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PAGE BUFFER PROGRAM COMMAND AND
METHODS TO REPROGRAM PAGES
WITHOUT RE-INPUTTING DATA TO A
MEMORY DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional

patent application no. 61/108,507, filed Oct. 25, 2008,
incorporated herein by reference.

BACKGROUND

The present invention relates to technology for data
storage.

Semiconductor memory has become increasingly popular
for use 1n various electronic devices. For example, non-
volatile semiconductor memory 1s used 1n cellular tele-
phones, digital cameras, personal digital assistants, mobile
computing devices, non-mobile computing devices and
other devices. Electrical Erasable Programmable Read Only
Memory (EEPROM) and flash memory such as NAND
memory are among the most popular non-volatile semicon-
ductor memories.

Non-volatile memories formed from reversible resis-
tance-switching elements are also known. For example, U.S.

Patent Application Publication 2006/0250836, published
Nov. 9, 2006, and titled “Rewriteable Memory Cell Com-
prising A Diode And A Resistance-Switching Material,”
incorporated herein by reference, describes a rewriteable
non-volatile memory cell that includes a diode coupled in
series with a reversible resistance-switching material such as
a metal oxide or metal nitride. These reversible resistance-
switching materials are of interest for use in nonvolatile
memory arrays. One resistance state may correspond to a
data “0,” for example, while the other resistance state
corresponds to a data “1.” Some of these materials may have
more than two stable resistance states. Such switching
clements are often arranged in multiple layers 1n so-called
3-D memory devices. Moreover, various types ol volatile
memory devices are known, such as DRAM. Both rewrit-
able and write-once memories are known.

A memory device can be 1n the form of a card or other
component which can be iserted mto or otherwise con-
nected to a host/user device, such as a host cell phone, digital
camera or other device. In other cases, the memory device
1s permanently installed into the host device. Examples of
memory devices with removable media formats are mar-

keted under various trade names including COMPACT-
FLASH, SMART-MEDIA, SECURE DIGITAL, MEMORY

STICK, XD-PICTURE CARD. A new generation of
memory card formats with small form factors are sold under

trade names including RS-MMC, MINISD AND
MICROSD, AND INTELLIGENT STICK.

During a write process, a unit of data referred to as a page
1s written to a specified location 1n a memory array. For
example, the host device can provide to the memory device
the data which 1s to be written, along with an address of the
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memory array for writing the data. The memory device
includes circuitry for writing the data to the specified

address. However, when a write operation fails, such as due
to a problem with the memory elements or circuitry asso-
ciated with the specified address, the resulting input/output
operations which attempt to resolve the failure may consume
excessive bandwidth.

Techniques are needed for efliciently handling write
operation failures 1n a memory device.

SUMMARY

A technique 1s provided for efliciently handling write
operation failures 1n a memory device.

In one embodiment, a method for operating a memory
device includes: (a) receiving at least one page of data and
a {irst address at the memory device, from an external host,
(b) storing the at least one page of data 1n a page bufler of
the memory device, (¢) attempting to write the at least one
page of data from the page buller to a memory array of the
memory device at a location specified by the first address,
(d) determining that the attempt to write the at least one page
of data was unsuccesstul, (¢) informing the external host that
the attempt to write the at least one page of data was
unsuccessiul, (1) receiving a second address at the memory
device, from the external host, and (g) attempting to write
the at least one page of data from the page bufler to the
memory array at a location specified by the second address,
without the external host re-sending the at least one page of
data to the memory device.

In another embodiment, a method for operating a memory
device includes: (a) receiving at least a first page of data and
a first address at the memory device from an external host,
(b) storing the at least a first page of data in a first storage
location of the memory device, outside a memory array of
the memory device, (¢) recerving a {irst write command, (d)
in response to the first write command, attempting to write
the at least a first page of data from the first storage location
to the memory array at a location specified by the first
address, (e) recerving, at the memory device from the
external host, a second address, (1) reading the memory
array at a location specified by the second address to retrieve
the at least a second page of data to a second storage location
in the memory device, outside the memory array, while
maintaining the at least a first page of data 1n the first storage
location, (g) providing the at least a second page of data to
the external host from the second storage location, (h)
determining that the attempt to write the at least a first page
of data was unsuccessiul, (1) informing the external host that
the attempt to write the at least a first page of data was
unsuccessiul, (1) receiving a second address at the memory
device from the external host, and (k) attempting to write the
at least a first page of data from the first storage location to
the memory array at a location specified by the second
address, without the external host re-sending the at least a
first page of data to the memory device.

In another embodiment, a method for operating an exter-
nal host of a memory device includes: (a) transmitting, from
the external host to the memory device, at least one page of
data, a first address, and at least a first command, where the
at least a first command signals the memory device to store
the at least one page of data 1n a page buller of the memory
device, and to attempt to write the at least one page of data
from the page bufler to a memory array of the memory
device at a location specified by the first address, (b)
receiving, at the external host from the memory device, a
status communication indicating that the attempt to write the
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at least one page of data at the location specified by the first
address was unsuccessiul, and (¢) 1n response to the status
communication, transmitting, from the external host to the
memory device, a second address and at least a second
command, where the at least a second command signals the
memory device to attempt to write the at least one page of
data from the page bufler to the memory array at a location
specified by the second address, without the external host
re-sending the at least one page of data to the memory
device.

In another embodiment, a memory device includes a
memory array ol non-volatile storage elements which 1s
formed on a substrate, a data cache, a page bufler, an
interface to an external host, and one or more control
circuits. The one or more control circuits: (a) recerve at least
one page ol data and a first address, from an external host,
(b) store the at least one page of data in the page bufler, (c)
attempt to write the at least one page of data from the page
builer to the memory array at a location specified by the first
address, (d) determine that the attempt to write the at least
one page of data was unsuccessiul, (¢) inform the external
host that the attempt to write the at least one page of data was
unsuccessiul, (1) recetve a second address at the memory
device, from the external host, and (g) attempt to write the
at least one page of data from the page buller to the memory
array at a location specified by the second address, without
the external host re-sending the at least one page of data to
the memory device.

In another embodiment, a memory device includes a
memory array ol non-volatile storage elements formed on a
substrate, a page buller, a data cache, an interface to an
external host, and one or more control circuits 1n commu-
nication with the memory array, the page bufler, the data
cache and the interface. The page buller receives first page
data, and the one or more control circuits cause an attempt
to be made to write the first page data from the page bufler
to the memory array. Further, the data cache receives second
page data from the memory array which bypasses the page
bufler, while the page bufler stores the first page data. The
one or more control circuits cause the second page data to be
provided to the external host from the data cache. Also, the
one or more control circuits cause an attempt to be made to
re-write the first page data from the page bufler to the
memory array.

Corresponding methods, systems and computer- or pro-
cessor-readable storage devices which have executable code
for performing the methods provided herein may also be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of one embodiment of a
memory system.

FIG. [2a] 2 depicts a sequence of communications
between a host and a memory device 1n writing a page of
data to a memory array.

FIGS. [2b-d] 3-5 depict movement of data in a data cache,
page bufler and memory array, corresponding to the
sequence of FIG. [2a] 2, where FIG. 3 shows that Data X,
sent by the host 136, is stored in the data cache 113 at t2,
FIG. 4 shows that, during the write process based on the
write command at t3, Data X is transferrved from the data
cache 113 to the page buffer 111, and FIG. 5 shows that,
during the ve-write process based on the write command at
t8, Data X is written from the page buffer 111 to address N’
of the memory array 102.
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FIG. [2¢] 6 depicts a process which corresponds to the
sequence of FIG. [2a] 2.

FIG. [21] 7 depicts a host-side process which corresponds
to the process of FIG. [2e] 6.

FIG. [3a] &8 depicts a sequence of communications
between a host and a memory device 1 writing a page of
data to a memory array while receiving another page of data
in a data cache.

FIGS. [3b-h] 9-15 depict movement of data in a data
cache, page buller and memory array, corresponding to the
sequence of FIG. [3a] 8, where FIG. 9 shows that Data X is
sent by the host 136 and stoved in the data cache 113 at t2,
FIG. 10 shows that during the write process based on the
write command at t3, Data X is transferved from the data
cache 113 to the page buffer 111, FIG. 11 shows that during
the write process, Data Y is veceived at the cache at t6, and
the write attempt for Data X fails, FIG. 12 shows that Data
Y is in the data cache and Data X is in the page buffer (¢5),
FIG. 13 shows that Data X begins to be ve-written at address
N'" based on the write command at t12, FIG. 14 shows that
the re-write process continues and the attempt passes, and

FIG. 15 shows that Data Y' is transferred to the page buffer

from the data cache.

FIG. [3i] /6 depicts a process which corresponds to the
sequence of FIG. [3a] 8.

FIG. [4a] 17 depicts a sequence of communications
between a host and a memory device in writing a page of
data to a memory array, where the page was copied from the
memory array.

FIGS. [4b-f] 18-22 depict movement of data in a data
cache, page buller and memory array, corresponding to the
sequence of FIG. [4a] 17, where FIG. 18 shows that Data X
is read, based on the read command at t2, FIG. 19 shows
that Data X is output to the host 136 at t3, FIG. 20 shows
that the modified data, Data X' is received by the data
cache, at t6, FIG. 21 shows that Data X' is copied to the page
buffer and an attempt is made to write it to the memory array
at address M, and FIG. 22 shows that Data X'is successfully
written to the memory array at the alternative addrvess M’

FIG. [4g] 23 depicts a process which corresponds to the
sequence of FIG. [4a] 17.

FIG. [5a] 24 depicts a first portion of a sequence of
communications between a host and a memory device 1n
writing a page ol data to a memory array (where the page
was copied from the memory array) while receiving another
page of data 1n a data cache.

FIG. [5b] 25 depicts a second portion of a sequence of
communications which follows the sequence of FIG. [5a}

24.

FIGS. [5c-1] 26-35 depict movement of data in a data
cache, page buller and memory array, corresponding to the
sequence of FIGS. [5a] 24 and [5b] 25, where FIG. 26 shows
that the veading of Data X from address N involves the data
being loaded in the page buffer 111 and copied to the data
cache 113, FIG. 27 shows that modified data, Data X', is
received from the host 136 at the data cache, FIG. 28 shows
that Data X' is provided to the page buffer 111 from the page
cache 113, overwriting Data X, FIG. 29 shows that an
attempt is made to write Data X' from the page buffer 111 to
the memory arrvay at address M, FIG. 30 shows that Data X1
is read from the memory array at addvess NI directly to the
data cache 113, FIG. 31 shows that Data X1 is output from
the data cache, FIG. 32 shows that modified data X1’ is
received at the data cache 113, FIG. 33 shows that Data X1’
is in the data cache and Data X' is in the page buffer, FIG.

34 shows that a rewrite attempt occurs for Data X' at




US RE46,154 E

S

address M’ and FIG. 35 shows that concurrently with
re-writing Data X' or X'(X"), additional data X1" is veceived
at the data cache.

FIG. [5m] 36 depicts a process which corresponds to the
sequence of FIGS. [5a] 24 and [5b] 25.

FIG. [6] 37 depicts a circuit in which a data cache is
connected to receive data directly from a memory array or
host.

FIG. [7] 38 depicts a circuit in which a page buffer is
connected to receive data directly from a memory array or
host.

FIG. [8] 39 depicts a functionality provided by the circuits
of FIGS. [6] 37 and [7] 28.

DETAILED DESCRIPTION

A techmique 1s provided for efliciently handling write
operation failures 1n a memory device.

FIG. 1 1s a block diagram that depicts one example of a
memory system that can mmplement the technology
described herein. The memory system includes a memory
device 100 which may be configured as a card or other
package which includes a portion 101 formed on a die and
a controller 130 which communicates with an external host
136 via an mput-output circuit or interface 134, in one
possible approach. The controller 130 1includes system con-
trol logic 132 for implementing the functionality described
herein. The controller 130 could be embedded 1n the portion
101 or ofl-chip, as depicted.

The memory array 102 can be a two or three dimensional
array ol memory cells, also referred to as storage elements.
In one implementation, memory array 102 1s a monolithic
three dimensional memory array. A monolithic three dimen-
sional memory array 1s one in which multiple memory levels
are formed above a single substrate, such as a watfer, with no
intervening substrates. The layers forming one memory
level are deposited or grown directly over the layers of an
existing level or levels. In contrast, stacked memories have
been constructed by forming memory levels on separate
substrates and adhering the memory levels atop each other,
as 1 Leedy, U.S. Pat. No. 5,915,167, “Three Dimensional
Structure Memory.” The substrates may be thinned or
removed from the memory levels before bonding, but as the
memory levels are mitially formed over separate substrates,
such memories are not true monolithic three dimensional
memory arrays.

In another possible implementation, the memory array 1s
a two-dimensional array of non-volatile storage elements
which are series-connected in strings, such as NAND
strings. Hach string extends 1n a column between drain- and
source-side select gates. Word lines communicate with con-
trol gates of the storage elements 1n rows. Bit lines com-
municate with the drain end of each string, and sensing
components are coupled to the bit lines to determine whether
a selected storage element i1s 1n a conductive or non-
conductive state.

The array terminal lines of memory array 102 include the
various layer(s) of word lines organized as rows, and the
various layer(s) of bit lines organized as columns. However,
other orientations can also be implemented.

Memory system 100 includes row control circuitry 120,
whose outputs 108 are connected to respective word lines of
the memory array 102. Row control circuitry 120 receives a
group of row address signals and one or more various
control signals from system control logic circuit 130, and
typically may include such circuits as row decoders 122,
array terminal drivers 124, and block select circuitry 126 for
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both read and programming operations. Memory system 100
also includes column control circuitry 110 whose mput/
outputs 106 are connected to respective bit lines of the
memory array 102. Column control circuitry 110 receives a
group of column address signals and one or more various
control signals from system control logic 132, and typically
may include such circuits as column decoders 112, array
terminal receivers or drivers 114, block select circuitry 116,
as well as read/write circuitry, and I/O multiplexers. System
control logic 132 receives data and commands from the host
136 and provides output data to the host. In other embodi-
ments, system control logic 132 receirves data and com-
mands from a separate controller circuit and provides output
data to that controller circuit, with the controller circuit
communicating with the host. System control logic 132 may
include one or more state machines, registers and other
control logic for controlling the operation of the memory
system 100 as described herein.

The column control circuitry 110 also includes a page
bufler 111 and a data cache 113, which may be part of a sense
amplifier. The page bufler 1s a storage location which stores
data which 1s written 1nto or read from the memory array,
and may also retain program verification results during a
write operation. One or more page buflers may be used. A
page buller can store one or more pages of data. When a
word line stores only one page of data, a page buller which
only stores one page of data 1s suflicient. When a word line
stores multiple pages of data, one or more page builers
which can store the one or more pages of data can be
provided. The page bufiler 111 1s connected to the bit lines
and to supply line voltages for read, verily, program (write),
and erase operations. Regarding program verification, after
a word line of storage elements 1n the memory array 1is
programmed with the data stored in the page bufler 111, the
word line 1s read back, and the read data 1s compared with
the data stored 1n the page bufler. A mismatch indicates that
a defect (or some other type of error) 1s present on the word
line, and the data should be re-written to another word line.
For further information, refer, e.g., to U.S. Pat. No. 7,317,
636, incorporated herein by reference.

In another possible approach, instead of using a separate
read operation to determine i1f the contents of a word line
match that of the page builer on a word-line-by-word-line
basis, the programmed/unprogrammed state of each memory
cell can be sensed while attempting to program the memory
cell. This sensing-while-programming technique 1s
described 1n detail in U.S. Pat. No. 6,574,145, titled
“Memory device and method for sensing while program-
ming a non-volatile memory cell,” incorporated herein by
reference.

The data cache 113 holds data which 1s read by the page
bufler, in a read operation, and data which 1s to be provided
to the page buller for a write operation. As described further
below, the external host, which 1s off the die 101, sends
commands and data to the memory device 100, where the
data 1s stored using a combination of the data cache and the
page butler as first and second storage locations. Advanta-
geously, data which 1s to be written to the memory array can
be maintained 1n the memory device after a write attempt
fails at one address 1n the memory array and re-written to
another address i1n the memory array without the host
re-inputting the data to the memory device. Further, this
re-write capability can be achieved in different scenarios,
such as a scenario where additional data is receiving 1n the
memory device while a re-write process occurs, a scenario
where the re-written data 1s copied (and optionally modified)
from one location in the memory array to another, and a
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scenario where additional data 1s receiving in the memory
device while a re-write process occurs and the re-written
data 1s copied (and optionally modified) from one location 1n
the memory array to another. This page-based re-write
capability can be distinguished from techmiques which are
performed by the memory device to modily a portion of a
page, such as a few bytes, e.g., using error correction.

In one embodiment, all of the components depicted in
FIG. 1 are arranged on a single integrated circuit. For
example, system control logic 132, column control circuitry
110 and row control circuitry 120 are formed on the surface
of a substrate. Moreover, memory array 102 can be a
monolithic three dimensional memory array formed above
the substrate (and, therefore, above system control logic
132, column control circuitry 110 and row control circuitry
120). In some cases, a portion of the control circuitry can be
formed on the same layers as some of the memory array.

Integrated circuits incorporating a memory array usually
subdivide the array into a number of sub-arrays or blocks.
Blocks can be further grouped together into bays that
contain, for example, 16, 32, or a different number of blocks.
As Irequently used, a sub-array 1s a contiguous group of
memory cells having contiguous word and bit lines gener-
ally unbroken by decoders, drivers, sense amplifiers, and
input/output circuits. This 1s done for a variety of reasons.
For example, the signal delays traversing down word lines
and bit lines which arise from the resistance and the capaci-
tance of such lines (1.e., the RC delays) may be very
significant 1n a large array. These RC delays may be reduced
by subdividing a larger array into a group of smaller
sub-arrays so that the length of each word line and/or each
bit line 1s reduced. As another example, the power associated
with accessing a group of memory cells may dictate an upper
limit to the number of memory cells which may be accessed
simultaneously during a given memory cycle. Consequently,
a large memory array 1s frequently subdivided into smaller
sub-arrays to decrease the number of memory cells which
are simultaneously accessed. Nonetheless, for ease of
description, an array may also be used synonymously with
sub-array to refer to a contiguous group of memory cells
having contiguous word and bit lines generally unbroken by
decoders, drivers, sense amplifiers, and input/output circuits.
An integrated circuit may include one or more memory
arrays. The controller 130 and any of the other components,

besides the memory array 102, may be considered to be
control circuits.

As mentioned at the outset, when a write operation fails,
the resulting input/output operations may consume €xces-
stve bandwidth, 1n terms of processor cycles used 1n the
memory device as well as the amount of data which 1s
transierred to the memory device. For example, a page of
data may contain, e.g., 2 KB or 4 KB of data. Typically,
when a write process fails, the memory device notifies the
external host when the host polls the status, and the host
responds by 1ssuing a new write command and re-sending
the page of data to the memory device. This host may poll
every page after programming in order to find out if each
page has been successiully programmed.

Specifically, 1n the interface of a memory card or other
media format, a failed page write attempt typically needs to
be remapped to another physical location 1n the memory
array. The host typically checks the status aiter program-
ming and restarts the write sequence by writing the new
address and re-sending the page of data. This 1s especially
ineflicient when programming 1s done with data cache,
which overlaps the I/O with internal operations.
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A technique provided herein addresses the need to re-
write failed pages to another physical location 1n a memory
array while avoiding the need to re-mnput the page data. It
allows the host/user to input another physical address and
program the data that has been buflered in the memory
device to be written to the new location. It can be used 1n
programming in single page or with data cache, and 1t can
be used 1n page copy operation (single page or cached) as
well. The technique 1s compatible with memory systems
which use a limited vocabulary of command codes, such as
to avoid complexity, and due to the need for standardization
and compatibility with different host devices. This signifi-
cantly reduces the bandwidth penalty for programming,
especially during programming with data cache mode. As a
result, the write speed performance can be significantly
improved.

In one implementation, the technique introduces a new
setup command 1n the interface protocol. By using this
command and sending a new address, the host can program
the memory device without resending the page data, which
resides 1n the page buller. Only a slight modification to an
existing program flow 1s required.

FIG. [2a] 2 depicts a sequence of communications
between a host and a memory device 1 writing a page of
data to a memory array. In this scenario, a page of data 1s
re-written without inputting other data, and the data 1s not
copied from another location in the memory array. A time
line depicts a sequence of messages which are sent from the
host to the memory device, and from the memory device to
the host. The status of a READY/BUSY line of the memory
device which 1s monitored by the host i1s also provided.
When the status 1s READY, the host can communicate with
the memory device, such as to request the status of a
previous write operation or to provide user data and an
address to the memory device. When the status 1s BUSY, the
host has to wait to communicate with the memory device for
any needs other than checking the READY/BUSY status of
the device or resetting the device.

Moreover, the time points t0, t1, t2, . . . are not equally
spaced 1n time and are meant to depict a sequence of events.
In some 1mplementations, a page buller program command
(8Dh) 1s introduced to save I/O time when a write process
fails on a page. When this happens, the host tries to rewrite
the same page to another physical location 1n the memory
array, such as another word line, or another page on a word
line having multiple pages. A write from the page buller to
another page 1n memory can be achueved with this new
command. The user data communicated between the host
and the memory device 1s 1n units of pages; one or multiple
pages at a time.

Note that example command codes (e.g., 8Dh, 10h, 70h)
are mentioned which are suitable for a particular implemen-
tattion which 1volve the SMARTMEDIA non-volatile
memory card. However, these command codes are provided
as an 1llustration only, as the concepts are generally suitable
for different media formats and protocols.

In a single page program process, a data input command
(80h) 1s provided from the host to the memory device at t0,
followed by an address N at t1 and one or more pages of user
data to be written (Data X) at t2. The memory device keeps
the address N 1n a working memory and stores Data X in the
data cache 113 (FIG. 1). The host provides a write command
(10h) at t3. Command 10h indicates that no additional page
of data follows the current page. In response, the memory
device copies data X to the page bufler 111 (FIG. 1), then
initiates a write operation to write Data X to address N of the
memory array. Conceivably, a direct path could be provided
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between the data cache and memory array so that the data
could be written directly to the memory array from the cache
without being copied to the page buller, or the data could be
read directly from the memory array to the cache without
passing through the page bufler. See FIGS. 6-8 for more
information. Generally, a write process 1s carried out auto-
matically by the memory device without receiving further
instructions from the host for carrying out the write com-
mand. That 1s, the memory device performs a write autono-
mously from the host.

At this time, the BUSY status 1s set. At t4, the READY
status 1s set, 1n response to which the host provides a status
request command (70h). Specifically, when the READY/
BUSY signal rises to indicate the READY status, the host
polls the memory device for the status. The memory device
responds with a status fail message, for instance, at t5.

In response, the host provides a command (8Dh) at t6
which signals to the memory device that a re-write attempt
1s to be made with the data for which the write process has
failed, and that an address for performing this re-write will
follow. The new address N' 1s provided by the host at t7,
tollowed by the write command (10h) at t8. Thus, first and
second 1nstances of a first write command code are provided
at t3 and t8, respectively. However, the memory device
understands that the mstance at t8 will be interpreted dif-
terently than the instance at t3 because the instance at t8 1s
preceded by an instance of a second command code at 16.

Optionally, at t7.1, modified data for Data X, referred to
as Data X' 1s communicated by the host. For example, Data
X' can mclude a few bytes of data which replace bytes in
Data X while 1t 1s 1n the page bufler. Thus, we can modily
the page bufler data 1n place before re-writing 1t to the
memory array. This can be useful 1n different scenarios such
as when the page data depends on the address 1n the memory
array to which 1t 1s written. The address N' can include bytes
which identify the portion of Data X which 1s to be replaced
by Data X' as well as bytes which identify the memory array
address N'. The 8Dh write comman 1s interpreted to write
Data X' directly to the page bufler.

At t8, the memory device attempts to write Data X,
optionally as modified by X' (denoted X(X")), to a location
in the memory array which 1s specified by address N', and a
BUSY status 1s set. Specifically, when the READY/BUSY
signal lowers to indicate the BUSY status, the write opera-
tion occurs. At 19, the READY status is set, 1n response to
which the host provides a second instance of the status
request command (70h). Specifically, when the READY/
BUSY signal rises to indicate the READY status, the host
polls the memory device for the status. The memory device
responds with a status pass message, for mstance, at t10.

FIGS. [2b c] 3-4 depict movement of data in a data cache,
page bufler and memory array, corresponding to the
sequence of FIG. [2a] 2. At FIG. [2b] 3, Data X, sent by the
host 136, is stored in the data cache 113 at t2. At FIG. [2¢]
4, during the write process based on the write command at
t3, Data X 1s transierred from the data cache 113 to the page
bufler 111 and a failed attempt 1s made to write 1t from the
page builer 111 to address N of the memory array 102. At
FIG. [2d] 5, during the re-write process based on the write
command at t8, Data X 1s written from the page builer 111
to address N' of the memory array 102, resulting i a
success. Optionally, as mentioned, the host 136 can provide
Data X' directly to the page bufler 111 to replace a portion
of Data X, providing modified Data X(X'"), which 1s written
to address N' of the memory array 102. See FIGS. 6-8 for
turther details of a circuit which provides a direct host-to-
page bufler communication capability.
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FIG. [2¢] 6 depicts a process which corresponds to the
sequence of FIG. [2a] 2. Step 250 includes inputting user
data, a first address and a write command to a memory
device. Step 252 includes attempting to write the data using
the first address. Decision step 254 determines 1f the write
attempt has passed. If it has passed, the process ends at step
264. Step 256 includes notifying the host that the write
attempt has not passed. Step 257 includes mputting a re-
write command and a second address. Step 258 optionally
includes inputting replacement bytes to modily the data
which 1s 1n a page buller. Step 259 mputs a write command.
Step 260 includes attempting to write the data using the
second address. Step 262 indicates to the host that the
rewrite attempt has passed. The process ends at step 264.

FIG. [2f] 7 depicts a host-side process which corresponds
to the process of FIG. [2¢] 6. Step 270 includes transmitting
user data, a first address and a write command to a memory
device. Step 272 includes receiving a notification that the
write attempt has failed. Step 273 includes transmitting a
re-write command and a second address. Step 274 optionally
includes transmitting replacement bytes to modity the data
which 1s 1n a page bufller. Step 275 transmits a write
command. Step 276 includes recerving a notification that the
write attempt has passed. The process ends at step 278.

FIG. [3a] & depicts a sequence of communications
between a host and a memory device in writing a page of
data to a memory array while receiving another page of data
in a data cache. This sequence allows additional data to be
received and stored at the memory device while a write
request for earlier data 1s pending. During this cache-
program sequence, the 8Dh command can be used after a
status failure 1s detected for a page write. In this case, after
the program operation, a copy from the data cache to the
page buller does not happen, as 1t would with a successtully
programmed page. The 8Dh command can be 1ssued, fol-
lowed by a new page address and the cache program
command (e.g., 15h). Command 15h indicates that an addi-
tional page of data 1s received and goes into data cache, at
the same time the current page i1s being written to the
memory array.

In this case the page data 1s programmed to the new
address. To skip the remapping, the cache sequence 1is
resumed directly. To resume the cache sequence, an 80h
command and page address for the subsequent page are
reissued. Note that the 80h command does not automatically
set the bytes 1n the data cache in this case. In a normal
program operation without failure before the user starts to
input the data, all previous data 1n the cache 1s set to FF
(11111111). Thais 1s because the write was successiul and the
old data has already been stored in the memory. In case of
a failure, the data in the cache 1s the data still to be
programmed. We want the data to stay there and allow the
user’host to decide whether to modily the data or keep 1t
there.

A data iput command (80h) 1s provided from the host to
the memory device at t0, followed by an address N at t1 and
user data to be written (Data X) at t2. The memory device
keeps the address N 1n a working memory and stores Data
X 1n the data cache 113 (FIG. 1). The host provides a write
command (15h) at t3, assuming any previous page which
was written has successtully been written. In response, the
memory device 1nitiates a write operation to write Data X to
address N of the memory array. Note that this can occur
concurrently with additional commumnications between the
host and the memory device.

At t3, the BUSY status i1s set. At t4, the READY status 1s

set, 1n response to which the host provides the data input
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command, followed by an address M at t5 and Data Y at t6.
Data Y 1s stored in the data cache. Thus, additional data 1s
input to the memory device while a write attempt 1s made for
data X. This provides an etlicient use of bandwidth. A write
command for writing data Y 1s provided at t7, but imple-
mentation of this command must wait until the previous data
has been successtully written. This write command 1s later
superseded by a write command for Y' at t16. The host waits
for the READY signal. At t8, the READY status 1s set, 1n
response to which the host polls the memory device for the
status of the data X write attempt. The memory device
responds with a status fail message, for instance, at t9. There
1s no data copy from data cache to page butler, otherwise the
data for the page that failed would be overridden. The
memory stops and wait for either an 8D command—retry to
program data in page butler—or 80 command—ignore the
tail, override that data 1n the page bufler (which contained
the failed page) and copy data from data cache to page bufler
to restart the cache operation.

In response to the status fail communication at t9, the host
provides a command (8Dh) at t10 which signals to the
memory device that a re-write attempt 1s to be made with the
data for which the write process has failed, and that an
address for performing this re-write will follow. The new
address N' 1s provided by the host at t11, followed by the
write command (15h) at t12.

Optionally, at t11.1, modified data for Data X, referred to
as Data X' 1s communicated by the host, as discussed, to
modily a portion of Data X which 1s 1n the page buflfer. We
can modily the page buller data in place before re-writing 1t
to the memory array. The address N' can include bytes which
identify the portion of Data X which 1s to be replaced by
Data X' as well as bytes which identily the memory array
address N'.

The READY/BUSY signal 1s set to BUSY at t12, then to
READY at t13. Again, the memory device understands that
the write command at t12 will be iterpreted as a re-write
from the page bufler because 1t 1s preceded by the command
at t10. An attempt 1s made to write Data X or X(X") to
address N' at 112.

At this point, the host knows that a re-write attempt needs
to be carried out by the memory device. The host has the
option to provide modified data Y' to be stored in the
memory device in place of the previously sent data Y.
Further, a new address M' for storing Data Y' can be
selected. For example, Data Y may be modified based on the
new address M' at which the re-write will be attempted. Data
Y might contain information which refers to the location of
Data X 1n the memory array, in which case Data Y can be
modified based on the new location of Data X. For example
data Y could contain data that points to the address of data
X. This data has to be modified. While 1t 1s unlikely, 1t 1s
possible. Also, 1n response to a page failure, different data
might be required 1n the following page write (diflerent data
might also be required for the failed page). An example of
this 1s a “linked list” structure in which the pages are
arranged 1n a chain, even though their physical addresses are
not contiguous. Instead, each page contains the address of its
predecessor so the software or firmware can keep track of
the entire chain. In the case that data X’s location changes
from N to N', data Y must update its portion of address for
X, from N to N'. If Data Y 1s not modified, it can remain in
the data cache.

The host can choose to provide a data input command at
t13 followed by the modified address M' at t14, the modified
Data Y' at t15 and a new write command for Data Y' at t16,

and the READY/BUSY signal goes to BUSY. The host
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could begin moditying Data Y to Data Y' when the status fail
1s received at t9. However, for efliciency, when the host
1ssues the 8Dh command, address N' and Data X', then
1ssues the next 10h/15h command before 1t goes to modity
Data Y, then modifying Data Y can be done 1n parallel with
Data X or X(X") being written. If the host does not intend to
modily Data Y, data cycles can be skipped. Moreover, even
if the user does not mtend to change address M, address
cycles are still needed: 1n this case, the host re-inputs address
M.

This write command waits to be implemented because the
write of Data X has not yet been confirmed. At t17, Data X
or X(X") at address N' successtully finishes programming,
the READY/BUSY signal rises to indicate the READY
status, and the host polls the memory device for the status.
The memory device responds with the write status for Data
X or X(X") with a status pass message at t18. Subsequently,
Data Y' 1s written to the memory array at address M'.

The host can i1ssue another data mput command (not
shown) for a next page of data to be written to the memory
array, and the cache write process continues.

Note that the re-write command at t10 can be skipped 1f
the host chooses to 1gnore the failure notification at t9. In this
case, a copy from data cache to page builer can happen after
the 15h command 1s 1ssued at t16.

FIGS. [3b-h] 9-15 depict movement of data in a data
cache, page butler and memory array, corresponding to the
sequence of FIG. [3a] 8. At FIG. [3b] 9, Data X is sent by
the host 136 and stored 1n the data cache 113 at {2. At FIG.
[3c] /0, during the write process based on the write com-
mand at t3, Data X 1s transferred from the data cache 113 to
the page bufller 111 and begins to be written from the page
buflfer 111 to address N of the memory array 102. At FIG.
[3d] /!, during the write process, Data Y is received at the
cache at t6, and the write attempt for Data X fails. At FIG.
[3e] /2, Data Y is in the data cache and Data X is in the page
buffer (t8). At FIG. [3f] /3, Data X begins to be re-written
at address N' based on the write command at t12. Optionally,
as mentioned, the host 136 can provide Data X' directly to
the page builer 111 to replace a portion of Data X, providing
modified Data X(X'"), which 1s written to address N' of the
memory array 102. At FIG. [3g] /4, the re-write process
continues and the attempt passes. Also, concurrently, modi-
fied Data Y' is stored at the data cache at t15. At FIG. [3h]
15, Data Y' 1s transierred to the page buller from the data
cache (after t18, not shown).

FIG. [3i] /6 depicts a process which corresponds to the
sequence of FIG. [3a] 8. Step 350 includes inputting first
user data, a first address and a write command to a memory
device. Step 352 includes attempting to write the first data
using the first address. Step 354 includes mputting second
data, a second address and a write command to the memory
device. Decision step 356 determines if the write attempt of
the first data has passed. If it has passed, the process
continues at step 370 as we continue with the data cache
flow. Step 358 includes notifying the host that the write
attempt of the first data has not passed.

Step 360 includes mnputting a re-write command and a
third address. Step 362 optionally includes transmitting
replacement bytes to modily the first data (X) which 1s 1n a
page buller. Step 363 mnputs a write command Step 364
includes attempting to write the (optionally modified) first
data using the third address. Recall that the host can modity
the second data at this time to provide Data Y'. Steps
362-364 can be skipped if the user chooses to do so. Step
366 1ncludes inputting the modified second data, e.g., only
few bytes can be modified, a fourth address and a write
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command to the memory device. Step 368 includes notity-
ing the host that the rewrite attempt of the first data has
passed. After step 366, the host waits for the READY/BUSY
signal, which stays low (BUSY ) until programming of Data
X or X(X")1s completed. The process continues at step 370.

FIG. [4a] 17 depicts a sequence of communications
between a host and a memory device in writing a page of
data to a memory array, where the page was copied from the
memory array. This sequence allows data to be copied from
the memory array, optionally modified, and written back to
the memory array. During a page copy sequence, a status
failure can be followed by the 8Dh command and a new
page address and the program command (e.g., 10h) again.
The result 1s to program the same page of data into the new
page location.

A read data input command (00h) 1s provided from the
host to the memory device at t0, followed by an address N
at t1 and a read command (30h) at t2, in response to which
Data X at address N 1s read. At t2, the READY/BUSY signal
goes to BUSY and a page of data at address N 1s loaded into
the page buller, then copied into the cache. Data X 1s output
from the data cache to the host at t3 when the READY/
BUSY signal goes to READY. Data X can be toggled out.

The host has the option to modify Data X before 1t 1s
copied/written back to the memory array. At t4, the host
provides a copy data imnput command (8Ch), followed by an
address M at t5 and the modified data, Data X', at t6. In
response to a write command (10h) at t7, an attempt 1s made
to write Data X' at address M. Specifically, at t7, the
READY/BUSY signal goes to BUSY, and Data X' 1s copied
from the data cache to the page buller, then written to the
physical location specified by M 1n the memory array. At t8,
the READY/BUSY signal rises to indicate the READY
status, and the host polls the memory device for the status.
The memory device responds with the write status for Data
X' with a status fail message, for instance, at t9.

In response to the status faill communication, the host
provides a command (8Dh) at t10 which signals to the
memory device that a re-write attempt 1s to be made with the
data for which the write process has failed, and which 1s still
in the page bufler, and that an address for performing this
re-write will follow. The new address M' 1s provided by the
host at t11, followed by the write command (10h) at t12.
Again, the memory device understands that the write com-
mand at t12 will be interpreted as a re-write from the page
bufler because it 1s preceded by the command at t10.
Optionally, at t11.1, modified data for Data X', referred to as
Data X" 1s commumcated by the host, as discussed, to
modily a portion of Data X' which 1s 1n the page buliler.
Thus, we can modily the page bufler data 1n place before
re-writing 1t to the memory array. The address M' can
includes bytes which i1dentify the portion of Data X which 1s
to be replaced by Data X' as well as bytes which 1dentify the
memory array address M'.

At t12, the READY/BUSY signal goes to BUSY, and
Data X' or X'(X") 1n the page bufler 1s successiully written
to the physical location specified by M' in the memory array.
At 113, the READY/BUSY signal rises to indicate the
READY status, in response to which a status request com-
mand 1s provided by the host which relates to the attempted
write of Data X' or X'(X") to address M'. A status pass
message 1s provided to the host by the memory device at t14.

FIGS. [4b-f] 18-22 depict movement of data in a data
cache, page buller and memory array, corresponding to the
sequence of FIG. [4a] /7. In FIG. [4b] /8, Data X is read,
based on the read command at t2. Data X 1s loaded to the
page bufler from the memory array, and to the data cache
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from the page buffer. In FIG. [4¢c] /9, Data X is output to the
host 136 at t3. A copy of Data X can remain in the page
buffer 111. At FIG. [4d] 20, the modified data, Data X', is
received by the data cache, at t6. At FIG. [4¢e] 21, responsive
to the write command at t7, Data X' 1s copied to the page
bufler and an attempt 1s made to write 1t to the memory array
at address M, which fails. At FIG. [4f] 22, responsive to the
write command at t12, Data X' 1s successtully written to the
memory array at the alternative address M'. Optionally, as
mentioned, the host 136 can provide Data X" directly to the

page bufler 111 to replace a portion of Data X', providing
1 Data X'(X"), which 1s written to address M' of the

modified
memory array 102.

FIG. [4g] 23 depicts a process which corresponds to the
sequence of FIG. [4a] /7. Step 450 includes inputting a first
read address and a read command to the memory device.
Step 452 includes reading the first data at the first read
address and outputting the data to the host. At step 454, the
host optionally modifies the first data. Step 456 includes
inputting a first write address, the modified data and a write
command to the memory device. Step 458 includes attempt-
ing to write the modified data using the first write address.
At decision step 460, if the attempted write passes, the
process ends at step 468.

At decision step 460, 11 the attempted write does not pass,
the host 1s notified at step 462. Step 463 includes mputting
a re-write command and a second write address. Step 464
optionally includes transmitting replacement bytes to further
modily the modified data (X') which 1s 1n a page buller. Step
465 1nputs a write command. Step 466 includes attempting
to write the (optionally further modified) modified data X' or
X'(X") using the second write address. The process ends at
step 468.

FIG. [5a] 24 depicts a first portion of a sequence of
communications between a host and a memory device 1n
writing a page of data to a memory array, where the page
was copied from the memory array, while receiving another
page of data 1n a data cache. This sequence allows data to be
copied from the memory array, optionally modified, and
written back to the memory array, while also receiving
additional data.

In a page copy with data cache sequence, 1I a page
program failed, then similar to the cache program case, the
data 1n the data cache will not be copied to the page bufler.
The host 1n this case can use the 8Dh command to program
the failed page into another address, or ignore the failed page
to continue with the sequence. To program the failed page
into another address, the host sends the 8Dh command,
followed by the new page address and the cache program
command (e.g., 15h). To 1gnore the failed page, the host
directly goes to the next step to resume the cache-copy
sequence: the 8Ch command followed by the subsequent
page’s address (modification allowed) and possibly data
byte modifications, then the cache program command
intended for the subsequent page i1s mput to the memory
device.

A read data input command (00h) 1s provided from the
host to the memory device at t0, followed by an address N
at t1 and a read command (30h) at t2, 1n response to which
Data X at address N 1s read. Specifically, at t2, the READY/
BUSY mgnal goes to BUSY, and Data X 1s loaded into the
page buller and then copied to the data cache. Data X 1s
output to the host at t3 when the READY/BUSY signal goes
to READY. The host has the option to modified Data X
betore it 1s copied/written back to the memory array. At t4,
the host provides a copy data mput command (8Ch), fol-

lowed by an address M at t5 and the modified data, Data X',
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at t6. In response to a write command (15h) at t7, an attempt
1s made to write Data X' at address M. Specifically, the
READY/BUSY signal goes to BUSY, and Data X' 1s copied
from the data cache to the page buller, then written to
location M 1n the memory array. At t8, the READY/BUSY
signal rises to indicate the READY status, and the host
initiates another read operation for additional data X1. An
attempt 1s made to write Data X' in the page builer to address
M 1n the array.

A read data input command (00h) for another page to read
1s provided from the host to the memory device at t8,
followed by an address N1 at t9 and a read command (3Ah)
at t10, 1n response to which Data X1 at address N1 1s read,
as the READY/BUSY signal goes to BUSY. Data X1 1s
loaded mto the data cache dlrectly and output to the host at
t11, so that Data X' can remain in the page builer for a
subsequent re-write attempt. See FIGS. 6-8 for further
information. The host has the option to modify Data X1
betore 1t 1s copied/written back to the memory array. At t12,
the host provides a copy data mput command (8Ch), fol-
lowed by a new address M1 at t13 and the modified page of
data, Data X1', at t14. A write command (15h) at t15 to write
Data X1' at address M1 must wait because the prior write
attempt of Data X' to address M has not yet been completed.
This write command 1s later superseded by a write command
for X1" to address M1' at t24.

FIG. [5b] 25 depicts a second portion of a sequence of
communications which follows the sequence of FIG. [5a}
24. At 116, the READY/BUSY signal rises to indicate the
READY status, 1n response to which the host polls the
memory device for the status of the data X' at address M
write attempt. The memory device responds with a status fail
message, for instance, at t17, which idenftifies the write
tailure of X' to M. Due to this write failure, there 1s no copy
from data cache to the page bufler for Data X1'. In response
to the status faill communication, the host provides a com-
mand (8Dh) at t18 which signals to the memory device that
a re-write attempt 1s to be made with the data for which the
write process has failed, and which 1s still 1n the page bufler,
and that an address for performing this re-write will follow.
The new address M' 1s provided by the host at t19, followed
by the write command (15h) at t20. Again, the memory
device understands that the write command at 120 will be
interpreted as a re-write from the page buller because 1t 1s
preceded by the command at t18. At 120, the READY/BUSY
signal goes to BUSY and Data X' 1n the page buller starts to
be written to the memory array. Optionally, at t19.1, modi-
fied data for Data X', referred to as Data X" 1s communicated
by the host, as discussed, to modily a portion of Data X'
which 1s 1n the page bufler. Thus, we can modily the page
butler data 1n place before re-writing 1t to the memory array.
The address M' can include bytes which identify the portion
of Data X' which 1s to be replaced by Data X" as well as
bytes which 1dentily the memory array address M.

At this point, modified data X1" 1s provided back to the
memory device. The host can modify Data X1' to Data X1".
This happens right after the retry 1s started and the memory
1s ready. Specifically, a copy data input command 1s pro-
vided at 121, followed by a new address M1' at {22, Data X1"
at t23 and a write command at t24. If the host does not intend
to change Data X1' to X1", data cycles can be skipped.
Moreover, even if the user does not intend to change address
M1, address cycles are still needed: 1n this case, the host
re-imnputs address M1.

The write command at 124 to write Data X1" at address
M1' must wait because the prior write attempt of Data X' or
X'(X") has not yet been completed. Programming of Data X'
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or X'(X") to M' successtully finishes by t25, when a status
request command 1s provided for the host which relates to
the attempted write of Data X' or X'(X") to address M'. Data
X1" 1s copied from data cache to the page builer. A status
pass message 1s provided to the host by the memory device
at 126 and the sequence continues.

Note that the re-write command at t18 can be skipped 1f
the host chooses to 1gnore the failure notification at t17. In
this case, a copy (transier from data cache to page buller)
can happen after the 15h command 1s 1ssued at 120.

FIGS. [5c-1] 26-35 depict movement of data in a data
cache, page buller and memory array, corresponding to the
sequence of FIGS. [5a] 24 and [5b] 25. At FIG. [5c] 26, the
reading of Data X from address N involves the data being

loaded 1n the page bufiler 111 and copied to the data cache
113, at t2. At FIG. [5d] 27, modified data, Data X', is

received from the host 136 at the data cache, at t6. At FIG.
[Se] 28, based on the write command at t7, Data X' is
provided to the page buller 111 from the page cache 113,
overwriting Data X. At FIG. [51] 29, also based on the write
command at t7, an attempt 1s made to write Data X' from the
page buifler 111 to the memory array at address M, which
fails. At FIG. [5g] 30, based on the read command at t8, Data
X1 1s read from the memory array at address N1 directly to
the data cache 113, so that Data X' remains 1n the page bufler
for a subsequent re-write attempt. At FIG. [Sh] 3/, at t11,
Data X1 1s output from the data cache.

At FIG. [51] 32, at t14, modified data X1' is received at the
data cache 113. At FIG. [5]] 33, Data X1' is in the data cache
and Data X' is in the page bu: Ter. At FIG. [5k] 34, based on
the write command at 20 a rewrite attempt occurs for Data
X" at address M'. Optionally, as mentioned, the host 136 can
provide Data X" directly to the page builer 111 to replace a
portion of Data X', providing modified Data X'(X"), which
1s written to address M' of the memory array 102. At FIG.
[S1] 35, at t23, concurrently with re-writing Data X' or
X'(X™), additional data X1" 1s received at the data cache.
Thus, we have at least partially overlapping operations 1n
which data which 1s read out from the memory array,
modified and stored back into the memory array, 1n the form
of Data X and Data X1.

FIG. [5m] 36 depicts a process which corresponds to the
sequence of FIGS. [5a] 24 and [5b] 25. Step 550 includes
inputting a first read address and a read command to the
memory device. Step 352 includes reading first data at the
first read address and outputting 1t to the host. At step 554,
the host optionally modifies the first data to provide X'. Step
556 includes inputting a first write address, the first modified
data and a write command to the memory device. Step 558
includes attempting to write the first modified data at the first
write address. Step 360 includes inputting a second read
address and a read command to the memory device. Step
562 includes reading second data at the second read address
and outputting 1t to the host. At step 564, the host optionally
modifies the second data. Step 3566 includes inputting a
second write address, the second modified data and a write
command to the memory device. Step 568 includes notity-
ing the host that the attempt to write the first modified data
to the first write address failed. Step 569 includes inputting
a re-write command followed by a third write address. Step
570 optionally includes transmitting replacement bytes to
turther modity the first modified data (X') which 1s 1n a page
bufler. Step 371 inputs a write command. Step 572 includes
attempting to write the (optionally further modified) first
modified data at the third write address. At step 374, the host
optionally further modifies the second data to provide X1'.
Step 576 includes mputting a fourth write address, the
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turther modified second data and a write command to the
memory device. At step 578, the write attempt of the first
modified data to the third write address succeeded, and at
step 580, the host 1s notified accordingly.

As the above discussion indicates, the 8Dh command 1s
used after a page program fails. To use this feature, the host
checks the status after every programmed page. When
programming ol a page fails during a cache operation, a
copy Irom the data cache to the page bufler 1s halted. The
host can then: (a) use the 8Dh command sequence (8Dh-
>new address->(optional) new data->(cache) program com-
mand) to remap the data 1n the data bufler, or (b) skip the
remapping and do nothing. In either case, the host can
continue as follows. First, mn single page mode, if (a) 1s
chosen, wait for the READY/BUSY signal to go to READY
again. Second, 1n cache mode, the command sequence for
the subsequent page (80h-address-data-program command)
1s repeated to resume the cache flow. In this case, address
and data can be modified from the original flow. Then, wait
for READY/BUSY signal to go to READY again. After this
step, the host should check the status 1f (a) was chosen. If the
status 1s another fail, then the host can choose to select
another page location by using the 8Dh command again, or
skip the remapping, similar to the above tlow. A retry limat
(maximum number of remappings allowed) can be used to
avoid an infinite loop.

FIG. [6] 37 depicts a circuit 600 in which a data cache 620
1s connected to receive data directly from a memory array or
host. Data can be output from the data cache to the memory
array or host as well using appropriate circuitry via a “Data
out” path. As mentioned previously, data can be loaded nto
the data cache directly from the memory array, bypassing the
page buller, and output to the host so that other data can
remain in the page buller for a subsequent re-write attempt.
This also allows the host to modily the failed page which 1s
located in the page buller by bypassing the data cache and
directly accessing the page bufler. This can be achieved, as
discussed previously, using the 8Dh command followed by
an address which indicates data bytes to modify in the page
bufler with replacement bytes (such by providing a byte
address for the starting byte to be replaced) as well as a
memory array address for writing the modified page bufler
data, followed by the replacement data bytes.

Generally, the data cache can be connected directly to the
memory array or host, bypassing the page bufler, and the
page buller can be connected directly to the memory array
or host, bypassing the data cache, with the circuitry provided
herein. The implementation provided 1s one possibility
among different possibilities.

A left hand side of the circuit interfaces with the memory

array and the right hand side of the circuit interfaces with the
host/user. The circuit includes the data cache 620, AND

gates 608, 610, 632 and 634, inverters 606 and 640, nMOS
transistors 613, 623, 633 and 643 and tri-state bullers 612,
614, 626 and 630. An input signal IN 1s provided at the
output of the builer 612 which communicates with line 618,
at a gate of the transistor 613. An mverse signal XIN 1s
provided at the output of the buflers 614 and 630, at a gate
of the transistor 623, on line 631, which communicates with
line 627. The transistors 633 and 643 receive a signal ENBS
at their gates, on line 629, and are connected to transistors
613 and 623, respectively. The enable signals are provided
by one or more control circuits.

A tri-state buller has an output port which can assume the
traditional O- and 1-levels 1n addition to a high impedance or
floating state which effectively removes the bufler from the
circuit. An enable signal ENB1 on line 616 controls buflers
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612 and 614, and an enable signal ENB2 on line 628 controls
buflers 626 and 630. Further, on the memory array side, a
control signal C 1s provided on a line 602, and data from the
memory array, Datal, 1s provided on line 604. On the host
side, the control signal C 1s provided on a line 636, and data
from the user, Data2, 1s provided on line 638. A line 618
connects an output of the butler 626 to a gate of the transistor

613. Data X(Q on line 622 1s an inverse of data Q on line 624.
The data cache 620 and the transistors 613 and 623 form a
latch.

To write data from the memory array into the data cache,
we set C=1, ENB1=1, ENB2=0 and ENB5=1. Setting C=1
allows the AND gate 608 to pass Datal to the bufler 612,
setting ENB1=1 allows the bufler 612 to pass Datal, and
setting ENB2=0 causes the bufler 626 to float. Setting
ENBS5=1 allows writing data into the data cache 620.

To write data from the host into the data cache, we set C=1
to allow the AND gate 632 to pass Data2 to the builer 626,
set ENB1=0 to cause the buffer 612 to float, and set ENB2=1
to allow the bufler 626 to pass Data2. Also, ENB5=1, as
before.

The data cache can be inactivated when writing to the
page buller by setting ENB1=0, ENB2=0 and ENB5=0.
Setting ENB5=0 prevents the floating inputs to the transis-
tors 613 and 623 from corrupting the data 1n the data cache.

FIG. [7] 38 depicts a circuit 700 in which a page buffer
720 1s connected to receive data directly from a memory
array or host. Data can be output from the page bufler to the

memory array or host as well using appropriate circuitry via
a “Data out” path. Components 702, 704, 706, 708, 710,

712, 713, 714, 716, 718, 722, 723, 724,726, 727, 728, 729,
730, 731, 732, 733, 734, 736, 738, 740 and 743, correspond
to components 602, 604, 606, 608, 610, 612, 613, 614, 616,
618, 622, 623, 624, 626, 627, 628, 629, 630, 631, 632, 633,
634, 636, 638, 640 and 643, respectively, 1 FIG. 6. Addi-
tionally, enable signals ENB3 and ENB4 are provided by
one or more control circuits to bullers 712/714 and 726/730,
respectively, and ENB6 1s provided on line 729. The page
bufler 720 and the transistors 713 and 723 form a latch.

To write data from the memory array 1nto the page buliler,
we set D=1 to allow the AND gate 708 to pass Data 1 to the
buffer 712, set ENB3=1 to allow the bufler 712 to pass
Datal, and set ENB4=0 causes the bufler 726 to float. Also,
setting ENB6=1 allows writing data into the page bufler 720.

To write data from the host into the page builer, we set
D=1 to allow the AND gate 732 to pass Data2 to the builer
726, set ENB3=0 to cause the bufler 712 to float, and set
ENB4=1 to allow the bufler 726 to pass Data2. Also,
ENB6=1, as before.

The page bufler can be inactivated when writing to the
data cache by setting ENB3=0, ENB4=0 and ENB6=0.
Setting ENB6=0 prevents the floating inputs to the transis-
tors 713 and 723 from corrupting the data in the page butler.

FIG. [8] 39 depicts a functionality provided by the circuits
of FIGS. [6] 37 and [7] 38. The page buffer 111 and host 136
can exchange data directly, while the page buller 111 also
communicates directly with the memory array. The page
bufler and data cache 113 can also communicate. Moreover,
the data cache 113 and memory array 102 can exchange data
directly, while the data cache 113 also communicates with
the host 136. As mentioned, this allows the ability to write
or read data to/from the data cache and page buller inde-
pendently.

The foregoing detailed description of the invention has
been presented for purposes of illustration and description.
It 1s not mtended to be exhaustive or to limit the mvention
to the precise form disclosed. Many modifications and
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variations are possible 1n light of the above teaching. The

C
t

escribed embodiments were chosen 1n order to best explain
ne principles of the invention and 1ts practical application to

t

nereby enable others skilled 1n the art to best utilize the

invention in various embodiments and with various modi- °
fications as are suited to the particular use contemplated. It

1s intended that the scope of the invention be defined by the
claims appended hereto.

. . . 10
What 1s claimed 1s:

1. A method for operating a memory device, comprising:

receiving at least one page of data and a first address at the
memory device, from an external host which 1s external
to the memory device, the memory device comprises a 5
memory array of storage elements on a die, and the
storage elements are arranged 1n strings which are in
communication with bit lines:

storing the at least one page of data 1n a data cache on the
die; 20

storing the at least one page of data 1n a page builer on the
die by transferring the at least one page of data from the
data cache to the page bufler, the page bufler 1s con-
nected to the bit lines, and the page bufler and the data
cache are part of column control circuitry on the die; 25

attempting to write the at least one page of data from the
page builer to the memory array at a location specified
by the first address;

determining that the attempt to write the at least one page
of data was unsuccesstul; 30

informing the external host that the attempt to write the at
least one page of data was unsuccessiul;

receiving a second address at the memory device, from
the external host; and

attempting to write the at least one page of data from the 35
page buller to the memory array at a location specified
by the second address, without the external host re-
sending the at least one page of data to the memory
device.

2. The method of claim 1, further comprising: 40

receiving replacement bytes at the memory device, from
the external host;

receiving a byte address of a starting byte of data bytes of
the at least one page of data 1n the page builer which are
to be replaced by the replacement bytes; and 45

replacing the data bytes of the at least one page of data 1n
the page bufler with the replacement bytes, based on
the byte address of the starting byte, before the attempt-
ing to write the at least one page of data from the page
bufler to the memory array at the location specified by 50
the second address.

3. The method of claim 1, wherein:

the attempting to write the at least one page of data from
the page bufler to the memory array at the location
specified by the first address 1s performed 1n response 55
to rece1ving an initial write command from the external
host; and

the attempting to write the at least one page of data from
the page bufler to the memory array at the location
specified by the second address, without the external 60
host re-sending the at least one page of data to the
memory device, 1s performed 1n response to receiving,
from the external host, a page bufler program command
followed by the second address, followed by an addi-
tional write command, the page buller program com- 65
mand signals to the memory device that a re-write
attempt 1s to be carried out using data in the page butler
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and that an address with which the re-write attempt 1s
to be made will follow the page bufller program com-
mand.

4. The method of claim 1, wherein:

the memory device automatically attempts to write the at
least one page of data from the page bufler to the
memory array at the location specified by the second
address without further instruction from the external
host.

5. The method of claim 1, wherein:

the transierring i1s performed in response to receiving an
initial write command from the external host, and the
attempting to write the at least one page of data from
the page bufler to the memory array at the location
specified by the first address 1s performed in response
to recerving the initial write command.

6. The method of claim 1, wherein:

the attempting to write the at least one page of data from
the page bufler to the memory array at the location
specified by the first address 1s performed 1n response
to recerving, from the external host, a first instance of
a first command code which signals to the memory
device to perform a write process; and

the attempting to write the at least one page of data from
the page bufler to the memory array at the location
specified by the second address, 1s performed in
response to receiving, from the external host, an
instance of a second command code, followed by the
second address, followed by a second mstance of the
first command code, the instance of the second com-
mand code signals to the memory device that a new
address 1s being provided for a re-write attempt using
data 1n the page bufler, and the second instance of the
first command code signals to the memory device to
perform the write process.

7. The method of claim 1, wherein:

the memory device 1s a 3-D memory storage medium.

8. The method of claim 1, further comprising:

recerving at least one additional page of data from the
external host and storing the at least one additional
page ol data in the data cache on the die during the
attempting to write the at least one page of data from
the page bulfler to the location in the memory array
specified by the first address.

9. The method of claim 8, further comprising:

during the attempting to write the at least one page of data
from the page bufler to the location 1n the memory
array specified by the second address: receiving the at
least one additional page of data from the external host,
and storing the at least one additional page of data 1n
the data cache.

10. The method of claim 1, wherein:

the at least one page of data comprises data which was
read from the memory array and modified by the
external host based on the second address before being,
received by the memory device.

11. A method for operating a memory device, comprising;:

receiving at least a first page of data and a first address at
the memory device from an external host which 1s
external to the memory device, the memory device
comprises a memory array of storage elements on a die,
and the storage elements are arranged 1n strings which
are 1n communication with bit lines:

storing the at least a first page of data in a first storage
location on the die, outside the memory array, the first
storage location 1s connected to the bit lines;

recerving a first write command;
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in response to the first write command, attempting to write
the at least a first page of data from the first storage
location to the memory array at a location specified by
the first address:

receiving, at the memory device from the external host, a
second address:

reading the memory array at a location specified by the
second address to retrieve at least a second page of data
to a second storage location in the memory device,
outside the memory array, while maintaining the at
least a first page of data 1n the first storage location, the
first storage location and the second storage location
are part of column control circuitry on the die;

providing the at least a second page of data to the external
host from the second storage location;

determining that the attempt to write the at least a first
page of data was unsuccessiul;

informing the external host that the attempt to write the at
least a first page of data was unsuccessiul;

receiving a third address at the memory device from the
external host; and

attempting to write the at least a first page of data from the
first storage location to the memory array at a location
specified by the third address, without the external host
re-sending the at least a first page of data to the memory
device.

12. The method of claim 11, further comprising:

receiving replacement bytes at the memory device, from
the external host;

receiving a byte address of a starting byte of data bytes of
the at least the first page of data in the first storage
location which are to be replaced by the replacement
bytes; and

replacing the data bytes of the at least a first page of data
in the first storage location with the replacement bytes,
based on the byte address of the starting byte, before
the attempting to write the at least the first page of data
from the first storage location to the memory array at
the location specified by the third address.

13. The method of claim 11, wherein:

the attempting to write the at least a first page of data from
the first storage location to the memory array at the
location specified by the third address, 1s performed 1n
response to receiving, from the external host, a page
bufler program command followed by the third
address, the page buller program command signals to
the memory device that a re-write attempt 1s to be
carried out using data in the first storage location and
that an address with which the re-write attempt 1s to be
made will follow the page buller program command.

14. The method of claim 11, wherein:

the first write command comprises a first instance of a first
command code which signals to the memory device to
perform a write process; and

the attempting to write the at least a first page of data from
the first storage location to the memory array at the
location specified by the third address, 1s performed 1n
response to receiving, from the external host, an
instance of a second command code, followed by the
third address, followed by a second 1nstance of the first
command code, the instance of the second command
code signals to the memory device that a new address
1s being provided for a re-write attempt using data 1n
the first storage location, and the second instance of the
first command code signals to the memory device to
initiate the re-write attempt.

5

10

15

20

25

30

35

40

45

50

55

60

65

22

15. The method of claim 11, wherein:

the memory device 1s a non-volatile memory storage
medium which 1s removably connectable to or insert-
able mto the external host.

16. The method of claim 11, wherein:

the first storage location comprises a page buller and the
second storage location comprises a data cache.

17. A method for operating an external host of a memory

device, comprising:

transmitting, from the external host to the memory device,
at least one page of data, a first address, and at least a
first command, the external host 1s external to the
memory device;

the at least a first command si1gnals the memory device to
transier the at least one page of data from a data cache
to a page buller of the memory device, and to attempt
to write the at least one page of data from the page
bufler to a memory array of the memory device at a
location specified by the first address, the memory
array comprises storage elements on a die, and the page
bufler and the data cache are part of column control
circuitry on the die;

recerving, at the external host from the memory device, a
status communication indicating that the attempt to
write the at least one page of data at the location
specified by the first address was unsuccessiul; and

in response to the status communication, transmitting,
from the external host to the memory device, a second
address and at least a second command, the at least a
second command signals the memory device to attempt
to write the at least one page of data from the page
bufler to the memory array at a location specified by the
second address, without the external host re-sending
the at least one page of data to the memory device.

18. The method of claim 17, further comprising:

recerving replacement bytes at the memory device, from
the external host;

recerving a byte address of a starting byte of data bytes of
the at least one page of data in the page bufler which are
to be replaced by the replacement bytes; and

replacing the data bytes of the at least one page of data 1n
the page bufller with the replacement bytes, based on
the byte address of the starting byte, before the attempt-
ing to write the at least one page of data from the page
bufler to the memory array at the location specified by
the second address.

19. The method of claim 17, wherein:

the at least a first command comprises a {irst mnstance of
a first command code;

the at least a second command comprises a first instance
of a second command code and a second 1nstance of the
first command code;

the first instance of the second command code signals the
memory device that an address for a re-write attempt
from the page bufler follows; and

the second instance of the first command code signals the
memory device to initiate the re-write attempt.

20. The method of claim 17, wherein:

the at least a second command signals the memory device
to attempt to write the at least one page of data from the
page buller to the memory array at the location speci-
fied by the second address, without further instruction
from the external host.

21. A memory device, comprising:

a memory array ol non-volatile storage elements formed
on a die, the non-volatile storage elements are arranged
in strings;




US RE46,154 E

23

bit lines 1n communication with the strings;

a data cache formed on the die:

a page buller formed on the die and connected to the bit
lines, the page bufler and the data cache are part of
column control circuitry on the die;

an 1nterface to an external host; and

one or more control circuits, the one or more control
circuits: (a) receive at least one page of data and a first
address, from the external host, via the interface, (b)
store the at least one page of data 1n the page buller, (¢)
attempt to write the at least one page of data from the
page builer to the memory array at a location specified
by the first address, (d) determine that the attempt to
write the at least one page of data was unsuccesstul, (e)

inform the external host that the attempt to write the at
least one page of data was unsuccessiul, (1) receive a
second address at the memory device, from the external
host, and (g) attempt to write the at least one page of
data from the page bufler to the memory array at a
location specified by the second address, without the
external host re-sending the at least one page of data to
the memory device.

22. A memory device, comprising:

a memory array of non-volatile storage elements formed
on a die, the non-volatile storage elements are arranged
in strings;

bit lines 1n communication with the strings;

a page bufler formed on the die and connected to the bit
lines;

a data cache formed on the die, the page bufler and the
data cache are part of column control circuitry on the
die;

an 1nterface to an external host; and

one or more control circuits 1n communication with the
memory array, the page butler, the data cache and the
interface; wherein:

the page buller receives first page data, and the one or
more control circuits cause an attempt to be made to
write the first page data from the page bufler to the
memory array;

the data cache receives second page data from the
memory array, while the page bufler stores the first
page data;

the one or more control circuits cause the second page
data to be provided to the external host from the data
cache; and
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the one or more control circuits cause an attempt to be
made to re-write the first page data from the page builer
to the memory array.

23. The memory device of claim 22, wherein:

the first page data of the re-write attempt [include}
includes replacement bytes which the page buller
receives Irom the external host and which bypass the
data cache.

24. The memory device of claim 22, wherein:

the page butler 1s configured to receive page data from the

external host which bypasses the data cache.
25. The method of claim 1, wherein:

the storage elements are arranged in a monolithic three-
dimensional memory comprising multiple physical lev-
els above a substrate.

26. The method of claim 1, wherein:

the storage elements arve arranged in a three-dimensional
memory structure.

27. The method of claim 11, wherein:

the storage elements arve arranged in a monolithic three-
dimensional memory comprising multiple physical lev-
els above a substrate.

28. The method of claim 11, wherein:

the storage elements are arranged in a three-dimensional
memory structure.

29. The method of claim 17, wherein:

the storage elements ave arranged in a monolithic three-
dimensional memory comprising multiple physical lev-
els above a substrate.

30. The method of claim 17, wherein.:

the storage elements arve arranged in a three-dimensional
memory structure.

31. The memory device of claim 21, wherein.

the non-volatile storage elements ave arranged in a
monolithic three-dimensional memory comprising mul-
tiple physical levels above a substrate.

32. The memory device of claim 22, wherein:

the nomn-volatile storage elements ave arranged in a
monolithic three-dimensional memory comprising mul-
tiple physical levels above a substrate.

33. The method of claim 1, wherein:

the at least one page of data in the page buffer data
depends on the second address.

34. The method of claim 2, wherein:

the replacement bytes point to an address of another page

of data.
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