Met hod for Witing to and Erasing a Non-Vol atile
Menory TECHNI CAL FI ELD [ 0001] Enbodi nents of the
invention are in the field of non-volatile nmenories
and, in particular, conmputer-inplenented nethods for
witing to and erasing a non- volatile nmenory.
BACKGROUND [ 0002] Several non-vol atile nenory
appl i cations, such as a high density subscriber
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erase operation. Additionally, in some applications, the power to an associated flash

device is removed between flash commands, leaving little to no opportunity to perform
background erase operations as is traditionally performed for many applications.
Attempts have been made to reduce NOR erase times to make NOR memories more
practical for applications such as HD-SIM cards. However, additional improvements are
needed in the evolution of methods for writing to and erasing a non-volatile memory,

such as a NOR flash memory.



wi th an enbodi nent of the present invention. [0005]
Figure 3 illustrates a Fl owmchart representing
operations in a conputer- inplenented nethod for
dynam cally witing to and erasing a non-vol atile
menory, in accordance with an enbodi nent of the
present invention. [0006] Figure 4 illustrates
conceptually, in block diagramformat, a conputer-
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accordance with an embodiment of the present invention.

[6007] Figure 5 illustrates a block diagram of an example of a computer system
configured for writing to and erasing a non-volatile memory or for dynamically writing to
and erasing a non-volatile memory, in accordance with an embodiment of the present

invention.



[0009] Disclosed herein is a conputer-inplenented

met hod for witing to and erasing a non-volatile
menory. | n one enbodi ment, the nethod includes
determining the size of a conmand wi ndow for use in n
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size of a command window for use in n write operations for the noh-volatile memory,

each write operation having the same time period. A long latency erase command is
sliced by a factor of n to provide a plurality of erase slices, each erase slice having the
same time period. The method further includes executing n commands to the non-
volatile memory, each command composed of the combination of one of the n write
operations and one of the erase slices. The total of the time period of one erase slice
added to the time period of one write operation is less than or equal to the size of the
command window. In another embodiment, a computer-implemented method for writing
to and erasing a non-volatile memory includes dynamically determining the size of a
command window for use in n write operations for the non-volatile memory. Each write

operation has the same time period and the dynamically determining is based on a



i npl enented nmethod for witing to and erasing a
non-vol atil e nenory hides or replaces |ong |Iatency
erase operations within shorter read and wite
operations. In an enbodi ment, the | atency of the erase
operation is overcone by splitting the erase
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the t?rgfngagg rlgpseséf\éege}{eral write command. In one embodiment, the write
command will take longer due to the added erase time but will actually still take less time
than the typically tight command time. As such, a complete erase operation may be
completed after multiple write commands, providing the ability to drop a latent erase
command.

[0011] In an embodiment, by applying the approach of erase slicing, NOR flash
can be used in applications that it would otherwise not be accepted in because of the
conventionally long erase time. For example, NOR and to a lesser extent ‘not AND’
(NAND) erase times are typically much longer than write times. There may be some

applications that cannot handle such an erase latency. In conventional approaches, the

erase is pushed to the background and allowed to run to completion. However, such an



control power and command tim ngs where
conventional |l y-operated flash would otherw se not be
acceptable. [0012] A conputer-inplenmented nethod nay
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menory. Figure 1 illustrates a Flowhart 100
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[0013] Referring to operation 102 of Flowchart 100, a computer-implemented

method for writing to and erasing a non-volatile memory includes determining the size of
a command window for use in n write operations for the non-volatile memory. In an
embodiment, each write operation has the same time period. In accordance with an
embodiment of the present invention, the non-volatile memory is a NOR flash memory.
[0014] Referring to operation 104 of Flowchart 100, the method includes slicing a
long latency erase command by a factor of n to provide a plurality of erase slices. In an
embodiment, each erase slice has the same time period.

[0015] Referring to operation 106 of Flowchart 100, the method includes
executing n commands to the non-volatile memory, each command composed of the

combination of one of the n write operations and one of the erase slices. In an



approximately 72 mlliseconds, the time period of one

erase slice is approximately 70 mlliseconds, and the
time period of one wite operation is approxinately 2
mlliseconds. However, it is to be understood that a

slicing approach is not limted these specific
paraneters. Furthernore, it is to be understood that
the conmand is not limted to a wite operation, but
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{0017] Referring to Figure 2, a block diagram timeline 200 includes a linear
timeline 202 representing approximately relative absolute times for a conventional copy
command 204 and a subsequent conventional latent erase command 206. In an
embodiment, the conventional latent erase command is a long latency operation for
reclaim and is typically performed in an otherwise background idle time. However, in
accordance with an embodiment of the present invention, an erase slicing approach is
implemented, the erase slicing taking the long latency reclaim operation of the
conventional latent erase command 206 and slicing it across a plurality of multiple write
(program) operations 208. Thus, in an embodiment, a method to eliminate the long

latency erase command 206 is performed by dividing the erase time into erase slices that



enmbodi nent, the 700 mlliseconds erase time is divided

into 10 slices of 70 mlliseconds each. In that

enbodi nent, each 70 m|liseconds erase slice can be

added to 10 corresponding 2 mlliseconds wite

(program) tine periods for a total time of 72

mlliseconds for each conmand, as depicted in Figure
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long latency erase operation into multiple segments that are added to write commands. In
that embodiment, the erase time is made to effectively disappear. It is noted however,
that the erase slicing described to this peint has been focused on fixed size erase slicing.
In such embodiments, the same erase time duration gets added to each write command.

In other embodiments of the present invention, as described below, methods are
implemented which vary the erase time slice size to match the erase backlog time. In an
embodiment, such a dynamic approach is more responsive to a particular actual state of a
system, a type of real-time approach to erase time slicing.

[0019] In accordance with an embodiment of the present invention, dynamic erase
slicing is implemented by increasing the erase time allocated to an erase slice as dirty

space (space requiring erasing) increases. In an embodiment, the dynamic approach



menory configured to performdynanic erase tine
slicing. In one enbodi nent, a dynam c approach is
based on a technique for varying the size of the erase
time slice such as, but not Iimted to, allowing a
host to increase the tine allocated to erase as
conditions warrant, automatically increasing an erase
time as an erase backl og increases, or providing a
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the density of a managed area in a non-volatile memory is small, a system can increase

the time allocated to erase slice size in order to help prevent a flash full situation. Thus,
in an embodiment, different from the above described fixed erase time slicing, dynamic
erase time slicing allows a system to respond to the actual state of a non-volatile memory,
such as a NOR flash memory. In one embodiment, dynamic erase slicing allows the erase
slice time to be increased or decreased based on the state of the flash memory. Ina
specific embodiment, if the state of the flash memory has significant free space, then the
erase time slice can be decreased to improve the performance of a system. By contrast, in

an alternative specific embodiment, if the state of the flash memory has significant dirty
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HD- SI M cards that have a very tight w ndow for command
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me!,tgod for writing to and erasing a non-volatile memory includes dynamically
determining the size of a command window for use in n write operations for the non-
volatile memory. In an embodiment, each write operation has the same time period and
the dynamically determining is based on a dynamic latency erase command. In
accordance with an embodiment of the present invention, the non-volatile memory is a
NOR flash memory.
[0023] Referring to operation 304 of Flowchart 300, the method includes slicing
the dynamic long latency erase command by a factor of n to provide a plurality of erase
slices. In an embodiment, each erase slice has the same time period and the dynamic long
latency erase command is based on an actual state of the non-volatile memory. In
accordance with an embodiment of the present invention, the actual state of the non-

volatile memory is composed of a small erase backlog and the dynamic latency erase



accordance wi th an enbodi nent of the present

i nvention, the actual state of the non- volatile
menory i s conposed of a small erase backlog and the
dynam c | atency erase 9 command i s approxi mately 500
m|liseconds. In accordance wi th another enbodi nent of
the present invention, the actual state of the

non-vol atile nmenory is conposed of a large erase

co 558 SpmR OS50 R sh 8l RS FAASE RTTBRE i o

access arr.a term ne.which sectors
the RRCTIOR PP TR BI AT 516 Hieoph G eofpSsed ofalrge
|nplenented to detefn1ne t he actgg] statg O Lﬂﬁ
erapfobpckigBeand|the ﬁ‘ﬁé\%’l“if atepgy SASFOCTRINE 18 ARFO O HEHY
access array is provided in tables stored. in
milligesondsatip @ne em le it aCCRTSABIAY I YRAffO qiﬁmw‘ewhwh gectors of
anot her specific enbodinent, the access array is
themopwiotigite memorsiredirtyt addliud i iraplemenied fadasermies;the actugstate
regi on other than an associated RAM [0024] Referring
of the nopedhatilcanerd@®. &f a FeoificheattodBOt, thdreccasstaned is providetbia
executing n conmmands to the non-vol atile nenory, each

table RTBRdtin &A ARRsAtkdeindoitaccesythemadyi(RAM) Huveevef, it iether
wite operations and one of the erase slices. In an

spefifestivianhent th@adcRéstrra®is profidbd MPrables stofd 9 a0 itad Bevice
slice added to the tinme period of one wite operation

or eéloh%&rkﬁbﬁ'&n%so%ﬁ%'ﬂmthe size of the conmmand
wi ndow. one enbodinent, the total of the tine

[00%24 i od o{(eﬁﬂ'ﬁl graﬁ!)ﬂ 5 M?ﬂcﬁaﬁ @gethg H%OQQEéIQSjeSOf

on I's Tess than t size of
xERUIED %%ré“w?gﬁ?sﬁeen”?031‘3‘909%&?81%%0 aleg%ha&faﬂ%‘i&*@% e
CO‘PH‘é‘a‘?‘? Bl i o op-RR: °axn'§1{5?%§'f Ehrlieeniial’ 5o
erbpipsi %%'13%1 P e peried 5T SO ORBALS o fime pstindpf one

enbodi ment, n is equal to 10, I;he si ze f t he conmand
wril§ ARRFIgNdSs less than or equal to the size of the comman window. In one

embodiment, the total of the time period of one erase slice added to the time period of one
write operation is less than the size of the command window. In accordance with an
embodiment of the present invention, n is equal to 10, the size of the command window is
approximately 52 milliseconds, the time period of one erase slice is approximately 50
milliseconds, and the time period of one write operation is approximately 2 milliseconds.
In another embodiment, n is equal to 10, the size of the command window is
approximately 152 milliseconds, the time period of one erase slice is approximately 150
milliseconds, and the time period of one write operation is approximately 2 milliseconds.
However, it is to be understood that a slicing approach is not limited the specific

parameters provided in either embodiment. Furthermore, it is to be understood that the
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approximately 152 mlliseconds, the tine period of one
erase slice is approximately 150 mlliseconds, and
the tine period of one wite operation is
approximately 2 mlliseconds. However, it is to be
understood that a slicing approach is not limted the
specific paraneters provided in either enbodi nent.
Furthernore, it is to be understood that the 10

corét?lg,ﬁ'@ﬁ o.k Am%ed t(1| el m'i{eeo?)efago ,eﬁlﬁ% H%geaé%tg g{i&tdggglj i?ﬁgatdrﬁéaa ded to,

1Se sl ce could 1 nstea

(of0) nd. [0Q25] A dynam c erase w ndow slicing
C-Bafpr ™Y be visualized with respect to a

timeline. Figure 4 illustrates conceptually, .in_ bl.ock
(005 hgr am PRI e SHVEF IS ATPBHER el DR oHglFor i respect

dynam cally witing to and erasing a non-vol atile
to gimeline. Higore &elé'eﬁtre%ﬁ sencgptupllyin nglséiaﬁ'@m fogpaty pgomputer-
present invention. [0026] Referring to Figure 4, a .
implemented imgtirodrfor dymamioally 2iting te pafrsasing 2 nereyelatile megorpdn
402 representing approxi mately relative absolute tines
acdoodantewwittl iah Embeditmedyofahe preseit inviemtipn. npl enent at i ons 410
and 420. Recall from Figure 2 that, in an enbodi nent
[0026] t he Refs@ toiRimeald) Dblocladiagmsindine d00 inchpips o findar
takes the long | atency reclai moperation of a

tinfe@RY 80 feﬁfé@énﬂn@taﬁ?k‘oxﬁﬁa%&? rél HVERIBEL AR dintds ifera s ol di fia et AyRamic
a plurality of multiple wite (program operations.

sli%igl% e RERSENREs 480RRAIE Recall tﬁ%nlﬁFlgﬁre@f thhth B o2l dnfRdingent of the

ermned dynamcally and w | iffer in various

pr&gﬁtqmeinﬁﬁri gln%?agg B A Slﬂﬁg(?g&httﬁés ﬁfétlf\:v/&?% 1afh&} Relafin Bperation of a

anount of "dirty spa the non-vol atil’e nenory.
oo L P R Bl SRR BT o
A A I R N T e
TR LI NS AN i e 1)
m%Lntscgf drirliblf lspiageesco(f)'rt]lgesno%i?orl]étilé pneEn%?yt. I%T\Egv%i',qggrgj o s%gl'rﬂ >0
embodiments, a method to eliminate the long latency erase command is still performed by
dividing the erase time into erase slices that are then added to write operations.
[0027] In one embodiment, a 500 milliseconds erase time (less dirty non-volatile
memory) is divided into 10 slices of 50 milliseconds each. In that embodiment, each 50
milliseconds erase slice can be added to 10 corresponding 2 milliseconds write (program)
time periods for a total time -of 52 milliseconds for each command, as is depicted in the
plurality of command windows 410 of Figure 4. In a different embodiment, a 1500
milliseconds erase time (more dirty non-volatile memory) is divided into 10 slices of 150

milliseconds each. In that embodiment, each 150 milliseconds erase slice can be added to

10 corresponding 2 milliseconds write (program) time periods for a total time of 152
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m|liseconds erase slice can be added to 10
corresponding 2 mlliseconds wite (program tine
periods for a total tine of 52 m|liseconds for each
command, as is depicted in the plurality of conmand
wi ndows 410 of Figure 4. In a different enbodi ment, a
1500 mlliseconds erase tine (nore dirty non-volatile
menory) is divided into 10 slices of 150 nilliseconds

mllﬁFéEBnds Bl ﬂtco Fﬁﬁ&i%‘?@%ﬁéﬂ&éﬁﬁ toPufHlity dILBERAE vAAEN 420

I ce can correspondi ng 2 n1II|seconds

of qu%‘IJIIE% (’Iﬁllilg qﬁ ggpjoréig?g\évgfg rﬁl’l ggxﬁo&ﬁ{gn?ofttﬂé @lje (#l’llt Ct e ﬁl% size of

m T 17 sécon conman

cachia Byt ob oSl B IR iAo eé’%w%%%ﬁ'f%é& & é*sgﬁ?m‘
stotgi0f G RO LG @?h%%eﬁfvﬂyﬁa&? e&f@l Bb i arop; canppadds S Apphed.

state of the non-volatile nmenpry tqQ which &
Forggmple, injongrenpoginaii teesmirshinal] %raS&d)épiflesi and thg slice time can be
exanple, in one enbodinent, there is a snmall erase
redbeasitb prpvidech paresivad impravemsniiaetfermanselobide pragrasm sempands.
a perceived inprovenent in performance of the program
In awtiven aoibodiment, oot erdargerbiask basklog anth theslicstime lisingrsased to
erase backlog and the slice tinme is increased to
dediesse drhaideafalfargeund crasd oagr ound erase event.
[0028] In an enbodi ment, the present invention is
[00RBPVi dedidm enbsudiiet: She pRE&Y iiR@hisr0lE pedvidedras 2@binpatee
product, that i ncl udes a machi ne-readabl e medi um

prdatafh Plbdust! G ReAwWaRES Bkt tRftifdHdes @MPachitBiréddable mEdaMn having
program a computer system (or other electronic

sto%g%hﬁs& ink@udths, WHILAis rag&ﬁ%? o Alcdinpiitel & sRAPRALIRAL S

e present invention machi ne-readabl e medi um

ele«ts@ mé BQI&QEtoaﬂyngﬁ %f}%egﬂg £ dm% tQ 'éfnﬂgdlﬁ'ﬁ,ntstol}' . geflﬂ ng

ormati o mrea e by a nmachi ne

mvgg%u;zg r%aggigg-%?adal?l% rl"xpe.dsjm md qclu?(g?agg a{ggl:{%isn?fOé stormg or.
tra%%tﬁ%%%@%&?&q 1] gg‘o%ﬁ F%dﬂEﬁ'Bf 5 %cﬁme %e gr &8 goa}rkl)ll)u er?t Pi29€

example, in an embodiment, a machine-readable {e.g., computer-readable) medium

includes a machine (e.g., a computer) readable storage medium (e.g., read only memory
(“ROM™), random access memory (“RAM”), magnetic disk storage media, optical storage
media, flash memory devices, etc.), a machine (e.g., computer) readable transmission
medium (electrical, optical, acoustical or other form of propagated signals (e.g., carrier
waves, infrared signals, digital signals, etc.)), etc. In an embodiment, use of the term
“computer-implemented” herein means processor-implemented. In one embodiment, one
of the methods described herein is implemented in a portable device, such as a cellular

phone, which does not have a computer per se but does have a processor.
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("ROM'), random access nenory ("RAM'), magnetic disk
storage nedia, optical storage nedia, flash nenory
devices, etc.), a nachine (e.g., conputer) readable
transm ssion medium (electrical, optical, acoustica
or other form of propagated signals (e.g., carrier
waves, infrared signals, digital signals, etc.)), etc.
In an enbodi nent, use of the term

[002§gnpUt Cfigh i 1ﬁﬂ§&ttéas dlgﬁﬁxgnh'}é 4 Fe3entation of 2 machme ip the form

cessor - |nplenente odi nent, one of
th
of %Ew‘a’u?r? 390 SeiEh o o3¢ TR SRR %ﬁbﬂlg@g"fﬁ%@% a@eem
t but .d h
pee R ey P SR e o RGP B el 027

a machine in the for f ac ut er stem

examleﬁn gocopdangg with ap ngﬁ%g}?gt Sith, present antf‘ﬂ‘eﬁ Eﬂ% ’f@s“ates

performany one or nore of the nethodol ogies

a bmckémmoﬁm eapplg of asoayyies gystem configuisddop wiiipg to and
accordance with an enbodi nent of the present

eraing emohonlatiki memeryrifen dysamisally wrising fowld efasing apanoyolaHe
exanpl e of a conmputer systemconfigured for witing to

menruly. Fratsinatveembootimaitatthé macinoiswomrectedi(e.gy netmiodeld) tp other
witing to and erasing a non-volatile nenory. In

ma2hin€d maillocel srdh OitrwaRtiEAN) e inealki,ne cksammgon detletrnet. In an
(e.g., networked) to other machines in a Local Area

embBEMRNK tHeAhineAdpetatdsliad (iRt cap@ulty®X b kéRet or a@lliehtBachine in a
Internét. In an enbodi ment, the machine operates in

ch&ﬁ—e.seﬁ@f’ﬁéﬁzvbﬁk Al ir8nH&lt V6 as Alpedt BhdnBidtin BRPEHLBDebioRdistributed)
client-server network environment, or as a peer

nefRSE biMfironthef. ﬁﬁ%ﬁ ehBo n@odl t, Q}‘Rermﬁ.’dh%{er ik Q%El%gﬂal cHRpYRF (PC), a

environnent. In an e rrent the machine is a

gt e s ity g« g
qtb %Q,ga(/\ﬁe{'v of a d}eft%?rg g g\?vmgin@reonadgﬁ,l or%n\g' S‘%é@}&% c%)fable of

exexuﬁggg‘;sg les?ra%tré’laé%e@ﬁ%ﬂt“ﬁ § IRE 5T B B aoms g taken by
machjne. Further, while o

thqtmqgg]ppaf‘g@er{\ﬁl@letcg}lw slﬁg@m‘\(qume is ustrateci: tt‘he temil machine”

shall also be taken to include any collection of machines (e.g., computers or processors)
that individually or jointly execute a set (or multiple sets) of instructions to perform any
one or more of the methodologies discussed herein.

[0030] The example of a computer system 500 includes a processor 502, a main
memory 504 (e.g., read-only memory (ROM), flash memory, dynamic random access
memory (DRAM) such as synchronous DRAM (SDRAM) or Rambus DRAM
(RDRAM), etc.), a static memory 506 (e.g., flash memory, static random access memory
(SRAM), etc.), and a secondary memory 518 (e.g., a data storage device), which

communicate with each other via a bus 530.
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shall al so be taken to include any collection of

machi nes (e.g., conputers or processors) that

individually or jointly execute a set (or nultiple

sets) of instructions to performany one or nore of

t he nmet hodol ogi es di scussed herein. [0030] The exanple

of a conputer system 500 includes a processor 502, a

main nmenory 504 (e.g., read-only nmenory (ROM, flash
003BfTOr Y, F¥OREHG0D MH NI RGRE SB molEIBREM-pkPAN protsiind8evices
[ synchr onous DI{>AM( DRAM or Ranbus DRA%/I (RE?RAI\/D, g

' | itdorthd like> Youlasly2inlan

sucﬁ%% a)mlcx%gx%%@sgbrc CMB%?%EQ%Q@&&%&% i,ll?ez %H%rﬂ?ﬁ‘t cul dlg’r n

om access frermry secon

r 18 (e, . . data staorage.. i |

R A R S A T G ol
.Processor 302 represents one or (E?% lﬁlener al S pUrpose

miGyPRLERSH s Ot iR e eeh corapuin (KRS BIeEPL i ssoL Ry e

. processing unit, or the like. Mre particularly, in an

insEWgs 08 FREH L VLEWbmjsreRracessnr, Booesiy IQP@B??BP%&OQ%H@PWEPP% Fets,
set conmputing (CI SC) _m croprocessor, reduced .

or prRe]sPAE tMpjAmSEingEtpmbinatign CRINStyctinse s p Iiberssyphodinety
long instruction word (VLIW m croprocessor,

progessos¥Rds onaqy reorespéaial-putese piogessingaleviges sieh g5 an application
processors i nplenenting a conbination of instruction

spesHicsntepmtedvircain ORI ENficld pprproasside g4 array (THGA o r digirke
speci al - pur pose processi ng devices such as an

sighdl prdcesor IISP)spe®/bik rotastpsrahelike i Frocdstor(SA3lekcuted the
field programmabl e gate array (FPGA), a digital

proeb@malloglé 926 £ PErfoaShY thetpbiEbls HsRERITLFein.Or t he
| i ke. Processor 502 executes the processing |logic 526

[0032] Perf o i bR RRE 84hHNiS: F5emsD0eE RS Teilitics b ALk

I n"an enbodi nent, the conputer "system 500 further

int%xﬁ%% ggﬁée fog) tqh WRE Kmbbdih@h, ﬂﬁe%ogl‘f)\él sf SyseliB500 D@ ludes a video

i Iment, e conputer system %_ al'so 1ncludes a
asfg 5% Ry ¥4 B RaP o YRS TSR R

alphanumeric input device 512 (e.g., a keyboard), a cursor control device 514 (e.g., 2

mouse), and a signal generation device 516 (e.g., a speaker).

[0033] In an embodiment, the secondary memory 518 includes a machine-
accessible storage medium (or more specifically a computer-readable storage medium})
531 on which is stored one or more sets of instructions (e.g., software 522) embodying
any one or more of the methodologies or functions described herein. In an embodiment,
the software 522 resides, completely or at least partially, within the main memory 504 or
within the processor 502 during execution thereof by the computer system 500, the main
memory 504 and the processor 502 also constituting machine-readable storage media. In
one embodiment, the software 522 is further transmitted or received over a network 520

via the network interface device 508.
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al phanuneric i nput device 512 (e.g., a keyboard), a
cursor control device 514 (e.g., a nouse), and a
signal generation device 516 (e.g., a speaker). [0033]
In an enbodi ment, the secondary nmenory 518 includes a
machi ne- accessi bl e storage nmedi um (or nore
specifically a conputer-readabl e storage nediun 531
on which is stored one or nore sets of instructions

[()dsﬁ! g., swlﬁweemécgﬁae-&mﬁyé 6ragPR¥dRRG s MRS ifant he

nmet hodol ogi es or ncti1ons described herein. In an

SR AL SRS O L i
s e P PSP R P A PO e

rocessor 502 also constitutin chi ne-r eadabl e.. .
Aal3bi5t o @IS 2F1ES 2 BTUSTB R TONE (o OHE SEBP AR Asupions.
further transnmtted or received over a network 520 )
Theitemy ‘freachiseweadrble stosage medivmay shall abgde taken fmshiple ppy mgdium
the machi ne-accessi bl e storage nmedi um 531 is shown in
thag is capatiio df sienmg arenpading & seh gf msweatiopsfor executiep hy the machine
"machi ne-readabl e storage nmedi unf should be taken to
and thek cabse thesnanhyine tovpaifomm any one bt inprecof Weskinethpdolggies ef
centralized or distributed database, or associ ated
enbadinemisasfadhesresent inyertivat Tlsd e “inbehinnradablemiomgs siediuol
instructions. The term "machi ne-readabl e storage

shaTesicBriingd1bd fakéll BAnddedel Bittaivt belinfted t SolalstatBBsimuties, and
that is capable of storing or encoding a set of

optiBa thd flabRAR nicdia, €xecution by the machine and that
cause the machine to performany one or nore of the

[Oli'i[ﬁ; hodol ‘E%c%ﬁrdgﬁce \?ﬂpﬁpérﬁls&r;&iﬁeﬁfof Eﬂ‘éﬁpr@geﬁisﬁ%ntion, a software

ention. The term "nac e-readabl’'e storage nedi unt

lajfelp ﬁf]labae%g ?t%’rvgrjltg gl}%p’@lﬁdst eﬁ‘iﬁeaﬁdé ﬁleiefh%!: g'lg(%'to Qél:th vgﬁl{e cgﬁgland. In an

( soll ate nenories, ~optical an
R ST s O P B I BB, s o
embodiment, any of the methods described herein work by adding an erase slice to write
commands and then tracking the erase status and progress. In that embodiment, the
methods eliminate long latency erase time by dividing it into slices that can be managed
and added to write operations. In embodiments related to dynamic erase slicing, a
software layer is implemented to manage the time allocated to the erase time slice. In one
embodiment, the software layer allows the erase time to be increased or decreased. In a
specific embodiment, a software layer automatically increases or decreases the erase slice
based on the current flash state of free versus dirty space. In that embodiment, the
software layer indicates the free versus dirty space in the flash and generates a
recommendation for setting the erase slice time. In an embbdiment, slicing instructions

are stored in the flash memory to which slicing is applied, and the slicing instructions are
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| ayer manages the wite commands and adds the erase
slice to each wite command. In an enbodinent, the
software | ayer also tracks the erase status and
progress. Thus, in one enbodinent, any of the nethods
descri bed herein work by adding an erase slice to
wite commands and then tracking the erase status and
progress. In that enbodi nent, the nethods elimn nate

ex%cﬁfa%tg it nfnfot§. [ ARy er%dédiﬂieﬂtgslic‘iné AStRuclibhSAS stored in

can be managed and added to wite operations. In

T B L S

( ted to th . ' lLi.ce, nbodi ,
PSSRl Ty B, ore, oo
ORF 52 oSG SRS e BBk SSRGS P e

the erase slice based on the current flash state of .
acqepsille vioraga snedium hasdpgmstions stqrpcthegsop Seighespse ¢ ¢ata processing
software | ayer indicates the free versus dirty space
system thperformsimethet] fpe meitiag éxand erpsingompamyetile memgry. Inan
setting the erase slice tine. In an enbodi nent,
embbdinieny thenséthotincindes determirgpgthedizeof & hemfriand windovpioy use in
to which slicing is applied, and the slicing
n wifté opetatiomesr the @od-Solavleandnesty, cach teite dresmion eving yhe same
anot her enbodi nent, slicing instructions are stored in

tintd JRribll aFhe ARNGE Yurtier Meivdbs Sliciny digng htdpp biaselcoranand byea
slicing instructions are executed in a RAM of a host

faRb RIS ProvARSOALARLIBb U slidRaleatl @8tk SHBIBAVNg (HOQSGE tilR
accordance wi th an enbodi nent of the present

pe}igd’. ofyd rﬂ&ho@ﬂﬁﬁ‘ﬁ@l%é AL Difmat R aR dHRdjokhldASmory,

I nstructions stored thereon which cause a data

eat] & %ﬁﬁdn(%mp?@itmé {bg?nﬁ&ﬁﬁ@f@né@tﬁ@g wWrRE o¥erhdidrUnd Bne of

and ‘erasi ng non-vo e nenory. In an enbodi nent,

th%rﬁ%?ﬁ:%g ?vhlﬁ‘glg'nl tﬁeﬁ Fo%zhl %? I[h%rtzrpﬁg . e@%dto.tf Gne érfzj%r s?i];cﬁ gd(ﬁ:‘a %rﬁ{%qime

wite erations
BT SHhb SoRBRE U o P94 DB i
[083'}] ong | Eilrtl gr{] gr%/lbc?c{ir?lg% o%glggnnﬁgciin@-/ac%essible storage medium, the total of
the time period of one erase slice added to the time period of one write operation is less
than the size of the command window. In an embodiment of the machine-accessible
storage medium, the associated non-volatile memory is a NOR flash memory. In an
embodiment of the machine-accessible storage medium, n is equal to 10, the size of the
command window is approximately 72 milliseconds, the time period of one erase slice is
approximately 70 milliseconds, and the time period of one write operation is
approximately 2 milliseconds. In an embodiment of the machine-accessible storage

medium, determining the size of the command window is performed dynamically and is

based on a dynamic latency erase command and slicing the long latency erase command
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factor of n to provide a plurality of erase slices,

each erase slice having the sane tine period. The

nmet hod t hen includes executing n conmands to the

non-vol atile nmenory, each conmand conposed of the

conbi nation of one of the n wite operations and one

of the erase slices, wherein the total of the tine

period of one erase slice added to the time period of
i JidEth BGALiE b Ifedds $Rast BaNmAAd, S0 RInatn® oh€ 12dng§ erase
lnco %ﬂ% é@#ﬂaﬁgﬂ&ﬁndgMLe(?00§7] I'n an enbodinentgof tﬁe

e . . t ot )

co@%& g%??g’g%z? 0415 abd gtﬁgﬁ?wﬁhﬁg@gyb?% {ﬂhozlgts?%le e{Yiment

oné erase slice a
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_enbodi nent of the nmachi ne-accessibl e storage nedi um 2
wigdpwe gianother sugh embedigyeptinglpding dhe dyaamicatensy ik cogumand, the
approximately 72 mlliseconds, the tine period of one
noewelktileshémeryiisa Ne)pflashinramasy y imaperpmboiesabids eauahép 1 éhe
time period of one wite operation is approximtely 2
sizariof thesemoradd witdovais apprioshatelp 52 ofilliseeonds, the time period of one
machi ne- accessi bl e storage nedium determ ning the
er®é Zlecedf appieximarhpdimiilisedonds] andpthe fime pedodiyfeoeiveritk bperation is
and is based on a dynam c | atency erase command and
approkimndiely & helliseqgds. aineneheLmbRliB O R Rqhl tb 10 thelsige of the
slicing the dynam c |long | atency erase conmand, the

cof AR wind WS abﬁ&bﬁﬁh%a\tel?!l@@ﬁliliié‘ébﬁfm themsepbriod oRBn@ehastadlice is
state of the hon-volatile nenory. In one such

apgﬂmﬂlthﬂ? qsgrﬂilﬁgécklﬁiéls? Gnd E tiThERALE of SiBRGY PEAESN is
onmand; the total of the tinme period of one erase

H 7" . . . f . . .
apﬁllscik,,“rrgag@g?.%lﬁsg%&nlag ﬁ'ﬁﬁge;frpetfcﬁééﬁgnc% WIE{-_{I& évi\\giﬁn %&R?Eﬁfe'p?&ent

¢ han"the 'size of I conma \
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m | liseconds he ti .period, of. one .
commands 1es appl?ecf. Flor example, 18 one embocIiment, there is a small erase backlog

and the slice time can be reduced to provide a perceived improvement in performance of
the program commands. In another embodiment, there is a large erase backlog and the
slice time is increased to decrease the chance of a foreground erase event.

[0038] In accordance with an embodiment of the present invention, methods or
approaches described herein can be implemented in association with a non-volatile
memory, such as NOR flash, to eliminate the long latency of erase commands. In an
embodiment, NOR flash configured to operate with erase slicing enables the use of such
flash memory in applications that have a small command window, an aggressive power

management, or limited or no time for background operations. In one embodiment, a

17



erase slice is approximately 50 mlliseconds, and the
time period of one wite operation is approximtely 2
mlliseconds. In another enbodinent, nis equal to 10,
the size of the command w ndow i s approximately 152
mlliseconds, the tine period of one erase slice is
approximately 150 mlliseconds, and the tinme period of
one wite operation is approximately 2 mlliseconds.

fixdd e shidd i@ﬁftﬁﬂ&q@lﬁ% M’?&r@ve@ Nn GHGAEH diR8¥dirRdnt | dYBamicR bR} is

I nventi on, e size of each of a plurality of program

R SO AIAR et
' .COf ' ' E ..
o sk B R T PO

. back]log, and the slice tinme.can be.reduced, to provide
incgeapl CpRther A R T Ote PR T e g Fafie s
commands. | n anot her enbodi ment, there is gghar .
allegatps anqse e de crasrpndrallows pisygem tgyeleanmprs spacedha § Bed time
decrease the chance of a foreground erase event.
slife) 3@ 8iother ebodinetmbclectrpting & tigresbias alkayrs the systen torappeasmore
i nvention, nethods or approaches described herein can
respensivyib arsgsitre dhanre freddmieatlicon with a non-vol atile
menory, such as NOR flash, to elimnate the | ong
[0039) ency Thuskasmpaterimpieaenttdmathod dotedtingotand M@Rng a non-
flash configured to operate with erase slicing enables
volafiR &80 haSbedn difciaasd) HRRBdarics withini eptiodbmit bt present
have a small command w ndow, an aggressive power

inVERBGE SERLtho@InclddBt §&&nRhinD thd diFBR faorhami SFinddwl for use in n
operations. In one enbodinent, a 17 fixed time slice

wriS ob RGBS (Rl norlPYBNIR! enild}%,aé&(?ﬁ Reke SRR HBRAhg the same time
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namc slicing is mented, which facilitates
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combination of one of the n write operations and one of the erase slices. The total of the
time period of one erase slice added to the time period of one write operation is less than
or equal to the size of the command window. In one embodiment, the total of the time
period of one erase slice added to the time period of one write operation is less than the

size of the command window. In one embodiment, the non-volatile memory is a NOR

flash memory.
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slice. In another enbodi nent, decreasing the tine
slice allows the systemto appear nore responsive to
a systemthan a fixed time slice. [0039] Thus, a
conput er-i npl emented nethod for witing to and erasing
a non- volatile nmenory has been disclosed. In
accordance with an enbodi nent of the present

i nvention, the method includes determ ning the size of

nd wi ndow for use in n wite operations for
Cléﬁe %on vol atile nmenory, each wite operation having

t he period. Along | atency erase conmand is
sllggﬁggjkﬁmf%gior of nto provide a plurality of
erase slices, each erase slice having the same tine
peri od. The nethod further includes executing n
commands to_the non vo| atil e nmenory, each co q
1. Acspmniisa-igplomeated apgthedhiof Waling fo Hﬁéﬂ%‘fﬂn& %%0%‘% fig gemory,
operations_and one of the erase slices. The total of
thetrhethod ¢amprpdg: od of one erase slice added to the tine
period of one wite operation is |less than or equ
tdetariménisg the sizk of heomuand windawnidouse inm wite Oﬁmﬁmsgfeh&he non-
the total of the tinme period of one erase slice added
t 0 whiatileinenqreydackl woite opeeationihizeing e satiedime periodss t han
the size of the conmand w ndow. |In one enbodi nent,
tMRing QI low, V%lawnbjr erafedBRiaridsbyen PEIr of i Rgiroviden pLuralil:ﬁof erase
CLAI M5 is clained is: 1. A conputer-inplenented
et Goets S Akh Wakd 41108 hban@ i@ s&ﬂh@&hﬁgaeﬁoﬂf%dv olatile
menory, the method conprising: determning the size

ixe@utﬁ‘%rﬂ‘%ﬂgnﬂdg APWemoh-veREiId rﬁelﬁoW dcB cOMBIaAd cORpride@lof the
e non- volatile nenory, each i'te operation having

t he c§ﬁgﬁgﬁ6m Ao r}ﬁhlecﬂg@ﬂltlﬁng %ﬂganke 3 %Qe}x‘as@ %ﬁc%%‘ wherein

fact or provi plurality of

er A3 total of the time period of one erase slice added to the time period of one write

operation is less than or equal to the size of the command window.
2. The computer-implemented method of claim 1, wherein the total of the time period of
one erase slice added to the time period of one write operation is less than the size of the

command window.

3. The computer-implemented method of claim 1, wherein the non-volatile memory is a

NOR flash memory.

4. The computer-implemented method of claim 1, wherein n is equal to 10, the size of

the command window is approximately 72 milliseconds, the time period of one erase
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slices, each erase slice having the sane tine period;
and executing n commands to the non-volatile nenory,
each command conprised of the conbination of one of
the n wite operations and one of the erase slices,
wherein the total of the tine period of one erase
slice added to the tinme period of one wite operation
is less than or equal to the size of the command
slicMiDEMbximate TR0 MATRIHEDs; Adihe BRRtREodBE dtRAvaE opéraiish i,
wherein the total of the time period of one erase
L+ time period of one wite operation
am?ébﬁgggp?ﬁg%&gﬁéﬁgize of the commuand mﬁndomnps. The
conmput er-i npl enented nethod of claim1, wherein the
non-vol atile nmenory is a NOR flash nenory. 4. The

onput er-i npl e te hod. of claiml1l wherein.n is
5. BB SO WYL LSRR g q1aule mlefory,
approximately 72 mlliseconds, the time period of one
theapethed copaprisfiisee i s approximately 70 nilliseconds, and
the time period of one wite operation is ) )
a;*ypm@;gaﬂ{ml@plynigingitmq sizecf frfgnmand window for use in n write operations
conput er-i npl emented nethod for witing to and erasing
a nér-thota-vdlatileerenroyy, eagtheriteepietsdion barpng iesgme time period,
dynam cally determning the size of a conmand w ndow
f or thestynamicallywlétermining baseidens: dyhamictlitengycamase sbmmniang;
menory, each wite operation having the sane tine
pdicingdhe dinamidiong liarl leyasel edremandbyng faoms ofin empravide a plurality
dynam c | atency erase command; slicing the dynamc

| ongf bragedlicys, SlichSeRase QYN ilpthe sdn@ctirgé p&iod) thealyparni¢i loke
a plurality of erase slices, each erase slice having

t he | 3G etds&BorRAhhPBhsed BE afl¥etadlistatd GMBe ndrA QRGN nRIAFE and

conmand” based on an actual state of the non-volatile

NGB tHve Bfhmands to the non-volatile memory, each command comprised of the
combination of one of the n write operations and one of the erase slices, wherein

the total of the time period of one erase slice added to the time period of one write

operation is less than or equal to the size of the command window.
6. The computer-implemented method of claim 5, wherein the total of the time period of
one erase slice added to the time period of one write operation is less than the size of the

command window.

7. The computer-implemented method of claim 5, wherein the non-volatile memory is a

NOR flash memory.
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executing n commands to the non-vol atile nenory, each
command conprised of the conbination of one of the n
wite operations and one of the erase slices, wherein
the total of the tinme period of one erase slice added
to the tinme period of one wite operation is |less
than or equal to the size of the conmand w ndow. 6.
The conputer-inpl enmented nethod of claimb5, wherein

8. ’trig@c L ifp1dnfiitdd HBhRESf PHmOS, wHeRSh £{A%Balsh 10ahe Sideer

the tine period of one wite operation is |ess than

gt g PRI R8T o et of o g
. - {i LY .fl ash . .

sticg gyt el TRt g PR & e B ehE

eqgual ﬁo 10,. the,size of the command w ndow i s

apPESHMael AR nEi§5ec88d%y | | i seconds, the time period of one

erase slice is approximately 50 mlliseconds, and the
time period of one wite operation is approximtely 2
mlliseconds. 9. The conputer-inpl emented nethod of

9. Thetommitervimplementad methediobglaipns, Fhereima isgqpal tgfl0, thp size of
command wi ndow i s approxi mately 152 m|liseconds, the

thetcomenapd mindbvols approxemately 152 miilligedosdsn thertiné pariod|of ongerase
mlliseconds, and the tine period of one wite

slicepieappro:dmaiety 1 8pitlisetormiscdnyg tRe timnk ipesebafits writ® opeFaton is
conmput er-i npl enented net hod of claimb5, wherein the

apprétithatels? alikis@bndiie non- vol atile nmenory conprises a
smal | erase backl og, and wherein the dynam c | atency
erase command is approximately 500 milliseconds. 11.
The conputer-inpl enmented nethod of claimb5, wherein

10! Re At r-itlpRinfenfdd thftBod\OMiaiM03, JHelen HRMABHMI ASBF thé Adn-
a |l arge erase backl og, and wherein the dynam c | atency
vol&fiRHfemory comprises a small erase backlog, and wherein the dynamic latency erase

command is approximately 500 milliseconds.

11. The computer-implemented method of claim 5, wherein the actual state of the non-
volatile memory comprises a large erase backlog, and wherein the dynamic latency erase

command is approximately 1500 milliseconds.

12. A machine-accessible storage medium having instructions stored thereon which
cause a data processing system to perform a method for writing to and erasing a non-
volatile memory, the method comprising:

determining the size of a command window for use in n write operations for the non-

volatile memory, each write operation having the same time period;
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command is approximately 1500 mlliseconds. 12. A
machi ne- accessi bl e storage nedi um havi ng .i nstructi ons
stored thereon which cause a data processing system
to performa nmethod for witing to and erasing a non-
volatile nmenory, the nethod conprising: determ ning
the size of a command wi ndow for use in n wite
operations for the non- volatile nenory, each wite

Qﬂa{g@% idﬁg hieyd b IESmﬁﬁHE h@?ctcﬂ%rf inqd Pro%idesi PiGiaRE o erase

['on rase connan by a facto nto provide
a plurall Yy f slice having
t he l§’5§’r§a eﬁ% 5§§ealga§mgsthé gaglieetc]:lﬁ??ého hg%gmmnds t o t he
non-vol atil e eac n rlsed
Y R e TBRaU R ARl ey, SR SR i omtptpof the
of the erase slices, wherein .the otal f the.t
per $asebinztion of opt gisthe 8Wrie opelations Ap Pﬂeeofitﬁﬁﬁraﬁeew% vhprein
one wite operation is less than or equal to the S|ze_
of théotlfitimimaperindef ong erasndicgradnde theclins perdeot one write
storage nediumof claim12, wherein the total of the
ti n@erzp@mlsawss)tﬂnamnee@ﬁh@éh%met@f thelewamans! window; ne
period of one wite operation is |ess than the size
of the command w ndow. 14. The machi ne-accessi bl e
storage nedi um of claim 12, wherein the non-volatile
13.M"ER®iychite-gccbisB1E stambe medmnyof clém Dhevherein the total of the time
machi ne-accessi bl e storage nmedi um of claim 12, wherein

peribd oF oR6l éAke §1Re hdedtd Ehe hihe Berdfd dffvRe GRREBRAativnrisl as ihan the
approximately 72 mlliseconds, the tine period of one

SIZ@B%QC%MCIW&QPY oximately 70 mlliseconds, and the
time period of one wite operation is apprOX|nater 2
mlliseconds. 16. The nmachi ne-accessi bl e storage
medi um of claim 12, wherein determning the size of

14. The machine-accessible storage medium of claim 12, wherein the non-volatile

memory is a NOR flash memory.

15. The machine-accessible storage medium of claim 12, wherein n is equal to 10, the
size of the command window is approximately 72 milliseconds, the time period of one
erase slice is approximately 70 milliseconds, and the time period of one write operation is

approximately 2 milliseconds.

16. The machine-accessible storage medium of claim 12, wherein determining the size of
the command window is performed dynamically and is based on a dynamic latency erase

command, wherein slicing the long latency erase command comprises slicing the dynamic
long latency erase command, the dynamic long latency erase command based on an actual

state of the non-volatile memory.
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t he command wi ndow is perfornmed dynamcally and is
based on a dynam c | atency erase conmand, wherein
slicing the long | atency erase comrand conpri ses
slicing the dynamic 1long |atency erase command, the
dynam c |long | atency erase command based on an actua
state of the non-volatile nenory. 22 17. The

machi ne- accessi bl e storage nedi um of claim 16, wherein

17.Uh& lhﬁghﬁ{e-&tzes%me sttérﬂ'ge mP&LInSF cRfimQBEwWRErsmthSlokl Of BRdRE:

to the tine period one wite operatlon is less than
0 BRQWr &@ tion is less than th
P er{olaetﬁ'oﬁéeég%ec%lgé Fﬁeﬁqmr agé/\eﬁ gl um ot " |mr?1 lfg Is \%%Ser%rll ne
non- vol tl| menory is a NOR flash menory. 19.

mz%ﬁﬁhﬁﬁ%ﬁ?ﬁ% gg%%%%lble storage medi um of claim 16,

wherein n is equal to 10, the size of the command

wi ndow i s approxi mately 52 nilliseconds t he tine
peri od of one _erase slice r t el .
18 he Magisrassessibicstomee et % viRem s pan-volatit
operation is apprOX|nater 2 mlliseconds. 20. The

mepgehisadN @R desismpmeryst or age nmedi um of clai m 16, wherein
nis equal to 10, the size of the command w ndow is
approximately 152 milliseconds, the tine period of one
erase slice is approximately 150 m|liseconds, and the

19.t Thempehinsatcedsibbngonage tnedmpemﬁﬂmmr% whemppn isxqnaltie 19, the
mlliseconds. 23

size of the command window is approximately 52 milliseconds, the time period of one

erase slice is approximately 50 milliseconds, and the time period of one write operation is

approximately 2 milliseconds.

20. The machine-accessible storage medium of claim 16, wherein n is equal to 10, the
size of the command window is approximately 152 milliseconds, the time period of one
erase slice is approximately 150 milliseconds, and the time period of one write operation

is approximately 2 milliseconds.
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