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NONVOLATI L LE MEMORY W TH PROGRAM PEND
COVMAND %&%@E@B@ THE | NVENTI ON The present inventToH$8F at es
to the field of nenory devices. More particularly, this invention

rel ates to suspendi ng a program operation in a nonvolatile witeable
menory in order to perform ot her operations in the nonvolatile

writeabl e nmenory. BACKGROUND OF THE | NVENTI ON One type of
prior art nonvolatile witeable nenory is a flash Er asabl e and

El ectrically Programmabl e Read-Only NErmry ("flash EPROM' or "flash

menory”). A typicay gﬁl g-lfﬁg%/l‘? W lon as a
standard El ectri cal fj rogr amrab e ?L?]WP;E’MOR?‘/E Hc?ﬁgsm and can
be programed in a sinilar fashlﬁﬁsé’ﬁNDC@ MAWIA Once programed, either
the entire contents of the flash EPROM or a bl ock of the flash EPROM

can be erased Q re in one relatively rapid operation.
An erasing vol FIEL] able to the sources of all the cells in

]'E hlel fl ash EPROM or The @ésent mbbszﬁbn(l‘blatt@ td |thé][ﬂ1|eliP§W‘x‘hexT«f®r§ d@ﬁé@st S | nda
ull array er re Q C as ROM or _the erase
bl ock of the fT35h partleﬁbﬁ@mqh&ﬂvﬁgﬁ%gler%%tﬁ? g% Wi # Pie& 48t a.
Fl ash EPROVs cbpératiowmmammtﬂemﬁteﬁhle imernioyy Enasall&keo perféimgr ammabl e
Read-Only Me " : Oonvent i onal

; ggétﬁgﬁ' @%ﬁ’ﬁ%’ﬁ Jin Wk hdirdig e Mlteableeﬁ@%'{ﬁrsr U

EEPROVE t ypi e a select transistor cell erasure
control. Flash EPROVs, on the ot her hand, typically achl eve much hi gher

density with s R B3 msj.VENTI N For a prior art single bit
flash EPROM a T ogi one". nmean that .few,. if any, electrons are
stored on a floati (énﬁaWBeé’sfé?f&‘?ra?’éd‘%‘iqiaﬁle W“lS?atblEéT\(‘FmoW 1D 8i "zero"
nmeans t hat narﬁlrashlelfetamdlﬁlentﬁcail Pedgmaminiable Redd-Ghilyridegairy (Aflaski at ed

Stored in eacrtkOMefr. sy é@%@fﬁ?ﬁ?fﬁgﬁﬂﬂaﬁhﬁ@ﬁf Fes, 88 Bt cannot -
be overwittemarfapoonfiguration ay erstandard Elegirically Prognammatile Reasl-Onilpr
erasure. Each S BEPREM”) Ahd! &t bé [A8Er&RRM in a similar fashion as
an EPROM. Once programmed, either the entire contents of the flash
EPROM or a block of the flash EPROM can be erased by electrical
erasure in one relatively rapid operation. An erasing voltage is made
available to the sources of all the cells in the flash EPROM or in one
block of the flash EPROM. This results in a full array erasure or a
block erasure. The flash EPROM or the erased block of the flash
EPROM may then be reprogrammed with new data.
Flash EPROMs differ from convention Electrically Erasable
Programmable Read-Only Memory (“EEPROMs”) with respect to
erasure. Conventional EEPROMs typically use a select transistor for
individual cell erasure control. Flash EPROMSs, on the other hand,
typically achieve much higher density with single transistor cells.

For a prior art single bit flash EPROM, a logical “one” means
that few, if any, electrons are stored on a floating gate associated with a
bit cell. A logical “zero” means that many electrons are stored on the
floating gate associated with the bit cell. Erasure of the flash EPROM
causes a logical one to be stored in each bit cell. Each single bit cell of
the flash EPROM cannot be overwritten from a logical zero to a logical
one without a prior erasure. Each single bit cell of that flash EPROM
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however, WO %nRMWHen froma | ogical one to a |ogical zero, @crarsymershat
this entails sinply adding electrons to a floating gate associ ated W th
the erased state. Fl ash EPROVsE nmay be read, programmed (or
witten), and erased. For a prior art flash EPROM a program operation
to wite a byte of data typically takes on the order of 10 m croseconds.
Because, however, there is sone margin required for guaranteeing that

t he program operati on has properly cgrrpl eted, a maxi num program tinme
Is specified by the flash EPROM manuf acturer. Thus, while the typi cal

pr ogr am operearn, hWwweser: he oviittenifromsa bagidal onento & Yogiead zerp, givereed to wait

a maxi mum pr ' ' f ) i.n.order, to
Guar ant e ¢ et SsRAA Lhfioly Sdfle JBCLEACIORTRAME g5 B0k
Simlarly, fyiththeergpedistate] ash EPROM an erase operation may take from

300- 600 i | | i secORMShIEPROMY miag 186 A6, préghirh@id! @r RbQ&knplang dat a.
However, the flgéhFEPRO\/I.rrag r ﬁéﬁ?@@dto a maxi mum er ase _operation
time of 3 setaRES TRT GrRIEPT Hf% +hRIOGIIEN @pgeation taowalta@i on of the
entire bl ockbyte afai#ta tppicaly ftakeeon ¢he beddr of. 10 microsecondBE Brdatsd, he erase
operation h | rd or rt.flas PROM i ncl udes
on er ase sudinden A €k BauleR o suareflcking LR tren to
the flash ERROgramheperaiisn has preprly compléted, hemexitsenopeogtamn that i s
bei ng perf orygg. i Bffied bPRBE Fldsh ey f t flash
EPROM SubsquS(eg#tal yl,e mhgn an agr ar%l)e@)é%une cf(Q)ﬁtTuTgﬁltri ?égsﬁrl (eentﬂtgo t he

f1ash EPRIDICa] (RFORTRPRESRENN 1BaY take 16 anigrosseonde the isyptem snayvhere its

operati on WagestlsPoviied rearich @i peodgx??? ?&éfh&&ﬁ??nﬁgﬂwgﬂbsecomﬂs

[ | ementati.on_of the erase sus tr in U S

oL ent o eeRler iR BEARReteR EhF Frpban ARErABem ArRE e BRIy The
Aut onat ed Er asur eSidhilarlyjofor \opeivr laet Sesh EFRMI, an evbswoyeration smayFandri ch

et al., and { tfhel ereliERee) ' ' E%&' F '

Figure 1 shohmgég%p®g£®é§t | one%?&s;hg?ﬁgerrqér%tgﬁsaass hkl %%%1981? The fl ash

EPROM i ncl uddatas lHomwerre thedlapheEPROM rpay roquire ap to a maximum erase

operation time of 3 seconds in order to guarantee that the erase
operation of the entire block of data has performed correctly.

Because the erase operation has such a long latency time, a prior
art flash EPROM includes an erase suspend command. When an
erase suspend command is written to the flash EPROM, the flash
EPROM suspends the erase operation that is being performed. Other
operations may then be performed on the flash EPROM.
Subsequently, when an erase resume command is written to the flash
EPROM, the flash EPROM resumes the erase operation from where its
operation was suspended due to the erase suspend command. An
implementation of the erase suspend circuitry is described in U.S.
Patent No. 5,355,464, entitled “Circuitry And Method For Suspending
The Automated Erasure Of A Non-Volatile Semiconductor Memory,”
by Fandrich et al., and issued to the common assignee of this
application.

Figure 1 shows a representation of a prior art flash EPROM 10.
The flash EPROM includes a command register 20, memory array
control circuitry 40, and memory array 50.
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nunber of data (lr%z)odt/out put (I1/0O pins 12 are coupled from Pc%lpﬁgsmg?ét he
flash EPROMto a conmand regi ster 20. The nunber of data 1 /O pins 12 is
usually 8 pins or 16 pins, which matches the size of data to be stored
to the flash EPROM The data I/O pins 12 all ow comands to be witten
to the command regi ster 20. For exanple, for one prior art flash EPROM
t he conmand decoder includes circuitry 3 for decoding the follow ng
commands: (1) erase, (2) erase suspend, (3) erase resune, (4) program

(5) read, and (6) r%ﬂu?ﬁl?ér”@f-dﬁa%kgg{(gtg\g?t?l/O)ZBﬁ\\éﬁ@a@&tﬁﬁq_%éﬁ&ﬂum ed

to provide an input to the p comand
register 20 ispéoupf the flas ta ayrosynand registerc2Q.c fhe mumbex pf si gnal

i n_est 78622- ¥H@taﬂ?[(9rpin§|12€w ueqally @: pigis ro@u.!et;ﬁm,4 whié}{)n{dl‘tl@l{ésmls@zdébﬁt Usd
regi ster : e ry, arn ontT it al so.ipncludes rea
circuitry, ro éFﬂjnFiTﬁ?éme‘a%éﬁ%?faéﬁFéﬁWW h&%da& I/Q(Pé’éssf%ﬁﬁﬁ?‘l’d provi di ng
data to cells kcommendstmby waritten totheaminmand registex28.t Foe exantplecforwhi ch

I ncl udes progr i FNGY st ol r ontrQ
circuitry 40 p?%ﬂ%ﬂ%f%ﬁzﬁgg‘pgggg%t Ehesp‘g’ﬂgf a C{ng&;&'ergi@gg}s' egt‘aéé’“r}é%r y
array 50 for céordecadingtthe fellowing sammands: dtberase, (2) erare sumpendd (3)egi st er

20. The nenor ye?gsge%s%,?@% L‘glg%ﬁu&%&ﬂ% and (6)5eaH \seatudn @Wfi?eséxd[wé’“t

from address pins. 4 command reset signal 48 is

coupl ed from t AWERRiRBGIs caKRIgd tp grovide an ipppt ¢, the) command aegistard

regi ster 20. 20. The menory array is coupled to provide data to an
out put mul ti pl exer 60 for provij.di .dat a he data 1/0O pin 2 of the
flach  EPRoM resdonsmppdhioRir 3845 Thiipled tgfrerfod erpyffodiinl®s2 | <
al so coupl ettcuisrypAOwiia sigtldirtes Z8aen.o Theumemaryiaskax eon30] tircuisrpvi di ng

status data 1 0glicdabd I Risle 88, THE lAthy BREONE ARSI 40 @

read status operatiron._ The status register S 6r1 ormat] o
about the currabp isghidesi isadarawitryxEeyiad eglump dereder Grovwiiry fose

menory array CQEéersé’ihﬁdOAr{& Fbiré{'i\diﬁg daedté eblds fnheheOtmeRibry atkdy BbExed a60
s p

based upon the conmma ided tp.it,fromthe co nd reqis
P wr?te state mac 1yne, wdtucﬁ mcluc{es program and erase c? S

memory array control circuitry 40 provides the appropriate signals to

rcuitry. The

access the memory array 50 for carrying out the commands provided
by the command register 20. The memory array control circuitry 40
receives an address input from address pins 44 of the flash EPROM. A
command reset signal 48 is coupled from the memory array control
circuitry 40 to the command register 20.

The memory array is coupled to provide data to an output
multiplexer 60 for providing data to the data I/O pins 12 of the flash
EPROM responsive to a read operation. The status register 42 is also
coupled to provide data to the output multiplexer 60 for providing
status data to the data 1/O pins 12 of the flash EPROM responsive to a
read status operation. The status register 42 provides information
about the current operation being executed by the flash EPROM. The
memory array control circuitry 40 controls the output multiplexer 60
based upon the commands provided to it from the command register
20. The memory array control circuitry 40 selects the status register
output to pass through the output multiplexer 60 in response to a read
status operation, and the memory array control circuitry selects the



20. The nmenory array control circuitry 40 selects the status register
out put to pass through the output multiplexer 60 in response to a read

status opgbasipds and the menory array control circuitry sgl§
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array output to pass through the output multiplexer 60 in response to a
read operation. In a prior art flash EPROM a Ready/ Busy (RY/ BY#)
pin 62 of the flash EPROM provi des a status indicator of whether the

fl ash EPROM i s busy or not. The RY/BY# pinis "low' to indicate a busy
state, which signifies that the flash EPROMis performng a bl ock erase

operati on or mantyiyeaitay GutpRE L6 Pa8s throiy HRIHEYHHItmuRiplake 60 iR
indicate a read?s st@t ey \Aﬁt?ch s? nifies that the flash pEPRO\/I I's ready for
new commandsTeBPBE% R AFERC PRI ded, or the device is in a power down

node. The status Iegipsicerard Aasls ERROMed Ready/Buise(RYY BY#) pititg2usf to the

RY/ BY# pin 6. Wy I t age Vcc round

pot enti al Vsé",e %%%‘_EPROM%W%%ﬂgﬁgyvgﬁ?gggp‘{fy%y %@ﬁ%ro'};?o@f%t o the flash
EPROM 10.  EPROM is bugy oz rots AdwesR ¥/ BY#@inds {'ldw b ¢k indliagteanbosy t he conmand
regi ster 20 Tk ¥ o ' ' :

regi ster 20 ?E%I' tl}g'lgig a %oﬁﬁgaﬁgﬁggw;ggﬂqgy#%%%?g%%g%gge n.
The conmand PRETAHER 91,2 byl Witteqparatipns dheAR¥/BY# pinds Shighptnd | at ch
76b, an er asindi€ft@®ErdadyStatébwhich piggafiedtatthé fla6H ERRORAG fedg'Yor  76m

and a read status |latch 76n. . Th o] nd ,decoder decodes the
comuands it ?%vgeq%@aﬂ%hg foick TR %fa%‘%?PFf‘%e§1 Hrtsrﬁlezc_iew@ﬁeﬁsmat he conmmands
are provi dedpoweatown madeoditet stdtusoregister #2 i todladrtoypravideasi gnal i nes
72a-n. The W : -n latch the command upon assertion of

t he W i t%u nab e_%\@ Bgﬁnégﬁ'The command | atches 76a-n provide the
decoded command t&@%@@iﬁbr@s‘é}?ﬂé’y"@]@ﬁ& ¥ec,ground: potential Vas,tarel a2 sj gnal

lines 78a-n bprogramming VBRagE WD afd proviaed it the FlasRUERR®M A0l udes erase
cireuttry 99 rRAIPREWS 8 PridYant boli€ Aaghainbf Hie commany | ©2¢ status
circuitry 98. g P & an

register 20 and the memory array control circuitry 40. The command

register 20 includes a command decoder 70 and command latches 76a-

n. The command latches include an erase latch 76a, an erase suspend

latch 76D, an erase resume latch 76c, a program latch 76d, a read latch

76m, and a read status latch 76n.

The command decoder decodes the commands it receives from
the data I/0O pins 12. Each of the commands are provided to an
associated command latch 76a-n via the signal lines 72a-n. The
command latches 76a-n latch the command upon assertion of the
write enable (WE#) pin 30. The command latches 76a-n provide the
decoded command to the memory array control circuitry 40 via the
signal lines 78a-n.

The memory array control circuitry includes erase circuitry 90,
program circuitry 94, read circuitry 96, and read status circuitry 98.
Erase circuitry 90 includes erase suspend circuitry 92. Read status
circuitry 98 is coupled to the status register 42.

The erase latch 76a, erase suspend latch 76b, and the erase
resume latch 76¢ are coupled to erase circuitry 90. The erase suspend
latch 76b and erase resume latch 76¢ are coupled to erase suspend
circuitry 92 within the erase circuitry 90.



Erase circuitry 90 includes erase suspend circuitry 92. Read status

circuitry 98 | pled to the status register 42.

| at ch 76a, g’lda@’eﬁgdéspend | at ch 76b, and the erase resune ggf’?ﬁ@éissare
coupled to erase circuitry 90. The erase suspend | at ch 76b and erase
resune | atch 76¢c are coupled to erase suspend circuitry 92 within the
erase circuitry 90. WO 98/ 12704
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programlatch 76d is coupled to programcgrcuitry 94. The read | atch 76m
I's coupled to read circuitry 96, and the read status |atch 76n is

coupled to read st | |t .3 {rol
circuitry 40 is cou ggq‘t’é&gir\éé%éggl%gnles cm.lpé?'d ﬁ%}gg%{)%qmg%rﬁuﬁ&%. gﬁ%nal s 48
to the commandreaddatidy 76myris couplashiq rapd: ¢iecuitnynfifn andthetread Béatus latthe

command decodej&pge&l;g]gd to rESIERREs Eﬁg@;t?s'ggnal s 48 to clear the command
| at ches 76a-n via onmand | atch reset |, ignaljfq 7/4a-n. For one,

i npl ement ati on, thelBe MERPEY ARAN FARIEP! elnchHityd] i coupled dp proyide eneda- n
coupl ed to eacér morewvIMAnUalestt Sighals. 48-65 tlenedmarandrdeesdért ffri on, one

comand | at ch r.eset signal i upl-ed to-all of the conmand | atches.
Fl ash EPROMs c‘gﬁa%ﬁgﬁbgocmpgﬁg&gﬁrﬁé&e%ocom.n%l ‘ﬁe"‘(ﬂ‘f]é?r use§ NG 4y ¢
usage, code i scorhnraed reset sigralsn48itocdearahetdoeninaadHatdieeNM6a-n vénd data is
stored in other hl fd: - C [ . i ng one
bl ock wi t hout ‘iﬂ’g{nﬁaﬁﬁ %%E?tﬁggectogrﬁ e%lfgﬁ ogfq.y'l a ngf%ﬁ{é{r}g Yé%?%rg{@.tmn’ thérd
Addi ti onal |y, arenimdivigsial epranang datchaeesebsignalsa’dnsiouplediteeaeh bl ocks
of ddldf I er ent Scitolzxﬁﬁlhand laEtIgh 76a-rﬁ|thU}Uﬂ|it%ﬂhbr Iiﬁleﬁ;eﬁ@hbegﬁ;ﬂ,gqr% e{)@rﬁgﬁa Cfge
and data in a S an ecu rovi rectly fromthe
fl ash EPROM t olaég‘ resgt 6!&!&% coup ?iot& & °§?€% égn\m%f}f? iatd‘%%h EPROM i s used
: n a Isyst em  that Frae?lﬂﬂml\/lsedaﬁ bé ngedto state boeh cods andidata dndne to the
ong | atency tinmes for pr a at i nd. erase I abh , as was

orovi ously | QL BECREer By SRR uf porih ER0CCHr a RS EPRER 5%
program  opearad data isstaréd in atharitdocks dbthe flasht EBROM s THHPRUMW safodt
subsequently  erabfis BAO BESICIifRANRBERED IR IS EintbhRSSF FRTRRM AR HiGN @ read

Additionally, some flash EPROMSs provide for data blocks and code

blocks of different sizes.

Although it is possible to store both code and data in a flash
EPROM and execute code provided directly from the flash EPROM to a
processor, a problem arises when a flash EPROM is used in a system

that requires servicing of code fetches. This is due to the long latency
times for program operations and erase operations, as was previously
discussed. For example, if a processor were performing a program
operation to write a byte of data to the flash EPROM, and subsequently
the processor requested that the flash EPROM perform a read
operation in order to perform a code fetch, i.e., a read of code to get
new instructions for the processor to execute, the read operation may
be delayed up to 100 microseconds waiting for the program operation
to complete. This causes the processor to stall: the processor remains
idle until it receives new instructions. Such a delay to read code
would be unacceptable in a system that requires code fetches to be
performed in less time than the maximum program operation time.

Figure 3 shows a prior art representation of a system comprising
a processor 100, a volatile memory 102, and a flash EPROM 104



operation in order to performa code fetch, i.e., a read of code to get

new instructions for the processor to execute, the read operation nmay be
del ayed W@ 388230 mi croseconds waiting for the program opaicali®iiersst O
conplete. This causes the processor to stall: the processor renains idle
until it receives new instructions. Such a delay to read code woul d be
unacceptable in a systemthat requires code fetches to be performed in

| ess tinme than the maxi mum program operation timne. Figure 3 shows
a prior art representation of a system conprising a processor 100, a
vol atile menory 102, and a flash EPROM 104 WD 98/ 12704
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t oget her vievupledsog@her Vireanisal(8. eThe volatile GRemoty 1102 dridagie flasfEPROM 104,
however ar.ate buses. The
flash EPRO%'# Oﬁwc}g gbﬁa\‘épgb ufd 9%3:‘68?&{ tol\%géePg?%s?%ef@Oé'é I s executabl e
by the procepssate buse tEﬂ{@MmludesEbehvtmée ahddiaw,d or copied, to

th latil d
(DRAM, &'ﬁ’;‘ﬁ?‘i‘é’*?ﬁﬁ %‘*‘*’"eﬁ@éﬁé‘é@wmr R i R REME R . "< e

0
in the vol M is ghadeyed; or copied, 1 %PRGM ¢ sneraprorwhidh mayrbeyr am
oper ati on agither d}hl‘[aint ;ﬁmracgegg?ﬁ@ I}}Qd?j){)@f( mtlgqqﬁ% t hen t?ed
processor can satis co eques e requeste
code from t35&®5S MG %ég‘{?@mr‘gﬁe‘r %ec%sémd (Sfi‘ ?f@i%fllﬁo wait for
the flash mem/iftthefﬁlaa?sEPROMpscp@rﬁnmupgraapmgram opesigtion anger f orm a
code f etyp. 'Processor %enl-{ﬂﬁés ?%Bﬁﬁ‘?ﬁggggﬁ tl[@}’tlpe ﬁ(%(c%g%]%'eve | the size

of the code ar ge, RAaM SRAM
woul d né‘@@sf)bﬂ%cq%ﬁ@?édéwt by reading Wiereqnesteé codedrdmnottie i n order to

over come t heplRfiROARIMERE! Thé PlotedtEN dibes Qﬁ?n@é&%'ﬁaﬁffo?ﬂ??’?ltagﬂ‘ whi ch
ur.e 1S a son conput er

m ght use t t|on Shown in Fi
(PC). %68‘? 9&3‘ ghétﬁd%?géarﬁr‘?%raﬁg’f‘ lg)grfi@ﬁ]tq’ lP@F dgr ocessor 100,
vol at ifbechrermry 102, a flash EPROM 104, and an EEPRO\/I 106 In this

a
prior art syst en’l‘hitsrls%hgﬁt %Q/gr,sﬁt%rense gageans?ve if! t?\e sfulzea %P th PROXIe 104

stored in the flash EPROM is large, since the DRAM/SRAM would
need to be large enough to store the entire code block in order to
overcome the program operation latency. One example of a system
which might use the configuration shown in Figure 3 is a personal
computer (PC).

Figure 4 shows a prior art system including a processor 100, a
volatile memory 102, a flash EPROM 104, and an EEPROM 106. In this
prior art system, the EEPROM 106 stores data and the flash EPROM 104
stores code. The SRAM/DRAM 102 is used for temporarily storing
data before providing the data to the EEPROM 106, i.e., the
SRAM/DRAM serves as a buffer between the processor and the
EEPROM.

Figure 5 shows another prior art system in which the EEPROM
106 stores code, and the flash EPROM 104 stores data. The
SRAM/DRAM 102 is used as a temporary buffer between the processor
and the flash EPROM.

Thus, Figures 3, 4 and 5 show prior art flash EPROM systems
that lack the ability to quickly and easily service a processor’s code

fetch requests while the flash memory is performing a program
operation.



stores code. -The SRAM DRAM 102 is used for tenporarily storing dat a
before provw@ias2tdde data to the EEPROM 106, i.e., the SRAMAHYVI18Rs5V €S
as a buffer between the processor and the EEPROM Figure 5
shows anot her prior art systemin which the EEPROM 106 stores code, and
the flash EPROM 104 stores data. The SRAM DRAM 102 is used as a

tenporary buffer between the processor and the flash EPROM
Thus, Figures 3, 4 and 5 show prior art flash EPROM systens that | ack
the ability to quickly and easily service’a processor's code fetch

requests while the flash rrermry is perform ng a program operati on.
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7 SUWARY OF THEy (ﬁgt&ﬁl\g} ﬂlwg{\ygr@gn is to %row@@ s er&tog his invention

is to provide a capabi suspendi ng fon in a
nonvol ati | e WwSUSP&B glg@,ﬁﬁogram Pﬁe@ﬁ’d@r in 8 n@w %‘@@ewmmblehaemyol atile

writeable rTemlihyard‘ér to ﬂﬁaldoeleoﬁroixhtl& hEM Pkt wistehBle®Rntoryt/SRENd command
to suspend a a{jg_‘ tl on esponsi ve t an |ntarru t “si gnal .

A net hod and éopfb}?d% %PoﬁjﬁsRﬁ’f‘ dojshspend | ash
nMenory is desqprogram Eperaltiomsrespensme tonah untes tnﬁgﬁﬁ}j array, a conmmand

t d t t t,
Gecodes. & progr am cadAckibd BAE drflarahistr s@éee% e prBEn APEIR 1, an
out put. The nenfliash smempry: énhdesaribed.cThe atshwnemqmupt:lemlesca meredTye the
suspend si gnalarkdna tRneaidédster, &&'xﬁéxﬂbgﬂﬁg’@ﬁdﬂa cﬁfg&ﬁﬁycqﬁé ol

circuitry performs a pro eration | tten to the
menory array. gbﬁg?ster Q?‘F%f%pc%ﬁ’lr?&alﬁlsﬁléﬂ?‘i“gf‘)m% Add he program
oper ati on uporpnmmhewa rsgspend bfgrﬁﬂ]&p&ﬂﬂoﬁtp]ftaﬂ'he memory arﬁ @dnt@@] ects,
features, and Lnyent a nt from
t he accorrpanyl‘:ﬁ% éuB eréjpcﬁg{neﬁ%%e su%P?}‘g Flé‘&abgé)é? |tb?| BHP’F‘ fol | ows
bel ow. regxster The memory array control circuitry performs a program

operation in which data is written to the memory array. The memory

array control circuitry suspends the program operation upon receiving

the suspend signal.

Other objects, features, and advantages of the present invention
will be apparent from the accompanying drawings and from the
detailed description that follows below.
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8 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a prior art-

repr esent VPIF1B044 | ash EPROM Figure 2 shows a FGTHISZt676%| ock

di agram of the command regi ster and the nenory array control circuitry

of the flash EPROM Figure 3 shows a prior art representation of a

system conpri si ng a flash EPROM a processor and a vol atile nenory

coupl ed toget her via a bus. Figure 4 shows a prior art system

that uses an EEPROM to store dat a. Figure 5 shows another prior

art system whi ch uses an EEPROVIto store code. Figure 6 shows a

bl ock di agraw : e nenory array control

circuitry in - Fere= of the invention.

Figure 7 Shgwsha tﬂxgaie Iilshcwsra pfloara;irt hﬁpre@éf&adomta fasH EPROMcomTand

regi ster and the contra u re 8a is a

bl ock di agram sho ngg%rﬁ PH(?FLMF ﬁlj’ g cilag%qrgé)éstg&co DRAM and

flafh tEPROVIf :rﬁgistsa‘chnd)@m tramm)aaaa);ggml circuitry Igf the flash BPROMMWs t he

contents o e ’ .
II%%%QE%M‘B Pio? representation df@élJ gfst@fh &?}H%S%xfimhart

contents of the f |gure

showi ng exend Hash tél@ﬁcﬁ‘iﬁ% and %V?ﬂ%ﬂ?ﬁﬂ%‘i“ﬁ@y Fﬁep&%fqgﬁﬁh%zt i on shown
in Figures 86\,iaatbu§;md 8c. Figure 10 is a flowhart show ng that
mul ti ple operatio

08/ 12704 rﬁggx@g 4 showl?ves asgagg re]xgte gysl%grlnqga? ugeessérlx %%PIR% $Q5€/ 1676 5
data.
Figure 5 shows another prior art system which uses an
EEPROM to store code.
Figure 6 shows a block diagram of the command register and
the memory array control circuitry in accordance with one

embodiment of the invention.

Figure 7 shows a block diagram of another embodiment of the
command register and the memory array control circuitry.

Figure 8a is a block diagram showing a system including a
processor, SRAM/DRAM, and flash EPROM coupled together via a
bus.

Figure 8b shows the contents of the SRAM/DRAM of Figure 8a.

Figure Bc shows the contents of the flash EPROM of Figure 8a.

Figure 9 is a flowchart showing exemplary steps taken by a
system having the configuration shown in Figures 8a, 8b, and 8c.

Figure 10 is a flowchart showing that multiple operations may
be suspended using a nesting technique.



DETA%P | PTI ON A nmet hod and appar at us % r sus endi ng
a program o g 'on in a nonvolatile witeable nenory in ssg §768ad
code fromthe nonvol atile witeable nenory is described. Although the
det ai |l ed description descri bes enbodi ments using a flash EPROVM the

I nvention may be used with any nonvol atile witeabl e nenory, I ncl udi ng,
but not limted to EPROV, EEPROVs, and flash menories, including

t echnol ogi es such as NOR, NAND, AND, g vided bit-line NOR (DI NOR), and
Ferro-el ectric Random Access Menory ( FRAM) . Figure 6 shows a
bl ock di agranﬁmu ter 120 and the menory array control
circuitry 140 ‘A Jw enbodi nent of the invention.

The command decoderA mﬂkntdomttbapphmmelfbnwsmrrdmgmnpmgram bperatiase, (2)
erase suspend;, ( end,
program resune, (a:%g{, §lé aﬁﬁge é@eg@r&gﬁ&a&de@?k 1%389&,%{5‘ frﬁH‘ g%goder

provi des the BeB¥E onriterble snemeny e dgsgribedy tfmngi’atme tetajled176a-n vi a
signal |ines aéaéh mﬁf&seﬁﬁaaaﬂxaoaﬁmg usin raeﬂhéﬁﬁmbwtﬂe the wite

enabl e (WE#) pin dThe erase | at ](19 cou led to the erase
circuitry 1901‘\‘7Y%FtE%maY§Fg‘1‘F£ Pith apy pnvplat r‘é(é’ée §p¥§ﬁﬂ‘qréltch 176b is
coupl ed to théndudig, butsnetiémitedi tocEPROMS, BEPROMY; agidafigsiei rcuitry 190

via the signal line 178b r oupled to the
programcir cur‘i‘?fi)"i‘&ﬁ mCh\lldlé'tlgt Eeghgpﬂéie?ﬂgﬁi }Jgg’%tmé@b f?‘( suspend
| at ch 176e i s Duidedbitrline N@RdmNéRhmIEiJEQHDCEICQItrELRaH@Om%CCéSSt he

program ci rCUNéér}ﬁ ;.? AFR Avihe signal line 178e. The read | atch
176mis coupled to_the re d Ci rcgl [Sy 196 vi gnal Iine 178m and the

read status |atch Frare & shewsiablocs dipgram 94 t ecgmféﬁdéﬁglétﬁrt]r%? 198 vi a

signal line 1484. thEhﬁefrﬁﬁSi ai‘i‘? dengol eirchityy 148in dccordafb®hAth odest at us
regi ster 142, I C rowde st at us output to the data I1/0O

and RY/ BY# pi FEP° iment"c % array control circuitry 140 is
coupl ed to provi deThe mnnmnd*rdeendmrrl?é)ndeacsdesttheifgﬂabvsingltammands: comrand

decoder 170 (1) Ghs&! 37bHAE sBBeli! BT BrhdeFebliER, (4] YroBrank'(s) PRORRAML decoder
suspend, (6) program resume, (7) read, and (8) read status. The
command decoder provides the decoded command to a corresponding

command latch 176a-n via signal lines 172a-n. The command latches
are latched using the write enable (WE#) pin 130.

The erase latch 176a is coupled to the erase circuitry 190 via the
signal line 178a. The erase suspend latch 176b is coupled to the erase
suspend circuitry 192 of the erase circuitry 190 via the signal line 178b.

) The program latch 176d is coupled to the program circuitry 194
via the signal line 178d. The program suspend latch 176e is coupled to
the program suspend circuitry 195 of the program circuitry 194 via the
signal line 178e.

The read latch 176m is coupled to the read circuitry 196 via
signal line 178m, and the read status latch 176n is coupled to the read
status circuitry 198 via signal line 178n. The read status circuitry 198 is
coupled to status register 142, which is coupled to provide status
output to the data I/O and RY/BY# pins.

The memory array control circuitry 140 is coupled to provide
one or more command reset signals 148 to the command decoder 170
for clearing the command latches 176a-n. The command decoder uses
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t he reset signals 148 to clear the command | 176a-n

VI a com‘rana‘&?g%@h reset signals 174a-n. For one enbodi nent, a#‘ﬁ@ﬁ%”’w’%f’re

i ndi vidual conmmand | atch reset signals coupled to each connand | at ch

176a-n, so that each command | atch 176a-n can be cl eared I ndependent | y.

For anot her enbodi nent, one conmand | atch reset signal is coupled to al

of the command | at ches. When a program suspend conmand is witten

to the command decoder, the command dggoder provides a program
suspend command to the program suspend | atch 176e. Wen a program resune

d i t 170
clears the pr §%"‘é‘3§ﬁ@§8§%‘3§?@ﬂﬂi§%§q§e‘r‘w 08 com RN RIS AR | 2t ch
reset si gnal ymeommand latChFT@Sefoﬁgﬂéh!b iarentFortane pmbgdanest;sther&i comand
and the 3 B WEGAECRAMBROIALR rbhd s'fgﬁras% to E }h%ﬁ\mand

di sti ngui shed rom each other a&ged on otcur,

progr am suspehiFRldgramsPEahBaeh AARTRAT %thli a1y ean he clearednmand
decoder, the § éiﬂl;@dl?brfaﬂ@ﬂhﬁseﬁbbwﬁﬁ@nﬂf&\é Ebgnand latehG@sém suspend

corrmandtothe qram s h 176e or, cl earing the program
suspend | at chS‘ﬁ%@z coupféﬁ %&Pﬁﬁ%ﬁﬂ&méﬂ%daﬁ h@ a gl ngl epsugpend
command is used When boptograoy saspend permdaandds wraﬁensusthends A program
suspend  COUBRRMaAR dde%adgf e SehER QTR bBLRidl Phiagzned from

se

each other ba on when t an era era bei ng
per f or med vxheﬁusmnéagmm@ém%ﬁdﬁpgram%éﬁnddat 176erm@ihen a decoder,

then an er aseﬁ‘f‘&%ﬁh@ﬁci-e%ﬁ\'e &ﬁnﬁﬁﬂ@fs”ﬁ‘i'xttéﬁ tA e @&E\%ﬂ‘and d@E@H@F 'tﬁ@ i's bei ng
per fornmed whe ecoder,

c witten
then a prograﬁpgﬂg%%‘gd{) 3?rg F‘T“O ogra“ﬁHSPﬁgfinlﬁF‘é‘ %%)brogram
resune and thassaréing ﬁteswmmannh"rhmﬂsmset signabd746e sane as the program

suspend/ er ase susp T, rack of
the | ast operation er%@gﬁug&gtg ﬁ‘ge@%%n ?ﬁi’% s%%%éﬁaﬁg n%‘e comand
is witten toptrhgram rcemn@ru arente eamalc@rmnaadnbntguspendabl e

operation is bgifibuishe@HdthBadh JtheNbhékel bASYhOR BhéY bekurt NBAch B USpended

i s resuned. i ]
the program suspend/program resume command is written to the
command decoder, the command decoder toggles between providing a
program suspend command to the program suspend latch 176e or
clearing the program suspend latch 176e.

For another embodiment, a single suspend command is used
for both program suspends and erase suspends. A program suspend
command and an erase suspend command are distinguished from
each other based on when they occur. If an erase operation is being
performed when the suspend command is written to the command
decoder, then an erase suspend will be performed. If a program
operation is being performed when the suspend command is written
to the command decoder, then a program suspend will be performed.
Furthermore, the program resume and the erase resume commands
can be the same as the program suspend/erase suspend commands.
The command decoder 122 keeps track of the last operation that was
suspended. When the “suspend-resume” command is written to the
command decoder while idle or a non-suspendable operation is being
performed, then the last operation that was suspended is resumed.
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operations can be nested, as will be described with reference to Figure

10. The menory array control circuitry 140 interprets the comuand
signals 178a-n provided to it and perfornms a correspondi ng operation I n
response to the conmand signals. The nenory array control circuitry 140
i ncl udes program suspend circuitry 195 f@f suspending a program
operation of the nennry array 150. The menory array control circuitry

140 al so i ncl r art.erase us cirg tr 19. r suspendi ng
an erase oper ?Sm@r%?% stfgoas ‘Pﬂ %H@F? "é’l’rt?‘ay control

ci rcui t&y [ nclrgﬁgenee f&ﬁi@xréﬁlo storing the state of thg suspendgd
non-read operation non- r n resuned J ater.
Non-read operati onsﬁl‘ehe}q%%}yp 13' r%n%q g‘%ﬁ‘é%&%@ lgﬁ%r%Zths@‘eoﬁpéPmair@ns in
the foll ow ng sigralsdZBam prestided to it and genfarssearisottiespondingoopemtionot her
Lypes of oper ghim onﬁl@tr@%o,ama@ﬂa&oerﬁéla&ao@yqn%ﬁmwt i eving

operations, can suspen rogram-=su eration

conpl etes its Cé‘i%‘ﬁéﬁ 4Qfm‘élu‘ies PregTamSEpRend F’é’ﬁ“m iﬁ??] gnaned
amount of ti Mprbgramhl speration ofahe MEALEY arayt mmem@rxﬁm\ attdyh

ot ogr am suseR oﬁﬁ&ﬁ%ﬂaﬁ‘%q mi’%ﬁeﬁ?xﬂrﬁ%"%%%é%‘ Uspgh %Ffa'rg%ﬁw g w1
enbodi nent, t fer susperatingrarserspe opecatiqnt of dwe merhory drray di50s €flwnds. Aft er
this pr ede f | rmed on
the f1ash coreRpiosy arfPedleedt irodtfy, S Ees S RIS 08 sEne BEREGT TPC, 00
within a piod dbe suspaaded nognteads omrﬁﬁonmetl‘a*atb@ rm\smﬁ’doamn on may

be i ni tiat ednhye I»é&%xﬂ%d DiteRr Ndmémdopéra%h%uﬂslua@ ;sfo%&snﬁ uspend
comand to the conmand gcoder 122.. For, 0 gendl ng the

erase operati OPeEaiionsaR WQ%PHEWOPPGPJ égﬂgg\lmg cﬂﬁqsg}o
pr edet er m ned ady@ERHAde @ﬁbbdfmenpﬂiWeM}ab&telr appes af dperanonmarsimhmd

operati on or - Afvbracd sdplBRE AR Bk Fiks RREEHIES. n kel PRy The
status of thesfispehd€&PROM usi ng the read status

A program suspend operation completes its suspend of a
program operation within a predetermined amount of time to allow a
read operation to be performed with a specified latency. The program
suspend operation is initiated by writing a program suspend
command to the command decoder 170. For one embodiment, the
program suspend completes within 7 microseconds. After this
predetermined amount of time, other operations can be performed on
the flash EPROM.

Similarly, the erase suspend operation completes within a
predetermined amount of time. The erase suspend operation may be
initiated by the prior art method of writing an erase suspend
command to the command decoder 122. For one embodiment,
suspending the erase operation completes within 20 microseconds.
After this predetermined amount of time, other operations can be
performed.

For one embodiment, it is possible to determine whether a
program operation or an erase operation is being performed by
accessing the status of the flash EPROM using the read status
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Status can al so be determ ned by the RY/BY# pin 162, as vl\)/acsrn%ggg&?%ed
previously. Alternatively, a separate pin could be used to provide an

I ndi cati on of whether a program operation or whether an erase operation
wer e being perforned. Figure 7 shows a bl ock di agram of anot her
enbodi ment of the command regi ster 120 and the nmenory array control
circuitry 140. The conmmand regi ster 120 of Figure 7 is simlar to that
of Figure 6, except that the command decoder of Figure 7 includes erase

resume | al.ghhdRa. aymuercaaraag@, b@%ﬁ{&%@@fq@%ﬂ?f 63 G3ume |atch

176¢c is prior ar cel Vés a decoded

_ t he cAgse res g{ns
comand si gndfas BQCFWW Yre futanatiyglyy pSepamtapin icould bedisedhe erase
resune | ate |’pr1ﬁﬁi—‘e aﬁ xhaidatieﬂ oowhetticred progradh dpeeatiif d2iwhédRr The

er ase resune | atch % ?l ed v a S|gnal li'ne 178c to the erase
suspend cPPc?f?’??)?pf‘éafl% “{qﬁﬁ Sing Pepfarmed ry 100, A conmand I atch reset
si gnal 174c i s Rigoss ﬁehowscmbldtknt iagrancofdansttier edbddithenf®fehase resune

| at ch 176¢c. r I 7 |ve ecoded
conmmand siCona a??géggtémd%g%ég%gﬁ%ﬁ \%Prg}y ‘IQI r%‘gﬂ% . The
program élgwn@mmam negyter 320 @éémarm?)emsxayé@m ﬁb‘lﬁt@f anmevﬁ# pi n 130.
The  progr eReepSe thekemmaied dezoder Bl Bibuted FHdides érale rddifhet 0 the

program susp ui 195 of the cwtr 194, A command

| atch reset g"i%h;llf ?ﬁﬁ%?%?g\/ﬁféﬁn?ﬁ) ﬁﬁtlﬁge eﬁ]’é&%é@ﬁ 170 to the
programI resuﬂﬁ&t & ptiof 21 . The progrargn suspeng | atch 176e prow des
a signal to the r cwtr 195.in order to

program  operat |T&P$ g‘%ﬁ%”ﬁ‘éﬁgﬁ Fﬂhz Fe§h e?&t%%?"f?éfmﬁ?wrﬁ gga i gnal
to the pr (ﬁngamomspaddqudcmW ywia@bgnal linedd72¢ oThe smase tesamrsuspended
program oper g4{cAN76c is latched u',%bms%eﬁ%ﬂ 5%&%@@?&611}9]@ g@(ﬁ% g a system

i ncluding a proges coupled
t oget her vi aT&sHue 1368 17 ,&C§§/§PBHR¥A%1Y@$IBB? 120@) 78c totha e@se supped de an
i nput to thecpcantepd92 of@Re efare diraliftyr190rbadomanandiiRh reset signal

174c is provided from the command decoder 170 to the erase resume

latch 176c.

The program resume latch 176f receives a decoded command
signal from command decoder 170 via signal line 172f. The program
resume latch 176f is latched upon assertion of the WE# pin 130. The
program resume latch 176f is coupled via signal line 178f to the
program suspend circuitry 195 of the program circuitry 194. A
command latch reset signal 174f is provided from the command
decoder 170 to the program resume latch 176f.

The program suspend latch 176e provides a signal to the
program suspend circuitry 195 in order to suspend a program
operation, and the program resume latch 176f provides a signal to the
program suspend circuitry 195 in order to resume the suspended
program operation.

Figure 8a is a block diagram showing a system including a
processor 400, SRAM/DRAM 405, and flash EPROM 410 coupled
together via a bus 108. A system interrupt 200 is coupled to provide an
input to the processor 400. For another embodiment, the
SRAM/DRAM 405 and the flash EPROM 410 are coupled to the
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400 via different buses. Figure 8b shows the contents of the SRAM DRAM
405 of Figure 8a, and Figure 8c shows the contents of the flash EPROM
410 of Figure 8a. The SRAM DRAM 405 includes a data buffer storage
area 420. This data buffer storage area is used for tenporarily storing
data prior to storing it in a data aregg430 of the flash EPROM 410. The
t emporary buffer allows the data to be witten relatively quickly to the

SRAM DRAM 405, d th [ t | PROM,410 th
time Lo do so, ProcessofBod kB UGRRERRfer, SghiE B3 sholip e dnentiniipe ~ © ' °
handl er r ouSRﬁé\ddmAMléoﬁ of Figunet 8¢ amd| B)lgun'bﬁtlsmwmeptrmltedtssoft he

processor Mg &6P g 8,0 @ systeminterrupt 200.
The fl ash EPRO%Q%% |nc u es a %fat area 430, a spare bl ock area 432,
and a code area 43471 dnghides a data hrufferpwtpragesaneat2fe k

rranagtenglnt bThE'rl;\%)dEtaaHS@ﬂeﬂ azr%,@aﬁea ishiked fMﬁEéxﬁjﬁérirﬂyts}tﬁﬁﬁ \MHtE nSRAK‘/Ir ERA "

execut ani e py e Processor

size is 1 Mi ti F‘B' itin q@ataaq{aatﬁ}g qﬂ@gﬁg&%@’«%@@g%s e,\i;smporary

Flh gure ]9 i s a bluffeehlowssthevdaty te benwiridten naiap@elyaj(ﬂcklwoahe systembhavi ng

t he con |gurat rt edl ns
L FRAN DAL 48 IHSE TP rraBlter AP e AR EPROBKELS!

at bl ock 500 € processor performn ro ram From
bl ock 500, opemearotherens timeto dp 981.ock 502 at V\:hl ch t he processor

recei ves a system i nkgraRAM ADRAN malsétm@mfég Ahteblifpt haiaressor

perfornms a code fetc he i nterru routi ne For one
i he,

embodi nent, théo%%fiﬁap mﬁrerppfélaé@%requtmq fie? proaﬁsmtbmosworpor
anot her enbodi aemwith kede mh eesparisetorndsystem intarrapoRBE Wi thin the

f Th
handl er rout i ne noh s EEORF 1R indllgbls ffgé%sf%ﬁ I EenatE BIR ER oo
command to t he432,zstd Eeediatg0434. Theepareddock areatidquseddonipeiortdre biowker r upt

handl er routi ng,422.alth THEPSAERRS: I fisddl AR VARRBIARMB Whid the

are executable by the processor 400.

For one embodiment, the SRAM/DRAM size is 1 Mbit, or 128
KB, and the flash EPROM size is 8 Mbit.

Figure 9 is a flowchart showing exemplary steps taken by a
systemn having the configuration shown in Figures 8a, 8b, and 8c. The
flowchart begins at block 500 with the processor performing a program
operation. From block 500, operation continues at block 502, at which
the processor receives a system interrupt signal 200. At block 504, the
processor performs a code fetch from the interrupt handler routine
422. For one embodiment, the interrupt handler is stored in the
SRAM/DRAM 405. For another embodiment, the interrupt handler
is stored within the processor, for example, in a cache or an internal
ROM. The interrupt handler routine includes instructions for
generating a program suspend command to the flash EPROM 410.

The processor 400 executes the interrupt handler routine 422 and
generates the program suspend command to the flash EPROM at block
506.

Operation continues at block 508 at which the program
operation that was being performed by the flash EPROM is suspended.



506. Operation continues at bl ock 508 at which the: program

operation being performed by the flash EPROMis su ded. WO
o 15704 WOSkHRE BETRISEY 6745765

14 One or nore code fetches are perfornmed fromthe flash EPROM code
area 434 at block 510. Qther operations in the flash EPROM are al so
optionally perforned while the program operation i s suspended. Oper ati on
continues at block 512, at which the processor generates a pr ogram
resume command to the flash EPROM The pfocessor 400 generates the
program resunme command, and at bl ock 514, the program operation is

resued.  ThechlUE L BB TLAREE SrabelloRlea B the slagh, FRRENY, o ™. 90,

suspendi ng a “program oper at on usin e
progr am susparag &mmwacwm Qtber pperationistin thefflasbrERROM Brgalses 8a, 8b,

8c, and 9. : [ | % t 10 ltsi pl e

oper ati ons ng}tlona.%% %%?ﬁéﬁyﬁsiﬁﬁg sﬁ r(]) Q%ﬁ}%ﬁggpeﬁg@ | onchart
starts at bl Yperatiopeentinyges at b At phiddch the psecessongenaratasiah a fir st
non-read  pasgran eesiingicommEnd tonhe STHRREPROM. mﬂél%%?sﬁﬁm oper ation

[fﬁ%’s enggdiszé e&g?%eﬁ%ré’%%r%%‘gegﬁcﬁt@egq'%es gg@f‘f‘?il (rjg\j operation. Fof

ority, such
that all ot hprograer aperatiorc snresueentht The floMehart eomaimatpeitblioeR 520. has a

anot her " enbogi Tenih oyt MrE8 of SRELAUhE AT AR-ARCoRIRRRIIRE . L, e
operation, alffeugiPihadentowine andohpregrm suspendicoprnand is  a command
Cependad. THo o L B2 oopend command {0 t he
igmzde " decodef ;SSL“?%elrbTﬁea gﬂw&ﬂgteg‘%é}gam%ﬁ“gg?%toﬂgééﬁm%ﬁi I
operations ibésuspertdetliusing 4 hesting pehasgua pTha flowcHary staearat! Kibek - For
ndi cate 1 hadod hgh%f%!é%ﬁél'ﬂ@??? Posh p02n A Wi a e ubited ' o7y '
accessed vi acpératiozabeginat Foroumembodiment emlyithdierasecepetadion magn
operation i speyaasaiiedl af e ARG (BRBAMPRbted! iR pehabd SpiPiton. For

this embodiment, the erase operation has a relatively low priority,

such that all other operations can preempt it. The program operation

has a higher priority, such that only certain operations can preempt it.

For another embodiment, the outer nested suspended operation may

be an erase operation, a program operation, a read status operation, or

a command operation.

At block 604, the first non-read operation is suspended. The

suspend is initiated by writing a suspend command to the command

decoder 170. The suspended operation is not resumed until

operations initiated during the suspended operation have completed.

For one embodiment, the RY/BY# signal will transition to a high

level to indicate that the flash memory is ready. A bit in the status

word accessed via the read status command, however, indicates that

an operation is suspended. For one embodiment, the status word

includes one bit for indicating that an erase operation is suspended,

one bit for indicating that a program operation is suspended, and one

bit indicating whether the write state machine is busy.

At block 606, one or more other operations may be performed.
For one embodiment, only certain operations are allowed after the



i ncludes one bit for indicating that an erase operation is suspended,
one bit for wWodB82M¥Ng that a program operation i s suspended, FOKIUSHTIA6765

bit indicating whether the wite state machine is busy. At bl ock
606, one or nore other operations may be perforned. For one enbodi nment,
only certain operations are allowed after the WO 98/ 12704
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non-read operation is suspended. For exa if an erase operati on has
been suspended, then only the foll ow ng ggér ations will be allowed:
read, program program suspend, programresune, read status, and erase
resumne. firstAnotviread opesation éeswspended. r Bemlexgeple, ifoan keagiens. For one
enbodi nent, th Y The
R/ Bvi o1 gnal | CPRECglr bag beERY4spRRNAY, il anfy SRR BR"bRk aPons

memory is busywill be al 0W€éoé‘ﬁé@4 BFORIGRY PIQSSam SUSPEBR, pragram reemma, t he
second non-reagead sfRAS,HridBrdse résgiended. The RY/ BY# si gnal transitions to
a high I evel to i One or

I .Cca.
more operations may "{;'gblﬁéf‘%géfréﬁe%ﬂn%PB’é‘kreégg)Pq*—% o r‘?@gmsyeﬁﬂfoﬁp‘?rent only
certain oper at iegisodifheernt] tiavsstonki henaepd aperation io peprigram opemﬁpended

operat ons al | GuedRy/ B sibRRALEhADs 130 o, 1T RGN Rahd A0h 70

resuned. Thi s msemornécbupy.i shed by witing a resune conmand to the conmand

decoder 170. The r%,s@rﬁﬁoﬁqromﬁﬂ@@datrwoép 620 Oﬁk@hﬁwﬁ@%cgﬁa xb&\-ggéé or med

multiple times duri e second ngn-rea #)era I on. k 616,
the second nonOPEEtipis susrRemdednplae &Y/ BY# sigmal transitionn tnadushdevelock

618, at which w%@fcaf@ﬂﬁtq}a@m@hmémoryﬁa)te&xfy per f or med. At bl ock
ot he commnd decodtie o pomsraptes BB plssad A%sckBizca u< o0
may be perfor nembndimqniteonlyrmtam ojpperatigns lee fallostechwrhileeagrogeamat i on.
At block 622, the fik§fls BkeHERE. ORG Ghd BMBITRIAL SRad fad status, and
program resume are the only operations allowed.

At block 614, the second non-read operation is resumed. This is
accomplished by writing a resume command to the command decoder
170. The steps corresponding to blocks 610-614 may be performed
multiple times during the second non-read operation.

At block 616, the second non-read operation completes.
Operation continues at block 618, at which one or more operations
may be performed.

At block 620, the first non-read operation is resumed by writing
a resume command to the command decoder 170. The steps
corresponding to blocks 604 -620 may be performed multiple times
during the first non-read operation.

At block 622, the first non-read operation completes. The
flowchart terminates at block 630.

- . Although the detailed description described embodiments
using a flash EPROM, the invention may be used with any
nonvolatile writeable memory, including, but not limited to EPROMs,
EEPROMs, and flash memories, including technologies such as NOR,
NAND, AND, DIvided bit-line NOR (DINOR), and Ferro-electric
Random Access Memory (FRAM).



flowmchart term nates at bl ock 630. Al t hough the detail ed .
descript | i bed enbodi nents using a flash EPROM I j on may
WoReERH EERpsifats

be used nonvol atile witeabl e nenory, including,

limted to EPROVs, EEPROVE, and flash menories, including technol ogies
such as NOR, NAND, AND, Divided bit-line NOR (DI NOR), and Ferro-electric
Random Access Menory (FRAM. WO 98/ 12704
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t he foregoi ng specification, the invenjg on has been descri bed W th
reference to specific exenplary enbodi nents thereof. It wll, however be

evi dent that vari ISk ' C eto

W t hout departi n?#ﬁ%%g%%éggéﬁcgﬁ%ﬁ ?ggﬁgéggg%eﬁgfbeem?g%ﬁi%nti on as
set forth i witmm&pgmmmcgimxemp&rymb?dmmrthereOSndt &ivi ngs are,
accor di ngl yhﬁ%%&;? YeCORHERE thdt vHtidkd HUAiAEAtIGhs @dRhanged bRdy Ber estrictive

sense. 98/ 12704 . . s
PCT/ US97/ 16 Paasle &ereto without departing from the broader spirit ppd scope of

CLAI M5 thd\iVeritrChé\sbERHSIn the appended LlaithsoTHe spetifizationt eabl e
Tenery corrpra|n§| c?r%'wings are, ac:cordinglya,1 tg%réolre%axacierf i an illustrative rather
than a restrictive sense.



a command regi'ster,, the command regi ster capabl e of decoding a

progr am susPEn/B3%and provided to the command r BETRISEH16365 a
plurality of data inputs to the nonvol atile witeabl e nenory,
t he command regi ster provi ding a suspend signal as an out put;
and menory array control circuitry coupled to receive the

suspend signal fromthe command register, the nennry array
control circuitry coupled to provide cont

ey a0 berfaia obam operat 10 0T<h SN

e nor
menory array, the nenory array control%&]&iﬁtry suspendl ng he
program oper at i ONWEEAPARSCHATMED ¢§€i Vi ng the suspend Si gnal :

2. The nonvolatile witeable nenory of claim1l wherein the conmmand
regi ster further conprises: a command decoder coupled to
receive the plurality. oA datwvolatile writeable inemdry ¢omphisingonvol atil e
writeable nmenory, the cog‘rmgrq\or arra decoder providing a decoded
program suspend si gnal y y: command decoder output; and

a program suspend | atch scopusandregistet, the cpmmand degister capable of program
suspend signal fromt i d i@ d’% suspend
| at ch coupled to provrlﬁa Elﬂe?aﬂ’ @ij\g Pﬂ command providé eadr%rmry array

control circuitry. comman feg ister hy@ #myaqfql%ta\mppgsam €renory’ of
claim2 wherein the onvolatﬂéomf&eﬂlbléemﬁecsryden@@amraaﬁﬂowgmf esune
command to provi Logram resu %P%E and t he command

regi st er furtl?fé’tyw g%:sen signaygs 8/ 015pll an

PCT/ US97/ 16765 memory array control circuitry coupled t@ receive the a

program resune |atch ¢ gleﬁg Cfﬂegnaﬁﬁ&nvﬁ'\et Eﬁnﬁ{é}gf féBister, the memory*aHdy

signal fromthe com"ran c(lg
control circuitry couple to prov1de control signals to the

memory array to perform a program operation in which data
provided to the nonvolatile writeable memory is written to the
memory array, the memory array control circuitry suspending
the program operation responsive to receiving the suspend

signal.

2. The nonvolatile writeable memory of claim 1 wherein the
command register further comprises:

a command decoder coupled to receive the plurality of data
inputs to the nonvolatile writeable memory, the command
decoder providing a decoded program suspend signal at a
command decoder output; and

a program suspend latch coupled to receive the decoded
program suspend signal from the command decoder, the
program suspend latch coupled to provide the suspend signal to
the memory array control circuitry.

3. The nonvolatile writeable memory of claim 2 wherein the
command decoder decodes a program resume command to
provide a program resume signal, and the command register
further comprises:



resune | atch coupled to provide an input to the nmenory array

ronvol at 1S o Jmmumm:mmg; et ot PERRBFTRI ng” ©

code fromthe nonvol atil’e Viri teabl es maitory, the method conprising the
steps of: (a) receiving an interrupt signal;

(b) providing a program suspend conmand to the nonvol atil e
writeable nmenory responsive to the interrupt si gnal ;

(d) suspending a program operation bei¥gy perforned in the

nonvol atile witeabl e nenory; (e) reading code fromthe

nonvol atile witeable . ( | §i ogram
= BB resume Jatch couplec, o) el Fie bkt

resume conmand to the ; € Wi and
(g) resumng the prEsEe fgeakfroghthe command decgderitheproggamof cl ai m 4

further conprising ref@metlagioésupled to provide an ingih): tS’%ﬁE%Eﬂﬂ)&Qgr@?ﬁe read
fromthe nonvol atil e I,t eabl e menory. . “The

met hod of claim 4 WOHEAFIGHTY e (a) further conprises the step of:
(a) retrieving interrupt code froman interrupt handling, the

I nterrupt code ingl udi | r I .ons of or . .
provi di ng the pr o%’r %%gg%gﬁidgé%‘%ﬁlc# F ?r{) g%éngﬁégl adplopgolatﬂe writeable
wri t eabl e mensnemory coupled togetherriremethod of apading eode from ¢her t he system

further conprimg@solatile writésblatbm ﬁﬁ{é/nfé%HBh%ﬁxﬂeﬁx\-/i%ﬂ'ﬁg ﬁeg&éng§ Qf. and

wherein an interrupt handl er, i§ stored I n t nory, and
the step (a) further (3)receiving andatemuptsignalt retrieving interrupt code

fromthe interrupt  (b) p¥ova8ink?d Pogram suspend command to the
PCT/ US97/16765 nonvolatile writeable memory responsive tG-the interrupt
signal;
(d) suspending a program operation being performed in the
nonvolatile writeable memory;
(e) reading code from the nonvolatile writeable memory;
(f) providing a program resume command to the
nonvolatile writeable memory; and
{g) resuming the program operation.

5. The method of claim 4 further comprising the step of:
(h) executing the code read from the nonvolatile writeable
memory.

6. The method of claim 4 wherein the step (a) further comprises
the step of:

(a) retrieving interrupt code from an interrupt handling, the
interrupt code including one or more instructions for
providing the program suspend command to the nonvolatile

" writeable memory.

7. The method of claim 4 wherein the system further comprises a
volatile memory coupled to the processor, and wherein an interrupt
handler is stored in the volatile memory, and the step (a) further
includes the step of retrieving interrupt code from the interrupt



handl er, the interrupt code including one or nore instructions for

provi di ng t WOPseam suspend command to the nonvol atile PCIVUSOD 24768
menory. 8. In a systemconprising a processor and a nonvolatile
writeable menory coupled to the processor, a nethod of reading code
fromthe nonvol atile writeable nmenory, the met hod conprising the

steps of: (a) suspending I rst non- rﬁim
performed in t he nonvol atil e i teabl e nme ”ﬂ(ﬂnﬂ"m ,l mmg
(b) suspending a second non-read operation being perforned

the nonvolatile witeable nenory; (c) providing code from
the nonvol ati | e vhandlghl thenimtenrypt code including enerer praredsstrnctions for

(d) resuming the a@%ﬁﬁ&&g% p?agram%@faéﬁg co?rﬂﬂand to the ?om(olatﬂg) resum ng

the first non-re I on The alm 8 further
conprising the st‘ﬁﬁ‘t%ﬁ le memory. () executi ng the code by the
processor. 10. The method of claim8 wherein the first non-read

operation i &t RO RAn ShioRn AR OB S8
The nethod of cl anenfryheupled théhé iprecesson-a matha ef aeading code friom sie
erase operati on. IR BBl Y, EHBRSAUSRYrMZ L steps of 1°
(a) suspendmg a first non-read operation being performed in
the nonvolatile writeable memory;
(b) suspending a second non-read operation being performed
in the nonvolatile writeable memory;
(c) providing code from the nonvolatile writeable memory
to the processor;
(d) resuming the second non-read operation; and
(e) resuming the first non-read operation.

9. The method of claim 8 further comprising the step of:
(f) executing the code by the processor.

10. The method of claim 8 wherein the first non-read operation
is a program operation, during which data is written to a memory
array within the nonvolatile writeable memory.

11. The method of claim 8 wherein the first non-read operation
is an erase operation, during which a block of a memory array within
the nonvolatile writeable memory is erased.



