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enable outputs, each of which is connected to an enable
input of one of the non-volatile storage units, and a buffer in
which data to be written into or read from the non-volatile
storage units is stored. The array controller further com-
prises a control unit configured to enable a communication
path between the solid state drive controller and one of the
non-volatile storage units according to an address received
from the solid state drive controller.
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NAND RAID CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/167,040, filed on Feb. 3, 2021, which
application is a continuation of U.S. patent application Ser.
No. 16/436,080, filed on Jun. 10, 2019, now U.S. Pat. No.
10,942,685, issued on Mar. 9, 2021, which application is a
continuation of U.S. patent application Ser. No. 15/943,616,
filed on Apr. 2, 2018, now U.S. Pat. No. 10,353,639, issued
on Jul. 16, 2019, which application is a continuation of U.S.
patent application Ser. No. 14/187,849, filed on Feb. 24,
2014, now U.S. Pat. No. 9,933,980, issued on Apr. 3, 2018,
the entire contents of which are incorporated herein by
reference.

BACKGROUND

[0002] The storage capacity of solid state drives (SSDs)
continues to increase. That is, SSDs are able to support an
increasing number of storage units, such as NAND flash
memory units. As the storage capacity of SSDs increases, it
has become increasingly difficult to scale SSD controllers,
which are typically implemented on integrated circuit chips,
and which are used to store data to NAND flash memory
units and to read data from NAND flash memory units
through general-purpose input/output (or GPIO) pins and
through chip enable (or CE) pins.

[0003] As present-day drive storage devices support an
increasing number of NAND flash memory units, (i.e.,
greater than 2 terabytes of storage capacity), a large number
of connections from an SSD controller to the NAND flash
memory units of the disk storage device is required. How-
ever, allocating additional GPIO and CE pins is disadvan-
tageous, because allocating more pins increases the size of
the die package required for manufacturing the SSD con-
troller. Thus, the cost of manufacturing the SSD controller
would increase dramatically. Further, laying out an SSD
controller integrated circuit comprising additional NAND
flash memory pin connections would also be costly and
disruptive to current SSD controller manufacturing pro-
cesses. Hence, it would be advantageous to provide a
mechanism whereby existing SSD controllers can support
drives that have NAND flash memory capacity in excess of
2 terabytes without allocating additional GPIO or CE pins
for connection to a large number of NAND flash memory
units.

SUMMARY OF THE DISCLOSURE

[0004] An array controller for connection between a solid
state drive controller and multiple non-volatile storage units,
according to an embodiment, comprises a plurality of enable
outputs, each of which is connected to an enable input of one
of the non-volatile storage units and a buffer in which data
to be written into or read from the non-volatile storage units
is stored. The array controller further comprises a control
unit configured to enable a communication path between the
solid state drive controller and one of the non-volatile
storage units according to an address received from the solid
state drive controller.

[0005] According to another embodiment, a method of
performing read and write operations in a memory system is
provided. The memory system includes a solid state drive
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controller connected to multiple non-volatile storage units
by way of an array controller having a plurality of enable
outputs, each of which is connected to an enable input of one
of the non-volatile storage units. The array controller also
includes a buffer in which data to be written into or read
from the non-volatile storage units is stored. The method
comprises the steps of receiving an address from the solid
state drive controller and enabling a communication path
between the solid state drive controller and one of the
non-volatile storage units according to the received address.
[0006] According to another embodiment, a memory sys-
tem is provided. The memory system comprises a solid state
drive controller configured with one or more chip enable
outputs, and an array controller configured with a chip
enable input that is connected to one of the chip enable
outputs of the solid state drive controller. The array control-
ler has multiple chip enable outputs and a buffer in which
data to be written into or read from the non-volatile storage
units is stored. The memory system further comprises mul-
tiple non-volatile storage units each configured with a chip
enable input that is connected to one of the chip enable
outputs of the array controller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram that depicts a memory
system according to one or more embodiments.

[0008] FIG. 2 is a block diagram that depicts a connection
between an SSD controller and a plurality of NAND array
controllers, according to one or more embodiments.

[0009] FIG. 3 is a block diagram that depicts a connection
between a NAND array controller and a plurality of NAND
storage devices, according to one or more embodiments.

[0010] FIG. 4A is a block diagram that depicts address
components that are transmitted from an SSD controller to
a NAND array controller, according to one or more embodi-
ments.

[0011] FIG. 4B is a block diagram that depicts address
components that are transmitted from a NAND array con-
troller to a target NAND storage device, according to one or
more embodiments.

[0012] FIG. 5A is a flow diagram that illustrates a method
of enabling a communication path between an SSD control-
ler and a target NAND storage device using a NAND array
controller, according to a first embodiment.

[0013] FIG. 5B is a signal diagram that depicts the timing
of signals received by a NAND array controller in one or
more embodiments.

[0014] FIG. 6A is a block diagram that depicts an embodi-
ment of a memory system that supports mirroring.

[0015] FIG. 6B is a block diagram that depicts address
components that are transmitted from an SSD controller to
a NAND array controller in an embodiment that supports
mirroring.

[0016] FIG. 7A is a flow diagram that illustrates a method
of enabling a communication path between an SSD control-
ler 100 and a target NAND storage device using a NAND
array controller, according to embodiments that support
mirroring.

[0017] FIG. 7B is a signal diagram that depicts the timing
of signals received by a NAND array controller in an
embodiment that supports mirroring.
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DETAILED DESCRIPTION

[0018] FIG. 1 is a block diagram that depicts a memory
system according to one or more embodiments. The system
depicted in FIG. 1 comprises a solid state disk (SSD)
controller 100, a plurality of NAND array controllers 110,
and a plurality of NAND storage devices 120. In embodi-
ments, SSD controller 100 is an electronic device that
provides a connected host computer access to NAND
memory components. Typically, SSD controller 100 is a
semiconductor processor that executes firmware-level code,
and which performs various functions, including reading
and writing data from and to NAND memory components,
caching, error correction, data encryption, and garbage col-
lection. SSD controller 100 communicates with other
devices by way of electrical signals, which are typically
received and transmitted through “pin” connections. Each
pin is capable of transmitting or receiving an electrical
signal which represents a binary 0 or 1 value (or bit value).
Typically, a 0 value is represented by a low voltage signal,
while a 1 value is represented by a high voltage signal. Pins
may be categorized, in embodiments, as general purpose
input/output (or GPIO) pins, which typically transmit and
receive data to be read from or stored to memory. In
addition, GPIO pins of SSD controller 100 transmit and
receive address data that refers to storage locations within a
NAND storage device 120. SSD controllers 100 also include
“chip enable” (or CE) pins. CE pins are typically used to
activate one or more devices to which an SSD controller 100
is connected. For example, SSD controller 100 may be
connected to an array of NAND storage devices 120. In
order to activate a communication path to one of the NAND
storage devices 120, SSD controller 100 transmits a particu-
lar value (either a 0 or 1) over a CE pin that is coupled to a
corresponding CE pin of the target NAND storage device
120. In some embodiments, transmitting a 0 value activates
a communication path to a target NAND storage device 120.
In other embodiments, transmitting a 1 value activates a
communication path to a target NAND storage device 120.
Once a communication path to the target NAND storage
device 120 is activated (or “enabled”), SSD controller 100
may then transmit data to and read data from the target
NAND storage device 120. The transmission of a value over
a CE pin in order to activate a communication path to a
device to which SSD controller 100 is connected is referred
to herein as “asserting” the CE pin.

[0019] As shown in FIG. 1, SSD controller 100 is con-
nected to one or more NAND array controllers 110. Each
NAND array controller 110 is configured to be activated by
SSD controller 100 (in embodiments, activation is achieved
through assertion of a CE pin of the NAND array controller
110 that is connected to a corresponding CE pin of SSD
controller 100). According to one or more embodiments,
each NAND array controller 110 is equipped with electronic
circuitry, firmware, or software that enables it to select one
or more NAND storage devices 120 in order to establish a
communication path between SSD controller 100 and the
selected NAND storage devices 120. In embodiments, SSD
controller 100 transmits a command, one or more addresses,
and storage data to a NAND array controller 110, where the
transmitted command, addresses, and storage data are tar-
geted to one of the NAND storage devices 120. As will be
described further herein, SSD controller 100 provides data
to NAND array controller 110 that enables NAND array
controller 110 to identify which of the NAND storage
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devices 120 that is to receive the transmitted command,
addresses, and storage data. In embodiments, SSD controller
100 transmits additional address information to NAND array
controller 110 that serves to identify one or more target
NAND storage devices 120. NAND array controller 110
uses this additional address information to enable a com-
munication path to the target NAND storage device 120.
NAND array controller 110 subsequently transmits the com-
mand, addresses, and data to that target device.

[0020] As is further shown in FIG. 1, each NAND array
controller 110 is connected to one or more NAND storage
devices 120. As previously mentioned, a NAND array
controller 110 receives address information from SSD con-
troller 110 that enables NAND array controller 110 to
identify one or more NAND storage devices 120 to which
the NAND array controller 110 is connected. After identi-
fying a target NAND storage device 120, NAND array
controller 110 is enables a communication path between
SSD controller 100 and the target NAND storage device
120. Further, enablement of a communication may be per-
formed, in one or more embodiments, by asserting an output
CE pin of the NAND array controller 110 that is connected
to a corresponding CE pin of the target NAND storage
device 120.

[0021] Inembodiments, each NAND storage device 120 is
a non-volatile semiconductor memory device, where stored
data persists even when the device is not electrically pow-
ered. Typically, each NAND storage device 120 includes
transistors that are connected in groups to a word line, which
allows for high-capacity data storage. Each NAND storage
device 120 is equipped with a CE pin that allows a com-
munication path to the device to be enabled, as well as GPIO
pins that serve to transmit and receive commands, addresses,
and I/O data to and from the device.

[0022] FIG. 2 is a block diagram that depicts a connection
between an SSD controller 100 and a plurality of NAND
array controllers 110, according to one or more embodi-
ments. As shown, SSD controller 100 includes a plurality of
output pins, which are denoted in FIG. 2 with the prefix
“Out.” SSD controller 100 includes an Out_DQ pin, which,
in embodiments, may comprise 1, 8, or more physical pins.
The pins that comprise Out_DQ may be referred to as a
“data bus.” Data is transmitted over Out_DQ, where the
transmitted data may be 1/O data to be stored at a storage
location within a NAND storage device 120. Further, data
transmitted over Out_DQ may be a command to be executed
by a NAND storage device 120. In addition, data transmitted
over Out_DQ may be address data, which, in embodiments,
may refer to one of the NAND storage devices 120 that is
connected to NAND array controller 110, or, alternatively, to
storage locations within a particular NAND storage device
120. As is depicted in FIG. 2, Out_DQ is connected in
parallel to each of four NAND array controllers 110, .
Out_DQ of SSD controller 100 is connected to a corre-
sponding DQ pin (or plurality of pins) of each NAND array
controller 110, which allows all data transmitted over the
data bus to be received by each NAND array controller 110,
provided a communication path to the NAND array con-
troller 110 is activated.

[0023] In FIG. 2, SSD controller 100 also includes Out_
CLE and Out_ALE pins. These pins are connected to
corresponding CLE and ALE pins of each NAND array
controller 110. The function of the Out_CLE and Out_ALE
pins is to communicate the nature of data to be communi-
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cated to a target device (e.g., a NAND storage device 120 or
a NAND array controller 110) at some future time. In
embodiments, pins are asserted and data is transmitted over
a data bus at discrete points in time, referred to as “clock
cycles.” In one or more embodiments, SSD controller 100 is
equipped with a clock signal generator (not shown in FIG.
2) which allows for the synchronization of pin assertions,
data transmissions, command execution by target devices,
and the like. Thus, during a given clock cycle, the Out_CLE
and Out_ALE pins are asserted according to a pattern.
Possible patterns are 00, 01, and 10, where the high-order bit
corresponds to the assertion of the CLE pin and the low-
order bit corresponds to the ALE pin assertion. This asser-
tion communicates to a target device the type of data that is
to be transmitted over the data bus (i.e, through Out_DQ to
the DQ pins of the target device) in a subsequent clock cycle.
[0024] For example, in one or more embodiments, SSD
controller 100 asserts a 0 (or low voltage) on both the
Out_CLE pin and Out_DQ pin. This assertion (i.e “00”)
communicates to the target NAND device (NAND array
controller 110, in FIG. 2) that, during a subsequent clock
cycle, I/O data to be stored in a NAND storage device 120
is to be transmitted over the data bus.

[0025] Continuing with the example, SSD controller 100
may also asserta 1 (or high voltage) on the Out_CLE pin and
a 0 on the Out_ALE pin. In the depiction shown in FIG. 2,
this communicates to the target device (i.e. NAND array
controller 110,) that a command to be executed by a target
device is to be transmitted over the data bus during a future
clock cycle. Indeed, “CLE” typically stands for Command
Latch Enable, and signifies that a command is to be trans-
mitted by a source device and is to be expected (and
executed) by a target device.

[0026] Further, in embodiments, SSD controller 100 may
assert a 0 on the Out_CLE pin and a 1 on the Out_ALE pin.
This pattern communicates to a target device that an address
is to be transmitted on the data bus during a future clock
cycle. Indeed, “ALE” typically stands for Address Latch
Enable, which denotes that a target device is to receive the
transmission of an address by a source device over the data
bus. An example of an address is a storage location inside of
a NAND storage device 120. Further, in one or more
embodiments, a transmitted address may also identify a
NAND storage device 120 that is connected to a NAND
array controller 110.

[0027] As shown in FIG. 2, SSD controller 100 also
includes Out_RE and Out_WE pins. An Out_RE pin is a
“read enable” pin. The Out_RE pin is connected to a
corresponding RE pin of a NAND array controller 110. In
FIG. 2, the Out_RE pin of SSD controller 100 is connected
to the RE pin of NAND array controller 110,. In embodi-
ments, the signal transmitted over the Out_RE pin commu-
nicates to a target device (typically a NAND storage device
120) to output a data value located at a particular storage
location within the target device, and to increment an
internal address counter to reference a subsequent storage
location within the target device. The Out_WE pin is a
“write enable” pin. In FIG. 2, the Out_WE pin of SSD
controller 100 is connected to the WE pin of NAND array
controller 110,. In embodiments, the signal transmitted over
the Out_WE pin triggers a target device (i.e., a NAND
storage device 120 or NAND array controller 110) to read
data from the data bus (i.e., the data pins comprising DQ) in
a subsequent clock cycle. This process may be referred to as
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“clocking” data into the target device (e.g., addresses, 1/O
data, or commands). In embodiments, a target NAND array
controller 110 (or NAND storage device 120) reads the data
transmitted to it over the data bus at the rising edge of the
signal transmitted over the Out_WE pin.

[0028] In addition, SSD controller 100 includes a plurality
of Out_CE pins. As previously mentioned, CE typically
stands for “chip enable.” As shown in FIG. 2, SSD controller
100 includes four output CE pins, namely, Out_CE0, Out_
CE1, Out_CE2, and Out_CE3. In other embodiments, SSD
controller 100 may include greater or fewer output CE pins.
As shown, each of the Out_CE pins of SSD controller 100
is connected to a corresponding CE pin of a NAND array
controller 110. Thus, in FIG. 2, Out_CE0 is connected to the
CE pin of NAND array controller 110,, Out_CE1 is con-
nected to the CE pin of NAND array controller 1102,
Out_CE2 is connected to the CE pin of NAND array
controller 1103, and Out_CE 3 is connected to the CE pin of
NAND switch 1104. In embodiments, SSD controller 100
asserts one or more Out_CE pins in order to activate (or
enable) a communication path to the NAND array control-
lers 110 that are connected to the asserted Out_CE pins. For
example, SSD controller 100 asserts Out_CEO0 in order to
activate a communication path to NAND array controller
110, . It should be noted that, until a communication path to
a NAND array controller 110 has been activated (or
“enabled”) by way of assertion of a CE pin, such NAND
array controller 110 will not recognize any data transmitted
to it over the data bus (i.e., its corresponding DQ pins), nor
will it recognize the assertion of its CLE, ALE, RE, or WE
pins. Further, SSD controller 100 may also “de-assert” any
or all of its Out_CE pins in order to deactivate an already
active communication path to a NAND array controller 110.
In one or more embodiments, de-assertion of a NAND array
controller 110 may be performed by asserting a 0 value (or
low voltage) on the Out_CE pin that is connected to the CE
pin of the NAND array controller 110 for which a commu-
nication path is to be deactivated.

[0029] As was previously described, each of the NAND
array controllers 110 depicted in FIG. 2 includes pins DQ,
CLE, ALE, RE, WE, and CE, which are coupled to corre-
sponding output pins of SSD controller 100. Further, each of
the NAND array controllers 110 includes output pins that
transmit data to other devices that the NAND array control-
lers 110 are connected to. According to the embodiment
depicted in FIG. 2, each NAND array controller 100
includes an Out_DQ pin (or set of pins, as the case may be),
which is an output data bus for the switch. Thus, in embodi-
ments, data that is received by a NAND array controller 110
over the data bus through pins DQ is subsequently trans-
mitted to other devices over pins Out_DQ. Further, each
NAND array controller 110 depicted includes four Out_CE
pins, namely, Out_CE0, Out_CE1, Out_CE2, and Out_CE3.
These CE pins perform a function that is similar that of the
Out_CE pins of SSD controller 100, namely, to activate a
communication path to a device to which a particular
Out_CE pin is connected. Such a device is typically a
NAND storage device 120, although connection from a
NAND array controller 110 to other types of electronic
devices is contemplated and is within the scope of the
present invention. Further, although each NAND array con-
troller 110 is depicted as having four Out_CE pins, it should
be noted that other embodiments include more or fewer
Out_CE pins than the embodiment depicted in FIG. 2.
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Further, NAND array controllers 110 may also include other
output pins (such as clock signal pins, as well as ALE and
CLE pins), and it is noted that such embodiments are also
within the scope of the present invention.

[0030] In addition, each of the NAND array controllers
110 depicted in FIG. 2 includes an interface protocol (IP)
211, a control unit 215, and a buffer 212. IP 211 receives
data, addresses, and commands transmitted by SSD control-
ler 100 over the data bus (which is connected to pins DQ of
the NAND array controllers 110). IP 211 converts the
received data, addresses, and commands from a protocol
format used by SSD controller 100 into a format that is used
by control unit 215 of each NAND array controller 110. In
one or more embodiments, SSD controller 100 transmits
using a specific protocol, such as Toggle/ONFI. According
to such embodiments, IP 211 translates storage data,
addresses, and commands from the Toggle/ONFI format into
a format that enables control unit 215 to store and manipu-
late the transmitted data. In addition, embodiments of IP 211
are configured to receive the components of a transmission
from SSD controller 100 (i.e., commands, addresses, and
storage data) over multiple clock cycles. Once the transmis-
sion has been received and translated by 1P 211, IP 211
transmits the translated data to control unit 215.

[0031] Control unit 215 receives data from IP 211 and
processes and stores that data in buffer 212. The processing
performed by control unit 215 is described in further detail
below. Note that data also flows from control unit 215 into
IP 211. In this case, IP 211 translates the data received from
control unit 215 into a protocol (e.g., Toggle/ONFI) and then
transmits the data over the output data bus over pins Out_
DQ.

[0032] FIG. 3 is a block diagram that depicts a connection
between a NAND array controller 110 and a plurality of
NAND storage devices 120, according to one or more
embodiments. In the embodiment depicted in FIG. 3, a
single NAND array controller 110 is connected to four
NAND storage devices 120,-120,. As was also shown in
FIG. 2, NAND array controller 110 has an input CE pin
(over which communication to NAND array controller 110
is activated), as well as CLE, ALE, RE, and WE pins. The
functionality of each of these pins is the same as described
previously with respect to FIG. 2. In addition, NAND array
controller 110 includes an Out_DQ pin (or set of pins),
which serves as an output data bus for the switch. As shown,
Out_DQ is connected in parallel to each of the NAND
storage devices 120, _,. The data bus is connected to each of
the NAND storage devices 120 at a corresponding DQ pin
for each of the storage devices. The NAND array controller
110 also includes Out_CE pins that are each connected to a
CE pin of the NAND storage devices 120. Thus, as shown,
Out_CE0 is connected to the CE pin of NAND storage
device 120, Out_CE1 is connected to the CE pin of NAND
storage device 120,, Out_CE2 is connected to the CE pin of
NAND storage device 120;, and Out_CE3 is connected to
the CE pin of NAND storage device 120,.

[0033] As shown in FIG. 3, NAND array controller 110
receives a transmission (i.e., storage data, addresses, and
commands) from SSD controller 100 over the data bus
through pins that comprise DQ. In embodiments, SSD
controller 100 transmits this data according to a communi-
cation protocol. An example of such a protocol is Toggle/
ONFI. According to the transmission protocol, SSD con-
troller 100 notifies NAND array controller 110 as to the type
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of data that will be transmitted over DQ during a subsequent
clock cycle. In embodiments, SSD controller 100 asserts the
CLE and ALE pins of NAND array controller 110 in order
to indicate the type of data that will be transmitted. For
example, if SSD controller asserts the CLE pin and does not
assert the ALE pin, then the data to be transmitted to NAND
array controller 110 over DQ at a subsequent clock cycle is
a command. If, on the other hand, SSD controller asserts the
ALE pin and does not assert the CLE pin, then the data to
be transmitted to NAND array controller 110 over DQ
during a subsequent clock cycle is an address. Finally, if
SSD controller asserts neither the ALE nor the CLE pin of
NAND array controller 110, then the data to be transmitted
over DQ to NAND array controller 110 at a future clock
cycle is data that is to be stored in a NAND storage device
120 that NAND array controller 110 is connected to.

[0034] When data is received by NAND array controller
110 over DQ, the data flows to IP 211, which converts the
data from a communication protocol format (e.g., Toggle/
ONFI), into a format that is used by control unit 215. This
conversion enables NAND array controller 110 to store the
received commands storage data, and addresses, determine
a destination NAND storage device 120 for the received
data, enable a communication path to the destination NAND
storage device 120, and transmit the received data over
Out_DQ to the destination NAND storage device 120.

[0035] After converting the received data, IP 211 then
transmits the converted data to control unit 215. Control unit
215 stores the data in buffer 212. In embodiments, buffer 212
is an area of storage within NAND array controller 110 that
is capable of storing a complete command transmission from
SSD controller 100. A complete command transmission as
referred to herein is a command code (or “op code™), one or
more addresses, and data that are transmitted to a NAND
storage device 120 in order to cause the NAND storage
device to perform a particular function. Such functions
include, but are not limited to, reading data from storage,
writing data to storage, or resetting a NAND storage device
120. For example, SSD controller 100 transmits a series of
data bytes in order to cause a NAND storage device 120 to
write data to one or more of its storage locations. In such a
case, SSD controller 100 first transmits a command code (or
op code) over the data bus (after asserting Out_CLE and
de-asserting Out_ALE). The command op code is typically
a one- or two-byte sequence of bits that is recognized as a
write command by a target NAND storage device 120. In
addition, SSD controller 100 transmits one or more
addresses of storage locations to which a target NAND
storage device is to write data. It is to be noted that SSD
controller transmits such addresses after asserting pin ALE
and de-asserting pin CLE. Finally, the complete command
transmission includes storage data to be written to the
aforementioned storage locations of the target NAND stor-
age device 120. Prior to transmitting the storage data, SSD
controller 100 de-asserts both ALE and CLE pins. Thus,
each of the aforementioned data transmissions (i.e., the write
command op code, the one or more addresses, and the
storage data) are transmitted by SSE controller 100, received
over DQ by IP 211, and stored by control unit 215 into buffer
212.

[0036] Further, in embodiments, SSD controller 100 trans-
mits an additional address, along with the addresses that
reference storage locations in the target NAND storage
device 120. The additional address identifies a particular
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NAND storage device 120 that is connected to NAND array
controller 110. For example, in the embodiment depicted in
FIG. 3, SSD controller 100 asserts pin ALE and de-asserts
pin CLE, to indicate that an address is to be transmitted on
the data bus during a subsequent clock cycle. SSD controller
then transmits a hexadecimal value (typically, one byte in
length) that is used by NAND array controller 110 to identify
a target NAND storage device 120. It is to be noted that the
additional address does not refer to any of the storage
locations within any of the NAND storage devices 120 and,
thus, would not be recognized by those devices. Rather, the
additional address is used by NAND array controller 110 to
select a target NAND storage device 120.

[0037] As previously mentioned, control unit 215 stores
the complete command transmission, that is, the command
op code, addresses, and storage data into buffer 212. Next,
control unit 215 processes the transmission saved to buffer
215 in order to determine which of the NAND storage
devices 120 connected to NAND array controller 110 is to
receive the transmission. To determine a target NAND
storage device 120, NAND array controller 110 examines
the additional address that identifies a particular NAND
storage device 120, which, as previously mentioned, is
stored in buffer 212. For example, control unit 215 may
determine that the additional address comprises a certain
hexadecimal value (e.g., the hexadecimal value AA). In
embodiments, control unit 215 is configured to associate
such a value with a particular NAND storage device 120.
For example, control unit 215 may determine that the
hexadecimal value AA identifies NAND storage device
120,. After making the determination, control unit 215
enables a communication path from NAND array controller
110 to the target NAND storage device 120 by asserting the
appropriate Out_CE pin. In the example just described,
NAND array controller 110 asserts Out_CE1, which is
connected to the CE pin of NAND storage device 120,.
Thus, a communication path from NAND array controller
110 to NAND storage device 120, is thereby enabled.

[0038] Next, after a communication path to a target
NAND storage device 120 is enabled, control unit 215 reads
the components of the complete command transmission
received from SSD controller 100 (and stored in buffer 212),
with the exception of the additional address that identifies
the target NAND storage device 120. As previously men-
tioned, this identifying address is not recognized by a
NAND storage device 120 as referring to any storage
locations therein. Control 215 transmits the transmission
data (except the additional address) from buffer 212 to IP
211, where IP 211 converts the data into a format that is in
accordance with the data protocol that SSD controller 100
uses to communicate with target NAND devices. As previ-
ously mentioned, one such protocol is the Toggle/ONFI
protocol. Thus, IP 211 receives the data from control unit
215, converts it, and transmits it over Out_DQ to the target
NAND storage device 120. In one embodiment, 1P 211
performs this transmission in accordance with Toggle/ONFI.
Data transmissions in accordance with the Toggle/ONFI
protocol are performed in different types of cycles, depend-
ing on the type of data that is transmitted. For example,
commands are transmitted in command cycles, addresses are
transmitted in address cycles, and data is transmitted in data
cycles. To transmit data, IP 211 appropriately asserts ALE
and CLE pins (not shown) of the NAND array controller 110
(not shown), which are connected to corresponding ALE and
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CLE pins of a target NAND storage device 120. Thus, after
asserting the ALE and CLE pins, the target NAND storage
device 120 is informed that a command, address, or storage
data is to be transmitted over the data bus during a subse-
quent clock cycle. In one or more embodiments, IP 211 is
configured to assert an output CLE pin of NAND array
controller 110 and to de-assert an output ALE pin of NAND
array controller 110 during a first clock cycle. During a
second subsequent clock cycle, IP 211 transmits the write
command op code (i.e., the write command op code trans-
mitted by SSD controller 100 and stored in buffer 212). It
should be noted that a target NAND storage device 120
receives the transmitted command op code because control
unit 215 previously asserted the CE pin of the target NAND
storage device 120.

[0039] In like manner, after transmitting the command op
code, IP 211 asserts the ALE pin and de-asserts the CLE pin
of NAND array controller 110 during a first clock cycle and
transmits addresses of storage locations within a target
NAND storage device 120 to NAND storage device over
Out_DQ. Finally, IP 211 is configured to de-assert both the
ALE and CLE pins of NAND array controller 110 during a
first clock cycle and to transmit storage data over Out_DQ
in a subsequent clock cycle.

[0040] FIG. 4A is a block diagram that depicts address
components that are transmitted from SSD controller 100 to
NAND array controller 110, according to one or more
embodiments. As shown, address 400 is comprised of dif-
ferent segments, each of which is transmitted by SSD
controller 100 during a separate clock cycle, each referred to
as an address cycle. Note that an address cycle is preceded
by SSD controller 100 asserting the Out_ALE pin and
de-asserting the Out_CLE pin, which, according to data
transmission protocols (such as Toggle/ONFI), communi-
cates to a target device that an address is to be transmitted
over the data bus during a subsequent clock cycle. In FIG.
4, the first segment of address 400 is referred to as a NAND
address. A NAND address is the aforementioned additional
address transmitted by SSD controller 100, which identifies
a particular NAND storage device 120 that is connected to
a NAND array controller 110. A NAND address is used by
a NAND array controller 110 to enable a communication
path to the target NAND storage device identified by the
NAND address. Thus, for example, referring to FIG. 3, a
hexadecimal value of AA may identify NAND storage
device 120,, a value of BB may refer to NAND storage
device 120,, a value of CC may refer to NAND storage
device 120, and a value of DD may refer to NAND storage
device 120,. As mentioned earlier, the NAND address is
stored in buffer 212 by control unit 215. After storing the
NAND address, control unit 215 examines the stored NAND
address and enables the CE pin of the target NAND storage
device 120 to which the NAND address corresponds. Thus,
if the NAND address is AA, control unit 215 enables a
communication path to (i.e., asserts the CE pin of) NAND
storage device 120i. Similarly, if the NAND address is BB,
control unit 215 enables a communication path to NAND
storage device 120,, and so on.

[0041] As shown in FIG. 4A, address 400 also comprises
a LUN address, a block address, and a page address. Control
unit 215 stores these address components, along with the
NAND address, in buffer 212. Typically, the page address,
block address, and LUN address are collectively referred to
as a row address. In embodiments, a row address may be
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combined with a column address (another address compo-
nent) in order to form a complete address within a NAND
storage device 120. Typically, each of the components of
address 400 is 8 bits long. Since there are 4 components in
address 400, up to 2°* unique row addresses may be used.
[0042] FIG. 4B is a block diagram that depicts the address
components that are transmitted from NAND array control-
ler 110 to a target NAND storage device 120, according to
one or more embodiments. As shown, address 410 com-
prises a LUN address, a block address, and a page address.
As previously mentioned, the page, block, and LUN
addresses comprise a row address for a NAND storage
device 120, and each of the components of address 410 is
typically 8 bits in length. Thus, there are up to 2** unique
row addresses for address 410. Address 410 is derived from
address 400 by control unit 215.

[0043] As mentioned previously, control unit 215 stores a
complete command transmission (comprising a command
code, one or more addresses, and storage data) in buffer 212.
Thus, control unit 215 stores each of the components of
address 400 in buffer 212. After storing address 400, control
unit 215 examines the NAND address component of address
400 (i.e., the high-order bits depicted in FIG. 4A) and
determines which target NAND storage device 120 corre-
sponds to the NAND address. After determining the target
NAND storage device 120, control unit 215 transmits the
components of address 410 (which correspond to the LUN
address, the block address, and the page address of address
400) to 1P 211, which, in turn, converts and transmits the
addresses according to the data protocol used by SSD
controller 100. By using addresses 400 and 410, SSD
controller 100 is able to access size 2°% row addresses by
using a NAND array controller 110 and one or more NAND
storage devices 120, each of which may address 2>* rows.
[0044] FIG. 5A is a flow diagram that illustrates a method
500 of enabling a communication path between an SSD
controller 100 and a target NAND storage device 120 using
a NAND array controller 110, according to a first embodi-
ment. FIG. 5A is described in conjunction with FIG. 5B,
which is a signal diagram that depicts the timing of signals
received and transmitted by NAND array controller 110 at
the various steps in method 500.

[0045] Method 500 begins at step 510, where a NAND
array controller 110 receives a command from SSD control-
ler 100 for a target NAND storage device 120. As previously
mentioned, a command may be an op code that a target
NAND storage device 120 executes, such as an op code for
a read command or for a write command. In FIG. 5B, the
command received at step 510 is received at time t;. Note
that, prior to time t;, the CLE pin of NAND array controller
110 is asserted and the ALE pin of NAND array controller
110 is not asserted, indicating that a command is to be
received at a subsequent clock cycle. Further, it should be
noted that, at time t;, pin WE is asserted, thus triggering
NAND array controller 110 to received data from the data
bus.

[0046] Next, at step 520, NAND array controller 110
receives from SSD controller 100 one or more addresses for
a target NAND device 120. The receipt of the addresses is
depicted in FIG. 5B as occurring at times t,, t,, t,, and t5. It
should be noted that, prior to time t,, pin CLE of NAND
array controller 110 is de-asserted while pin ALE of NAND
array controller 110 is asserted. As previously mentioned,
this assertion pattern indicates that an address is to be
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transmitted over the data bus during a subsequent clock
cycle. It should be noted that any number of addresses may
be received during step 520 and that the receipt of the four
addresses shown is for the purpose of illustration.

[0047] In addition, at time t,, NAND array controller 110
receives a NAND address. A NAND address refers to a
particular NAND storage device 120 that is connected to the
NAND array controller 110. In addition, at time t; NAND
array controller 110 receives a LUN address, at time t,
NAND array controller 110 receives a block address, and at
time t; NAND array controller 110 receives a page address.
As previously mentioned, a LUN address, a block address,
and a page address comprise the address of a row within a
NAND storage device 120.

[0048] At step 525, NAND array controller 110 receives
from SSD controller 100 storage data that is to be stored in
the target NAND storage device 120. In embodiments, the
data received at step 525 may be received during a single
clock cycle. In other embodiments, the data received at step
525 may be received over multiple clock cycles. As shown
in FIG. 5B, the data is received over DQ at time t. It is to
be noted that, prior to receiving the data, both pins CLE and
ALE are de-asserted, which indicates to NAND array con-
troller 110 that data to be received over a subsequent clock
cycle comprises storage data (i.e., data to be stored within a
target NAND storage device 120).

[0049] After step 525, method 500 proceeds to step 530.
At step 530, having received a command for the target
NAND storage device, a NAND address, one or more
addresses of storage locations within the target NAND
storage device 120, and data to be stored at the storage
locations within the target NAND storage device 120,
NAND array controller 110 stores the received data in buffer
212.

[0050] Next, at step 530, NAND array controller 110
examines the NAND address stored in buffer 212 in order to
determine the target NAND storage device 120 that is to
receive the stored command, addresses, and data.

[0051] Based on the determination performed at step 530,
NAND array controller 110, at step 540, enables a commu-
nication path to the target NAND device 120. In embodi-
ments, the enablement of a communication path to a target
NAND device 120 is performed by asserting an Out_CE pin
that is connected to a CE pin of the target NAND device 120.
For example, referring to FIG. 3, if the NAND address
received at step 520, and stored in buffer 212 at step 530,
refers to NAND storage device 120,, then NAND array
controller 110 asserts pin Out_CE0, which, as shown in FIG.
3, is connected to the CE pin of NAND storage device 120,.

[0052] After a communication path to a target NAND
storage device 120 is enabled at step 540, method 500
proceeds to step 550. At step 550, NAND array controller
110 transmits the command, storage location addresses, and
storage data to the target NAND storage device 120. In
embodiments, and with reference to FIG. 3, control unit 215
reads the command, storage location addresses, and storage
data from buffer 212 and transmits this data to IP 211. IP 211,
which is the protocol interface for NAND array controller
110, converts and transmits the command, addresses, and
storage data to the target NAND storage device 120 over the
data bus through pins Out_DQ. It is to be noted that control
unit 215 does not transmit the NAND address to IP 211. The
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NAND address is only used by control unit 215 to determine
the target NAND storage device 120 to which a communi-
cation path is to be enabled.

[0053] Further, IP 211, when transmitting the command,
addresses, and storage data to the target NAND storage
device 120, does so according to the protocol that SSD
controller 100 uses to communicate with NAND devices.
For example, in an environment where SSD controller 100
communicates using the Toggle/ONFI protocol, IP 211
transmits the command (i.e., a command op code) during a
“command” clock cycle, where, prior to transmitting the
command, [P 211 asserts an output CLE pin and de-asserts
an output ALE pin of NAND array controller 110, which are
connected to corresponding CLE and ALE pins of the target
NAND storage device 120 (not shown). Similarly, IP 211
transmits the addresses during “address” clock cycles,
where, prior to transmitting the addresses, IP 211 asserts an
output ALE pin and de-asserts an output CLE pin of the
NAND array controller 110. Finally, in similar fashion, IP
211 transmits the storage data over “data” clock cycles. In
this case, both output CLE and ALE pins of NAND array
controller 110 are de-asserted prior to transmitting the
storage data over the data bus.

[0054] After NAND array controller 110, through IP 211,
has transmitted the command, addresses, and data to the,
method 500 terminates.

[0055] The embodiments described in FIGS. 1-5B may be
referred to as “non-mirroring” embodiments. In such
embodiments, NAND array controller 110 receives a com-
plete command transmission for writing storage data to one
or more storage locations in a target NAND storage device
120. As previously shown, NAND array controller 110
determines a target NAND storage device 120 based on a
received NAND address, enables a communication path to
the target NAND storage device 120, and then transmits the
complete write command transmission (i.e., the write com-
mand op code, the addresses of storage locations within the
target NAND storage device 120, and the storage data) to the
target NAND storage device 120. The NAND address is not
transmitted to the target NAND storage device 120. In a
non-mirroring embodiment, NAND array controller 110
transmits the aforementioned write command transmission
to a single target NAND storage device 120.

[0056] However, other embodiments of the present inven-
tion are referred to as “mirroring” embodiments. In a mir-
roring embodiment, a command transmission (typically, a
write command) is transmitted not to a single target NAND
storage device 120, but to two target NAND storage devices
120. An example of a mirroring embodiment is depicted in
FIG. 6A. In FIG. 6A, SSD controller 100 transmits com-
mands in a similar manner as the SSD controller 100
depicted in FIG. 1. NAND array controller 110 receives the
commands SSD controller 100 transmits and, in turn, trans-
mits commands to one or more NAND storage devices 120.
In FIG. 6A, NAND array controller 110 is schematically
depicted as connected over a single data path to both NAND
storage devices 120, and 120,. Similarly, NAND array
controller 110 is connected to over a single data path to both
NAND storage devices 1205 and 120,. The connections of
FIG. 6A are shown in a manner to illustrate that write
commands received for and transmitted to NAND storage
device 120, by NAND array controller 110 are also trans-
mitted by NAND array controller 110 to NAND storage
device 120,. In like manner, write commands that NAND
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array controller 110 receives for and transmits to NAND
storage device 1205 are also transmitted to NAND storage
device 120,. Thus, data that is stored at a particular storage
location in one NAND storage device 120 is “mirrored” (i.e.,
the same data is stored at the same storage location in
another (mirror) NAND storage device 120).

[0057] As an example, referring to FIG. 3, NAND array
controller 110 may receive a complete command transmis-
sion for NAND storage device 120i. That is, NAND array
controller 110 receives from SSD controller 100: a write
command according to, for example, the Toggle/ONFI pro-
tocol, a NAND address identifying NAND storage device
120,, one or more addresses of storage locations within
NAND storage device 120,, and storage data to be stored at
the one or more storage locations within NAND storage
device 120,. In a mirroring embodiment, NAND array
controller 110 enables a communication path to both NAND
storage device 120, and to a mirror NAND storage device
120 (for example, in FIG. 3, to NAND storage device 120,).
The communication path to each NAND storage device 120
is enabled, in embodiments, through asserting the appropri-
ate Out_CE pins of NAND array controller 110. In this
example, NAND array controller 110 asserts pin Out_CE0,
which is connected to the CE pin of NAND storage device
120,, and asserts pin Out_CE1, which is connected to the CE
pin of NAND storage device 120,. Since communication
paths to each of NAND storage devices 120, and 120, are
enabled, both of these devices receive commands, addresses,
and storage data that NAND array controller 110 transmits
over the data bus through pins Out_DQ.

[0058] Further, in mirroring embodiments, NAND array
controller 110 is configured to recognize a corresponding
mirror NAND storage device 120 for a target NAND storage
device 120 that is identified by the NAND address received
from SSD controller 100. For example, a NAND storage
device 120 and its corresponding mirror NAND storage
device 120 is defined in a hash table stored in memory
within NAND array controller 110. Thus, in such an embodi-
ment, and referring to FIG. 6 A, NAND array controller 110
stores a hash table, where a first entry associates a NAND
address for NAND storage device 120, with a NAND
address for NAND storage device 120,. In addition, a
second hash table entry associates a NAND address for
NAND storage device 120, with a NAND address for
NAND storage device 120,. Note that a hash table is one
example of a way of associating NAND addresses for
NAND and mirror storage devices 120, and that other ways
of associating NAND address, such as relational databases,
text files, separate address transmissions, and the like, are
within the scope of the present invention.

[0059] FIG. 6B is a block diagram that depicts the address
components that are transmitted from SSD controller 100 to
NAND array controller 110, according to mirroring embodi-
ments. As shown, address 600 comprises different segments,
each of which is transmitted by SSD controller 100 during
a separate clock cycle, referred to as an address cycle. As is
the case for non-mirroring embodiments, an address cycle is
preceded by SSD controller 100 asserting an Out_ALE pin
and by de-asserting an Out_CLE pin, which, according to
data protocols such as Toggle/ONFI, indicates to a target
device that an address is to be transmitted over the data bus
during a subsequent clock cycle. The first segment of
address 600 is a NAND address. As previously mentioned,
a NAND address is an address that identifies a particular
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NAND storage device 120 that is connected to a NAND
array controller 110, and is used by a NAND array controller
110 to enable a communication path to the identified target
NAND storage device 120. However, in the mirroring
embodiment depicted in FIG. 6B, a NAND address includes
a “copy” field. Note that the copy field is a single bit. The
copy field indicates to NAND array controller 110 whether
a particular NAND storage device 120 or its mirror device
is to be accessed when a read command is issued in a current
command transmission received from SSD controller 100. If
the copy field is set to O, then, in embodiments, a “primary”
NAND storage device 120 is the target of the read command.
Ifthe copy field is set to 1, then the mirror device is the target
of the read command. Since a NAND address is typically 8
bits in size, mirroring embodiments allow for 7 of the 8 bits
in a NAND address to be used to identify a target NAND
storage device 120. In such embodiments, the most signifi-
cant bit (i.e., the left-most bit) of the NAND address
indicates the target (primary or mirror) NAND storage
device 120 to be accessed in connection with a read com-
mand.

[0060] For example, during a read operation, SSD con-
troller 100 may transmit the hexadecimal address 8A as a
NAND address in a mirroring embodiment. In this case, the
bit pattern for the NAND address is 10001010. If a binary
value of 1 in the most significant (i.e., the left-most) bit
position indicates that a mirror device is to be the target of
a read command, NAND array controller 110 determines the
target NAND storage device 120 based on the lower-order 7
bits of the NAND address, namely, bits 0001010. In addi-
tion, NAND array controller 110 determines the mirror
device that corresponds to the target NAND storage device
120. As previously mentioned, the corresponding mirror
device may be determined, for example, using a hash table
stored in the memory of NAND array controller 110.
[0061] As shown in FIG. 6B, address 600 also comprises
a LUN address, a block address, and a page address. As was
pointed out for non-mirroring embodiments, control unit
215 stores these address components, along with the NAND
address, in buffer 212. Further, as previously mentioned, the
page address, block address, and LUN address collectively
comprise a row address, which, when combined with a
column address, forms a complete address of a storage
location within a NAND storage device 120. Further, since
only 7 of the 8 bits of a NAND address are used to address
a target NAND device in mirroring embodiments, NAND
array controller 110 may address only 2°' unique row
addresses in such embodiments. This is half the number of
unique addresses available in non-mirroring embodiments,
which, as previously mentioned, provide for 2° unique row
addresses.

[0062] FIG. 7A is a flow diagram that illustrates a method
700 of enabling a communication path between an SSD
controller 100 and a target NAND storage device 120 using
a NAND array controller 110, according to mirroring
embodiments. FIG. 7A is described in conjunction with FIG.
7B, which is a signal diagram that depicts the timing of
signals received by NAND array controller 110 at various
steps in method 700.

[0063] Method 700 begins at step 710, where a NAND
array controller 110 receives a command for a target NAND
storage device 120 from SSD controller 100. As was pre-
viously described, the received command may be an op code
that a target NAND storage device 120 executes, such as a
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read command or write command. In FIG. 7B, the command
received at step 710 is received at time t,. Note that, prior to
time t;, the CLE pin is of NAND array controller 110 is
asserted and the ALE pin of NAND array controller 110 is
not asserted, indicating that a command is to be received at
a subsequent clock cycle. Further, it should be noted that, at
time t;, pin WE of NAND array controller 110 is asserted,
which triggers NAND array controller 110 to receive data
from the data bus.

[0064] Next, at step 720, NAND array controller 110
receives from SSD controller 100 one or more addresses for
a target NAND device 120. The receipt of the addresses is
depicted in FIG. 7B as occurring at times t,, t;, t,, and t5. It
should be noted that, prior to time t,, pin CLE of NAND
array controller 110 is de-asserted and pin ALE of NAND
array controller 110 is asserted. As previously mentioned,
this assertion pattern indicates to NAND array controller 110
that an address is to be transmitted over the data bus during
a subsequent clock cycle. Further, at time t,, NAND array
controller 110 receives a NAND address. In mirroring
embodiments, a portion of the NAND address (typically, the
lower order bits) identifies a particular NAND storage
device 120 that is connected to the NAND array controller
110. For example, where a NAND address is 8 bits in size,
the lower-order 7 bits of the NAND address identifies a
particular NAND storage device 120. The highest order bit
is a copy bit, which indicates the particular NAND storage
device 120 or a mirror NAND storage device 120 is to be
accessed when a read command is received at step 710. In
one or more embodiments, if the highest order bit of the
NAND address is a 1, then the mirror NAND storage device
120 is accessed.

[0065] As shown in FIG. 7B, at time t; NAND array
controller 110 receives a LUN address, at time t, NAND
array controller 110 receives a block address, and at time t;
NAND array controller 110 receives a page address. As
previously mentioned, a LUN address, a block address, and
a page address comprise the address of a row within a
NAND storage device 120.

[0066] At step 725, NAND array controller 110 receives
data that is to be stored in the target NAND storage device
120. In embodiments, the data received at step 725 may be
received during a single clock cycle. In other embodiments,
the data received at step 725 may be received over multiple
clock cycles. As shown in FIG. 7B, the data is received
during a single clock cycle at time t,. As was the case for
non-mirroring embodiments, prior to receiving the data,
both pins CLE and ALE of NAND array controller 110 are
de-asserted. This indicates to NAND array controller 110
that data subsequently received over the data bus comprises
data to be stored to a target NAND storage device 120.
[0067] Method 700 then proceeds to step 730. Having
received a command for the target NAND storage device,
one or more addresses for the target NAND storage device
120, and data to be stored at storage locations within the
target NAND storage device 120, NAND array controller
110, at step 730, stores the received data in buffer 212.
[0068] Next, at step 735, NAND array controller 110
determines, in the event that a read command is received at
step 710, whether a NAND storage device 120 or a mirror
storage device 120 is to be accessed. In embodiments,
NAND array controller reads the NAND address stored in
buffer 212 and makes the determination by examining the
highest order bit of the NAND address.
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[0069] Method 700 then proceeds to step 740. At step 740,
NAND array controller 110 determines the target NAND
storage device 120 that is to receive the command,
addresses, and storage data.

[0070] At step 745, NAND array controller 110 deter-
mines a mirror NAND storage device 120 based on the
NAND address. As was previously described, a NAND
storage device 120 and its corresponding mirror NAND
storage device 120 may be defined in a hash table stored in
memory within NAND array controller 110.

[0071] Based on the determinations made at steps 735,
740, and 745, NAND array controller 110, at step 750,
enables a communication path to the target NAND storage
device 120 and/or to the mirror NAND storage device 120.
In the event that a write command is received at step 710,
NAND array controller 110 enables a communication path
to both the target NAND storage device 120 and to the
mirror NAND storage device 120. In the event that a read
command is received at step 710, NAND array controller
110 enables a communication path to either of the target
NAND storage device 120 or to the mirror NAND storage
device 120, based on the setting of the highest order bit of
the NAND address determined in step 735. In embodiments,
the enablement of a communication path to the target NAND
storage device 120 and/or to the mirror NAND storage
device 120 is performed by asserting appropriate Out_CE
pins that are each connected to the target and mirror NAND
storage devices. For example, in view of FIG. 3, assume the
NAND address received over the data bus at step 720
identifies NAND storage device 120i. Further, assume that
NAND array controller 110 associates (through, for
example, a hash table entry) NAND storage device 120,
with a mirror NAND storage device 120,. Further, assume
that a write command has been received by the NAND array
controller 110. In such a case, NAND array controller 110
asserts both pins Out_CE0 and Out_CE1, which are con-
nected, respectively to the CE pins of NAND storage
devices 120, and 120,.

[0072] After communication paths to a target NAND
storage device 120 and to a mirror NAND storage device
120 are enabled at step 750, method 700 proceeds to step
760. At step 760, NAND array controller 110 transmits the
command, addresses, and data to the target NAND storage
device 120 and to the mirror NAND storage device 120.
Note that the command, addresses, and data are transmitted
to both NAND and mirror storage devices 120 in the event
that a write command has been received by NAND array
controller 110. In the event that a read command is received,
NAND array controller 110 transmits to only one of either
the NAND storage device 120 or the mirror NAND storage
device 120, based on the highest order bit of the NAND
address. Referring to FIG. 3, the transmission of the com-
mand, addresses, and storage data is performed by control
unit 215 and IP 211. Control unit 215 reads the command,
addresses, and storage data from buffer 212 and transmits
this data to IP 211. IP 211, which is the protocol interface for
NAND array controller 110, then transmits the command,
addresses, and storage data to the target NAND storage
device 120 over the data bus through pins Out_DQ. It is to
be noted that control unit 215 does not transmit the NAND
address to IP 211. In this embodiment, the NAND address is
only used by control unit 215 to determine whether a NAND
storage device 120 or a mirror storage device 120 is a target
of a read command (using the highest order bit), and to
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identify the target NAND storage device 120 to which a
communication path is to be enabled (using the lower-order
bits). Further, IP 211, when transmitting the command,
addresses, and storage data to either or both the target
NAND storage device 120 and the mirror NAND storage
device 120, does so according to the protocol that SSD
controller 100 uses to communicate with NAND devices,
such as Toggle/ONFI. It is to be noted that when the
command, addresses, and data are transmitted over Out_DQ,
both the target NAND storage device 120 and the mirror
NAND storage device 120 are configured to receive this data
because communication paths to both storage devices are
enabled at step 750.

[0073] After NAND array controller 110 transmits the
command, addresses, and data to the target NAND storage
device 120 and to the mirror NAND storage device, through
1P 211, method 700 terminates.

[0074] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

[0075] Many variations, modifications, additions, and
improvements are possible. Plural instances may be pro-
vided for components, operations or structures described
herein as a single instance. Boundaries between various
components, operations and data stores are somewhat arbi-
trary, and particular operations are illustrated in the context
of specific illustrative configurations. Other allocations of
functionality are envisioned and may fall within the scope of
the disclosure(s). In general, structures and functionality
presented as separate components in exemplary configura-
tions may be implemented as a combined structure or
component. Similarly, structures and functionality presented
as a single component may be implemented as separate
components. These and other variations, modifications,
additions, and improvements may fall within the scope of
the appended claim(s).

1. A controller connectable between a semiconductor
processor and a plurality of memory devices including a first
and a second memory devices, the controller comprising:

an enable input configured to connect to an enable output
of the semiconductor processor;

a data input configured to connect to a data output of the
semiconductor processor;

a buffer configured to store write data to be written to at
least the first or second memory devices, and informa-
tion according to a storage location of the first or
second memory devices to which the write data is to be
written;

a data output configured to connect to a data input of each
of the first and second memory devices;

a first enable output configured to connect to an enable
input of the first memory device; and

a second enable output configured to connect to an enable
input of the second memory device,

wherein in response to the enable input of the controller
being asserted, the controller is configured to:
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receive the information according to the storage location

from the semiconductor processor,

store the received information into the buffer, and

assert one of the first and second enable outputs on the

basis of the enable input being asserted and the stored
information.

2. The controller according to claim 1, wherein the
information according to the storage location identifies one
of the first and second memory devices.

3. The controller according to claim 1, wherein the
controller is further configured to:

receive a command designating to write the write data

from the semiconductor processor,

store the received command into the buffer, and

assert the one of the first and second enable outputs also

on the basis of the stored command.

4. The controller according to claim 3, wherein the
controller is further configured to transmit, to the one of the
first and second memory devices identified by the stored
information via the data output, a command and address
information on the basis of the stored information and the
stored command, the address information specifying the
storage location of the one of the first and second memory
devices identified by the stored information.

5. The controller according to claim 4, wherein the
controller is further configured to:

receive the write data from the semiconductor processor;

and

store the received write data into the buffer.

6. The controller according to claim 5, wherein the
controller is further configured to transmit, to the one of the
first and second memory devices identified by the stored
information via the data output, the write data stored in the
buffer.

7. The controller according to claim 1, wherein the
controller is further configured to:

receive the write data from the semiconductor processor;

and

store the received write data into the buffer.

8. The controller according to claim 7, wherein the
controller is further configured to transmit, to the one of the
first and second memory devices identified by the stored
information via the data output, the write data stored in the
buffer.

9. The controller according to claim 1, wherein

the plurality of memory devices further includes a third

memory device,

the controller further comprises a third enable output

configured to connect to an enable input of the third
memory device, and

the data output is configured to connect to a data input of

the third memory device.

10. The controller according to claim 9, wherein in
response to the enable input of the controller being asserted,
the controller is configured to assert two of the first, second,
and third enable outputs on the basis of the enable input
being asserted and the stored information.

11. A method performed by a controller connectable
between a semiconductor processor and a plurality of
memory devices including a first and a second memory
devices, the controller comprising:

an enable input configured to connect to an enable output

of the semiconductor processor;
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a data input configured to connect to a data output of the
semiconductor processor;

a buffer configured to store write data to be written to at
least the first or second memory devices, and informa-
tion according to a storage location of the first or
second memory devices to which the write data is to be
written;

a data output configured to connect to a data input of each
of the first and second memory devices;

a first enable output configured to connect to an enable
input of the first memory device; and

a second enable output configured to connect to an enable
input of the second memory device,

the method comprising:

in response to the enable input of the controller being
asserted,

receiving the information according to the storage loca-
tion from the semiconductor processor;

storing the received information into the buffer; and

asserting one of the first and second enable outputs on the
basis of the enable input being asserted and the stored
information.

12. The method according to claim 11, wherein the
information according to the storage location identifies one
of the first and second memory devices.

13. The method according to claim 11, further compris-
ing:

receiving a command designating to write the write data
from the semiconductor processor;

storing the received command into the buffer; and

asserting the one of the first and second enable outputs
also on the basis of the stored command.

14. The method according to claim 13, further compris-

ing:

transmitting, to the one of the first and second memory
devices identified by the stored information via the data
output, a command and address information on the
basis of the stored information and the stored com-
mand, the address information specifying the storage
location of the one of the first and second memory
devices identified by the stored information.

15. The method according to claim 14, further compris-

ing:

receiving the write data from the semiconductor proces-
sor; and

storing the received write data into the buffer.

16. The method according to claim 15, further compris-
ing:

transmitting, to the one of the first and second memory
devices identified by the stored information via the data
output, the write data stored in the buffer.

17. The method according to claim 11, further compris-

ing:

receiving the write data from the semiconductor proces-
sor; and

storing the received write data into the buffer.

18. The method according to claim 17, further compris-
ing:

transmitting, to the one of the first and second memory
devices identified by the stored information via the data
output, the write data stored in the buffer.

19. The method according to claim 11, wherein

the plurality of memory devices further includes a third
memory device,
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the controller further comprises a third enable output
configured to connect to an enable input of the third
memory device, and

the data output is configured to connect to a data input of
the third memory device.

20. The method according to claim 19, further compris-

ing:

in response to the enable input of the controller being
asserted, asserting two of the first, second, and third
enable outputs on the basis of the enable input being
asserted and the stored information.

#* #* #* #* #*



