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PLURALI TY OF COMVAND CYCLES BACKGROUND This invention rel ates ash
menory deWQeH05868 net hods and apparatus for conmandi ng dI/EWAMIMELI i ng
flash 5 nenory devices. Flash nenory devices are solid state non-volatile
menory devices that allow users to electrically programand erase
information. Flash nenory devices typically support both read and wite
cycles that respectively allow data to 10 be read from and programred into
t he flash nenor yeLakR MENORY earkse 9EINd ASPLURRNDTY Cdevdmmagy cofebks and addr ess
buses internal to the flash nenory had to be carefully controlled by a

CPU or other external processor toE%g&%ﬁg ven the sinplest of tasks such
as witing data to or reading data S flash nenory cell. As flash

menory devi cesThayeintahulies, rexhdeesatoprdashsneschgvaeheensr ehieved of
this burden by incorporating state machines into the flash nmenory

devi ces. Wefhafle aRahhppairstas| egicabmegnicagnhngecettrenl isakkasB0 or
status is determned by its previous state or status. Each conmmand

recei ved fymérgtaéeisashi ne determines not only what action the state
machine wi Il take (depending upon its current state), but also determ nes

the next | ogi calashahemotPedstaéesnBedi 86114 k-6 URYn -Pbakeimachi nes can
be 25 inplenmented as hard-w red | ogi c devices, or as
memory devices that allow users to electrically program and
erase information. Flash memoxry 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
45 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
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execute a state nmachine algorithm The incorporation of state machines
into fl asWhfysas? devi ces has all owed flash nenory devi c®ETS0d7dhonousl y
S performsinple tasks |ike programmng and erasing data w thout external
processor control. As a result, an external processor can issue a high

| evel conmpaEodéonerbl 8ehs HBABIYuHEY £8) eROGut BE, SLALEe r@&@ﬁﬂﬁew thin the
device can autononously interpret the command, and performthe tasks 10
that are Sauy. t o execute the command. As the state nachine perforns
these tasks, it can set bits in a status register that can be nonitored by
the external PRAcesIbrbOratIfber ok Necdle FOOKRAL: Si SO LON BIAbLs.
Currently, state nachiﬁ%s ?ncorporatedﬂ?ntdﬁ?fas * nenDryI%%v!c s are
har d- i [ Qe dPWLEe JERbMd [ R1a R Sl LeTB P edeleLiy ned write

cycles as conman and to execute hard-wre r pr ermned ~ al gorithns

to fulsfil , - | I ash nmenory
devi 6o 41 ony SAMIRT oot PIAE Hoursiilig i SR Bl of

det WT=Y qgggg? j cal es] into their state
Prgghienggml%%w ea tﬁieg%%%%ﬁggér%é%v&gioﬁﬁa%%sgaf%& ev'elaor!t‘oed for flash
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devel ope
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 c¢ycles as
commands, and to execute hard-wired or predetermined
algorithms to fulfill those commands. As a result,
currently availlable 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 gtate machines must be
specifically designed and developed to interpret and execute

25 the new commands. Developing new state machines whenever
new_commands.gxe developed for flash memory devices is a
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25 the new commands. Devel opi ng new state machi nes whenever éfﬁMQ@ﬁ PRORdS
are devel oped for flash nenory devices is a 2 W 03/058639 2906
PCT/ US02/ ¥ ®1058¢3e- consum ng process that is both infl exiRITEIQAdIdUb| ect
to | ogical design errors. DESCRI PTION OF DRAWNGS FIG 1 is a diagram
illustrating a prior art nmethod for 5 issuing and interpreting flash

NENDry copimidSon&itfdng pBode s agha 14 | BtH alh fjexai 1 @ sdndresms yecomand
abstraction nethod for interpreting flash nmenory commands. FIG 3 is a

schenatlctéliégiéég|&gg£§nebff@§@ menory device capable of interpreting
commands using the flash™ 10 menory conmmand abstracti on nethod. Like

reference synbols in the various drawings indicate |ike elenents. DETAILED
DESCRIPTION Fig. 1 is a graphical illustration depicting a prior 15 art
net hod by which an external Rﬁﬁﬁﬁiﬁﬁﬂxnﬁéﬁf i RRATEr nds to a prior art

flash memory deyice, fs previ yllf&ﬂfégf;gg 4 Nor 84 Odr@rhethag NESERNOr Y

devi ce contalns a state nmachine that iIs wired to receive and

| Nt er Y ety s SRfAAI Ih T ANELAL e W1 d 8 SHGhESy T SaMdigs external 20
processor as c nds tate machine receives and interprets a
predet erm ned ﬁ‘\fé.t & CJ’_/§|§ ﬁa&%%tfétlng a flash memory command
abstraction method for interpreting flash memory commands.
FIG. 23 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.

DETATLED 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
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traverses a hard-wired algorithmto performvarious sub- tasks %Qat gr@&i}s
necessary to execute the conmand. Performance of these sub-tas ten
requi res MWRO38Gti on 25 of primtive functions wthin t RETYAYMAEnory
device such 3 2 0 JUN 2006 WD 03/058639 PCT/US02/41741 as | atching and

rel easing specific address or data lines. These primtive functions can be

per f or med 2y 1bkenshat enameehied@ 1k %Lp%cllff 1Eh§d§§:é%% BRChiRe h3eEpl ement ed
as a hard-wired |logic device, or can be perforned by an enbedded 5

M cr osequehegk @EE%EB@@etQuﬁﬁglgﬂgtﬁghlBg B¥rERemabal tﬁﬁcgkﬂge The
enbedded m crosequencer is configured to @execute prelleterm ned and

i nternal | yaghoned; pLefecogerhe SEQEEOhngEﬁepib”ﬁﬁgyngHE%BFQBS athat are

necessary to execute the external processor's predeterm ned conmands. 10

Fig. 1 shgwsgap;exanpbgief akhechli gL egh Hgt599f8¥me&hbghaﬁr%%ﬁéaa ned

wite cycles are interpreted as conman y-a prior art state nmachine. As

shown 4 n hﬂérébgaﬁéncéf aEEé@hE&'t8r8ﬁ8588£t£8ﬂ18&a§§ gatagthem the prior

art flash nmenory device by witing an erase conmand” sequence to the 15

fl ash mempgyndgyi cernhens gasdcamegegﬁggggge §003hEL§ufla fof ISt

predetermned wite cycle is rnter as-an up command

an orase CouTiron BEraang "Ibod e Hrryeathe al¥ERT G FekBakor ST ° °°

an erase con
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execute the external processor’s predetermined commands.

10 Fig. 1 shows an example of the prior art methed 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 Ehat 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.




sequence to the flash menory device. The program command sequerk® J8hs?¥iBs
of a third predetermned wite cycle that 1is interpreted as a program
set - up coNVh#S86B8, foll owed by a fourth predeterm ned wHGI&ISSY/d17d1t hat i s
interpreted as a 25 programconfirmcomuand 111. 4 2 0 j U N 2006 WO

03/ 058639 PCT/ US02/41741 Fig. 2 is a graphical illustration disclosing an

| mproved net hag. by ' f r | esnl ssued to and
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interpreted b evice In one or nore wite cycles. An
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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.




commands 222-224, and to initiate the interpretation and 20 execufifontdf 2308
the specific flash nenory commands 222-224. Specific flash nmenory comrands
222-224 c¥PPHEBE®e command instructions or sequences sudi{TAES@HEHE
commands or program conmands, as well as any data associated with the
command instructions or sequences such as address data or raw data 25 to

be stored in tpgrbiasioMeEEYdCY] Co1300. mbmolp 8349586390PCE/ LSO2/ 41741

Referring to Fig. 3, nmenory device 300 is a device having a state

machi ne 3301 batnga0nHe,Ccopbigungdnife 5E6CLMSLaCHN b8 exakeghrem 88
external -processor or~ controller, and interpret the wite cycle as the

gener | ¢ 5,¢ouigad, 220, LSelased lBuFhd. o2 oLROY bUBBELYLNBzgeNel | C

comand 2 state nmachi ne can be configured to receive a second wite

cycle. andohpisipepl LRA SREQRA UL LACYELEe BFcBeDYberRaUgEndeic(See Fi 0.

2) that indica he nu ubsequent Wwite cycles that are to be

stor ed, i n g hubfes ;005314 oSLAL enmRei ng 31006An; BEAL YELRAL GeRELGUr ed to

recei ve ore’| 1 next NWite cyc romthe externa

processor . Finall st machi 1 an.phen.c [ t Ll ' a fina
wite cyé?gm??%%1%%8'e%%gFﬁaﬁacggggegégrEaQSb?feg%gggﬁ%%ghgﬁefgﬁsyge
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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 eycle as the confirmation command 225, state machine

26 310 can be configured to write an error message to a status




310 can be configured to sequentially retrieve, interpret, and 2feclitt280fe
data stored in buffer 314 as specific flash nenory commands 222-224. As
before, fMAEWAEFHIry commands 20 222-224 can be inter pret #§TASYdthnd
instructions such as erase or programinstructions, and data associ ated
with the commuand instructions such as address data and raw data. However,

if state machife 310 H0eh G, IALEIDIE! iRl ] fehe
confirmation conmand 225, state mac fﬁ%g' §%%q%§h(%£t%%ﬁ%¥gﬁfe to wite
an error mgsgsage to a status UN 2006 6 2P J WO 03/058639 PCT/ US02/ 41741

regi ster 313, and to erase or ignore the contents of buffer 314. Fl ash

rerory device 3A0Glyey adplenlioy 8GRl U 1SS 30T addiesy | nes

302, and data lines 303 tHat all ow t he evrce 3

commun cae 2 sgar e gl nntGan 4 oLpl BH 68 LAnidl Gl 0 RQEesSOr

(not shown) The external procéessor "of ‘controller “Can | Ssue commuands to the
o TR SRR b LB MR ARLES, SIRL a8 LR P PLeC
COMTENGS |3k SLAULLATLRL S A BaLR. Lancheluman, e e Larna)
input/out@HE 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  wmonitor 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/0") control logic 312. I/0 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
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("1/0") control logic 312. /O control logic 312 is 15 control?pg ngzﬁm
control lines 301, and can be configured to selectably connect” an I nput
buf fer 32WQ93/3#638ut put buffer 321 to the external proced$3FUNHFGTEYN
device data |lines 303. Depending on the state of control lines 301, I/0O
control logic 312 either allows input buffer 320 to latch data from 20

data |inesogRdnder cafsBet spdat @ikl eMuent peholkyf Eemmdadd ehsteakaibnges 303.
State machine 310 is also controlled, in part, by control lines 301. In

certain Cgﬂbhobssé§h§é1aﬁ&a%%ogﬁémiESmméﬁQs?aBrb@aﬁoﬁéiﬁﬂéegeh@rﬁeceive
wite cycles fromthe 25 external processor through input buffer 320, and

to interppghahBesdbi §8s6ySE88 28 £98TBRAS. TANEniNEGEREC! 8He20B6elvedN 2006
WO 03/ 058639 PCT/ US02/ 41741 conmands can be specific flash nenory command

i nstructi 99§tesugela§ £has ¢nRRdpPLLERARLARANBRIS an0k nédRake rhike ggener i ¢
command 220 discfosed in Fig. 2. In any event, the received wite cycles

and ing er%ﬁ%:@?c%‘*ﬁédﬁlﬁﬁﬂakéﬁ uge i EpundabatRel BRbshSnbRoky dhibiately

witten tot | ash menory array 330. In addition to receiving wite

cycles frogyi npgf aQHié%&nBQQ’5&8é§??%§:gggtét8§c§5§t?rBBC@hPﬁt31O can be

configured to recelve address data ress” latch 340. State nachine

310 1S copfigureds By 1Soshalen"BEAEDE =10:8! AQERLAD 5001 BLAM BLet write

cycles recerve
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 taské 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 intermnal to flash

20 memory device 300, and that are necessary to execute the
external processgor’s commands.

State machine 310 can be impleménted as a hard-wired
logic device configured to interpret predetermined write
.cycles from an external procegsor as flash memory commands.

25 The hard-wired logic device can be further configured to
process the interpreted commands. Alternatively, the hard-

8




external processor as conmmands, and to execute the commands. TﬁkﬁSﬁHNéﬁﬁE
machi ne algorithmallows the state machine 310 to autononously perform
various t XRBBE® are necessary to execute the external BHIHEI4LH s
commands. This frees the 15 external processor fromthe burden of having to
control device specific tasks that are internal to the flash nenory

devi ce 30Q:irkar 1e¥aEpbeviltke cshatbe wrekbrevaligocbupTesako far ee the external
processor fromhaving to performor oversee various bus operations that

are interpdlerbeebhante) EREPLHNFRHLERI308, s3BRalN2hea it cRRpRGBRNY:CIO
execute the external processor's conmmands. State machine 310 can be

i mpl ement ed 3scachar dnw i ederbgiteddevimaneant i qur eget emddide e,
predetermned wite cycles froman external processor as flash nmenory

commands. s2atEhgaBakdaWhgd 1lsogfbaf%gv1h_»@;a 8anabeohykt h%ﬁrl%@"fthﬁw ed to
process the interpreted commands ternatively, the hard 8 0 juN 2008 WO

031058639 JBETLUSG! ¢1 ZALowetedol Q0kS cUBKLEReARRIDS190er 2k ¢ ealiy coupl ed Lo
m crosequencer, and configured to signal the m crosequencer to process the

i nter pr et gﬂ,ﬁeamaés kA @NFaeRRAdl 780! canSLabRaTAGCIBsELAckBeE0Bhy gUr ed

as a |l ogi evice that s 5 operatively coupl@d to a mcrosequencer 311. In

;Eidsexggggg' %Eﬁgh ahf! €x E@é”@r@ﬂi@ %ﬁb&”%hu%%"%@qHﬁ@:‘i%oﬁéitot0 fetch
pre eternlne sour €es 0 m crocode to process wite cycles
that havepgssgsbn%gﬁgéegﬁglgg Eﬂggaﬂg§e been interpreted as commands
by state machine 310. The predetermined sources of
10 microcode can be stored in ﬁon-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 cowbination 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




by state nmachi ne 310. The predeterm ned sources of |o nicrocodeTgiptﬂ%ggmﬁ
stored in non-volatile nenory within flash nenory device 300. R
non- vol at WQOIS86¥y can be a part of flash nenory array FSI/USR/A4K41

st andal one and dedi cated m crocode flash nenory array 335. In one

enbodi nent, the non-volatile nenory is a dedicated m crocode flash nenory
15 array 385¢1 LRt ReMBER A8raY0330 Nc§0HRE AL | BALPeLh3 1 Or 98QaMEIERAg 311
and the mcrocode stored in mcrocode nenory array 335, can autononously

perform the, yarl QS PAE AL L¥g: PPEEat19NEo bhidbudr BuREELSsSALY to process a
command fromthe external 20 processor. Exanples of such primtive

operations inckudes nbuhiAEeI NPl LhnbbAdiheivhi kieg dabobequehaprt buffer
320 to a data register 343, witing data to and receiving data from

address |84 #1380 nd il EHBELA00s 208U ASRLEAUILEL RdforyVbriapdgara from

data register 3 to an ressed c of 25 flash nenory array 330,

readi d§%€4ﬁé%§1??%%ﬂgfgﬁsgﬂdcﬁfitgmhgééQ§§6§§r§8%%¥%%ﬁp9ﬂents of

PCT/ US02/ _ nenory array 330 to out put r~ 321, and witing
data froms$iafy e$§%$5&§6i§é3369 @%&PgtﬁQuﬁéf{oéglst abeopachinge=-31P, in
m and t

conbi nation W't osSequencer e mcrocode stored in m crocode

o o 8, W RGO g L Hake St e

conponent s~ of ih various states or stages of

s interﬁgéhfﬁgogiéhggnFQEgEéfWBigfoééh&éw@é§tﬁifstoS&?i@e 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 microseguencer 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
ﬁrocessor via data lineg 303.

25 As disclosed in reference to Fig. 2, several advantages
over the prior art can be achieved by designing state

10




machi ne 310 can signal m crosequencer 311 to wite the data Iazqgegmg%ﬁm;
I nput buffer 320 to either buffer 314 or data 10 register 343. From data
regi ster YWREESHPe nachine 310 can signal microsequencePCI{USREIIH i te the
data to a sense anplifier 322 sel ectably connected to an addressed cell in
flash nenory array 330. State nachine 310 can al so signal m crosequencer
311 to w nsehdatka 310 drd irgeeipretdat arfitemcypeles agddr gesiecduniceomm@®®l or t he
status register 313. To program or erase data, in sonme states state
machi ne 32Q0cannsi gralstomec mogkequsreelndeiprett ahgl eagapifogmant er ase switch
324 in the on or off position. Simlarly, in sone states, state nmachine
310 can sisgbakgnietito sedienesic 18kl atso awpiliieradadty oifomp2@idiitchdl aisile st at us
regi ster 313, the state identifier register 341, or the currently

addr essed nemei®nicoaimafddas iz2orerary dtr prrilculert henguippubrbafferf132h Dat a
| at ched by output buffer 321 can subsequently be read by an external
processor mémadrgfatiaviickeTudRdiods Ahadi sehoded bn esteresde prockisgor2,
several advantages over the prior art can be achieved by designing state

10 WO 03/ @38638uduNIRorPGHSEIALA4E Haakianes3i0 bo dpeicdfirecommatid e
cycle as a generic command 220, and to store and later interpret the data

from subgeguenteW (el g .CYehesS casis? Rbiiantdt ¥ealietlec ahidc thleapogiemry
commands 222-224. In particular, any prior art flash
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 functiomality to flash memory device 300,
15 flash memory device 200 includes a buffer 314 configured to
hold specific flash memory commands, and microcode that
allows state machine 310 and microéequencer 311 to:
interpret a first write cycle as generic command 220;
interpret a second write c¢ycle as a number of subsequent
20 write cycles to store in buffer 314; store subsequent write
.cycles to buffer 314; and seguentially retrieve, interpret,
and execute the write cycles stored in buffer 314 as
specific flash memory commands. Buffer 314 can be any type
éf memory that is capable of storing data, and can be the
25 flash memory array 330 itself. 1In one embodiment, buffer

314 is a random access memory within state machine 310. The
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5 nenory device functions that require an external processor tozi%sggwtzms
or nore separate conmands in a specific command sequence (e.g., the erase
command s¥YULHEESEnd the program command sequence showniﬁ?ﬂ&%@@“l?lcan be
conbined into a single generic conmand 220 that can be issued by the 10
external processor. Data fromthe subsequent wite cycles can then be

witten tonidweodadié eto 3idieantet d ewpl igd egy@lsl aexecgesrbs spaashdc fl ash
menory conmands such as erase and erase confirm conmands by the state

machi ne 3XR0,Tearwdlccd heisofenctetanibdvée y 1mcdtmsde reand yedeyiee 300, 15
flash nmenory device 300 includes a buffer 314 configured to hold specific
fl ash memeybsagreaitdSyr Bindl dFETacase diedi £ id | Hssls tidmoipchbmiraddd and

m crosequencer 311 to: interpret a first wite cycle as generic comand

220; i nt eref Qe isRCODE VA R €3S RIASmémdwiherr8f sibsequent 20 wite
cycles to store in buffer 314; store subsequent wite cycles to buffer

314; amd sequemdizdd YndAINLVELO IAHE MR @foseflth@eciie dde v ihgrgycl es
stored in buffer 314 as specific flash nenory conmands. Buffer 314 can be

any type wifrdferiy Yestdiaitd % GaRabd @l dPrdti datsoh aid LRfbPechile @6
flash menory array 330 itself. In one enbodi ment, buffer 314 is a random

access ey pM Midk Kt edmciedHs aThe drbcbift N 2006 91 MR HH 958639

PCTNSO02/ 41741 mcrocode to interpret a wite cycle as a generic conmand
exXecute an associated state machine program. When state

machine 310 and microseguencer 311 are hard-wired, they
10 always interpret a given or predétermined 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
microcontreller 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 ig developed for the flash memory device

300. This aspect of the invention allows new functiocnality
to be developed for the state machine 310 and microseguencer
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




220, and to store, retrieve, interpret, and execute subsequen [
cycles as specific flash nenory cognands can be stored inqa n&&?gégﬁéEGB
menory ar WEY03458639St at e machi ne 310 and m crosequencer 31PCIAFSONE1HES d-
wired to execute a predeterm ned state nachine algorithm or can be
flexibly configured as a mcrocontroller designed to execute an associ ated

state machine palogt astaibenachahe YBEMAE RIOrauuid sEoseguenges 311 are
hard-wi red, they 10 always interpret a given or predetermned wite cycle

as the saipldmsic@nds Va cRERMonFrbINer adyandaaes of dhe daveption can

be achi eved by inplenenting state machi ne 310 and m crosequencer 311 as a.

m crocont reddtes i1 98INeEbd PR X et € anatidt e @fd]i‘fe]‘ﬁ ]%%pé%’%?ﬁ%}"ﬁ&t he

particul ar, since the state machine programcan its

i d e L i G
oo s el g R R OI0 A, g

m cr osequencer 311 as a mcrocontroller allows t

m cr ossquenaatrrtl gt e sonmntat, ot changasl, A% A9sam, 2rrers In the

flash nenory device 300 beconme apparent, or as new functionality is
dovel oped détuaion | lanfu0BTey 41 2,300 Tk a3pacle . theslvent on
25 boon deetone S Qvareper, R et cant Ty Sadis 9 Rhe ti e
or cost ofdgangnichgtt N filn%%r}p%%rdy fdevl ce p%%%‘etle%m\é.\ge%g/woral %3 9cycle

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
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2 0 JUN 2006 PCT/US02/ 41741 Wen state machine 310 and m crosequencer 311
are inplenented as a mcrocontroller capfigured to execy e a,.state
machi ne program state machine 310 can be progranmed to i1Titérpret a given
or predetermned wite cycle fromthe 5 external processor as any of a
nunber of f| aghatfEdERRYd isconmands, depending on the current state machine
program | oaded into mcrocode nenory array 335. The flash nenory comand
that is interpreted froma predetermned wite cycle .is said to be
programuabl y updat eabl e according to the state 10 nmachi ne program stored in
m crocode nerfory & fizph 18@Bory Alevicayivemprisinge pihutiernentsiraf tot dhee ispeciotfiiem have
been described. Nevertheless, it will be understood that various
nodi fi cat i ons"§RAYY BRNRAE i @tontitedcipdhe flarh Peraen tdewcss i enet or raerd itope of
the invgntion, (15 13 14 20 Jun 006 at i.s clained is: 1. A flash nmenory
devi ce, gcorrprclyg?snﬁzsgéée BEFE™ g‘ﬁjfztf’ %rb\é%erta&d §?r§-'9%r egf?éﬁtle‘fpfeé afirsh wHte Cyior y
commands or t Joib t t : r i i r ite 5
qz@ @g%én}: c%ﬂm*aﬂd, \b%r%ub) ‘%ﬁ: 8@%5? fcém%gxd %‘I%mh% gﬁlqnt%Bre[ga. W

cycles; a state nachine couple r and configured'to interpret a

first wite apeloR comsinilg BRNE hére SHIENBASbH MORIEEdInhAHRIs SR8 bibreCRIHTRIL
includes an interpreted data section containing one or nore specific flash

menory conmards or mod stitsegtant erigdayeed in tha buffereasar seqdree SLRaN R spatifid e
cycles in the buffer as a sequence of one or nore specific flash nenory
comands, t hdagy @emonrgemmasds; die Hete neashing Gutherdeanfiusestjloesenientialy exsaidsut e

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-volatie 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-volatite memory is the flash memory
array.
4, The device of claim 2, wherein the state machine and microsequencer are hard-

wired to aiways 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.




10 the data in the buffer as one or nore specific flash nmenory commands
upon interpreting a final wite cycle a confirmation &m*rg&% and a
flash nenory array operatively coupled to the state machine,

configured to store and retrieve raw data as indicated in the one or nore
specific flash nmenory commands. 15 2. The device of claim1, further
conprising: a non-volatile nenory; and a m crosequencer operatively
coupled to the st alte desichonegimas) dher@infthe sta@thdching @EdgFniid Gtor&Xie G fon-

m crocode stored in the non-volatile nenory responsive to signals received
from the statvlligmanoie. 20 3. The device of claim2, wherein the

non-vol atile nmenory is the flash nenory array. 4. The device of claim 2,
wherein the state machi ne and m crosequencer are hard- wired to al ways

t t det d | h fl 25 d.
5 The Bevi ce-of TENRIG: outa & REHEr €l %Eﬁwgra%ﬁ'a R éewéh%Z?”ZPe

configured as;fe magl{n%ﬁ%hﬁfﬁb ef lto ﬁ%rét%ﬁr?&iet%rﬂuneeé of 28 ax% ﬁgé’ fimatly

program 15 20 June 2006 The devi ce ai m erern

machi ne pr ogrL@HatbﬁnieSﬂa@hﬁfémryobhﬁqaﬁ@n- vol atile rrermry. 5 7. The deV| ce of
claim6, wherein the state nachine programis updateable, and the state
machine is configured to interpret a predetermined wite cycle as a
programuably updateable flash nenory conmand. 8. A nethod for flash nenory
command abst r8act| dnmeedfr fiashgemenitcemnped risyactian.acompdsings duérireting date i r st
wite a/cl e eneé_lac flash nenory comrand, wherein the generic command

i ncl udés an |r?1°teB’F’ (Me? Ut e QYda’s 7 artedp fiesh rﬁ?’?ﬁjy geremad. H’B?"@'”é'ﬁf‘e%q”?""b f1 ash
d
menory Commr&(;ﬁg:ahmn%fugé el r]'gergl%{e daf’ ge on c? ?@aggcon V\%%g%egigglﬁ&épeci fic

nunber N of sequent vvrlte

flash menory eaBrpafmmands; e P‘é'tu"\;tigdaft‘@@c@{véylh RGebdM m'klté&i}a:%%glé%hblé\ffrh L cycles

in a buffer; and executing t
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

L 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 cannct be interpreted as a confirmation command.

25
11. 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.




15 specific flash nmenory commands stored in the buffer upon receiving a
final wite cycle that can be interpreted as a confirmaé\dﬁn %ﬁ@and. 9.
The nethod of claim8, further conprisi ng out putting an sage and
erasing the N specific flash nmenory commands stored in the buffer upon
receiving a fétél@'macgﬂe ‘fﬁdgf'a‘?n fcyfﬁ{eﬁ)rétg:a&v it@q{}agtas %}eanF%]'ErﬁLnBEI?L@&Lt@a%Ieaﬂash

confirmati on conmand The net ho

OUL PUL ti NG anmenerg borRaRREEorAAHo thadRehtYIoddae sbleRRRHE br%grfahqash menor y
commands stored in the buffer upon receiving a final wite cycle that

cannot be interpreted as a confirmation conmmand. 25 if. The nmethod of claim
8, further conprising outputting an error nessage when the nunber of wite
cycles N int e%ret%ﬂ%?‘tﬁh%%%é’@ém ipplementeq ot @ mashinaregdable ediumitbe nunber

of flas msm)rﬁ1 ctom*ran S thgl}f} can be stored in the buffer. 30 12. The
met hod Bf cl ai’MPE" PUEPEHeP ot EhBYTRISHY 'Wﬁ@”%oﬂ‘frﬁtﬂ%%?ﬁ”ﬁﬂal REpgran@akie i ng a

16 20 June ZQQI@T é&n@r{)lgﬁr @ Et J%)Iiaor%rcéil\pgdtar?alﬁps grl r ectg? %? ﬁaer{egc ﬁ%s@l fﬁ%ﬁ?(?'%ﬁt | y

programuabl y updat ea coma

| oaded state dasmah@emr@réngﬂhagénekécmﬁnsmm&m&& 2R TR R0 A UG on cbRAGEN! ed

on a machi ne readabl e nedium the 5 conputer program product conprl sing
instructions apper aloleespedifiCEsh enetop) QFHTNIR MtGpIst 648 FRBIVEDh |a8ecdr writdit er pr et
data received in a first wite cycle as a generic flash nenory conmand,
wher ei n the gedless @ numheeidl $ubedqueessvriencyctes éo pe etbed ad at qsance bbspecidait ai ni ng
one or nore sp ecific flash menory commands; interpret data received in a
secondwrite aﬁ'}/E‘P'é‘O’é{s"%"}?ﬂ%é‘?ceNe &nd §t9&@3ul\émbsmeﬂte~r&e/éyc@§ in @ yferst or ed

h d d st the N
Subsequent el & T BN Ersce edrReton orimERB TG 1 HE DN HR) P e
menmory comandy wited,ad tHaPcaInI'b% it He%rd 2R GRln\ Igrqglfﬁd final wite cycle

that can be interpréted as a confirmation conman The conput er program
product of claim 13, further conprising instructions 15 operable to cause
t he progranmabl e m crocontroller to output an error nessage and

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




erase the N specific flash nmenory conmands stored in the buffer upon
receiving a final wite cycle that can ot be |nterpreteQJ$ amﬁpnflrnatlon
command. 15. The conputer program product of claim 13 for ther conpri si ng
instructions 20 operable to cause the programrable mcrocontroller to
out put an err&derdbRSS 8slRe #RbrdIaHAhSbId Plﬁ:rcl}.'oﬁfbﬁ@r'té !nferd(rétaaﬁ'gcem%mlié gggands
stored in the buffer upon receiving a final wite cycle that cannot be
i nterpreted aspragrammbbly Dpdateable @QsRTRétory ddmmdiae conput er program product of
claim 13, further conprising instructions 25 operable to cause the
programaebl e microcontroller to output an error nessage when the nunber of
wite cycles Ninterpreted in the second wite cycle is larger than the
number of fla%h rre‘h{'ﬁspn&mﬂ%%§etcwapnwf18Béffegtawﬁ@cﬁtatﬁmﬁmebwm tothg. The
er conprising instructions 17 20

d f | )
o 86" on R Ao From Bop Amhbibcrre PRSI PEPMES DGRy or ot o
recei ved Wty Sh Badh th@bwepgﬁmméxubggﬁl@wﬁé 6,clL 33 FRRR L cogmanc.

18. A flash nmenory device conpri sing e coupl ed
to the 5 bufibgesentidy £ esHiingtio®er 4he fifse 9RRNYcIE Cofmbhd &ld Méﬁe@utﬁ:}j%eedata
representing a command by (a) storing as data in the bu fer one or nore
subsequent wsidred io jrelbeferss oh@orandre Aiadh memdrecantdngs. representing a
confirmation of the first wite cycle conmand and (b) executing the data
stored in the buffer as one or nore flash nmenory commands.




