
2 0 JUN 2006 WO 03/058639 PCT/US02/41741 FLASH MEMORY ACCESS USING A
PLURALITY OF COMMAND CYCLES BACKGROUND This invention relates to flash
memory devices and  methods and apparatus for commanding and controlling
flash  5 memory devices. Flash memory devices are solid state non-volatile
memory devices that allow users to electrically program and  erase
information. Flash memory devices typically support  both read and write
cycles that respectively allow data to 10 be read from and programmed into
the flash memory. In the  earliest flash memory devices, data and address
buses  internal to the flash memory had to be carefully controlled  by a
CPU or other external processor to perform even the  simplest of tasks such
as writing data to or reading data 15 from a flash memory cell. As flash
memory devices have  matured, external processors have been relieved of
this  burden by incorporating state machines into the flash memory
devices. A state machine is a logical device whose current state  20 or
status is determined by its previous state or status.  Each command
received by a state machine determines not only  what action the state
machine will take (depending upon its  current state), but also determines
the next logical state  the state machine will occupy. State machines can
be 25 implemented as hard-wired logic devices, or as 



I 2 0 JUN 2006 WO 03/058639 PCT[tJS02/41741 microcontrollers configured to
execute a state machine  algorithm. The incorporation of state machines
into flash memory  devices has allowed flash memory devices to autonomously
5 perform simple tasks like programming and erasing data  without external
processor control. As a result, an  external processor can issue a high
level command to a flash  memory device, and the state machine within the
device can  autonomously interpret the command, and perform the tasks 10
that are necessary to execute the command. As the state  machine performs
these tasks, it can set bits in a status  register that can be monitored by
the external processor to  determine the command's execution status.
Currently, state machines incorporated into flash  15 memory devices are
hard-wired by device design to  autonomously interpret predetermined write
cycles as  commands, and to execute hard-wired or predetermined  algorithms
to fulfill those commands. As a result,  currently available flash memory
devices are only capable of 20 interpreting the limited number of
predetermined commands  that have been logically designed into their state
machines.  As new features requiring new commands are developed for  flash
memory devices, new state machines must be  specifically designed and
developed to interpret and execute 



25 the new commands. Developing new state machines whenever  new commands
are developed for flash memory devices is a  2 WO 03/058639 2 0 JUN 2906
PCT/US02/41741 time-consuming process that is both inflexible and subject
to logical design errors. DESCRIPTION OF DRAWINGS FIG. 1 is a diagram
illustrating a prior art method for  5 issuing and interpreting flash
memory commands. FIG. 2 is a diagram illustrating a flash memory command
abstraction method for interpreting flash memory commands.  FIG. 3 is a
schematic illustration of a flash memory device capable of interpreting
commands using the flash  10 memory command abstraction method. Like
reference symbols in the various drawings indicate  like elements. DETAILED
DESCRIPTION Fig. 1 is a graphical illustration depicting a prior 15 art
method by which an external processor can issue commands  to a prior art
flash memory device. As previously  explained, the prior art flash memory
device contains a  state machine that is hard-wired to receive and
interpret  certain predetermined write cycles from the external 20
processor as commands. When the state machine receives and  interprets a
predetermined write cycle as a command, it  



traverses a hard-wired algorithm to perform various sub- tasks that are
necessary to execute the command.  Performance of these sub-tasks often
requires the execution 25 of primitive functions within the flash memory
device such 3 2 0 JUN 2006  WO 03/058639 PCT/US02/41741 as latching and
releasing specific address or data lines.  These primitive functions can be
performed by the state  machine itself if the state machine is implemented
as a  hard-wired logic device, or can be performed by an embedded 5
microsequencer attached to and controlled by the state  machine. The
embedded microsequencer is configured to  execute predetermined and
internally stored microcode to  perform the primitive functions that are
necessary to  execute the external processor's predetermined commands. 10
Fig. 1 shows an example of the prior art method by  which predetermined
write cycles are interpreted as commands  by a prior art state machine. As
shown in the figure, an  external processor can erase data from the prior
art flash  memory device by writing an erase command sequence to the 15
flash memory device. The erase command sequence consists of  a first
predetermined write cycle that is interpreted as an  erase set-up command
101, followed by a second predetermined  write cycle that is interpreted as
an erase confirm command  102. Similarly, the external processor can
program data 20 into the flash memory device by writing a program command  



sequence to the flash memory device. The program command  sequence consists
of a third predetermined write cycle that  is interpreted as a program
set-up command 110, followed by  a fourth predetermined write cycle that is
interpreted as a  25 program confirm command 111. 4 2 0 jUIN 2006 WO
03/058639 PCT/US02/41741 Fig. 2 is a graphical illustration disclosing an
improved method by which flash memory device commands can be  issued to and
interpreted by a flash memory device in one or  more write cycles. An
improved flash memory device, such as 5 flash memory device 300 shown in
Fig. 3, can be configured  to receive and interpret a write cycle from an
external  processor as a generic command 220. The generic command 220  can
be followed by one or more subsequent write cycles  containing data to be
interpreted by the flash memory device 10 300 as one or more specific flash
memory commands. In  particular, the write cycle for the generic command
220 can  be followed by: a write cycle that can be interpreted as  the
number or byte count 221 of write cycles to follow; one  or more write
cycles that can be interpreted as specific 15 flash memory commands 222-224
embedded within the generic  command 220; and a write cycle that can be
interpreted as a  confirmation command 225. The confirmation command 225
can  be used to verify the transfer of the specific flash memory  



commands 222-224, and to initiate the interpretation and 20 execution of
the specific flash memory commands 222-224.  Specific flash memory commands
222-224 can include command  instructions or sequences such as erase
commands or program  commands, as well as any data associated with the
command  instructions or sequences such as address data or raw data 25 to
be stored in the flash memory device 300. 5  WO 03/058639 PCT/US02/41741
Referring to Fig. 3, flash memory device 300 is a  device having a state
machine 310 that can be configured to  receive a write cycle from an
external-processor or  controller, and interpret the write cycle as the
generic 5 command 220 disclosed in Fig. 2. Upon identifying generic
command 220, state machine 310 can be configured to receive  a second write
cycle, and interpret the second write cycle  as a byte count 221 (see Fig.
2) that indicates the number N  of subsequent write cycles that are to be
stored in a buffer 10 314. State machine 310 can be further configured to
receive  and store in buffer 314 the next N write cycles from the  external
processor. Finally, state machine 310 can be  configured to receive a final
write cycle from the external  processor. 15 If state machine 310
interprets the final write cycle  as the confirmation command 225 (see Fig.
2), state machine  



310 can be configured to sequentially retrieve, interpret,  and execute the
data stored in buffer 314 as specific flash  memory commands 222-224. As
before, flash memory commands 20 222-224 can be interpreted as command
instructions such as  erase or program instructions, and data associated
with the  command instructions such as address data and raw data.  However,
if state machine 310 does not interpret the final  write cycle as the
confirmation command 225, state machine 25 310 can be configured to write
an error message to a status UN 2006 6 2P J WO 03/058639 PCT/US02/41741
register 313, and to erase or ignore the contents of buffer 314. Flash
memory device 300 includes a plurality of control  lines 301, address lines
302, and data lines 303 that allow 5 the flash memory device 300 to
communicate and share data with an external device controller or processor
(not shown) The external processor or controller can issue commands to  the
flash memory device 300 in the form of write cycles that  are interpreted
by state machine 310 as commands, and can . 10 monitor the status of issued
commands in the status register  313. Data flow between the external
processor and the flash  memory device 300 can be controlled via the
input/output  



("I/O") control logic 312. I/O control logic 312 is 15 controlled by
control lines 301, and can be configured to  selectably connect an input
buffer 320 or an output buffer  321 to the external processor through
device data lines 303.  Depending on the state of control lines 301, I/O
control  logic 312 either allows input buffer 320 to latch data from 20
data lines 303, or asserts data from output buffer 321 on  data lines 303.
State machine 310 is also controlled, in part, by  control lines 301. In
certain control states, state machine  310 can be configured to receive
write cycles from the 25 external processor through input buffer 320, and
to  interpret the write cycles as commands. The interpreted 2006 7 JUN 2006
WO 03/058639 PCT/US02/41741 commands can be specific flash memory command
instructions  such as erase and program commands, or can be the generic
command 220 disclosed in Fig. 2. In any event, the received  write cycles
and interpreted commands can include raw data 5 that is to be ultimately
written to the flash memory array  330. In addition to receiving write
cycles from input  buffer 320, in certain states state machine 310 can be
configured to receive address data from address latch 340. State machine
310 is configured by its state machine  10 algorithm to interpret write
cycles received from the  



external processor as commands, and to execute the commands.  The state
machine algorithm allows the state machine 310 to  autonomously perform
various tasks that are necessary to  execute the external processor's
commands. This frees the 15 external processor from the burden of having to
control  device specific tasks that are internal to the flash memory
device 300. For example, the state machine algorithm can  free the external
processor from having to perform or  oversee various bus operations that
are internal to flash 20 memory device 300, and that are necessary to
execute the  external processor's commands. State machine 310 can be
implemented as a hard-wired  logic device configured to interpret
predetermined write  cycles from an external processor as flash memory
commands. 25 The hard-wired logic device can be further configured to
process the interpreted commands. Alternatively, the hard 8 2 0 juN 2008 WO
031058639 PCT/US02/41741 wired logic device can be operatively coupled to a
microsequencer, and configured to signal the microsequencer  to process the
interpreted commands. In one embodiment,  state machine 310 is configured
as a logic device that is 5 operatively coupled to a microsequencer 311. In
this  embodiment, state machine 310 can signal microsequencer 311  to fetch
and execute predetermined sources of microcode to  process write cycles
that have been interpreted as commands  



by state machine 310. The predetermined sources of lo microcode can be
stored in non-volatile memory within flash  memory device 300. The
non-volatile memory can be a part of  flash memory array 330, or a
standalone and dedicated microcode flash memory array 335. In one
embodiment, the  non-volatile memory is a dedicated microcode flash memory
15 array 335. State machine 310, in combination with microsequencer  311
and the microcode stored in microcode memory array 335,  can autonomously
perform the various primitive operations  that are necessary to process a
command from the external 20 processor. Examples of such primitive
operations include,  but are not limited to, writing data from input buffer
320  to a data register 343, writing data to and receiving data  from
address latch 340, incrementing an address counter 323,  writing data from
data register 343 to an addressed cell of 25 flash memory array 330,
reading data from an addressed cell WO 03/058639 2n JUN20,01
PCT/US02/41741 of flash memory array 330 to output buffer 321, and writing
data from status register 313 to output buffer 321. State machine 310, in
combination with microsequencer  311 and the microcode stored in microcode
memory array 335,  5 can read data from and write data to various
components of flash memory device 300 while in various states or stages of
its internal algorithm. For example, in some states, state  



machine 310 can signal microsequencer 311 to write the data  latched by
input buffer 320 to either buffer 314 or data 10 register 343. From data
register 343, state machine 310 can  signal microsequencer 311 to write the
data to a sense  amplifier 322 selectably connected to an addressed cell in
flash memory array 330. State machine 310 can also signal  microsequencer
311 to write data to and receive data from an 15 address counter 323 or the
status register 313. To program  or erase data, in some states state
machine 310 can signal  microsequencer 311 to toggle a program/erase switch
324 in  the on or off position. Similarly, in some states, state  machine
310 can signal microsequencer 311 to write data from 20 either the status
register 313, the state identifier  register 341, or the currently
addressed element of flash  memory array 330 to the output buffer 321. Data
latched by  output buffer 321 can subsequently be read by an external
processor via data lines 303. 25 As disclosed in reference to Fig. 2,
several advantages  over the prior art can be achieved by designing state
10 WO 03/058639 JuN2UR  PCT/US02/41741 machine 310 to interpret a write
cycle as a generic command  220, and to store and later interpret the data
from  subsequent write cycles as a plurality of specific flash  memory
commands 222-224. In particular, any prior art flash 



5 memory device functions that require an external processor  to issue two
or more separate commands in a specific command  sequence (e.g., the erase
command sequence and the program  command sequence shown in Fig. 1) can be
combined into a  single generic command 220 that can be issued by the 10
external processor. Data from the subsequent write cycles  can then be
written to the buffer 314, and interpreted and  executed as specific flash
memory commands such as erase and  erase confirm commands by the state
machine 310. To add this functionality to flash memory device 300,  15
flash memory device 300 includes a buffer 314 configured to  hold specific
flash memory commands, and microcode that  allows state machine 310 and
microsequencer 311 to:  interpret a first write cycle as generic command
220;  interpret a second write cycle as a number of subsequent 20 write
cycles to store in buffer 314; store subsequent write  cycles to buffer
314; and sequentially retrieve, interpret,  and execute the write cycles
stored in buffer 314 as  specific flash memory commands. Buffer 314 can be
any type  of memory that is capable of storing data, and can be the 25
flash memory array 330 itself. In one embodiment, buffer  314 is a random
access memory within state machine 310. The 11 2 0 JUN 2006 5 WO 03/058639
PCTNS02/41741 microcode to interpret a write cycle as a generic command  



220, and to store, retrieve, interpret, and execute  subsequent write
cycles as specific flash memory commands  can be stored in a microcode
memory array 335. State machine 310 and microsequencer 311 can be hard-
wired to execute a predetermined state machine algorithm, or  can be
flexibly configured as a microcontroller designed to  execute an associated
state machine program. When state machine 310 and microsequencer 311 are
hard-wired, they 10 always interpret a given or predetermined write cycle
as the  same flash memory command. Further advantages of the invention can
be achieved by  implementing state machine 310 and microsequencer 311 as a.
microcontroller configured to execute a state machine 15 program. In
particular, since the state machine program can itself be stored in the
microcode memory array 335,  implementing state machine 310 and
microsequencer 311 as a microcontroller allows the state machine 310 and
microsequencer 311 to be augmented or changed as design 20 errors in the
flash memory device 300 become apparent, or as  new functionality is
developed for the flash memory device  300. This aspect of the invention
allows new functionality  to be developed for the state machine 310 and
microsequencer  311 long after silicon for the flash memory device 300 has
25 been designed and developed, without significantly adding to  the time
or cost of designing the flash memory device 300. 12 WO 03/058639 



2 0 JUN 2006 PCT/US02/41741 When state machine 310 and microsequencer 311
are  implemented as a microcontroller configured to execute a  state
machine program, state machine 310 can be programmed  to interpret a given
or predetermined write cycle from the 5 external processor as any of a
number of flash memory  commands, depending on the current state machine
program  loaded into microcode memory array 335. The flash memory  command
that is interpreted from a predetermined write cycle  is said to be
programmably updateable according to the state 10 machine program stored in
microcode memory array 335. A number of embodiments of the invention have
been  described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit  and scope of
the invention. 15 13 14 20 June 2006 What is claimed is: 1. A flash memory
device, comprising: a buffer configured to store specific flash  memory
commands or data written to the flash memory device in one or more write 5
cycles; a state machine coupled to the buffer and configured to interpret a
first write cycle  as a generic command, wherein the generic command
includes an interpreted data  section containing one or more specific flash
memory commands, and to store data from  one or more subsequent write
cycles in the buffer as a sequence of one or more specific  flash memory
commands, the state machine further configured to sequentially execute 



10 the data in the buffer as one or more specific flash memory commands
upon interpreting  a final write cycle as a confirmation command; and a
flash memory array operatively  coupled to the state machine, and
configured to store and retrieve raw data as indicated  in the one or more
specific flash memory commands. 15 2. The device of claim 1, further
comprising: a non-volatile memory; and a  microsequencer operatively
coupled to the state machine, and configured to fetch and  execute
microcode stored in the non-volatile memory responsive to signals received
from  the state machine. 20 3. The device of claim 2, wherein the
non-volatile memory is the flash memory array. 4. The device of claim 2,
wherein the state machine and microsequencer are hard- wired to always
interpret a predetermined write cycle as the same flash memory  25 command.
5. The device of claim 2, wherein the state machine and microsequencer are
configured as a microcontroller configured to execute a state machine
program. 15 20 June 2006 6. The device of claim 5, wherein the state
machine program is stored in the non- volatile memory. 5 7. The device of
claim 6, wherein the state machine program is updateable, and the  state
machine is configured to interpret a predetermined write cycle as a
programmably  updateable flash memory command. 8. A method for flash memory
command abstraction, comprising: interpreting data  10 received in a first
write cycle as a generic flash memory command, wherein the generic command
includes an interpreted data section containing one or more specific flash
memory commands; interpreting data received in a second write cycle as a
number N of  subsequent write cycles to be stored as a sequence of specific
flash memory commands;  receiving and storing the N subsequent write cycles
in a buffer; and executing the N 



15 specific flash memory commands stored in the buffer upon receiving a
final write cycle  that can be interpreted as a confirmation command. 9.
The method of claim 8, further comprising outputting an error message and
erasing the N specific flash memory commands stored in the buffer upon
receiving a final  20 write cycle that cannot be interpreted as a
confirmation command. 10. The method of claim 8, further comprising
outputting an error message and  ignoring the N specific flash memory
commands stored in the buffer upon receiving a final  write cycle that
cannot be interpreted as a confirmation command. 25 if. The method of claim
8, further comprising outputting an error message when the  number of write
cycles N interpreted from the second write cycle is larger than the  number
of flash memory commands that can be stored in the buffer. 30 12. The
method of claim 8, further comprising using a microcontroller executing a
16 20 June 2006 state machine program to interpret a write cycle as a
programmably updateable flash  memory command according to the currently
loaded state machine program. 13. A computer program product, implemented
on a machine readable medium, the  5 computer program product comprising
instructions operable to cause a programmable microcontroller to: interpret
data received in a first write cycle as a generic flash memory  command,
wherein the generic command includes an interpreted data section containing
one or more specific flash memory commands; interpret data received in a
second write  cycle as a number N of subsequent write cycles to be stored
as a sequence of specific 10 flash memory commands; receive and store the N
subsequent write cycles in a buffer;  and execute the N specific flash
memory commands stored in the buffer upon receiving a  final write cycle
that can be interpreted as a confirmation command. 14. The computer program
product of claim 13, further comprising instructions  15 operable to cause
the programmable microcontroller to output an error message and 



erase the N specific flash memory commands stored in the buffer upon
receiving a final  write cycle that cannot be interpreted as a confirmation
command. 15. The computer program product of claim 13, further comprising
instructions  20 operable to cause the programmable microcontroller to
output an error message and ignore the N specific flash memory commands
stored in the buffer upon receiving a final  write cycle that cannot be
interpreted as a confirmation command. 16. The computer program product of
claim 13, further comprising instructions  25 operable to cause the
programmable microcontroller to output an error message when the number of
write cycles N interpreted in the second write cycle is larger than the
number of flash memory commands that can be stored in the buffer. 17. The
computer program product of claim 13, further comprising instructions 17 20
June 2006 operable to cause the programmable microcontroller to interpret a
received write cycle as  a programmably updateable flash memory command.
18. A flash memory device comprising: a buffer, and a state machine coupled
to the  5 buffer and configured to respond to a first write cycle
representing a command by (a) storing as data in the buffer one or more
subsequent write cycles up to a final write cycle  representing a
confirmation of the first write cycle command and (b) executing the data
stored in the buffer as one or more flash memory commands. 


