffer of the
package transport device 3 to the drive 22, and to
mount the transported semiconductor package on the
empty socket (Step S306).

When the semiconductor package 41 is mounted on
the socket 222 by the transport unit 31, the host unit
21 reads the package identifier stored in the
semiconductor package 41 via the controller 223, and
checks whether or not the read package identifier
coincides with the package identifier of the
determined semiconductor package 41.

When the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 stores information
indicating that the determined semiconductor package
41 is mounted on the socket 222 of the drive 22, in
the semiconductor package management table 6.

Then, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the nonvolatile memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 (Step S303 in FIG. 18A).

As described above, according to the first
embodiment, the drive 22 includes at least one socket
222 on which a semiconductor package 41 is able to be

detachably mounted, and the controller 223 that
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controls a nonvolatile memory die 411 of the
semiconductor package 41 mounted on the socket 222.

The host unit 21, which is communicatively
connected to the drive 22, may execute the reading or
writing of data from or to the nonvolatile memory die
411 of the semiconductor package 41 connected to the
socket 222. The host unit 21 determines a
semiconductor package 41 that includes a nonvolatile
memory die 411 to be accessed, among the plurality of
semiconductor packages 41 managed in the storage
system 1.

When the semiconductor package 41 that includes
the nonvolatile memory die 411 to be accessed is
mounted on a socket 222 of the drive 22, the host unit
21 executes, via the controller 223, the reading or
writing of data from or to the nonvolatile memory die
411 to be accessed.

When the semiconductor package 41 that includes
the nonvolatile memory die 411 to be accessed is not
mounted on a socket 222 of the drive 22 and is stored
in the package stocker 4, the host unit 21 causes the
package transport device 3 to transport the
semiconductor package 41 including the nonvolatile
memory die 411 to be accessed, and to mount the
semiconductor package 41 on the socket 222.

As described above, in the storage system 1, a
semiconductor package 41 that includes one or more
nonvolatile memory dies 411 is mounted on a socket 222
of the drive 22. As a result, it is possible to use
the semiconductor package 41 mounted on the socket 222
of the drive 22, as a storage device accessible by the
host unit 21. Therefore, the host unit 21 can read or

write data from or to a nonvolatile memory die 411
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included in any semiconductor package 41 among the
plurality of semiconductor packages 41 managed in the
storage system 1, by simply exchanging a semiconductor
package 41 connected to the socket 222 of the drive 22
with another semiconductor package 41.

(Second Embodiment)

Next, a configuration of collectively
transporting and mounting/detaching a plurality of
semiconductor packages 41 will be described. FIG. 19
is a block diagram illustrating an example of a
configuration of a storage system 1 according to the
present embodiment. The storage system 1 illustrated
in FIG. 19 is mainly different from the storage system
1 in the first embodiment illustrated in FIG. 1 in
that a tray 46 that accommodates a plurality of
semiconductor packages 41 is used as a unit for
transporting and mounting/detaching the semiconductor
packages 41. Other components are similar to those of
the storage system 1 in the first embodiment.
Differences from the storage system 1 in the first
embodiment will be mainly described below.

A package stocker 4 is configured to store a
plurality of trays 46, each of the plurality of trays
46 accommodating a predetermined number of
semiconductor packages 41. The shape of the tray 46
may be a box shape or a plate shape. The number of
semiconductor packages 41 accommodated in one tray 46
is two or more. 1In the tray 46, the predetermined
number of semiconductor packages 41 are accommodated.
The semiconductor packages 41 are accommodated in the
tray 46 in a factory. A tray 46 that has been
accommodating the predetermined number of

semiconductor packages 41 is shipped from the factory
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and used in a data center.

A drive 22 includes at least the predetermined
number of sockets 222 on which the predetermined
number of semiconductor packages 41 accommodated in
the tray 46 are able to be collectively and detachably
mounted. For example, when the tray 46 is configured
to accommodate 16 pieces of semiconductor packages 41,
the drive 22 includes at least 16 pieces of sockets
222. The 16 pieces of the sockets 222 form a socket
group on which the 16 pieces of semiconductor packages
41 accommodated in one tray are able to be
collectively and detachably mounted. The 16 pieces of
the semiconductor packages 41 accommodated in the tray
46 are collectively mounted on the 16 pieces of the
sockets 222. In addition, when the tray 46 is
configured to accommodate 48 pieces of semiconductor
packages 41, the drive 22 includes at least 48 pieces
of sockets 222. The 48 pieces of the sockets 222 form
a socket group on which the 48 pieces of semiconductor
packages 41 accommodated in one tray are able to be
collectively and detachably mounted. The 48 pieces of
the semiconductor packages 41 accommodated in the tray
46 are collectively mounted on the 48 pieces of the
sockets 222. The number of sockets 222 included in
the drive 22 may correspond to two or more trays 46.

A package transport device 3 transports a tray 46
between the package stocker 4 and the drive 22. For
example, when a tray 46 is configured to accommodate
16 pieces of semiconductor packages 41, the package
transport device 3 collectively transports the 16
pieces of the semiconductor packages 41 between the
package stocker 4 and the drive 22 by transporting the
tray 46.
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Next, a basic operation of the storage system 1
will be described. A host unit 21 has a location
management function and a transport control function.
The location management function is a function of
managing locations where a plurality of trays 46 are
respectively present. The transport control function
is a function of controlling the transport of a tray
46 that accommodates the predetermined number of
semiconductor packages 41, by controlling the package
transport device 3.

A tray identifier (also referred to as a tray
identification name) is assigned to each of the
plurality of trays 46. For example, a barcode such as
a two-dimensional barcode may be marked on each of the
plurality of trays 46, or a seal on which a barcode
such as a two-dimensional barcode is printed may be
attached to each of the plurality of trays 46. The
barcode includes information representing the tray
identifier.

The host unit 21 may manage a correspondence
between the tray identifier and a location where a
tray 46 identified by this tray identifier is present.
In addition, the host unit 21 may also manage a
correspondence between a tray identifier and the
predetermined number of semiconductor packages 41 that
have been accommodated in the tray 46 identified by
this tray identifier.

A location where a certain tray 46 may be present
is, for example, the predetermined number of sockets
222 among the plurality of sockets 222 included in the
drive 22 or any one tray storage location among the
plurality of tray storage locations included in the

package stocker 4.
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The host unit 21 determines a semiconductor
package 41 that includes a nonvolatile memory die to
be accessed, among the plurality of semiconductor
packages 41. The host unit 21 further determines a
tray 46 that accommodates the determined semiconductor
package 41.

The host unit 21 identifies the location where
the determined tray 46 is present, whereby the host
unit 21 may determine whether or not the predetermined
number of semiconductor packages 41 accommodated in
the determined tray 46 are mounted on the
predetermined number of sockets 222 of the drive 22.

When the predetermined number of semiconductor
packages 41 accommodated in the determined tray 46 are
mounted on the predetermined number of sockets 222 of
the drive 22, the host unit 21 executes, via the
controller 223 in the drive 22, the reading or writing
of data from or to the nonvolatile memory die 411 to
be accessed.

When the predetermined number of semiconductor
packages 41 accommodated in the determined tray 46 are
not mounted on the predetermined number of sockets 222
of the drive 22, the host unit 21 causes the package
transport device 3 to transport the determined tray 46
to the drive 22, and to mount the predetermined number
of semiconductor packages 41 accommodated in the
determined tray 46 on the predetermined number of
sockets 222 of the drive 22. In this case, the host
unit 21 may transmit a transport request described
below, to the package transport device 3.

For example, this transport request specifies a
location in the package stocker 4 where the determined

tray 46 1s stored (also referred to as a tray storage
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location) as a transport source location, and also
specifies the predetermined number of sockets 222 of
the drive 22 as a transport destination location. A
transport unit 31 of the package transport device 3
transports the tray 46 present at the specified
transport source location to the specified transport
destination location. Then, the transport unit 31
collectively mounts the predetermined number of
semiconductor packages 41 accommodated in this tray 46
to the predetermined number of sockets 222 of the
transport destination location.

As described above, by managing the location of
each tray 46, it is possible to reduce the processing
amount required for location management as compared
with a case of managing the location of each
semiconductor package 41. Furthermore, since the
predetermined number of semiconductor packages 41
accommodated in the tray 46 are collectively
transported, it is possible to reduce the number of
times of transport required as compared with a case of
transporting the individual semiconductor packages 41
one by one.

Furthermore, the host unit 21 may also have a
function of managing a priority of each of the
plurality of trays 46 that is determined based on the
priority of each of the plurality of semiconductor
packages 41. The algorithm for determining the
priority of each of the plurality of trays 46 is not
limited to a specific algorithm, and the priority of
each of the plurality of trays 46 can be determined
based on various conditions. For example, the host
unit 21 may determine the priority of each of the

plurality of trays 46 such that a tray 46 in which an
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average priority of the predetermined number of
semiconductor packages 41 accommodated therein is
higher has a higher priority. Alternatively, the host
unit 21 may determine the priority of each of the
plurality of trays 46, based on the highest priority
among the priorities of the predetermined number of
semiconductor packages 41 accommodated therein.

The host unit 21 can also control the location
where each of the plurality of trays 46 is present,
based on the priority of each of the plurality of
trays 46. For example, the host unit 21 may control
the location where each of the plurality of trays 46
is present, based on the priority of each of the
plurality of trays 46, such that the predetermined
number of semiconductor packages 41 accommodated in a
tray 46 having a priority of a first level are mounted
on the predetermined number of sockets 222 of the
drive 22, and a tray 46 having a priority of a second
level, which is lower than the priority of the first
level, 1is stored in the package stocker 4.

Note that some of the transport units 31 included
in the package transport device 3 may be used as
buffers that temporarily hold trays 46. In this case,
a tray 46 having the priority of the second level,
which is lower than the priority of the first level,
is held in a transport unit 31 included in the package
transport device 3. Then, a tray 46 having a priority
of a third level, which is lower than the priority of
the second level, is stored in the package stocker 4.

A transport unit 31 holding a tray 46 having the
priority of the second level may be moved to a
specific evacuation location so as not to interfere

with the transporting operation by another transport
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unit 31.

In addition, the storage location in the package
stocker 4 may be changed according to the priority of
the tray 46. For example, the host unit 21 may
control the location where each of the plurality of
trays 46 is present, based on the priority of each of
the plurality of trays 46, such that the predetermined
number of semiconductor packages 41 on a tray 46
having the priority of the first level are mounted on
the predetermined number of sockets 222 of the drive
22, a tray 46 having the priority of the second level,
which is lower than the priority of the first level,
is held in the package transport device 3, a tray 46
having the priority of the third level, which is lower
than the priority of the second level, is stored in a
first storage location included in the package stocker
4, and a tray 46 having a priority of a fourth level,
which is lower than the priority of the third level,
is stored in a second storage location included in the
package stocker 4. Here, the first storage location
is a storage location in the package stocker 4 which
is closer to the package transport device 3 than the
second storage location 1is.

Next, a configuration of a tray 46 will be
described. FIG. 20 is a perspective view illustrating
an example of the configuration of the tray 46 capable
of accommodating a plurality of semiconductor packages
41. FIG. 21 is a cross-sectional view of the tray 46
taken along line 21-21 in FIG. 20.

The tray 46 includes the predetermined number of
recesses 461 capable of accommodating the
predetermined number of semiconductor packages 41.

For example, when the tray 46 has a structure capable
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of accommodating 16 pieces of semiconductor packages
41, the tray 46 includes 16 pieces of recesses 461.

As illustrated in FIG. 21, a support member 462
is provided at the inner peripheral part in the
vicinity of the bottom surface of each of the
predetermined number of recesses 461. The support
member 462 supports the outermost peripheral area of a
back surface 417 of the semiconductor package 41
accommodated in the recess 461. Further, an opening
through which a plurality of ball-type metal terminals
413 of the semiconductor package 41 are exposed is
formed in the bottom surface of each of the
predetermined number of recesses 461, that is, in the
lower surface of the tray 46. That is, each of the
predetermined number of recesses 461 is a cavity
capable of accommodating the semiconductor package 41,
and an opening through which the plurality of ball-
type metal terminals 413 of the semiconductor package
41 are exposed is formed at the bottom of the cavity.

Therefore, the outermost peripheral area of the
back surface 417 of the semiconductor package 41
accommodated in the recess 461 abuts on the support
member 462, whereby the semiconductor package 41 is
held in the tray 46. Further, the plurality of ball-
type metal terminals 413 provided on the back surface
417 of the semiconductor package 41 are exposed to the
external environment through the opening provided in
the lower surface of the tray 46 without coming into
contact with the support member 462. In this case,
each semiconductor package 41 may be accommodated in
the tray 46 such that the plurality of ball-type metal
terminals 413 protrude from the lower surface of the

tray 46 through the opening provided in the lower
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surface of the tray 46.

As described above, the tray 46 has the lower
surface in which the opening through which the
plurality of ball-type metal terminals 413 of each of
the predetermined number of semiconductor packages 41
are exposed is formed. Therefore, the predetermined
number of semiconductor packages 41 can be mounted on
the predetermined number of sockets 222 while the
semiconductor packages 41 are accommodated in the tray
46.

In addition, the lower surface of the tray 46 in
which the opening through which the plurality of ball-
type metal terminals 413 of each of the predetermined
number of semiconductor packages 41 are exposed is
formed is a flat surface without unevenness. Thus,
the tray 46 is smoothly movable along a rail pair of
the package stocker 4.

Next, a configuration of a tray 46 capable of
assisting alignment between the predetermined number
of semiconductor packages 41 accommodated in the tray
46 and the predetermined number of sockets 222 of the
drive 22 will be described. FIG. 22 is a perspective
view illustrating an example of the configuration of a
tray 46 in which protrusions are provided on each of
an upper surface and a lower surface. FIG. 23 1is a
cross-sectional view of the tray 46 taken along line
23-23 in FIG. 22.

The tray 46 includes the predetermined number of
recesses 461 capable of accommodating the
predetermined number of semiconductor packages 41.
For example, when the tray 46 has a structure capable
of accommodating 16 pieces of semiconductor packages

41, the tray 46 includes 16 pieces of recesses 461.
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As illustrated in FIG. 23, a support member 462
is provided at the inner peripheral part in the
vicinity of the bottom surface of each of the
predetermined number of recesses 461. The support
member 462 supports the outermost peripheral area of a
back surface 417 of the semiconductor package 41
accommodated in the recess 461. Further, an opening
through which a plurality of ball-type metal terminals
413 of the semiconductor package 41 are exposed is
formed in the bottom surface of each of the
predetermined number of recesses 461, that is, in the
lower surface of the tray 46. That is, each of the
predetermined number of recesses 461 is a cavity
capable of accommodating the semiconductor package 41,
and an opening through which the plurality of ball-
type metal terminals 413 of the semiconductor package
41 are exposed is formed at the bottom of the cavity.

Therefore, the outermost peripheral area of the
back surface 417 of the semiconductor package 41
accommodated in the recess 461 abuts on the support
member 462, whereby the semiconductor package 41 is
held in the tray 46. Further, the plurality of ball-
type metal terminals 413 provided on the back surface
417 of the semiconductor package 41 are exposed to the
external environment through the opening provided in
the lower surface of the tray 46 without coming into
contact with the support member 462. 1In this case,
each semiconductor package 41 may be accommodated in
the tray 46 such that the plurality of ball-type metal
terminals 413 protrude from the lower surface of the
tray 46 through the opening provided in the lower
surface of the tray 46.

Further, the lower surface of the tray 46 has one
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or more protrusions 463. Each protrusion 463 may be
used as a member for the alignment between the
predetermined number of semiconductor packages 41
accommodated in the tray 46 and the predetermined
number of sockets 222 of the drive 22.

Further, the upper surface of the tray 46 has one
or more protrusions 464. When the predetermined
number of semiconductor packages 41 accommodated in
the tray 46 are mounted on the predetermined number of
sockets 222 of the drive 22, the tray 46 may be
covered with a lid member in order to maintain a
stable contact state between the predetermined number
of semiconductor packages 41 and the predetermined
number of sockets 222. Each protrusion 464 provided
on the upper surface of the tray 46 may be used as a
member for the alignment between the tray 46 and the
1id member.

FIG. 24 is a plan view illustrating shapes of the
upper surface and the lower surface of the tray 46
described with reference to FIGS. 22 and 23. The left
part of FIG. 24 is a plan view of the tray 46 as
viewed from the upper surface side. The right part of
FIG. 24 is a plan view of the tray 46 as viewed from
the lower surface side. In addition, FIG. 25 is a
side view of the tray 46.

As can be seen from the right part of FIG. 24 and
FIG. 25, the lower surface of the tray 46 has an
opening through which the plurality of ball-type metal
terminals 413 of each semiconductor package 41 are
exposed, and has the plurality of protrusions 463.

Further, as can be seen from FIG. 25, the tip of
each protrusion 463 has a flat surface without

unevenness. When the tray 46 is placed on the rail
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pair of the package stocker 4, the tip of each
protrusion 463 serves as a contact surface that abuts
on the rail pair. Since the contact surface has a
flat surface without unevenness, the tray 46 can be
smoothly slid along the rail pair.

Next, a configuration of the package stocker 4
capable of storing a plurality of trays 46 will be
described. FIG. 26 is a perspective view illustrating
a rail structure of the package stocker 4 on which a
plurality of trays 46 can be placed.

FIG. 26 illustrates a case where each of the
trays 46 accommodates 48 pieces of semiconductor
packages 41, which is equal to the number of sockets
222 provided in the drive 22.

The package stocker 4 includes two side walls
4011 and 4012 facing each other at a distance and four
rail pairs R11 to R14 disposed inside the two side
walls 4011 and 4012. The rail pair R11 includes a
pair of rails that are opposed to each other at a
distance and extend parallel to each other. By using
such a rail structure having a gap between the rails,
it is possible to support the tray 46 while avoiding
the ball-type metal terminal 413 of the semiconductor
package 41 exposed from the lower surface of the tray
46 from contacting with the rails. Each of the other
rail pairs R12 to R14 has a configuration similar to
that of the rail pair RI11.

FIG. 27 is a perspective view illustrating
another example of the rail structure of the package
stocker 4 on which the plurality of trays 46 can be
placed.

FIG. 27 illustrates a case where three rail units

401 to 403 are provided in the package stocker 4. The
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number of the sockets 222 provided in the drive 22 is,
for example, 48. The number of the semiconductor
packages 41 accommodated in the tray 46 is, for
example, 16. In this case, the 48 pieces of the
sockets 222 provided in the drive 22 are classified
into three groups each including 16 pieces of the
sockets 222. The 16 pieces of semiconductor packages
41 accommodated in a certain tray 46 are collectively
mounted on the 16 pieces of sockets 222 provided in a
certain group. Then, the tray 46 is covered with a
1lid member 226 corresponding to this group. The 1lid
member 226 corresponding to each group may be attached
to a printed circuit board 221 of the drive 22 so as
to be openable and closable via a hinge mechanism.

The rail unit 401 includes two side walls 4011
and 4012 facing each other at a distance, and four
rail pairs R11 to R1l4 disposed inside the two side
walls 4011 and 4012. The rail pair R11 includes a
pair of rails that are opposed to each other at a
distance and extend parallel to each other. By using
such a rail structure having a gap between the rails,
it is possible to support the tray 46 while avoiding
the ball-type metal terminal 413 of the semiconductor
package 41 exposed from the lower surface of the tray
46 from contacting with the rails. Each of the other
rail pairs R12 to R14 has a configuration similar to
that of the rail pair RI11.

The rail unit 402 includes two side walls 4021
and 4022 facing each other at a distance, and four
rail pairs R21 to R24 disposed inside the two side
walls 4021 and 4022. The rail pair R21 includes a
pair of rails that are opposed to each other at a

distance and extend parallel to each other. Each of
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the other rail pairs R22 to R24 has a configuration
similar to that of the rail pair R21.

The rail unit 403 includes two side walls 4031
and 4032 facing each other at a distance, and four
rail pairs R31 to R34 disposed inside the two side
walls 4031 and 4032. The rail pair R31 includes a
pair of rails that are opposed to each other at a
distance and extend parallel to each other. Each of
the other rail pairs R32 to R34 has a configuration
similar to that of the rail pair R31.

Next, a configuration of the host unit 21 that
controls the transport of the tray 46 will be
described. FIG. 28 is a block diagram illustrating an
example of the configuration of the host unit 21 that
controls the transport of the tray 46. Here, the host
unit 2la, which is one of a plurality of host units 21
provided in the storage system 1, will be described.

The host unit 2la includes a processor 201, a
main memory 202, a system controller 203, a
communication interface controller 204, and the like.
Among these components, the components other than
management data in the main memory 202 are the same as
the components of the host unit 2la described with
reference to FIG. 7, and thus the description thereof
will be omitted.

The host unit 21la (more specifically, the
processor 201) that controls the transport of the tray
46 can manage a semiconductor package management table
6 and a tray management table 7 under the control of a
storage management tool 216. The semiconductor
package management table 6 is management data for the
plurality of semiconductor packages 41. The tray

management table 7 is management data for a plurality
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of trays 46. The semiconductor package management
table 6 and the tray management table 7 may be stored
in the main memory 202.

The host unit 2la is configured to assign a
unique semiconductor package identification name to
each semiconductor package 41. The host unit 21a uses
the semiconductor package management table 6 to manage
the semiconductor package identification name of each
of the semiconductor packages 41, the priority of each
of the semiconductor packages 41, and the
identification name of a tray 46 in which each of the
semiconductor packages 41 is accommodated. FIG. 28
illustrates an example in which the host unit 21a
identifies each of the plurality of semiconductor
packages 41 used in the storage system 1 by using each
of a semiconductor package A, a semiconductor package
B, ..., and a semiconductor package F which are
semiconductor package identification names, and
identifies each of the plurality of trays 46 used in
the storage system 1 by using each of a tray a, a
tray b, and a tray c which are tray identification
names. The tray 46 having a certain tray
identification name may be described by using the tray
identification name. For example, the tray 46 having
the tray identification name “tray a” may be referred
to as a tray a.

The host unit 21la stores the priority of each of
the plurality of semiconductor packages 41 in the
semiconductor package management table 6. The host
unit 2la may determine the priority of each of the
semiconductor packages 41, based on the access
frequency with respect to a nonvolatile memory die 411

provided in each of the semiconductor packages 41, or
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the like. 1In addition, the host unit 2la may instruct
the package transport device 3 to transport a
semiconductor package 41, based on the priority
managed in the semiconductor package management table
6.

The host unit 21a stores the tray identification
name of each of the trays 46 in the semiconductor
package management table 6 as information indicating
which tray 46 each of the plurality of semiconductor
packages 41 is accommodated in. Here, the tray a
accommodates a semiconductor package A and a
semiconductor package B. The tray b accommodates a
semiconductor package C and a semiconductor package D.
The tray ¢ accommodates a semiconductor package E and
a semiconductor package F.

Further, the host unit 21la manages the tray
identification name of each of the trays 46, the
priority of each of the trays 46, the state of each of
the trays 46, and the location of each of the tray 46
by using the tray management table 7. FIG. 28
illustrates an example in which the host unit 21la
identifies each of the plurality of trays 46 used in
the storage system 1 by using each of the tray a, the
tray b, and the tray c which are tray identification
names.

The host unit 21a stores the priority of each of
the plurality of trays 46 in the tray management table
7. Then, the host unit 21la instructs the package
transport device 3 to transport a tray 46, based on
the priority managed in the tray management table 7.
The host unit 21la may determine the priority of each
of the trays 46, based on the priority of each of the

semiconductor packages 41 accommodated in each of the
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trays 46.

The host unit 21a stores, in the tray management
table 7, information indicating whether each of the
plurality of trays 46 has been connected to the host
unit 2la, has been stored in the package stocker 4, or
has been held in a transport unit 31 of the package
transport device 3, as the state of each of the trays
46.

Here, a state in which a certain tray 46 has been
connected to the host unit 2la means a state in which
the predetermined number of semiconductor packages 41
accommodated in this tray 46 have been mounted on the
predetermined number of sockets 222 of the drive 22a.
Therefore, when a certain tray 46 has been connected
to the host unit 2la, the host unit 21la can recognize
that the predetermined number of semiconductor
packages 41 accommodated in this tray 46 have been
mounted on the predetermined number of sockets 222 of
the drive 22a. Then, the host unit 2la can recognize
that it is possible to read and write data from and to
a nonvolatile memory die 411 of each of the
predetermined number of semiconductor packages 41
accommodated in this tray 46.

In the example illustrated in FIG. 28, a
semiconductor package 41 having the semiconductor
package identification name “semiconductor package A”
has the highest priority (priority = 1st). The
semiconductor package A is accommodated in a tray 46
having the tray identification name “tray a”. A
semiconductor package 41 having the semiconductor
package identification name “semiconductor package B”
has the second highest priority (priority = 2nd). The

semiconductor package B 1is accommodated in the tray a.
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Further, a semiconductor package 41 having the
semiconductor package identification name
“semiconductor package C” has the third highest
priority (priority = 3rd). The semiconductor package
C is accommodated in a tray 46 having the tray
identification name “tray b”. A semiconductor package
41 having the semiconductor package identification
name “semiconductor package D” has the fourth highest
priority (priority = 4th). The semiconductor package
D is accommodated in the tray b. A semiconductor
package 41 having the semiconductor package
identification name “semiconductor package E” has the
fifth highest priority (priority = 5th). The
semiconductor package E is accommodated in a tray 46
having the tray identification name “tray c”. A
semiconductor package 41 having the semiconductor
package identification name “semiconductor package F”
has the sixth highest priority (priority = 6th). The
semiconductor package F is accommodated in the tray c.

The tray a has the highest priority (priority =
1st). The predetermined number of semiconductor
packages 41 (here, the semiconductor packages A and B)
accommodated in the tray a are mounted on a socket
group #1 of the drive 22a. The tray b has the second
highest priority (priority = 2nd). The tray b is
stored in a storage location #1 of the package stocker
4. The tray c has the third highest priority
(priority = 3rd). The tray c is stored in a storage
location #2 of the package stocker 4.

A distance between the storage location #1 and
the package transport device 3 is shorter than a
distance between the storage location #2 and the

package transport device 3. Therefore, the tray b
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stored in the storage location #1 can be more easily
taken out by the transport unit 31 than the tray c
stored in the storage location #2. The host unit 21la
may instruct the package transport device 3 to store a
tray 46 having a higher priority in a storage location
where the tray 46 can be more easily taken out,
according to the priority of each of the trays 46.

Further, the host unit 21a may use the transport
unit 31 as a buffer. At this time, the host unit 21la
may instruct the package transport device 3 such that
the transport unit 31 holds a tray 46 having the
highest priority among a plurality of trays 46 stored
in the package stocker 4.

Next, a tray loading/unloading slot used when a
tray 46 is added to the package stocker 4 and when a
tray 46 is ejected from the package stocker 4 will be
described. FIG. 29 is a diagram illustrating a tray
loading/unloading slot of the package stocker 4.

The package stocker 4 includes a tray
loading/unloading slot 421 used to add a tray 46 to
the package stocker 4 from the outside of the package
stocker 4, and to eject a tray 46 from the package
stocker 4 to the outside of the package stocker 4.
The tray loading/unloading slot 421 is an opening
provided in a front surface 42 of the package stocker
4. The front surface 42 corresponds to the front
surface 12 of the server rack 11.

A tray 46 is added to the package stocker 4 from
the outside of the package stocker 4 through the tray
loading/unloading slot 421 provided in the package
stocker 4. The added tray 46 is stored in the package
stocker 4 together with a plurality of trays 46

already stored.
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Further, an unnecessary tray 46 is ejected from
the package stocker 4 to the outside of the package
stocker 4 through the tray loading/unloading slot 421
provided in the package stocker 4.

The package stocker 4 includes a tray
loading/unloading slot 431 provided in a surface on a
side facing the package transport device 3 in addition
to the tray loading/unloading slot 421 provided in the
front surface 42 of the package stocker 4. The tray
loading/unloading slot 431 is used to store a tray 46
in the package stocker 4 and to take out a tray 46
from the package stocker 4. The package transport
device 3 executes an operation of storing a tray 46 in
the package stocker 4 through the tray
loading/unloading slot 431 and an operation of taking
out a tray 46 from the package stocker 4 through the
tray loading/unloading slot 431. The tray
loading/unloading slot 431 is provided, for example,
in the back surface of the package stocker 4 and is
located on the opposite side of the tray
loading/unloading slot 421. In addition, although not
illustrated here, a plurality of pairs of rails extend
in a direction from the tray loading/unloading slot
421 of the package stocker 4 toward the package
transport device 3, that is, in a direction from the
tray loading/unloading slot 421 toward the tray
loading/unloading slot 431.

Next, an operation of adding a tray 46 to the
package stocker 4 from the outside will be described.
FIG. 30 is a diagram illustrating an operation of
adding a new tray 46 to the package stocker 4 from the
tray loading/unloading slot 421 of the package stocker
4.
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The upper part of FIG. 30 is a plan view of a
server rack 11 before a new tray 46 is added. The
lower part of FIG. 30 is a plan view of the server
rack 11 after a new tray 46 that accommodates 48
pieces of semiconductor packages 41 is added.

As can be seen from FIG. 30, the package
transport device 3 opposes the tray loading/unloading
slot 421 provided in the front surface 12 of the
server rack 11. The rail pair R11 extends in a
direction (Y-direction) from the tray
loading/unloading slot 421 toward the package
transport device 3.

As illustrated in the upper part of FIG. 30, two
trays 46 each accommodating 48 pieces of semiconductor
packages 41 are placed on the rail pair R11.

Here, it 1s assumed that a tray 46 that
accommodates 48 pieces of semiconductor packages 41 is
added to the package stocker 4. 1In this case, as
illustrated in the lower part of FIG. 30, the tray 46
that accommodates the 48 pieces of semiconductor
packages 41 is placed on the rail pair R11 through the
tray loading/unloading slot 421 by, for example, a
robot or an operator. As a result, the tray 46 is
stored in the package stocker 4.

As described above, in the package stocker 4, the
rail pair R11 extending in a direction from the tray
loading/unloading slot 421 toward the package
transport device 3 is provided. Therefore, it is
possible to easily add and eject a tray 46 through the
tray loading/unloading slot 421.

Next, the alignment between the predetermined
number of semiconductor packages 41 accommodated in a

tray 46 and the predetermined number of sockets 222 of
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the drive 22 will be described. FIG. 31 is a diagram
illustrating a relationship among a recessed portion
provided in a board of the drive 22, a protrusion
provided on the lower surface of the tray 46, a
protrusion provided on the upper surface of the tray
46, and a recessed portion provided in the 1lid member
226. In addition, FIG. 32 is a diagram illustrating a
state in which the protrusion on the lower surface of
the tray 46 is fitted into the recessed portion
provided in the board of the drive 22 and the recessed
portion of the lid member 226 is fitted into the
protrusion on the upper surface of the tray 46.

This board of the drive 22 is, for example, the
printed circuit board 221 of the drive 22. 1In this
case, at least the predetermined number of sockets 222
are disposed on the printed circuit board 221 of the
drive 22. Each of the sockets 222 includes a
plurality of terminals 2215 provided on the printed
circuit board 221. The printed circuit board 221 also
includes one or more recessed portions 2210.

The lid member 226 has a lower surface including
one or more recessed portions 2260.

When collectively mounting the predetermined
number of semiconductor packages 41 accommodated in
the tray 46 on the predetermined number of sockets
222, as illustrated in FIG. 32, each of the
protrusions 463 provided on the lower surface of the
tray 46 i1is fitted into the corresponding recessed
portion 2210 of the printed circuit board 221. As a
result, the predetermined number of semiconductor
packages 41 accommodated in the tray 46 are aligned
with the predetermined number of sockets 222 of the

drive 22. As a result, the plurality of ball-type
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metal terminals 413 of each of the semiconductor
packages 41 accommodated in the tray 46 are
respectively brought into contact with the plurality
of terminals 2215 of the corresponding socket 222 on
the printed circuit board 221.

Thereafter, as illustrated in FIG. 32, the tray
46 placed on the printed circuit board 221 is covered
with the 1id member 226 so that each of the
protrusions 464 on the upper surface of the tray 46
placed on the printed circuit board 221 is fitted into
the corresponding recessed portion 2260 of the 1lid
member 226. As a result, the lower surface of the 1lid
member 226 comes into contact with the upper surfaces
of each of the predetermined number of semiconductor
packages 41 accommodated in the tray 46. As a result,
the plurality of ball-type metal terminals 413 of each
of the predetermined number of semiconductor packages
41 accommodated in the tray 46 are pressed against the
plurality of terminals 2215 on the printed circuit
board 221.

Note that, although the case where the printed
circuit board 221 of the drive 22 is used as the board
including the recessed portion 2210 has been described
here, the board including the recessed portion 2210
may be another board different from the printed
circuit board 221 (also referred to as a socket
board). In this case, said another board includes:
the predetermined number of sockets each including a
plurality of terminals 2215; and one or more recessed
portions 2210.

Next, transporting and mounting/detaching
operations of a tray 46 controlled by the host unit 21
will be described. FIG. 33 is a diagram illustrating
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an operation of changing a location of a tray 46
between the package stocker 4 and sockets 222 of the
drive 22 based on change in the priority of the tray
46, which is executed in the storage system 1
according to the present embodiment.

It is assumed below that the total number of
sockets 222 provided in the drive 22 is equal to the
number of semiconductor packages 41 accommodated in a
tray 46. The number of sockets 222, which is equal to
the number of semiconductor packages 41 accommodated
in the tray 46, is referred to as a socket group #1
below. 1In addition, for simplification of
illustrations, it is assumed below that the number of
semiconductor packages 41 accommodated in the tray 46
is two.

The host unit 21 manages the priority of each of
the trays 46 provided in the storage system 1 by using
the tray management table 7. The priority of each of
the trays 46 provided in the storage system 1 may be
determined based on the priority of each of the
semiconductor packages 41 provided in the storage
system 1. The host unit 21 instructs the package
transport device 3 to transport and mount/detach a
tray 46 based on the priority of each of the trays 46
provided in the storage system 1.

In the example illustrated in FIG. 33, the host
unit 21 manages six semiconductor packages 41
including a semiconductor package A, a semiconductor
package B, ..., and a semiconductor package F. 1In
addition, the host unit 21 manages three trays 46 of a
tray a, a tray b, and a tray c. Here, the
semiconductor package A i1s a semiconductor package 41

having the highest priority, and is accommodated in
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the tray a. The semiconductor package B is a
semiconductor package 41 having the second highest
priority, and is accommodated in the tray a. The
semiconductor package C is a semiconductor package 41
having the third highest priority, and is accommodated
in the tray b. The semiconductor package D is a
semiconductor package 41 having the fourth highest
priority, and is accommodated in the tray b. The
semiconductor package E i1s a semiconductor package 41
having the fifth highest priority, and is accommodated
in the tray c. The semiconductor package F is a
semiconductor package 41 having the sixth highest
priority, and is accommodated in the tray c.

Here, it 1is assumed that the host unit 21
determines the priority of the tray a, in which an
average priority of the predetermined number of
semiconductor packages 41 accommodated is the highest,
to be the priority of 1lst, determines the priority of
the tray b, in which the average priority of the
predetermined number of semiconductor packages 41
accommodated is the second highest, to be the priority
of 2nd, and determines the priority of the tray ¢, in
which the average priority of the predetermined number
of semiconductor packages 41 accommodated is the third
highest, to be the priority of 3rd.

The host unit 21 instructs the package transport
device 3 to transport the tray a having the highest
priority to the drive 22, and to mount the
semiconductor packages A and B accommodated in the
tray a on the two sockets 222 of the drive 22, that
is, the socket group #1. The package transport device
3 transports the tray a to the drive 22, and

collectively mounts the semiconductor packages A and B
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accommodated in the tray a on the socket group #1 of
the drive 22. The host unit 21 stores information
indicating that the tray a that accommodates the
semiconductor packages A and B is present in the
socket group #1, in the tray management table 7.

As described above, when the total number of the
sockets 222 provided in the drive 22 is equal to the
number of the semiconductor packages 41 accommodated
in the tray 46, the semiconductor packages A and B
accommodated in the tray a having the priority of 1Ist
are respectively mounted on the two sockets 222 of the
socket group #1 of the drive 22. 1In this case, the
priority of 1st corresponds to the priority of the
first level.

In addition, the two trays 46 (tray b, tray c)
having the priorities of 2nd to 3rd are stored in the
package stocker 4. The package stocker 4 may include
at least two types of storage locations: a first
storage location and a second storage location. The
distance between the first storage location and the
package transport device 3 is shorter than the
distance between the second storage location and the
package transport device 3. The first storage
location includes, for example, a storage location #1.
The second storage location includes, for example, a
storage location #2. The storage location #1 is a
storage location where it is easy for the package
conveyance device 3 to take out a tray 46 as compared
with the storage location #2.

Among the two trays 46 stored in the package
stocker 4, the tray b having the priority of 2nd 1is
stored in the storage location #1 included in the

first storage location. The priority of 2nd
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corresponds to the priority of the second level, which
is lower than the priority of the first level.

Further, among the two trays 46 stored in the
package stocker 4, the tray ¢ having the priority of
3rd is stored in the storage location #2 included in
the second storage location. The priority of 3rd
corresponds to the priority of the third level, which
is lower than the priority of the second level.

Here, an operation of the host unit 21 when the
priority of the tray b stored in the package stocker 4
exceeds the priority of the tray a will be described.
FIG. 34 is another diagram for illustrating an
operation of changing a location of a tray 46 between
the package stocker 4 and sockets 222 of the drive 22
based on change in the priority of the tray 46, which
is executed in the storage system 1 according to the
present embodiment.

For example, it is assumed that the priority of
the semiconductor package A decreases from 1lst to 3rd,
the priority of the semiconductor package B decreases
from 2nd to 4th, the priority of the semiconductor
package C increases from 3rd to 1st, and the priority
of the semiconductor package D increases from 4th to
2nd. The host unit 21 updates the priority of each of
the plurality of semiconductor packages 41 by using a
predetermined algorithm based on the frequency of
access requests and the like.

The host unit 21 updates the priority of each of
the plurality of trays 46 in response to the update of
the priority of each of the plurality of semiconductor
packages 41. Here, since all the priorities of the
semiconductor packages C and D accommodated in the

tray b exceed the priorities of the semiconductor
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packages A and B accommodated in the tray a, the host
unit 21 updates the priority of each of the tray a and
the tray b such that the priority of the tray b
becomes higher than the priority of the tray a. As a
result, the tray b has the highest priority (priority
= 1), and the tray a has the second highest priority
(priority = 2).

Then, the host unit 21 instructs the package
transport device 3 to detach the semiconductor
packages A and B accommodated in the tray a from the
two sockets 222 of the socket group #1, to transport
the tray b to the drive 22, to mount the semiconductor
packages C and D accommodated in the tray b on the two
sockets 222 of the socket group #1, and to transport
the detached tray a to, for example, the storage
location #1 of the package stocker 4. The package
transport device 3 collectively detaches the
semiconductor packages A and B accommodated in the
tray a from the two sockets 222 of the socket group #1
by detaching the tray a from the socket group #1.
Then, the package transport device 3 transports the
tray b to the drive 22, collectively mounts the
semiconductor packages C and D accommodated in the
tray b on the two sockets 222 of the socket group #1
from which the semiconductor packages A and B
accommodated in the tray a have been detached. Then,
the package transport device 3 transports the detached
tray a to the storage location #1 of the package
stocker 4.

Then, the host unit 21 updates the tray
management table 7. Specifically, the host unit 21
stores, in the tray management table 7, information

indicating that the tray a is stored in the storage
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location #1 of the package stocker 4 and information
indicating that the tray b is present in the socket
group #1 of the drive 22.

As described above, differing from the case of
transporting each semiconductor package 41, the host
unit 21 can instruct the package transport device 3 to
transport each tray 46 that accommodates a plurality
of semiconductor packages 41. As a result, since the
plurality of semiconductor packages 41 can be
collectively mounted on the plurality of sockets 222,
it is possible to reduce the frequency of transmitting
an instruction from the host unit 21 to the package
transport device 3 and the frequency of executing the
transporting and mounting/detaching operations by the
package transport device 3.

Next, an operation of changing a storage location
in the package stocker 4 where a tray 46 is stored
will be described. FIG. 35 is a diagram for
illustrating an operation of changing the location of
a tray 46 in the package stocker 4 based on change in
the priority of the tray 46, which is executed in the
storage system 1 according to the present embodiment.

Here, it is assumed that, in the state
illustrated in FIG. 33, for example, the priority of
the tray c increases from 3rd to 2nd and the priority
of the tray b decreases from 2nd to 3rd. The new
priority (2nd) of the tray c belongs to the priority
of the second level, and the new priority (3rd) of the
tray b belongs to the priority of the third level.
Therefore, the host unit 21 instructs the package
transport device 3 to exchange the storage location of
the tray ¢ and the storage location of the tray b with

each other. First, the package transport device 3
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takes out the tray b from the storage location #1 of
the package stocker 4. Then, the package transport
device 3 further takes out the tray ¢ from the storage
location #2 of the package stocker 4. Thereafter, the
package transport device 3 stores the tray b in the
storage location #2 of the package stocker 4. Then,
the package transport device 3 stores the tray c in
the storage location #1 of the package stocker 4.

Then, the host unit 21 updates the tray
management table 7. Specifically, the host unit 21
stores, in the tray management table 7, information
indicating that the tray b is stored in the storage
location #2 of the package stocker 4 and information
indicating that the tray ¢ is stored in the storage
location #1 of the package stocker 4.

By the above operation, the host unit 21 can
control a tray 46 having a higher priority among the
trays 46 stored in the package stocker 4 to be stored
in a storage location (here, the storage location #1)
where the package transport device 3 can more easily
take out this tray 46. Therefore, when the priority
of this tray 46 stored in the storage location #1 of
the package stocker 4 exceeds the second level of
priority, it is possible to shorten the time required
to transport this tray 46 from the package stocker 4
to the drive 22.

Next, the transporting and mounting/detaching
operations of a tray 46 controlled by the host unit 21
when a buffer of the package transport device 3 is
available will be described. FIG. 36 is a diagram for
illustrating an operation of changing a location of a
tray 46 among the package stocker 4, the package

transport device 3, and the socket 222 of the drive
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22, based on change in the priority of the tray 46,
which is executed in the storage system 1 according to
the present embodiment.

The host unit 21 manages six semiconductor
packages 41 including a semiconductor package A, a
semiconductor package B, ..., and a semiconductor
package F. 1In addition, the host unit 21 manages
three trays 46 of a tray a, a tray b, and a tray c.
Here, the semiconductor package A is a semiconductor
package 41 having the highest priority, and is
accommodated in the tray a. The semiconductor package
B is a semiconductor package 41 having the second
highest priority, and is accommodated in the tray a.
The semiconductor package C is a semiconductor package
41 having the third highest priority, and is
accommodated in the tray b. The semiconductor package
D is a semiconductor package 41 having the fourth
highest priority, and is accommodated in the tray b.
The semiconductor package E is a semiconductor package
41 having the fifth highest priority, and is
accommodated in the tray c. The semiconductor package
F is a semiconductor package 41 having the sixth
highest priority, and is accommodated in the tray c.

Here, it 1s assumed that the host unit 21
determines the priority of the tray a, in which the
average priority of the predetermined number of
semiconductor packages 41 accommodated is the highest,
to be 1st, determines the priority of the tray b, in
which the average priority of the predetermined number
of semiconductor packages 41 accommodated is the
second highest, to be 2nd, and sets the priority of
the tray ¢, in which the average priority of the

predetermined number of semiconductor packages 41
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accommodated is the third highest, to be 3rd.

The host unit 21 instructs the package transport
device 3 to transport the tray a having the highest
priority to the drive 22, and to mount the
semiconductor packages A and B accommodated in the
tray a on two sockets 222 of the drive 22, that is,
the socket group #1. The package transport device 3
transports the tray a to the drive 22, and
collectively mounts the semiconductor packages A and B
accommodated in the tray a on the socket group #1 of
the drive 22. The host unit 21 stores information
indicating that the tray a that accommodates the
semiconductor packages A and B is present in the
socket group #1, in the tray management table 7.

As described above, when the total number of the
sockets 222 provided in the drive 22 is equal to the
number of the semiconductor packages 41 accommodated
in a tray 46, the semiconductor packages A and B
accommodated in the tray a having the priority of 1Ist
are respectively mounted on the two sockets 222 of the
socket group #1 of the drive 22. 1In this case, the
priority of 1st corresponds to the priority of the
first level.

In addition, the host unit 21 instructs the
package transport device 3 to hold the tray b having
the priority of 2nd. The priority of 2nd corresponds
to the priority of the second level, which is lower
than the priority of the first level.

The package transport device 3 (for example, a
transport unit #1) that has received the instruction
holds the tray b. Thus, the tray 46 having the
priority of 2nd is held in the package transport
device 3. That is, the transport unit #1 that holds
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the tray b is used as a buffer (buffer #1) of the
package transport device 3.

The host unit 21 stores information indicating
that the tray b is held in the transport unit #1
(buffer #1), in the tray management table 7.

In addition, the tray c¢ having the third priority
is stored in the package stocker 4. The host unit 21
causes the package transport device 3 to store the
tray c in the storage location #1 included in the
first storage location. The host unit 21 stores
information indicating that the tray ¢ is stored in
the storage location #1, in the tray management table
7.

Here, an operation of the host unit 21 when the
priority of the tray b held in the buffer #1 of the
package transport device 3 exceeds the priority of the
tray a will be described. FIG. 37 1is a diagram for
illustrating an operation of changing a location of a
tray 46 between the package transport device 3 and the
socket 222 of the drive 22 based on change in the
priority of the tray 46, which is executed in the
storage system 1 according to the present embodiment.

For example, it is assumed that the priority of
the semiconductor package A decreases from 1lst to 3rd,
the priority of the semiconductor package B decreases
from 2nd to 4th, the priority of the semiconductor
package C increases from 3rd to 1st, and the priority
of the semiconductor package D increases from 4th to
2nd. The host unit 21 updates the priority of each of
the plurality of semiconductor packages 41 by using a
predetermined algorithm based on the frequency of
access requests and the like.

The host unit 21 updates the priority of each of
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the plurality of trays 46 in response to the update of
the priority of each of the plurality of semiconductor
packages 41. Here, since all the priorities of the
semiconductor packages C and D accommodated in the
tray b exceed the priorities of the semiconductor
packages A and B accommodated in the tray a, the host
unit 21 updates the priority of each of the tray a and
the tray b so that the priority of the tray b is
higher than the priority of the tray a. As a result,
the tray b has the highest priority (priority = 1),
and the tray a has the second highest priority
(priority = 2).

Then, the host unit 21 instructs the package
transport device 3 to detach the semiconductor
packages A and B accommodated in the tray a from the
two sockets 222 of the socket group #1, to transport
the tray b to the drive 22, to mount the semiconductor
packages C and D accommodated in the tray b on the two
sockets 222 of the socket group #1, and to hold the
detached tray a in the package transport device 3.

The package transport device 3 collectively detaches
the semiconductor packages A and B accommodated in the
tray a from the two sockets 222 of the socket group #1
in the drive 22 by detaching the tray a from the
socket group #1. Then, the package transport device 3
transports the tray b held in the transport unit #1 to
the drive 22, and collectively mounts the
semiconductor packages C and D accommodated in the
tray b on the two sockets 222 of the socket group #1
from which the semiconductor packages A and B
accommodated in the tray a have been detached. The
detached tray a is maintained in a state of being held

in the package transport device 3 (for example, the
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transport unit #1).

In response to the above operation, the host unit
21 updates the tray management table 7. Specifically,
the host unit 21 stores, in the tray management table
7, information indicating that the tray a is held in
the transport unit #1 (buffer #1) of the package
transport device 3 and information indicating that the
tray b is present in the socket group #1.

Next, an exchange operation when the priority of
a tray 46 stored in the package stocker 4 exceeds the
priority of a tray 46 held in a buffer of the package
transport device 3 will be described. FIG. 38 is a
diagram for illustrating an operation of changing a
location of a tray 46 between the package stocker 4
and the package transport device 3 based on change in
the priority of the tray 46, which is executed in the
storage system 1 according to the present embodiment.

Here, it is assumed that, in the state
illustrated in FIG. 36, for example, the priority of
the tray c¢ increases from 3rd to 2nd and the priority
of the tray b decreases from 2Z2nd to 3rd. The new
priority (2nd) of the tray c belongs to the priority
of the second level, and the new priority (3rd) of the
tray b belongs to the priority of the third level.
Therefore, the host unit 21 instructs the package
transport device 3 to exchange the location of the
tray b and the location of the tray ¢ with each other.
Specifically, first, the host unit 21 instructs the
package transport device 3 to transport the tray b to
the storage location #1 of the package stocker 4, and
further instructs the package transport device 3 to
hold the tray c¢ in the transport unit #1. The package

transport device 3 that has received the instruction



10

15

20

25

30

92

transports the tray b held in the transport unit #1 to
the storage location #1 of the package stocker 4.
Then, the transport unit #1 exchanges the tray c
stored in the storage location #1 of the package
stocker 4 with the tray b held therein. The transport
unit #1 (buffer #1) then holds the tray c.

In response to the above operation, the host unit
21 updates the tray management table 7. Specifically,
the host unit 21 stores, in the tray management table
7, information indicating that the tray b is stored in
the storage location #1 of the package stocker 4 and
information indicating that the tray ¢ is held in the
transport unit #1 (buffer #1) of the package transport
device 3.

By the above operation, the host unit 21 can
cause the package transport device 3 to hold, in
advance, the semiconductor packages 41 accommodated in
a tray 46 having a higher priority among the trays 46
stored in the package stocker 4. As a result, when
the priority of the tray 46 held in the package
transport device 3 exceeds the priority of a tray 46
present in the socket group #1 of the drive 22, it is
possible to eliminate the time required for the
package transport device 3 to take out the tray 46
from the package stocker 4.

Next, a process of the reading or writing of data
from or to a nonvolatile memory die 411 of a
semiconductor package 41 accommodated in a tray 46
will be described. FIG. 39 is a flowchart
illustrating a procedure of the process of reading or
writing data from or to a nonvolatile memory die 411
provided in any one of a predetermined number of

semiconductor packages 41 accommodated in a tray 46,
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the process being executed by the host unit 21 of the
storage system 1 according to the present embodiment.

First, the host unit 21 determines a
semiconductor package 41 that includes a nonvolatile
memory die 411 to be accessed (Step S41). Here, the
nonvolatile memory die 411 to be accessed is
determined based on a read request or a write request
received from the application program 211. Then, the
semiconductor package 41 that includes the nonvolatile
memory die 411 to be accessed is determined in Step
S41.

Then, in Step S42, the host unit 21 identifies a
tray 46 that accommodates the semiconductor package 41
determined in Step S41. In Step S42, the host unit 21
acquires the tray identification name of the tray 46
that accommodates the determined semiconductor package
41, by referring to the semiconductor package
management table 6. As a result, the host unit 21 can
identify the tray 46 that accommodates the determined
semiconductor package 41.

The host unit 21 determines whether or not the
tray 46 identified in Step S42 is mounted on a socket
group of the drive 22, that is, whether or not the
predetermined number of semiconductor packages 41
accommodated in the identified tray 46 are mounted on
the predetermined number of sockets 222 of the drive
22 (Step S43). 1In Step S43, the host unit 21 acquires
information indicating the state of the identified
tray 46 by referring to the tray management table 7.
As a result, the host unit 21 can determine whether or
not the identified tray 46 is mounted on the socket
group of the drive 22.

When the identified tray 46 is mounted on the
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socket group of the drive 22 (Yes in Step S43), the
host unit 21 executes, via the controller 223, the
reading or writing of data from or to the nonvolatile
memory die 411 to be accessed, which is included in
the determined semiconductor package 41 accommodated
in the identified tray 46 (Step S45).

When the identified tray 46 is not mounted on the
socket group of the drive 22 (No in Step S43), the
host unit 21 causes the package transport device 3 to
transport the identified tray 46 from the package
stocker 4 to the drive 22, and to mount the
predetermined number of semiconductor packages 41
accommodated in the identified tray 46 on the
predetermined number of sockets 222 of the drive 22
(Step S44).

When the predetermined number of semiconductor
packages 41 accommodated in the tray 46 are mounted on
the predetermined number of sockets 222 by the package
transport device 3, the host unit 21 reads the tray
identifier (tray identification name) from the barcode
of the tray 46 by using a barcode reader in the drive
22. Then, the host unit 21 determines whether or not
the read tray identification name coincides with the
tray identification name of the identified tray 46.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 may further read the package
identifier stored in the determined semiconductor
package 41 accommodated in the tray 46 via the
controller 223, and determine whether or not the read
package identifier coincides with the package
identifier of the determined semiconductor package 41.

Then, when the read package identifier coincides with
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the package identifier of the determined semiconductor
package 41, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the semiconductor memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 accommodated in the identified tray 46
(Step S45).

FIG. 40 is a flowchart illustrating details of a
procedure of the process of reading or writing data
from or to a nonvolatile memory die 411 included in
any one of a predetermined number of semiconductor
packages 41 accommodated in a tray 46, the process
being executed by the host unit 21 of the storage
system 1 according to the present embodiment.

First, the host unit 21 determines a
semiconductor package 41 that includes the nonvolatile
memory die 411 to be accessed (Step S51).

In Step S52, the host unit 21 identifies a tray
46 that accommodates the semiconductor package 41
determined in Step S51. In Step S52, the host unit 21
acquires the tray identification name of the tray 46
that accommodates the determined semiconductor package
41, by referring to the semiconductor package
management table 6. As a result, the host unit 21 can
identify the tray 46 that accommodates the determined
semiconductor package 41.

The host unit 21 determines whether or not the
tray 46 identified in Step S52 is mounted on a socket
group of the drive 22, that is, whether or not the
predetermined number of semiconductor packages 41
accommodated in the identified tray 46 are mounted on
the predetermined number of sockets 222 of the drive

22 (Step S53). 1In Step S53, the host unit 21 acquires
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information indicating the state of the tray 46
identified in Step S52, by referring to the tray
management table 7. As a result, the host unit 21 can
determine whether or not the identified tray 46 is
mounted on a socket group of the drive 22.

When the identified tray 46 is mounted on a
socket group of the drive 22 (Yes in Step S53), the
host unit 21 executes, via the controller 223, the
reading or writing of data from or to the nonvolatile
memory die 411 to be accessed, which is included in
the determined semiconductor package 41 accommodated
in the identified tray 46 (Step S54).

When the identified tray 46 is not mounted on a
socket group of the drive 22 (No in Step S53), the
host unit 21 checks whether or not there is an empty
socket group in the drive 22 (Step S55). The empty
socket group is the predetermined number of sockets
222 on which no semiconductor packages 41 are mounted.

When there is an empty socket group in the drive
22 (Yes in Step S55), the host unit 21 causes the
package transport device 3 to transport the identified
tray 46 from the package stocker 4 to the drive 22,
and to mount the predetermined number of semiconductor
packages 41 accommodated in the identified tray 46 on
the predetermined number of sockets 222 of the empty
socket group (Step S56). In this case, the host unit
21 instructs the package transport device 3 to take
out the identified tray 46 from the package stocker 4,
to transport the identified tray 46 to the drive 22,
and to mount the transported tray 46 on the empty
socket group.

When the predetermined number of semiconductor

packages 41 accommodated in the tray 46 are mounted on
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the predetermined number of sockets 222 of the drive
22 by the package transport device 3, the host unit 21
reads the tray identifier (tray identification name)
from the barcode of the tray 46 by using the barcode
reader in the drive 22. Then, the host unit 21
determines whether or not the read tray identification
name coincides with the tray identification name of
the identified tray 46.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 stores information
indicating that the identified tray 46 is mounted on
the socket group of the drive 22, in the tray
management table 7.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 may further read the package
identifier stored in the determined semiconductor
package 41 accommodated in this tray 46 via the
controller 223, and determine whether or not the read
package identifier coincides with the package
identifier of the determined semiconductor package 41.
Then, when the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the semiconductor memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 accommodated in the identified tray 46
(Step Sb54).

When there is no empty socket group in the drive
22 (No in Step S55), the host unit 21 determines

whether there is a tray 46 having a priority lower
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than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22
(Step S57).

When there is no tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22
(No in Step S57), the host unit 21 executes the
process of Step S55 again. The host unit 21 waits
until the priority of each of the trays 46 is changed
and thus there is a tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22.

When there is a tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22
(Yes in Step S57), the host unit 21 causes the package
transport device 3 to detach a tray 46 having the
lowest priority among the trays 46 mounted on the
socket groups of the drive 22 from the socket group,
and to transport the detached tray 46 to the package
stocker 4 (Step S58). As a result, the socket group
from which the tray 46 has been detached becomes an
empty socket group including the predetermined number
of sockets.

Then, the host unit 21 causes the package
transport device 3 to transport the identified tray 46
from the package stocker 4 to the drive 22, and to
mount the predetermined number of semiconductor
packages 41 accommodated in the identified tray 46 on
the empty socket group (Step 56). In this case, the
host unit 21 instructs the package transport device 3
to take out the identified tray 46 from the package
stocker 4, and to transport the identified tray 46 to
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the drive 22, and to mount the transported tray 46 on
the socket group.

When the tray 46 is mounted on the socket group
by the package transport device 3, the host unit 21
reads the tray identifier (tray identification name)
from the barcode of this tray 46 by using the barcode
reader in the drive 22. Then, the host unit 21
determines whether or not the read tray identification
name coincides with the tray identification name of
the identified tray 46.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 stores information
indicating that the identified tray 46 is mounted on
the socket group of the drive 22, in the tray
management table 7.

When the read tray identification name coincides
with the tray identification name of the specified
tray 46, the host unit 21 may further read the package
identifier stored in the determined semiconductor
package 41 accommodated in this tray 46 via the
controller 223, and determine whether or not the read
package identifier coincides with the package
identifier of the determined semiconductor package 41.
Then, when the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the semiconductor memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 accommodated in the identified tray 46
(Step Sb54).

As a result, even when there is no empty socket
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group in the drive 22, the host unit 21 can mount the
predetermined number of semiconductor packages 41
accommodated in the identified tray 46 on the
predetermined number of sockets 222 of the drive 22 by
detaching the tray 46 having a lower priority than the
priority of the identified tray 46 from the socket
group.

Next, a process of reading or writing data from
or to a nonvolatile memory die 411 provided in the
determined semiconductor package 41 accommodated in a
tray 46 when a buffer of the package transport device
3 is available will be described. FIGS. 41A and 41B
are flowcharts illustrating another procedure of the
process of reading or writing data from or to the
nonvolatile memory die 411, which is executed by the
host unit 21 of the storage system 1 according to the
present embodiment.

First, the host unit 21 determines a
semiconductor package 41 that includes the nonvolatile
memory die 411 to be accessed (Step S601).

In Step S602, the host unit 21 identifies a tray
46 that accommodates the semiconductor package 41
determined in Step S601. In Step S602, the host unit
21 acquires the tray identification name of the tray
46 that accommodates the determined semiconductor
package 41, by referring to the semiconductor package
management table 6. As a result, the host unit 21 can
identify the tray 46 that accommodates the determined
semiconductor package 41.

The host unit 21 determines whether or not the
tray 46 identified in Step S602 is mounted on a socket
group of the drive 22, that is, whether or not the

predetermined number of semiconductor packages 41
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accommodated in the identified tray 46 are mounted on
the predetermined number of sockets 222 of the drive
22 (Step S603). In Step S603, the host unit 21
acquires information indicating the state of the tray
46 identified in Step S602, by referring to the tray
management table 7. As a result, the host unit 21 can
determine whether or not the identified tray 46 is
mounted on the socket group of the drive 22.

When the identified tray 46 is mounted on a
socket group of the drive 22 (Yes in Step S603), the
host unit 21 executes, via the controller 223, the
reading or writing of data from or to the nonvolatile
memory die 411 to be accessed, which is included in
the determined semiconductor package 41 accommodated
in the identified tray 46 (Step S604).

When the identified tray 46 is not mounted on a
socket group of the drive 22 (No in Step S603), the
host unit 21 checks whether or not there is an empty
socket group in the drive 22 (Step S605).

When there is an empty socket group in the drive
22 (Yes in Step S605), the host unit 21 executes the
process of Step S606 in FIG. 41B.

When there is no empty socket group in the drive
22 (No in Step S605), the host unit 21 determines
whether there is a tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22
(Step S608).

When there is no tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22
(No in Step S608), the host unit 21 executes the

process of Step S605 again. The host unit 21 waits
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until the priority of each of the trays 46 is changed
and thus there is a tray 46 having a priority lower

than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22.

When there is a tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 mounted on the socket groups of the drive 22
(Yes in Step S608), the host unit 21 causes the
package transport device 3 to detach the tray 46
having a priority lower than the priority of the
identified tray 46 from the socket group, and to
transport the detached tray 46 to a buffer of the
package transport device 3 (Step S609). As a result,
the tray 46 detached from the socket group is not
stored in the package stocker 4 but is held in the
package transport device 3. Further, the socket group
from which the tray 46 has been detached becomes an
empty socket group. Then, the host unit 21 executes
the process of Step S606 in FIG. 41B.

The host unit 21 determines whether or not the
identified tray 46 is present in a buffer of the
package transport device 3, that is, whether or not
the identified tray 46 is held in the package
transport device 3 (Step S606).

When the identified tray 46 is present in a
buffer of the package transport device 3, that is,
when the identified tray 46 is held in any transport
unit 31 of the package transport device 3 (Yes in Step
S606), the host unit 21 causes the package transport
device 3 to transport the identified tray 46 from the
buffer of the package transport device 3 to the drive
22, and to mount the predetermined number of

semiconductor packages 41 accommodated in the
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identified tray 46 on the predetermined number of
sockets 222 of the empty socket group (Step S607). 1In
this case, the host unit 21 instructs the transport
unit 31 that has been holding the identified tray 46
to transport the identified tray 46 to the drive 22,
and to mount the predetermined number of semiconductor
packages 41 on the predetermined number of sockets 222
of the drive 22.

When the predetermined number of semiconductor
packages 41 in the tray 46 are mounted on the
predetermined number of sockets 222 of the drive 22 by
the transport unit 31, the host unit 21 reads the tray
identifier (tray identification name) from the barcode
of this tray 46 by using the barcode reader in the
drive 22. Then, the host unit 21 determines whether
or not the read tray identification name coincides
with the tray identification name of the identified
tray 46.

When the read tray identification name coincides
with the tray identification name of the specified
tray 46, the host unit 21 stores information
indicating that the identified tray 46 is mounted on
the socket group of the drive 22, in the tray
management table 7.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 may further read the package
identifier stored in the determined semiconductor
package 41 accommodated in this tray 46 via the
controller 223, and determine whether or not the read
package identifier coincides with the package
identifier of the determined semiconductor package 41.

Then, when the read package identifier coincides with
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the package identifier of the determined semiconductor
package 41, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the semiconductor memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 accommodated in the identified tray 46
(Step S604 in FIG. 41A).

When the identified tray 46 is not present in any
buffer of the package transport device 3, that is,
when the specified tray 46 is not held in any
transport unit 31 of the package transport device 3
(No in Step S606), the host unit 21 checks whether or
not there is an empty buffer in the package transport
device 3 (Step S610). The empty buffer of the package
transport device 3 is a transport unit 31 that is not
holding a tray 46.

When there is an empty buffer in the package
transport device 3, that is, when there is a transport
unit 31 that is not holding a tray 46 (Yes in Step
S610), the host unit 21 causes the package transport
device 3 to transport the identified tray 46 from the
package stocker 4 to the empty buffer in the package
transport device 3, that is, to a transport unit 31
that does not hold the tray 46 (Step S611). In this
case, the host unit 21 may instruct the transport unit
31 that is not holding a tray 46 to take out the
identified tray 46 from the package stocker 4. Thus,
since the identified tray 46 is held by the transport
unit 31, the identified tray 46 is present in a buffer
of the package transport device 3.

Then, the host unit 21 causes the package
transport device 3 to transport the identified tray 46

from the buffer of the package transport device 3 to
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the drive 22, and to mount the predetermined number of
semiconductor packages 41 accommodated in the
identified tray 46 on the predetermined number of
sockets 222 of the drive 22 (Step S607).

When the predetermined number of semiconductor
packages 41 accommodated in the tray 46 are mounted on
the predetermined number of sockets 222 of the drive
22 by the transport unit 31, the host unit 21 reads
the tray identifier (tray identification name) from
the barcode of this tray 46 by using the barcode
reader in the drive 22. Then, the host unit 21
determines whether or not the read tray identification
name coincides with the tray identification name of
the identified tray 46.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 stores information
indicating that the identified tray 46 is mounted on
the socket group of the drive 22, in the tray
management table 7.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 may further read the package
identifier stored in the determined semiconductor
package 41 accommodated in this tray 46 via the
controller 223, and determine whether or not the read
package identifier coincides with the package
identifier of the determined semiconductor package 41.
Then, when the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 executes, via the
controller 223, the reading or writing of data from or

to the semiconductor memory die 411 to be accessed,
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which is included in the determined semiconductor
package 41 accommodated in the identified tray 46
(Step S604 in FIG. 41A).

When there is no empty buffer in the package
transport device 3 (No in Step S610), the host unit 21
determines whether or not there is a tray 46 having a
priority lower than the priority of the identified
tray 46 among the trays 46 held in the buffers of the
package transport device 3 (Step S612).

When there is no tray 46 having a priority lower
than the priority of the identified tray 46 among the
trays 46 held in the buffers of the package transport
device 3 (No in Step S612), the host unit 21 executes
the process of Step $S610 again. The host unit 21
waits until the priority of each of the trays 46 is
changed and thus there is a tray 46 having a priority
lower than the priority of the identified tray 46
among the trays 46 held in the buffers of the package
transport device 3.

When there is a tray 46 having a lower priority
than the priority of the identified tray 46 among the
trays 46 held in the buffers of the package transport
device 3 (Yes in Step S612), the host unit 21 causes
the package transport device 3 to transport a tray 46
having the lowest priority among the trays 46 held in
the buffers of the package transport device 3 to the
package stocker 4 (Step S613). 1In Step S613, the host
unit 21 may instruct the transport unit 31 that has
been holding the tray 46 having the lowest priority to
transport this tray 46 to the package stocker 4. As a
result, this transport unit 31 becomes an empty buffer
that is not holding a tray 46.

Then, the host unit 21 causes the package
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transport device 3 to transport the identified tray 46
from the package stocker 4 to the empty buffer of the
package transport device 3. In this case, the host
unit 21 may instruct the transport unit 31 that has
become the empty buffer to take out the identified
tray 46 from the package stocker 4. Thus, since the
identified tray 46 is held by the transport unit 31,
the identified tray 46 is present in a buffer of the
package transport device 3.

Then, the host unit 21 causes the package
transport device 3 to transport the identified tray 46
from the buffer of the package transport device 3 to
the drive 22, and to mount the predetermined number of
semiconductor packages 41 accommodated in the
identified tray 46 on the predetermined number of
sockets 222 of the drive 22 (Step S607).

When the predetermined number of semiconductor
packages 41 accommodated in the tray 46 are mounted on
the predetermined number of sockets 222 of the drive
22 by the transport unit 31, the host unit 21 reads
the tray identifier (tray identification name) from
the barcode of this tray 46 by using the barcode
reader in the drive 22. Then, the host unit 21
determines whether or not the read tray identification
name coincides with the tray identification name of
the identified tray 46.

When the read tray identification name coincides
with the tray identification name of the identified
tray 46, the host unit 21 stores information
indicating that the identified tray 46 is mounted on
the socket group of the drive 22, in the tray
management table 7.

When the read tray identification name coincides
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with the tray identification name of the identified
tray 46, the host unit 21 may further read the package
identifier stored in the determined semiconductor
package 41 accommodated in this tray 46 via the
controller 223, and determine whether or not the read
package identifier coincides with the package
identifier of the determined semiconductor package 41.
Then, when the read package identifier coincides with
the package identifier of the determined semiconductor
package 41, the host unit 21 executes, via the
controller 223, the reading or writing of data from or
to the semiconductor memory die 411 to be accessed,
which is included in the determined semiconductor
package 41 accommodated in the identified tray 46
(Step S604 in FIG. 41A7).

As described above, the storage system 1
according to the second embodiment can collectively
store, transport, and mount/detach a predetermined
number of semiconductor packages 41 by using a tray 46
that accommodates the predetermined number of
semiconductor packages 41. The host unit 21
determines a tray 46 that accommodates a semiconductor
package 41 including a nonvolatile memory die 411 to
be accessed, among the trays 46 managed in the storage
system 1.

When the predetermined number of semiconductor
packages 41 accommodated in the determined tray 46 are
mounted on the predetermined number of sockets 222 of
the drive 22, the host unit 21 reads or writes data
from or to the nonvolatile memory die 411 to be
accessed.

When the predetermined number of semiconductor

packages 41 accommodated in the tray 46 are not
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mounted on the predetermined number of sockets 222 of
the drive 22 and the determined tray 46 is stored in
the package stocker 4, the host unit 21 causes the
package transport device 3 to transport the determined
tray 46 to the drive 22, and to mount the
predetermined number of semiconductor packages 41
accommodated in the determined tray 46 on the
predetermined number of sockets 222 of the drive 22.

As described above, in the storage system 1 of the
present embodiment, the host unit 21 can exchange
semiconductor packages 41 connected to sockets 222 of
the drive 22 with other semiconductor packages 41 in
units of the number of semiconductor packages 41
accommodated in a tray 46.

As a result, a plurality of semiconductor
packages 41 can be managed, transported, and
mounted/detached in units of the number of
semiconductor packages 41 accommodated in the tray 46,
and thus it is possible to more efficiently manage and
transport the plurality of semiconductor packages 41.

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 inventions. 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 the embodiments 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
modifications as would fall within the scope and

spirit of the inventions.
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Reference Signs List

1 Storage system

2 Storage read/write device

3 Package transport device

4 Package stocker

5 Management server

6 Semiconductor package management table
7 Tray management table

21 Host unit (host apparatus)

22 Drive

31 Transport unit

41 Semiconductor package
46 Tray

222 Socket
223 Controller

411 Nonvolatile memory die
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CLAIMS

1. A storage system comprising:

a package stocker configured to store a plurality
of semiconductor packages, each of the plurality of
semiconductor packages including one or more
nonvolatile memory dies;

a drive including at least one socket on which
the semiconductor package is able to be detachably
mounted, and a controller configured to control the
one or more nonvolatile memory dies of the
semiconductor package mounted on the socket;

a host apparatus communicatively connected to the
drive and configured to execute reading and writing
data from and to the one or more nonvolatile memory
dies of the semiconductor package via the controller;
and

a package transport device configured to
transport the semiconductor package between the
package stocker and the drive,

wherein the host apparatus is configured to:

determine a first semiconductor package that
includes a first nonvolatile memory die to be
accessed, among the plurality of semiconductor
packages;

when the first semiconductor package is
mounted on the socket of the drive, execute reading or
writing data from or to the first nonvolatile memory
die via the controller; and

when the first semiconductor package is not
mounted on the socket of the drive, cause the package
transport device to transport the first semiconductor
package to the socket of the drive, and to mount the

first semiconductor package on the socket of the
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drive.

2. The storage system according to claim 1,
wherein

the host apparatus is configured to:

when the first semiconductor package is not
mounted on the socket of the drive and the drive
includes an empty socket, cause the package transport
device to transport the first semiconductor package to
the empty socket of the drive, and to mount the first
semiconductor package on the empty socket of the
drive; and

when the first semiconductor package is not
mounted on the socket of the drive and the drive
includes no empty socket, cause the package transport
device to detach a semiconductor package mounted on
the socket from the socket, and cause the package
transport device to transport the first semiconductor
package to the socket of the drive from which the
semiconductor package has been detached, and to mount
the first semiconductor package on the socket of the
drive from which the semiconductor package has been
detached.

3. The storage system according to claim 1,
wherein

the host apparatus is configured to:

manage a priority of each of the plurality of
semiconductor packages; and

control a location where each of the plurality of
semiconductor packages is present, based on the
priority of each of the plurality of semiconductor
packages, such that:

a semiconductor package having a priority of

a first level is mounted on the socket of the drive;
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a semiconductor package having a priority of
a second level lower than the priority of the first
level is held in the package transport device; and
a semiconductor package having a priority of
a third level lower than the priority of the second
level is stored in the package stocker.
4. The storage system according to claim 3,
wherein
the package stocker includes a first storage
location and a second storage location, and
the host apparatus is configured to control the
location where each of the plurality of semiconductor
packages is present, based on the priority of each of
the plurality of semiconductor packages, such that:
the semiconductor package having the priority
of the third level is stored in the first storage
location of the package stocker; and
a semiconductor package having a priority of
a fourth level lower than the priority of the third
level is stored in the second storage location of the
package stocker.
5. The storage system according to claim 4,
wherein
a distance between the first storage location and
the package transport device is shorter than a
distance between the second storage location and the
package transport device.
6. The storage system according to claim 1,
wherein
the package stocker is configured to store a
plurality of trays, each of the plurality of trays
accommodating a first number of semiconductor

packages, the first number being two or more,
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the drive includes the first number of sockets on
which the first number of semiconductor packages
accommodated in the tray are able to be collectively
and detachably mounted, and
the host apparatus is configured to:
identify a first tray that accommodates the
first semiconductor package, among the plurality of
trays;
when the first number of semiconductor
packages accommodated in the first tray are mounted on
the first number of sockets of the drive, execute
reading or writing data from or to the first
nonvolatile memory die via the controller; and
when the first number of semiconductor
packages accommodated in the first tray are not
connected to the first number of sockets of the drive,
cause the package transport device to transport the
first tray to the drive, and to mount the first number
of semiconductor packages accommodated in the first
tray on the first number of sockets.
7. The storage system according to claim 6,
wherein
the host apparatus is configured to:
manage a priority of each of the plurality of
trays, the priority of each of the plurality of trays
being determined based on a priority of each of the
plurality of semiconductor packages; and
control a location where each of the plurality of
trays is present, based on the priority of each of the
plurality of trays, such that:
the first number of semiconductor packages
accommodated in a tray having a priority of a first

level are mounted on the first number of sockets of the
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drive;

a tray having a priority of a second level
lower than the priority of the first level is held in
the package transport device;

a tray having a priority of a third level
lower than the priority of the second level is stored
in a first storage location of the package stocker; and

a tray having a priority of a fourth level
lower than the priority of the third level is stored
in a second storage location of the package stocker.

8. The storage system according to claim 7,
wherein

a distance between the first storage location and
the package transport device is shorter than a
distance between the second storage location and the
package transport device.

9. The storage system according to claim 6,
wherein

the package stocker includes a tray
loading/unloading slot configured to be used to:

add the tray to the package stocker from an
outside of the package stocker; and

eject the tray from the package stocker to
the outside of the package stocker.

10. The storage system according to claim 9,
wherein

the package stocker includes at least a pair of
rails extending in parallel to each other and on which
the tray is able to be placed, and

the tray placed on the pair of rails is movable
along the pair of rails.

11. The storage system according to claim 10,

wherein
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the package transport device is opposed to the
tray loading/unloading slot, and

the pair of rails of the package stocker extends
in a direction from the tray loading/unloading slot
toward the package transport device.

12. The storage system according to claim 6,
wherein

the semiconductor package includes a first
surface, a second surface opposite to the first
surface, and a plurality of ball-type metal terminals
disposed on the second surface, and

the tray has a surface in which an opening through
which the plurality of ball-type metal terminals of the
semiconductor package are exposed is formed.

13. The storage system according to claim 6,
wherein

the semiconductor package includes a first
surface, a second surface opposite to the first
surface, and a plurality of ball-type metal terminals
disposed on the second surface,

the drive further includes a board on which at
least the first number of sockets are disposed,

the board includes one or more first recessed
portions, and

the tray has a lower surface in which an opening
through which the plurality of ball-type metal
terminals of the semiconductor package are exposed is
formed, and the lower surface of the tray includes one
or more first protrusions configured to fit into the
one or more first recessed portions of the board of the
drive.

14. The storage system according to claim 13,

further comprising:
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a lid member that includes one or more second
recessed portions, wherein

the tray has an upper surface opposite to the
lower surface, the upper surface includes one or more
second protrusions, and

the tray placed on the board is covered with the
1lid member such that the one or more second recessed
portions of the 1id member are fitted with the one or
more second protrusions of the upper surface of the
tray.

15. The storage system according to claim 1,
wherein

the semiconductor package includes a plurality of
nonvolatile memory dies.

16. The storage system according to claim 15,
wherein

the semiconductor package includes a first
surface, a second surface opposite to the first
surface, and a plurality of ball-type metal terminals
disposed on the second surface, and the plurality of
ball-type metal terminals are connected to channel
terminals of the plurality of nonvolatile memory dies.

17. The storage system according to claim 1,
wherein

the host apparatus includes a processor
configured to execute a first program for managing an
amount of data stored in the semiconductor package

stored in the package stocker.



