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MEMORY DEVI CE DI STRI BUTED CONTROLLER SYSTEM TECHNI CAL
FI ELD OF THE | NVENTI ON The present invention rel ates
w@eoerneddsy to menory devices and in particul arp¢e@s2007/006300
present invention relates tb non-volatile nenory
devi ces. BACKGROUND OF THE | NVENTI ON Menory devi ces
are typically provided as internal, sem conductor,
integrated circuits in conputers or other electronic
devices. There are many different types of nenory
| W@Q}ﬁﬁfﬂﬁwég CHEFTRESOTED E@’ﬂlfﬂo i ERS YSTRN' Y
nam ¢ random access menory
synchronous dynam ¢ random access nenory (SDRAI\/D and
flash nenory. Flash nmenory devi ces have devel oped into
a popul ar smECHNdCMoEIEhDaOE”EHEemWENHDP& wi de
range of elecronlca ons n s for.
Edesten g e BohsiifL o Bimaty EFCes 83 pifticutar the
presentdhgéritidn &SaieSSﬁoaﬂimSvdlBMSr)em@i‘lygi evidescaner as, and
cellul ar tel ephones. Program code and system data such
as a basic input/output system (BIOS) are typically
stored in flash nenory devices for use in personal
conputer systBMKGlHSUNEﬂIFTHEINUMTmNcaI ly use a

I 1 t [ l.
L B TR PR e
01rcu1thh§Um1ﬁQ&% ¥Rt rélecﬂfbﬁxc&ﬁivﬂ&h MEidre afe by differere tjqrestol‘f @nemory

floatjng gate deter shol d vo
includif G- s THFRTEHBASD: ¢ %ﬁw%ﬁ%&%@%ﬁéfr"g{% fgndom

access Slent &l (BRAM)FOcBoAGES @ynatiieRaddiin HEGERE thebRIr) (SBRAM), and flash
negative threshold, it has a | ogical "1" state. Wen

memofyhe t hreshold is positive, the cell has a | ogi cal "0"
state. Typically, an erased nenory cell is at
| offashmemeorygexices hrye dpvglapet! entpmlarﬁ@uﬁﬂo{ gopaplatile

memo for a e ?%M&ﬁ%ﬁfc%’p%hbﬂY&)scCSﬁﬁ% #3s tfor fl@&%Shemory include
| ash nenory cells that "are CIHE | e of storing

personneamppitershpersoprd digite pssisnn (BAAS b cEPTas sghsliular
telephélﬁ::s.e lgllﬁ%?%g &8??5&1 S)fsna?n Pﬁﬂ%&)fh a&h Baﬁ@ ;gﬂ/oﬁgﬁtt §§sté}fl (BIOS) are

age levels exanpl e,
typicaltestorest iorfisshtmemoiyt devixies §or uskhaen petsbnﬁa@mm Slymemh ol d
vol tage (Vt) bands. Two common types of flash nenory
ar Fhegh amarhoryadstvines symacadlytuse a'flositiDs sated o‘nN@a'nsmtor memory cell that

atows 3o BB PR B LB PGR PNl g
adjustméntesfithe ahaige baahmﬂeath@gat@daehnmes aNiafEhadd vhttﬁgag(att)sfor the cell

and, th%lrerfgl%l, %hse' programmed/erased state of the cell. For example, when the memory cell

has a negative threshold, it has a logical “1” state. When the threshold is positive, the cell has

a logical “0” state. Typically, an erased memory cell is at a logical “1” state.

In order to reduce the price per bit, memory manufacturers have created multi-level
flash memory cells that are capable of storing multiple bits per cell. When one memory cell
stores “n” bits of data, the memory cell has 2" states or 2" threshold voltage levels. For

example, if a memory cell stores two data bits, the cell has four threshold voltage (V¢) bands.

Two common types of flash memory array architectures are the “NAND” and
“NOR” architectures. These architectures are named for the resemblance that the basic
memory cell configuration of each architecture has to a basic NAND or NOR gate circuits,

respectively.
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respectively. Fl ash nmenory devi ces are progranmed and
erased by sequences of operations. A program operation
wo y@raed4By i nvol ves sequentially applying a prpgr/asmoongne300

pul se and a programverify 2ead pul se to a bl ock of

menory cells of the device. The progranmm ng pul se/read

operation is repeated, with the progranmm ng pul se

increasing increnentally each tinme, until the cells

are programred. An erase operation typically conprises

a . r :

o P BERGEPAROR LSl AR Redtl o5 softhcts Pbperations. A
programeperayion éypicalhit imvalves sequeptialdy appiwihest mpsrwnam\s}ﬁier@d a

r w_of

prograra R AR e g PEEEm e P IR aE b Pl brb A
pulse/réddagieratipngarepcatedyakth the pmgranrm@pubse 1nc'f¢wng1htrementally each

] gr.og gﬁ Xd e correcdtos the cell for over-erasure after
time, uhils LAE L AHAR® een conpl eted. By applyi ng a
p ranm ng a lower anplit.u
RE page R iR ciishs o HF BrfgRhlile Fy  Fase cycle,
and a sbﬂ Préxtin-Gichs Athe@et-progamiming byclb pots thenemap roBH) oo atkmown

level . Fijgure 1 illustrate ck d| am o
prograsgfsiate BY FBpIYHE * PISESH U9 BRI00L0F GFEITrs ogihyin e memory
block. "_{_'ﬁe ERBPEVSE cerRbved A ﬁforﬁrtliélﬂoétﬁﬂg e tcSilfrﬁke litgnﬁi&trﬁgatlve The
e nmenpr arr IS conprise urali
soft proggagyoyclecforescisth e’i & qy@agpmsaxﬁ %TEW ofpf el bl Ben completed.
By app@ﬁﬂ?ﬁ @Qai‘rﬁhlﬁﬁ rleYgeQHQ: Hé@'allmi}elf ahpRiude T 4 ﬂdﬁqdl)brogrammmg
s are coupled by word lines and the col ums

pulse, @smlme@apléyomge for it oven-egased ceH dnropght hackdg emaearopsate level.

the array 101 and tenporarily stores data to be

wr Figeen! illisraten @ bleckagiagram aihaityipitah PriRk art flash micaery dgyice. Such
a dev1c%li§ cGhphif& &4 ﬁ’ﬁémlo?;l arrdP §0f %r%té)rﬂ’{%&'&ta biRClhetdry !n§a)1 el is

ontror circultry controll'ing the readi ng and

comprw:d of mgllmahtyrmf amemonytcells, asidsseriregdypreviously, thgtaregpanected in a row
and ool AR Bkl BB TPE Al 5084 B re coupled
by bit mﬁfsarret ers can include nenory bl ock | ock commands,

vol tages, timng, and other such types of paraneters.

ThA detatate 0Bk cdeBed tp thespeyd Dblaad tempareriby sicien datatte be

s vol e d far | r ' i .

wnttenolﬁx légga gxdé% SfPée%{/lvr rléa{hlt(ﬁg ogtrtllgpdaer?éd}rs g&l .The data in/out
block mm@alﬁe étﬁﬁrdl effouitey Mr f:ifnﬁhﬂlihg had ieadjeg abéd wajipig eftintaod out of the

IOQe various selected and unsel ected word |lines and bit
armay ¥'nes. A command state machine (CSM 112 is coupled to

anAailugé) erlrleg I]WG (itcl) reltnrogl—\lzo%tﬂ% :allpea%l}dmemory for storing memory parameters
that concern chip behavior. These parameters can include memory block lock commands,
voltages, timing, and other such types of parameters. The analog block 108 is responsible for
generating the various voltages required for integrated circuit operation. For example, the
writing and erase operations require different voltages be applied to the various selected and

unselected word lines and bit lines.

A command state machine (CSM) 112 is coupled to an algorithm controller 110 and
interprets user commands that are entered through the integrated circuit pads 114. The
algorithm controller 110 is typically a state machine or processor that generates the control

signals and signal sequences for the read, program, and erase operations in response to the
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interprets user commands that are entered through the

integrated circuit pads 114. The algorithm controller
wai@7ise48ypi cal |y a state machi ne or processorpPehas2007/006300

generates the control signals and signal sequences for

the read, program and erase operations in response to

theinterpreted conmmands fromthe CSM 112. The

controller 110 also controls the generation of the

anal og voltages fromthe anal og bl ock 108. The flash

mterpmwomxﬂmﬂs%rﬁ@s& CSM €17 cittiet cohiB118RNA0ASo EHRrolf tHeliheration of
nmponents of the flash nenory by performng the

the an*&Bé\Y@“%(f’fqnb&f Firg YlogkdPBt i ons. The controller
interacts with hardw red actuators to send actuator
si ghaflesh memeay 6§viss craigel drmerid0ananages thve arighs pymponents of

the ﬂagemeﬁﬁ)r; 8y peABihRlg the gbwbedéfseht)@&ﬁlegﬁﬂf Bﬁ&%{@n@' theRBntroller
pr 0 ram erase, and ot her nenor operati ons.

mteraqssr Whéxmwww adieaterstomend peBater al@aalﬁ &0 andles uolé@gml@tasors of the
u
memotPAiAL ff Se¥r@life fhe LoBRe SRRl flrifl BAfeRR e, and other
memoryeparitiansr ed or updated for other applications. This
limts the flexibility of the flash nmenory device. For
t h®negashlrw withtlede gbotvelleraand handwitedectuatars imtbatthay et a fixed
c r [
de&gn?@l' an%u on M: &)%g‘?‘ﬁg 83@\3 ecgignottntgﬁ %g&?)ﬁree%g#gégr%g of updated for
other mphcaﬁorxsa’[hls rhumtme‘leixdanhtynﬁ“eue flash inemery dédce.nenory
controller circuitry that can be adapted to different
ap For thetreasoss statddMiaYe,Tdel fabother mmhmsdd pekmm which will become

appare61t Ec% trl?osérqcéﬂeecgin (ﬁ:\?‘% nl?pnogn I{géﬂ vﬁ‘lﬁ Pn% St&ﬂ gg’{r‘fg‘%&/ Specification,
there ik eaﬂecm th medrtstbu eheinigytcoatrbliddd dnttuitey &BEﬁaﬂ‘ be:atap&ml to Thkferent
enbodi nents of the present invention enconpass a

W i but ed control | er systemin a flash nmenory

devi ce. The nmenory device conprises a nmenory array, an
anal og vol tage generating circuit, and a data cache.

The distributed control |ggveviaiEeyn | n one enbodi nent,

conprises a data cache controller that is coupled to

and hadbpremeptiorgshipioblenhwith memery deyicenand athep groblems are
addres%@c[‘t)f' fid Iﬁ'EséBQ HReRfoh 8nd@ 94N B %BH&@toB@ ﬁcﬁﬁg ah8Studying the

anal og voltage generating circult, a nasSter
followdrmsnesificatiosoupl ed to and adapted t o cont rol the

menory array. Alternate enbodi nents have different

qudheiembediragnds of fespretent grveptdon ercompass @ disyabuted controller
systen?ﬂ{‘é ﬁQééJ xﬁéxﬁne §e A&, 'ﬂq%txﬁ?mt iRncll §e9 a@ndfiG5 atRY, an analog

comran can contro respective
voltage generating circuit, and a data cache. The distributed controller system, in one

applic

embodiment, comprises a data cache controller that is coupled to and adapted to control the
data cache, an analog controller coupled to and adapted to control the analog voltage
generating circuit, and a master controller coupled to and adapted to control the memory
array. Alternate embodiments have different quantities and types of controllers. Once the
controllers are activated, in response to a received command, they can control their respective

memory peripheral circuits in response to their respective software/firmware instructions.

Further embodiments of the invention include methods and apparatus of varying

scope.
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menory peripheral circuits in response to their

respective software/firmvare instructions. Further
werdodosent s of the invention include nethods peTUS2007/006300

apparatus of varying scope.BRl EF DESCRI PTI ON OF THE

DRAW NGS Fi gure 1 shows a bl ock diagram of a typica

prior art flash nenory device of the present

i nvention. Figure 2 shows a bl ock diagram of a nenory

device of the present invention with a distributed

control | er gREFUDESCREMIRON OF QWE DRRVEINGBaI | ed
bl ock di agram of one enbodi nent of_ a basic contro]l er

| ¢
sRigemli shows ednedndiasvin Rt e heieapsiar ag flash memeyydsvise of the
pﬁﬂmﬂﬁ%&%$sP4 shows a bl ock di agram of one enbodi nent of a

n-volatile menory device of the present invention as
pﬂfigur%fil o%nﬂl}ﬂc%ﬁagﬁml oF b SHifory RDRWSFIdpRE¥nt invention with a
di'agram tor one enbodi nent of a hmenory nodul e of the

distribypedegmmtollenvigertit.on. Fi gure 6 shows a flow chart for one

enbodi ment of a distributed controller system nethod |
ofFifiwe 3pshesvsrat mors/detaileshblopietiagrammoHemermbatiopent gt  hasic

c:ontroliegI %&%qg agc?JTQLAdpgd\%'fgﬁ tﬁﬁeré.rm)(;d?&eﬁtf ottfhglﬂ;ﬁ%em i on,

rence Is na e accompanyi n Wi ngs that

f or. . . e ) '

i %‘%ﬁﬁ%&”ﬁ%@g{é id [ caﬂg %‘go % er@r? tb 2‘“?‘%9%?5‘ E}it he {18memory
device bfitheniresent invgntien ps part pfethemaryshigtemr awi ngs, |i ke

nuner al s descri be substantially simlar conponents

t hFigughfosttowshebloek diagramifenene arheedimenbels memosy Fasdule of the
C%hgﬁd in sufficient detail to enable those skilled
helart to practice the invention. Oher

enpodi ts ma e i . ; ]

i RarCe Pl o Confof 86 ABGABL b} iRty 8L G ller system
method oDl tpheseaciapentidn.t he present invention. The foll ow ng

detail ed description is, therefore, not to be taken in

alimting sense, and the scope of the present

invention is defi ed clains and

equi val ent s theregﬁgrgggépgﬁgbl strates a bl ock

di BOmhaTolidwingealcefileadiesatptionf ofaheventionlaufetancefis triade to the

present invention with a, distriputed controller. For.. .
accomaﬁryg;%%éwa?gsc'ﬁ@? o a e 9°r€ﬂ€a‘5f Borgcfardedn §ivgp’ ot iltustration,
specifid RAPoAIAGHE ROwhitd tHe SivenBoh athytRHra@ide@r Inathe drawings, like

il lustrated. .
numerals describe substantially similar components throughout the several views. These

des
presenii v

embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 2 illustrates a block diagram of one embodiment of a memory device of the
present invention with a distributed controller. For purposes of clarity, only the blocks

necessary for understanding the distributed controller are illustrated.

The distributed controller of the present invention breaks up the control functions of
the memory device and distributes the different functions amongst multiple controllers. The
{

embodiment illustrated in Figure 2 uses three separate controllers. Alternate embodiments
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The distributed controller of the present invention
breaks up the control functions of the nenory device
wae@7do@sr i butes the different functions anongBCT/US2007/006300
mul tiple controllers. The enbodinment illustrated in
Figure 2 uses three separate controllers. Alternate
enbodi nent smay use other quantities of controllers
dependi ng on the tasks required of each separate
controller. The nenory device is conprised of the
may usesmheyqintitys aldoritiodlers depddidguim thé ta3kPlrdauired by e@dh separate
nmory cells coupled in a row and colum format. The
conuoﬂghnry r OWs are coupl ed together by word lines and the

ms are ed to by bit line NAND
E S R i omBae ' thS Focry gl Oh iher s fpdg up of a
plurahS)ebf Remdty télls dupkdlihS roM ARY dMuein F5ie] mhﬁm&y kékd@ are

ecture nemno AND ar chi t ect ure_ nenor
couple tﬂ%?t{’?rgﬁb Word lingaang, the selkmys|2a¢ PO lethiPERGRE bY bitlines. In a NAND
flash rﬁerﬂ@lgﬁ:&?&hga(%%t life EQURIGHaltd eIk e ETcaNs. lernate

a cache 204 is a buffer that terrporarlly stores

The
embodimgentstipglnde N QRearghiteefia memesnekYDaarehitechye meameproiaerother
memofyof&ﬁats%bﬁxt\%'i‘atﬁg aﬁ@ﬁomﬂe array 201 . An anal og

functi on 203 generates the various vol tages reqU|red

fony @alftQ E%fhle%ﬁr@t:blﬂﬂe@to H@ gﬁr afrf JAY T?}Q Hatal V\(%'éhe 204 isa

exanpl e, menor quire any
buffer thaj mrmn@wbostm@@vatad%a@s @gadafmmrtge ammm guay 201 and data to be

*Wﬁu@y&J&@gﬁﬁn EﬁﬂUIred for erasing the cells. The
0 cir

contr ¢t is divided up into three separate
r i
an atl{)egla!:ont rgﬁ%ﬁ.‘ 269%?6-{%}% gﬂec\gdhp rﬁgl(}{)frtzgi 5 lﬁ%%cégﬁ ggr operation
of the memny atrey 28§ pnrsixpinglé, dlasis ommwlvlcelisglmgiﬁ raqlateniganywhere from

+16V i -l-i(f\g ?mb;L &ﬁn‘ﬁ‘Q%gta-ln—?%eggtﬁ% 0901%1\%%% %’?fgé’egrﬁ%%ke“%é efagmg Sthe cells.
g CHRE %L&r&l(i}-? ?ljﬁfé{t N & Eded% 1%%efché?e| X lﬂlar% g@fgﬂgbsoﬁﬁr— 207. The

opéeraton
first cqntelleo 285 is. thd hralag abmgolMiIﬁOISO'll‘hsrcoﬂG&l@@w iglceaplett s end is
i NSt Lucti o response, to r.e d co nd such
responiibic fof <ppfiiingne 5GE Sae ot Al 08 silegcanialifeedt gonerates
signalCrihstohdt dlic zﬂﬁYog oltpel Gk 203 @@néﬁ@@a@%ﬁé&nf Wltages required for
contr ol Ioéng?t he dat a cache 204. The data cache

proper QRSP N BPTgER e aY ells A8 drisebed areyiaysin dihe anglog controller

205 geaeabés&h&mnaafdﬁ@ng Hiredpbhdedo heaski ARtcIMimbid QRSN a'z:.trhaﬂa read,
For exanple, if a read nmenory command is received, E?

write, g erase eQIAMaRSNt r ol | er 207 generates the signals that

cause the data cache 204 to accept data fromthe
fof3fa spchgyrontyellen 307 s wpupled fe arsl tespensila dor epntrolling the data

cache 2@43. efMeRfhta Edehie 841P0IREDT generates the necessary signals to enable the cache

204 during read and write operations. For example, if a read memory command is received,

the data cache controller 207 generates the signals that cause the data cache 204 to accept
data from the memory array 201. If a write memory command is received, the data cache
controller 207 generates the necessary signals to cause the cache 204 to accept data from
external data pads of the integrated circuit and to allow the data through to the memory array
201 for programming. If the cache 207 has a high impedance state, the controller can

generate the control signals to initiate this state.
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controller 207 generates the necessary signals to

cause the cache 204 to accept data fromexternal data
w@aws/1od48t he i ntegrated circuit and to all ow t PeT/U82087/006300

through to the nenory arrays 201 for programm ng. |f

the cache 207 has a high i npedance state, the

controller can generate the control signals to

initiate this state. The master controller 206 is

coupled to and responsi ble for controlling the nmenory

arfiRyméftdr cohtofe£208 fsQJoluEIedQQ @nil fespbigiblRAupt@tirdiling i memory
other two controllers 20 207 and gener ate

artay 20l Qo8 B9YQIGANH S H160 MR e EHAT A0 GBI 152207 and
generatgiﬁ{e %%@ﬁs Iélt‘?algto actiSafh th¥l ds&velEr ase) is received by

Is Interpreted and sent to the master

%9' L REr @Minadd . SBRhLal whHid) tef‘aﬁl%j ﬁrre@e@@ea E‘ﬁﬂlemm it is

V\/n of the ot her controllers is to
interpreged amhmd to thermasterrpentrollpf 2Qfn 'I&ea%@t?,fdwﬁﬁﬁﬁeﬁ %06  then decides

which ‘%tﬁ% g’coﬁt@&léi@Ef)f rZO‘%gggcg 9%] LEkvaAQp sends a signal to

nal og contro at t erase conmmand has

e@cﬂ Jxﬁfhg)'lé’ \?ﬁan ?EQ Q84 fsoxrét':él%él Qhe RiAstel BSRtroller 206 sends a

determn oltages are required to erase the
signal tdabé redogeonirgllds|208 ithaste erase ceromand has bernl rggeiyed.( Higeanalog

control\?ﬁr%t%g tﬁ% 3%ét§%&mﬁrg§%ﬁ{cﬁ Jorllt?:l Xrgl %@Eﬁﬁl ééﬁ@ %%,Q&{n%g‘rﬂémory block

I'S rec
and insmmstsahe amalog wbltage 1166k 2@3 tmgfmenaed thgise vhdagasnmand by
the CSM 209. The master controller 206 sends a signa
t dftarmoglanaomwdteedammmmalné fis BREived Yy the WSM a08.chermagter
een ece vV t t [
controllidag8 iF U RRAL ek DM SRR PR Tt kftef Sdntrgtier 206 sends
a S1gna2ﬁﬂt1kaiamhé colatallek 2oMthdiea wrteacomparid hasriseenfreddineed. The data

inte circuit _and.to present that, data tqg t
cache qoBiAgHigr 24 F dgfermoines #RbUR SoBray e irer dne S8 cfhe Mg ageept data
from tiR &t put pRsiofehineloped b0 bh®fo preSent gt datagowhid i@mory array
conmand has been received. The anal og controller 205
201. deternines which voltages are required to programthe
data into the nenmpry array 201 and ipstrycts th
an&pe gasisr capjeolisr 88§ alsgsepds 3 é‘ﬁé?‘atf’éﬂ? ﬁ?—?g%g 9%‘?‘{@&@ 205 that the

write cgﬂﬁnﬂﬁﬁﬁﬁrb&ﬁ’ Péc%ﬁjehe’["hg Q6184 Sont8INS 05 Astcidgnctiviiah Soltages are
required %‘t e array 201 to performa menory wite

requireddp pssaEp the detedntpdbe areraemartlyl 201 adansiiely é‘l“é]loé voltage
block i(h;et S%egxgxaaltéthtege ToHReO e Rastél &Sttroliet @O@ﬁl@b %eﬁé}gtes the signals

sel ec gat e source transistors that allow the menory
requiregdhyt thetaraly@03 de psfenn amemoryewtite Hanexanpls, ﬂlé@@aseeé@owoﬂer 206

oy RN s PR AR PO L s

allow themiksmarysiefjsn &b b¢ acdebsed.

If a read command is received by the CSM 209, the master controller 206 is
informed of the command by the CSM 209. The master controller 206 sends a signal to the
data cache controller 207 that the read command has been received. The data cache controller
207 determines that a read command requires the data cache 204 to accept data from the
memory array 201. The controller 207 generates the required signals to enable the cache 204
to perform this act.

The master controller 206 also sends a signal to the analog controller 205 that the

read command has been received. The analog controller 205 determines which analog
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data cache controller 207 that the read command has
been received. The data cache controller 207

walewenni4saes that a read conmand requires the dB¢BHUSRON@6300
204 to accept data fromthe’ menory array 201 . The
controller 207 generates the required signals to
enabl e the cache 204 to performthis act. The naster
controller 206 also sends a signal to the anal og
controller 205 that the read command has been

voltages El%%g Gitkd B ReBhEY &N8LEFRld ﬁ'fayzﬂﬁ 1d§fepfofineatMapefation. The

anal ogvol tdges are required b menory cells o{ t he
controllgr 203 thrg insteiciscthe anatpg veliage bléék ab3 6?183“151’%%‘3 &osseveltrgss:
205 then instructs the anal og vol tage bl ock EOB to
gdmemaastertceatrellFA0C-Alu genmruedstagalyicapEed y thesgemory aray

201 to I?érﬁ)%rglgng ‘iédﬁt&%ﬁxg}ﬁi FoP BRARpleSHd! rﬁfs@e@bnﬁrﬁﬂeﬁﬁ@ﬁn‘ﬁy generate the
to performthe read conmand. For exanple

control Bmahabatéunmhﬁlpéﬁﬂee# 2qte ér-'myné aleotzaate IONECIERSIPTS, thus

allowmg at%&%l %oagg}tltch%gex‘? ogrt g?ﬁﬁus 1o ate drain and sel ect

e sour ransrs ‘owi ng access to a
b ' higr §Rtch hsg RRitple anal
B A i
control e indzibxanah@ll@@pta omtheaiongolemnvitiooneron mops mastar eordepdlges. In such
nt r ers with one or
o e S i 5Pl RS Sp Pt oS sy s
separaté BAflog veling genyration ayrcuitegud sepapte dparcatleesdonbad separate array.
vol tage generation circuits and separate data caches
f orheeaﬁhocﬁmpar @t Kigarrer2ashovinthe dlelibdlitysaffordéd FJ' therdistpibuted

| exi bil.ity aff th
controlfig gprign he gttt B aCERIky Srilich ot a diffrent
portionCsithé lehsry perfighoril discuiteyi(leshnnlbeavaliafe bloskt dgge cadhei. If analog

voltagegféxré ne gg{im 8{3 OP ﬁ\gt Ell:l] e é§l lr'q%;ilﬁrtga ég%&Is&‘gT ?cgalgb glﬂ'ée data cache

changeCstl@qséi <GRhrerfirhlveart bmmtaggaechbe cbﬂwldrade@s wrta chahged to update
actlvatlnq t he data cache change,
f

the memory dewies.{iherppiFecantrol pRityatssiacs ngbhesls g updeteas dsreavired by
thepn&ﬁhpe changed to update the nmenory device. The entire
control software does not have to be updated as is
eﬁ\g’tgf@? itR¥trhide 2 BIdRS dl%‘am & 1Y énbodille S Dédfiroer circuit 205 —
bl di agram of one e di mrent of a controller
207 of ghe prgsent Zosntion ayillystrated ip Figvea 2. The eieybiiluglated is for purposes of
111ustra¥1011 %iy Q}u,eéjalieg?af it Fﬂlﬁu b§dimentd) ﬁlag'ursg differbht 8¢S HaEBlocRs and/or

rposes stration only since alternate -
functloaabldackmﬂpa8armyumlsé inda i ferent configurationsp aphisrk substagtighy similar
functional blocks that are coupled in a different
conflguratlon to achi eve substantlally simlar
0
ﬁfggagl {50l Bl oF Y bl in GRIBEIcSEH GLLBP1301 that
performs the math functions of the contro]ler The ALU 301 performs simple or complex

results.

arithmetic and logic operations such as addition, subtraction, comparisons, and other such

operations.

The register file 303 is a set of registers for storing temporary information such as
counters and voltage values. The register file 303 may store information from the ALU while
the data is being operated on. The register file 303 can additionally store signals that are to be

transmitted from the circuit or signals that have been transmitted to the circuit.
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perfornms the math functions of the controller. The ALU

301 perforns sinple or conplex arithnmetic and | ogic
wop@rdabisens such as addition, subtraction, conper/usm%)06300

and ot her such operations. 8The register file 303 is a

set of registers for storing tenporary information

such as counters and vol tage values. The register file

303 may store information fromthe ALU while the data

is being operated on. The register file 303 can

admh& bﬁa@iela& oﬁtmansrg(mM)tjwst@es bimarpeepkdsamatibad 6fl
romthe circ

gnal s that have been transm
msmlcpen% H’eb%F’ff'&HFeg by : E%%Fé"l}“éz%r%ﬁi Tymeathh e(nhztw ft ko 305
is genethted %? abéd%ﬁﬁlér A SREMNeRidr) Nte SfatddGEdulGS Hé’sr@xddchrﬂfthe
execu the controller circuit. Typically, the bit
instruchigps rﬁseuar: f Wecqnm SOGIGuit QReFRtiQn ¥g the isrl ea argiihe)
1nstruc&1Bﬁs Eﬁ%&%ﬂh%@ﬂé M ?f 5&Hllotl sig?xag%ﬁgfﬂ@@pég gf E&'ﬁrol signals that

i nstructions reqwred controller circuit opera i on
are gengrated e potrad whe sprgdincblaels offthe mmmpenydevisg o wihagh a specific

troff gqthe timng of control signals and the types
contro ?rtcont?lo]j signals that are generated to control the

Spg(h Flg&u& oﬂ%é?(féf 3b|9 e%{lfﬁ Yh bﬁﬁxr%td.f mﬁﬁhoﬂs that come from
specific contro cou structi on decoder
the cochoRO;bé B06 thpsuglnen d@tmdﬁmgr@istmrmg Tbeiregistet R storasdhe current
. x e I L ¢
instructiod Thd1fas BEAP i Haft el RORK 905 Ala kit BAARA RS ruction
decoddrt387. has been read fromthe ROM 305 and is being
executed by the instruction decoder 307. The program
colihe progathicoustea i by ast@stet’rthht soEs dse 4dueesadd tlssaurmnt
. he .current ruction ed. .The, ¢ unte
instrucyh 6 e ented Trrtabh@0ah P is Gl Ca RGP Sesution. The
next iri%ﬁ'&bndnﬂ%drﬁﬁstmwdté@ﬂﬁrsﬁb&q\;ﬁmaﬁt zt]zmrﬁsl%rsgmwraad&dsﬂfce@mch the
sone .ot her address to [ t.he code i.s
code ig ’&S}Tﬁﬁtﬁd YD BossRenss to Aee g therdastrycdiops, Bemy ﬁ?@&*f%&
t he. ROM The oscillatqr 313 is the contrqg
sydtg ﬁ’F%‘ﬁB@R 313 gs ﬁ%g copirpl it Byytephelogiant mtlﬁ?teégmf‘ecw 209
of Figire!2thesitth thB © TNt ft6r AhdR cofrbSRY has BEBRRsteR2E, In one

been received. I'n one enbodi nent, one clock cycle is
embodiment, oBe slosk gyelednsadiie exeeite ORe InstuetiomAdtandss snbediments may

use otﬁ@ﬁuﬁﬁﬁh@s&tﬂo&é@aés?eﬁﬁlsﬂﬁc é]ﬁ).c_k cycles per

Instruction. Reférring to b Figures 3 and 6, the

co Ne’féynlng :to %gﬂ%ﬁq g%reg’ Behale thddontrik @Jrélﬁ ﬁ?ﬂte?fq tBation 601 of

osci || at instruétion is read from

the osqattmos 353 afval instiyetion H0sad 603 frem hstRQM 3%%9@@05 in the
1nstru<§ o7 O %gfeé 89§t'hgec%§@&:tic§1 19 989&}%9 6@97b)bc¥1e bk BYdePB07 and

any arithmetic or logic operations are performed 609 by the ALU 301. The program counter

311 is then updated 611 either in response to the last executed instruction or to the next

sequential address in the ROM 305.

The performance of the instruction can include generating the signals to activate
other controller circuits, as when the master controller activates the analog or data cache
controllers. The performance can also include the generation of signals that controls the

particular memory peripheral circuitry to which the particular controller is coupled.

Figure 4 illustrates a functional block diagram of a memory device 400 that can

incorporate the non-volatile memory cells of the present invention. The memory device 400
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any arithmetic or |logic operations are perfornmed 609
by the ALU 301 . The program counter 311 is then
wapdatiedst 11 either in response to the | ast eR€TUSEA7/006300
instruction or to the next %equential address in the
ROM 305. The performance of the instruction can
i ncl ude generating the signals to activate ot her
controller circuits, as when the master controller
activates the anal og or data cache controllers. The
is coupfé%rtﬁ%rﬁ%eé‘ﬁoﬁﬁﬁ) ahePrédeesdtdn OtrBQy B@ B%l@idp%beﬁioriir gomleSother type
hat controls the particul ar peri pher al
of contealiing Fireyitnyo Thp mermany depise DR 3P (NSAREFSSPT 1O fogm part of an
electro%l‘alégkt% %:0 G Snémbily v idedi0RShA tfeHﬁ‘ GinhHIRI tB1F8&IS on features of

a nmenory “device 400 that can incorporate

the mempoey thah axechedpfil in vadesytgnding the presank invspiernt

i nvention. The nmenory device 400is coupled to a

pr&@g@mom devicg el cagsegy of flgs hﬁgﬁnggya:ells 430 or some other type

1 F
o aon AP HRSRR 61 BB e 4Pl LD v o
columifsoThe panttrolcgat@m fealaeb 9w of mepyay @glls Lscpounfh:é wiglrd mprdline while the

t

drain apﬁ goxr%%ﬁgrggn%%fl? §f gle%}é%m{pxbf éeﬁe% ahér)]%gu?)z gﬁtlfn%g AS RSl known in
the art,phe semiection ef theocells T ehertaﬂmey depends®ni wﬂm&thnrethe amapisalN AND

architefgrt. o 5@5@1&%@%@@@ tgé’ﬁ gg he ?,g{&@ 38k mrchitecture,
P B0t e B 4B g f R 0glF il eRbyiaed on

addresyvitipilk covtnestiohe ADReAs maEnAddmbssmgnaie ammncﬂved ambdafoded by a row

nmemgry .cells are coupl to bitlines
decodst AR aect o doecfin et oo ieanaRppery el vl B
apprechitéd b @fosd RERME $n €t att) &ditiethettefeRy sfalie pﬁesmt%b&ptlon that the
arch|tecture a NOR archi t(ggd%ure an. AND architect

numbes pf agFESHIRES oRRSR deRPRAS AT thE deRri ) wELiSsiyTE of the memory
array Q07 §Hatis HhE nufbRF BF AdHREssEincAdag8s WitH bBESinete@sa Memory cell counts
provi ded on address i nput connections AO Ax 442.
and ingrgefed hankiagd Mlackgoantsecei ved and decoded by a row
decoder 444 and a col um decoder 446 to access the
rreffbﬁ ynqn@ramexg@ 40|0tre%18| datayin the MEROHAERYHP Ottiyssasing voltage or
15
curren‘?étg g kS %r% igxre]tnli@ﬁ e C B%quéiﬁg §éﬂs% ggfsphltﬁ%g‘a?f &Ruitry 450. The
sense gophierhuffer Gd@pléndsn ore ethbodiment.tiy cqmiechﬁoclwa@ ard lateh yrow of
&l
data lrlurlctrnega%ses 1\%‘@{!‘{] bgg)?’ﬁata gkt A:gi' J‘l‘ﬁ% CeI ﬁﬂry%@ i§ ed for

I ncr counts ‘an
bi-direictiona atcdraminizatiohbeeia p:lomhttss of ddtte cremstipngl 662 with4be controller

ds_dat t.h 430 ' I
+10- VFRHEHRRT o BtV e ook RepPBORHIR, "Ll ng”
ISe s iaételfl 9 rt?(j({lrcc&}tf)}r Il’ﬁ%)f e ﬁ%és%%;ﬁggntf’(ﬁ'{]&&odes signals
provided wal cedirbbcomedti ansdt 12k ah the pmmessbr 410. The control circuitry 470

architecture and function was previously described in detail.

The flash memory device illustrated in Figure 4 has been simplified to facilitate a
basic understanding of the features of the memory and is for purposes of illustration only. A
more detailed understanding of internal circuitry and functions of flash memories are known
to those skilled in the art. Alternate embodiments may include the flash memory cell of the

present invention in other types of electronic systems.
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data fromthe nenory array 430. Data input and out put
buffer circuitry 460 is included for bi-directiona
wa@ladoa/1e@smuni cati on over a plurality of data PCT/US2007/006300
connections 462 with the cantroller 410. Wite
circuitry 455 is provided to wite data to the nenory
array. The distributed control circuitry 470 of the
present invention decodes signals provided on contro
connections 472 fromthe processor 410. The contro

Ci Fighkd 5Ys 4 finRfrafiod 6€4 Hletor) %Jdﬁw5®@ﬂla¥\ﬁﬁzoﬂfo?éftb@ﬂﬁ| Memory
described in detail. The flash nenory devic

cell embodinents s discassefl graviousln Ll thraeh memenyi IﬂP@ée £Q0 is illustrated as a
memox{f&kﬁ | h8LEnék Rgsa(ﬁb&}sm{tﬁ rRflindg %&&1 H})&l bR 560 Qfe apB\hcable to

nenory a pur poses o ration onl
other typeseoftemaivhield on pduable armmiony, ., IURR flash ddvese It @d@ltlamdalthough

one exalef)feh {02 nsﬁagtfoﬁ% @efplctgﬁe n],gsge 5tk &%%e;{t%g{e%g)gﬁgﬁgé ltA Sﬁlxer form

factorsfdsagéll.nenory cell of the present i nvention in other
types of electronic systens.Figure 5 is an
il Mnm«naztmoalulefsoa indades\a hmxsl'udgeSQSGO mhlase bn@gnpormmory

dewcei\:g?ﬂ?ggﬁ cél I1nven 8? Ie { Susgus ﬁ 191'1% 8}‘IeS<I:(¥1‘tacts 515 for
commugicakior haethcximseﬂé\acej |B:ram;ﬁescbﬁhotshdmé$nmluée dxglua?ecmngras digital

recordgn}t)gd%ll&,elflggl?aé:iémﬁgg Il[ggglp%rst@% tqqgélﬁte%f g‘%‘gg)fry F%%ea&’ers interface
hubs and@hd 1ilRé), Fo |sbﬂ1@l¢ﬁfboﬁﬁﬁe1ﬁ2(ﬂﬁmbﬁtaf:&rﬂh5f a€ irtheiferm ePh ctaddardized

e, ey eSS E R PSS Dt o o oo

USB A Rigale Qénﬁ&t&npb%@aﬁh@mmm&emwtm &8 5n Hkdform of a
t he present invention. The housing 505 includes one

seml-nsppww intmfager wch 25 nyight hesfonnd op HLOMIT Af TRLASHggpmory cards
hcenséiﬁ‘/n% §§NI§?§EK"|@t 3t Bortior] %EWYCS?F?OK‘S%H% dhdiks th%nss%kg SONY

ras recordi ng and | ayback devi ces
Corpoptiono SR SE@HB& BIGITAk mﬁnyora srlingaeadshy TRSEHBAcEorporation and

the hkgugx gcle%%gﬂ lllﬁqjsdek ocrorl%]{:ag s 9% 0 fgg%gl fichace %‘cg' ac eé @@t?ol address

and/omdwmpgaals \hietween thlsaleirlcms imagiuile/£Q0 arvba bostthaving d®hipatible receptors

n the formof a USB Type-A nmal e connector.
forth%‘?’%%?rglgenbodl ments, the contacts 515 are in the form

R e e T
embodi‘ﬁreptsg did aiditidiaMeRGiIGY ISCH mmmnbyude ami&nbxryommﬁeﬂebﬁor controlling
G TAL

ation D SE
accessl 3eLS§ ggldl%g&: e\eﬁqsggﬁaztnl fgﬁarovh(go ng %lg'éﬂmslfiﬁ on layer between
an extgAEhGdt anl Q\nﬁMﬁbry dwmmtns FBﬂ&aﬁﬁlﬂw tﬂa'eaﬂay nbted B6ge-to-one

conesfggzg@%gﬁ %nge 29 r o hBroq(}dr ?1?,%@ g;]??/ %gltgp : Zonnections to the
one orGABRAhEREY H@&i@&t 3105 Thus, a memory controller could selectively couple an /O
connection (not shown in Figure 5) of a memory device 510 to receive the appropriate signal
at the appropriate I/O connection at the appropriate time or to provide the appropriate signal
at the appropriate contact 515 at the appropriate time. Similarly, the communication protocol
between a host and the memory module 500 may be different than what is required for access
of a memory device 510. A memory controller colﬁld then translate the command sequences

received from a host into the appropriate command sequences to achieve the desired access to
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for the contacts 515. The nenory nodul e 500 may

optionally include additional circuitry 520. For sone
wenwadidmsnt s, the additional circuitry 520 nmayPCTTh20d®006300

a menory controller for controlling access across

mul tiple nmenory devices 510 and/or for providing a

transl ation | ayer between an external host and a

nmenory device 510. For exanple, there may not be a

one-to0-one correspondence between the nunber of

the merROR RS S1P Saddtranslatititha futidPisdaeelidngesid Sghdi@oltage levels

) _oné or nore nenory devices 510. Thus, a nenory
in additigntoreompapnd SRAUENESE] ect i vel y coupl e an |/ O connecti on
(not shown in Figure 5) of a nenpry device 510 to
r di aglditiqnel SiEBHOp PrAfeystughsy mefudeunciignalipt yalatad te control of
a memdr§HREEI590. Rhe AdiBHiSRA CRBAKBL 20 MbP iktludelciRiuRtyy @erebiiRt read or
appropri ate signal he appropriate contact, 515 at

t t _
write aqaess @be @}ﬂm@’b’é’ﬂ@d‘%g 50Gs5isirh ay PYSSWORE PERSSRHORS Bigmegrics or the like.
. . . Q |
The adcgfégé@?c? ec}xgﬁ{ 5%12139 \}ﬂglt%e ARGt o TRITORY a SR 6T tﬁ@&gﬂﬁﬁ‘y module

T hat is required for access of i
500. Fomenampled 8 asiditimg] ciscuiad2( nemninebide dincetipnality teelgtermine

l i . ule
whethe% h?‘glé{ J%tb%lr%%ss.lg%ﬁ e%&“%gdﬁlg %@b\éﬁg \J}{eﬁ{gr %é"ﬁ?ﬁgry modul

e a rrate conmman quen_ces 1:0 achi eve .
500 is aesntlybeatrassssedidnd toreigplay deindication @f itsgtatys, such as a solid light

.. trans]atjo urt her Jnclude hd: Si .
wiit R0 84 20l AN bRk oSSR OEAE oo 20 may
further attlhidd pasaivedievives,tsiyh b2@eqvaplihg caeeitorsrto lhetteregulate power
. functig alhtﬁlunrelq%§$ %¢ control of a nmenory device
requiremegts Wi Lhe MY MW ry 520 may incl ude
circuitry to restrict {F%jgc yéggﬁe access to the
menory nodul e 500, suc B d protection,
hi BRhih&s, e dififblitel @ontfbiierasitbddiments of licprieseny irb2Ation provide
. may ingcl ude circuité¥ Hg inchatF a status ﬁf(fhe
improvig g tRIPEIRITPeRb ALIEIHETT Of ARETART PYBhgAC 1 @ memory
device.CA dditibhAlYy, B4ThatBig thiitipii@edictied Eaitalliets] ehéh eniptsdmionespecific

whet her power is being supplied to the nenory nnd;le
memorgfanetinn, @hbt the softwar yrefprithabpastiguiag ceufrgllss ppgds to be

updeﬁangdqg&gﬁﬁpgnngngwﬁgﬁgisplay an indication of its

status, suclt as a so l'ight while powered and a

1 asRb éﬂse%%ﬁc ém&#cﬁmgﬁﬂs RQvebE&SARStratll Gnd deidibA Rbrein, it will

circurtry may further include passive devices,
be appregitediby thoseapbi abitldnttbe ertithatiaay prieagementdhasdgeglculated to

) i i thi )
R
adaptatiéres gfithe émtention evill be mpparend wehoseriordany goH in Hreart. A_ccordingly,
i G SR il ARl Sl PR B T s
manifesdintaidd tharthisihbeartion bediritedoplydry the fallopegicldims and

equivalents thereof.




menory function, only the software/firmvare for that
particular controller needs to be updated when a
WOorRoonye4si r cuit changes. Al t hough specific enbpdi/meI00%006300
have been illustrated and described herein, it will be
appreci ated by those of ordinary skill in the art that
any arrangenent that is calculated to achieve the sane
pur pose may be substituted for the specific
enbodi nents shown. Many adaptati ons of the invention
. Wil .apparent to those of ordinary skill in the
vsnm'tls\a%%ll?legg%ordingly, this application is intended to
cover any adaptations or variations of the invention.

R e BB e By s

ddrerthefsystbmt consprisirg:ned is: 1. A distributed control

e

& pRiraRly FmembBUdriphe@hcitcuits; cougled avihegnamory array, for generating

predeterm ned. function, and a plurali f
perip weitage an datp F%‘fhecs&%lﬁpsela rF%’Qtnﬁ% i%%%é’?\lfagrg'?%é,én giter
gener atrchls, Cath a@eoa feldigicRal e dughdlts ahd costsgimdtey a
to the plurality of pontrollei clLrcuits ﬁach nory
per i piétterenteonsialier gt e SRl iroRBPHEF Y
different controller circuit of the plurality of
controller circuits. 2. The system of claim 1 wherein
2.  Shelsyprageidrim haderaimerghgredgeapped f%?ﬁﬂopﬁﬁﬁﬁf?qq@t ‘Trom the
%{ﬁgré&@&ﬁﬁgg&%g@gm{sgncti ons. 3. The system of claim
rein one of the plurality of controller circuits
is a master controller circuit that controls the
3. ey Qtlepngoftcﬁgik{ PLdEei bhE Yk iR piftralifN6r SHRioBt Sk cfils3 Bmaster
WHer &l n e nenory device |spa flash menory devi ce.
Tonffokersysugrthatfcontraisitherenranisigreontrellet eipitsenor y
device is a NAND flash nenory device. 6. The system of
claim1 wherein the predeterm ned functions include
4. ank! 9steuDbL Elgen ¢ avtietch thambmocypdireice o fladh memdryndeviesy
array control. 7. A distributed controller systemin a
flash menory device having a nenory array conprising a
5. Pt sYhtehy o OElai® B-wikéhithefl amaemoeeieHce BUPNAND flash memory
row and columm format, each row coupled by a word |ine
als¥ic€ach col urm coupl ed by a bit Iine,

6. The system of claim 1 wherein the predetermined functions include analog voltage

control, data cache control, and memory array control.

7. A distributed controller system in a flash memory device having a memory array
comprising a plurality of non-volatile memory cells coupled in a row and column
format, each row coupled by a word line and each column coupled by a bit line,
access to each column controlled by a select gate drain transistor and a select gate
source transistor, the system comprising:

a plurality of controller circuits, each controller circuit having a predetermined
function that differs from the predetermined function of the remaining
controller circuits, a first controller circuit coupled to each of the remaining

controller circuits; and



10.

11.

12.

access to each colum controlled by a select gate
drain transistor and a sel ect gate source transistor,

WO b@7ay@sem conprising: a plurality of contr ol P€r/us2007/006300

circuits, each controller dBrcuit having a

predeterm ned function that differs fromthe

predeterm ned function of the remaining controller

circuits, a first controller circuit coupled to each

of the remaining controller circuits; anda plurality
Tplﬁ@ﬁﬁf ¥t REMbRNSErfthefdl CHEhksS cokPeR |t@ thelfBed By 4040 If<yr generating

ray, for generating voltage and data cache SI{%
inr eypdﬁngeamd)dqtn@a@waﬁlq in EorPensAte Bie Ripralify Ctrgroﬂef

each h%prfd AbR&HI & fbdt8 a@l%ontrolled by a
contrgﬁgg[’bygg fgpgn? conffo e}$0|rCU|t g?rth Y
pl ur aldiffyrenf cogrilieokireyit of ﬂi@mlu@htﬁof crinérolpseiEnilst
claim7 and further including a conmand state machi ne,

coupled to a first controller circuit of the plurality
theaysierobf dainc 7 mad ifarsher imsludiog @ptonnyasthstatermaghine cowpjed to a

43S SRR G P T BRI SRS R ko

Ghiefptbling Giedr copmbardss activation of the renaining
controller circuits. 10. The system of claim8 wherein
the first controller circuit is coupled to and

{eftS o £ 8lAtni OlwisirgRahes fifsdicohtiellerasimonult i fragteanonttditer circuit
renalnln controller circuits in response to
teoptrelseartiyaden Bfg%é?f&?mriglco“f'ﬁ’éle% LeWRY of claim 10
mhereln the first controller circuit generates contro

signals to turn on the select gate drain_and the
SBiecysteyapbclain Bouhareiahe S contraler cirepjti foyplfrbioand generates

%\ﬁirgf“sx Xl's qgr e %e%tx(;ﬂ?r ?%ﬁ%& FhdiBingbatBer diRfiits in response

npri sing: nmenory array conprising a
ptbun@t‘prle'spdoisemmm@n@tl |l e menory cells coupled in a

row and columm format, each row coupled by a word |ine

and each col um coupled by a bit line, access to each
Chhesgstan bf claithd@ voyereingbé Gest ogatrellmcancnlttgeamt% tcontrol signals to

o e P et B oy sB ey d PuE 0 1!

menory array, an analog voItage generatlon CIrCUIt for
gener tin vol t ages for(g era i on
e

% q{amaf | f}:%é}alvtrkg 18 lgf F)éslﬁr? pxe dOHIE cmensmg:
COARSH e affas topAsiaL aglhelitE o edolatl et hembhyasdils coupled in a

row and column format, each row coupled by a word line and each column
coupled by a bit line, access to each column controlled by a select gate drain
transistor and a select gate source transistor;

a data cache for accepting data from and transmitting data to the memory array;

an analog voltage generation circuit for generating analog voltages for operation of
the memory array; and

a plurality of controller circuits comprising a master controller coupled to the flash
memory array, a data cache controller coupled to the data cache, and an analog
controller coupled to the analog voltage generation circuit, the master
controller coupled to and adapted to activate both the data cache controller and

the analog controller in response to a received command.
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14.

15.

16.

17.

18.

menory array, a data cache controller coupled to the
data cache, and an anal og controller coupled to the

wan@age4spl t age generation circuit, the masterPCT/US2007/006300

controller coupled to and adlapted to activate both the
data cache controller and the anal og controller in
response to a received command. 13. The flash nenory
device of claim 12 wherein the master controller is
adapted to generate control signals that contro

qipeItiish MerRbryl iR IfRMEImIB! Whefedi thedRsht&@onabller is adapted to
transistors in response to the_received command

@EBeRiANQ] sigRals élllﬁ}t &pniglenssation of the a%‘ﬁctr%f‘o?s?“a%ﬂ wme
¢RRREoS HoreRpdRERS YheAkl&Ved 85mARANOY VOl tage
generating CIrCUIt and a data cache, the system
conpr|5|ng a data cache controller coupled to and
f g5 el :

o ont ro té(? cgrgtlg 695 gtt%ﬁallﬂ gtf?ag apt edortﬁ{&(\:’ ont r0 gﬂmsmg A Memory atray
anazlneg:gvmltagg geqen@n&mmgt @nd guiata caghe} the sysieracomprising:

roIIer c t ache

E3E G1HEcoR QU bR 3o BB B Lol dEOIRL R0

emdmal:rgﬁmnﬂoﬂler couylardetypamds'«&lapwd ao ceuntedtbel agalognolagelgenerating
The systengofdcla|n114 wherein the data cache
cont r of f&1" P8 adapted to generate control signals that
enabiter thtrdirt aowded® the nianaiywerayatte datocachheonteolberyand the

array in.respaon read co n nd transmit data

0 1 ho RSP ee ot oY SEHER Ry P TR Al ocived
16. Theomaheém of cl aim 14 wherein the anal og

controller is adapted to generate control signals that
control voltage levels generated by the anal og voltage

OBES A 8f BliafrB U |4twhel=3in tHé8ats et e dtrofibRisdigtcdhie Eendiate
the master controller is adapted to generate contro

sqogral §1a1hlattha&@nab}atﬂae datp eeﬁhe tg recRayR datgfiom thepmpgmory array in
5%}{1 nse @b h3¥ad éd?mnlﬁ@arﬁy 48RP fat & tHE rhédmWALLeAinGREkbnse to a
e data cache, analog, and master controllérs
cww¢ﬂ¢qnynaadcode ROM for storing instructions; an
i nstruction decoder, coupled to the code ROM for
decodi ng each |nstruct|on that is read fromthe code

R sysstera th:hnatlﬁavlimgmcth@ andlog hentrglter inadaptesitergenemtrscontrol
| sr%grrxa 5 B %cemttrc(ﬂ ?t% leevefs ngsehgrli‘t:edl b%nt?d’e analog voltage generating circuit.

The system of claim 14 wherein the master controller is adapted to generate control

signals that activate circuit elements within the memory array.

The system of claim 14 wherein each of the data cache, analog, and master controllers

comprise:

a code ROM for storing instructions;

an instruction decoder, coupled to the code ROM, for decoding each instruction that is
read from the code ROM;

an arithmetic logic unit that performs operations in response to decoded instructions;
and

a register file for storing data from the arithmetic logic unit.
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20.

21.

22.

23.

and a register file for storing data fromthe
arithnmetic logic unit.19. The system of claim 18

wob@randast he code ROM of each of the control | eP&T/US2007/006300

conprises different instrudfions in response to a
function of the controller. 20. The system of claim 14
wherein the analog controller is not connected to the
data cache controller. 21. A nenory system conpri sing:
a processor that generates nenory signals; and a

FRIRY YieHEYT Gfinf PYIRMBEI thel ddRe HONESS&Ich df theXft@lleRGomprises
in résponse to the nenory signals, the nenpry device

diffgrentinguctipns i sFPeRSPOP ? fupetign elohs cpairaleta

plurality of non-volatile nmenory cells; a data cache

for accepting data fromand transmtting data to the
Mheoyytear ohglainahd abarain theodnabagecqnsioienis nat cenpectid; tofthe data

g(r:}(leégéd‘ﬂ)glegnal og voltages for operation of the nmenory
array; and a plurality of controller circuits

conprising a nmaster controller coupled to the flash

ggnogr% arf ay 9nga&s§nqache controller coupled to the
{PRY e A RN og controller coupled to the

ansloogssudithagamegaeemamooy sighalsyarid t he nast er
controllﬁr.cou

| ed, t d adapt { ti.vat bot
OO o SR 0SB RSRL oh BFeb demor

g “cofitr er

I eSpongigndls, the hitfwiry ddvico aompeising?. The system of

claim2 1 wherein the. nemary array,.is NAND .. .
o ohi &8k BemoRb AL RpSS 2 Dot {naRspite memory cells;
CONPri 8dR@: cadhe foR aSdepting daRNPSN A8 \tHa@8SittiAadAta to the memory
conprising: a flash nmenory array having a plurality of

non-vol ati | @#&&nory cells; a data cache for accepting

data f@gme vhRARSIEnbAakiDe HRLR foednRfatiig MRl gdol@¥es for

an anal og voltage generation circuit for "generating
anal og Y0| t @gg@tlfn@pf the memory array; and

a plurality of controller circuits comprising a master controller coupled to the
flash memory array, a data cache controller coupled to the data cache,
and an analog controller coupled to the analog voltage generation
circuit, the master controller coupled to and adapted to activate both
the data cache controller and the analog controller in response to a

received command.

The system of claim 21 wherein the memory array is a NAND architecture memory

array.

A memory module comprising:
at least two memory devices, each comprising:
a flash memory array having a plurality of non-volatile memory cells;
a data cache for accepting data from and transmitting data to the memory
array;
an analog voltage generation circuit for generating analog voltages for -

operation of the memory array; and
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operation of the nmenory array; anda plurality of
controller circuits conprising a master controller

waeowmplieddst o the flash nenory array, a data cacP€r/US2007/006300

controller coupled to the data cache, and an anal og
controll er coupled to the anal og vol tage generati on
circuit, the nmaster controller coupled to and adapted
to activate both the data cache controller and the
anal og controller in response to a received conmmand;

and a PhlurMty by céiftratiRRtaehits Eomprign 8 chdster RoMYo1le coupled to the
sel ective contact between the nenory array and  a ggféﬂﬂ(mche

system 24. ashanemany #ra adat sAchs capigolsycopRled to

i ncludi ng a,{IEAPiNAISLEHtRI e Log P tethelafaloB & ol E® Edneration
array for controlling operation of the nenory d

evice
i n responsecireuit; te maser eqpirodler coupleditonndrdabiegda petivate both

conpri sing: ya che B5irdifor GRHRAS SdME chtldifR? th AP o a

array having a plurality of non-volatiTe nmenory cells;
a dat a cacheectiyed sowepndngndiat a from and transmitting

daa}le%ratl‘%y %)Pgorggcg? Egr% & to v?d%a%e?e%tivg kérﬁgcet BREPELALE Aemory
ciycul of ‘generatimg anal og voltages tor operation

of t hearmnardya hostaysteland a plurality of controller
circuits conprising a nmaster controller coupled to the
flash nenory array, a data cache controller coupled to

t'Ihlﬁa Batale@dchim Xrahdafartheninehdinnd freihoey contugllezdotipled to the

the anal o ol tage..generation _circuit, the naster

CBRPDY 15 0.5BR Ll lI0E ORHEPH IS CRTPEOREIRUSH B ORTSp R the bost
&ngache controller and the analog controller in

response to a recei ved command; and a housing for
encl osing the nenory device; and a plurality of

CARL&RLS ROGRAE e8mpAstnge housing and configured to
provi de sel ecti ve contact between the nenory array and

2@ meFtory fleyigpromprisinginet hod for operation of a
ﬂ Ia\s;lt L 'g B gl%ggnﬁw ArhFhaGinp QYithralify &F MEHIPEMtGHERBTy cells;
a data cache for accepting data from and transmitting data to the memory
array;
an analog voltage generation circuit for generating analog voltages for
operation of the memory array; and
a plurality of controller circuits comprising a master controller coupled to the
flash memory array, a data cache controller coupled to the data cache,
and an analog controller coupled to the analog voltage generation
circuit, the master controller coupled to and adapted to activate both
the data cache controller and the analog controller in response to a
received command; and
a housing for enclosing the memory device; and

a plurality of contacts coupled to the housing and configured to provide selective

contact between the memory array and a host system.

A method for operation of a distributed controller circuit in a memory device having a
memory array, the method comprising:

receiving a command;
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28.
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30.

menory array, the nethod conprising: receiving a
command;interpreting the command; initiating a master

wa@oenwnad4Ber in response to the command; and t hBCTVES1087/006300

control l er activating distrn7buted nenory controllers
in response to the conmmand. 27. The nethod of claim 26
wherein the master controller activates a cache
controller and an anal og controller, the cache
controller activated to control a data cache and the

AitalpR&tifpOmE comn@indact i vated to control an anal og
vol tage generatug§i0|rCU|t 28.  The net od(gf claim 27

HHHAERg ARt ARATERISHdN ferpopseiodhe s eddener at i ng

dat RasaC iRl At vafing WS bated neSRAYTOntrol1 &K én EARTRGM O th
29. % he met hod of ‘? a?n128 wher ei n thenéata cache o me

cont r slomangkl s i nstruct the data cache to accept data
fromthe nmenory array when the command is a read

command and to transmt data to the nenory array when

ﬂﬂue mahoed nficlain 26wheareindbermanster cagrolipn activateforicasthe controller and

%V Sﬁng the &%h?ggl]ltpcﬁle‘f %@ﬁ%ﬁéd 5] cdnrt]r?ﬁ b Gt ca'i:ﬂg and the

ana age’generation circuit to generate erase
\anhlbgg:estroﬂerraeapmd ¢o tontagl @raa@@g:mmgﬂ genexpfigrecircuit.
voltages in response to a wite conmmand, and read

vol tages in response to a read command.

The method of claim 27 and further including the cache controller generating data

cache control signals in response to the command.

The method of claim 28 wherein the data cache control signals instruct the data cache
to accept data from the memory array when the command is a read command and to

transmit data to the memory array when the command is a write command.

The method of claim 27 wherein the analog controller instructs the analog voltage
generation circuit to generate erase voltages in response to an érase command, write
voltages in response to a write command, and read voltages in response to a read

command.



