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(57) Abstract: An apparatus and method of page program operation is provided. When performing a page program operation with
a selected memory device, a memory controller loads the data into the page buffer of one selected memory device and also into
the page buffer of another selected memory device in order to store a back-up copy of the data. In the event that the data is not
successfully programmed into the memory cells of the one selected memory device, then the memory controller recovers the data
from the page buffer of the other memory device. Since a copy of the data is stored in the page buffer of the other memory device,
the memory controller does not need to locally store the data in its data storage elements.
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APPARATUS AND METHOD OF PAGE PROGRAM OPERATION
FOR MEMORY DEVICES WITH MIRROR BACK-UP OF DATA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of prior U.S. Provisional Patent Application
No. 60/891,115 filed on February 22, 2007, the disclosure of which is hereby incorporated by

reference in its entirety.

TECHNICAL FIELD
[0002] The present invention relates generally to semiconductor devices. More
particularly, the present invention relates to an apparatus and a method for page program

operation for memory devices.

BACKGROUND

[0003] Electronic equipment uses memory devices, for example, flash memories, for
storing data or information. In a memory system, a memory controller programs a selected
flash memory device by transmitting data to a page buffer in a selected flash memory device
where it is stored temporarily. Programming of the data from the page buffer into in the flash
memory commences and the programming result is verified and a verify result is produced
as “pass” or “fail”. Program and verify operations are performed several times for a
“program time” specified period. After the program time, in the event of failure, the data is
re-loaded from the memory controller to resume the page program operation in the same
selected device.

[0004] A drawback is that flash memories require a long program time, for example,
to verify the program status. The memory inside of the memory controller must hold the
initial program data in order to recover the original program data in the event of program
failure. The initial program data occupies space in the memory of the memory controller,
with the result that the memory space can not be used for other purposes.

SUMMARY

[0005] According to one aspect of the present invention, there is provided an
apparatus for controlling a plurality of memory devices interconnected in-series, each of the
memory devices having a page buffer and memory cells. The apparatus comprises a data
processor configured to execute a page program operation with a mirror back-up of data by:
writing data to the page buffer of a selected memory device of the plurality of memory

-1-



WO 2008/101317 PCT/CA2008/000273

devices and to the page buffer of another memory device of the plurality of memory devices;
instructing the selected memory device to program the data loaded in its page buffer into its
memory cells; and determining whether the data is not successfully programmed into the
memory cells of the selected memory device, recover the data from the page buffer of the
another memory device.

[0006] For example, the data processor is configured to recover the data from the
page buffer of the another memory device by: reading back the data from the page buffer of
the another memory device without programming the data into the memory cells of the
another memory device.

[0007] The apparatus may further comprise data storage for storing the data prior to
writing the data to the page buffer of the selected memory device and to the page buffer of
the another memory device.

[0008] According to another aspect of the present invention, there is provided a
system comprising: a plurality of memory devices that are interconnected in-series, each
memory device having a page buffer and memory cells; and an apparatus for controlling the
plurality of memory devices, the apparatus comprising a data processor configured to
execute a page program operation with a mirror back-up for data by: writing data to the page
buffer of a selected memory device of the plurality of memory devices and to the page buffer
of another memory device of the plurality of memory devices; instructing the selected
memory device to program the data loaded in its page buffer into its memory cells; and if the
data is not successfully programmed into the memory cells of the selected memory device,
recover the data from the page buffer of the another memory device.

[0009] According to another aspect of the present invention, there is provided a
method for controlling a plurality of memory devices that are interconnected in-series, each
memory device having a page buffer and memory cells. The method comprises: transmitting
data to the page buffer of a selected memory device of the plurality of memory devices and
to the page buffer of another memory device of the plurality of memory devices; instructing
the selected memory device to program the data loaded in its page buffer into its memory
cells; and if the data is not successfully programmed into the memory cells of the selected
memory device, recovering the data from the page buffer of the another memory device.

[0010] For example, the step of recovering the data from the page buffer of the
another memory device comprises reading back the data from the page buffer of the another
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memory device without programming the data into the memory cells of the another memory
device.

[0011] The method may further comprise storing the data prior to writing the data to
the page buffer of the selected memory device and to the page buffer of the another memory
device; freeing up space where the data is occupied before determining whether the data
has been successfully programmed into the memory cells of the selected memory device.

[0012] According to another aspect of the present invention, there is provided a
memory device for use as one of a set of memory devices connected in-series. The memory
device comprises: an input connection; an output connection; an identification of a device
address of the memory device; and a device controller configured to: receive messages to
enter and exit a multi-address detection mode, and enter and exit the multi-address
detection mode accordingly; receive a command over the input connection, the command
comprising a device address; while not in the multi-address detection mode, process the
command only if the device address of the command matches the device address of the
device; and while in the multi-address detection mode: i) process the command if the device
address of the command is the same as the device address of the device and ii) process the
command if the device address of the command is the same as the device address of at
least one other predetermined device.

[0013] According to another aspect of the present invention, there is provided a
method in a memory device forming part of a set of memory devices connected in-series, the
method comprising: maintaining a device address; receiving messages to enter and exit a
multi-address detection mode; receiving a command comprising a device address; while not
in the multi-address detection mode, processing the command only if the destination
address matches the device address; and while in the multi-address detection mode:
processing the command if the device address of the command is the same as the device
address of the device; and processing the command if the device address of the command
is the same as the device address of at least one other predetermined device.

[0014] Other aspects and features of the present invention will become apparent to
those ordinarily skilled in the art upon review of the following description of specific
embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Embodiments will now be described with reference to the attached drawings
in which:
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Figure 1 is a block diagram of an example system having an architecture
featuring devices connected in-series to which embodiments of the present invention are
applicable;

Figure 2 is a schematic of example command formats for the memory devices
connected in-series;

Figure 3 is a schematic of an example procedure for page programming and
verification;

Figure 4 is a block diagram of two memory devices, one of which is used as a
mirror back-up for data;

Figure 5 is a block diagram of a system having an architecture featuring
devices connected in-series in which a page buffer is used as a mirror backup for data;

Figure 6 is a block diagram of another system having an architecture
featuring devices connected in-series in which a page buffer is used as a mirror backup for
data;

Figure 7 is an example timing diagram of enabling and disabling of an LSB
(least significant bit) ignore mode for the system of Figure 6;

Figure 8 is a block diagram of the system of Figure 6 in which a data recovery
is performed after program failure;

Figure 9 is a block diagram showing part of the series-connected memory
devices shown in Figure 1;

Figure 10 is a schematic of example circuitry of a memory device shown in

Figure 9;

Figure 11 is a flowchart of a method of program operation with a mirror back-
up;

Figure 12 is a table of an example command set;

Figure 13 is a table of an example operation table;

Figure 14 is a table showing an example of a detailed command and address
format;

Figure 15 is an example timing diagram showing basic input timing in a
memory system;

Figure 16 is an example timing diagram showing an input sequence of bit
streams in a modular command NAND flash memory system;

Figure 17 is an example timing diagram showing basic output timing in a
memory system;

Figure 18 is an example timing diagram showing an output sequence of bit
streams in a memory system;
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Figure 19 is a flowchart of a method of page read operation; and
Figure 20 is an example timing diagram showing page read and burst data
read operations.

DETAILED DESCRIPTION

[0016] In the following detailed description of sample embodiments of the invention,
reference is made to the accompanying drawings which form a part hereof, and in which is
shown by way of illustration specific sample embodiments in which the present invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the present invention, and it is to be understood that other
embodiments may be utilized and that logical, mechanical, electrical, and other changes
may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the
present invention is defined by the appended claims.

[0017] Figure 1 shows a system according to an embodiment of the present
invention. Referring to Figure 1, a system 150 includes a memory controller 151 and a serial
interconnection of a plurality (M) of memory devices 154-1, 154-2, 154-3, ..., and 154-M that
are connected in-series, M being an integer greater than one. The memory controller 151
and the memory devices are interconnected via links having data width n, where n is an
integer greater than or equal to one. In a case of n being one, the interconnection link will be
a serial link and in a case of n being more than one, the interconnection link will be a parallel
link. The memory controller 151 is connected to the first memory device 154-1 of the serial
interconnection. The last memory device 154-M is also connected to the memory controller
151 so that first, second, third, ..., and M-th memory devices 154-1, 154-2, 154-3, ..., and
154-M of the serial interconnection together with the memory controller 151 form a ring
connection structure. In the illustrated example, the memory devices 154-1 — 154-M are
flash memory devices. Subsequent examples are also specific to flash memory. However,
it is to be understood that embodiments of the present invention are also applicable to other
types of non-volatile memory devices.

[0018] In the particular example shown in Figure 1, each of the series-connected
memory devices 154-1 — 154-M is a flash memory device, such as, for example, a NAND
flash device. The flash memory device has a page buffer for temporary storing information
on data. The stored information is written into flash memory cells of the device in
accordance with page programming. Once programmed, the information stored in the page
buffer is corrupted due to the verification process of the programmed cells.
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[0019] The memory controller 151 has a data storage 152 and a processor 153. The
data storage 152 stores various data that includes information on operation instructions,
addresses and memory data to be processed and to be stored in the series-connected
memory devices. The information on operation instructions is used for controlling the series-
connected memory devices. The data storage 152 is, for example, a static random access
memory (SRAM) or any type of embedded memory. More generally, any appropriate data
storage may be implemented. The processor 153 performs operations of data processing
and controlling of the memory devices accessing the data stored in the data storage 152.
The memory controller 151 has a plurality of connections: a command signal output
connection CIO, a command signal input connection COI, an input strobe connection CSIO,
an output strobe connection DSIO and a clock output connection CKO.

[0020] In operation, the memory controller 151 sends a command input (Cl) signal
Sci through the command signal output connection CIO to the first device 154-1 and
receives a command output (CO) signal Scm.1) from the last device 154-M of the serial
interconnection, through the command signal input connection COIl. Also, the memory
controller 151 provides a command strobe input (CSI) signal Scss through the input strobe
connection CSIO and a data strobe input (DSI) signal Spss through the output strobe
connection DSIO to the first device 154-1. Furthermore, the memory controller 151 provides
a clock signal CK through the clock output connection CKO to all of the devices 154-1 — 154-
M in a common clock source fashion.

[0021] The memory devices 154-1, 154-2, 154-3, ..., and 154-M have page buffers
158-1, 158-2, 158-3, ..., and 158-M, respectively, and flash memory cells 159-1, 159-2, 159-
3, ..., and 159-M, respectively. Each of the memory devices 154-1 — 154-M has a signal
input connection Cl for receiving the Cl signal Sc; (i=1 to M) from a previous device; a signal
output connection CO for providing the Cl signal Sc.1) to a succeeding device; an input
strobe input connection CSlI for receiving the CSI signal Scs; from a previous device; an input
strobe output connection CSO for sending an output CSI signal Scs(.1) to the succeeding
device; an output strobe input connection DSI for receiving the DSI signal Sps; from the
previous device; and an output strobe output connection DSO for sending an output DSI
signal Sps.1 to the succeeding device.

[0022] Each of the memory devices 154-1 — 154-M has a unique device address
(DA) that is hard wired or pre-assigned, so that one device can be selected or designated at
a time in normal operation. Example details of an architecture featuring devices connected
in-series are provided in U.S. Patent Application Serial No. 11/594,564 entitled “Daisy Chain
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Cascading Devices” filed July 31, 2006, the disclosure of which is hereby incorporated by
reference in its entirety. Other example details of an architecture feature devices connected
in-series are provided in U.S. Provisional Patent Application Serial No. 60/868,773 entitled
“System and Method of Operating Memory Devices of Varying Type” filed December 6,
2006, the disclosure of which is hereby incorporated by reference in its entirety. Examples
of the device address assignment in a plurality of memory devices that are connected in-
series are provided in U.S. Provisional Patent Application No. 60/787,710, filed March 28,
2006; U.S. Patent Application No. 11/521,734 filed September 15, 2006; U.S. Provisional
Patent Application No. 60/802,645, filed May 23, 2006; and U.S. Patent Application Serial
No. 11/750,649 filed May 18, 2007, the disclosures of which are incorporated by reference in
their entirety.

[0023] In the normal operation, the memory controller 151 sends the Cl signal Sc;
containing commands. A command includes a device address (DA) and an operation code
(hereinafter OP code) representing an operation instruction. Some commands additionally
include address information, and some commands additionally include data. Each OP code
is associated with a respective operation. Each command is also referred to herein as
having a type that is associated with the OP code contained in the command. For example,
a command containing a read OP code is referred to as a “read command”. Each of the
memory devices 154-1 — 154-M receives commands via its respective Cl either directly from
the memory controller in the case that a given device is the memory device connected
directly to the memory controller (device 154-1 in the illustrated example), or from an
adjacent preceding memory device for other devices. Each of the memory devices 154-1 —
154-M uses its respective CO for forwarding on commands either to the memory controller
151 in the case that a given device is the one having its output connected to the memory
controller (device 154-M in the illustrated example), or to an adjacent following device. A
command containing a write OP code addressed to a particular flash memory device results
in data being written to a page buffer of that device, and then transferred from the page
buffer to the flash memory cells of the memory device. A command containing a read OP
code addressed to a particular flash memory device results in data being read from the flash
memory cells of the memory device to the page buffer of the memory device and then being
transferred out of the page buffer.

[0024] The memory controller 151 issues commands, each of which include a device
address (DA), a command operation code (hereinafter OP code). Some commands may
additionally include address information, and some commands may additionally include data.
Each OP code is associated with a respective operation. Each command is also referred to
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herein as having a type that is associated with the OP code contained in the command. For
example, a command containing a read OP code may be referred to as a “read command”.
For example, commands for use in the series-connected devices are flexible modular
commands, the structure of which is shown in Table I

Table |
DA OP Code RA CA DATA
1 byte 1 byte 3 bytes 2 bytes 1- 2112 bytes
[0025] In Table I, DA is a device address; OP code is an operation code; RA is a row

address; CA is a column address; and DATA is write data. Examples of commands
associated with OP codes are a “burst data load” command and a “burst data read”
command. There are cases of: (i) either of row address or column address; (ii) neither row
address nor column address; (i) no data.

[0026] Figure 2 is a schematic of example command formats for the memory devices
interconnected in-series. Referring now to Figure 2, a first command format 109-1 includes
an ID number and an OP code. The ID number is used to uniquely identify a selected
memory device, while the OP code field contains the OP code to be executed by the
selected device. Commands with the first command format 109-1 may for example be used
for commands containing OP codes for reading a register value. A second command format
109-2 includes an ID number, an OP code and data. Commands with the second command
format 109-2 may for example be used for commands containing OP codes for writing data
to a register. A third command format 109-3 includes an ID number, an OP code, and
additional addresses. The additional addresses may for example include row and/or column
addresses for addressing a location in memory cells. Commands with the third command
format 109-3 may for example be used for commands containing OP codes for reading data
from memory cells of a selected memory device. A fourth command format 109-4 includes
an ID number, an OP code, additional addresses, and data. Commands with the fourth
command format 109-4 may for example be used for commands containing OP codes for
writing data to the memory cells of a selected memory device. Note that all four example
command formats 109-1, 109-2, 109-3, 109-4 start with an ID number for addressing
purposes. It should be understood from the foregoing that the term "command" as used
herein does not merely refer to a command OP code, as a command may include an ID
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number, an OP code, additional addresses, data, or any other information relating to the
control of an arrangement of memory devices interconnected in-series.

[0027] A particular example of the above-referenced command structures are taught
in commonly assigned and co-pending United States Patent Application No. 11/840,692 filed
on August 17, 2007 and U.S Provisional Patent Application No. 60/892,705 filed on March 2,
2007, the contents of which are hereby incorporated by reference in their entirety. The
applications disclose different command structures to distinguish core access operations that
involve relatively long processing times from page buffer access operations that involve
relatively short access times. Further details of the modular command structure are
provided below under the heading “Modular Command Structure”.

[0028] Referring back to Figure 1, each of the memory devices 154-1, 154-2, 154-3,
..., and 154-M receives commands via its respective Cl either directly from the memory
controller in the case that a given device is the memory device connected directly to the
memory controller (device 154-1 in the illustrated example), or from an adjacent preceding
device for other devices. Each memory device uses its respective CO for forwarding on
commands either to the memory controller in the case that a given device is the one having
its output connected to the memory controller (device 154-M in the illustrated example), or to
an adjacent following device. With conventional command structures, a command
containing a read OP code addressed to a particular flash memory device results in data
being read from the flash memory cells of the memory device to the page buffer of the
memory device and then being transferred out of the page buffer. A command containing a
write OP code addressed to a particular a flash memory device results in data being written
to a page buffer of that device, and then transferred from the page buffer to the flash
memory cells of the memory device.

[0029] Figure 3 shows an example procedure for page programming and verification.
Referring to Figures 1 — 3, an example of how a write operation is performed will be
described. It is assumed that data is to be written to the memory device 154-2. Data to be
programmed (e.g., 100110...0100) is loaded into the page buffer 158 of memory device 154-
2 from storage elements 152 of the memory controller 151 (step 112-1). Programming of the
data into in an assigned row address (page direction) of the flash memory commences (step
112-2). The programming result is verified (step 112-3). A verify result is produced in the
page buffer that overwrites the page buffer contents that were written to the flash memory
core with ‘1’ states indicating pass and ‘0’ states indicating failure. The programming
operation may not pass because of defects on memory celis, wearing out of cell gate oxide
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or other defects. Internally, program and verify operations are performed several times for a
specified period that is called a program time. As indicated at 112-4, the final contents of the
page buffer 158 become all ‘1’ states if all cells of the selected row (page direction) are
programmed correctly. After the program time, if any ‘0’ value in the page buffer 158 of
device 154-2 still exists, then the page program has failed as indicated at 112-5. In the
event of failure, the data is re-loaded from the storage elements 152 of the memory
controller 151 to resume the page program operation to a different row address (page
direction) of the same selected device.

[0030] In general, flash memories have a fundamental limitation of long program
time due to cell characteristics and time used to verify the program status. Because of the
fail probability of the page program operation, the data storage elements 152 of the memory
controller 151 hold the initial program data in order to allow the recovery of the original
program data in the event of program failure. The result is that the initial program data
occupies space in the data storage elements 151 thereby preventing the space from being
used for other purposes. It may result in having to wait until the page program operation and
verification has completed before performing other page program operations. A possible
approach to improving performance may be to increase the capacity of the storage elements
in the memory controlier, but this can be costly.

[0031] In the example system 150 shown in Figure 1, when performing a page
program operation with a selected memory device, the memory controller 151 loads the data
into the page buffer 158 of the selected memory device and also into the page buffer of
another memory device in order to store a back-up copy of the data. In this example, it is
assumed that the selected memory device is the first memory device 154-1 and the other
memory device is the second memory device 154-2. More generally, the selected memory
device and the other memory device may be any two of the memory devices 154-1, 154-2,
154-3, ..., and 154-M. In the event that the data is not successfully programmed into the
memory cells of the selected memory device 154-1, then the memory controller 151
recovers the data from the page buffer 158 of the second memory device 154-2. The page
buffer 158 of the second memory device 154-2 is accessed independently of the program
operation. This allows the data to be recovered without having to program the data into the
memory cells of the second memory device 154-2. Since a copy of the data is stored in the
page buffer 158 of the second memory device 154-2, the memory controller 151 does not
need to locally store the data in its data storage elements 152. Therefore, the memory
controller 151 can free up space in its data storage elements 152 where the data is stored
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before determining whether the data has been successfully programmed into the memory
cells of the selected memory device 154-1.

[0032] in the particular example, for the purpose of allowing the page buffers to
operate as a mirror back-up, in accordance with an embodiment of the invention, three
“modular” memory device access commands are used. The first is referred to as a “burst
data load” command and contains a burst data load OP code. This causes data to be
written to the page buffer, but this command alone does not cause the data to be transferred
to the flash memory cells. In the examples that follow, 4Xh and 5Xh are used for this, but
more generally the command structure would be defined on an implementation specific
basis. The second is referred to as a “burst data read” command and contains a burst data
read OP code. This causes data to be read directly from the page buffer without first reading
from the flash memory cells. In the examples that follow, 2Xh is used for this, but more
generally, the command structure would be defined on an implementation specific basis.
The third is referred to as a “page program” command and contains a page program OP
code. This causes data that was previously stored in the page buffer to be written to the
flash memory, destroying the contents of the page buffer in the process for verification
purposes. In the examples that follow, 6Xh is used for this, but more generally, the
command structure would be defined on an implementation specific basis.

[0033] Figure 4 shows two memory devices shown in Figure 1. Referring to Figures
1 and 4, two devices 120 and 127 represent two devices in the system 150 and two devices
are adjacent to or remote from each other in the interconnection configuration. One of the
two devices 120 and 127 is used as a mirror back-up for data.

[0034) The first memory device 120 has an input connection 139, an output
connection 140, flash memory cells 121, a page buffer 122 and a device controller 126.
Similarly, the second memory device 127 has an input connection 141, an output connection
142, flash memory cells 128, a page buffer 129 and a device controlier 130. The two
memory devices 120, 127 are any two memory devices that form part of an architecture
featuring devices interconnected in-series. For the particular example, one of the two
memory devices 120 and 127 is used as a mirror back-up for data. The device controllers
126 and 130 include any appropriate circuitry for facilitating processing of commands.
Subsequent examples will not refer to any device controllers; however, it is to be understood
that they would include circuitry for processing commands.

[0035] In operation, the page buffer 122 of the first memory device 120 is loaded

with data by the burst data load command (4Xh and 5Xh) through the input connection 139
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as indicated at 123. In this example, the data is also loaded into the page buffer 129 of the
second memory device 127 through the input connection 141 as indicated at 137. Page
programming within memory device 120 is accomplished by a page program command
(6Xh) as indicated at 124. The page buffer 122 is read through the output connection 140
using the ‘Read Device Status (DOh) as indicated at 125 to verify whether the page
programming operation was successful or not. The second memory device 127 is used as
a mirror back-up for page program operation in the event that page programming is
unsuccessful for the first memory device 120. A memory controller (not shown) keeps track
of which memory device is being used as the mirror back-up. In the event of program
failure, the data can be recovered from the mirror back-up through the output connection 142
as indicated at 138. This removes the need for the memory controller to store the contents
in its storage elements. Thus, the location used by the memory controller to store the data
prior to its being programmed to the page buffers 122, 129 can be freed up for other
purposes.

[0036] The mirror function of page buffer for systems having an architecture in which
devices are interconnected in-series will now be described with reference to Figures 5 and 6.
Figure 5 provides an example where the same data is to written to two different page buffers
using two separate write commands (i.e., one for each page buffer). In another
implementation, a single write command is used to write the same data to two or more page
buffers. An example of this is provided below with reference to Figure 6.

[0037] Figure 5 shows a system having an architecture featuring devices connected
in-series in which a page buffer is used as a mirror backup for data. Referring first to Figure
5, a system 190 having a memory controller 191 and a plurality of memory devices 193-1,
193-2, 193-3, ..., and 193-15 that are connected in-series. In the particular example, the
system 190 includes 15 memory devices. More generally two or more may be provided.
The memory controller 191 has data storage elements 192 and a data processor 203. The
memory controller 191 also has an output connection CIO for connecting with the first
memory device 193-1, and an input connection COIl for connecting with the last memory
device 199-15. The memory devices 193-1, 193-2, 193-3, ..., and 193-15 have page buffers
194, 196, 198 and 190, respectively, and each of the memory devices 193-1, 193-2, 193-3,
..., and 193-15 has memory cells (not shown).

[0038] The memory controller 191 and the memory devices 193-1, 193-2, 193-3, ...,
and 193-15 are interconnected with serial links. Other examples described herein are also
specific to serial links between consecutive devices. However, it is to be understood that
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embodiments of the invention are also applicable to architectures featuring parallel links
between consecutive devices. More generally, embodiments of the invention are applicable
to architectures featuring series links between consecutive devices. The series links may be
serial links, or parallel links. The system 190 uses a page buffer as a mirror backup for data.
In the illustrated example, two devices are interconnected by a link having one I/O pin.
Alternatively, a link can include a plurality of 1/O pins. The memory devices 193-1, 193-2,
193-3, ..., and 193-15 has respective processing circuitry for processing a signal through the
Cl connection from a previous device and outputting processed result though the CO
connection to a next device. For simplicity, such circuitry is shown by a representing D-type
flip-flop (D-FF).

[0039] For this example, it is assumed that the memory controller 191 needs to write
data to the memory cells of memory device 193-1, and that the page buffer 194-2 of the
memory device 193-2 is available for use as a mirror backup. In operation, the memory
controller 191 issues a first write command in order to load data from the data storage
elements 192 into the page buffer 194-1 of the first memory device 193-1. The loading of
the data into the page buffer 194-1 is generally indicated at 201. In order to keep a back-up
copy of the data in the event that the page programming fails, the memory controller 191
also issues a write command (page buffer load) in order to load the same data into the page
buffer 194-2 of the second memory device 193-2. The loading of the data into the page
buffer 194-2 is generally indicated at 202. The memory controller 191 then issues a page
program command to program the data that has been loaded into the page buffer 194-1 into
the memory cells (not shown) of the first memory device 193-1. In the illustrated example,
the data is not programmed into the memory cells of the second memory device 193-2.
Instead, the data is maintained in the page buffer 194-1 as a mirror back-up copy of the data
in case the page programming for the first memory device 193-1 fails.

[0040] The memory controller 191 keeps track of which memory device 193-2 is
being used as the mirror back-up. In the event of program failure, the data can be recovered
from the mirror back-up. This removes the need for the memory controller 191 to store the
contents in its data storage elements 192. Therefore, as soon as the page buffer loads are
done, the data storage elements 192 previously used to store the data are freed up for other
uses. The memory controller keeps track of which data storage elements 192 are free, and
which are in use. In the event of success in the page programming operation, the locations
in the page buffer 194-2 being used as a mirror back-up are freed up.
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[0041] Note that the first memory device 193-1 and the second memory device 193-
2 are selected by the memory controller 191. The memory controller 191 can alternatively
select different memory devices. Each write command is addressed to a target memory
device by DA.

[0042] Note that for the devices connected in-series, there is a clock cycle based
latency delay between memory devices to synchronize output result (CO) from input (Cl).
The latency can be determined according to the system and device specification. All
examples assume a one clock cycle latency between input and output. Therefore, between
two adjacent memory devices, there is a one cycle difference when input data is captured.
However, it is to be understood that the clock cycle latency may alternatively be smaller such
as a half cycle, or greater such as over two cycles. Regardless, the memory devices take
input streams with the latency delay.

[0043] Figure 6 shows another system having an architecture featuring devices
connected in-series in which a page buffer is used as a mirror backup for data. Referring to
Figure 6, a system 210 using a page buffer 214-2 as a mirror backup for data. The system
210 has a memory controller 211 and a plurality of memory devices 213-1, 213-2, 213-3, ...,
and 213-15. The memory controller 211 has data storage elements 212, which is, for
example, an SRAM. The memory controller 211 also has a data processor 209, an output
connection ClO for connecting with the first memory device 213-1, and an input connection
COl for connecting with the last memory device 213-15. The memory devices 213-1, 213-2,
213-3, ..., and 213-15 have page buffers 214-1, 214-2, 214-3, ..., and 214-15, respectively,
and each of the memory devices has memory cells (not shown). The memory controller 211
and the memory devices 213-1, 213-2, 213-3, ..., and 213-15 are interconnected with links.
A detailed example of mirror backup operation for the system of Figure 6 is described further
below.

[0044] In an example system, a memory device that is to function as a mirror backup
for a given memory device is statically defined. A particular example of such a static
definition is defined in the tables below in which it is assumed that: for a given device having
an even device address, the device that is to function as a mirror backup for the given device
is the device having an address one greater than that of the given device (see Table 2) and
for a given device having an odd address, the device that is to function as mirror backup for
the given device is the device having an address one less than that of the given memory
device (see Table 3).
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[0045]) Table 2: For even device addresses, static association between Designated
Target Address (DAt) and Mirror Address (MA) defined by: MA = DAt + 1

Designated Target Address (DAt) Mirror Address (MA)
0000 0001
0010 0011
0100 0101
1010 1011
1100 1101
[0046] Table 3: For odd device addresses, static association between Designated

Target Address (DAt) and Mirror Address (MA) defined by: MA = DAt - 1

Designated Target Address (DAt) Mirror Address (MA)
0001 0000
0011 0010
0101 0100
1011 1010
1101 1100
[0047] In the examples defined by Tables 2 and 3 above, the designated target

device and the mirror device share common addresses with the exception of the LSB (least
significant bit). More generally, in some examples, the relationship between the designated
target device and the mirror device is used to efficiently address the two devices without
requiring two separate commands to be sent.
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[0048] A specific example of this applies to the mirror backup device definitions in
Tables 2 and 3 in which a new mode of operation referred to as “ignore LSB mode” in which
all devices compare all bits of the address of each incoming command except the LSB to
corresponding bits of the device’s device address (namely all of the bits except the LSB). In
such a mode, both a device having a given designated target address, and an appropriate
mirror device will process the command. In some implementations, a command is first sent
to turn on ignore LSB mode. This can be done using an address that is processed by all
devices, referred to as a broadcast address. This is followed by a command to load data to
the page buffer, this resulting in the data being loaded to the page buffer of both a
designated target device and the mirror device. After this, ignore LSB mode is turned off
again, and a command to write the contents of the page buffer of the designated target
device to the core memory is sent and processed only by the designated target device. In
another example, a different OP code is defined that signifies ignore LSB mode for that
command. In another embodiment, ignore LSB mode is only active for at most one following
command and as such, there is no need to turn off ignore LSB mode if such a command has
been sent. In another embodiment, another field in a command is used to signify ignore LSB
mode.

[0049] An example of this will now be described with reference to Figure 6 where it is
assumed that the memory controller 211 has determined to write data to the memory cells of
memory device 213-1, while using the page buffer 214-2 of the memory device 213-2 as a
mirror backup. This example differs from the example of Figure 5 in that the memory
controller 211 issues a single write command in order to load data from the data storage
elements 212 to both the page buffer 214-1 of the first memory device 213-1 and the page
buffer 214-2 of the second memory device 213-2. This is accomplished during an “ignore
LSB mode”, where the memory devices ignore the LSB of the target device address found in
the single write command. In this example, the memory controller 211 sends an ‘ignore
LSB’ command to all memory devices 213-1, 213-2, 213-3, ..., and 213-150f the devices
connected in-series to inform them to ignore the LSB of the target device address of
subsequently received commands. The ignore LSB command is, for example, a ‘Write Link
Configuration Register command with an OP code of FFh that is sent to a broadcast
address that is processed by all memory devices. Any appropriate structure for such a
broadcast command may be used; more generally, any appropriate mechanism for enabling
the ignore LSB mode can be implemented. Various examples have been provided above.

[0050] Once the ignore LSB mode is enabled, two memory devices are selected by a
single target address. For example, a page buffer load command having a target address of
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“0000” will be processed by both the first memory device 213-1 having a device address
(DA) of “0000” and the second memory device 213-2 having a device address of “0001”.
Note that the first and second memory devices 213-1 and 213-2 have identical device
addresses with exception to the LSB. One of the two memory devices 213-1 and 213-2
(e.g., the first memory device 213-1) is used as a “designated target device”, while the other
memory device (e.g., the memory device 213-2) is used as a “mirror device”, the page buffer
of which stores mirror program data. Once the page buffer load command is issued, data
loading starts. The page buffers 214-1 and 214-2 of two selected devices 213-1 and 213-2
store the data thereinto. The loading of the data into the page buffers 214-1 and 214-2 is
generally indicated at 221 and 222. Prior to programming, the ignore LSB mode is reset and
normal operation where only one memory device is selected at a time resumes. This is, for
example, accomplished by issuing another broadcasting command. Example timing details
of the enabling and disabling of the ignore LSB mode for the system 210 are provided below
with reference to Figure 7.

[0051] Figure 7 shows an example timing diagram of enabling and disabling of an
LSB ignore mode for the system of Figure 6. Referring to Figures 6 and 7, the memory
controller 211 outputs three signals: a clock signal CK; a command strobe input signal CSI
and a command input signal Cl. Note that the CSI signal is asserted during three stages,
namely, first, second and third stages.

[0052] The first stage is indicated at 281. The memory controller 211 sends an
‘ignore LSB” command to inform the memory devices to ignore the LSB of the target device
address of subsequently received commands. The command contains a broadcast DA and
an OP code for enabling ignore LSB mode. Here is assumed that ‘FF’ is a broadcast
address that results in all of the memory devices in the devices connected in-series
accepting and processing this command.

[0053] The second stage is indicated at 282. The memory controller 211 transmits a
command for loading data into the page buffers 214-1 and 214-2 of the first two memory
devices 213-1 and 213-2. The command includes the device identifier (ID) for the first
memory device 213-1 and the burst data load instruction (CMD). Since ignore LSB mode
has been enabled, both the first and second memory devices 213-1 and 213-2 process the
command and load the data into their page buffers 214-1 and 214-2.

[0054] The third stage is indicated at 283. The memory controller 211 transmits a
command for disabling the ignore LSB mode. The ID is again the broadcast ID ‘FF'.
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[0055] Once the ignore LSB mode has been disabled, the memory controller 211
issues a page program command to program the data that has been loaded in the page
buffer 214-1 into the memory cells (not shown) of the first memory device 213-1. In the
illustrated example, the data is not programmed into the memory cells (not shown) of the
second memory device 213-2. Instead, the data is maintained in the page buffer 214-2 of
the second memory device 213-2 as a mirror back-up copy of the data in case the page
programming for the first memory device 213-1 fails. The second memory device 213-2
should not be accessed for any core operations using the page buffer 214-2. However,
register based commands, such as status, configuration register read or write are possible.
Other memory devices 213-3, ..., and 213-15 can be freely accessed.

[0056] Figure 8 shows the system 210 of Figure 6 in which a data recovery is
performed after program failure. Referring now to Figure 8, a data path for the data recovery
is generally shown at 223. At first, the program data in mirror buffer 214-2 of the second
memory device 213-2 is transmitted to the data storage elements 212 of the memory
controller 211 to thereby allow the memory controller 211 to recover the initial program data
that may not have been kept in the data storage element 212 due to its being used for other
purpose. Next, the program data recovered from the mirror buffer 214-2 is sent to a new
page address by performing a page buffer load and page program. This may be to another
page on the first memory device 213-1 or a page on another memory device. If it is another
memory device, the process starts from scratch by reloading the data into two page buffers.
Alternatively, the data loaded into the mirror buffer 214-2 can be maintained while the
recovered data is loaded into the page buffer of another memory device. The memory
controller 211 keeps track of, and does not use, failed pages. In the example depicted in
Figure 8, the program data recovered from the mirror buffer 214-2 is sent to the page buffer
214-1 of another memory device 213-1 as indicated at 224.

[0057] In the illustrated examples provided above, specific details of the memory
devices for implementing the ignore LSB feature are not provided. It is to be understood that
the memory devices can be implemented with any appropriate control circuitry for
accomplishing the ignore LSB feature. A specific implementation is provided below with
reference to Figures 9 and 10 for exemplary purposes.

[0058] Figure 9 shows part of the series-connected memory devices shown in Figure
1. As shown, command input signal S¢; input to a device 154-i from a previous device 154-
(i-1) can be transmitted to the next device 154-(i+1).
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[0059] Figure 10 shows memory device circuitry for use in a memory device of the
devices connected in-series. The memory device circuitry implements the Ignore LSB
feature. Referring to Figure 10, a memory device 154-i has a plurality of inputs including a
clock input CLK for receiving the clock signal CK, a command strobe input CSI for receiving
the command strobe signal Scs;, a data strobe input DSI for receiving the data strobe signal
Spsi and a command input Cl for receiving the command input signal Sc. The memory
device 154-i has a plurality of outputs including a command strobe output CSO for outputting
the command strobe signal Scsi+1), @ data strobe output DSO for outputting the data strobe
signal Spsg.1) and the command output CO for outputting the command input signal Scg.1)to
the next device 154-(i+1).

[0060] The clock signal CK, the command strobe signal Scsi, the command input
signal S¢; and the data strobe signal Sps; are buffered by respective input buffers 281, 282,
283 and 284. The buffered clock signal and command input signal are fed to a clock
generator 264 which outputs internally generated clock signals: an ID clock signal Clkid, an
OP code clock signal Clkop, an address clock signal Clkad and a data clock signal Clkda.
The ID clock signal Clkid, the OP code clock signal Clkop, the address clock signal Clkad
and the data clock signal Clkda are fed to an ID register 265, an OP code register 266, an
address register 268 and a data register 269. The appropriate fields of the command of the
command input signal S¢; are input to the ID register 265, the OP code register 266, the
address register 268 and the data register 269 in response to the respective clock signals.
The OP code held in the OP code register 266 is fed to the OP code decoder 267 for
decoding. The OP code decoder 267 outputs one-bit signal SIGB to a one-bit register 276
and a multi-bit (m-bits: e.g., three-bit) decoded OP code signal SDOP to core logic and
memory circuitry 285. The core logic and memory circuitry 285 also receives the buffered
data strobe signal.

[0061] The command input signal Sg; is latched by a D-FF 251, the output of which is
buffered again to produce command input signal Scg.1) to be forwarded on to the next
memory device 154-(i+1).

[0062] The memory device 154-i includes exclusive NOR (XNOR) logic circuitry 272
that receives as input the n-bit output of the ID register 265 and n-bit contents of a device ID
register 273 for holding a value of the device address (DA). The XNOR logic circuitry 272
has n XNOR gates that perform bitwidth XNOR operation between the n-bit output of the ID
register 265 and the n-bit contents of the device ID register 273 and produces an n-bit
output. The LSB of the n-bit output the XNOR logic circuitry 272 is input to one input of an
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OR gate 274, and the remaining bits of the n-bit output of the XNOR logic circuitry 272 are
input to AND logic circuitry 275. The one-bit register 276 is provided for registering the
“ignore LSB enable bit” (in the signal SIGB) from the OP code decoder 267. The output of
the one-bit register 276 is input as a second input to the OR gate 274, and the output of the
OR gate 274 is fed as another input to the AND logic circuitry 275. The operation of these
components is described below.

[0063] In operation, the memory device 154-i receives a command in the command
input signal S¢;.. Based on the timing of the command strobe signal Scs; together with the
clock signal CK, the clock generator 264 generates internal clock signals for appropriately
latching the contents of the command to the appropriate registers. More specifically, the 1D
register 265 registers the ID of the command. The OP code register 266 registers the OP
code. The address register 268 registers the column/row addresses. The data register 269
registers any data included in the command. In addition, the OP code decoder 267 receives
the command registered in the OP code register 266 and decodes it. The buffered clock
signal is provided to D-FFs in the circuitry (clock signal paths are not shown).

[0064] In the event the command is either a command containing a broadcast DA, or
a command addressed to the specific device, the OP code is decoded and processed by the
device. With the broadcast DA, all devices are to be asserted and ready to receive a
command. Upon receipt of a command to enter the ignore LSB mode as determined by the
OP code decoder 266, the one-bit register 276 is set and thus, the “ignore LSB enable bit” is
set to enable LSB ignore mode.

[0065] The ID register 265 outputs the registered DA, which is the target DA, in
parallel as n-bit data. The XNOR logic circuitry 272 compares the target DA (that is
represented by the ID number contained in the command) with the device ID held in the
device ID register 273 on a bit for bit basis. If the target DA and the device ID are identical,
then the output of the XNOR logic circuitry 272 will be all “1’s. The LSB of the comparison is
fed into the OR gate 274, while the other bits are fed into the AND logic circuitry 275. The
LSB of the comparison being “high” is sulfficient for the OR gate 274 to have a “high” output.
The OR gate 274 is also fed with the “ignore LSB enable bit” of the one-bit register 276. The
“ignore LSB enable bit” of the one-bit register 276 being “high” is also sufficient for the OR
gate 274 to have a “high” output. Therefore, if the “ignore LSB enable bit” of the one-bit
register 276 is high, then it does not matter whether the LSB of the target DA matches the
LSB of the device ID. Rather, the non-LSB bits matter. The AND logic circuitry 275 outputs
an ID match signal 277 that indicates whether there is a match between the target DA and
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the device ID. This will be true if all of the n inputs to the AND logic are high. During ignore
LSB mode, this will be true if other (n-1) bits except for the LSB match during the ignore LSB
mode. When not in ignore LSB mode, this will be true if all n bits match. The ID match
signal 277 from the AND logic circuitry 275 determines whether the memory device 154-i
executes the command. Upon receipt of a command to exit the ignore LSB mode, the one-
bit register 276 is cleared. The ID match signal 277 is provided to the core logic and
memory circuitry 285 and an AND gate 278. The output of the one-bit register 276 is input to
an inverter 279, the inverted output signal of which is provided to the AND gate 278, the
AND logic output signal of which is fed to multiplexers 254 and 256.

[0066] When there is no match between the target DA and the device ID, the ID
match signal ID match signal 277 is “low” and the multiplexer 254 is selected to its “0” input.
Therefore, the latched command input signal is provided as the command input signal
SC(i+1) to the next device 154-(i+1). Also, the latched command strobe signal is provided
through the multiplexer 256 as the command strobe signal SCS(i+1) to the next device 154-
(i+1). Thus, there is no ID match, the device 154-1 is not the target device and the
command input signal SCi and the command strobe signal SCSi are forwarded to the next
device 154-(i+1). If the data strobe signal is input (e.g., in the data read mode operation),
the latched data strobe signal is provided through the multiplexer 255 as the data strobe
signal SDS(i+1) to the next device 154-(i+1), regardless of the status of the ID match signal
ID match signal 277. With no ID match, the core logic and memory circuitry 285 is not
activated.

[0067] When there is a match between the target DA and the device ID during ignore
LSB mode (i.e., the output of the one-bit register 276 is “high”), the ID match signal 277 is
“high”, the core logic and memory circuitry 285 is activated. However, the output signal of
the inverter 279 is “low” and the “0” inputs of the multiplexers 254 and 256 are selected. The
input signal is provided as the command input signal Scg.1) to the next device 154-(i+1).
Also, the command strobe signal is provided as the command strobe signal Scsi+1) to the
next device 154-(i+1).

[0068] When there is a match between the target DA and the device ID during non-
ignore LSB mode (i.e., the output of the one-bit register 276 is “low”), the ID match signal
277 is “high”, the core logic and memory circuitry 285 is activated and the decoded OP code
of the decoded signal SDOP from the OP code decoder 267 is executed to operate in
accordance with the command instruction. The output signal of the inverter 279 is “high” and
the AND logic output signal of the AND gate 278 is “high”. The “1” inputs of the multiplexers
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254 and 256 are selected. If the instruction is a data read, the core logic and memory
circuitry 285 executes the read command and in accordance with the addresses of row
and/or column, data is read from the memory therein (not shown). The output data DATAout
from the core logic and memory circuitry 285 is provided as the command input signal Scg.1
to the next device 154-(i+1).

[0069] The examples presented above show how two memory devices can process
a single command when they have identical device addresses with exception to the least
significant bit. This is accomplished while the memory devices are in an ignore LSB mode.
More generally, embodiments of the invention allow for two or more memory devices to
process a single command based on the target address of the single command. For
example, in another embodiment, the memory devices enter a multi-address detection
mode. This may occur for example if the memory controller broadcasts a first message
instructing each memory device to enter the multi-address detection mode. While in the
multi-address detection mode, upon receiving a command having a destination address that
differs from the device address, the memory device conditionally processes the command
based on the destination address. At some later time, the memory devices exit the multi-
address detection mode. This may occur for example if the memory controller broadcasts a
second message instructing each memory device to exit the multi-address detection mode.
The messages broadcasted for entering and exiting the multi-address detection mode are,
for example, a write link configuration register command comprising an op-code of FFh.

[0070] There are many ways for a memory device to conditionally process the
command based on the destination address. In some implementations, the memory device
maintains an identification of an alternative device address. If the target device address of
the received command matches the alternative device address, then the memory device
processes the command. In other implementations, the memory device conditionally
processes the command if the destination address differs from the device address in a
predefined manner. For example, the memory device processes the command if the
destination address differs from the device address only by a single predefined bit. The
single predefined bit can be the least significant bit, examples of which have been provided
above. Alternatively, the single predefined bit is some other bit.

[0071] Figure 11 shows a method of program operation with a mirror back-up. This
method can be implemented by a memory controller, for example by the memory controller
211 shown in Figure 6.
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[0072] Referring to Figures 6 and 11, at step 311 the memory controller 211 sends
an “ignore LSB” command to all memory devices 213-1, 213-2, 213-3, ..., and 213-15
connected in-series to inform them to ignore the LSB of the target device address to be
received. In step 312, the memory controller 211 sends a target device address as part of a
command to write to the page buffer. In a particular example, assume that the target device
address is ‘0000’, namely the device address of device 213-1 of Figure 6. With that address,
both devices 213-1 and 213-2 will process the command while in ignore LSB mode. More
generally, for a given target device address, two of the devices will process the command.
The command to write to the page buffer includes data to be written. With device address
matching, the data is latched by both memory device 213-1 and memory device 213-2.
Thus, the transmitted data is loaded into the page buffers of both devices only (step 312).
This is accomplished using a single command.

[0073] Subsequently, the memory controller 211 sends a “normal DA set” command
to all memory devices 213-1, 213-2, 213-3, ..., and 213-15 to inform them to no longer
ignore the LSB of the target device address found in received commands (step 313). Then,
the memory controller 211 starts page programming for the designated device by sending a
page program addressed to that device (step 314). If the memory controller 211 determines
that the page programming is successful (YES at step 315), then processing ends. The
page programming determination is performed by reading the program status from the page
buffer. If the memory controller 211 determines that there is a program failure (NO at step
315), then the memory controller 211 re-loads the program data from the page buffer of the
mirror memory device 213-2 (step 316). The program data is stored locally within data
storage elements of the memory controller.

[0074] Next, the memory controller 211 loads the program data back into the page
buffer of the designated memory device at step 317. Processing continues at step 314 by
retrying to program the data into the memory celis of the designated memory device, details
of which have also been provided above. In this example, it is assumed that another attempt
to program the data into the same memory device is made. Alternatively, the data can be
programmed into the memory cells of another memory device. Also, in this example, it is
assumed that the mirror backup copy is maintained in the same place (device 213-2 for this
example) until a successful page program operation is completed. Alternatively, a mirror
backup copy can be made in a different location.

[0075] In some examples, the systems described herein are implemented using a
flexible modular command structure, example details of which have already been provided.
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Further example details are provided in this section with reference to Figures 12 through 20.
It is to be understood that the details provided in this section are very specific for exemplary

purposes only.

[0076] Figure 12 is a table of an example command set for flash memory with
modular command in byte mode. The table includes 15 operations: Page Read, Page Read
for Copy, Burst Data Read, Burst Data Load Start, Burst Data Load, Page Program, Block
Erase Address Input, Page-pair Erase Address Input, Erase, Operation Abort, Read Device
Status, Read Device Information Register, Read Link Configuration Register, and Write Link
Configuration Register (device specific), and Write Link Configuration (broadcast). Each
operation has a command including a Device Address (DA) (1 Byte) and an Operation (OP)
Code (1 Byte). Some commands include a Row Address (3 Bytes), a Column Address (2
Bytes), and some commands include Input Data (1 to 2112 Bytes). X’ is ‘Oh’ for “Bank 0.
X’ is ‘“1h’ for “Bank 1” where it is assumed for this specific example that each device has two
memory banks. More generally each device has at least one memory bank. For the last
command in the table, namely the write link configuration (broadcast), the device addess is
set to “FFh” to indicate a “broadcasting” command.

[0077] Figure 13 is an example operation table. The table includes modes for each
of a plurality of combinations of /RST (complement of a reset signal), /CE (complement of a
chip enable signal), CSI (command strobe input), and DSI (data strobe input). The modes
include Command Data Packet, Read Data Packet, NOP (NO Operation), Standby, and
Reset.

[0078] All commands, addresses, and data are shifted in and out of the memory
device, starting with the most significant bit (MSB). Command input (Cl) signal is sampled at
the positive or negative clock edge (i.e., at the crossing point of clocks - CK and /CK) while
the command strobe input (CSI) signal is “high”. Each command includes a 1-byte device
address (DA) and 1-byte OP code and/or column-address/row-address/data-input bytes if
necessary. Once the CSlI transits logic “high”, the 1-byte DA (Device Address) is shifted into
a DA register, and then the 1-byte OP code is shifted into an OP code register. In so doing,
the most significant bit (MSB) starts first on the CI signal and each bit is latched at the
crossing of clocks CK and /CK while CSI is logic-HIGH state. However every input
sequence in byte mode starts at a rising edge of clock CK (=falling edge of /CK). Depending
on the command, the OP Code are followed by address bytes, data bytes, both or none as
shown in Figure 12. For this example, the address cycle has a 2-byte column address and
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3-byte row address. Figure 14 shows a definition of an example command and address
format including the position of each bit.

[0079] For the memory devices connected in-series, a special device address (=FFh)
is assigned for “Broadcast’ operation. ~More generally, the address that is defined for
broadcast mode operation can be defined on an implementation specific basis. This
“Broadcast Device Address” may be used with any command. However, using the
broadcast device address (FFh) along with the “read-type” commands is not recommended
because the read data from the last device is the only valid output data.

[0080] In some implementations, the signal bus on a modular command Flash
device is fully multiplexed as command, address and data all share the same pin(s). The
CSI signal's logic-high state validates the command input (CI) signal which can be an n-bit
wide signal containing multiplexed command/address/data information for the memory
device. If the CSI signal stays in logic-low state, device ignores signal inputs from CI pins.
The command input sequence normally consists of one-byte DA (Device Address) latch
cycles, one-byte command latch cycles, address latch cycles (= 3-bytes for row address or
2-bytes for column addresses) and/or data-input latch cycles up to 2,112 bytes. In 1-bit link
mode, four clock-cycles at DDR (double data rate) make one byte of a serial packet. In 2-bit
link mode, two clock-cycles at DDR (double data rate) make one byte of a serial packet. In
4-bit link mode, one clock-cycle at DDR (double data rate) makes one byte of a serial
packet. Every set of command instructions may be followed by two extra CK and /CK
transitions after CSI makes a HIGH to LOW transition. In some embodiments, an extra
number of CK and /CK transitions after CSI transitions to low are used that are equal in
number to 2 + # of devices in the architecture with devices connected together in-series.
Every input sequence defined in Figure 12 is “byte-based”, which means that CSI and Cl
should be valid for the unit of 8-latch cycles (= 4 clock cycles at double data rate). If CSI
makes a HIGH to LOW transition before the completion of byte, corresponding command
and/or address sequences will be ignored by device. For the case of data input sequence,
the last incomplete byte of input data will be ignored, but prior complete byte(s) of input data
will be valid.

[0081] Figure 15 is an example timing diagram showing basic input timing. All
DA/Command/Address/Data-Inputs are asserted continuously through CI port(s) and
captured on the crossing of clocks CK and /CK when /CE is “low” and the CSI signal is
"high”. The input data is shifted into the memory device, most significant bit (MSB) first on
Cl, each bit being latched at the crossing of clocks CK and /CK. An input sequence of bit
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streams is shown in Figure 16. Every input sequence in byte mode starts at rising edge of
clock CK as shown. Any input with incomplete byte will be ignored.

[0082] Figure 17 is an example timing diagram showing basic output timing. The
output on the command output (CO) is synchronously shifted out at the crossing of clocks
CK and /CK when /CE is "low”, and the DSI signal is "high”. Figure 18 shows an example
output sequence in byte mode. The output data is shifted from the memory device, most
significant bit (MSB) first on the CO signal, each bit being synchronized at the crossing of
clocks CK and /CK. The DSI signal is activated referenced to the rising edge of CK so that
every output sequence in byte mode starts at rising edge of CK with 1 clock read latency (=
tOL) as shown in Figure 17.

[0083] Two representative commands to show the feature of modular commands are
described below, namely a Page Read (DA & 0Xh) and a Burst Data Read (DA & 2Xh)
command. Figure 19 shows a flowchart involving the use of these commands, and Figure

20 shows an example command sequence.

[0084] With reference to Figure 19, to enter the Page Read mode, at step 411 the
memory controller issues the PAGE READ (DA & 0Xh) command to the command register
over the Cl along with three row address bytes. Issuing DA & 0Xh to the command register
starts the address latch cycles at step 412. Three bytes of row address are input next. The
internal page read operation starts once the address latch cycles are finished. The 2,112
bytes of data within the selected page are sensed and transferred to the page buffers in less
than tR (transfer time from cell array to page buffers). The status register can be checked at
step 413. After tR, a BURST DATA READ (DA & 2Xh) command (described in further detail
below) along with two bytes of column address can be issued at step 414 and then the DSI
signal can be enabled in order to read out page buffers’ data, starting from the given column
address, over the CO until the DSI signal goes low. If a user wants to monitor the internal
page read status to determine whether the transfer from the cell array to page buffers is
complete or not, the READ DEVICE STATUS (DA & DOh) command can be issued.
Modular command flash has an 8-bit status register that the software can read during device
operation.

[0085] The core access operations such as page read, page program and block
erase take long time and their processing times are varied according to PVT
(Process/Voltage/Temperature) change. So, whenever issuing core access commands, a
user can monitor the status of each operation after asserting command without interrupting

internal operations. The other purpose of the status register is to check whether or not the
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page program and block erase are performed without fail. In case of fail, a new row position
is determined by the memory controller and it issues a new command containing new row
address to write the same data that was written to the old row location that failed to be
written. Without monitoring the status register, the memory controller does not know that the

program and erase operations are done without fail.

[0086] After READ DEVICE STATUS (DA & DOh) command, using DSI, all 8-bit
status is read from the status register until DSI goes to low. After the BURST DATA READ
(DA & 2Xh) command has been issued and then DSI goes to high, the serial output timing
as shown in Figure 20 will result in outputting data at step 415, starting from the initial
column address. The column address will be automatically increased during outputting data.
At step 416, there is ECC generation. If the ECC is verified at step 417, then the page read
is completed. Otherwise, at step 418 there is an error.

[0087] The BURST DATA READ (DA & 2Xh) command referred to above enables
the user to specify a column address so the data at the page buffers can be read starting
from the given column address within the selected page size while DSl is high. The burst
data read mode is enabled after a normal PAGE READ (DA & 0Xh) command and page
loading time (=tR). The BURST DATA READ (DA & 2Xh) command can be issued without
limit within the page. Every BURST DATA READ command can have same or different
column address from the previous BURST DATA READ command. Only data on the current
page buffers can be read. If a different page is to be read, a new PAGE READ (DA & 0Xh)
command should be issued. And after tR, a new BURST DATA READ (DA & 2Xh)
command can be issued to access new page data.

[0088] In the embodiments described above, the device elements and circuits are
connected to each other as shown in the figures, for the sake of simplicity. In practical
applications of the present invention, elements, circuits, etc. may be connected directly to
each other. As well, elements, circuits etc. may be connected indirectly to each other
through other elements, circuits, etc., necessary for operation of the memory devices or
apparatus. Thus, in actual configuration of devices and apparatus, the elements and circuits
are directly or indirectly coupled with or connected to each other.

[0089] The above-described embodiments of the present invention are intended to
be examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,
which is defined solely by the claims appended hereto.
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WHAT IS CLAIMED IS:

1. An apparatus for controlling a plurality of memory devices interconnected in-
series, each of the memory devices having a page buffer and memory cells, the apparatus
comprising:

a data processor configure to execute a page program operation with a mirror
back-up of data by:

writing data to the page buffer of a selected memory device of the plurality of
memory devices and to the page buffer of another memory device of the plurality of
memory devices;

instructing the selected memory device to program the data loaded in its page
buffer into its memory cells; and

determining whether the data is not successfully programmed into the memory
cells of the selected memory device, recover the data from the page buffer of the
another memory device.

2. The apparatus of claim 1 wherein the data processor is configured to recover the
data from the page buffer of the another memory device by:

reading back the data from the page buffer of the another memory device without
programming the data into the memory cells of the another memory device.

3. The apparatus of claim 2 further comprising:

data storage for storing the data prior to writing the data to the page buffer of the
selected memory device and to the page buffer of the another memory device;

the apparatus being further configured to free up space in the data storage where
the data is stored before determining whether the data has been successfully programmed into
the memory cells of the selected memory device.

4, The apparatus of claim 3 wherein the data processing unit is configured to
execute another operation before determining whether the data has been successfully
programmed into the memory cells of the selected memory device.
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5. The apparatus of claim 1 further comprising:

an output connection for connecting with a first memory device of the plurality of
memory devices; and

an input connection for connection with a last memory device of the plurality of

memory devices.
6. The apparatus of claim 5 wherein:

the data processor is configured to write the data to the page buffer of the
selected memory device and to the page buffer of the another memory device by transmitting
the data over the output connection; and

the data processor is configured to recover the data from the page buffer of the
another memory device by transmitting a read command over the output connection and
receiving the data over the input connection in response to the read command.

7. The apparatus of claim 5 wherein the data processor is configured to determine
whether the data has been successfully programmed into the memory cells of the selected
memory device by:

transmitting a read status command over the output connection and receiving a
program status from the page buffer of the selected memory device over the input connection in
response to the read status command; and

determining based on the program status whether the data has been
successfully programmed into the memory cells of the selected memory device.

8. The apparatus of claim 2 wherein the data processor is configured to execute at
least one of:

upon recovering the data, re-attempt to program the data into the memory cells
of the selected memory device but at a different address;

upon recovering the data, attempt to program the data into the memory cells of
another selected memory device; and

-29.-



10

15

20

WO 2008/101317 PCT/CA2008/000273

upon recovering the data, store the data back in the data storage.

9. The apparatus of claim 2 wherein the data processor is configured to transmit a
first command addressed to the selected memory device for writing the data to the page buffer
of the selected memory device, and to transmit a second command addressed to the another
memory device for writing the data to the page buffer of the another memory device.

10. The apparatus of claim 2 wherein the data processor is configured to transmit a
single command for writing the data to both the page buffer of the selected memory device and
the page buffer of the another memory device.

11. The apparatus of claim 10 wherein the data processor is configured to write the
data to both the page buffer of the selected memory device and the page buffer of the another
memory device by:

broadcasting a first message to inform all of the memory devices to enter a multi-
address detection mode in which the another memory device will process commands addressed
to the selected memory device; and

sending the single command for writing the data to both the page buffer of the
selected memory device and the page buffer of the another memory device; and

broadcasting a second message to inform all of the memory devices to exit the
multi-address detection mode.

12. The apparatus of claim 11 wherein:
the first message is a write link configuration register command; and
the second message is a write link configuration register command.
13. A system comprising:

a plurality of memory devices that are interconnected in-series, each memory
device having a page buffer and memory cells; and

-30-



10

15

20

25

WO 2008/101317 PCT/CA2008/000273

an apparatus for controlling the plurality of memory devices, the apparatus
comprising a data processor configured to execute a page program operation with a mirror

back-up for data by:

writing data to the page buffer of a selected memory device of the plurality of
memory devices and to the page buffer of another memory device of the plurality of

memory devices;

instructing the selected memory device to program the data loaded in its page
buffer into its memory cells; and

if the data is not successfully programmed into the memory celis of the selected
memory device, recover the data from the page buffer of the another memory device.

14. The system of claim 13 wherein the data processor is configured to recover the
data from the page buffer of the another memory device by:

reading back the data from the page buffer of the another memory device without
programming the data into the memory cells of the another memory device.

15. The system of claim 14 wherein the apparatus further comprises:

data storage for storing the data prior to writing the data to the page buffer of the
selected memory device and to the page buffer of the another memory device;

the apparatus being further configured to free up space in the data storage where
the data is occupied before determining whether the data has been successfully programmed
into the memory cells of the selected memory device.

16. The system of claim 13 wherein the apparatus further comprises:

an output connection connected to a first memory device of the plurality of
memory devices; and

an input connection connected to a last memory device of the plurality of memory
devices.
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17. A method for controliing a plurality of memory devices that are interconnected in-
series, each memory device having a page buffer and memory cells, the method comprising:

transmitting data to the page buffer of a selected memory device of the plurality
of memory devices and to the page buffer of another memory device of the plurality of memory
devices;

instructing the selected memory device to program the data loaded in its page
buffer into its memory cells; and

if the data is not successfully programmed into the memory cells of the selected
memory device, recovering the data from the page buffer of the another memory device.

18. The method of claim 17 wherein recovering the data from the page buffer of the
another memory device comprises:

reading back the data from the page buffer of the another memory device without
programming the data into the memory cells of the another memory device.

19. The method of claim 17 further comprising:

storing the data prior fo writing the data to the page buffer of the selected
memory device and to the page buffer of the another memory device;

freeing up space where the data is occupied before determining whether the data
has been successfully programmed into the memory cells of the selected memory device.

20. A memory device for use as one of a set of memory devices connected in-series,

the memory device comprising:
an input connection;
an output connection;
an identification of a device address of the memory device; and

a device controller configured to:
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receive messages to enter and exit a multi-address detection mode, and
enter and exit the multi-address detection mode accordingly;

receive a command over the input connection, the command comprising
a device address;

while not in the multi-address detection mode, process the command only
if the device address of the command matches the device address of the device;
and

while in the multi-address detection mode: i) process the command if the
device address of the command is the same as the device address of the device
and ii) process the command if the device address of the command is the same
as the device address of at least one other predetermined device.

21. The memory device of claim 20 wherein:

the device controller receives messages to enter and exit the multi-address
detection mode by receiving write link configuration register commands.

22. The memory device of claim 20 wherein the device address of the at least one
predetermined device comprises any device address that differs from the device address of the

given device in a predefined manner.

23. The memory device of claim 22 wherein said any device address that differs from
the device address of the device address in a predefined manner comprises any device address
that differs from the device address of the given address only by a single predefined bit.

24. The memory device of claim 23 wherein the single predefined bit is a least
significant bit.

25. The memory device of claim 20 wherein:
the memory device further comprises a page buffer and memory cells;
the command further comprises data;

the command is for loading the data into the page buffer; and
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the device controller is configured to process the command by loading the data
into the page buffer.

26. A method in a memory device forming part of a set of memory devices connected
in-series, the method comprising:

5 maintaining a device address;
receiving messages to enter and exit a multi-address detection mode;
receiving a command comprising a device address;

while not in the multi-address detection mode, processing the command only if
the destination address matches the device address; and

10 while in the multi-address detection mode:

processing the command if the device address of the command is the
same as the device address of the device; and

processing the command if the device address of the command is the
same as the device address of at least one other predetermined device.
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411 | Issue Page Read Command
(DA & 0Xh & RA)

h

412 | Issue Read Status Command
(DA & DOh)

413

Check
status register bank
ready?

NO

414\4 Issue Burst Read Command
(DA & 2Xh & CA)

!

415
~ Read output data
416
~ ECC generation
417 418

NO C
Reclaim error)

YES

419vq=age Read Complete@ FlG . 1 9
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INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2008/000273

A CLASSIFICATION OF SUBJECT MATTER
IPC: G11C 7/24 (2006.01) , G11C 19/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: G11C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Databases: WEST, Delphion, and Espacenet
Search terms used: mirror, back-up, page, buffer, serially, memories, flash.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* |[Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2006/0271605 A1, 30 November 2006, Petruzzo. 1-19
*see figure 1; paragraphs 0011 and claim 1

A EP 0,952,525 A1, 27 October 1999, Ikefuji et al. 1-19
*see entire document

A US 2005/0286298 Al, 29 December 2005, Hyvonen et al. 1-19
*see entire document

[ ] Further documents are listed in the continuation of Box C. [X] See patent family annex.
* Special categories of cited documents : “T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
“A” document defining the general state of the art which is not considered the principle or theory underlying tﬁe invention
to be of particular relevance
“X” document of particular relevance; the claimed invention cannot be
“BE” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y”  document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

_ _ o being obvious to a person skilled in the art
document referring to an oral disclosure, use, exhibition or other means

“&”  document member of the same patent family
“p” document published prior to the international filing date but later than
the priority date claime
Date of the actual completion of the international search Date of mailing of the international search report
20 May 2008 (20-05-2008) 29 May 2008 (29-05-2008)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C114 - 1st Floor, Box PCT Kazem Ziaie 819- 934-2667
50 Victoria Street
Gatineau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [ ] Claim Nos.:

because they relate to subject matter not required to be searched by this Authority, namely :

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ ] Claim Nos. :

because they are dependant claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

Group A- Claims 1-19 are directed to an apparatus for controlling a plurality of memory devices interconnected in series; and
Group B- Claims 20-26 are directed to a memory device for use as one of a set of memory devices connected in series

1. [ ] Asall required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. | ] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite

payment of additional fees.

3. [ ] Asonly some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. [X] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. : 1-19

Remark on Protest [ ]| The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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Information on patent family members
Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date
US2006271605 30-11-2006 US2006253731 A1 09-11-2006
US2006259723 A1 16-11-2006
EP0952525 27-10-1999 AU7892998 A 31-07-1998
CA2275968 A1 09-07-1998
JP3706703B2 B2 19-10-2005
US2001045468 A1 29-11-2001
W09829815 A1 09-07-1998
US2005286298 29-12-2005 US7257030 B2 14-08-2007
WO02005121960 A1 22-12-2005
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