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PARTIAL BLOCK DATA PROGRAMMING AND READING
OPERATIONS IN A NON-VOLATILE MEMORY

Inventor: Kevin M. Conley

CROSS-REFERENCE TO RELATED APPLICATION

{0001] This application is a continuation of application serial no. 10/841,388, filed May
7, 2004, which in turn is a continuation of application serial no. 09/766,436, filed January 19,
2001, now patent no. 6,763,424, which applications are incorporated herein in their entirety by

this reference.

BACKGROUND OF THE INVENTION

[0002] This invention pertains to the field of semiconductor non-volatile data storage

system architectures and their methods of operation, and has application to data storage systems

based on flash electrically erasable and programmable read-only memories (EEPROMSs).

[0003] A common application of flash EEPROM devices is as a mass data storage
subsystem for electronic devices. Such subsystems are commonly implemented as either
removable memory cards that can be inserted into multiple host systems or as non-removable
embedded storage within the host system. In both implementations, the subsystem includes one

or more flash devices and often a subsystem controller.

- [0004] Flash EEPROM devices are composed of one or more arrays of transistor cells,
each cell capable of non-volatile storage of one or more bits of data. Thus flash memory does
not require power to retain the data programmed therejn. Once programmed however, a cell
must be erased before it can be reprogrammed with a new data value. These arrays of cells are
partitioned into groups to provide for efficient implementation of read, program and erase
functions. A typical flash memory architecture for mass storage arranges large groups of cells
into erasable blocks, whertein a block contains the smallest number of cells (unit of erase) that are

erasable at one time.
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[0005] In one commercial form, each block contains enough cells to store one sector of
user data plus some overhead data related to the user data and/or to the block in which it is
stored. The amount of user data included in a sector is the standard 512 bytes in one class of
such memory systems but can be of some other size. Because the isolation of individual blocks
of cells from one another that is required to make them individually erasable takes space on the
integrated circuit chip, another class of flash memories makes the blocks significantly larger so
there is less space required for such isolation. But since it is also desired to handle user data in
much smaller sectors, each large block is often further partitioned into individually addressable
pages that are the basic unit for reading and programming user data (unit of programming and/or
reading). Each page usually stores one sector of user data, but a page may store a paniél sector
or muitiple sectors. A “sector” is used herein to refer to an amount of user data that is transferred

to and from the host as a unit.

[0006] The subsystem controller in a largé block system performs a number of functions
including the translation between logical addresses (LBAs) received by the memory sub-system
Ifrom a host, and physical block numbers (PBNs) and page addresses within the memory cell
array. This translation often involves use of intermediate terms for a logical block number
(LBN) and logical page. The controller also fnanages the low level flash circuit operation
through a series of commands that it issues to the flash memory devices via an interface bus.
Another function the controller performs is to maintain the integrity of data stored to the

subsystem through various means, such as by using an error correction code (ECC).

[0007] In an ideal case, the data in all the pages of a block are usually uI\)dated together
by. writing the updated data to the pages within an unassigned, erased block, and a logical-to-
physical block number table is updated with the new address The original block is then available
to be erased. However, it is more typical that the data stored in a number of pages less than all of
the pages within a given block must be updated. The data stored in the remaining pages of the
given block remains unchanged. The probability of this occurring is higher in systems where the
numbe;r of sectors of data stored per block is higher. One technique now used to accomplish
such a partial block update is to write the data of the pages to be updated into a corresponding
number of the pages of an unused erased block and then copy the unchanged pages from the

original block into pages of the new block. The original block may then be erased and added to
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an inventory of unused blocks in which data may later be programmed. Another technique
similarly writes the updated pages to a new block but eliminates the need to copy the other pages
of data into the new block by changing the flags of the pages in the original block which are
being updated to indicate they contain obsolete data. Then. when the data are read, the updated
data read from pages of the new block are combined with the unchanged data read from pages of

the original block that are not flagged as obsolete.

SUMMARY OF THE INVENTION

[0008] According to one principal aspect of the present invention, briefly and generally,

both the copying of unchanged data from the original to the new blocks and the need to update
flags within the original block are avoided when the data of fewer than all of the pages within a

block are being updated. This is accomplished by maintaining both the superceded data pages

and the updated pages of data with a common logical address. The original and updated pages of

data are then distinguished by the relative order in which they were programmed. During
reading, the most recent data stored in the pages having the same logical address are combined
with the unchanged pages of data while data in the original versions of the updated pages are
ignored. The updated data can be written to either pages within a different block than the
original data, or to available unused pages within the same block. In one ‘speciﬁc
implementation, a form of time stamp is stored with each page of data that allows determining
the relative order that pages with the same logical address were written. In another specific
implementation, in a system where pages are programmed in a particular order within the blocks,
a form of time stamp is stored with each block of data, and the most recent copy of a page within

a block is established by its physical location within the block.

[0009] These techniques avoid both the necessity for copying unchanged data from the
original to new block and the need to change a flag or other data in the pages of the original
block whose data have been updated. By not having to change a flag or other data in the
superceded pages, a potential of disturbing the previously written data in adjacent pages of that
same block that can occur from such a writing operation is eliminated. Also, a performance

penalty of the additional program operation is avoided.
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[0010] A further operational feature, which may be used in conjunction with the above
summarized techniques, keeps track of the logical offset of individual pages of data within the
individual memory cell blocks, so that the updated data need not be stored with the same
physical page offset as the superceded data. This allows more efficient use of the pages of new
blocks, and even allows the updated data to be stored in any erased-pages of the same block as

the superceded data.

[0011] ~  Another principal aspect of the present invention groups together two or more
blocks positioned in separate units of the memory array (also termed ‘“sub-arrays™) for
programming and reading together as part of a single operation. Such a multiple block group is
referenced herein as a “metablock.” Its component blocks may be either all loéated on a single
memory integrated circuit chip, or, in systems using more than one such’ chip, located on two or
more different chips. When data in fewer than all of the pages of one of these blocks is updated,
the use of another block in that same unit is normally required. Indeed, the techniques described
above, or others, may be employed separately with each block of the metablock. Therefore,
when data within pages of more than one block of the metablock are updated, pages within more
than one additional block are required to be used. If there are four blocks of four different
memory units that form the metablock, for example, there is some probability that up to an
additional four blocks, one in each of the units, will be used to store updated pages of the ori ginél
bldcks. One update block is potentially required in each unit for each block of the original
metablock. In addition, according to the present invention, updated data from pages of more
than one of the blocks in the metablock can be stored in pages of a common block in only one of
the units. This significantly reduces the number of unused erased blocks that are needed to store
updated data, thereby making more efficient use of the available memory cell blocks to store
data. This technique is particularly useful when the memory system frequently updates single

pages from a metablock.

[0012] Additional aspects, features and advantages of the present invention are included
in the following description of exemplary embodiments, which description should be read in

conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1 is a block diagram of a typical prior art flash EEPROM memory array

with memory control logic, data and address registers;

[0014] Figure 2 illustrates an architecture utilizing memories of Figure 1 with a system

controller;

[0015] Figure 3 is a timing diagram showing a typical copy operation of the memory
system of Figure 2; )

[0016] Figure 4 illustrates an existing process of updating data in less than all of the

pages of a multi-paged block;

[0017] Figures 5A and 5B are tables of corresponding logical and physical block

addresses for each of the original and new blocks of Figure 4, respectively;

[0018] Figure 6 illustrates another existing process of updating data in less than all of the

pages of a multi-paged block;

[0019] Figures 7A and 7B are tables of corresponding logical and physical page

addresses for the original and new blocks of Figure 6, respectively;

[0020] Figure 8 illustrates an example of an improved process of updating data in less

than all of the pages of a multi-paged block;

>[0021] Figure 9 is a table of corresponding logical and physical page numbers for the
new block of Figure 8; v

[0022] - Figure 10 provides an example of a layout of the data in a page shown in Figure
8; ' '

[0023] Figure 11 illustrates a further development of the example of Figure 8;

[0024] Figure 12 is a table of corresponding logical and physical page numbers for the

new block of Figure 11;
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[0025] Figure 13 illustrates one way to read the updated data in the blocks of Figure 11;

[0026] Figure 14 is a flow diagram of a process of programming data into a memory

system organized as illustrated in Figures 8 and 9;

[0027] Figure 15 illustrates an existing multi-unit memory with blocks from the

individual units being linked together into a metablock and

[0028] Figure 16 illustrates an irﬁproved method of updating data of a metablock in the
multi-unit memory of Figure 12 when the amount of updated data is much less that the data

storage capacity of the metablock.

DESCRIPTION OF EXISTING LARGE BLOCK MANAGEMENT TECHNIQUES

[0029] Figure 1 shows a typical flash memory device internal architecture. The primary
features include an input/output (I/O) bus 411 and control signals 412 to interface to an external
gontroller, a memory control circuit 450 to control internal memory operations with registers for
command, address and status signals. One or more arrays 400 of flash EEPROM cells are
included, each array having its own row decoder (XDEC) 401 and column decoder (YDEC) 402,
a group of sense amplifiers and program control circuitry (SA/PROG) 454 and a data register
404. Presently, the memory cells usually include one or more conductive floating gates as
storage elements but other long term electron charge storage elements may be used instead. The
memory cell array may be operated with two levels of charge defined for each storage element to
therefore store one bit of data with each element. Alternatively, more thén two storage states
may be defined for each storage element, in which case more than one bit of data is stored in

each element.

[0030] If desired, a plurality of arrays 400, together with related X decoders, Y decoders,
program/verified circuitry, data registers, and the like are provided, for example as taught by
U.S. Patent 5,890,192, issued March 30, 1999, and assigned to Sandisk Corporation, the assignee
of this application, which is heréby incorporated by this reference. Related memory system

features are described in co-pending patent application serial no. 09/505,555, filed February 17,
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2000 by Kevin Conley et al., which application is expressly incorporated herein by this

reference.
[0031] The external interface I/O bus 411 and control signals 412 can include the
following:

CS - Chip Select. Used to activate flash memory interface.

RS - Read Strobe. Used to indicate the I/O bus is being used to transfer data

| from the memory array.
WS - Write Strobe. Used to indicate the I/O bus is being used to transfer data to
the memory array.
AS - Address Strobe. Indicates that the I/O bus is being used to transfer address

information.
AD[7:0] - Address/Data Bus This I/O bus is used to transfer data between controller and
the flash memory command, address and data registers of
the memory control 450.
[0032] This interface is given only as an example as other signal configurations can be
used to give the same functionality. Figure 1 shows only one flash memory array 400 with its
related components, but a multiplicity of such arrays can exist on a single flash memory chip that
share a common interface and memory control circuitry but have separate XDEC, YDEC,

SA/PROG and DATA REG circuitry in order to allow parallel read and program operations.

[0033] Data is transferred from the memory array through tﬁe data register 404 to an
external controller via the data registers’ coupling to the /O bus AD[7:0] 411. The data register
404 is also coupléd the sense amplifier/programming circuit 454. The number of elements of the
data register coui)led to each sense amplifier/programming circuit element may depend on the
number of bits stored in each storage element of the memory cells, flash EEPROM cells each
containing one or more floating gates as the storage elements. Each storage element may store a
plurality of bits, such as 2 or 4, if the memory cells are operated in a multi-state mode.
Alternatively, the memory cells may be operated in a binary mode to store one bit of data per

storage element.
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[0034] The row decoder 401 decodes row addresses for the array 400 in order to select
the physical page to be accessed. The row decoder 401 receives row addresses via internal row
address lines 419 from the memory control logic 450. A column decoder 402 receives column

addresses via internal column address lines 429 from the memory control logic 450.

[0035] Figure 2 shows an architecture of a typical non-volatile data storage system, in
this case employing flash memory cells as the storage media. In one form, this system is
encapsulated within a removable card having an electrical connector extending along one‘ side to
provide the host interface when inserted into a receptacle of a host. Alternatively, the system of
Figure 2 may be embedded into a host system in the form of a permanently installed embedded
circuit or otherwise. The system utilizes a single controller 301 that performs high level host and
memory control functions. The flash memory media is composed of one or more flash memory
devices, each such device often formed on its own integrated circuit chip. The system controller
and the flash memory are connected by a bus 302 that allows the controller 301 to load
command, address, and transfer data to and from the flash memory array. The controller 301
interfaces with a host system (not shown) with which user data is transferred to and from the
flash memory array. In the case where the system of Figure 2 is included in a card, the host
interface | includes a mating plug and socket assembly (not shown) on the card and host

equipment.

[0036] The controller 301 receives a command from the host to read or write one or more
sectors of user data starting at a particular logical address. This address may or may not align

with a boundary of a physical block of memory cells.

[0037] In some prior art systems having largev capacity memory cell blocks that are
divided into m-ultiple pages, as discussed above, the data from a block that is not being updated
needs to be copied from the original block to a new block that also contains the new, updated
data being written by the host. This technique is illustrated in Figure 4, wherein two of a large
number of blocks of memory are included. One block 11 (PBNO) is illustrated to be divided into
8 pages for storing one sector of user data in each of its pages. Overhead data fields contained
within each page include a field 13 containing the LBN of the block 11. The order of the logical

pages within a logical block is fixed with respect to the corresponding physical pages within a
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physical block. A second similarly configured block 15 (PBN1) is selected from an inventory of
unused, erased blocks. Data within pages 3-5 of the original block 11 are being updated by three
pages of new data 17. The new data is written into the corresponding pages 3-5 of the new block
15, and user data from pages 0-2, 6 and 7 of the block 11 are copied into corresponding pages of
the new block 15. All pages of the new block 15 are preferably programmed in a single
sequence of programming operations. After the block 15 is programmed, the original block 11
can be erased and placed in inventory for later use. The copying of data between the blocks 11
and 15, which involves reading the data from one or more pages in the original block and
subsequently programming the same data to pages in a newly assigned block, greatly reduces the

write performance and usable lifetime of the storage system.

{0038] With reference to Figures SA and 5B, partial tables show mapping of the logical
Blocks into the original and new physical blocks 11 and 15 before (Figure 5A) and after (Figure
5B) the updating of data described with respect to Figure 4. Before the data update, the original
block 11, in this example, stores pages 0-7 of LBNO into corresponding pages 0-7 of PBNO..
After the data update, the new block 15 stores pages 0-7 of LBNO in corresponding pages 0-7 of
PBN1. Receipt of a request to read data from LBNO is then directed to the physical block 15
instead of the physical block 11. In a typical controller operation, a table in the form of that
shown in Figures 5A and 5B is built from the LBN field 13 read from a physical page and
knowledge of the PBN that is addressed when reading the data field 13. The table is usually
stored in a volatile memory of the controller for ease of access, although only a portion of a
complete table for the entire system is typically stored at any one time. A portion of the table is
usually formed immediately in advance éf a read or programming operation that involves the

blocks included in the table portion.

[0039] In other prior art systems, flags are recorded with the user data in pages and are
used to indicate that pages of data in the original block that are being superceded by the newly
written data are invalid. Only the new data is written to the newly assigned block. Thus the data
in pages of the block not involved in the write operation but contained in the same physical block
as the supefceded data need not be copied into the new block. This operation is illustrated in
Figure 6, where pages 3-5 of data within an original block 21 (PBNO) are again being updated.
Updated pages 3-5 of data 23 are written into corresponding pages of a new block 25. As part of
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the same operation, an old/new flag 27 is written in each of the pages 3-5 to indicate the data of
those pages is old, while the flag 27 for the remaining pages 0-2, 6 and 7 remains set at “new”.
Similarly, the new PBN1 is written into another overhead data field of each of the pages 3-5 in
the block 21 to indicate where the updated data are located. "The LBN and page are stored in a
field 31 within each of the physical pages.

[0040] _ Figures 7A and 7B are tables of the correspondence between the data LBN/page
and the PBN/page before (Figure 7A) and after (Figure 7B) the data update is complete. The
unchanged pages 0-2, 6 and 7 of the LBN remain mapped into PBNO while the updated pages 3-
5 are shown to reside in PBN1. The table of Figure 7B is built by the memory controller by
reading the overhead data fields 27, 29 and 31 of the pages within the block PBNO after the data
update. = Since the flag 27 is set to “old” in each of pages 3-5 of the original block PBNO, that
block will no longer appear in the table for those pages. Rather, the new block number PBN1
appears instead, having been read from the overhead fields 29’ of the updated pages. When data
are being read from LBNO, the user data stored in the pages listed in the right column of Figure

7B are réad and then assembled in the order shown for transfer to the host.

[0041] Various flags are typically located in the same physical page as the other
associated overhead data, such as the LBN and an ECC. Thus, to program the old/new flags 27,
and others,. in pages where the data has been superceded requires that a page support multiple
programming cycles. That is, the memory array must have the capability that its pages can be
programmed in at least at least two stages between erasures. Furthermore, the block must
support the ability to program a page when other pages in the block with higher offsets or
addresses have been already programmed. A limitation of some flash memories however
prevents the usage of such flags by specifying that the pages in a block can only be programmed
in a physically sequential manner. Furthermore, the pages support a finite number of program

cycles'and in some cases additional programming of programmed pages is not permitted.

[0042] What is needed is a mechanism by which data that partially supercedes data
stored in an existing block can be written without either copying unchanged data from the

existing block or programming flags to pages that have been previously programmed.
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DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION
[0043] There are many different types of flash EEPROM, each of which presents its own

limitations that must be worked around to operate a high performance memory system formed on
a small amount of integratéd circuit area. Some do not provide for vwriting' any data into a page
that has already been programmed, so updating flags in a page that contains superceded data, as
described above, is not possible. Others allow such flags to be written but doing so in pages
whose data is being superceded can disturb data in other pages of the same block that remain

current.

[0044] ‘An example memory system where this has been found to be a problem is a
NAND type, where a column of memory cells is formed as a series circuit string between a bit
line and a common potential. Each word line extends across a row of memory cells formed of
one cell in each such string. Such a memory is particularly susceptible to such memory state
disturbs when being operated in a multi-state mode to store more than one bit of data in each
such cell. Such operation divides an available window of a memory cell transistor threshold
voltage range into narrow non-overlapping voltage level ranges, each range becoming narrower
as the number of levels, and thus the number of bits being stored in each cell, are increased. For
example, if four threshold ranges are used, two bits of data are stored in each cell’s storage
element. And since each of the four threshold voltage ranges is necessarily small, the chance of.
the state of a cell being disturbed by programming other cells in the same block is increased with
multi-state operation. In this case, the writing of the old/new or other flags, as described with

respect to Figures 6, 7A and 7B, cannot be tolerated.

[0045] A common feature of each of the existing memory management techniques
described above with respect to Figures 4-7B.is that a logical block number (LBN) and page
offset is mapped within the system to at most two physical block numbers (PBNs). One block is
the original block and the other contains the updated page data. Data are written to the page
location in the block corresponding to the low Qfder bits of its logical address (LBA). This
mapping is typical in various types of memory systems. In the techniques described below,
pages containing updated data are also assigned the same LBN and page offsets as the pages
whose data has been superceded. But rather than tagging the pages containing original data as.

being superceded, the memory controller distinguishes the pages containing the superceded data
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from those containing the new, updated version either (1) by keeping track of the order in which -
the pages having the same logical addresses were written, such as by use of a counter, and/or (2)
from the physical page addresses wherein, when pages are written in order within blocks from
the lowest page address to the highest, the highér physical address contains the most recent copy
of the data. When the data is accessed for reading, therefore, those in the most current pages are
used in cases where there are pages containing superceded data that have the same logical

addresses, while the superceded data are ignored.

[0046] A first specific implementation of this technique is described with respect to
Figures 8 and 9. The situation is the ‘same in this example as that in the prior art techniques
described with respect to Figures 4-7B, namely the partial re-write of data within a block ‘35,
although each block is now shown to contain 16 pages. New data 37 for each of the pages 3-5 of
the block 35 (PBN 35) is written into three pages of a new block 39 (PBN1) that has previously
been erased, similar to that descn'bed previously. A LBN and page offset overhead data field 41
written into the pages of PBN1 that contain the updated data is the same as that iq the pages of
the superceded data in the initial block PBNO. The table of Figure 9, formed from the data
within the fields 41 and 417, shéws this. The logical LBN and page offsets, in the first column,
-are mapped into both the first physical block (PBNO), in the second column, and, for the pages
that have been updated, also into the second physical block (PBN1) in the third column. The
LBN and logical page offsets 41” written into each of the three pages of updated data within the
new block PBN1 are the same as those 41 written into each of a corresponding logical page of

the original block PBNO.

[0047] In order to determine which of two pages having the same LBN and page offset -
contains the updated data, each page contains another overhead field 43 that provides an
indication of its time of programming, at least relative to the time that other pagés with the same
logical address are programmed. This allows the controller to determine, when reading the data
from the memory, the relative ages of the pages of data that are assigned the same Alogical

address.

[0048] There are several ways in which the field 43, which contains a form of time

stamp, may be written. The most straight forward way is to record in that field, when the data of
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its associated page is programmed, the output of a real-time clock in the system; Later
programmed pages with the same ]ogica] address then have a later tirﬁe recorded in the field 43.
But when such a real-time clock is not available in the system, other techniques can be used.
One specific technique is to store the output of a modulo-N counter as the value of the field 43.
The range of the counter should be one more than the number of pages that are contemplated to
be stored with the same logical page number. When updating the data of a particular page in the
original block PBNO, for example, the controller first reads the count stored in the ﬁeld_43 of the
page whose data are being updated, increments the count by some amount, such as one, and then
writes that incremented count in the new ‘block PBNI1 as the field 43°. The counter, upon
reaching a count of N+1, rolls over to 0. Since the number of blocks with the same LBN is less
than N, there is always a point of discontinuity in the values of stored counts. It is easy then to

handle the rollover with normalized to the point of discontinuity.

[0049] The controller, when called upon to read the data, easily distinguishes between the
new and superceded pages’ data by comparing the counts in the fields 43 and 43’ of pages
having the same LBA and page offset. In response to a need to read the most recent version of a
data file, data from the identified new pages are then assembled, along with original pages that

have not been updated, into the most recent version of the data file.

[0050] It will be noted that, in the example of Figure 8, the new data pages 37 are stored
in the first three pages 0-2 of the new block PBN1, rather than in the same pages 3-5 which they

repface in the original block PBNO. By keeping track of the individual logical page numbers, the -

updated data need not necessarily be stored in the same page offset of the new block as that of
the old block where superceded data is contained. Page(s) of updated data can also be written to

erased pages of the same block as the page of data being superceded.

[0051] As a result, there is no constraint presented by the techniques being described that
limit which physical page new data can be written into. But the memory system in which these
techniques are implemented may present some éonstraints. For example, one NAND system
~ requires that the pages within the blocks be programmed in sequential or(ier. That means that
programming of the middle pages 3-5, as done in the new block 25 (Figure 6), wastes the pages

0-2, which cannot later be programmed. By storing the new data 37 in the first available pages
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of the new block 39 (Figure 8) in such a restrictive system, the remaining pages 3-7 are available
for later use to store other data. Indeed, if the block 39 had other data storéd in its pages 0-4 at
the time the three pages of new data 37 were being stored, the new data could be stored in the
remaining unused pages 5-7. This makes maximum use of the available storage capacity for

such a system.

[0052] An example of the structure of data storéd in an individual page of the blocks of
Figure 8 is shown in Figure 10. The largest part is user data 45. An error correction code (ECC)
47 calculated from the user data is also stored in the page. Overhead data 49, including the LBN
and page tag 41 (logical page offset), the time stamp 43 and an ECC 51 ca]ct;lated from the
overhead data are also stored in the page. By having an ECC 50 covering the overhead data that
1s separate from the user data ECC 47, the overhead 49 may be read separately from the user data
and evaluated as valid without the need to transfer all of the data stored in the page.
Alternatively, however, where the separate reading of the overhead data 49 is not a frequent
event, all of the data in the page may be covered by a single ECC in order to reduce the total

number of bits of ECC in a page.

[0053] A second specific implementation of the inventive technique can also be
described with respect to Figure 8. In this example, the time stamp is used only to determine the
relative age of the data stored in blocks, while the most recent pages among those that carry the
same LBN and page number are determined by their relative physical locations. The time stamp
43 then does not need to be stored as part of each page. Rather, a single time stamp can be
recorded for each block, either as part of the block or elsewhere within the non-volatile memory,
and is updated each time a page of data is written into the block. Data is then read from pages in
an order of descending physical address, starting from the last page of the most recently updated

block containing data pages having the same LBN.

[0054] In Figure 8, for example, the pages are first read in the new block PBN1 from the
last (page 15) to the first (page 0), followed by reading the pages of the original block PBNO in
the same reverse order. Once logical pages 3, 4 and 5 have been read from the ne“; block PBNl,v
the superceded data in those pages of the original block PBNO that are identified by the same
logical page numbers can be skipped during the reading process. Specifically, physical pages 3,
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4 and 5 of the old block PBNO are skipped during reading, in this example, once the controller
determines that their LBN/pages 41 are the same as those of the pages already read from the new
block PBN1. This process can increase the speed of reading and reduce the number of overhead
bits 49 that need to be stored for each page. Further, when this reverse page reading technique is
employed, the table of Figure 9 used by the controller during a reading operation can be
simplified into the form of Figures SA and 5B. Only an identity of those physical blocks
containing data of a common logical block and the relative times that the physical blocks were

programmed need to be known in order to carry out this efficient reading process.

[0055] Figure 11 illustrates an extension of the example of Figure 8 by including a
secon(;l update to the data originally written in the block PBNO. New data 51 for logical pages 5,
6, 7 and 8 is written to the respective physical pages 3, 4, 5 and 6 of the new block PBNI1, along
with their LBN and page number. Note, in this example, that the data of logical page S is being
updated for the second time. During a reading operation that begins from the last page of the
new block PBNI1, the most recently written logical pages 8, 7, 6 and 5 of the data of interest are
first read in that order. Thereafter, it will be noted that the LBN/page overhead field in physical
page 2 of PBNI1 is the same as that read from the physical page 3, so the user data of page 2 is
not read. The physical pages 1 and 0 are then read. Next, the pages of the original block PBNO
are read, beginning with physical page 15. After reading physical pages 15-9, the controller will
note that the LBN/page fields of each of pages 8-3 match those of pages whose data has already
been read, sd the old dafa need not be read from those pages. The efficiency of the reading
process is thus improved. Finally, the original data of physical pages 2-0 are read sinée that data

was not updvated.

[0056] It will be noted that this example of reading pages in a reverse order efficiently
sorts out the new data pages from the superceded data pages because data are written in physical
page locations of an erased block in order from page 0 on. This technique is not limited to use
with a memory system having such a specific programming constraint, however. So long as the
order in which pages are programmed within a given block is known, the data from those pages
may be read in the reverse order from which they were written. What is desired is that the most

recently programméd pages having a common LBN with others that were earlier programmed be
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read first, and these are the most recently programmed pages. The most recent versions of

updated pages are read first so that the superceded versions may easily be identified thereafter.

[0057] A table showing the correspondence between the logical data and physical page
addresses for the example of Figure 11 is given in Figure 12. Although there have been two data
updates, both are represented by the single column for the second block PBN1. The physical
page noted in PBNI1 for the logical page 5 is simply changed upon the second update to that page
occurring. If the updating involves a third block, then another column is added for that other
block. The table of Figure 12, constructed by reading the overhead data from each of the pages
in blocks to which data of a common LBN has been written, can be used by the first
implementation when the reverse page reading technique is not used. When the reverse page
reading technique described above is used, the table of Figure 12 need be built only to identify a
correspondence between an LBN and all PBNs containing data of that LBN.

[0058] An efficient way to organize pages of data being read from a physical block,
where one or more of the pages has been updated, is illustrated by Figure 13. Enough space is
provided in a volatile memory of the controller to buffer at least several pages of data at a time,
and preferably a full block of data.. That is what is shown in Figure 13. Sixteen pages of data,
equal to the amount stored in a non-volatile memory block, are stored in the controller memory. -
Since the pages are most commonly read out of order, each page of data is stored in its proper
position \h;ith respect to the other pages. For example, in the reverse page read operation of
Figure 11, logical page 8 if the first to be read, so it is stored in position 8 of the controller
memory, as indicated by the “1” in a circle. The next is logical page 7, and so forth, until all
pages of data desired by the host are read and stored in the controller memory. The entire set of
page data is then transferred to the host without having to manipulate the order of the data in the
buffer memory. The pages of data have already be organized by writing them to the proper

location in the controller memory.

[0059] A method of programming a non-volatile memory system that utilizes the
techniques described with respect to Figures 8 and 9 is illustrated in the flow chart of Figure 14.
Data for pages of an existing file to be updated are received from a host system, as indicated by

the block 52. It is first determined by a step 53 whether the number of pages of updated data to
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be stored is equal to or greater than the storage capacity of a block of the system, 16 pages being
shown as the block capacity, for simplicity, in the above described example. If so, one or more
unused, erased blocks are addressed, in a step 55, and the new data pages are written to the
addressed block(s), in a step 57. Typically, the updating of one block or more of data will result
in one or more blocks ston'ﬁg the data that have been supercedéd by the new data. If so, as
indicated by a step 59, those blocks with superceded data are identified for erasure. For the
purpose of increasing performance, it is preferable that erase operations occur in the background,
or when host requested programming or reading operations are not taking place. After being
erased, the blocks are returned to the inventory of unused, erased blocks -for further use.
Alternatively, erasure of the blocks can bé deferred until they are needed for programming

operations.

[0060] If, on the other hand, in the step 53, it is determined that there are fewer pages of
new data than will utilize the full storage capacity of a block, a next step 61 determines whether
there are enough unused pages in a block having some pages programmed with other data. If so,
such a block is addressed, in a step 63. If not, a totally unused, erased block is addressed, in a
step 65. In either case, in a step 67, the new data are programmed into unused pages of the
addressed block. As part of this programming process, the LBN and page offset is written into
the fields 41, and the time stamp into the fields 43 of each of the pages (Figure 8) of the updated

data, in the manner described above.

[0061] A desirable feature of the programming process is to make available for future
programming any blocks that store only superceded data. So the question is asked, in a step 69,
whether the data updating process has resulted in an entire block remaining with only superceded
data. If so, such a block is queued for erasure, in a step 71, and the process is then completed. If

not, the step 71 is omitted and the data update is finished.

Metablock Operation

[0062] In order to improve performance by reducing programming time, a goal is to
program as many cells in parallel as can reasonably be done without incurring other penalties.

One implementation divides the memory array into largely independent sub-arrays or units, such
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as multiple units 80-83 of Figure 15, each unit in turn being divided into a large number of
blocks, as shown. Pages of data are then programmed at the same time into ‘more than one of the
units. Another configuration further combines one or more of these units. from multiple memory
éhips. These multiple chips may be connected to a single bus (as shown in Figure 2) or multiple
independent busses for higher data throughput. An extension of this is to link blocks from
different units for programming, reading and erasing together, an example being shown in Figure
15. Blocks 85-88 from respective ones of the units 80-83 can be operated together as a
metablock, for example. As with the memory embodiments described above, each block, the
smallest erasable group of the memory array, is typically divided into multiple pages, a page
_containing the smallest number‘ of cells that are programmable together within the block.
Therefore, a programming operation of the metablock shown in Figure 15 will usually include
the simultaneously programming of data into at least one page of each of the blocks 85-88
forming the metablock, which is repeated until the fnetablock is full or the incoming data-has all
been programmed. Other metablocks are formed bf different blocks from the array units, one

block from each unit.

[0063] In the course of operating such a memory, as with others, pages of data less than
an entire block often need to be updated. This can be done for individual blocks of a metablock
in the same manner as described above with respect to either of Figures 4 or 6, but preferably by
use of the improved technique described with respect to Figure 8. When any of these three
techniques are used to update daté of one block of the metablock, an additional block of memory
within the same unit is also used. Further, a data update may require writing new data for one or
more pages of two or more of the blocks of a metablock. This can then require use of up to four
additional blocks 90-93, one in each of the foﬁr units, to update a data file stored in the

metablock, even though the data in only a few pages is being updated.

[0064] In order to reduce the number of blocks required for such partial block updates,
according to another aspect of the present invention, updates to pages of data within any of the
blocks of the illustrated metablock are made, as illustrated by Figure 16, to a single additional
block 90 in the memory unit 80, so long as unused pages in the block 80 remain. If, for example,
data in three pages of the block 86 and two pages of the block 88 are being updated at one time,

all five pages of the new data are written into the block 90. This can save the use of one block of
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memory, thereby to effectively increase the number of available erased blocks by one block.
This helps avoid, or at least postpone, the time when an inveniory of erased blocks becomes
exhausted. If one or more pages from each of the four blocks 85-88 are being updated, all of the
new data pages are programmed in the single block 90, thereby avoiding tying up an additional
three blocks of memory to make the u‘pdate. If the number. of pages of new data exceed the
capacity of an unused block, pages that the block 90 cannot accept are written to another unused

block which may be in the same unit 80 or one of the other units 81-83.

[0065] Although the invention has been described with respect to various exemplary
embodiments, it will be understood that the invention is entitled to protection within the full

scope of the appended claims.
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IT IS CLAIMED:

1. A method of simultaneously storing original and replacement data in a non-
volatile memory system, comprising:

identifying the original and replacement data by the same logical address, and

distinguishing the replacement data from the original data by keeping track of the relative

times that the original and replacement data have been programmed into the memory.

2. In a non-volatile memory system having a plurality of blocks of memory storage
elements that are individually organized into a plurality of pages of memory storage elements, a
method of substituting new data for superceded data within at least one page of one of the
plurality of blocks while data in at least another page of said one block is not replaced,
comprising:

programming the new data into at least one page of said one or another of the plurality of
blocks,

identifying the at least one page of superceded data and the at least one page.of new data
by a common logical address, and

recording a relative time of programming the new and the superceded data.

3. The method of claim 2, wherein the relative time of programming is recorded for
the individual pages in which the new and superceded data are programmed, whereby the at least
one page of new data is distinguishable from the at least one page of superceded data by their

recorded relative times of programming.
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PARTIAL BLOCK DATA PROGRAMMING AND READING
OPERATIONS IN A NON-VOLATILE MEMORY

ABSTRACT OF THE DISCLOSURE

Data in less than all of the pages of a non-volatile memory block are updated by

programming the new data in unused pages of either the same or another block. In order to
prevent having to copy unchanged pages of data into the new block, or to program flags into
superceded pages of data, the pages of new data are identified by the same logical address as the
pages of data which they superceded and a time stamp is added to note when each page was
written. When reading the data, the most recent pages of data are used and the older superceded
pages of data are ignored. This technique is also applied to metablocks that include one block
from each of several different units of a memory array, by directing all page updates to a single

unused block in one of the units.
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43 | “FTL Updgtes, PCMCIA Document Number 0165, Personal Computer Memory Card Intemnational
Association, Version 002, Release 003, March 4, 1996, pp. 1-26.
44 | Mergi, Aryeh and Schneider, Robert, “M-Systems & SCM Flash Filing Software Flash Translation Layer -
FTL”, PCMCIA, July 1994, 15 pages.
45 | Petro Estakhri et al., “Moving Sectors Within a Block of Information in a Flash Memory Mass Storage
Architecture”, U.S. Patent Application No. 09/620,544, filing date July 21, 2000, 48 pages.
46 | PCT International Search Report, European Patent Office, corresponding PCT Application No.
PCT/US02/00366, 7/4/2003, 5 pages.
Examiner Date Considered
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through
citation if not in conformance and not considered. Include copy of this form with your communication to applicant.
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JZB-'Jin-ZOUB 02:17pm  From=PARSONS HSUE & DE RUNTZ LLP 4156930186 T-053 P.001/004 F-361
ParsoNSs HsUE & DERUNTZ LLP

1
: 1 595 Market Street, Suite 1900, San Francisco, CA 94105

tel 415.318.1160 fax 415.693.0194 RECEIVED

ENTRAL FAX CENTER
Date January 26, 2006 JAN 2 6 2006
To United States Patent and Trademark Office

Fax number (571) 273-8300
Tel number  (800) 786-9199

From Gerald P. Parsons, Reg. No. 24,486
Total pages 4

COMMISSIONER FOR PATENTS
P.O. BOX 1450
ALEXANDRIA, VA 22313-1450

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Rcading Operations in a Non-Volatile
Memory

Application No.: 11/250,238

Filing Date: October 13, 2005

Conf. No.: 7727

Atty Docket No.: SNDK.156US2

ENCLOSED:

1. Transmittal Letter (1 page)
2. Power of Attommey by Assignee of Entire Interest (2 pages)

GPP/meb

Due Date: January 13, 2006
Transmission Date:  January 26, 2006

TH’I-S FACSIMILIE 15 SENT BY A LAW FIRM AND MAY CONTAIN INFORMATION THAT IS CONFIDENTIAL OR PRIVILEGED If you are not the Intendad

notify us ly and return this facsimile and any attact to us by mail.
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§<Jan-2006 02:17pm  From-PARSONS HSUE & DE RUNTZ LLP 4156830186 T-053  P.002/004 F-36i

-t

Parsons Hsue & peE RunTz LLP

! L 1 595 Market Street, Suite 1900 San Francisco, CA 94105
tel 415.318.1160 fax 415.693.0194 __ c RECEIVED
ENTRAL FAX CENTER
JAN 2 6 2005
January 26, 2006
Commissioner For Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Re:  Applicant: Kevin M. Conley
Title: Partial Block Data Programming and Reading Operations in a
Non-Volatle Memory
Application No.:  11/250,238 Filing Date: October 13, 2005
Examiner: Unassigned Group Art Unit: 2189
Docket No.: SNDK.156US2 Conf. No.: 7727
Dear Sir:

Transmitted herewith are the following documents in the above-identified application:

(1) This Transmittal Letter (1 page); and
(2) Power of Attorney by Assignee of Entire Interest (2 pages).

X No additional fee is required.

Certificate of Transmission Under 37 CFR 1.8 Respectfully submitted,

T hereby certify that this correspondence is being

facsimile transmitted to the United States Patent and Wﬁ /oﬂ""-g-._.

Trademark Office on January 26, 2006

MW Z-Prom>

e Gerald P. Parsons
Mary E. Buggie QU Reg. No. 24,486
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o 26-Jan-2006 02:17pm  From-PARSONS HSUE & DE RUNTZ LLP 4156930196 T-053 P.003/004 F-361

RECEIVED
. CENTRAL FAX CENTER
SDK0156.002US BEST AVAILABLE COPY JAN 2 6 2008
I THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Couley
Title: Partial Block Data Programming and Reading Operations in a Non-

Volatile Memory
Application No.:  11/250,238 Filing Date: QOctober 13, 2005
Examiner: Unassigned Group Art Unit: 2189
Docket No.: SNDK.156US82 Conf. No.: 7727
Coﬁmisﬁoner for Patents
P.O.Box 1450

Alexandria, VA 22313-1450
POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST

Sir:

SanDisk Corporation, a Delaware corporation, hereby revokes all powers of attorney
previously given and appoints the following aftorneys specifically and solely to prosecute the
above-identified application and to tramsact all business in the United States Patent and
Trademark Office in connection therewith:

Gerald P. Parsons, Reg. No. 24,486
James S. Hsue, Reg. No. 29,545
K. Alison de Runiz, Reg. No. 37,119

Please direct =2ll commumications in conmection with the above-identified patent
a;;plication to:

Customer Number: 36257
Parsons Hsue & de Runtz LLP
595 Market Street, Suite 1900
San Francisco, CA 94105

Telephone No.: (415) 318-1160
Fax No.: (415) 693-0194

Attorney Docket No.: SNDK..156US2 Application No.: 11/250,238
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o .26=Jan-2006 02:17pm  From-PARSONS HSUE & DE RUNTZ LLP 4156830186 T-053 P.004/004 F-361

SDK0156.002US - BEST AVAILABLE COPY

ASSIGNEE CERTIFICATION UNDER 37 CFR 3.73(B)

The undersigned hereby certifies that SmmDisk Corporation is the assignee of the entire
right, title and interest in the above-identified patent application by virtue of a chain of title from
the inventor to SanDisk Corporation, as shown by the Assigmment from the inventor, which was
separately recorded in the United States Patent and Trademark Office at Resl 011487, Frame
0823.

Each of the undersigned is empowered to sign this certificate on behalf of SanDisk

Corporation.

H eloy

Date / /
h
Name: Chérles Van Orden
Title: ice President and General Coumsel

Eﬁcud__li,‘aacﬁm—

4/7/""—/

Neamé’ Meg#n Comport
Title:_Asgsistont Secretary, SanDisk Corporation

Attorney Docket No.: SNDK.156US2 Application No.: 11/250,238
-
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Kevin M. Conley

Partial Block Data Programming and Reading Operations in a Non-

Volatile Memory -
11/250,238 Filing Date: October 13, 2005

Exéminer: Unknown Group Art Unit: 2189

Docket No.: SNDK.156US2 Conf. No.: 7727

Certificate of Mailing Under 37 CFR 1.8

I hereby certify that this correspondence is being deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450, on March 8, 2006

MNai4 9.

Mary E. Buggie l

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:
Pursuant to 37 C.F.R. §§ 1.56, 1.97 and 1.98, Applicant calls the document listed on the
enclosed Form PTO-1449 to the Examiner’s attention in this patent application. A copy of the

document listed on the accompanying Form PTO-1449 is enclosed.

Citation of these documents shall not be construed as (1) an admission that the documents
are prior art with respect to the invention or inventions claimed in this application, (2) a
representation that a search has been made (other than as indicated by any cited document), or
(3) an admission that the cited information is, or is considered to be, material to patentability as

defined in § 1.56(b).

Attorney Docket No.: SNDK.156US2 : Application No.: 11/250,238
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This information disclosure statement is submitted under 37 C.F.R. § 1.97(c). No fee
should be required because, in accordance with § 1.97(e)(1), each item contained in this
information disclosure statement was first cited in a communication from a foreign patent office
in a counterpart foreign application not more than three months prior to the filing of this
information disclosure statement. The Commissioner is authorized, however, to charge any fee
that may be required, or to credit any overpayment, against Deposit Account No. 502664. This

form is being submitted in duplicate.

Respectfully submitted,
M Vi e March 8, 2006
Gerald P. Parsons Date

Reg. No. 24,486

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA 94105

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)

Attorney Docket No.: SNDK.156US2 Application No.: 11/250,238
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U.S. Department of Commerce, Patent and Trademark Atty. Docket No. Application No.

INFORMATION DISCLOSURE STATEMENT BY SNDK.I56US2 11/250,238
P APPLICANT -
‘t\ Applicant Conf. No.
se several sheets if necessary) Kevin M. Conley 7727
R rx i 33} (Form PTO-1449) Filing Date Art Group
October 13, 2005 2189

U.S. Patent Documents
*Examiner Document Filing Date
Initial Number Date Name | Class Subclass If Appropriate

U.S. Published Patent Application Documents

*Examiner Document Filing Date
Initial Number Date Name Class Subclass If Appropriate

Foreign Patent Documents

p Translation

Document Date Country Class Subclass Yes No

OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)

1 | The Patent Office of the People’s Republic of China, “Notification of the First Office Action,” mailed in
related Chinese Application No. 02803882.7 on January 27, 2006, 14 pages, including translation.

Examiner Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through
citation if not in conformance and not considered. Include copy of this form with your communication to applicant.

Sheet 1 of 1

APPLE INC.
EXHIBIT 1002 - PAGE 0050



EAST Search History

Ref

Hits

Search Query

DBs

Default
Operator

Plurals

Time Stamp
~

L1

L2

L3

L5

L6

L7

L8,

L9

L10

L1

L12

L13

L14

1245

6502

42961

415128

4034

187996

1245

101"

49

32

363

71

("same" identical common) near5 (logical adj2 address)
timestamp same 1

711/103 or 711/102 or 711/202 or 711/203 or 711/209
(sanitiz$4 eras$4 programm$4) near5 (part portion partial
partially)

(prom eeprom flash non$volatile)

L4 same 'L5

(original old out-of-date superceded) same (replacement
updated new) :

("same" identical common) near5 (logical adj2 address)
L7 same L8

3and9

timestamp and |

Jand 11

711/103 and 6

Sand 9

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT,;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB,;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

OR

OR

OR

OR

OR

OR

OR

OR

.OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

| ON

ON

ON

ON

ON

ON

ON

ON

2006/07/27 10:28

2006/07/27 12:21

2006/07/27 12:20

2006/07/27 12:20

2006/07/27 12:20

2006/07/27 12:20

2006/07/27 12:21

2006/07/27 12:24

2006/07/27:12:21

2006/07/27 12:21

2006/07/27 12:22

2006/07/27 12:22

2006/07/27 12:22

2006/07/27 12:24

7/27/06 12:24:29 PM

C:\Documents and Settings\ndinh\My Documents\EAST\workspaces\11250238.wsp

Page 1

EXHIBIT 1002 -

APPLE INC.
PAGE 0051



EAST Search History

S1

S2

S3

S4

S5

S6

s7

S8

s9

S10

S11

S12

S13

S14

319157

4993

10402

7695

4558

253

8675

42884

414090

4030

254

prom eeprom flash

(partial partially portion) adj3 updat$4

(stor$4 updat$4) near10 ((original old) adj2 data)

((original old) adj2 data) same ((updated new

replacement) adj2 data)

(stor$4 updat$4) same S4

S5 'same S1

(identical "same") adj3 (logical 1bn)

I S6 same S7

(sanitiz$4 eras$4 programm$4) near$ (part portion partial

partially)

(prom eeprom flash non$volatile)

S9 same S10

S7 same S11

S7and S11

"10841118"

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPQ;
IBM_TDB

US-PGPUB;
USPAT;
EPOQ;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

. US-PGPUB;
'USPAT;

EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;

"USPAT;

EPO;
IBM_TDB
US-PGPUB;
USPAT;,
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

.| ON

ON

ON

ON

ON

2006/07/27 10:27

2006/07/26 18:00

2006/07/26 18:03

2006/07/26 18:03

2006/07/26 18:03

2006/07/26 18:04

2006/07/26 18:32

1 2006/07/26 18:30

2006/07/26 18:31

.2006/07/26°18:32

2006/07/27 12:20

2006/07/26 18:34

2006/07/26 19:45

2006/07/26 19:07

7/27/06 12:24:29 PM

C:\Documents and Settings\ndinh\My Documents\EAST\workspaces\1 1250238.wsp

Page 2

EXHIBIT 1002 -

APPLE INC.
PAGE 0052



EAST Search History

SIS

Si6

S17

S18

S19

S20

187657

1245

101

"20050144357".pub.

"20050144357"

"20060031627"

(original old out-of-date superceded) same (replacement

updated new)

("same" identical common) near$ (logical adj2 address)

S18 same S19

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;

USPAT;
‘EPO;

IBM_TDB".

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2006/07/26 19:07

2006/07/26 19:11

2006/07/26 19:11

2006/07/26 19:47

2006/07/27 10:28

2006/07/27 12:21

7/27/06 12:24:29 PM

C:\Documents and Settings\ndinh\My Documents\EAST\workspaces\11250238.wsp

Page 3

APPLE INC.
EXHIBIT 1002 - PAGE 0053



UNITED STATES PATENT AND TRADEMARK OFFICE AN

UNIPEDSPATES DEPARTMENT OF COMMERCE
Unp d Patent and Trademark Office
Adbress: {MISSIONER FOR PATENTS

Bgx 1450
gAdria, Virginia 22313-1450
uspto.gov

| APPLICATION NO. I FILING DATE l FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. l CONFIRMATION NO. l
11/250,238 10/13/2005 Kevin M. Conley SNDK.156US2 7727
36257 7590 08/08/2006 r EXAMINER l
PARSONS HSUE & DE RUNTZ LLP DINH, NGOC V
595 MARKET STREET :
SUITE 1900 { ART UNIT |  PapernumBER |
SAN FRANCISCO, CA 94105 2189

DATE MAILED: 08/08/2006

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)

APPLE INC.
EXHIBIT 1002 - PAGE 0054



Application No. Applicant(s)

11/250,238 CONLEY, KEVIN M.
Office Action Summary Examiner A Unit

NGOC V. DINH 2189

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 03 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (8) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 13 October 2005.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-3is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) isfare allowed.
6)X Claim(s) 1-3 is/are rejected.
7)] Claim(s) _____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)IX] The drawing(s) filed on 31 October 2005 is/are: a)P] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a) -(d) or (f).
a)JAI b)(J Some * c)[] None of:
1.0 cCertified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) E] Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. _____
3) X Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 10/13/05 03/13/06. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 10132005
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Application/Control Number: 11/250,238 Page 2
Art Unit: 2189

DETAILED ACTION

1. This office action is a response to the continuation of copending U.S. application Serial
No. 10/841388 filed on 05/07/2004 (PN 6,968,421), which is a continuation of
application No 09/766436 filed on 01/19/2001 (PN 6,763,424).

2. Claims 1-3 are presented for examination.

INFORMATION DISCLOSURE STATEMENT
3. The Applicant’s submission of the IDS filed 10/13/2005 and 03/13/2006 have been
considered. However, the Examiner does not consider Prior art WO 02/058074A2 because the
Applicant does not provide copies of this prior art. As required by M.P.E.P. 609 C(2), a copy of
the PTOL-1449 is attached to the instant office action.

As required by M.P.E.P. 2001.06(b) and C.F.R 1.98(d) since the instant application has
been identified as a continuation application of an earlier filed application No. 10/841,388 and
09/766436, now Patent No 6968421 and 6763424 and is relied upon for an earlier filing date
under 35 U.S.C. 120, the Examiner has reviewed the prior art cited in the earlier related
application as required by M.P.E.P 904, and as stated in M.P.E.P 2001.06(b) no separate citation

of the same prior art need be made in the instant application.

SPECIFICATION
4, The Applicant is reminded to update the status of the applications on page 1 of the
specification appropriately. The Applicant should cite the Patent number 6,968,421 of the parent
application serial no. 10/841,388.

DOUBLE PATENTING

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded in public
policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise extension of the "right
to exclude" granted by a patent and to prevent possible harassment by multiple assignees. See In re Goodman, 11
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and
In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be used to overcome an actual
or provisional rejection based on a nonstatutory double patenting ground provided the conflicting application or
patent is shown to be commonly owned with this application. See 37 CFR 1.130(b).
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Application/Control Number: 11/250,238 Page 3
Art Unit: 2189 '

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal disclaimer. A
terminal disclaimer signed by the assignee must fully comply with 37 CFR 3.73(b).

5. Claims 1-4 of Patent No 6,969,421 contain every element of claims 1-3 of the instant

application and as such anticipate claims 1-3 of the instant application.

A later patent claim is not patentably distinct from an earlier patent claim if the later claim is obvious over, or
anticipated by, the earlier claim. In re Longi, 759 F.2d at 896, 225 USPQ at 651 (affirming a holding of obviousness-
type double patenting because the claims at issue were obvious over claims in four prior art patents); In re Berg, 140
F.3d at 1437, 46 USPQ2d at 1233 (Fed. Cir. 1998) (affirming a holding of obviousness-type double patenting where a
patent application claim to a genus is anticipated by a patent claim to a species within that genus). “ ELI LILLY AND
COMPANY v BARR LABORATORIES, INC., United States Court of appeals for the Federal Circuit, ON PETITION
FOR REHEARING EN BANC (DECIDED: May 30, 2001).

Claim 1 correspond to claim 1 of Patent No 6,968,421.
Claim 2 correspond to claims 2-3 of Patent No 6,968,421.
Claim 3 correspond to claim 4 of Patent No 6,968,421.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis

for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in a patent granted on an application for patent by another filed in the United States before the
invention thereof by the applicant for patent, or on an international application by another who has fulfilled the requirements of
paragraphs (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent.

6. Claims 1-3 are rejected under 35 U.S.C.102 () as being anticipated by Fuse et al. PN
6,330,634.

Per claim 1, Fuse teaches a method of simultaneously storing original and replacement
data in a non-volatile memory system [fig. 2], comprising: identifying the original and
replacement data by the same logical address [col. 12, lines 60-67]; and distinguishing the
replacement data from the original data by keeping track of the relative times [new or old data

stored in the blocks is identified by using the identification number, col. 12, lines 60-67; the
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identification number being incremented whenever data in the block is rewritten, col. 11, lines 5-
10] that the original and replacement data have been programmed into the memory col. 2, lines
30-50; col. 11, lines 5-10; col. 12, lines 60-67].

Per claim 2, Fuse teaches in a nonvolatile memory system having a plurality of blocks of
memory storage elements [fig. 2, 4A-4C] that are individually organized into a plurality of pages
of memory storage elements, a method of substituting new data for superceded data within at
least one page of one of the plurality of blocks while data in at least another page of said one
block is replaced [col. 6, lines 19-50], comprising: programming the new data into at least one
page of said one or another of the plurality of blocks [col. 8, lines 20-40]; identifying the at least
one page of superceded data and the at least one page of new data by a common logical address,
and recording a relative time of programming the new and the superceded data [col. 11, lines 1-
15; col. 12, lines 60-67].

Per claim 3, Fuse teaches the relative time of programming is recorded for the individual
page [col. 13, lines 5-10, 54-62] in which the new and superceded data are programmed,
whereby the at least one page of new data is distinguishable from the at least one page of
supercede data by their recorded relative times of programming [col. 11, lines 5-15; col. 12, lines
60-67].

Conclusion

5. Any response to this action should be mailed to:

Under Secretary of Commerce for intellectual Property and Director of the
United States Patent and Trademark Office

PO Box 1450

Alexandria, VA 22313-1450

or faxed to:

(571) 273-8300, (for Official communications intended for entry)

Information regarding the status of an application may be obtained from the Patent
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Application Information Retrieval (PMR) system. Status information for published
Applications may be obtained from either Private PMR or Public PMR. Status information
for unpublished applications is available through Private PAIR only. For more information
about the PAIR system, see http//pak-direct.uspto.gov. Should you have questions on access
to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Ngoc Dinh whose telephone number is (571) 272-4191. The
examiner can normally be reached on Monday-Friday 8:30 AM-5:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Reginald Bragdon, can be reached on (571) 272-4204.

’

VO/ Hegune 2 1. Braohoe

NGOC DINH . REGINALD BRAGDON

Patent Examiner SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2100

ART UNIT 2189

August 02, 2006
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Reading Operations in a Non-
: Volatile Memory

Application No.:  11/250,238 Filing Date: October 13, 2005

Examiner: Dinh, Ngoc V. Group Art Unit: 2189

Docket No.: SNDK.156U82 Conf. No.: 7727

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Pursuant to 37 C.F.R. §§ 1.56, 1.97 and 1.98, Applicants call the documents listed on the

enclosed Form PTO-1449 to the Examiner’s attention in this patent application.

According to 37 C.F.R. 1.98(2)(ii), copies of the U.S. Patents and U.S. Published Patent
Applications documents are not required and are therefore not enclosed. A copy of the listed

foreign patent document is enclosed.

Citation of these documents shall not be construed as (1) an admission that the documents
are prior art with respect to the invention or inventions claimed in this application, (2) a

representation that a seatch has been made (other than as indicated by any cited document), or

Attorney Docket No.: SNDK.156US2 Application No.: 11/250,238
FILED VIA EFS
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(3) an admission that the cited information is, or is considered to be, material to patentability as

defined in § 1.56(b).

This information disclosure statement is submitted under 37

CFR. § 1.97(c). The fee of

$180.00 has been anthorized via EFS to Deposit Account 502664. The Commissioner is hereby

authorized to charge any additional fees, which may be required, or credit any overpayment to

Deposit Account 502664.
Respectfully submitted,
FILED VIA EES
A P Porm, January 8, 2007
Gerald P. Parscns Date

Reg. No. 24,486

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA. 94105

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)

Attorney Docket No.: SNDE.156US2
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l 595 Market Street, Suite 1900 San Francisco, CA 94105
tel 415.318.1160 fax 415.693.0194

January 8, 2007

Mail Stop Amendment Customer No. 66785

Commissioner For Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Re: Applicant: Kevin M. Conley :
Title: Partial Block Data Programming and Reading Operations in a Non-Volatile Memory
Application No.:  11/250,238 Filing Date: October 13, 2005
Examiner: Dinh, Ngoc V. Group Art Unit: 2189
Docket No.: SNDK.156US2 Conf. No.: 7727

Dear Sir:

Transmitted herewith are the following documents in the above-identified application:

(1) This Transmittal Letter;

(2) Response to Office Action and Amendment (8 pages);

(3) Terminal Disclaimer (2 pages);

(4) Petition for Extension of Time (1 page);

(5) Supplemental Information Disclosure Statement and PTO Form 1449 (3 pages);
(6) Copy of 1 cited reference

X The fee has been calculated as shown below:
CLAIMS AS AMENDED

Claims Highest No.

Remaining After Previously Present Additional

Amendment Paid For Extra Rate Fee
Total Claims 15 Minus 20 = 0 x $50.00 $ 0.00
Independent 2 Minus 3 = 0 x $200.00 $ 0.00
Claims
[0 Feeof for the first filing of one or more multiple $

dependent claims per application
X . Fee for Terminal Disclaimer $ 130.00
DX Fee for Petition for Extension of Time $ 450.00
X1 Fee for Information Disclosure Statement $ 180.00
Total additional fee for this Amendment: $ 760.00

| Conditional Petition for Extension of Time: If an extension of time is required

for timely filing of the enclosed document(s) after all papers filed with this
transmittal have been considered, an extension of time is hereby requested.
The fee of $760.00 has been authorized via EFS to Deposit Account 502664.
The Commissioner is hereby authorized to charge any additional fees, which
may be required, or credit any overpayment to Deposit Account 502664.

Respectfully submitted,

Mﬁﬁ%

Gerald P. Parsons
Reg. No. 24,486
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Reading Operations in a Non-
Volatile Memory .

Application No.:  11/250,238 Filing Date: October 13, 2005

Examiner: Dinh, Ngoc V. Group Art Unit: 2189

Docket No.: SNDK..156US2 Conf. No.: 7727

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION AND AMENDMENT

Sir: ‘

This is in response to the non-final Office Action dated August 8§, 2006.

Claim Amendments are reflected in the listing of claims, which begins on page 2 of this
paper.

A Specification Amendment is on page 5 of this paper.

Remarks begin on page 6 of this paper.

Reconsideration is kindly requested in light of the following amendments and remarks.
Attorney Docket No.: SNDK.156US2 ' Application No.: 11/250,238
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CLAIM AMENDMENTS

Please amend the claims by canceling claims 1-3, without prejudice, and adding new
claims 4-18, as indicated on the following listing of all the claims in the present application after

this Amendment:
1.-3. (Cancelled)

4, (New) A method of operating a memory system having an array of
reprogrammable non-volatile charge storage elements organized in blocks of storage elements
that are erasable together and in pages of storage elements within the blocks that are individually
programmable as a unit, comprising: k

as part of writing data into pages, recording an indication of a time that data are written
into individual pages,

when updating data previously written into one or more initial pages, writing the updated
data into one or more update pages and identify the initial and update data pages by the same
logical addresses, and

when reading data of two or more pages having the same logical addresses, read the
indications of the times that data have been stored in the two or more pages and use the data in
the two or more pages having more recent time indications without using data in the two or more

pages having older time indications.

5. (New) The method of claim 4, wherein recording an indication of a time that data
are written into individual pages includes recording a value of a clock within the memory

. System.

6. (New) The method of claim 4, wherein. recording an indication of a time that data

are written into individual pages includes recording a different value of a sequence of numbers.

Attorney Docket No.: SNDK.156US2 Application No.: 1'1/250,238
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7. (New) The method of claim 4, wherein recording an indication of a time that data
are written into individual pages includes recording the indication within the pages wherein the

data are written.

8. (New) The method of claim 4, wherein updating data previously written into one
or more initial pages is limited to updating data in a number of pages less than all of the pages of

a block while not updating data in a remaining one or more pages of the same block.

9. (New) The method of claim 8, wherein the memory system in which the method

is carried out utilizes electrically conductive floating gates as the charge storage elements.

10.  (New) The method of claim 4, wherein as part of writing data into pages, logical

addresses of the individual pages in which the data are written are also written in the individual

pages.

11. (New) The method of claim 4, wherein as part of writing data into pages, data are
written in individual storage elements of the pages with more than two storage states, thereby

- storing more than one bit of data in the individual storage elements.

12. (New) The method of claim 4, wherein the memory system in which the method

is carried out utilizes electrically conductive floating gates as the charge storage elements.

13. (New) A method of operating a memory system having an array of
reprogrammable non-volatile charge storage elements organized in blocks of storage elements
that are erasable together and in pages of storage elements within the blocks that are individually
programmable as a unit, comprising: |

as part of writing data into pages, data are written into the pages of the blocks in

sequence,

Attorney Docket No.: SNDK.156US2 Application No.: 11/250,238
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updating data previously written into one or more initial pages by writing the updated
data into one or more update pages and identify the initial and update data pages by the same
logical addresses, and

reading data from the pages of the blocks in an order that is a reverse of the sequence in
which they where written and ignore data in any page having the same logical address as a page

from which data have already been read.

14.  (New) The method of claim 13, wherein updating data previously written into
one or more initial pages is limited to updating data in a number of pages less than all of the

pages of a block while not updating data in a remaining one or more pages of the same block.

15. (New) The method of claim 14, wherein the memory system in which the method

-1s carried out utilizes electrically conductive floating gates as the charge storage elements.

16.  (New) The method of claim 13, wherein as part of writing data into pages, logical

addresses of the individual pages in which the data are written are also written in the individual

pages.

17.  (New) The method of claim 13, wherein as part of writing data into pages,vdata
are written in individual storage elements of the pages with more than two storage states, thereby

- storing more than one bit of data in the individual storage elements.

18.  (New) The method of claim 13, wherein the memory system in which the method

is carried out utilizes electrically conductive floating gates as the charge storage elements.
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SPECIFICATION AMENDMENT

Please amend the Specification as follows:

- [0001] This application is a continuation of application serial no. 10/841,388, filed May

7, 2004, now patent no. 6,968,421, which in turn is a continuation of application serial no.

09/766,436, filed January 19, 2001, now patent no. 6,763,424, which applications are

incorporated herein in their entirety by this reference.
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REMARKS

The original claims 1-3 of the present continuation application have been cancelled and -

replaced by new claims 4-18.

Double Patenting Rejection

Claims 1-3 were rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims 1-3 of U.S. Patent No. 6,968,421 to Conley
(“Conley”). In order to facilitate the prosecution of the present application with the new claims,

a Terminal Disclaimer is being filed herewith in order to overcome this ground of rejection.

Claim Rejections Under 35 U.S.C. §102
Claims 1-3 were rejected under 35 U.S.C. §102(e) as being anticipated by U.S. Patent

No. 6,330,634 to Fuse et al. (“Fuse”). It is noted that claims in the two parent applications, now
patents nos. 6,763,424 and 6,968,421, were also initially rejected over Fuse. It is submitted that
new independent claims 4 and 13 are also allowable over Fuse. These claims are more specific
in several ways from the initial claims 1-3 of the present continuation application. In particular,
each of new claims 4 and 13 recite, in their last paragraphs, specifics of reading the data earlier
stated to be programmed in a particular way.

New élaims 4-18 are directed to a method of operating a memory by individually
managing pages of storage capacity within erase blocks of data storage elements. Fuse describes
a different operation of a similar type of memory system. Its memory cells are organized into
erase blocks and pages within the blocks but nothing is found in Fuse that suggests the
management of pages of data, rather than entire blocks. In two embodiments described by Fuse,
one for boot data and the other for user data, an order of the programming of original and
updated data are maintained at the block level, but not for individual pages within the blocks.

The Fuse reference does not address the problem of how to operate a memory system to
update data in some pages of a block but not others. Indeed, the memory operation described in
the Fuse reference seems to have significantly different goals, namely either to identify the most
recent copy of boot data or to avoid the loss of user data being rewritten during a power failure.

In the later case, the latest programmed blocks of data are not used for fear of data corruption but
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rather the original user data are maintained as valid. This is the reverse of the methods recited in
the new claims 4-18, where the most recent data are read out of the memory without using the
original data that have been updated.

The method of new independent claim 4 comprises recording the times that data are
written into individual pages within erase blocks and storing updated data in pages that are given
the same logical address as other pages containing the initial data that are being updatéd. Use is
then specified to be made of those times during reading to assemble updated pages of valid data
without using obsolete data in other pages having the same logical addresses. In Fuse, on the
other hand, an identification number is stored in each block to indicate its relative time of
programming, not in each page. (See, for example, Figure 6, showing that the identification
number is maintained along with other block administrative information at the end of the last
page of each block.) Further, Fuse’s identification number is used to identify original data for
reading, in case of a power failure, instead of identifying the most recent updated data for
reading, as recited in all the new claims. '

Although several of the dependent claims 5-12 add other features of novelty over Fuse, it
appears to be sufficient to point out here that these claims are patentable for the same reasons as
set forth above for claim 4.

The method of new claim 13 comprises reading pages of ‘data in a reverse order from that
in which they are written and ignoring data in any page having the same logical address as a page
from which data were previously read. In addition to lacking disclosure of keeping track of
pages of memory cells instead of blocks, nothing is found in Fuse that describes such a reverse
order read in order to identify and utilize the most recent updated data.

Although several of the dependent claims 14-18 add other features of novelty over Fuse,
it appears to be sufficient to point out here that these claims are patentable for the same reasons

as set forth above for claim 13.

Information Disclosure Statement

A Supplemental Information Disclosure Statement is being filed herewith which includes
the reference WO 02/058074 A2 not previously considered because a copy was not included. As
stated in the Information Disclosure Statement filed October 13, 2005 that cited this reference, a
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copy was not included since it was cited and available in the parent case. However, a copy is
now being provided for the Examiner’s convenience. Parent patent no. 6,968,421 is also
included in the Statement. It is respectfully requested that this Supplemental Information
Disclosure Statement be considered and the PTO Form 1449 be initialed and returned with the
next Action, in order to formally make these references of record and cause them to be printed on

the patent granted from the present application.

Conclusion
Accordingly, it is believed that this application is now 1in condition for allowance and an
early indication of its allowance is solicited. However, if the Examiner has any further matters
that need to be resolved, a telephone call to the undersigned at 415-318-1163 would be

appreciated.

Respectfully submitted,

B P e January 8, 2007

Gerald P. Parsons Date
Reg. No. 24,486

FILED VIA EFS

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA 94105 .

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Reading Operations in a Non-
Volatile Memory

Application No.:  11/250,238 Filing Date: October 13, 2005

Examiner: Dinh, Ngoc V. Group Art Unit: 2189

Docket No.: SNDK.156US2 Conf. No.: 7727

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
TERMINAL DISCLAIMER UNDER 37 C.F.R. § 1.321(¢c)

Sir:

SanDisk Corporation (“the owner”) owns the entire interest in and to both the above-
identified continuation application (“instant application”) and parent patent no. 6,968,421 (“prior
patent”) by way of a written assignment from the inventor of parent patent application Serial No.

| 09/766,436, filed January 19, 2001.

The owner hereby disclaims, excef)t as provided below, the terminal part of the statutory
term of any patent granted on the instant application that would extend beyond the expiration
date of the full statutory term defined in 35 U.S.C. §§ 154, 155, 156 and 173, as presently
shortened by any terminal disclaimer, of the prior patent, if any such extended term would
otherwise exist. The owner further agrees that any such patent granted on the instant application
shall be enforceable only for and during such period that such patent and the prior patent are
commonly owned. This agreement runs with any patent granted on the instant application and is

binding upon the owner, its successors and assigns.
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‘In making the above disclaimer, the owner does not disclaim the terminal part of any

patent granted on the instant application that would extend to the expiration date of the full

statutory term as defined in 35 U.S.C. §§ 154, 155, 156 and 173 of the prior patent, as presently

shortened by any terminal disclaimer, in the event that the prior patent later expires for failure to

pay a maintenance fee, is held unenforceable, is found invalid by a court of competent

jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR § 1.321,

has all claims canceled by a reexamination certificate, is reissued, or is in any manner terminated

prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

The fee under 37 C.F.R. § 1.20(d) of $130.00 is being filed herewith. Please charge any

additional fees required or credit any overpayment to our Deposit Account No. 502664.

Respectfully submitted,
FILED VIA EFS

/ém/aﬂ// 2 /&%—— January 8, 2007

Gerald P. Parsons Date
Reg. No. 24,486 '

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA 94105

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Reading Operations in a Non-
Volatile Memory

Application No.:  11/250,238 Filing Date: October 13, 2005

Examiner: Dinh, Ngoc V. Group Art Unit: 2189

Docket No.: SNDK.156US2 Conf. No.: 7727

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

PETITION FOR EXTENSION OF TIME

Dear Sir:

Applicant respectfully petitions for a two-month extension of time within which to
‘respond to the August 8, 2006 outstanding Office Action, such extension allowing the
undersigned until January 8, 2006 to respond. The fee of $450.00 has been authorized via EFS
to Deposit Account 502664. The Commissioner is hereby authorized to charge any additional

fees, which may be required, or credit any overpayment to Deposit Account 502664.

Respectfully submitted,

oo P = January 8, 2007
P

Gerald P. Parsons Date
Reg. No. 24,486

FILED VIA EFS

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA 94105

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)
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PARTIAL BLOCK DATA PROGRAMMING AND READING
OPERATIONS IN A NON-VOLATILE MEMORY

BACKGROUND OF THE INVENTION

This invention pertains to the field of semiconductor non-volatile data storage
system architectures and their methods of operation, and has application to data
storage systems based on flash electrically erasable and programmable read-only
memories (EEPROMs).

A common application of flash EEPROM devices is as a mass data storage
subsystem for elecfronic devices. Such subsystems are commonly implemented as
either removable memory cards that can be inserted into multiple host systems or as
non-removable embedded storage within the host system. In both implementations,
the subsystem includes one or more flash devices and often a subsystem controller.

Flash EEPROM devices are composed of one or more arrays of transistor
cells, each cell capable of non-volatile storage of one or more bits of data. Thus flash
memory does not require power to retain the data programmed therein. Once
programmed however, a cell must be erased before it can be reprogrammed with a
new data value. These arrays of cells are partitioned into groups to provide for
efficient implementation of read, program and erase functions. A typical flash
memory architecture for mass storage arranges large groups of cells into erasable
blocks, wherein a block contains the smallest number of cells (unit of erase) that are
erasable at one time.

.In one commercial form, each block contains enough cells to store one sector
of user data plus some overhead data related to the user data and/or to the block in
which it is stored. The amount of user data included in a sector is the standard 512
bytes in one class of such memory systems but can be of some other size. Because
the isolation of individual blocks of cells from one another that is required to make
them individually erasable takes space on the integrated circuit chip, another class of
flash memories makes the blocks significantly larger so there is less space required

for such isolation. But since.it is also desired to handle user data in much smaller
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sectors, each large block is often further partitioned into individually addressable
pages that are the basic unit for reading and programming user data (unit of
programming and/or reading). Each page usually stores one sector of user data, but a
page may store a partial sector or multiple sectors. A “sector” is used herein to refer
to an amount of user data that is transferred to and from the host as a unit.

The subsystem controller in a large block system performs a number of
functions including the translation between logical addresses (LBAs) received by the
memory sub-system from a host, and physical block numbers (PBNs) and page
addresses within the memory cell array. This translation often involves use of
intermediate terms for a logical block number (LBN) and logical page. The controller
also manages the low level flash circuit operation through a series of commands that it
issues to the flash memory devices via an interface bus. Another function the
controller performs is to maintain the integrity of data stored to the subsystem through
various means, such as by using an error correction code (ECC).

In an ideal case, the data in all the pages of a block are usually updated
together by writing the updated data to the pages within an unassigned, erased block,
and a logical-to-physical block number table is updated with the new address The
original block is then available to be erased. However, it is more typical that the data
stored in a number of pages less than all of the pages within a given block must be
updated. The data stored in the remaining pages of the given block remains
unchanged. The probability of this occurring is higher in systems where the number
of sectors of data stored per block is higher. One technique now used to accomplish
such a partial block update is to write the data of the pages to be updated into a
corresponding number of the pages of an unused erased block and thcn copy the
unchanged pages from the original block into pages of the new block. The original
block may then be erased and added to an inventory of unused blocks in which data
may later bé programmed. Another technique similarly writes the updated pages to a
new block but eliminates the need to copy the other pages of data into the new block
by changing the flags of the pages in the original block which are being updated to
indicate they contain obsolete data. Then when the data are read, the updated data
read from pages of the new block are combined with the unchanged data read from

pages of the original block that are not flagged as obsolete.

2-
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SUMMARY OF THE INVENTION

According to one principal aspect of the present invention, briefly and
generally, both the copying of unchanged data from the original to the new blocks and
the need to update flags within the original block are avoided when the data of fewer
than all of the pages within a block are being updated. This is accomplished by
maintaining both the superceded data pages and the updated pages of data with a
common logical address. The original and updated pages of data are then
distinguished by the relative order in which they were programmed. During reading,
the most recent data stored in the pages having the same logical address are combined
with the unchanged pages of data while data in the original versions of the updated
pages are ignored. The updated data can be written to either pages within a different
block than the original data, or to available unused pages within the same block. In
one specific implementation, a form of time stamp is stored with each page of data
that allows determining the relative order that pages with the same logical address
were written. In another specific implementation, in a system where pages are
programmed in a particular order within the blocks, a form of time stamp is stored
with each block of data, and the most recent copy of a page within a block is
established by its physical location within the block.

These techniques avoid both the necessity for copying unchanged data from
the original to new block and the need to change a flag or other data in the pages of
the original block whose data have been updated. By not having to change a flag or
other data in the superceded pages, a potential of disturbing the previously written
data in adjacent pages of that same block that can occur from such a writing operation
is eliminated. Also, a performance penalty of the additional program operation is
avoided.

A further operational feature, which may be used in conjunction with the
above summarized techniques, keeps track of the logical offset of individual pages of
data within the individual memory cell blocks, so that the updated data need not be
stored with the same physical page offset as the superceded data. This allows more
efficient use of the pages of new blocks, and even allows the updated data to be stored
in any erased pages of the same block as the superceded data.

Another principal aspect of the present invention groups together two or more

blocks positioned in separate units of the memory array (also termed “sub-arrays™) for
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programming and reading together as part of a single operation. Such a multiple
block group is referenced herein as a “metablock.” Its component blocks may be
either all located on a single memory integrated circuit chip, or, in systems using more
than one such chip, located on two or more different chips. When data in fewer than
all of the pages of one of these blocks is updated, the use of another block in that
same unit is normally required. Indeed, the techniques described above, or others,
may be employed separately with each block of the metablock. Therefore, when data
within pages of more than one block of the metablock are updated, pages within more
than one additional block are required to be used. If there are four blocks of four
different memory units that form the metablock, for example, there is some
probability that up to an additional four blocks, one in each of the units, will be used
to store updated pages of the original blocks. One update block is potentially required
in each unit for each block of the original metablock. In addition, according to the
present invention, updated data from pages of more than one of the blocks in the
metablock can be stored in pages of a common block in only one of the units. This
significantly reduces the number of unused erased blocks that are needed to store
updated data, thereby making more efficient use of the available memory cell blocks
to store data. This technique is particularly useful when the memory system
frequently updates single pages from a metablock.

Additional aspects, features and advantages of the present invention are
included in the following description of exemplary embodiments, which description

should be read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a typical prior art flash EEPROM memory array
with memory control logic, data and address registers;

Figure 2 illustrates an architecture utilizing memories of Figure 1 with a
system controller;

Figure 3 is a timing diagram showing a typical copy operation of the memory
system of Figure 2;

Figure 4 illustrates an existing process of updating data in less than all of the

pages of a multi-paged block;
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Figures 5A and 5B are tables of corresponding logical and physical block
addresses for each of the original and new blocks of Figure 4, respectively;

Figure 6 illustrates another existing process of updating data in less than all of
the pages of a multi-paged block;

Figures 7A and 7B are tables of corresponding logical and physical page
addresses for the original and new blocks of Figure 6, respectively;

Figure 8 illustrates an example of an improved process of updating data in less
than all of the pages of a multi-paged block;

Figure 9 is a table of corresponding logical and physical page numbers for the
new block of Figure 8;

Figure 10 provides an example of a layout of the data in a page shown in
Figure 8;

Figure 11 illustrates a further development of the example of Figure 8;

Figure 12 is a table of corresponding logical and physical page numbers for
the new block of Figure 11;

Figure 13 illustrates one way to read the updated data in the blocks of Figure
11;

Figure 14 is a flow diagram of a process of programming data into a memory
system organized as illustrated in Figures 8 and 9; Figure 15 illustrates an existing
multi-unit memory with blocks from the individual units being linked together into a
metablock and

Figure 16 illustrates an improved method of updating -data of a metablock in
the multi-unit memory of Figure 12 when the amount of updated data is much less

that the data storage capacity of the metablock.

DESCRIPTION OF EXISTING LARGE BLOCK MANAGEMENT
TECHNIQUES

Figure 1 shows a typical flash memory device internal architecture. The
primary features include an input/output (I/O) bus 411 and control signals 412 to
interface to an external controller, a memory control circuit 450 to control internal
memory operations with registers for command, address and status signals. One or
more arrays 400 of flash EEPROM cells are included, each array having its own row

decoder (XDEC) 401 and column decoder (YDEC) 402, a group of sense amplifiers
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and program control circuitry (SA/PROG) 454 and a data register 404. Presently, the
memory cells usually include one or more conductive floating gates as storage
elements but other long term electron charge storage elements may be used instead.
The memory cell array may be operated with two levels of charge defined for each
storage element to therefore store one bit of data with each element. Alternatively,
more than two storage states may be defined for each storage element, in which case
more than one bit of data is stored in each element.
. If desired, a plurality of arrays 400, together with related X decoders,
Y decoders, program/verified circuitry, data registers, and the like are provided, for
example as taught by U.S. Patent 5,890,192, issued March 30, 1999, and assigned to
Sandisk Corporation, the assignee of this application, which is hereby incorporated by
this reference. Related memory system features are described in co-pending patent
application serial no. 09/505,555, filed February 17, 2000 by Kevin Conley et al.,
which application is expressly incorporated herein by this reference.
The external interface 1/0 bus 411 and control signals 412 can include
the following:
CS - Chip Select. Used to activate flash memory interface.
RS - Read Strobe. Used to indicate the /O bus is being used to

transfer data from the memory array.

WS - Write Strobe. Used to indicate the I/O bus is being used to

transfer data to the memory array.

AS - Address Strobe. . Indicates that the I/0 bus is being used to transfer

address information.

AD[7:0] - Address/Data Bus This /O bus is used to transfer data between
controller and the flash memory command,
address and data registers of the memory control
450.

This interface is given only as an example as other signal configurations can
be used to give the same functionality. Figure 1 shows only one flash memory array
400 with its related components, but a multiplicity of such arrays can exist on a single
flash memory chip that share a common interface and memory control circuitry but
have separate XDEC, YDEC, SA/PROG and DATA REG circuitry in order to allow

parallel read and program operations.
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Data is transferred from the memory array through the data register 404 to an
external controller via the data registers’ coupling to the 1/0 bus AD[7:0] 411. The data
register 404 is also coupled the sense amplifier/programming circuit 454. The number
of elements of the data register coupled to each sense amplifier/programming circuit
element may depend on the number of bits stored in each storage element of the
memory cells, flash EEPROM cells each containing one or more floating gates as the
storage elements. Each storage element may store a plurality of bits, such as 2 or 4, if
the memory cells are operated in a multi-state mode. Alternatively, the memory cells
may be operated in a binary mode to store one bit of data per storage element.

The row decoder 401 decodes row addresses for the array 400 in order to select
the physical page to be accessed. The row decoder 401 receives row addresses via
internal row address lines 419 from the memory control logic 450. A column decoder
402 receives column addresses via intemal column address lines 429 from the memory
control logic 450.

Figure 2 shows an architecture of a typical non-volatile data storage system, in
this case employing flash memory cells as the storage media. In one form, this
system is encapsulated within a removable card having an electrical connector
extending along one side to provide the host interface when inserted into a receptacle
of a host. Alternatively, the system of Figure 2 may be embedded into a host system
in the form of a permanently installed embedded circuit or otherwise. The system
utilizes a single controller 301 that performs high level host and memory control
functions. The flash memory media is composed of one or more flash memory
devices, each such device often formed on its own integrated circuit chip. The system
controller and the flash memory are connected by a bus 302 that allows the controller
301 to load command, address, and transfer data to and from the flash memory array.
The controller 301 interfaces with a host system (not shown) with which user data is
transferred to and from the flash memory array. In the case where the system of
Figure 2 is included in a card, the host interface includes a mating plug and socket
assembly (not shown) on the card and host equipment.

The controller 301 receives a command from the host to read or write one or
more sectors of user data starting at a particular logical address. This address may or

may not align with a boundary of a physical block of memory cells.
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In some prior art systems having large capacity memory cell blocks that are
divided into multiple pages, as discussed above, the data from a block that is not
being updated needs to be copied from the original block to a new block that also
contains the new, updated data being written by the host. This technique is illustrated
in Figure 4, wherein two of a large number of blocks of memory are included. One
block 11 (PBNO) is illustrated to be divided into 8 pages for storing one sector of user
data in each of its pages. Overhead data fields contained within each page include a
field 13 containing the LBN of the block 11. The order of the logical pages within a
logical block is fixed with respect to the corresponding physical pages within a
physical block. A second similarly configured block 15 (PBN1) is selected from an
inventory of unused, erased blocks. Data within pages 3-5 of the original block 11 are
being updated by three pages of new data 17. The new data is written into the
corresponding pages 3-5 of the new block 15, and user data from pages 0-2, 6 and 7
of the block 11 are copied into corresponding pages of the new block 15. All pages of
the new block 15 are preferably programmed in a single sequence of programming
operations. After the block 15 is programmed, the original block 11 can be erased
and placed in inventory for later use. The copying of: data between the blocks 11 and
15, which involves reading the data from one or more pages in the original block and
subsequently programming the same data to pages in a newly assigned block, greatly
reduces the write performance and usable lifetime of the storage system.

With reference to Figures 5A and 5B, partial tables show mapping of the
logical blocks into the original and new physical blocks 11 and 15 before (Figure 5A)
and after (Figure 5B) the updating of data described with respect to Figure 4. Before
the data update, the original block 11, in this example, stores pages 0-7 of LBNO into
corresponding pages 0-7 of PBNO. After the data update, the new block 15 stores
pages 0-7 of LBNO in corresponding pages 0-7 of PBN1. Receipt of a request to read
data from LBNO is then directed to the physical block 15 instead of the physical block
11. In a typical controller operation, a table in the form of that shown in Figures 5A
and 5B is built from the LBN field 13 read from a physical page and knowledge of the
PBN that is addressed when reading the data field 13. The table is usually stored in a
volatile memory of the controller for ease of access, although only a portion of a

complete table for the entire system is typically stored at any one time. A portion of
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the table is usually formed immediately in advance of a read or programming
operation that involves the blocks included in the table portion.

In other prior art systems, flags are recorded with the user data in pages and
are used to indicate that pages of data in the original block that are being superceded
by the newly written data are invalid. Only the new data is written to the newly
assigned block. Thus the data in pages of the block not involved in the write
operation but contained in the same physical block as the superceded data need not be
copied into the new block. This operation is illustrated in Figure 6, where pages 3-5
of data within an original block 21 (PBNO) are again being updated. Updated pages
3-5 of data 23 are written into corresponding pages of a new block 25. As part of the
same operation, an old/new flag 27 is written in each of the pages 3-5 to indicate the
data of those pages is old, while the flag 27 for the remaining pages 0-2, 6 and 7
remains set at “new”. Similarly, the new PBNI is written into another overhead data
field of each of the pages ?;-5 in the block 21 to indicate where the updated data are
located. The LBN and page are stored in a field 31 within each of the physical pages.

Figures 7A and 7B are tables of the comrespondence between the data
LBN/page and the PBN/page before (Figure 7A) and after (Figure 7B) the data update
is complete. The unchanged pages 0-2, 6 and 7 of the LBN remain mapped into
PBNO while the updated pages 3-5 are shown to reside in PBN1. The table of Figure
7B is built by the memory controller by reading the overhead data fields 27, 29 and 31
of the pages within the block PBNO after the data update. Since the flag 27 is set to
“old” in each of pages 3-5 of the original block PBNO, that block will no longer
appear in the table for those pages. Rather, the new block number PBN1 appears
instead, having been read from the overhead fields 29’ of the updated pages. When
data are being rcad from LBNO, the user data stored in the pages listed in the right
column of Figure 7B are read and then assembled in the order shown for transfer to
the host.

Various flags are typically located in the same physical page as the other
associated overhead data, such as the LBN and an ECC. Thus, to program the
old/new flags 27, and others, in pages where the data has been superceded requires
that a page support multiple programming cycles. That is, the memory array must
have the capability that its pages can be programmed in at least at least two stages

between erasures. Furthermore, the block must support the ability to program a page

9.
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when other pages in the block with higher offsets or addresses have been alread}'/
programmed. A limitation of some flash memories however prevents the usage of
such flags by specifying that the pages in a block can only be programmed in a
physically sequential manner. Furthermore, the pages support a finite number of
program cycles and in some cases additional programming of programmed pages is
not permitted.

What is needed is a mechanism by which data that partially supercedes data
stored in an existing block can be written without either copying unchanged data from
the existing block or programming flags to pages that have been previously

programmed.

DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION

There are many different types of flash EEPROM, each of which presents its
own limitations that must be worked around to operate a high performance memory
system formed on a small amount of integrated circuit area. Some do not provide for
writing any data into a page that has already been programmed, so updating flags in a
page that contains superceded data, as described above, is not possible. Others allow
such flags to be written but doing so in pages whose data is being superceded can
disturb data in other pages of the same block that remain current.

An example memory system where this has been found to be a problem is a
NAND type, where a column of memory cells is formed as a series circuit string
between a bit line and a common potential. Each word line extends across a row of
memory cells formed of one cell in each such string. Such a memory is particularly
susceptible to such memory state disturbs when being operated in a multi-state mode
to store more than one bit of data in each such cell. Such operation divides an
available window of a memory cell transistor threshold voltage range into narrow
non-overlapping voltage level ranges, each range becoming narrower as the number
of levels, and thus the number of bits being stored in each cell, are increased. For
example, if four threshold ranges are used, two bits of data are stored in each cell’s
storage element. And since each of the four threshold voltage ranges is necessarily
small, the chance of the state of a cell being disturbed by programming other cells in

the same block is increased with multi-state operation. In this case, the writing of the
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old/new or other flags, as described with respect to Figures 6, 7A and 7B, cannot be
tolerated.

A common feature of each of the existing memory management techniques
described above with respect to Figures 4-7B is that a logical block number (LBN)
and page offset is mapped within the system to at most two physical block numbers
(PBNs). One block is the original block and the other contains the updated page data.
Data are written to the page location in the block corresponding to the low order bits
of its logical address (LBA). This mapping is typical in various types of memory
systems. In the techniques described below, pages containing updated data are also
assigned the same LBN and page offsets as the pages whose data has been
superc_eded. But rather than tagging the pages containing original data as being
superceded, the memory controller distinguishes the pages containing the superceded
data from those containing the new, updated version either (1) by keeping track of the
order in which‘ the pages having the same logical addresses were written, such as by
use of a counter, and/or (2) from the physical page addresses wherein, when pages are
written in order within blocks from the lowest page address to the highest, the higher
physical address contains the most recent copy of the data. When the data is accessed
for reading, therefore, those in the most current pages are used in cases where there
are pages containing superceded data that have the same logical addresses, while the
superceded data are ignored.

A first specific implementation of this technique is described with respect to
Figures 8 and 9. The situation is the same in this example as that in the prior art
techniques described with respect to Figures 4-7B, namely the partial re-write of data
within a block 35, although each block is now shown to contain 16 pages. New data
37 for each of the pages 3-5 of the block 35 (PBN 35) is written into three pages of a
new block 39 (PBNI1) that has previously been erased, similar to that described
previously. A LBN and page offset overhead data field 41 written into the pages of
PBNI1 that contain the updated data is the same as that in the pages of the superceded
data in the initial block PBNO. The table of Figure 9, formed from the data within the
fields 41 and 41°, shows this. The logical LBN and page offsets, in the first column,
are mapped into both the first physical block (PBNO), in the second column, and, for
the pages that have been updated, also into the second physical block (PBN1) in the
third column. The LBN and logical page offsets 41° written into each of the three
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pages of updated data within the new block PBNI1 are the same as those 41 written
into each of a corresponding logical page of the original block PBNO.

In order to determine which of two pages having the same LBN and page
offset contains the updated data, each page contains another overhead field 43 that
provides an indication of its time of programming, at least relative to the time that
other pages with the same logical address are programmed. This allows the controller
to determine, when reading the data from the memory, the relative ages of the pages
of data that are assigned the same logical address.

There are several ways in which the field 43, which contains a form of
time stamp, may be written. The most straight forward way is to record in that field,
when the data of its associated page is programmed, the output of a real-time clock in
the system. Later programmed pages with the same logical address then have a later
time recorded in the field 43. But when such a real-time clock is not available in the
system, other techniques can be used. One specific technique is to store the output of
a modulo-N counter as the value of the field 43. The range of the counter should be
one more than the number of pages that are contemplated to be stored with the same
logical page number. When updating the data of a particular page in the original
block PBNO, for example, the controller first reads the count stored in the field 43 of
the page whose data are being updated, increments the count by some amount, such as
one, and then writes that incremented count in the new block PBN1 as the field 43°.
The counter, upon reaching a count of N+1, rolls over to 0. Since the number of
blocks with the same LBN is less than N, there is always a point of discontinuity in
the values of stored counts. It is easy then to handle the rollover with normalized to

the point of discontinuity.

The contro]lér, when called upon to read the data, easily distinguishes between
the new and superceded pages’ data by comparing the counts in the fields 43 and 43’
of pages having the same LBA and page offset. In response to a need to read the most
recent version of a data file, data from the identified new pages are then assembled,
along with original pages that have not been updated, into the most recent version of
the data file.

It will be noted that, in the example of Figure 8, the new data pages 37 are
stored in the first three pages 0-2 of the new block PBNI, rather than in the same
pages 3-5 which they replace in the original block PBNO. By keeping track of the
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individual logical page numbers, the updated data need not necessarily be stored in
the same page offset of the new block as that of the old block where superceded data
is contained. Page(s) of updated data can also be written to erased pages of the same
block as the page of data being superceded.

As a result, there is no constraint presented by the techniques being descril-)ed
that limit which physical page new data can be written into. But the memory system
in which these techniques are implemented may present some constraints. For
example, one NAND system requires that the pages within the blocks be programmed
in sequential order. That means that programming of the middle pages 3-5, as done in
the new block 25 (Figure 6), wastes the pages 0-2, which cannot later be programmed.
By storing the new data 37 in the first available pages of the new block 39 (Figure 8)
in such a restrictive system, the remaining pages 3-7 arc available for later use to store
other data. Indeed, if the block 39 had other data stored in its pages 0-4 at the time
the three pages of new data 37 were being stored, the new data could be stored in the
remaining unused pages 5-7. This makes maximum use of the available storage
capacity for such a system.

An example of the structure of data stored in an individual page of the blocks
of Figure 8 is shown in Figure 10. The largest part is user data 45. An error
correction code (ECC) 47 calculated from the user data is also stored in the page.
Overhead data 49, including the LBN and page tag 41 (logical page offset), the time
stamp 43 and an ECC 51 calculated from the overhead data are also stored in the
page. By having an ECC 50 covering the overhead data that is separate from the user
data ECC 47, the overhead 49 may be read separately from the user data and
evaluated as valid without the need to transfer all of the data stored in the page.
Alternatively, however, where the separate reading of the overhead data 49 is not a
frequent event, all of the data in the page may be covered by a single ECC in order to
reduce the total number of bits of ECC in a page.

A second specific implementation of the inventive technique can also be
described with respect to Figure 8. In this example, the time stamp is used only to
determine the relative age of the data stored in blocks, while the most recent pages
among those that carry the same LBN and page number are determined by their
relative physical locations. The time stamp 43 then does not need to be stored as part

of each page. Rather, a single time stamp can be recorded for each block, either as
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part of the block or elsewhere within the non-volatile memory, and is updated each
time a page of data is written into the block. Data is then read from pages in an order
of descending physical address, starting from the last page of the most recently
updated block containing data pages having the same LBN.

In Figure 8, for example, the pages are first read in the new block PBN1 from
the last (page 15) to the first (page 0), followed by reading the pages of the original
block PBNO in the same reverse order. Once logical pages 3, 4 and 5 have been read
from the new block PBNI1, the superceded data in those pages of the original block
PBNO that are identified by the same logical page numbers can be skipped during the
reading process. Specifically, physical pages 3, 4 and 5 of the old block PBNO are
skipped during reading, in this example, once the controller determines that their
LBN/pages 41 are the same as those of the pages already read from the new block
PBNI1. This process can increase the speed of reading and reduce the number of
overhead bits 49 that need to be stored for each page. Further, when this reverse page
reading technique is employed, the table of Figure 9 used by the controller during a
reading operation can be simplified into the form of Figures 5A and 5B. Only an
identity of those physical blocks containing data of a common logical block and the
relative times that the physical blocks were programmed need to be known in order to
carry out this efficient reading process.

Figure 11 illustrates an extension of the example of Figure 8 by including a
second update to the data originally written in the block PBNO. New data 51 for
logical pages 5, 6, 7 and 8 is written to the respective physical pages 3, 4, 5 and 6 of
the new block PBN1, along with their LBN and page number. Note, in this example,
that the data of logical page 5 is being updated for the second time. During a reading
operation that begins from the last page of the new block PBN1, the most recently
written logical pages 8, 7, 6 and 5 of the data of interest are first read in that order.
Thereafter, it will be noted that the LBN/page overhead field in physical page 2 of
PBNI1 is the same as that read from the physical page 3, so the user data of page 2 is
not read. The physical pages 1 and O are then read. Next, the pages of the original
block PBNO are read, beginning with physical page 5. After reading physical pages
15-9, the controller will note that the LBN/page fields of each of pages 8-3 match

those of pages whose data has already been read, so the old data need not be read
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from those pages. The efficiency of the reading process is thus improved. Finally,
the original data of physical pages 2-0 are read since that data was not updated.

It will be noted that this example of reading pages in a reverse order efficiently
sorts out the new data pages from the superceded data pages because data are written
in physical page locations of an erased block in order from page 0 on. This technique
is not limited to use with a memory system having such a specific programming
constraint, however. So long as the order in which pages are programmed within a
given block is known, the data from those pages may be read in the reverse order
from which they were written. What is desired is that the most recently programmed
pages having a common LBN with others that were earlier programmed be read first,
and these are the most recently programmed pages. The most recent versions of
updated pages are read first so that the superceded versions may easily be identified
thereafter.

A table showing the correspondence between the logical data and physical
page addresses for the example of Figure 11 is given in Figure 12. Although there
have been two data updates, both are represented by the single column for the second
block PBN1. The physical page noted in PBNI1 for the logical page 5 is simply
changed upon the second update to that page occurring. If the updating involves a
third block, then another column is added for that other block. The table of Figure 12,
constructed by readihg the overhead data from each of the pages in blocks to which
data of a common LBN has been written, can be used by the first implementation
when the reverse page reading technique is not used. When the reverse page reading
technique described above is used, the table of Figure 12 need be built only to identify
a correspondence between an LBN and all PBNs containing data of that LBN.

An efficient way to organize pages of data being read from a physical block,
where one or more of the pages has been updated, is illustrated by Figure 13. Enough
space is provided in a volatile memory of the controller to buffer at least several pages
of data at a time, and preferably a full block of data. That is what is shown in Figure
13. Sixteen pages of data, equal to the amount stored in a non-volatile memory block,
are stored in the controller memory. Since the pages are most commonly read out of
order, each page of data is stored in its proper position with respect to the other pages.
For example, in the reverse page read operation of Figure 11, logical page 8 if the first

to be read, so it is stored in position 8 of the controller memory, as indicated by the
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“1” in a circle. The next is logical page 7, and so forth, until all pages of data desired
by the host are read and stored in the controller memory. The entire set of page data
is then transferred to the host without having to manipulate the order of the data in the
buffer memory. The pages of data have already be organized by writing them to the
proper location in the controller memory.

A method of programming a non-volatile memory system that utilizes the
techniques described with respect to Figures 8 and 9 is illustrated in the flow chart of
Figure 14. Data for pages of an existing file to be updated are received from a host
system, as indicated by the block 52. It is first determined by a step 53 whether the
number of pages of updated data to be stored is equal to or greater than the storage
capacity of a block of the system, 16 pages being shown as the block capacity, for
simplicity, in the above described example. If so, one or more unused, erased blocks
are addressed, in a step 55, and the new data pages are written to the addressed
block(s), in a step 57. Typically, the updating of one block or more of data will result
in one or more blocks storing the data that have been superceded by the new data. If
so, as indicated by a step 59, those blocks with superceded data are identified for
erasure. For the purpose of increasing performance, it is preferable that erase
operations occur in the background, or when host requested programming or reading
operations are not taking place. After being erased, the blocks are returned to the
inventory of unused, erased blocks for further use. Alternatively, erasure of the
blocks can be deferred until they are needed for programming operations.

If, on the other hand, in the step 53, it is determined that there are fewer pages
of new data than will utilize the full storage capacity of a block, a next step 61
determines whether there are énough unused pages in a block having some pages
programmed with other data. If so, such a block is addressed, in a step 63. If not, a
totally unused, erased block is addressed, in a step 65. In either case, in a step 67, the
new data are programmed into unused pages of the addressed block. As part of this
programming process, the LBN and page offset is written into the fields 41, and the
time stamp into the fields 43 of each of the pages (Figure 8) of the updated data, in the
manner described above.

A desirable feature of the programming process is to make available for future
programming any blocks that store only superceded data. So the question is asked, in

a step 69, whether the data updating process has resulted in an entire block remaining
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with only superceded data. If so, such a block 1s queued for erasure, in a step 71, and
the process is then completed. If not, the step 71 1s omitted and the data update is

finished.

METABLOCK OPERATION

In order to improve performance by reducing programming time, a goal is to
program as many cells in parallel as can reasonably be done without incurring other
penalties. One implementation divides the memory array into largely independent
sub-arrays or units, such as multiple units 80-83 of Figure 15, each unit in turn being
divided into a large number of blocks, as shown. Pages of data are then programmed
at the same time into more than one of the- units. Another configuration further
combines one or more of these units from multiple memory chips. These multiple
chips may be connected to a single bus (as shown in Figure 2) or multiple
independent busses for higher data throughput. An extension of this is to link blocks
from different units for programming, reading and erasing together, an example being
shown in Figure 15. Blocks 85-88 from respective ones of the units 80-83 can be
opcerated together as a metablock, for example. As with the memory embodiments
described above, each block, the smallest erasable group of the memory array, is
typically divided into multiple pages, a page containing the smallest number of cells
that are programmable together within the block. Therefore, a programming
operation of the metablock shown in Figure 15 will usually include the
simultaneously programming of data into at least one page of each of the blocks 85-88
forming the metablock, which is repeated until the metablock is full or the incoming
data has all been programmed. Other metablocks are formed of different blocks from
the array units, one block from each unit.

In the course of operating such a memory, as with others, pages of data less
than an entire block often need to be updated. This can be done for individual blocks
of a metablock in the same manner as described above with respect to either of
Figures 4 or 6, but preferably by use of the improved technique described with respect

to Figure 8. When any of these three techniques are used to update data of one block

of the metablock, an additional block of memory within the same unit is also used.

Further, a data update may require writing new data for one or more pages of two or

more of the blocks of a metablock. This can then require use of up to four additional
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blocks 90-93, one in each of the four units, to update a data file stored in the
metablock, even though the data in only a few pages is being updated.

In order to reduce the number of blocks required for such partial block
updates, according to another aspect of the present invention, updates to pages of data
within any of the blocks of the illustrated metablock are made, as illustrated by Figure
16, to a single additional block 90 in the memory unit 80, so long as unused pages in
the block 80 remain. If, for example, data in three pages of the block 86 and two
pages of the block 88 are being updated at one time, all five pages of the new data are
written into the block 90. This can save the use of one block of memory, thereby to
effectively increase the number of available erased blocks by one block. This helps
avoid, or at least postpone, the time when an inventory of erased blocks becomes
exhausted. If one or more pages from each of the four blocks 85-88 are being
updated, all of the new data pages are programmed in the single block 90, thereby
avoiding tying up an additional three blocks of memory to make the update. If the
number of pages of new data exceed the capacity of an unused block, pages that the
block 90 cannot accept are written to another unused block which may be in the same
unit 80 or one of the other units 81-83.

Although the invention has been described with respect to various exemplary
embodiments, it will be understood that the invention is entitled to protection within

the full scope of the appended claims.
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IT IS CLAIMED:

1. A method of simultaneously storing original and replacement data in a
non-volatile memory system, comprising:

identifying the original and replacement data by the same logical address, and

distinguishing the replacement data from the original data by keeping track of
the relative times that the original and replacement data have been programmed into

the memory.

2. A method of storing and retrieving original and replacement data in a
non-volatile memory system, comprising:

identifying units of the original and the replacement data by the same logical
address,

reading units of data in an inverse order from an order in which they were
programmed into the memory, and ‘

distinguishing units of replacement data from units of original data having the

same logical address by the order in which they are read.

3. In a non-volatile memory system having a plurality of blocks of
memory storage elements that are individually organized into a plurality of pages of
memory storage elements, a method of substituting new data for superceded data
within at least one page of one of the plurality of blocks while data in at least another
page of said one block is not replaced, comprising:

programming the new data into at least one page of said one or another of the
plurality of blocks, A

identifying the at least one page of superceded data and the at least one page
of new data by a common logical address, and

recording a relative time of programming the new and the superceded data.

4. The method of claim 3, wherein the relative time of programming is
recorded for the individual pages in which the new and superceded data are
programmed, whereby the at least one page of new data is distinguishable from the at

least one page of superceded data by their recorded relative times of programming.
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5. The method of claim 3, wherein the relative time of programming is
recorded for the individual blocks, thereby to identify an order of programming of
individual blocks having data with a common logical address, and further wherein
pages within the individual blocks are programmed in a designated order, whereby the
new pages of data are distinguishable from superceded pages of data within an

individual block by their relative positions within the block.

6. The method of claim 3, wherein the data in at least another page of
said one block that is not replaced are not copied into said one or another block as part

of substituting the new data for the superceded data.

7. The method of claim 3, wherein nothing is written into the at least one

page of superceded data as part of substituting the new data for the superceded data.

8. The method of claim 4, wherein recording a relative time of
programming the new and superceded data includes storing a value of a clock at each

of the times that the new and superceded data are programmed.

9. The method of claim 4, wherein recording a relative time of
programming the new and superceded data includes storing a different value of a
sequence of numbers at each of the times that the new and superceded data are

programmed.

10. The method of either of claims 8 or 9, wherein storing the value
indicating a relative time of programming the new and superceded data includes
storing the individual values within the same pages as the new and superceded data to

which the values relate.

11. The method of claim 3, wherein programming the new data into at
least one page of another said one or another of the plurality of blocks includes
programming the new data into the first available unused pages within said one or

another block in a predefined order.
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12. The method of claim 3, wherein identifying the at least one page of
superceded data and the at least one page of new data by a common logical address
includes recording at least part of the common logical address in the individual pages

as overhead data.

13. The method of claim 12, including building a table in volatile memory

including multiple physical block addresses for the common logical address.

14. A method of reading data that has been updated according to claim 4,
comprising:

reading pages of data from said one block and, if new data has been
programmed thereinto, said another block,

identifying any multiple pages of data that have the same logical address,

utilizing the recorded relative time of programming the new and superceded
data to identify the most current of any pages having the same logical address, and

assembling data in the most current of any pages having the same logical
address along with pages in said at least another page of said one block that have not

been updated.

15. A method of reading data that has been updated according to claim 5,
comprising:

reading pages of data within said one and, if new data has been programmed
thereinto, another block in a reverse order from which they were programmed, and

passing over any pages of data so read which have the same logical page

address as a page whose data has already been read.

16. The method of either one of claims 14 or 15, additionally comprising
operating the individual memory storage elements with more than two storage states,
thereby storing more than one bit of data in each storage element, and reading pages
of data includes reading the more than two storage states from the individual memory

storage elements.
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17. The method of any one of claims 3-9, additionally comprising
operating storage elements of the individual memory cells with more than two storage

states, thereby storing more than one bit of data in each storage element.

18. The method of claim 17, wherein the storage elements include

individual floating gates.

19. The method of any one of claims 3-9, wherein the non-volatile
memory system is formed within an enclosed card having an electrical connector

along one edge thereof that operably connects with a host system.

20. A method of operating a non-volatile memory system having an array
of memory storage elements organized into at least two sub-arrays, wherein the
individual sub-arrays are divided into a plurality of non-overlapping blocks of storage
elements wherein a block contains the smallest group of memory storage elements
that are erasable together, and the individual blocks are divided into a plurality of
pages of storage elements wherein a page is the smallest group of memory storage
elements that are programmable together, comprising:

linking at least one block from individual ones of said at least two sub-arrays
to form a metablock wherein its component blocks are erased together as a unit, and

updating pages of original data within any of the metablock component blocks
less than all the pages within the block by programming replacement data into pages
within another at least one block in only a designated one of the sub-arrays regardless

of which sub-array the data being updated is stored.

21. The method of claim 20; wherein storing the original and replacement
data includes:

identifying the original and replacement data by the same logical address to
the memory system, and

distinguishing the replacement data from the original data by keeping track of
the relative times that the original and replacement data have been programmed their

respective pages of the memory.
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22. A non-volatile memory system, comprising;:
an array of non-volatile memory storage elements organized in blocks of
storage elements, wherein an individual block contains the smallest group of storage
elements that is erasable, and
5 a programming mechanism that writes into a first block an updated version of
less than all of original data stored in a second block along with an indication of the
later writing of the updated version,
an address mechanism that logically addresses both the original data and the
updated version with the same address, and
10 a reading mechanism that distinguishes the updated version from the original
data at least in part by the relative time by said indication of the later writing of the

updated version.

-23-

APPLE INC.
EXHIBIT 1002 - PAGE 0109



WO 02/058074

412

CS
RS

ws
AS

411

AD[7:0]

Host Interface

Fig. 1 (Prior Art)

Fig. 2 (Prior Art)

PCT/US02/00366
A,O‘\ .
MEMORY R
CONTROL >
A
D
D
450 D | x FLASH
k| D MEMORY
> E ARRAY
°
0
YDEC 402 |
SA/PROG 454 |

DATA REGISTER

404 l

APPLE INC.
EXHIBIT 1002 - PAGE 0110



WO 02/058074 PCT/US02/00366

2/7
M—-ro262
(2 c"F 72
1 ] : : J Pt 1
RWB — i —\4 i s i/
XFER TN T ‘o :
H 1 1 i 1
READ — P o
t ) ] 1 ]
PROG i E E :‘” i A
ADDR SRCIN-1 ] L DSTIN] SRCIN] ! DSTIN+1]
“wnn i [ 1 ] :l . ) :
[ oy oy 1 1 Loy o ) V
§.¥¥ =T —» 2 ||T [ T P T N H
[-X-X-]
" o0
-
SS3
EEE Fig. 3 (Prior Art)
£
<
J
1Page 0

j_l“’ ;Page 1

Original Newly
Blcck Page 3 Assigned
PaN Q g:::"a Page ¢ Block ,

e oo pens
] , Page 7 (‘_‘5—
Lrew (13)
Fig. 4 (Prior Art)
LBM | PRN } CLBM | peM
7z P | 77
i 4 ' f
! { { {
! i
| l' f {
[ l ‘ ;
F/85A V ' F/s. 58
Orignal v witn Mew
Eloct I : 8loct 1S

APPLE INC.
EXHIBIT 1002 - PAGE 0111



WO 02/058074 PCT/US02/00366

3/7
M-10282
(3 st 7)
P ’
P VA0S B
ti Pape @ . T Paye &
til Page ) 7 fege (
0"'9’1"“{ i f ; fage 2 . . . L fage 2 Mew
Rloc < Gt fepe 2 New fage T |41 | fhige Z Assignes
FENG Fii Ae 4 nity fage 4 | ———[ 0 Jige & | Block
,E*srv:,-'ﬁqe. st rope S »:l e PEN 2
2L fage 6 23 2 J
wwunwn iAE i qui 7 - ! ! 4-25‘
Bas | 2e/ny 2771 =
I ade (74 rxa’
ggg F/i?% 27 gjy.jsfzéeﬁ F/6. & (Pr)or— Anz) 7
=53
N LBN Paga | PBN Pyo LEN fogel pan Paga
s o | P ¢ £ 2\ 3 o
¢ 4 ® t o ! & !
é z |46 = s z| @ 2
¢ = | ¢ = ¢ 2 { 2
s 4|0 % ¢ 4|1 4
Fle.74 ¢ S | 5 ¢ s |1 ¢ F1&57%2
(ovigivg ! & & P 4 p < & ¢ (ith rew E/ocfc)
Ricc ) 6 T | ¢ 7 & - & >
L BN, ﬂﬂ(;é.v‘ﬂ Z
e ' &y
11 Pege o
‘1 Page | A 0%
0r;7maf i ;‘ Page 2 TV Page 2| Mewly
B/OC# N 27 vow /Jqft = : : ﬂ!qf& =z ﬂSSiqud
PBMNY -4 pala foge 4 iT e 4 | Blocks
=2 fage &~ i1 Pege 5 | PENI
2 ] i z7 Q il fege &
—_— ' 4 ] Page ”7
§ i fege R
W i Fere 7
Frée. 8 i lage 1O
fage
i fage (2
i Pege /3
U e 14 &39
T Page /5
- 57’!»4[5‘ 43

APPLE INC.
EXHIBIT 1002 - PAGE 0112



WO 02/058074 PCT/US02/00366
4/7
M~/026 2
(280D
LEN, Pige |PBUS, puga| PENT, Fope.
¢ @ |
& | & !
¢ == |6 =z
¢ 2| 2|1 &
& #+ |0 a2z 1
- @ S| 511 =
s sle ¢ |
saGn & 7| @ 7 F/¢. 9
“2g § TR : :
353 -
i g ‘ A
ovsansnnl USER OATH If;ftz.
) S — _
,’ = —~—
/ -~ ~
E A% leck
Len | E ;;;'MF Fias NZT:M Fins Fre. fo
[ ——— 1 {
4 4% 5o
Page 2 vew “Pege é///9""?, Pye 3
_Page / Blocte |/ 2 Page | Lo Aorr. Pige 4
Page 2 PENT S Page ?—,/// ar;z_._{a,e s
S Page B0 NN fage NN\ orig. foge 5
7/ Page 4777, : / N\\egze PN\Noviy. Bge €
orignal (S g X Fage s /\\\,om NN o pe 7
P NN Frge & 17 RS age NN oy, fage 5
PBN?  IN\\\Page 7NN Pige 7 / Pige 7
AW Arge BN\\Y Pege B Page &
257 Pege 7 Tey Pege 7 Q
== Pega ] = Pege 12 4
Page U1 ' : Page 1/ h
frge 12 /5 // Page 12 u
Pege 12 pege (2
Pega (4 Pege. |4
Page 15 Aege 15 e 37

APPLE INC.
EXHIBIT 1002 - PAGE 0113



WO 02/058074

PCT/US02/00366
5/7

| . M- o252

(5 =€ 7)
AECEIVE  DATA
FRorm Host— Egpa
53
o el
[/) fo B
Aaf Least One 8lxk Ye‘ Jﬁ 5.; o
Address at Jeast ane
geg New Ergzed Blocts
252 i
288 T s
-0 = No A Retiny Wit New Dafe 74
393 5\ Adelressecl. @lock ()
opops . '
Pl Addrass a New j —37
Erased @/00& , Marﬁ\k ! aﬂw}_géné ¢
Address Fre frial With Some
Wt ¥ 2 E/oc/: ’y fb'r Eras<a
Wriﬁl Mew Daty | &7 END
|/ Addressed Black
Fré. 44— pfc7mmm;w3
Ewp LBH, bage | PEND, buse |PBIT, e |
& @ | @ o i
® ¢
& 2 ¢ 2
& =B Z 3 /] &P
$ 4 ¢ 1+ |/ /
¢ s | ¢ s |/ 23
: & € ¢ & /4
Fre, 1z & 7|l 7|7 &
¢ 8¢ 8|71 ¢
& o |e 9
' 1 f . t t
4 t i ' i

APPLE INC.
EXHIBIT 1002 - PAGE 0114



WO 02/058074

6/7

PCT/US02/00366

M=~r10262

50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

&
AMPAD

i

£ONTROLVEQ

RAM

Wi

-8 AT 1y

~
Q

~

Fl5. /3

~
W

~
N\

~
EN

9

0089

@@@@@@'@g@@@@

)]

APPLE INC.
EXHIBIT 1002 - PAGE 0115



WO 02/058074 PCT/US02/00366
777

M-rlo28>

50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22.131

o

(7 oF7)

E- 15
A

R r/: 9 ::\\
ﬁ; /l’//, ‘\\\
N ST '/ 7 \\\\
0 : Feew _——T

<7
60 >
, g 7 L2 J ng
- - Fl6. /&

APPLE INC.
EXHIBIT 1002 - PAGE 0116



Electronic Acknowledgement Receipt

EFS ID: 1422839
Application Number: 11250238
International Application Number:
Confirmation Number: 7727

Title of Invention:

Partial block data programming and reading operations in a non-volatile

memory

First Named Inventor/Applicant Name:

Kevin M. Conley

Customer Number:

66785

Filer:

Gerald Paul Parsons/Mary Buggie (GPP)

Filer Authorized By:

Gerald Paul Parsons

Attorney Docket Number:

SNDK.156US2

Receipt Date: 08-JAN-2007

Filing Date: 13-OCT-2005

Time Stamp: 14:41:05

Application Type: Utility
Payment information:
Submitted with Payment no
File Listing:
Document Document Description File Name File Size(Bytes) P:ft”/'_tziip (i':ig‘:)f_)
1 Foreign Reference WO02058074.pdf 1465382 no 31
Warnings:
APPLE INC.

EXHIBIT 1002 - PAGE 0117



Information:

Total Files Size (in bytes)1 1465382

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

APPLE INC.
EXHIBIT 1002 - PAGE 0118



e

= collection of info

-* ntmuz«).
waMMIM OMB 06510007 - .
us. m-mrm_—mu.s OEPARTMENT OF COMMERCE -

lmon&Mww . '
Apphcation or Oocket Nurmber |

. ~u\omwmmwmmssm&bhsmm  ontor 7207,

~ummwmmmwwmssrmamuma entor3".
; : indopenganf) is tha highest aumbe
ks ‘coflection of Konnation & Wwwmus The infamaton & roqu
wmbmmmc«w
MMMMMW

DORESS. SENQ TD. Coinmssioner for Palents,

3t Natibor. Previ

Qu)

(qgnmed

PRTENT APPUCATION FEG ETERMINA TON RECORD
: s«umuturom PYOL7S eam«nema\m WL % 4.XJY
o APPLICATIONASFILED —PARTI _ : : . OTHER FHAN
L . . (Cokspi1) . Cokwrn2)- - _SMALLENTITY. ~ OR. . - SMALLENTITY °
RIS .. . . B r - R s, . . -
1. -ror m_ua_Lnueo - NUMBER EXTRA - RATEG) | meqq |- RATE (3) FEE
'ugc“%‘ e R L NA wa 115000 | . | . wa 130000 |
mcﬂ!&"ﬁu;m» _ . toa an oA T $250 . 1.« |ssoo
§ Grerns v oot MR . Bl e ] 8100 | - Ra. 5200
—_t__—_- . S - e - -
;?gnusw & om0 |- |82 . B P XiSO_ - .
OTORI &M ‘moin3 =]~ ] [ Xw0 . X200 . :
. : ) fthe mdmmmmnmec 100 . T o
| arrucanonsus - | shests of paper. the application size fee due !
FEE . . | ts $260 (3125 for small entlty) for eacty .
Q2O 118D addiional SO sheets or fraction thereof. See |
. :Busc 41(a)(1 Kgamsrcmng@

.mmmmammsemmcmneml - +180= +360=" | o
‘*lmManwh&&mnganmz ToTAL vorau 1)QQ ¢--
.. ;APPUCATIONASAMENDED—?ART " L I

CR : . o . L oR- OTHER THAN - _
‘ Column 1) - (Column ). (Coq-_rm;) SMALL ENTITY SMALL ENTITY
«} . REMAINING - PRESENT . RATE® | . ADOI- 1 matE®) ADOI-
E 4 _ NT lwoma F : ' - ., : - FEE(S)
T . kS‘ “‘“‘*&O - [xses— or |X$50 | -
o T2 == |- =~ [%w . . [ese
‘é’ mreumsuernmamns(s)) . ~ i ]
:( 5 - . .
. mswmamouosuu-asmrwm QI.CFR 1.16Q) +180= or | +360=
- . i S - I YOTAL - 1 o
g .  ADOL FEE, OR . AQOLFEE.
- Colu 1) .. (Cokamn2)  (Colisma 3)
.m REMAINKG | - NUMBER .| PRESENT- RATE®): | ADOL- RATE (%) ADOL-
bei .- AFTER PREVIOUSLY | EXTRA - -] nomaL - . TIONAL
|~ s § AmenouUenT | - PADFOR | . s o] eEE®, 1 = s - FEE(S) _
2 P ol I xs25 . [ - om |Xss0 =]
-Q Indepéadoct - | * E YD =) gy - o D
l%- mmtm m‘ . . = XIOO",-' .OR * XZPO-, =
s Wms&eroomcmi Iﬁ(s)) .. S )
: mstmssammononu.nnfmm mcmuse) +180= - or | +360="
S : ToTAL ‘o TOTAL
. . g . ADOL FEE ADOL FEE
. oummhm:kbsmmmnmzm.vhma '

tah 0 abpneﬁbyhepubic

by35USC. ‘IZIMJIGFRI ll mmswumtzmashm

Wn\(amlollnm Tima will vary depending upon .
Wwwmmwhmumwwm U.S.Pded- .

Mbhﬁb(ondby(h'
the individ ‘mak!y

Bax 1450, Obmdm..VAmL“S0.00NOTSGDFEESGMTEDWS ‘lD'l'HlS

P.0. Box 1460 Nexandda VA 22313-1450

tr)oaneodmnoo h.OOﬂpl!&ng the lomy cal twraylsoaodwledopﬂoh 2

o,

APPLE INC.

EXHIBIT 1002 - PAGE 0119



EAST Search History

S43 0 | S36 same S38 US-PGPUB; | OR ON 2007/02/05 13:18
USPAT;
EPO;
IBM_TDB

S44 296 | S36 and S38 US-PGPUB; | OR ON 2007/02/05 13:18
USPAT;
EPO;
{BM_TDB

S45 253 | S36 and S39 US-PGPUB; | OR ON 2007/02/05 13:18
USPAT;
EPO;
IBM_TDB -

S46 322 | S36 and S40 ‘ ) US-PGPUB; | OR ON 2007/02/05 13:18
: USPAT;
EPO; ;
IBM_TDB.

S47 91 | S36 and S41 . ) US-PGPUB; | OR ON 2007/02/05 13:18
USPAT; '
EPO;

IBM_TDB

S48 1189 | S36 and S42 . US-PGPUB; | OR ON 2007/02/05 13:19
’ USPAT;
EPO;
. o o JIBM_TDB |.
S49 151 | S38 and S39 1 US-PGPUB; | OR ON 2007/02/05 13:19-
. USPAT;
EPO;
IBM_TDB

S50 151 | S49 and S40 o P ) US-PGPUB; [-OR ON 2007/02/05 13:19
RS ‘ USPAT; .

_EPO;

IBM_TDB

S51 22| S40 same S41 . US-PGPUB; | OR ON 2007/02/05 13:19
USPAT;
EPO;
IBM_TDB

‘[US-PGPUB; | OR -~ | ON | 2007/02/05 13:24 |
USPAT [

'EPO; - o
‘IBM_TDB-

S53 979 | S37 and S52 US-PGPUB; | OR ON 2007/02/05 13:20
USPAT;
EPO;
IBM_TDB

S54 7 |.S40 and S53 oo o0 l'US-PGPUB: FOR [ ON | 2007/02/05 13:21

x - T 7 | USPAT;
- L[EROQ; - .
| 'IBM-TDB.

S55 158 | updat$3 with (reverse near3 order) US-PGPUB; | OR 1 ON 2007/02/05 13:21
USPAT;
EPO;
IBM_TDB

$56 262 | updat$3 same S40 o .| US:PGPUB; | OR ON 2007/02/05 13:22
: | USPAT; -

EPO;

{BM_TDB

$52 | 5074 | (write writing written programms3 eras$3) same’ " -
(outSofSorder (reverse nea"r}o‘rdér))‘. TSR

i

2/5/07 4:41:28 PM C : Page 4
C:\Documents and Settings\ndinh\My Documents\EAST\workspaces\I 1250238.wsp

APPLE INC.
EXHIBIT 1002 - PAGE 0120



EAST Search History

S57

S58

S59

S60

S61

S62

S63

S64

24

45484

138072

4787

557

S40 and S55

S37 and S55

(old original) with (page block)

(updated new) with (page block)

$37 and S59 and S60

S61 and (outSofSorder (reverse near3 order))

S39 and S62

S36 and S62

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;
EPO;
IBM_TDB

US-PGPUB;
USPAT;

‘| EPO;

IBM_TDB

US-PGPUB;
USPAT;
EPOQ;
IBM_TDB

US-PGPUB;
USPAT;
EPOQ;
IBM_TDB

OR

OR

OR

OR

OR

OR’

OR

"OR

ON

ON

ON

ON

ON

ON

ON

ON

2007/02/05 13:22
2007/02/05 13:22
zoof/oz/os 13:23
2007/02/05 13:24
2007/02/05 13:24
2007/02/05 13:24

2007/02/05 13:25

2007/02/05 13:25

2/5/07 4:41:28 PM
C:\Documents and Settings\ndinh\My Documents\EAST\workspaces\1 1250238.wsp

Page 5

APPLE INC.
EXHIBIT 1002 - PAGE 0121



-.= Application Number

Application/Control No.

Applicant(s)/Patent under
Reexamination

MCCURAMMAIA e conss e
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER Xl APPROVED [] DISAPPROVED

Date Filed : 01/08/07

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

meason

U.S. Patent and Trademark Office

APPLE INC.
EXHIBIT 1002 - PAGE 0122



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Reading Operations in a Non-
Volatile Memory

Application No.:  11/250,238 Fi.ling Date: October 13, 2005

Examiner: Dinh, Ngoc V. Group Art Unit: 2189

Docket No.: SNDK.156US2 Conf. No.: 7727

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

TRANSMITTAL LETTER

In response to a telephone call from Examiner Dinh on February 21, 2007, a second

Terminal Disclaimer is being filed herewith, over the second parent patent No. 6,763,424. This

Terminal Disclaimer is being filed in order to expedite formal allowance of the present

application, without an evaluation of whether or not a sufficient basis exists for the request to file

it.

The fee under 37 C.F.R. § 1.20(d) of $130.00 is being filed herewith via EFS. Please

charge any additional fees required or credit any overpayment to our Deposit Account No.

502664.
Respectfully submitted,
FILED VIA EFS
LY R e February 21, 2007
Gerald P. Parsons Date
Reg. No. 24,486

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA 94105

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Kevin M. Conley

Title: Partial Block Data Programming and Reading Operations in a Non-
Volatile Memory

Application No.:  11/250,238 Filing Date: October 13, 2005

Examiner: Dinh, Ngoc V. Group Art Unit: 2189

Docket No.: SNDK.156US2 Conf. No.: 7727

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
TERMINAL DISCLAIMER UNDER 37 C.F.R. § 1.321(c)

Sir:

SanDisk Corporation (“the owner”) owns the entire interest in and to both the above-
identified continuation application (“instant application”) and parent patent no. 6,763,424 (“prior
patent”) by way of a written assignment from the inventor of parent patent application Serial No.
09/766,436, filed January 19, 2001.

The owner hereby disclaims, except as provided below, the terminal part of the statutory
term of any patent granted on the instant application that would extend beyond the expiration
date of the full statutory term defined in 35 U.S.C. §§ 154, 155, 156 and 173, as presently
shortened by any terminal disclaimer, of the prior patent, if any such extended term would
otherwise exist. The owner further agrees that any such patent granted on the instant application
shall be enforceable only for and during such period that such patent and the prior patent are
commonly owned. This agreement runs with any patent granted on the instant application and is

binding upon the owner, its successors and assigns.

Attorney Docket No.: SNDK.156US2 Application No.: 11/250,238
FILED VIA EFS
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In making the above disclaimer, the owner does not disclaim the terminal part of any

patent granted on the instant application that would extend to the expiration date of the full

statutory term as defined in 35 U.S.C. §§ 154, 155, 156 and 173 of the prior patent, as presently

shortened by any terminal disclaimer, in the event that the prior patent later expires for failure to

pay a maintenance fee, is held unenforceable, is found invalid by a court of competent

jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR § 1.321,

has all claims canceled by a reexamination certificate, is reissued, or is in any manner terminated

prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

The fee under 37 C.F.R. § 1.20(d) of $130.00 is being filed herewith. Please charge any

additional fees required or credit any overpayment to our Deposit Account No. 502664.

Respectfully submitted,

Z e % [ v February 21,2007

FILED VIA EFS

Gerald P. Parsons Date
Reg. No. 24,486

PARSONS HSUE & DE RUNTZ LLP
595 Market Street, Suite 1900

San Francisco, CA 94105

(415) 318-1160 (main)

(415) 318-1163 (direct)

(415) 693-0194 (fax)

Attorney Docket No.: SNDK.156US2 Application No.: 11/250,238

FILED VIA EFS
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SNDK156US2-Trans_Term_
1 Discl.pdf 118865 yes 3
Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 1
Terminal Disclaimer Filed 2 3
Warnings:
Information:
2 Fee Worksheet (PTO-06) fee-info.pdf 8189 no 2
Warnings:
Information:
Total Files Size (in bytes):| 127054

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions

of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 223!3 1450

WWW.usplo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

66785 7590 03/06/2007 I EXAMINER |
PARSONS HSUE & DE RUNTZ, LLP - SANDISK CORPORATION DINH,NGOC V
595 MARKET STREET | ART UNIT : | PAPER NUMBER j
SUITE 1900 2189

SAN FRANCISCO, CA 94105 DATE MAILED: 03/06/2007

I APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. J

11/250,238 10/13/2005 Kevin M. Conley SNDK.156US2 7727
TITLE OF INVENTION: PARTIAL BLOCK DATA PROGRAMMING AND READING OPERATIONS IN A NON-VOLATILE MEMORY

L APPLN.TYPE | SMALL ENTITY | ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE l

nonprovisional NO $1400 $300 $0 £1700 06/06/2007

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current 1f the SMALL ENTITY is shown as NO:
SMALL ENTITY status: :

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

1. All communications regarding this application must give the application number. Please direct all communications pnor to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 07/06) Approved for use through 04/30/2007.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax. (571)-273-2885

INSTRUCTIONS: This form should be_used for transmitting thc ISSUE FEE and PUBLICATION FEE (if rcquircdz’. Blocks 1 through 5 should bc completed where

@pgropnate. All further correspondence including the Patent, advance orders and notification of maintcnancc fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwisc in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a scparatc "FEE ADDRESS" for
maintenance fce notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A cemﬁ_catc Of_mallll:l can only be used for domestic matlings of the

Fee(s) Transmittal. This certificate eannot be used for any other accompanying

Eapcr_s. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

66785 7590 03/06/2007 c
ertificate of Mailing or Transmission
PARSONS HSUE & DE RUNTZ, LLP - SANDISK CORPORATI(Ncby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for t‘r%t class mail in an envelope
i icien i
595 MARKET STREET addressed to the Mail Stop ISSUE FEE address above, or being faesimile
SUITE 1900 transmitted to the USPTO (E?l) 273-2885, on the datc indicated below.
SAN FRANCISCO, CA 94105 r——
{Signature)
(Date)
I APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. l CONFIRMATION NO. J
11/250,238 10/13/2005 Kevin M. Conley SNDK.156US2 7727
TITLE OF INVENTION: PARTIAL BLOCK DATA PROGRAMMING AND READING OPERATIONS IN A NON-VOLATILE MEMORY
I APPLN. TYPE I SMALL ENTITY I ISSUE FEE DUE lPUBLlCATION FEE DUE I PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE . DATEDUE
nonprovisional NO $1400 $300 $0 $1700 106/06/2007
r EXAMINER l ART UNIT | CLASS-SUBCLASS I
DINH, NGOC V 2189 711-103000
1. Chan:Fe of correspondence address or indication of "Fce Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys ]
Q Chan%c of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2
- [ "Fee Address" indication (or "Fec Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is idcntified below, no assignee data will appcar on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFK 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

w0

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individuat O Corporation or other privatc group cntity O Govemment

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
3 1ssue Fee 3 A check is enclosed.
O Publication Fee (No small entity discount permitted) ' {0 Payment by credit eard. Form PTO-2038 is attached.
O Advance Order - # of Copies (O The Director is hereby authorized to charge the required fccis), any deficiency, or credit any
overpayment, to Deposit Account Number cnclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Qa Applicant claims SMALL ENTITY status. Sce 37 CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. Sec 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attomey or agent; or the assignce or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is rgﬂ‘uircd to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is ¢stimated to take 12 minutes to complete, including gathering, preparing, and
submutting the completed application form to the USPTO. Time will varz deﬁendm% upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandna, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 07/06) Approved for use through 04/30/2007. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE:

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. |
11/250,238 10/13/2005 Kevin M Conley SNDK.156US2 7727
66785 7590 03/06/2007 [ EXAMINER I
PARSONS HSUE & DE RUNTZ, LLP - SANDISK CORPORATION ' DINH.NGOC v
595 MARKET STREET | ART UNIT | PAPER NUMBER |
SUITE 1900

2189

SAN FRANCISCO, CA 94105 DATE MAILED: 03/06/2007

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
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Application No. Applicant(s)
] . 11/250,238 CONLEY, KEVIN M.
Notice of Allowability - Examiner Art Unit
NGOC V. DINH 2189

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to amendment filed 01/08/07.

2. [X] The allowed claim(s) is/are 4-18 (renumbered as 1-15)..

3. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)d Al by[dSome* c¢)[]None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified cobies of the priority documents have been received in Applicatibn No.__
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

international Bureau (PCT Rule 17.2(a)). '
* Certified copies not received: ___ .
Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [J including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. ] DEPOSIT'OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PT0O-892)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948)

3. X Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date 01/08/07

4. [J Examiners Comment Regarding Requirement for Deposit
of Biological Material

5. [ Notice of Informal Patent Application
6. J Interview Summary (PTO-413),
Paper No./Mail Date 01/30/2007 .
7. X Examiner's Amendment/Comment
8. [ Examiner's Staterhen; of Reasons for Allowance

9. Other

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06)

Notice of Allowability

Part of Paper No./Mail Date 20070130
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Application/Control Number: 11/250,238 Page 2
Art Unit: 2189

DETAILED ACTION

1. This Office Action is responsive to amendment and terminal disclaimer filed

01/08/2007. In this instant application claims 1-3 are canceled. Claims 4-15 are added.

Terminal Disclaimer
2. The terminal disclaimer filed on 01/08/2007 and 02/20/2007 disclaiming the terminal
portion of any patent granted on this application which would extend beyond the
expiration date of parent patent 6,968,421 and grand parent patent 6,763,424 have been

reviewed and are accepted. The terminal disclaimers have been recorded.

Examiner’s Amendment
3. Anexaminer’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37
CFR 1.312. To ensure consideration of such an amendment, it MUST be submitted no
later than the payment of the issue fee. |
Authbrization for this Examiner’s Amendment was given in a telephone interview with
Mr. Gerald Parsons (Reg. 24,486) on February 5 and 21 of 2007.

In the claims:

a) Claim 4, lines 8-9, replaée “the same” with --common --.

b) Claim 5, line 1:
replace “an indication” with -- the indication--.

replace “a time” with --the time--.

¢) Claim 6, line 1:
replace “an indication” with -- the indication--.

replace “a time” with --the time--.
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Application/Control Number: 11/250,238 Page 3
Art Unit: 2189 -

d) Claim 7, line 1:
replace “an indication” with -- the indication--.

replace “a time” with --the time--.
e) Claim 13, line 8, replace “the same” with --common --.

Reasons for allowance

3. The primary reasons for allowance of claim 4 in the instant application is the

- combination with the inclusion of at least the limitations of “ identify the initial and
update data pages by the same logicél addresses, and when reading data of two or more
pages having the same logical addresses, read the indications of the times that data have
been stored in the two or more pages and use the data in the two or more pages having
more recent time indiqati>ons without using data in thé two or more pages having older
time indications”.
The primary reasons for allowance of claim 13 in the instant application is the
combination with the inclusion of at least the limitations of “identify the initial and
update data pages by the same logical addresses, and reading data from the pages of the
blocks in an order that is a reverse of the sequence in which they where written and
ignore data in any page having the same logical address as a page from which data have

~ already been read”.

Because claims 5-12 and 14-18 depend directly or indirectly on claims 4 and 13. These

_ claims are considered allowable for at least the same reasons noted above.

Conclusion

4. Any response to this action should be mailed to:
Under Secretary of Commerce for intellectual Property and Director of the
United States Patent and Trademark Office
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Application/Control Number: 11/250,238 ‘ : Page 4
Art Unit: 2189 '

PO Box 1450
Alexandria, VA 22313-1450
or faxed to:

(571) 273-8300, (for Official communications intended for entry)

Information regarding the status 6f an application r;iay be obtained from the Patent
Application Information Retrieval (PMR) system. Status information for published
.Applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the_PA]R system, see http//pak-direct.uspto.gov. Should you
have questions on access to the Private PAIR systém,,contact the Electronic Business
Center (EBC) at 866-217- 9197 (toll-free).
AAny inquiry concerning this communication or earlier communications from the
examiner should be directed-to Ngoc Dinh whose telephone number is (571) 272-
4191. The examiner can normally be reached on Monday-Friday 8:30 AM-5:00 PM. -
‘ If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Reginald Bragdon, can be reached on (571) 272-4204.

NGOC DINH
Patent Examiner Q b
ART UNIT 2189 ‘ Q‘va\m ‘ 5’ \P'UBLV\
' ~ REGINALD BRAGDON
February 6, 2007 SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 21 00
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Application No. Applicant(s)
. 11/250,238 CONLEY, KEVIN M.
: Interview Summary Examiner Art Unit
NGOC V. DINH 2189

All participants (applicant, applicant’s representative, PTO personnel):
(1) NGOC V. DINH. ‘ (3) .

(2) Gerald Parsons (24,486). 4) .

Date of Interview: 5, 21 February 07.

Type: a)X] Telephonic b)[] Video Conference
c)[J Personal [copy given to: 1)[] applicant  2)[] applicant's representative]

Exhibit shown or demonstration conducted: d)[] Yes. €)X No.
If Yes, brief description: :

Claim(s) discussed: 4-7 and 13.
Identification of prior art discussed:
Agreement with respect-to the claims fX] was reached. g)|:| was not reached. h)[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: See Continuation Sheet.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview '
requirements on reverse side or on attached sheet.

REGINALD BRAGDON
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2100
Examiner Note: You must sign this form unless it is an -
Attachment to a signed Office action. Examiner’s signature, if required
U.S. Patent and Trademark Office .
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20070130 -
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Continuation Sheet (PTOL-413) Application No. 11/250,238

Continuation of Substance of Interview including description of the general nature of what was agreed to if an
agreement was reached, or any other comments: The Examiner initiated a phone call to Mr. Parsons to notify him that
there is a typographical error in the examiner previous office action in section §, line 1, that the number of the patent

_ (parent patent) which forms the basis for the double patent rejection is 6,968,421 instead of 6,969,42. This
typographical error causes the terminal disclaimer not being accepted.
There is no need for the applicant to response to this action since the applicant terminal disclaimer filed on 01/08/2007
was appropriate (filed for 6,968,421). The examiner will correct this errror.

On February 21, 2007, the examiner requested the Applicant to file a Terminal Disclaimer for grandparent PN .
6,763,424 in order to overcome the double patenting rejection based on the grandparent PN 6,763,424. The Applicant
agreed to file the Terminal Disclaimer. ‘
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U.S. Department of Commerce, Patent and Trademark Atty. Docket No. Application No.
INFORMATION DISCLOSURE STATEMENT BY SNDK.156US2 11/250,238
APPLIC Applicant Conf. No.
(Use several sheets if necessary) : Kevin M. Conley 7727
(Form PTO-1449) Filing Date Art Group
October 13, 2005 218?
. U.S. Patent Documents
*Examiner Document Filing Date
Initial Number Date Name Class Subclass If Appropriate
M 1 | 6968421 B2 11/22/2005 | Conley
Foreign Patent Documents
) Translation
Document Date Country Class Subclass Yes No
Y | 2 [ wooossoraa2- | 77252002 WIPO . X
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
A (]

Examiner | KA~ | Date Considered 02/' 95 /;07

*EXAMINER: Initial if réference considered, whether or not citation is in Conformanck with MPEP 609; Draw line through
citation if not in conformance and not considered. Include copy of this form with your communication to applicant.

Sheet 1 of 1
Express Mail No.: EV663653274US
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Issue Classification

Application/Control No.

Applicant(s)/Patent under

11/250,238 Reexamination
CONLEY, KEVIN M.
Examiner Art Unit
NGOC V. DINH 2189
ISSUE CLASSIFICATION
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
71 103 G|o0|F 12 /00 /
CROSS REFERENCES / /
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
711 203 / /
/ /
/ /
/ /
a / /
Rupanld 1. :
N oM%O? s Total Claims Allowed: 15
(Assgistant Examiner) _ (Date) Reginald Bragdon
S 02/06/2007 0.G. 0..
/ A3 % _/ . ‘ Print Claim(s) Print Fig.
(L&gal Instruments Examiner)  (Date) (Primary Examiner) (Date) 1 14
|:| Claims renumbered in the same order as presented by applicant | [] CPA O71.D. ORrR.1.47
| 2 s | £ s | £ w | | £ 5| £ | £
£ K=y = = £ | D £ D £ o £ o £ 1 0
“| o “18 “16 “ | o “ 16 “168 “ &
1 31 61 91 121 | 151 181
2 32 62 92 122 | 152 182
3 33 63 93 123 153 183
1 4 34 64 94 124 154 184
2 5 35 65 95 125 155 185
3 6 36 66 96 126 156 186
4 7 37 67 97 127 157 187
5 8 38 68 98 128 158 188
6 9 39 69 99 129 159 189
7 10 40 70 100 130 160 190
8 [ 11 41 71 101 131 161 191
9 | 12 42 72 102 132 162 192
10 | 13 43 73 103 133 163 193
11 | 14. 44 74 104 134 164 194
12 | 15 45 75 105 135 165 195
13 ] 16 46 76 106 136 166 196
14 | 17 47 77 107 137 167 197
15 | 18 48 78 108 138 168 198
19 49 79 109 139 169 199
20 50 80 110 140 170 200
21 51 81 111 141 171 201
22 52 82 112 142 172 202
23 53 83 113 143 173 203
24 54 84 114 144 174 204
25 55 85 115 145 175 205
26 56 86 116 146 176 206
27 57 87 117 147 177 207
28 58 88 118 148 178 208
29 59 89 119 149 179 209
30 60 90 120 150 180 210

U.S. Patent and Trademark Office

Part of Paper No. 20070130
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Application/Control No. Applicant(s)/Patent under
Search Notes Reexamination
11/250,238 CONLEY, KEVIN M.
Examiner Art Unit
NGOC V. DINH 2189
SEARCH NOTES
SEARCHED (INCLUDING SEARCH STRATEGY)
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Specification

MOVING SECTORS WITHIN A BLOCK IN A FLASH MEMORY

BACKGROUND OF THE INVENTION

Crass Reference to Related Application
This application is a continuation-in-part of my prior application Serial No. 08/509,706,

filed July 31, 1995, entitled "Direct Logical Block Addressing Fiash Memory Mass Storage
Architecture.”

Field of the Invention

This invention relates to the field of mass storage for computers. More particularly, this
invention relates to an architecture for replacing a hard disk with a semiconductor nonvolatile
memory and in particular flash memory.

Computers conventionally use rotating magnetic media for mass storage of documents,
data, programs and information. Though widely used and commonly accepted, such hard disk
drives suffer from a variety of deficiencies. Because of the rotation of the disk, there is an
inherent latency in extracting information from a hard disk drive.

- Other problems are especially dramatic in portable computers. In particular, hard disks
are unable to withstand many of the kinds of physical shock that a porfable computer will likely
sustain. Further, the motor for rotating the disk consumes significant amounts of power
decreasing the battery life for portable computers.

Solid state memory is an ideal choice for replacing a hard disk drive for mass storage
because it can resolve the problems cited above. Potential solutions have been proposed for
replacing a hard disk drive with a semiconductor memory. For such a system to be truly usefil,
the memory must be nonvolatile and alterable. The inventors have determined that FLASH
memory is preferred for such a replacement.

FLASH memory is a transistor memory cell which is programmable through hot
electron, source injection, or tunneling, and erasable through Fowler-Nordheim tunneling. The
programming and erasing of such a memory cell requires current to pass through the dielectric

surrounding floating gate electrode. Because of this, such types of memory have a finite number
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of erase-write cycles. Eventually, the dielectric deteriorates. Manufacturers of FLASH cell

devices specify the limit for the number of erase-write cycles between 100,000 and 1,000,000.

One requirement for a semiconductor mass storage device to be successful is that its use
in lieu of a rotating media hard disk mass storage device be transparent to the designer and the
user of a system using such a device. In other words, the designer or user of a comj:)uter
incorporating such a semiconductor mass storage device could simply remove the hard disk and
replace it with a semiconductor mass storage device. All presently available commercial
software should operate on a system employing such a semiconductor mass storage device
without the necessity of any modification. '

SanDisk proposed an architecture for a semiconductor mass storage using FLASH
memory at the Silicon Valley PC Design Conference on July 9, 1991. That mass storage system
included read-write block sizes of 512 Bytes to conform with commercial hard disk sector sizes.

Earlier designs incorporated erase-before-write architectures. In this process, in order to
update a file on the media, if the physical location on the media was previously programmed, it
has to be erased before the new data can be reprogrammed.

This process would have a major deterioration on overall system throughput. When a
host writes a new data file to the storage media, it provides a logical block address to the
peripheral storage device associated with this data file. The storage device then translates this
given logical block address to an actual physical block address on the media and performs the

write operation. In magnetic hard disk drives, the new data can be written over the previous old

‘data with no modification to the media. Therefore, once the physical block address is calculated

from the given logical block address by the controller, it will simply write the data file into that
location. In solid state storage, if the location associated with the calculated physical block
address was previously programmed, before this block can be reprogrammed with the new data,
it has to be erased. In one previous art, in erase-before-write architecture where the correlq_tion
between logical block address given by the host is one to one mapping with physical block
address on the media. This method has many deficiencies. First, it introduces a delay in
performance due to the erase operation before reprogramming the alteréd information. In solid
state flash, erase is a very slow process.

Secondly, hard disk users typically store two types of information, one is rarely modified
and another which is frequently changed. For example, a commercial sbread sheet or word
processing software program stored on a user's system are rarely, if ever, changed. However, the

spread sheet data files or word processing documents are frequently changed. Thus, different
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sectors of a hard disk typically have dramatically different usage in terms of the number of times
the information stored thereon is changed. While this disparity has no impact on a hard disk
because of its insensitivity to data changes, in a FLASH memory device, this variance can cause
sections of the mass storage to wear out and be unusable significantly sooner than other sections
of the mass storage. '

In another architecture, the inventors previously proposed a solution to store a table
correlating the logical block address to the physical block address. The inventions relating to
that solution are disclosed in U.S. Patent Application serial number 08/038,668 filed on March
26, 1993 and U.S. Patent Application serial number 08/037,893 also filed on March 26, 1993.
Those applications are incorporated herein by reference.

The inventors' previous solution discloses two primary algorithms and an associated
hardware architecture for a semiconductor mass storage device. It will be understood that "data
file" in this patent document refers to any computer file including commercial software, a user
program, word processing software document, spread sheet file and the like. The first algorithm
in the previous solution provides means for avoiding an erase operation when writing a modified
data file back onto the mass storage device. Instead, no erase is performed and the modified data
file is written onto an empty portion of the mass storage.

The semiconductor mass storage architecture has blocks sized to conform with
commercial hard disk sector sizes. The blocks are individually erasable. In one embodiment,
the semiconductor mass storage can be substituted for a rotating hard disk with no impact to the
user, so that such a substitution will be transparent. Means are provided for avoidirig the erase-
before-write cycle each time information stored in the mass storage is changed.

According to the first algorithm, erase cycles are avoided by programming an altered
data file into an empty block. This would ordinarily not be possible when using conventional
mass storage because the central processor and commercial software available in conventional
computer systems are not configured to track continually changing physical locations of data
files. The previous solution includes a programmable map to maintain a correlation between the
logical address and the physical address of the updated information files.

All the flags, and the table correlating the logical block address to the physical block
address are maintained within an array of CAM cells. The use of the CAM cells provides very
rapid determination of the physical address desired within the mass storage, generally within one
or two clock cycles. Unfortunately, as is well known, CAM cells require multiple transistors,

typically six. Accordingly, an integrated circuit built for a particular size memory using CAM
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storage for the tables and flags will need to be significantly larger than a circuit using other
means for just storing the memory.

The inventors proposed another solution to this problem which is disclosed in U.S.
Patent Application serial number 08/131,495 filed on October 4, 1993. That application is
incorporated herein by reference. ’

This additional previous solution invented by these same inventors is also for a
nonvolatile memory storage device. The device is also configured to avoid having to perform an
erése-before-write each time a data file is changed by keeping a correlation between logical
block address and physical block address in a volatile space management RAM. Further, this
invention avoids the overhead associated with CAM cell approaches which require additional
circuitry.

Like the solutions disclosed above by these same inventors, the device includes circuitry
for performing the two primary algorithms and an associated hardware architecture for a
semiconductor mass storage device. In addition, the CAM cell is avoided in this previous
solution by using RAM cells.

Reading is performed in this previous solutions by providing the logical block address to
the memory storage. The system sequentially compares the stored logical block addresses until it
finds a match. That data file is then coupled to the digital system. Accordingly, the
performance offered by this solution suffers because potentially all of the memory locations
must be searched and compared to the desired logical block address before the physical location
of the desired information can be determined. "~ ° .

What is needed is a semiconductor hard disk architecture which provides rapid access to

stored data without the excessive overhead of CAM cell storage.
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SUMMARY OF THE INVENTION

The present invention is for a nonvolatile memory storage device.  The device is

configured to avoid having to perform an erase-before-write each time a data file is changed.

Further, to avoid the overhead associated with CAM cells, this approach utilizes a RAM array.
The host system maintains organization of the mass storage data by using a logical block
address. The RAM array is arranged to be addressable by the same address as the logical block
addresses (LBA) of the host. Each such addressable location in the RAM includes a field which
holds the physical address of the data in the nonvolatile mass storage expected by the host. This
physical block address (PBA) information must be shadowed in the nonvolatile memory to
ensure that the device will still function after resuming operation after a power down because
RAMs are volatile memory devices. In addition, status flags are also stored for each physical
location. The status flags can be stored in either the nonvolatile media or in both the RAM and
in the nonvolatile media.

The device includes circuitry for performing two primary algorithms and an associated
hardware architecture for a semiconductor mass storage device. The first algorithm provides a
means for mapping of host logical block address to physical block address with much improved
performance and minimal hardware assists. In addition, the second algorithm provides means
for avoiding an erase-before-write cycle when writing a modified data file back onto the mass
storage device. Instead, no erase is performed and the modified data file is written onto an empty
portion of the mass storage.

Reading is performed in the present invention by providing the logical block address to
the memory storage. The RAM array is arranged so that the logical block address selects one
RAM location. That location contains the physical block address of the data requested by the
host or other external system. That data file is then read out to the host.

According to the second algorithm, erase cycles are avoided by programming an altered data file
into an altered data mass storage block rather than itself after an erase cycle of the block as done
on previous arts.

In an altemmative embodiment of the present invention, a method and apparatus is
presented for efficiently moving sectors within a block from a first area within the nonvolatile
memory to an unused area within the nonvolatile memory and marking the first area as “used”.

Briefly, a preferred embodiment of the present invention includes a method and
apparatus for storing mapping information for mapping a logical block address identifying a

block being accessed by a host to a physical block address, identifying a free area of nonvolatile
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memory, the block being selectively erasable and having one or more sectors that may be

individually moved. The mapping information including a virtual physical block address for

" identifying an “original” location, within the nonvolatile memory, wherein a block is stored and

a moved virtual physical block address for identifying 2 “moved” location, within the
nonvolatile memory, wherein one or more sectors of the stored block are moved. The mapping
information further including status information for use of the “original” physical block address
and the “moved” physical block address and for providing information regarding “moved”

sectors within the block being accessed.

IN THE DRAWINGS

Fig. 1 shows a schematic block diagram of an architecture for a semiconductor mass
storage according to the present invention.

Fig. 2 shows an alternative embodiment to the physical block address 102 of the RAM
storage of Figure 1.

Fig. 3 shows a block diagram of a system incorporating the mass storage device of the
present invention.

Fig. 4 through 8 show the status of several of the flags and information for achieving the
advantages of the present invention.

Fig. 9 shows a flow chart block diagram of the first algorithm according to the present
invention.

Fig. 10 shows a high-level block diagram of a digital system, such as a digital camera,
including a preferred embodiment of the present invention.

Figs. 11-21 illustrate several examples of the state of a mapping table that may be stored
in the digital system of Figure 10 including LBA-PBA mapping information.

Fig. 22 depicts an example of a nonvolatile memory device employed in the preferred
embodiment of Figure 10.

Fig. 23 shows a high-level flow chart of the general steps employed in writing a block of
information to the nonvolatile devices of Figure 10.

Fig. 24 shows an example of the contents of flash memory devices in an alternative
embodiment of the present invention using a novel defect flag and LBA address means.

Fig. 25 is an example of the contents of flash memory devices wherein another
alternative embodiment of the present invention stores the LBA address for each block in two

different sector locations within the block.
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Fig. 26 includes Fig 26a and Fig. 26b, as shown in the key in Fig. 26b, and shows an

example of yet another alternative embodiment of the present invention wherein the contents of
the flash memory devices and the SPM RAM block are depicted to illustrate the correlation
between the LBA and PBA addressing as employed by the system of Fig. 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 shows an architecture for implementation of a solid state storage media
according to the present invention. The storage media is for use with a host or other extemal
digital system. The mass storage is partitioned into two portions, a volatile RAM array 100 and a
10  nonvolatile array 104. According to the preferred embodiment, all of the nonvolatile memory
storage is FLASH. The FLASH may be replaced by EEPROM. The RAM can be of any
‘ convenient type.
The memory storage 104 is arranged into N blocks of data from zero through N-1. Each
of the blocks of data is M Bytes long. In the preferred embodiment, each data block is 512 Bytes
15 long to correspond with a sector length in a commercially available hard disk drive plus the extra
numbers of bytes to store the flags and logical block address (LBA) information and the
associated ECC. The memory 104 can contain as much memory storage as a user desires. An
example of a mass storage device might include 100 M Byte of addressable storage.
There are a plurality of RAM locations 102. Each RAM location 102 is uniquely
20  addressable by controller using an appropriate one of the logical block addresses provided by the
host system or the actual physical address of the nonvolatile media. The RAM location 102
v contains the physical block address of the data associated with the logical block address and the
. flags associated with a physical block address on the nonvolatile media.
It is possible that the physical block address (PBA) can be split into two fields as shown
25 in Figure 2. These fields can be used for cluster addresses of a group of data blocks. The first
such field 290 is used to select a cluster address and the second such field 292 can be used to
select the start address of the logical block address associated with this cluster.
A collection of information flags is also stored for each nonvolatile memory location
106. These flags include an old/new flag 110, a used/free flag 112, a defect flag 114, and a
30 single/sector flag 116. Additionally, there is also a data store 122.
When writing data to the mass storage device of the present invention, a controller

determines the first available physical block for storing the data. The RAM location 102
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corresponding to the logical block address selected by the host is written with the physical block
address where the data is actually stored within the nonvolatile memory array in 104 (Figure 1).
Assume for example that a user is preparing a word processing document and instructs
the computer to save the document. The document will be stored in the mass storage system.
The host system will assign it a logical block address. The masé storage system of the present
invention will select a physical address of an unused block or blocks in the mass storage for
storing the document. The address of the physical block address will be stored into the RAM
location 102 corresponding to the logical block address. As the data is programmed, the system
of the present invention also sets the used free flag 112 in 104 and 293 to indicate that this block
location is used. One used/free flag 112 is provided for each entry of the nonvolatile array 104.
Later, assume the user retrieves the document, makes a change and again instructs the
computer to store the document. To avoid an erase-before-write cycle, the system of the present
invention provides means for locating a block having its used/free flag 112 in 100 unset (not
programmed) which indicates that the associated block is erased. The system then sets the
used/free flag for the new block 112 of 106 and 293 of 100 and then stores the modified
document in that new physical block location 106 in the nonvolatile array 104. The address of
the new physical block location is also stored into the RAM location 102 corresponding the
logical block address, thereby writing over the previous physical block location in 102. Next, the
system sets the old/new flag 110 of the previous version of the document indicating that this is
an old unneeded version of the document in 110 of 104 and 293 of 109. In this way, the system
of the present invention avoids the overhead of an erase cycle which is required in the erase-
before-write of conventional systems to store a modified version of a previous document.
Because of RAM array 100 will lose its memory upon a power down condition, the
logical block address with the active physical block address in the media is also stored as a
shadow memory 108 in the nonvolatile array 104. It will be understood the shadow information
will be stored into the appropriate RAM locations 102 by the controller. During power up
sequence, the RAM locations in 100 are appropriately updated from every physical locations in
104, by reading the information 106 of 104. The logical address 108 of 106 is used to address
the RAM location of 100 to update the actual physical block address associated with the given
logical block address. Also since 106 is the actual physical block address associated with the
new data 122, the flags 110, 112, 114, and 116 arc updated in 293 of 102 with the physical block
address of 106 in 100. It will be apparent to one of ordinary skill in the art that the flags can be
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stored in either the appropriate nonvolatile memory location 106 or in both the nonvolatile
memory location and also in the RAM location 102 associated with the physical block address.

During power up, in order to assign the most recent physical block address assigned to a
logical block address in the volatile memory 100, the controller will first read the Flags 110,
112, 114, and 116 portion of the nonvolatile memory 104 and updates the flags portion 293 in
the volatile memory 100. Then it reads the logical block address 108 of every physical block
address of the nonvolatile media 104 and by tracking the flags of the given physical block
address in the volatile memory 100, and the read logical block address of the physical block
address in the nonvolatile memory 104, it can update the most recent physical block address
assigned to the read logical block address in the volatile memory 100.

Figure 3 shows a block diagram of a system incorporating the mass storage device of the
present invention. An external digital system 300 such as a host computer, personal computer
and the like is coupled to the mass storage device 302 of the present invention. A logical block
address is coupled via an address bus 306 to the volatile RAM array 100 and to a controller
circuit 304. Control signals are also coupled to the controller 304 via a control bus 308. The
volatile RAM array 1.00 is coupled for providing the physical block address to the nonvolatile
RAM array 400. The controller 304 is coupled to control both the volatile RAM 100, the
nonvolatile array 104, and for the generation of all flags.

A simplified example, showing the operation of the write operation according to the
present invention is shown in Figures 4 through 8. Not all the information flags are shown to
avoid obscuring these features of the invention in excessive detail. The data entries are shown
using decimal numbers to further simplify the understanding of the invention. It will be
apparent to one of ordinary skill in the art that in a preferred embodiment binary counting will be
used.

Figure 4 shows an eleven entry mass storage device according to the present invention.
There is no valid nor usable data stored in the mass storage device of Figure 4. Accordingly, all
the physical block addresses are empty. The data stored in the nonvolatile mass storage location
'6' is filled and old. Additionally, location '9' is defective and cannot be used.

The host directs the mass storage device of the example to write data pursuant to the
logical block address '3' and then to '4'. The mass storage device will first write the data
associated with the logical block address '3'. The device determines which is the first unused
location in the nonvolatile memory. In this example, the first empty location is location '0'.

Accordingly, Figure 5 shows that for the logical block address '3', the corresponding
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physical block address '0' is stored and the used flag is set in physical block address '0’. The next

empty location is location 'I'. Figure 6 shows that for the logical block address '4', the
corresponding physical block address 'l' is stored and the used flag is set in physical block
address 'l'.

The host instructs that something is to be written to logical block address '3' again. The
next empty location is determined to be location '2'. Figure 7 shows that the old flag in location
'0' is set to indicate that this data is no longer usable, the used flag is set in location '2' and the
physical block address in location '3' is changed to '2'.

Next, the host instructs that something is to be written to logical block address '4' again.
The next empty location is determined to be location '3'. Figure 8 shows that the old flag in
location '1' is set to indicate that this data is no longer usable, the used flag is set in location '3'
and the physical block address in location '4' is changed to '3'. (Recall that there is generally no
relation between the physical block address and the data stored in the same location.).

Figure 9 shows algorithm 1 according to the present invention. When the system of the
present invention receives an instruction to program data into the mass storage (step 200), then
the system attempts to locate a free block (step 202), i.e., a block having an unset (not
programmed) used/free flag. If successful, the system sets the used/free flag for that block and
programs the data into that block (step 206).

If on the other hand, the system is unable to locate a block having an unset used/ free

flag, the system erases the flags (used/free and old/new) and data for all blocks having a set

old/new flag and unset defect flag (step 204) and then searches for a block having an unset

used/free flag (step 202). Such a block has just been formed by step 204. The system then sets
the used/flag for that block and programs the data file into that block (step 206).

If the data is a modified version of a previously existing file, the system must prevent the
superseded version from being accessed. The system determines whether the data file
supersedes a previous data file (step 208). If so, the system sets the old/new flag associated with
the superseded block (step 210). If on the other hand, the data file to be stored is a newly created
data file, the step of setting the old/new flag (step 210) is skipped because there is no superseded
block. Lastly, the map for correlating the logical address 308- to the physical addresses updated
(step 212).

By following the procedure outlined above, the overhead associated with an erase cycle
is avoided for each write to the memory 104 except for periodically. This vastly improves the

performance of the overall computer system employing the architecture of the present invention.
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‘In the preferred embodiment of the present invention, the programming of the flash
memory follows the procedure commonly understood by those of ordinary skill in the art. In
other words, the program impulses are appropriately applied to the bits to be programmed and
then compared to the data being programmed to ensure that proper programming has occurred.
In the event that a bit fails to be erased or programmed properly, a defect flag 148 is set which
prevent that block from being used again.

Fig. 10 depicts a digital system 500 such as a digital camera employing an altemative
embodiment of the present invention. Digital system 500 is illustréted to include a host 502,
which may be a personal computer (PC) or simply a processor of any generic type commonly
émployed in digital systems, coupled to a controller circuit 506 for storing in and retrieving
information from non-volatile memory unit 508.  The controller circuit 506 may be a
semiconductor (otherwise referred to as an “integrated circuit” or “chip™) or optionally a
combination of various electronic components. In the preferred embodiment, the controller
circuit is depicted as a single chip device. The non-volatile memory unit 508 is comprised of
one or more memory devices, which may each be flash or EEPROM types of memory. In the
preferred embodiment of Fig. 10, memory unit 508 includes a plurality of flash memory devices,
510-512, each flash device includes individually addressable locations for storing information.
In the preferred application of the embodiment in F1g 10, such information is organized in
blocks - with each block having one or more sectors of data. In addition to the data, the
information being stored may further include status information regarding the data blocks, such
as flag fields, address information and the like.

The host 502 is coupled through host information signals 504 to a controller circuit 506.
The host information signals comprise of address and data busses and control signals for
communicating command, data and other types of information to the controller circuit 506,
which in turn stores such information in memory unit 508 through flash address bus 512, flash
data bus 514, flash signals 516 and flash status signals 518 (508 and 512-516 collectively
referred to as signals 538). The signals 538 may provide command, data and status information
between the controller 506 and the memory unit S08.

The controller 506 is shown to.include high-level functional blocks such as a host
interface block 520, a buffer RAM block 522, a flash controller block 532, a microprocessor
block 524, a microprocessor controller block 528, a microprocessor storage block 530, a
microprocessor ROM block 534, an ECC logic block 540 and a space manager block 544. The

host interface block 520 receives host information signals 504 for providing data and status
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information from buffer RAM block 522 and microprocessor block 524 to the host 502 through
host information signals 504. The host interface block 520 is coupled to the microprocessor
block 524 through the microprocessor information signals 526, which is comprised of an address
bus, a data bus and control signals.

The microprocessor block 524 is shown coupled to a microprocessor controller block
528, a microprocessor storage block 530 and a microprocessor ROM block 534, and serves to
direct operations of the various functional blocks shown in Fig. 10 within the controller 506 by
executing program instructions stored in the microprocessor storage block 530 and the
microprocessor ROM block 534.  Microprocessor 524 may, at times, execute program
instructions (or code) from microprocessor ROM block 534, which is a non-volatile storage area.
On the other hand, microprocessor storage block 530 may be either volatile, i.e., read-and-write
memory (RAM), or non-volatile, i.e., EEPROM, type of memory storage. The instructions
executed by the microprocessor block 524, collectively referred to as program code, are stored in
the storage block 530 at some time prior to the beginning of the operation of the system of the
present invention. Initially, and prior to the execution of program code from the microprocessor
storage location 530, the program code may be stored in the memory unit 508 and later
downloaded to the storage block 530 through the signals 538. During this initialization, the
microprocessor block 524 can execute instructions from the ROM block 534. ’

Controller 506 further includes a flash controller block 532 coupled to the

microprocessor block 524 through the microprocessor information signals 526 for providing and

" receiving information from and to the memory unit under the direction of the microprocessor.

Information such as data may be provided from flash controller block 532 to the buffer RAM
block 522 for storage (may be only temporary storage) therein through the microprocessor
signals 526. Similarly, through the microprocessor signals 526, data may be retrieved from the
buffer RAM block 522 by the flash controller block 532.

ECC logic block 540 is coupled to buffer RAM block 522 through signals 542 and
further coupled to the microprocessor block 524 through microprocessor signals 526. ECC logic
block 540 includes circuitry for generally performing error coding and correction functions. It
should be understood by those skilled in the art that various ECC apparatus and algorithms are
commercially available and may be employed to perform the functions required of ECC logic
block 540. Briefly, these functions include appending code that is for all intensive purposes
uniquely generated from a polynomial to the data being transmitted and when data is received,

using the same polynomial to generate another code from the received data for detecting and
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potentially correcting a predetermined numbeér of errors that may have corrupted the data. ECC
logic block 540 performs error detection and/or correction operations ‘on data stored in the.
memory unit 508 or data received from the host 502. ‘

The space manager block 544 employs a preferred apparatus and algorithm for finding

5 the next unused (or free) storage block within one of the flash memory devices for storing a
block of information, as will be further explained herein with reference to other figures. As
earlier discussed, the address of a block within one of the flash memory devices is referred to as
PBA, which is determined by the space manager by performing a translation on an LBA
received from the host. A variety of apparatus and method may be employed for accomplishing

10 this translation. An example of such a scheme is disclosed in U.S. Pat. No. 5,485,595, entitled
“Flash Memory Mass Storage Architecture Incorporating Wear Leveling Technique Without

‘  Using CAM Cells”, the specification of which is herein incorporated by reference. Other LBA
to PBA translation methods and apparatus may be likewise employed without departing from the
scope and spirit of the present invention.

15 Space manager block 544 includes SPM RAM block 548 and SPM control block 546,
the latter two blocks being coupled together. The SPM RAM block 548 stores the LBA-PBA
mapping information (otherwise herein referred to as translation table, mapping table, mapping
“information, or table) under the control of SPM control block 546. Alternatively, the SPM RAM
block 548 may be located outside of the controller, such as shown in Fig. 3 with respect to RAM

20  array 100.

In dbéraﬁon, the host 502 writes and reads information from and to the memory unit 508"
during for example, the performance of a read or write operation through the controller 506. In

‘ so doing, the host 502 provides an LBA to the controller 506 through the host signals 504. The
LBA is received by the host interface block 520. Under the direction of the microprocessor

25  block 524, the LBA is ultimately provided to the space manager block 544 for translation to a
PBA and storage thereof, as will be discussed in further detail later.

Under the direction of the microprocessor block 524, data and other information are
written into or read from a storage area, identified by the PBA, within one of the flash memory
devices 510-512 through the flash controller block 532. The information stored within the flash

30 memory devices may not be overwritten with new information without first being erased, as
earlier discussed. On the other hand, erasure of a block of information (every time prior to being
written), is a very time and power consuming measure. This is sometimes referred to as erase-

before-write operation. The preferred embodiment avoids such an operation by continuously,
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yet efficiently, moving a sector (or multiple sectors) of information, within a block, that is being
re-written from a PBA location within the flash memory to an unused PBA location within the
memory unit S08 thereby avoiding frequent erasure operations. A block of information may be
comprised of more than one sector such as 16 or 32 sectors. A block of information is further
defined to be an individually-erasable unit of information. In the past, prior art systems have
moved a block stored within flash memory devices that has been previously written into a free
(or unused) location within the flash memory devices. Such systems however, moved an entire
block even when only one sector of information within that block was being re-written. In other
words, there is waste of both storage capacity within the flash memory as well as waste of time
in moving an entire block’s contents when less than the total number of sectors within the block
are being re-written. The preferred embodiments of the present invention, as discussed herein,
allow for “moves” of less than a block of information thereby decreasing the number of move
operations of previously-written sectors, consequently, decreasing the number of erase
operations.

Referring back to Fig. 10, it is important to note that the SPM RAM block 548 maintains
a table that may be modified each time a write operation occurs thereby maintaining the LBA-
PBA mapping information and other information regarding each block being stored in memory
unit 508. Additionally, this mapping information provides the actual location of a sector (within
a block) of information within the flash memory devices. As will be further apparent, at least a
portion of the information in the mapping table stored in the SPM RAM block 548 is
“shadowed” (or copied) to memory unit 508 in order to avoid loss of the mapping. information
when power to the system is interrupted or terminated. This is, in large part, due to the use of
volatile memory for maintaining the mapping information. In this connection, when power to
the system is restored, the portion of the mapping information stored in the memory unit 508 is
transferred to the SPM RAM block 548.

It should be noted, that the SPM RAM block 548 may alternatively be nonvolatile
memory, such as in the form of flash or EEPROM memory architecture. In this case, the
mapping table will be stored within nonvolatile memory thereby avoiding the need for
“shadowing” because during power interruptions, the mapping information stored in nonvolatile
memory will be clearly maintained.

When one or more sectors are being moved from one area of the flash memory to another
area, the preferred embodiment of the present invention first moves the sector(s) from the

location where they are stored in the flash memory devices, ie., 510-512, to the buffer RAM
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block 522 for temporary storage therein. The moved sector(s) are then moved from the buffer

RAM block 522 to a free area within one of the flash memory devices. It is further useful to
note that the ECC code generated by the ECC logic block 540, as discussed above, is also stored
within the flash memory devices 510-512 along with the data, as is other information, such as
the LBA corresponding to the data and flag fields. ’

Figs. 11-21 are presented to show examples of the state of a table 700 in SPM RAM
block 548 configured to store LBA-PBA mapping information for identification and location of
blocks (and sectors within the blocks) Within the memory unit 508. Table 700 in all of these
figures is shown to include an array of columns and rows with the columns including virtual
physical block address locations or VPBA block address locations 702, move virtual physical
address locations or MVPBA block address locations 704, move flag locations 706, used/free
flag locations 708, old/new flag locations 710, defect flag locations 712 and sector move status
locations 714.

The rows of table include PBA/LBA rows 716, 718 through 728 with each row having a
row number that may be either an LBA or a PBA depending upon the information that is being
addressed within the table 700. For example, row 716 is shown as being assigned row number
‘00’ and if PBA information in association with LBA ‘00’ is being retrieved from table 700, then
LBA ‘00’ may be addressed in SPM RAM block 548 at row 716 to obtain the associated PBA
located in 730. On the other hand, if status information, such as flag fields, 706-712, regarding a
block is being accessed, the row numbers of rows 716 - 728, such as ‘00, 10°, ‘20°, ‘30, ‘40°,

150", ‘N-1° represent PBA, as opposed to LBA, values. Furthermore, each row of table 700 may

be thought of as a block entry wherein each entry contains information regarding a block.
Furthermore, each row of table 700 may be addressed by an LBA.

In the preferred embodiment, each block is shown to include 16 sectors. This is due to
the capability of selectively erasing an entire block of 16 sectors (which is why the block size is
sometimes referred to as an “erase block size”. If an erase block size is 16 sectors, such as
shown in Figs. 11-21, each block entry (or row) includes information regarding 16 sectors. Row
716 therefore includes information regarding a block addressed by LBA ‘00’ through LBA ‘15’
(or LBA ‘00’ through LBA ‘OF’ in Hex. notation). The next row, row 718, includes information
regarding blocks addressed by LBA ‘16’ (or ‘10’ in Hex.) through LBA ‘31’ (or ‘1F’ in Hex.)
The same is true for PBAs of each block.

It should be noted however, other block sizes may be similarly employed. For example,

a block may include 32 sectors and therefore an erase block size 32. In the latter situation, each
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block entry or row, such as 716, 718, 720..., would include information regarding 32 sectors.
where each block comprises of 16 sectors (other than 16-sector block sizes may be similarly
employed).

The VPBA block address locations 702 of table 700 stores information generally
representing a PBA value corresponding to a particular LBA value. The MVPBA block address
locations 704 store information representing a PBA value identifying, within the miemory unit
508, the location of where a block (or sector portions thereof) may have been moved. The move
flag locations 706 store values indicating whether the block being accessed has any sectors that
may have been moved to a location whose PBA is indicated by the value in the MVPBA block
address location 704 (the PBA value within 704 being other than the value indicated in VPBA
block address 702 wherein the remaining block address information may be located). The
used/new flag location 708 stores information to indicate whether the block being accessed is a
free block, that is, no data has been stored since the block was last erased. The old/new flag
location 710 stores information representing the status of the block being accessed as to whether
the block has been used and re-used and therefore, old. The defect flag location 712 stores
information regarding whether the block is defective. If a block is declared defective, as
indicated by the value in the defect flag location 712 being set, the defective block can no longer
be used. Flags 708-712 are similar to the flags 110-114 shown and described with respect to
Fig. 1.

Sector move status location 714 is comprised of 16 bits (location 714 includes a bit for
each sector within a block so for different-sized blocks, different number of bits within location
714 are required) with each bit representing the status of a sector within the block as to whether
the sector has been moved to another block within the memory unit 508. The moved block
location within the memory unit 508 would be identified by a PBA that is other than the PBA
value in VPBA block address location 702. Said differently, the status ;)f whether a sector
within a block has been moved, as indicated by each of the bits within 714, suggests which one
of either the VPBA block address locations 702 or the MBPBA block address locations 704
maintain the most recent PBA location for that sector.

Referring still to Fig. 11, an example of the status of the table 700 stored in SPM RAM
block 548 (in Fig. 10) is shown when, by way of example, LBA ‘0’ is being written. As
previously noted, in the figures presented herein, a block size of sixteen sectors (number 0-15 in
decimal notation or 0-10 in hexadecimal notation) is used to illustrate examples only. Similarly,

N blocks (therefore N LBAs) are employed, numbered from 0 - N-1. The block size and the
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number of blocks are both design choices that may vary for different applications and may
depend upon the memory capacity of each individual flash memory device (such as 510 - 512)
being employed. Furthermore, a preferred sector size of 512 bytes is used in these examples
whereas other sector sizes may be employed without departing from the scope and spirit of the
present invention. '
Assuming that the operation of writing to LBA ‘0" is occurring after initialization or
system power-up when all of the blocks within the flash memory devices 510-512 (in Fig. 10)
have been erased and are thus free. The space manager block 548 is likely to determine that the
next free PBA location is ‘00’. Therefore, ‘00’ is written to 730 in VPBA block address 702 of
row 716 wherein information regarding LBA ‘0’ is maintained, as indicated in table 700 by LBA
row number ‘00°. Since no need exists for moving any of the sectors within the LBA 0 block,
the MVPBA block address 704 for row 716, which is shown as location 732 may include any
value, such as an initialization value (in Fig. 11, ‘XX’ is shown to indicate a “don’t care” state).

The value in 734 is at logic state ‘0’ to show that LBA ‘0’ block does not contain any

moved sectors. Location 736 within the used flag 708 column of row 716 will be set to logic

state ‘1” indicating that the PBA ‘0’ block is in use. The state of location 738, representing the
old flag 710 for row 716, is set to ‘0’ to indicate that PBA ‘0’ block is not “old” yet. Location
740 maintains logic state ‘0’ indicating that the PBA ‘0’ block is not defective and all of the bits

in move status location 714 are at logic state ‘O’ to indicate that none of the sectors within the

LBA ‘0’ through LBA ‘15’ block have been moved.

In "F"i"g‘. 11, the status information for LBA ‘0’ in row 716, such as in move flag location
706, used flag location 708, old flag location 710, defect flag location 712 and move status
location 714 for all remaining rows, 716-728, of table 700 are at logic state ‘0’. It is understood
that upon power-up of the system and/or after erasure of any of the blocks, the entries for the
erased blocks, which would be all blocks upon power-up, in table 700, are all set to logic state
‘0.

At this time, a discussion of the contents of one of the flash memory devices within the
memory unit 508, wherein the LBA ‘0’ block may be located is presented for the purposé of a
better understanding of the mapping information shown in table 700 of Fig. 11.

Tuming now to Fig. 22, an example is illustrated of the contents of the flash memory
device 510 in accordance with the state of table 700 (as shown in Fig. 11). LBA ‘O’, which
within the memory unit 508 is identified at PBA ‘0’ by controller 506 (of Fig. 10) is the location
wherein the host-identified block is written. A PBAO row 750 is shown in Fig. 22 to include
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data in sector data location 752. An ECC code is further stored in ECC location 754 of PBAO
row 750. This ECC code is generated by the ECC logic block 540 in association-with the data
being written, as previously discussed. Flag field 756 in PBAO row 750 contains the move,
used, old and defect flag information corresponding to the sector data of the block being written.

S In this example, in flag field 756, the “used” flag and no other flag is set, thus, flag field 756
maintains a logic state of ‘0100 indicating that PBA *0’ is “used” but not “moved”, “old” or
“defective”.

PBAO row 750 additionally includes storage location for maintaining in LBA address
location 758, the LBA number corresponding to PBA ‘0’, which in this example, is ‘0’. While

10  not related to the example at hand, the remaining PBA locations of LBA ‘0’ are stored in the
next 15 rows following row 750 in the flash memory device 510.

It will be understood from the discussion of the examples provided herein that the .
information within a PBA row of flash memory device 510 is enough to identify the data and
status information relating thereto within the LBA ‘0’ block including any moves associated

15 therewith, particularly due to the presence of the “move” flag within each PBA row (750, 762,
764, ...) of the flash memory. Nevertheless, alternatively, another field may be added to the first
PBA row of each LBA location within the flash, replicating the status of the bits in the move
status location 714 of the corresponding row in table 700. This field is optionally siored in
sector status location 760 shown in Fig. 22 to be included in the first PBA row of each LBA
20 block, such as row 750, 780 and so on. Although the information maintained in location 760
——— —may be found by checking the status of the “move” flags within the flag fields 756.of each PBA o
row, an apparent advantage of using location 760 is that upon start-up (or power-on) of the
system, the contents of table 700 in SPM RAM block 548 may be updated more rapidly due to .
fewer read operations (the reader is reminded that table 700 is maintained in SPM RAM 548,
25  which is volatile memory whose contents are lost when the system is power-down and needs to
be updated upon power-up from non-volatile memory, i.e. memory unit 508).

That is, rather than reading every PBA row (altogether 16 rows in the preferred example)
to update each LBA entry of the table 700 upon power-up, only the first PBA row of each LBA
must be read from flash memory and stored in SPM RAM 548 thereby saving time by avoiding

30 needless read operations. On the other hand, clearly more memory capacity is utilized to
maintain 16 bits of sector status information per LBA.

In the above example, wherein location 760 is used, the value in sector status location

760 would be all *0’s (or ‘0000’ in hexadecimal notation).
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In flash memory device 510, each of the rows 750, 762, 764, 768.., is a PBA location

with each row having a PBA row number and for storing data and other information (data and
other information are as discussed above with respect to row 750) for a sector within a block
addressed by a particular LBA. Furthermore, every sixteen sequential PBA rows represents one
block of in_formation. That is, PBA rows 750, 762, 764 through 768, which are intended to show
16 PBA rows correspond to LBA 0(shown as row 716 in table 700 of Fig. 11) and each of the
PBA rows maintains information regarding a sector within the block. The next block of
information is for the block addressed by LBA ‘10’ (in Hex.) whose mapping information is
included in row 718 of table 700, and which is stored in locations starting from ‘10’ (in
hexadecimal notation, or ‘16’ in decimal notation) and ending at ‘1F’ (in hexadecimal notation,
or ‘31’) in the flash memory device 510 and so on.

Continuing on with the above example, Fig. 12 shows an example of the state of table
700 when LBA 0 is again being written by the host. Since LBA 0 has already been written and
is again being written without first being erased, another free location within the memory unit
508 (it may serve helpful to note here that the blocks, including their sectors, are organized
sequentially and continuously through each of the flash memory devices of memory unit 508
according to their PBAs such that for example, the next flash memory device following device
510 picks up the PBA-addressed blocks where flash memory device 510 left off, an example of
this is where flash memory device 510 includes PBAs of O-FF (in Hex.) and the next flash
memory device, which may be 512, may then include 100-1FF (in Hex.)) is located by space
manager 544 for storage of the new information. This free location is shown to be PBA ‘10’ (in
Hexadecimal notation, or 16 in decimal notation). In row 718, where the entries for LBA ‘10’
will remain the same as shown in Fig. 11 except the used flag in location 742 will be set (in the
preferred embodiment, a flag is set when it is at logic state ‘1’ although the opposite polarity
may be used without deviating from the present invention) to indicate that the PBA 10’ is now
“in use”.

The entries in row 716 are modified to show ‘10’ in MVPBA block address location 732,
which provides the PBA address of the moved portion for the LBA ‘00’ block. The move flag in
focation 734 is set to logic state ‘1° to indicate that at least a portion (one or more sectors) of the
LBA ‘00’ block have been moved to a PBA location other than the PBA location indicated in
location 730 of table 700. Finally, the bits of the move status location 714 in row 716 are set to
“1000000000000000° (in binary notation, or ‘8000’ in hexadecimal notation), reflecting the
status of the moved sectors within the block LBA ‘00’. That is, in this example, ‘8000’ indicates
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that the first sector, or sector ‘0’, within LBA ‘00’ block has been moved to a different PBA

location. ‘

Referring now to Fig. 22, the state of table 700 in Fig. 12 will affect the contents of the
flash memory device 510 in that the moved sector of the LBA ‘0O’ block will now be written to
PBA ‘10’ in row 780. Row 780 will then include the data for the moved sector, which is 512
bytes in size. With respect to the moved sector information, row 780 further includes ECC code,
a copy of the values in flag locations 734 - 740 of table 700 (in Fig. 12), and LBA ‘00’ for
indicating that the data in row 780 belongs to LBA ‘00’ and may further include the move status
for each of the individual sectors within the LBA ‘0’ block.

While not specifically shown in the figure, the move flag within location 756 of PBA
row 750 is set to indicate that at least a portion of the corresponding block has been moved. The
value stored in the move status location 714 of row 716 (in Fig. 12), which is ‘8000’ in Hex., is
also stored within location 760 of the row 750. As earlier noted, this indicates that only sector
‘0’ of PBA ‘0’ was marked “moved” and the new block LBA ‘0’ waé written to PBA ‘10’ in
flash memory. Without further detailed discussions of F ig. 22, it should be appreciated that the

. examples to follow likewise affect the contents of the flash memory device 510.

Fig. 13 shows the status of table 700 when yet another write operation to LBA *00” is
performed. The values (or entries) in row 716 remain the same as in Fig. 12 except that the
value in location 732 is changed to ‘20’ (in Hex. Notation) to indicate that the moved portion of
block LBA ‘00’ is now located in PBA location ‘20’ (rather than * 10’ in Fig. 12). As in Fig. 12,
the value in move status location 714, ‘8000, indicates that the first sector (with PBA ‘00°) is
the portion of the block that has been moved.

Row 718 is modified to show that the LBA ‘10’ block is now old and can no longer be
used before it is erased. This is indicated by the value in location 744 being set to logic state “1°.
The entries for LBA 20, row 720, remain unchanged except that location 746 is modified to be
set to logic state ‘1’ for reflecting the state of the PBA ‘20’ block as being in use. It is
understood that as in Figs. 11 and 12, all remaining values in table 700 of Fig. 13 that have not
been discussed above and are not shown as having a particular logic state in Fig. 13 are all
unchanged (the flags are all set to logic state ‘07).

Continuing further with the above example, Fig. 14 shows the state of table 700 when yet
another write to LBA ‘0’ occurs. For ease of comparison, there is a circle drawn around the
values shown in Fig. 14, which are at a different logic state with respect to their states shown in

Fig. 13. Inrow 716, everything remains the same except for the new moved location, indicated
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as PBA ‘30’, shown in location 732. PBA ‘30’ wza1s the next free location found by the space
manager 544. As previously noted, this value indicates that a portion of the block of LBA ‘0’ is
now in PBA ‘30’; namely, the first sector (shown by the value in 714 of row 716 being ‘8000°)
in that block has been moved to PBA ‘30’ in the flash memory device 510.

Row 718 remains the same until it is erased. The flags in locations 742 and 744 are set
to logic state ‘0’. Row 720 also remains unchanged except for the value in its old flag 710
column being modified to ‘1’ to show that the block of PBA ‘20’ is also old and can not be used
until first erased. Row 722 remains the same except for the value in its used flag 708 column
being changed to logic state ‘1’ to show that the block of LBA ‘30’ is now in use.

Fig. 15 is another example of the state of table 700, showing the state of table 700
assuming that the table was at the state shown in Fig. 13 and followed by the host writing to
LBA °5’. Again, the changes to the values in table 700 from Fig. 13 to Fig. 15 are shown by a
circle drawn around the value that has changed, which is only one change.

When writing to LBA *5’, it should be understood that the LBA entries of rows 716, 718,
720, etc. are only for LBA ‘00°, LBA °10°, LBA “20’, so on, and therefore do not reflect an LBA
‘5’ entry. The reader is reminded that each of the LBA row entries is for a block of information
with each block being 16 sectors in the preferred embodiment. For this reason, LBA ‘5’ actually
addresses the fifth sector in row 716. Since PBA ‘20’ was used to store LBA ‘0’, only the sector
within PBA “20°, corresponding to LBA ‘5, is yet not written and “free”. Therefore, the data
for LBA “5’ is stored in PBA ‘20’ in sector ‘5°. The move status location 714 of row 716 will be

-~ modified to logic state ‘8400’ (in Hex. Notation). This reflects that the location of the first and

fifth sectors within LBA 0’ are both identified at PBA ‘20’ in the flash memory device 510.
The remaining values in table 700 of Fig. 15 remain the same as those shown in Fig. 13.

Figs. 16-18 show yet another example of what the state of table 700 may be after either
power-up or erasure of the blocks with the memory unit 508. In Figs. 16 and 17, the same write
operations as those discussed with reference to Figs. 11 and 12 are performed. The state of table
700 in Figs. 16 and 17 resembles that of Figs. 11 and 12, respectively (the latter two figures have
been re-drawn as Figs. 16 and 17 for the sole convenience of the reader). Briefly, Fig. 16 shows
the state of table 700 after a write to LBA ‘0’ and Fig. 17 shows the state of table 700 after
another write to LBA ‘0.

Fig. 18 picks up after Fig. 17 and shows the state of table 700 after the host writes to
LBA °5’. As indicated in Fig. 18, LBA ‘5’ has been moved to PBA ‘10’ where LBA ‘0’ is also
located. To this end, MBPBA block address location 732 is setto ‘10’ in row 716 and the move
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flag is set at location 734 in the same row. Moreover, the state of move status location 714 in

row 716 is set to ‘8400’ (in Hex.) indicating that LBA ‘0’ and LBA ‘5’ have been moved, or that
the first and fifth sectors within LBA ‘00’ are moved. Being that these two sectors are now
located in the PBA ‘10’ location of the flash memory device 510, the move flag for each of the
5 these sectors are also set in the flash memory device 510. It should be understood that LBA “5’
was moved to PBA ‘10’ because remaining free sectors were available in that block. Namely,
even with LBA ‘0’ of that block having been used, 15 other sectors of the same block were
available, from which the fifth sector is now in use after the write to LBA “5°.
Continuing on with the example of Fig. 18, in Fig. 19, the state of the table 700 is shown
10  after the host writes yet another time to LBA ‘0’. According to the table, yet another free PBA
location, ‘20’, is found where both the LBA ‘5’ and LBA ‘0’ are moved. First, LBA ‘5’ is
moved to the location PBA 10’ to PBA ‘20’ and then the new block of location LBA ‘0’ is .
written to PBA ‘20°. As earlier discussed, any time there is a move of a block (for example, here
the block of LBA ‘5’ is moved) it is first moved from the location within flash memory where it
15  currently resides to a temporary location within the controller 506, namely with the buffer RAM
block 522, and then it is transferred from there to the new location within the flash memory
devices. - ‘
The used flag in location 746 of row 720 is set to reflect the use of the PBA ‘20’ location
in flash memory and the old flag in location 744 is set to discard use of PBA ‘10’ location until
20 itis erased. Again, in flash memory, the state of these flags as well as the state of the move flag
for both the LBA 0’ and LBA ‘5’ sectors are replicated.
Fig. 20 picks up from the state of the table 700 shown in Fig. 18 and shows yet another
state of what the table 700 may be after the host writes to LBA ‘S’. In this case, the block of .
LBA ‘0’ is first moved from location PBA ‘10’ within the flash memory device 510 wherein it is
25  currently stored to location PBA ‘20’ of the flash memory. Thereafter, the new block being
written to LBA ‘S’ by the host is written into location PBA *20’ of the flash memory. The flags
in both table 700 and corresponding locations of the flash memory device 510 are accordingly
set to reflect these updated locations.
Fig. 21 also picks up from the state of the table 700 shown in Fig. 18 and shows the state
30  of what the table 700 may be after the host writes to LBA “7". In this case, the new block is
simply written to location PBA ‘10’ of the flash memory since that location has not yet been
used. Additionally, three of the bits of the move status location 714 in row 716 are set to show
that LBA ‘0’, LBA ‘5’ and LBA *7’ have been moved to another PBA location within the flash
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memory. Location 732 shows that the location in which these three blocks are stored is PBA
‘10°.

As may be understood from the discussion presented thus far, at some point in time, the
number of sectors being moved within a block makes for an inefficient operation. Thus, the
need arises for the user to set a threshold for the number of sectors within a block that may be
moved before the block is declared “old” (the old flag is set) and the block is no longer used,
until it is erased. This threshold may be set at, for example, half of the number of sectors within
a block. This is demonstrated as follows: For a block having 16 sectors, when 8 of the sectors
are moved into another block, the “original” block and the “moved” block (the block in which
the moved sectors reside) are combined into the same PBA block. The combined PBA block
may be stored in a new block altogether or, alternatively, the “original” block may be combined
with and moved into the “moved” block. In the latter case, the “original” block is then marked as
“old” for erasure thereof. If the combined PBA block is stored in a new block, both of the
“original” and the “moved” blocks are marked as “old”.

Fig. 23 depicts a general flow chart outlining some of the steps performed during a write
operation.’ It is intended to show the sequence of some of the events that take place during such
an operation and is not at all an inclusive presentation of the method or apparatus used in‘ the
preferred embodiment of the present invention.

“The steps as outlined in Fig. 23 are performed under the direction of the microprocessor
block 524 as it executes program code (or firmware) during the operation of the system.
When the host writes to a block of LBA M, step 800, the space manager block 544, in step 802,
checks as to whether LBA M is in use by checking the state of the corresponding used flag in
table 700 of the SPM RAM block 548. If not in use, in step 804, a search is performed for the
next free PBA block in memory unit 508.. If no free blocks are located, an “error” state is
detected in 808. But where a free PBA is located, in step 806, its used flag is marked (or set) in
table 700 as well as in flash memory. In step 810, the PBA of the free block is written into the
VPBA block address 702 location of the corresponding . BA row in table 700.

Going back to step 802, if the LBA M block is in use, search for the next free PBA block
is still conducted in step 812 and upon the finding of no such free block, at 814, an “error”’
condition is declared. Whereas, if a free PBA location is found, that PBA is marked as used in
table 700 and flash memory, at step 816. Next, in step 818, the state of the block is indicated as

having been moved by setting the move flag as well as the setting the appropriate bit in the move

APPLE INC.

EXHIBIT 1002 - PAGE 0174




10

15

20

25

30

WO 98/44420 PCT/US98/06335
24

status location 714 of table 700. The new location of where the block is moved is also indicated
in table 700 in accordance with the discussion above.

Finally, after steps 818 and 810, data and all corresponding status information, ECC code
and LBA are written into the PBA location within the flash memory.

As earlier indicated, when a substantial portion of a block has sectors that have been
moved (in the preferred embodiment, this is eight of the sixteen sectors), the block is declared
“old” by setting its corresponding “old” flag. Periodically, blocks with their “old” flags set, are
erased and may then be re-used (or re-programmed, or re-written).

As can be appreciated, an advantage of the embodiments of Figs. 10-23 is that a block
need not be erased each time after it is accessed by the host because if for example, any portions
(or sectors) of the block are being re-written, rather than erasing the block in the flash memory
devices or moving the entire‘block to a free area within the flash, only the portions that are being
re-written need be transferred elsewhere in flash, i.e. free location identified by MVPA block
address. In this connection, an erase cycle, which is time consuming is avoided until later and
time is not wasted in reading an entire block and transferring the same.

In an alternative embodiment, there may be less information pertaining to each sector
that is stored in the flash memory. Likewise, the table 700 in the SPM RAM block 548 (in Fig.
10) maintains less information as explained below.

Fig. 24 shows an example of the information a flash memory chip (such as flash memory
device 510) may store. In Fig. 24 is shown, N blocks, blocks 1000, 1002, ..., 1004, with each

- block having up to m sectors Using block 1000 as an example, each of the sectors 1006, 1008,

..., 1010 within block 1000 includes a data field 1052 and an ECC field 1014. In the preferred
embodiment, the data field 1052 contains 512 bytes and the ECC field 1014 contains 4 bytes of
information although other sizes of both data and ECC may be employed without departing from
the spirit of the present invention.

The first sector in each block, for example sector 1006 of block 1000, additionally
includes a defect flag 1016 indicating whether the block is defective or not. In the preferred
embodiment, if any of the sectors within a block are defective, the entire block is marked
defective as further explained below.

Each sector within a block may further contain a spare area 1018. In each block, there is
included an LBA 1020 for identifying the block within the flash memory unit, as will be
explained in greater detail shortly. It is however, important to note that the LBA 1020 while
shown in Fig. 24 to be located within the last sector 1010 of block 1000, may be alternatively
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located within any other sector of block 1000 and further within any area within the sector in

which it is located. For example, LBA 1020.may be located within the spare area 1022 of sector
1008 or it may be located at 1024, which is right before the locatiori where data is stored for the
sector 1008 of block 1000. The same sector organization that is used for block 1000 is also used
for the remaining blocks such as blocks 1002 and 1004 within the flash memory devices.

Similarly, the location of the defect flag 1012 may be anywhere within the block. For
example, the defect flag 1012 may be alternatively stored at 1024 or at 1022. But there is only
one defect flag stored per block. An aspect of the present invention relates to the way in which
the defect flag is employed.

During manufacturing of flash memory chips, defects within the memory are commonly
identified and marked by the chip manufacturer. This is typically done by writing a predefined
pattern (byte-wide) in a predetermined location within a defective block. That is, the
manufacturer will erase the flash chip and a value, such as all ‘1’s, will then be carried by each
memory cell within the flash chip that was successfully erased. If a sector or a cell within a
block is defective, the manufacturer will set a manufacturing defect flag located somewhere
within the defective block (not shown in Fig. 24) to a predetermined value. This manufacturing
defect flag is not the same as defect flag 1012 and its location is determined by the manufacturer
and not by design choice. These manufacturer-identified defective blocks are then ignored (or
not used) during system operation. That is, the space manager block 544 (in Fig. 10) keeps track
of these defective blocks and knows not to use them when it searches for a free block within the
flash memory devices. 5.

Other than defects detected during manufacturing of flash chips, there may be additional
defects developed during operation of the chips due to wearing as discussed earlier. These
defects are sometimes referred to as “grown defects” by the industry at-large and must be
accounted for by a system in which using flash memory devices are employed.

The case of “grown defects” will be explained in the context of system operations. In a
preferred embodiment of the present invention, after erasure of the block 1000, the defect flag
1012 (in Fig. 24) is programmed to indicate whether the erased block is defective or not. That
is, if the cells in the erased block 1000 were successfully erased, the defect flag 1012 is setto a
predefined value such as a byte-wide value of ‘55’ (in Hex.) indicating that the block is not
defective. If on the other hand, the block is not successfully erased, a value other than ‘55’, such
as ‘00’, is written to the defect flag 1012 or alternatively, no value is written and whatever the

state of the defect flag was after erasure (commonly, an erased state is all ‘1’s (or ‘FF’ in Hex.))
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will be maintained. In the latter case however, the erased state of the defect flag must be a value

other than ‘55’ in order to distinguish successful erasures.

The use of the defect flag 1012 is especially noted after power-up of the system. The
space manager block 544 takes note of which blocks are defective by quickly scanning the defect
flags of each block and identifying those blocks that are not defective for later by searching for
the value ‘55’ in the defect flag 1012 of each block. If a block is not defective after power-up
and later becomes defective, its defect flag is modified to so designate and the next time the
system is powered-up, the defective block is noted by the space manager and any use of the
block is avoided.

During a write operation, if a failure of one or more cells of a block occurs, the block is
first erased and then marked as being defective by writing a value other than ‘55’ (such as *00”)
to the defect flag 1012 of the defective block. Alternatively, there is no value written to the .
defect flag 1012 of the defective block.

One of the advantages of having a defect flag such as described thus far is that during
system power-up, the space manager block 544 (in Fig. 10) is able to quickly find blocks that are
not defective.

In an altemnative embodiment, as shown in Fig. 25, the LBA for each block within the
flash memory devices is stored within two different sectors of the same block. For example,
after block 1000 has been erased and during the first write operation of block 1000 following its
erasure, the space manager block 544 determines that block 1000 or a portion thereof is free to
be written into. The LBA associated with block 1000 is then programmed into two locations
1030 and 1020 (within sectors 1006 and 1010, respectively) of block 1000.

Thereafter, each time power to the system is temporarily interrupted, or upon power-up, .
the two LBAs in locations 1030 and 1020 are compared to each other and if they match and the
defect flag 1012 indicates that the block is not defective, the block continues to be used for
information storage under the direction of the space manager block 544. If however, the defect
flag 1012 indicates that the block is not defective but the two LBAs do not match, then the block
1000 will still continue to be used but it will first be erased prior to further re-use. The latter
case may arise, for example, when the system was writing to block 1000 and the first several
sectors starting with sector 0 were written but then there was a power interruption and
information was therefore not written to the remaining sectors of block 1000. In this case, the
LBA values in locations 1030 and 1020 will likely not match because sector m-1, or sector 1010,

of block 1000 was not written into prior to the power interruption. Upon power restoration,
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since not completely written, the block 1000 should not be used in its state as it was prior to the

power interruption. Accordingly, upon detecting a mismatch between the two LBA values in
locations 1030 and 1020, the controller 506 (in Fig. 10) will erase the block 1000 prior to its re-
use.

Where only one LBA is used per block, as shown in Fig. 24, obviously, the comparison
of two LBAs in each block is not performed yet detection of blocks that are defective is
maintained through the use of the defect flag as explained earlier. Additionally, the LBA may be
written last, that is, after all of the sectors of the block are written. Writing the LBA last is an
added measure of successfully having written to the block.

To illustrate another aspect of the present invention, Fig. 26 shows, on the left-hand side,
an example of the contents of several blocks of the flash memory device (this is the same
information that is illustrated in Fig. 24) and, on the right-hand side, an example of the contents
of the table 700, which corresponds to the block information that is on the left-hand side of the
figure. The purpose of showing the block contents is only to serve as convenience to the reader
in understanding the correlation between the LBA-PBA addressing of the blocks with respect to
the table 700. The example shown in Fig. 26 is to illustrate the mapping of this alternative
embodiment between the addresses of the blocks as they are stored in flash memory and the
addresses of the same blocks as that information is stored in the SPM RAM block 548.

In the table 700, there is shown to be stored in a column, a virtual PBA field 1036 and a flag
field 1038 including a defect flag 1012 for each row. Rows 1040, 1042, 1044, ..., 1050 each
correspond to an LBA and are addressed by '0’, ‘1°,°2°,...°Z’, respectively. The virtual PBA
field 1036 for each row actually contains an LBA address pointer that points to a block within
the flash memory having 16 sectors stored therein. In this respect, the virtual PBA serves as the
PBA for 16 sectors (the number of sectors may be other than sixteen in alternative
embodiments).

If the host sends a command to read for example, LBA 05, the controller 506, in Fig. 10,
first masks the four least significant bits (LSBs) of the value ‘05’ to obtain the value ‘00°. Then
using ‘00’ as the row address for table 700, the row 1040 in Fig. 26 is addressed. Note that the
reason the four LSBs of the LBA value sent by the host is masked is because there are 16 sectors
being represented by each row of table 700. 16 sectors is two to the power of 4 in binary terms
which translates to 4 bits. If for example each row represented 32 sectors, then the 5 LSBs of
the LBA sent by the host would be masked.
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Once the row 1040 in the SPM RAM block 548 has been addressed, the value in the
virtual PBA field 1036 for the row 1040 is retrieved, which in this case is ‘00°. ‘00’ is then used
as the pointer to the blocks stored within the flash memory devices. That is, in this example,
block 0, or the block 1000 (on the left-hand side of Fig. 26) is addressed. But to get to the sector
that was intended to be read, the 4 bits that were initially masked from the LBA value sent by
the host, are used to specifically address sector ‘5’ (not shown), which is the sixth sector, within
the block 1040. The data stored in the data field 1052 of sector 5 (not shown) is then retrieved
or read. Next, the ECC field 1014 of that same sector is read.

The LBA location 1020 should have the value ‘00’, which is the same address value that
is stored in the virtual PBA field 1036 of the row 1040 of table 700. This is intended for
identifying the block 1000 in the flash memory devices as block ‘00’ during the power-up
routine, to update the space manager. Although, the LBA location 1020 does not represent the .
LBA value sent by the host as noted above. To avoid such confusion, the value in location 1020
may be referred to as a ‘cluster” address rather than an LBA address.

To illustrate another example in the context of a write operation, if the host commands
the controller 506 to write to LBA ‘17’ (in decimal notation), the controller masks the LSBs of
the hexadecimal notation of ‘17’ (which is ‘11°). The masked version of ‘17 is ‘1’ in
hexadecimal notation. Thus, the row 1042 is addressed in table 700 and a the address of a free
block, as found by the space manager block 544, is placed in the virtual PBA. field 1036 of the
row 1042. In this case, block 2 is found as the next free block. Within the flash memory
devices, block 2, which is the block 1002, is addressed. The sector where information is actually
written into is sector 1 of the block 1002 (the second sector in that block) because the 4 LSBs of
the LBA value “11° sent by host. The data and ECC are then written into the sector 1 of block ‘
1002, '

If the preferred embodiment example of Fig. 26 is used with the embodiment discussed
with reference to Fig. 25, the LBA (or cluster) address is written in two places within each of the
blocks.

Although the present invention has’ been described in terms of specific embodiments, it is
anticipated that alterations and modifications thereof will no doubt become apparent to those
skilled in the art. It is therefore intended that the following claims be interpreted as covering all
such alterations and modification as fall within the true spirit and scope of the invention.

What is claimed is:
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CLAIMS

1. A storage device having nonvolatile memory and being coupled to a host for storing
information, organized in blocks, in the nonvolatile memory, each block having associated
therewith a logical block address (LBA) and a physicat block address (PBA), the LBA provided
by the host to the storage device for identifying a block to be accessed, the PBA developed by
the storage device for identifying a free location within the nonvolatile memory wherein the
accessed block is be stored, each stored block within the nonvolatile being selectively erasable
and further having one or more sectors, the storage device comprising:

(a) a memory device for storing a table defined by n LBA rows, each of the LBA rows

being uniquely addressable by an LBA and for storing a virtual PBA for identifying the

location of the stored block, a move virtual PBA for identifying the location of a portion

of the stored block, and status information including flag means for indicating whether

any sectors of the stored block have been moved to the move virtual PBA location within

the nonvolatile memory;

(b) means for receiving from the host, a block of information identified by a particular

LBA to be stored in the nonvolatile memory, for developing the virtual PBA if the

particular LBA is “unused” and for developing the move virtual PBA if the particular

LBA is “used”,

wherein portions of a block may be stored in more than one PBA-identified .location
within the nonvolatile memory to avoid an erase operation each time the host writes to the
storage device and to avoid transfer of the entire block to a free location within the nonvolatile

memory each time a portion of the block is being re-written.

2. A storage device as recited in claim 1, wherein the status information of each of the LBA rows
further includes a sector move status field for identifying one or more of the sectors of the stored

block that are not stored in the location of the nonvolatile memory identified by the virtual PBA.

3. A storage device as recited in claim 1, wherein the status information of each of the LBA rows
further includes a sector move status field for identifying which of the sectors of the stored block
are no longer in the location identified by the virtual PBA.
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4. A storage device as recited in claim 1 further including one or more nonvolatile memory
devices, each device having a plurality of storage locations with each location uniquely

addressable by a PBA for storing a sector of a block.

5. A storage device as recited in claim 4, wherein each of the storage locations of the nonvolatile

memory device is further for storing a copy of said flag means.

6. A storage device as recited in claim 4, wherein each storage location of the nonvolatile
devices includes a sector move status location for storing sector move information to identify

which sectors of the stored block are moved.

7. A storage device as recited in claim 3 and 6, wherein upon power-up, the sector move
information for each PBA is read from the nonvolatile memory devices and stored in the sector

move status field of each corresponding LBA row of the table.

8. A storage device as recited in claim 4, wherein the particular block is stored in the storage

location of one of the nonvolatile devices addressed by the virtual PBA.

9. A storage device as recited in claim 4, wherein the particular block is stored in the storage

location of one of the nonvolatile devices addressed by the move virtual PBA.

10. A storage device as recited in claim 1 wherein said flag means further includes an “old” flag
means for identifying a corresponding block as being “old” when setand a “used” flag means for

identifying a corresponding block as being “in use” when set.
11. A storage device as recited in claims 3 and 10 wherein if the sector move status field
indicates that half of the sectors of the stored block are no longer in the virtual PBA location, the

corresponding *“old” flag means of the stored block is set. o

12. A storage device as recited in claim 1 wherein said memory device is comprised of volatile

memory.

13. A storage device as recited in claim 12 wherein said volatile memory is RAM.
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14. In a storage device for use with a host, the storage device having a controlier and one or

more flash memory devices, a method for accessing information within the flash memory

devices under the direction of the controller, the information organized in sectors with one or

more sectors defining a block wherein each block is selectively. erasable having associated
therewith an LBA provided by the host and a PBA developed by the controller for identifying an
unused location within the flash memory devices wherein a sector may be stored, the method
comprising:

(a) allocating a table within the controller defined by rows, each row being individually

addressable by an LBA and configured to store a virtual PBA, a moved virtual PBA, and .

status information for use in determining the location of a sector that has been moved
from the virtual PBA to the moved virtual PBA within the flash memory devices;
(b) providing to the controller, a particular LBA identifying a block being accessed by
the host; )
(c) developing a PBA in association with the particular LBA;
- () using the particular LBA to address an LBA row;
(e) storing the PBA associated with the particular LBA in the addressed LBA row;
() upon further access of the block identified by the particular LBA, developing a
moved virtual PBA;
{g) storing the moved virtual PBA in the addressed LBA row; and ,
(h) modifying the status information of the addressed LBA row to indicate whether any
sectors within the addressed LBA row have been moved,
wherein sectors of a block are moved to unused locations within the flash memory devices to

avoid erase-before-write operations each time the block is accessed.
15. A method for accessing information as recited in claim 14 wherein the status information
further includes a move flag means for indicating whether any portion of the particular block is

stored in a location within the flash memory devices identified by the moved virtual PBA.

16. A method for accessing information as recited in claim 14, further including storing the table

in volatile memory.

17. A storage device having nonvolatile memory and being coupled to a host for storing

APPLE INC.

EXHIBIT 1002 - PAGE 0182




10

15

20

WO 98/44420 PCT/US98/06335
32

information, organized in blocks, in the nonvolatile memory, each block having associated
therewith a logical block address (LBA) and a physical block address (PBA), the LBA
provided by the host to the storage device for identifying a block to be accessed, the PBA
developed by the storage device for identifying a free location within the nonvolatile memory
wherein the accessed block is to be»stored, each stored block within the nonvolatile being .
selectively erasable and further having one or more sectors, the storage device comprising:

a memory device for storing a table defined by an LBA rows, each of the LBA rows
being uniquely addressable by an LBA and fof storing a virtual PBA for identifying the
location of the stored block, a move virtual PBA for identifying the location of a portion of
the stored block, and status information including flag means for indicationg wherher any
sectors of the stored block have been moved to the move virtual PBA location within the
nonvolatile memory,

means for receiving from the host, a block of information identified by a particular
LBA to be stored in the nonvolatile memory, for developing the virtual PBA if the particular
LBA is “unused” and for developing the move virtual PBA if the particular LBA is “used”;
defect flag stored within each of the blocks and being set to a predetermined value for
identifying successfully erased blocks,

wherein portions of a block may be stored in more than one PBA-identified location
within the nonvolatile memory to avoid an erase operation each time the host writes to the
storage device and to avoid transfer of the entire block to a free location within the nonvolatile

memory each time a portion of the block is being re-written.
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&) Apparatus and method for page replacement in a data-processing system having a virtual memaory.

In a muliprocessor, multiprogrammed data pro-
cessing system employing virtual addressing, ap-
paratus and method are provided for selecting a
pege frame In main memory to be replaced by a
new page of logic signal groups required by a pro-
cessor. Rather than utllize a algorithm implemented
in a serles of logical decisions determined by a
software procedure, the present invention provides
for a single instruction that uses the status signals
included with a page descriptor to address an entry
in a table of resulting status signais. The relationship
between the status signals and the table entries
implements the algorithm. The table with entries of
resulting status signals is associated with the instruc-
¢gtion and is stored in the processor when the instruc-
. Ition is prepared for execution by the processor. The
resulting status signals are stored with the page

& descriptor. The resulting status signals are analysed
Wby a software procedure, the software procedure
“implementing the page replacement and executing

@ other activity indicated by the resulting status sig-

L nals.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to data pro-
cessing systems and, more particularty, to data
processing systems that have a plurality of central
processing units using the techniques of virtual
addressing to interact with a main memory unit.

2. Discussion of the Related Art

in the modem data procsssing systern, a hier-
archical memory system is typically used. The bulk
of the data capable of being accessed by a data
processing system is stored on mass storage me-
dia such as magnetic tape, magnetic disks or other
media capable of storing large amounts of digital
information. These media are typically too slow to
permit the direct addressing of the stored data by a
central procsssing unit. A memory unit, generally
referred to as the main memory unit, is imple-
mented with a faster technology and stores por-
tions of the data required-by the data processing
system. (Although not directly related to the
present invention, a memory of yet faster technol-
ogy utilized for storing data of immediate impor-
tance to the central processing unit and physically

“located within the central procsssing is generally

included in the data processing system. The mem-
ory apparatus in the processor is preferred to as
the buffer or cache memory.)

Each -processor, by means of the operating
system, has access to all of the avallable data
associated with the data processing system and
can utillze this data as required. As a practical
matter, because of the size of data available to the
processor, the retrieval of the required data from
the mass storage devices would have a detrimental
impact on the performance of the process execu-
tion. The data having an immediate requirement by
the data processing system is stored in the main
memory unit. Because storing all of the data in the
main memory is impractical, the data is divided
into data blocks, called pages, that are entered into
the main memory unit as an entity.

In the virtual memory techniques, at the start of
operation of the data processing unit. the operating
system allocates the space available in the main
memory unit. Main memory space will be allocated
to programs, tables, and portions of the operating
systemn required for the operation of the data pro-
cessing system. This area in memory does not
have the contents replaced such as is typical of the
remainder of the data stored in main memory. The

10
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remainder of the memory unit is divided in equal
blocks where groups of related data signals that
are important to the data processing system can
be stored. These data signal blocks are referred to
as page frames. Associated with each page frame
is a group of data signals in a table of related
signals referred to as the page frame descriptor.
The operating system can reference the page
frame descriptor and the page frame descriptor
identifies or points to the location of the associated
page descriptor. The page descriptor includes in-
formation relating the virtual or symbolic address
manipulated by the processors of a data process-
ing system to the actual or physical address where
the original information is stored. Also associated
with sach page descriptor are signals relating to
status information. The page frame descriptor aiso
includes data signals in a location referred to as a
linker indicative of the order of the page frames
according to a preselected algorithm defining how
order of the page frames is to be defined.

After initialization of the data processing sys-
tem, a processor will require a group of data sig-
nals. A software procedure will provide the informa-
tion relating the physical address to the symbolic
address for the required group of data signais. The
information relating these quantities is stored in the
page descriptor. The appropriate information is en-
tered in the linker portion of the page frame de-
scriptor indicating that this is the first of the se-
quence of page frames. As additional page frames
are added, the linker information will identify the
order of the page frame in the sequence. After the
page frames are all occupied with data, a proces-
sor will continue to require access to new data,
requiring that a page frame already containing data -
will have new data replace the old data. It Is
implementation of this page frame data repiace-
ment that the present invention relates.

From the iinker information, the next possible
page frame in the sequence of page frames can be
determined. Based on the linker information, the
page descriptor associated with that page frame
can be identified and the page descriptor can be
entered in the processor. The processor, under
software control in the prior art, examines the val-
ues of the status signals in the page descriptor
and, based on the values of the signals, a decision
is made as to the whether the data in that page
frame can be rsplaced. For example, a status sig-
nal that is frequently used relates to the experience
that the oplimum strategy for the replacement of
data is to replace the least most recently used
data. To implement the least most recently used
strategy requires an unacceptabie amount of pro-
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cessing overhead. A typical strategy Is to remove .

the "data used™ signal according to a predster-
mined procedure, and to set the "data used” in the
page descriptor whenever the data associated with
a page frame is used. in this manner, the software
procedures can determine that the data has been
usad within a preselected period of time.

In addition, still other status signals can be
associated with the page frame. Because of the
muitiplicity of status signals, a software procedure
providing a decision with respect to the replace-
ment of the associated group of data can be com-
plex and require an unacceptabie amount of pro-
cessing activity.

When the program controlling the operation of
the data processing system requires data signal
groups not currently stored in the main memory,
the replacement algorithm is invoked. in the prior
art, the replacement algorithm was executed by a
software process, requiring an analysis of the sev-
eral status signals. During the determination of the
page frame data to be replaced, access to the
descriptor was prevented to prevent the use of data
that could be in the process of change. One tech-
nique to prevent access during this period of possi-
ble data change was to provide the memory of
portions of the memory with 8 memory "lock”, the
memory lock preventing access to the main mem-
ory or the selected portions thereof. This technique
was effective in insuring that proper data was used
by the processors, but, because of the relative slow
exscution of the software replacement algorithm,
thepotforrnani:eofﬁveenﬁredatapmcess!ngsys-
tem could be severely impacted. (As will be clear
to those skilled in the art, for practical reasons, the
memory lock typically involves a plurality of mem-
ory locations. The performance will therefore be
impacted even if the particular location being ana-
lyzed by the replacement algorithm is not acces-
sed.

In order to eliminate the reservation of a main
memory portion during execution of the replace-
ment algorithm, techniques have been used that

10
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permit the execution of the replacement without -

reservation of the main memory portion. According
to this technique, a determination is made after a

replacement page frame selection has been made
for a particular location, if a change has occurred in
the status signals of the page frame header during
the execution of the replacement algorithm. This
technique has required additionai complexity in the
data processing system.

A need has therefore been felt for a technique
that permits the determination of a main memory
location sultable for having the present data stored
therein replaced by new data required by the data
processing system.

88

OBJECTS OF THE INVENTION

it is an object of the present invention to pro-
vide an improved data processing system.

It is another object of the present invention to
provide for a replacement of a group of data in the
main memory of a data processing system accord-
ing to preselected criteria based on status signals
associated with the group of data. )

It is yet another object of the present invention
to provide for an analysis or a group of status
signals without using a software procedure for the

analysis.

SUMMARY OF THE INVENTION

The aforementioned and other objects are ac-
complished, according to the present invention, by
providing the data processing system with an In-
struction that generates new status signals based
on the original status signals while minimizing the
impact on the evailabiiity of the main memory unit.
During a page frame replacement procedure, the
page descriptor associated with the next page
frame to be examined for suitability for replace-
ment is transferred to the processor. Associated
with the instruction executing the replacement de-
termination aigorithm is a table of resuliing status
signal values. The status signals of the page de-
scriptor are used to select an appropriate entry in
the Instruction tabie. The selected resulting status
signals indicate whether the associated page frame
data should be replaced, and the sslected status
signais can be used to indicate other activity re-
quired by the processor. The selected status sig~
nals are stored in the descriptor and stored in main
memory. These and other features of the present
invention will be understood upon reading of the
following description along with the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 Is a block diagram of a data pro-

cessing system capable of using the presant inven-

tion.

Figure 2 is a diagram lllustrating the the
division of the main memory unit into a pluraiity
memory location groups.

Figure 3a Is a diagram illustrating the reia-
tionship between the page frame descriptors table
and the page table. Figure 3b illustrates the alloca-
tion of the bit positions in the page descriptor and
Figure 3¢ illustrates the Identification of the status
signals in the page descriptor.

Figure 4 is a diagram of the bit positions of
the replacement instruction.
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Figure 5a illustrates the entries in the trans-
lation table, while Figure 5b provides examples of
the use of the translation table.

Figure 6 is a block diagram of the apparatus
in the execution unit that executes the replacement
instruction.

Figure 7is a flow diagram illustrating how the
replacement Instruction can be implemented by a
software procedure.

Figure 8 illustrates the separation of the

main memory unit into sectors for purposes of
limiting access.

DESCRIFTION OF THE PREFERRED EMBODI-
MENT

1.Detalled Description of the Figures

Referring now to Fig. 1, a data processing .
system capable of advantageously utilizing the -

present invention is shown. The data processing
system includes at least one processor (illustrated
by processor 10 and processor 11, a main memory
unit 15, at least one peripheral interface units
(illustrated by peripherai interface unit 12 and pe-
ripheral interface unit 13) and .a system bus 19. In
the data processing system illustrated in Figure 1,
the main memory stores the data signal groups to
be manipulated by the processors. In the main

memory unit 15 during initiafization of the system,

the storage space of the main memory is divided
into a muitipllcity of regions, each region for storing
a preestablished quantity of logic signals. in addi-
tion, the main memory unit has certain regions
reserved for files, the files being accessible to the
processors. The use of a common main memory
unit for 