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particul arly, 4cheopresent invention relates to a progranmaa gugePHGEL or e
“circuit, which stores the instructions for progranm ng and erasing a main

menory array pROGRAM W%QEE%?GDE TPOTE Ciﬁ@@ﬂﬁ’f‘ D OF THE

| NVENTI ON Ongy
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inti 1 or dosun G BAEIREED | o rymﬁﬂ‘?. s may’ be pr ogr afmed wi th new code
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Fl ash rrerrﬁésﬁ{d(’:rg)r%\gzd tI 0%12]%318 Ezlrtfgea ‘%}Jnan{:a? one as few, wm ‘“m H“E ns are
stored on the floating gate of a nmenory cell. Conventlon a I nes a

| ogi cal zero as many el ectrons stored on the floating gate of Ke nmenory

cell. Er@gFgﬁgg @?@[ﬂsrﬁmgmpgpes a logical one to be stored in each
bit cell anno e overwitten individually froma
| ogi cal zero tgng éjrﬂglrfdﬂHvo%ﬁe\Memeahd@étbeh@ﬁasﬂrsememvgrectrﬁeamyash
menory cell can be overwitten individually froma |ogical one to"a | ogical

zer o, be%@@brehp@ge@m%étﬂe&eaalcwfldxdemgryet"ﬂasn YnsFiboh anéinorbkrgegat e t hat

contains the intrinsic nunber of electrons associated with the erased

state.  programmed electrically and, once programmed, retain data until erased. After
erasure, flash memories may be programmed with new code or data.

Flash memories differ from conventional electrically erasable
programmable read-only memories ("EEPROM") with respect to erasure.
Conventional EEPROMS typically use a select transistor for individual byte
erasure control. Flash memories, on the other hand, typically achieve much
higher densities using single transistor cells. Some prior flash memories are

" erased by applying a high voltage to the source of every memory cell in the
memory array simultaneously. This results in the. full arra;/- erasure.

Flash memory conventions define a logical one as few, if any, electrons
are stored on the floating gate of a memory cell. Convention also defines a
logical zero as many electrons stored on the floating gate of the memory cell.
Erasure of the flash memory causes a logical one to be stored in each bit cell.
Flash memory cells cannot be overwritten individually from a logical zero to a
logical one without prior erasure. However, a flash memory cell can be
overwritten individually from a logical one to a logical zero, because this entails

simply adding electrons to a floating gate that contains the intrinsic number of

electrons associated with the erased state.



2 24 June 2002 The process for erasure, programm ng and verification of

fl ash nmenories requires careful control of the voltages required to perform
t hose steps. For exanple) one prior art flash nenory is the 28F068SA
conplinmentary netal oxide sem conductor ("CMOS') flash ne Yy ﬁﬁé%dﬁ?lrﬂel
" Corporation of Santa Clara, California, which is a 8 negabi # nory.
The 28F008SA flash nenory includes a command regi ster to manage erasure and
programm ng. The command regi ster contents serve as input to an internal
state machi ne t r - Ogr, 1 NG ~G j i.nt.er nal
state machi ne frgarpégﬁlélgzéegliesﬁéﬁgwd FS'P gﬁmgﬁgmog?'gﬁgéwf”%ﬂﬂ ,QI%V%IIE(%I‘]

t th : i i . | |
stores thesqli@QrddrBit caafroeaﬁmwao|gaf§gb90{eg%ﬂr§m§?3%eﬁﬁ@ytfno§§m58@Fééarray

After fabrication of the PLA, the ori It cannot

nodi fi ed. elimple, aHd ;Bﬁlorfé'ﬁﬁa'sﬁﬁﬁbh{dfgt@tﬁ@%%@&& dsMblRcatdy paataNt to its
manuf acture i s not possible. 3 24 June 2002 SUMVARY OF THE 1 NVENTI ON An
obj ect of okide syreizentuctoy ¢rCIMQB)glase memdry soriby ileel Defpeiationsieat i | e
menory devi ce after nmanufacture. Another object of the present invention is
to perm t Ghard| Oatifdrnian wifickliggars triegabioitdshomeinmgy prider 28F008SArtthser asur e of
a nonvol atile nenory devi ce subsequent to the manufacture of the device. A
fl ash menorgmavinclidesd adinmyamnd oggiatarebl reacagie esdsure arid prodrashmidg.

descri bed. The code store circuitry stores algorithns used by an array

cont r ol | el hecogmaged aadisparozprdents sewe @sanplitonan inteevadisyatarmaghinghkacode
store circuitry includes a nonvolatile instruction nmenory, which stores

i nstruct i 6eRtrolsraraswgeard pregramming eiycuiingo Tihecinirres! stateimeaahing issuppor t
circuits, such as address decode circuitry, sense path circuitry, main
array int E4alized using giprogrammable gic areyt (R )gadichnstores thmalgordhmsui t s
operate in several npdes. In read node, these support circuits ensure that
the inst r iRftarapngaNe Biagramingtthe fiasbtamony Aria¥ndiiieriflabaeatian ot Get he
array contrqller. In program and, erase des, the support circuits allow
contr ol o%%lﬂﬁ%é@qr@ﬁ@ﬁ@%&?& Pyd Gcaémloﬁggifﬁ@@‘r“ﬁgt i [dWsmaReing twnetienaltut of
instructifn to data Hﬁa}he %ger. I n.other words, these nodes permt

modi f i cat FHEMEMRLY GRS BEPIRAURNSP YIS MARUISGHEBIS Net PE&¥PE. are pl aced in
t he various nodes via control signals output fromcontrol registers.
Because these control registers are accessible to the device user, the user
controls the node in which the code store circuitry operates. A nmethod of
nodi fying the data stored in the instruction nenory of the code store
circuitry is also described. First) the user wites an al gorithmfor
programm ng the instruction nenory into the page buffer. The user then

pl aces the code store circuitry in a program node by setting various
control bits within control registers. These control signals allow the user
to control the address input to the instruction nmenory and to set voltage

| evel s applied to the



4 24 June 2002 instruction nmenory. These control signals also couple the
out put of the instruction nenory array to high voltage circuitry within the
read/ wite path to permit programm ng and verification. Afterward, the user
configures the page buffer to function as the source of inghrmigpng or
the array controller. Execution of the instructions in the page buffer then
nodi fies the instruction nmenory. Qther objects, features, and advantages of
the present invention will be apparent fromthe acconpanyi ng draw ngs and

t he det ai |SdMIASBYI QF ITHE tHYENTIONOWS. 5 BRI EF DESCRI PTI ON OF THE

FI GURES 24 June 2002 The present invention is illustrated by way of exanple
and not |i m t atAmobjatt of¢hd prasess infentibe iade eepaniyinngifidationmgsa i n whi ch
references indicate simlar elenents and in which: Figure 1 is a block

di agr am ofncnvetatieimambey dewoe\af@svnarufapiujere 2 is a bl ock di agram of the
array controller. Figure 3 is a block diq?%ram of the code store circuitry.

Fi gure 4 illustAnatbgr ghisice of theyprasientiTvendiantindo peded medificatiendé store
cireuit ry'algc>rithms controlling programming and erasure of a nonvolatile memory
device subsequent to the manufacture of the device.

A flash memory device including programmable code store circuitry is
described. The code store circuitry stores algorithms used by an array
controller to erase and program a nonvolatile main memory array. The code
store circuitry includes a nonvolatile instruction memory, which stores
instructions. The code store circuitry also includes a number of support circuits,
such as address decode circuitry, sense path circuitry, main array interface
circuitry and several voltage generators. These circuits operate in several
modes. In read mode, these support circuits ensure that the instruction data
stored in the instruction memory is output to the array controller. In program and
erase modes, the support circuits allow control of voltage levels applied to the
instruction memory and output of instruction to data to the user. In other words,
these modes permit modification of the instruction memory. The support circuits
are placed in the various modes via control signals output from control registers.
Because these control registers are accessible to the device user, the user
controls the mode in which the code store circuitry operates.

A method of modifying the data stored in the instruction memory of the
code store circuitry is also described. First, the user writes an algorithm for
programming the instruction memory into the page buffer. The user then places
the code store circuitry in a program mode by setting various contro! bits within
control registers. These control signals allow the user to control the address

input to the instruction memory and to set voltage levels applied to the



Figure 5 illustrates the colum grounding circuit. Figure 6 illustrates
Table 11) which defines the operation of the colum groundi ng decode | ogic.
Figure 7A is a block diagram of the sense path circuitry. Figure 7B

il lustrates Table 11, which defines fhe operation of the gdnsena2P02

- controller of the sense path circuitry. Figure 8 is a block diagram of the
main array interface circuitry. Figure 9 is a flow diagramof a nethod of
programm ng the instruction nmenory array of the code store circuitry.
Figure 10 illustrates Table IV, which defines the nodes of the page buffer.
Fi gure 1linsirugien Memonhe T etk 698trabgiphals 60 CREPFaGE BipEEPithe i ts vari ous

nodes. Figure 12 illustrates the address bit fields for addressing the page
buf f er. FANgiHetians MeMQst AHRKIO RIFHMPLALS CIFFHIEHN WIHUD doe se 3d/MGite Padt 19 e
menory devi ce that inc|udes code store circui trﬁ/ t hat ca{J be nodified. 6
24 June 2PRFMIDRTOYEENNING FREFRITESEtGQ. Afterward, the user configures the page

buffer to function as the source of instructions for the array controller. Execution

of the instructions in the page buffer then modifies the instruction memory.
Other objects, features, and advantages of the present invention will be

apparent from the accompanying drawings and the detailed description that

follows.



Figure 1 illustrates in block diagramformnonvolatile nenory device 20,

whi ch incorporates the method and circuitry of the present invention.
Menory device 20 includes user interface 22, array controller 24, control
register circuits 26 and nonvolatile gain menory array 28. 24r§y@ye oo ol | er
- controls 24 the progranm ng and erasure of main nenory array 28 using code
store circuitry 40. As will be described in detail herein, code store
circuitrygAf:g P SR AN DD A £ jReLr uction nenmory that stores program
and erase jor Tt nNns 101 ce 20. Code store circuitry 40 permts

modi fi cation ofnbhfetaihveAtais MBI ted BP0 MBHrh¥eNshd Het pRfEASA On of
menory device 20 subsequent to manufacture. |In special nodes of code store

ci rcui t ryin4Betfftfirb§ ok tNE tHcebmPRMING 8ilikgs MPWHidIe fefcte Rageindiidier 42 is
used as a source of instructions for array controller 24 provided page

buf f er 42igdilaF efedBne 804 i WRidw nodify the instruction menory array. In

t hese special nbdes, code store circuitry 40 enables nain array interface
circuitry to aFigawe [riet blovkrfjagfarh lo¢ al merivolatile one sioey eengpry using the
programload lines of read/wite path 50. Prior to beginning chat detailed
di scussi on, coRigiuderR isgablockidiagrani of Merarrgy dentrode20 al so i ncl udes control
access circuit 44, address nultiplexes 46, output nultiplexes 48 and

read/ write patRighBe 3lisesblock diagrasn 4fithedéodet8taaadirsOitiyn cooperation with
user interface 22 and array controller 24, make using main nenory array 28
rel atively sinbigare drillusicatesdrablashi whichragfipearthaynodepobdbtiialesde atatem
access, nonvolatile, large scale data storage for the external user. Min
menory arGieguith8 preferably includes 32 bl ocks of flash nenory cells. Each
bl ock of nenory provides 64k bytes of data storage. - 7 24 June 2002 Main
menory array s%tﬂt@% S1iusliratesithe aodvms 9rasndi§actiecuilt ash nenory cell to store
each bit. Consequently, read/wite path 50.includes only 16 sensing
circuits and hFlgre %H@Eatﬁﬁo@t&ﬁ]”hé‘dﬂ%h defiees the eperationg! thaali®As as an
arbiter between the user issuing commands and array controller 24, which
execut es SEQUING ASGRARHASIC: For exanpl e, user interface 22 determines if

cont 1ol er 24 T GukEs t#hioch Piack adral el (hs2ESk Rath S ommna and ador bss
commnd, arr ayF e Pat eptrafpsohile i FBENEREE BRoAGURBL IR0 on i s
e cranchan AR I SOMT BN SPEIRTT ucte bus 23 Addrose

ool wi Lo pat e Solo A et Mg T el Bk B mput
145, The sel cot oo o, hagrer of BThEModt &g m Ay 88 T elBh Ll rer

(not shomnﬂenqw%s@eéy aftheessddsterd Bre@irya | at ched address 45 from user
interface 22. er ‘interface 22 controls output nultiplexer 48 to select a

source for out pigurdaticeiliustratee TesRs |V Twpichdiifmeshbrrabsé S of atb prgs user data
bus 74. The sel ected output data nmay be either data 52 fromread/wite path
50 or datbu#ér.from page buffer 42. Array controller 24 controls the

di fferent conponents needed to program erase and verify main nmenory array
28. Array cont Figureri 12dustatesties addeesd mapptrigns! thegpageeguBacia ithrearough
voltage circuitry of read/wite path 50 to apply and renove charge from
flash nenoodesel s within main nenory array 28. Control access circuit 44
enabl es both user interface 22 and array controller 24. to access control
regi sters 26 vFgurentd idusttatesitoe asidsewbit baldisigr addressing the page buffer.

Figure 13 illustrates a computer which includes a nonvolatile memory

device that includes code store circuitry that can be moditied.



_ 8 24 June 2002 normal operation, array controller 24 controls control
access circuit 44 and thus controls access to control registers 26. Control
access circuit 44 passes information to and fromarray controller 24. Array
controller 24 wites to specialized cogtrol registers 26 bYZiﬂﬁﬁégﬁééﬁng a
"wite control signal, and a register address along with corresponding wite
data to control access circuit 44 via bus 25. Control access circuit 44
_then generate —.‘.' : e,.and couples it to central control bus 80 to
wite to tfre : t ot register. Array controller 24 reads control

[ .
registers 26 by.tr f j L Sk .ea rol .signal to
control access)(:ﬁ@wgzﬁlﬁ% Ha@%seﬁﬁ {)ﬁ)gk%gérfgﬁig@]?@pgl&@cﬁ%g‘se?ﬁ{;@c@?‘f'c%f%lat hen
generates, a;: j ol 0Oto
Pead +he Wi EBLORGEREs B¢ hyREY s BicRn bl GRTELE InyRBbhD MEHRAC
control regi : i i p. I gen rap; : nd
swi t ches ?gkﬁ;g@;ﬂ%&gs g??@&%ﬁcﬁ Qg'n%ﬁltgﬂggﬁgont rg?' %@E%nr?gbﬁqgfé‘él sters
ci rcui tryogtand RoHesiatile@ld AfEndr- areE 08t herray 8Bndemdr SnteReD4 {Hze menory
device user can address and wite'to control registers 26. By doing so, the
Menory usgrodtevifmguasd eras@l ¢ maimm@_fncgvr@ra%oge @trﬁ{)@o@e lseatiet diveutty SO
that the instruction nmenory can be nodified. This is because many of” the
control sygnals for code store circuitry 40 are generated by regi sters 26.
Control bits within control registers 26 include ALTADD(10:0), AEN, GA,
USEPB, ACVPXSWA sAMASSAk s SGEYY BY\He tIMIBABW, doldEBtordPBIesMNry AR iddludayda
WBELECTC(2:0). The effect of each of these bits upon code store circuitry
40 wi || beodeskatilemdtriuctide treénobetial.st@eistprograre grst erase2@igarithms édrer abl y
realized as a nunmber of D-type flip flops) access to each of which is

cont r ol | edelicea?D.i Raidei stosd ciacditry ) peranitkemodiddtiossddhariestsastiont o cont rol
registers 26 over control bus 80. 9 24 June 2002 - User interface 22 and
array contmempbar, tharedtyamedipigg thafanaration chiarnom devige REnsirbsedpeintto 20 to
operate in a variety of ways. For exanple, page buffer 42 can be used to
buf f er dat@asufacture. 1o specigt smdesicads: YomFificuEsOtharipalfuoBor mameyat
data is streanmed into nain nmenpry array 28 to increase its throughput. As
will be d&30rhsmBWdN8GbIPagedeuali42%ls UEEthas 2 Aosch el instiyctisnp foGRHEAY t he
instruction mepory within circuitry 40. In a preferred enbodi nent page
butt or 40 CPaATAL A4 Do AR RsiaR Buller A% SloOSH N AUS PEN TR, BYSIBIBE 42" -
preferably lit into two planes, of SRAM menory. This, two.plane

ar chi t ect lﬁ’?ép%ﬁt'logv@eWXfr@ntm&PPé? sggcggen}pé{%, F@Q%I/S\t/ﬁ?rrpt%'pcé@%gg to one

%gnﬁogg? esBies Pl PP Atk Ay angg‘?%ﬁf?é%&@ﬂ%? “%Z‘é?’?gﬁ@ org. "
code st or ARy Ut Ind BrRiim BRRT R ol SR RBDRE 52 et nor page.
butfer 42 is ong;GaatayRHRgTREPBYIAEA s QsstdP CBARIeY R AR qure 1.

Memory device 20 also includes control access circuit 44, address multiplexer

46, output multiplexer 48 and read/write path 50. These circuits 44, 46, 48 and
50 in cooperation with user interface 22 and array controlier 24, make using
main memory array 28 relatively simple for the user.

Main memory array 28 provides random access, nonvolatile, large scale
data storage for the external user. Main memory array 28 preferably includes
32 blocks of flash memory cells. Each block of memory provides 64k bytes of

data storage.



- controller 24 can be instructed to execute instructions store

Page buffer 42 can be used for various purposes. Array controller 24 can
use page buffer 42 to store junp offsets, data and address information for
pi pel i ne programm ng. Through user interface 22) the external user can al so
use a page buffer plane as a fast reag/wite menmory by itsQI4f%|u,¢g LAY 2
i n page
buffer 42. In other words, page buffer 42 can act as the m crocode storage
for array controller 24. In this node, page buffer 42 is preferably

o 31 SRR Al TR o e
24 ?Lrngy%@%% %EodF24%5"%5?%&%%&%3@%%@?@@ 58%5#%%3%81 €®9£1h nit( AL
4 L. - fi . X i i
cotte: o or e P dirity BB nig L Nad BIQTREIORES: cxent instruction worde. -

parti cul arly a0 (EAISESS I RALHE!0DT or GRS ALEATA JSBPILLIRRG ONS,

branchi ng i nstructions an ontrol T nStruc ta trans nstructi ons
relate t i L £, &% Ef"%&@?t@& q,‘tp,in 'p ucti ons
al | ow prgaménrﬂ%sggf}%aarr%a& ??ﬂtr%lgé};?{im§ ar)l(ea georl t Cm tﬁfpoug%gtdheﬁoge of

subrout i RRaffpld, usHdnEriRdct 2D Rkd HNABS A the ARk s refDesteipuraAbh M kld
instructions result in operations that involve the arithnmetic logic unit

94. Al gogiveinhesdurfead statecoOUray ebatrollerad. t Ugedhtenfecaeressesiveyiad inpump
vectors received fromuser interface 22 and program addresses. Program

addr essesh@censhaictdndraddress infermatorddnephas7®i72; eohel 34 ang déteeminesy 40.
Code store circuitry 40 receives an address at a tine from program counter

92. Codetisd operations or coynManguaney sontrolién@4 shosid executst Huhdiroquedted tine
to instruction register 96, which [ atches them The basic function of

progr am operdtion 322 psodrantec btk draseecammasdt ) thet camntamdbenedacait ed and
point to the proper instruction to follow That is to say, program counter
92 nmi nt sigrals A8 gndopérare rdrisigrred to mstaywcomnitotisr §4 wenqueuearhusy23.ontrol | er
24. The address provided as output of programcounter 92 is used to

retri eve Addseseitformation associatacbwitb aleommans isifoevanded mouser interdags er to
instruction register 90 and execution by ALU 94. ALU 94 perforns all

ari t hnet i22 @n@adomile PARRA vigsMUlipieX@n46.not be di scussed in detail herein.
The data input to ALU 94 can be ori ?i nated fromnul tiple sources, including

page buffer 4Mserdpiestage 22 selegts a8 IppItaddresseterirpad/wrie R 600Ha. The
Lt oo b bk e P 5B BT sl S 10
when ser e adgaay saiteat b T tregrers dho Mg LR AL SR B RSt of array
are now paches A AR BRf NEReb8APbn of Togister fiie 96, AL
Lo ) 8 oL B 2 SR bl SIS B Teglangs out nor
returns anghit dfatyehdBsBr.S¢Rhl 8ta iBtrahlferfRiG MR r Gt L HLE 4. The
selected output data may be either data 52 from read/write path 50 or data 48
from page buffer 42.
Array controller 24 controls the different components needed to program,
erase and verify main memory array 28. Array controller 24 executes the
algorithms that sequence the high voltage circuitry of read/write path 50 to apply
and remove charge from flash memory cells within main memory array 28.
Control access circuit 44 enables both user interface 22 and array

controller 24 to access control registers 26 via central control bus 80. During



Figure 3 illustrates in block diagramformcode store circuitry 40. Code
store circuitry 40 stores the algorithnms executed by array controller 24.
Code store circuitry 40 includes control store nenory array 100, address
rul tipl exer 102, X decoder 104, colung grounding circuitry24QRneY26@kect
circuitry 108, main array interface circuitry 110, sense path circuitry 112
and several voltage generators 1 i 4, 116, 118 and 120. Code store

L U A0 PSRRI LICA 0, o, L1 SLASELLPIE L SR, iy et
U TR 968 RO O RS O KRR AL Dy o
ey, Ao 1S LA PSRBT (h{ esh ooy cel s Like any
7% PR YAERH Mol sER B RTAR L B g
5B £ cBRoLAERY) AR ek et gl

circuitr ( _ ~operates™ n read node, which
permts Wo?r%%ggﬁhn%’ wﬁgfaaé'{aQO%tFoq%cags E{SCL'JTPK@ VIBBRE Y521 B8YitréBacdd Ot her
words, in read nod€ code Sstore circuitry generates instructions for

array cond gl !ﬁrth%ﬂag&%gﬂﬁte%tﬂﬁitéicg]@léi AR c4Gbie O NSt tral tohfroRBud 80802002

little power in rea e because its design. Programverification and

erase Vehjftbaaitheadefresdtd EatkdIFRgIRED! Xrray CavtraPsr 24 eoqrey Eontigd i n main
access node, which couples colums of instruction nenory array 100 to

read/ wri tregietdrs by teinResrrihhanrefstee apatdsscand ridd yordtt@. sifeaidongntrol
instruction words frominstruction nmenory array 100 via read/wite path 50
takes a ragebes cirtuit el @serhhe duse25.eQdhwol tecasatdircall 4atierogéyerianed ades 16
sensing circuits and 16 program | oads. As a result, only 8 bits and their
conpl emeneadfaceess kytieuatd coupestr o eentegl chaothbus B tngadddhe @uare$ses
Instruction menory array 100 preferably stores 2048 instruction words,

whi ch ar ecordrath rdégistert s wi de. Instruction nmenory array 100 preferably uses
two flash nmenory cells to store each bit of an instruction word; however,

it will be obvllsamonhdedceiiser ganacgeskicontrolregistersr26 bpasswodgtar ol store
menory array 100 can al so _be realized using one cell per data bit. An
advant agdrafj deeveemgnantd Theadrapndoeoegimewasatswitchesentiol argeshaircéhéh bi t

of the instruction word can be sensed w. t hout usinﬁn{eference voltﬁges. The

requi r ed 3nd Hris GArHEN OhERBIY! EAISIErSHFINGURS 2B IS ReE INIBFIGCR 4 ePABEY
or gani zed as 152,bit|ings and 512 wordl i nes. Igf 52 bitlings arf grganized
as 76 trUEARBPARISORSY the BEmMON: ABKICe L5el tRE. A08ERF T aNd B0 HOPITGE cont r ol

col umms. TeER 24 Bciengey 1 Paytaniseh dEvER e 206 & SR Col ums.
Eﬁfﬂuig ?35’09%@?%5”32@3&# % ﬁéﬁ“?ljiﬂaﬁ%@ﬁi@%@%/ﬁ@ﬁ@%{)@ﬁ”\f@ﬁ FRE Bna’
256 ' A L. ;

i gnal s Apmade Park o el uBhERTr FOF S RElB AN AN BRI IR aen

130 sel ects.; S (S I r i1,

peADD( 10; 96T Zhe AR Lr SEHEA Sofito Dok o A RRE ALTRO0NIN 10: o)
132, duri o) a S i RYSAES ddr esses
ori gi nat eﬂ?p bwllg Sﬁﬁ q’uﬁgq%gﬁég res§§%/i'ns 70T8m,ﬁﬁvgﬂsmﬁzﬁ%,t 0
addr ess WBC@@H@(@:&S&M WHErEBTE(2:0). AHdreRst Alxadtaf truelHE dgth | over 9
bits of its output DD(8:0) 134 to X decoder 104. The upper 2 hits,

AADD( 10: Sgode3BtoraicircERHPLG il B Xderkieet i deril halywl08 and col um groundi ng
circuitry 106. X decoder 104 performs row decodi ng and drives wordlines

wi t hi n i nstrucCoatrolesgisterape are bterabigesalited awa inummiser ¢fsDitgsd flpui ckly,
decodi ng each address within the first phase of a three phase clock cycle.
I n the erfsss, mudess as sachigdwhith iheogirolievobyan dhdineual gddfess@acoti®d, causes
X decoder 104 to ground all wordlines. This pernmts erasure of control

st or e nmenAdgressea\aréG@nt Bucomgolmegptens dfooesr casder bu®B0of ACVPXSW al | ows X
decoder 104 to pull selected wordlines to Vpp; i.e., 12 volts. X decoder
104 is organi zed as an X pre-decode circuit and an X driver circuit. In
non- erase nodes, X pre-decode circuit selects the appropriate pair of rows
fromthe 512 rows of instruction nenory array 100 in response to AADD(8:0)
134. In erase node, all rows are selected. The X pre-decode circuit
performs its task in three | evels using an even row pre-decoder and an odd
row pre-decoder) which are identical to each other except for the
destination of their output signals. First, even row pre-decoder selects a
group of 64 of the even wordlines and odd row pre-decoder selects a group

Y b1 o, o b



and drives the selected wordlines. The X driver circuit drives the sel ected
Wwordlines to VPX during progranm ng and erasure of control store nenory
24 June 2002 - 14 array 100. 'The X driver circuit is divided into an even
row driver and an odd row driver. Thegeven row driver is | gqalgsk Qooone
- side of control store nmenory array 100 and the odd row driver is |ocated on
the other side of control store nenory array 100. The drivers within the X

driver el S Aer LA ROSESHE DY DO HePleotZt, 1S
st e AR iy R BT RS Pt
v el ect s ol 808 clOp T 4Bt 805 koot RS At A oy

o T TSR SRR o S OB ) B BRI,
1011 OTRHUE! WS IIDENSCHSQY vIRl (B Bt BT EROT every
gr oundi ”Q)réiryf%l\"tlﬁe ﬂrp.:ﬁnﬂfﬁﬁﬁrmbhﬂ?ﬁ'}/iimﬁ girkagly 41 ng decode | ogic and

ni neteen colum ground circuits only one of "which is illustrated in Figure

5. As its nanBnsUgessired driifodiatal§dgedbdfaterDres 180640 nfmdsOarrdFdi
USEPB and FLTBL to generate four columm ground signals, CE3:0). The

response SAMeels0! Rage desieda2lisgirefarablytsplii mpeitwo ipfarigslbic8RAM i N Tabl e 1|
of Figure 6. Note that the assertion of FLTBL in erase node allows all

bi t1i nes rhembhpaThandvephinlecsrobitasture alidwisrestayucomtosller@doioyha@. These four
colum ground signals indicate which of the three true colums and three
conpl enerreadriierexcess ho wneaplbngrangpusdr iotEriates S treudthebelapeoantted. Each of
t he ni neteen column ground circuits uses the four colum ground signals to
ground t rsagee timee Bapeoding emiatmode page biffen 42 funcliass @si 2n 8ebiyridubit of
colums. This is done using a bank of pass gates. Wen a logic 1 is applied
to a pasLrgtl-bitimemenpl YWhamepasdivg as ad il maMmey. pege butler 42gasube. 24
June 2002 - 1~ Y select circuitry 108 selects the true and conpl enents

col unms t4baskloqyapram aosleseinse cisabitly 40 clife Pproe Buliey narda alsegCamAlai® 10: 9)
13G Stated %not her V\\%) Y select cjrcuitr 108rﬁie| ects SENS% 18: 0) 154 and
SENSB( 18:'¥)eths6 PAEBRAUIST AéntP( I8 6PNYSHP U TeaM Y RieRE 8T By0 PH PEd§Snse to

R e

S A P A

ggluﬂlrrﬁsotrfglesgﬁH | ﬁs"egz@@iﬁ‘! §t ey‘?,;oru@@ co r_un%s aang‘)szg.rtle |§(§ a%so% rac%agﬂ ééngl eggg'?
Lﬁsez?;bggewfé{%éﬁé‘b% 4 fa%%?eé(d/@rn%%ﬁgggg ﬂs}dﬁ. Rﬂagtlé?ﬁﬁﬁﬁér 0)

Sense pat rtry operates during read ense p circuitry

112 genergy gsnbRankirgétedab cXd Wit thstlWid®s Horddth phg@BUBENSL 187 Qthd54 and
SENSB(18: 0) 156 using sense anplifiers. As illustrated in Figure 7A, sense

path ciropbidsy épé%df@‘?'@d@& 8ENAE tdTRicreBb Ao Istdthgd f6h aapecARbRSEQr 172
and 19 sense arQ’p ifiers 174, only one of which is shown. Sense anp

control | e thimeeaBet paye beefes e 2airefdrably loohfiguredaseharamtiguegg! s, PCHG 177
and PCHGB 179, bias enable signal, reference enable signal, REFENB 176,
which i s memorg. | ow and read signal, READ 175. Sense anp controller 170

pl aces sense anplifier 174 in one of two states dependi ng upon the node of
code store circuitry 40, as indicated in Table |1l of Figure 7B. In al
nodes ot her than read, sense anp controller 170 holds sense anplifiers 174
in the precharfe stihe Aray Giostdolles bi as generator 172 via REFENB 176. This
prevents sense anplifiers 174 fromdriving |W18:0) 158 and conserves
power. Sense affpiageantrolleeld iva genaial pure9se prosessiNdisidectud. aAREIOKED,
WBELECTC(2: 0) 178 and USEPB 180. During read node, response tine of sense
anpl i fi eri Aigura 2, anpy epetiolgr ¢ dedades Aede AR GUFViNY 2l dPelsect®dcodi ng,

i.e. during the first phase of the - 24 June 2002 - 16



“ bit words

- three phase clock. In the remaining two phases the sense path controller
'deasserts the precharge signals and enabl es readi ng of sense anp inputs by
bri ngi ng READ active. The instruction word IVVW(18:0) 158 is generated
during these two cl ock phases. Main qQ{ay interface circuiiiylﬂﬁngggbles
programr ng and verification of control store nenory array Gb y coupling
it to the high voltage circuitry of read/wite path 50 in non-read nodes.
Read/ wri t e 50,4 esl r Ly r , k st.ores 16
feBi g, S0 Ordatatr ol INEH o3 BTN gR: D IRYAGUL B, e MR, T80! °16
of the 3§gsignals 154 and 156 to be coupled to readlwite path 50. Main
array interface circuitry 1 10 is illustrated schematically in Figure 8.

Main array in | it I oY iR gt 190,
1o, Ton 100 TG B el Gt B 15T s, 1os

and 200 Tﬁeé@ﬁf@?iﬂﬂh@qegyes%nfﬁiiﬁ‘ﬁf&tmsﬁoﬂﬁ,%arﬁﬂ.ﬂﬁrl@;@@lﬂa abnBASYS gates 190)
192, 194, 196, 198 and 200 couples a subset of the signals SENS(18:0) 154

and SENSBefrGcons, onputadedaMnistrachend) ranehimgNASENEI Dand Kdntioel ect

signal s WBELECTC(2:0) 178 determ ne which pair of banks drives MASEN
(15:0). iRstrocteriecData ransfet Mistrisctionspekde to moving klavotd agd flaah cbgidte30, 182
or 184, whose output controls two banks of pass gates. Thus, when
WBELECTd(2:98. Bvanhdhend Oisthictiang allbanfrogi@mming ta Ieodily theoftowrod aml | ow
SENSB(?:OI) to drive MASEN(15:8) and SENS(7:0) to drive MASEN(7:0).

WSEL ECTGRigoojhm 1Brasighialhet s 06 sbbreutine oalissand sesditienaiiudacanditional coupl i ng
SENSB( 15: 8) to MASEN(15:8) and SENS(7:0) to MASEN(7:0). Finally,
WSELECTGU®D. Ceamdatonal dnatoactisinsaiegutt un epesatipintiat 10®lvnthe200 and coupl e
SENSB(18: 16) to MASEN(10:8) and SENS(18:16) to MASEN(2:0) The high voltage
| at ches amipmetigologigguniB94of main array interlace circuitry 110 are coupl ed
to a power supply, whose reference is controlled by 24 June 2002 - 1i
VPW 186. VPW & fit%mée%fre&itl@cr:%{)]e plore/pipdidyeth e agagssathyiandfer 118 dri ves

VPW 186 to Vpp, 12 vpJts, durin rogranmmi ng of instruction nenory arra
100, 1o ueERR teatladlso gl el e 25 ARG )0p Gy Bbes S | BrodAghal 220

0L VEASReh Sl o o 0SS0 PRSAR 050 SRR SR 1 01,
Sty REEY GLARY1Cen 0B 8Tl 5P ubponstign o0
OIS 2o SRS B ool bt RO RARISEAT 21
G0t 2 ey SRR b oL L age | ovel e eauled by X decoder 106
U550, ! TR HE N Mol Bl OB bR VT

mode.  Coglehste@bButldr &t point fP1IRPEFMe? SndthuictiohQ89o M e Tht sietjgaé/i% 04

generating instruction words for instruction register 90 an
Qper at i oprafrafoesuRbpPDe haintalhs tiye ﬁ@o\&é‘r c%tclnﬁ m@mdtigﬁuigﬁr@én f&Chtrhpg
control signals AEN 130, USEPB 180, EL CTC%Z:O) 178, ALTADD(10:0) 132)
ACVPXSW céivblies\B 4L 4The AQURSSVY iR4ded . olififut JfipF&lranPBEOer @ X(id:U¥kedand
WSELECTC(2: 0) 178 as appropriate to the node. These control signals can be
set by thariesetha pextiastiestiorefioirecmde bipradiceisyidiyfcancnsferttongstructioant r ol
regi sters 26. AEN 130 allows the user to control the address signals
appl i ed tagistes O0wand execwioorlyy Alilh94.100, switching them from PCADD 131 to
ALTADD 132. USEPB 180 allows the user to programinstructi on menory array
100 usi ng an AlgbB¢ pemopmevalldisthynedicorrdilagic OB&f g AP NOWBEL ECTC( 2: 0)
178 24 June 2002 - 1~

discussed in detail herein. The data input to ALU 94 can be originated from

multiple sources, including page buffer 42.
Register file 96 is partitioned into two sections. The first section identified

as the main section, contains variables for the algorithm being executed by



allows the user to couple a selected group of bits frominstruction nenory
array 100 to read/wite path 50. Figure 9 illustrates in flow diagramform
a nmethod of nodifying instruction nenory array 100. Progranm ng instruction
menory array 100 requires erasure pridr to programm ng, as24iJineablDOR ash

* menory arrays. Erasure of instruction nenory array 100 is acconplished
usi ng page buffer 42 as a source of instruction words for array controller
24. The instruction words stored in page buffer 42 nust erase instruction

" menory 10 T ir I ; i : fer 42
so t hat i? rrgoy‘nm@ttrgﬂlg?? Iﬁ'e 1 P %lé@dé%?t&rf?gﬁtal\’/@srgs”%éw%rflg}é%gé@ggﬁggﬁ t hm
This is dapgiymSefidBbre, RHeNRdAChdan iRelspy, BB MibiR ¥iv fre Lo
control re |ster'266 I'n step 262, tﬁjed)user vvr?)t'eﬂsggt he al gorigt ﬁcmﬁ%(c)r erasi ng

i nstruct i @antERIBf HArrdy cBNtrdAr 2NFQPAUL nitih SBELIJR to M s6cHR] Sedtmmnalin t he
art, erasure of a flash nenory cells requires grounding wordlines, allow ng

bi tlines ppefdtioat @Bhdw peHBeEM8aUR SRS interrlat ¥etiich offfudpstet R 86.29@
algorithmw |1l control 138, ACVPSSW 224 and FLTBL to erase array 100.
The er asevaligisies thetd W tHe neiin bectes of rdgister fil@asatedindéiad bubestause such
algorithns are well known in the art. The user nust take care to wite the
instructi aocessible dufringhieterastesarligng. t After the intercgptrservicagddoetssl let@ati ons
wi thin page buffer 42. The lower 16 bits of each instruction word,

1W 15: 0) , afan tohtbefmant sddtiogphexadeci mal ) instruction words nust be stored
in sequential order in page buffer plane A The nost significant bits of
the first FF instruction words, 1W18:16), nust be stored in plane C at
page buffer addresses 200-27F (hexadecinmal). The lower 16 bits of the
instruction woBd fodhedsode@idenCiicuiilsy i n excess of FF(hexadeci mal) nust be
stored in sequential order in page buffer f|oI ane B. The nost significant bit
of these instrfré@urers osdstasistbleek stagram formseagigesioraarireitizr4d. n"Cptiane C at
addresses 280 - 2FF (hexadecimal). 24 June 2002 - 19 After the user has
| oaded t hEIHFRLIEURIYGHP StaiRFithe @lgrijbmsudrasutemhby aR@y qanteliep 2464edRle store
circuitry 40 myst be configured to permt its nodification. Control signals
such as ABNreRYCHREY HBE 290§f°‘1§t9rmm% A 6B§i %‘f’&leyﬁss"ékm'P €ér ase

e S R R

. j i: 4 T i ndi e i I USEPB 180.
Ren, Fose 0 s it/ 10 B BRI o NS RAgEFIGIDR, 8 300
s 1L g PO, PRRRLRSEhCRII A et EERIE ARl ¢

TeMory ar oiid ARAAAERET LBre! R ARANRR A ASETeL P AR RIARfaRgETANd.

The al gorithm stiored n page b then begi ns eXecufti"on.

conpletin 9] ' A iegrogyn i nstruction
menory ar rg’ggg?%égg\n&tﬂﬁé i'é?}é’fﬁ%{ﬂ?%ﬁﬂ?ﬁ?{h?{ﬂ@ﬂ%ﬁgfﬁ%ﬁ%@t@er asure, this

requires confi qugdincatRAO8t bodd 8ford Zifc0itBCEG R pdssibletbeddiseSnsthi@fordone, the
user wites the programalgorithminto page buffer 42. As is well known,

progranm rmgeﬁnb?sﬁrrg 109 i e@uvbRSilQulrstnegticeineshed #eagl1io0ds preferably
approximately 12 volts, bitlines to approximately 7 volts and groundi ng
source |i meslizeBhwish flable nmmggaoelw. gloike tamy othét fidstv metncorgantaygla UsaPSSW
ACVPYSW ACVPWSW ACVPXSW and GAL according to the program node of Table I.
To perfor medifigs arstauetiohimatioon arralpel Afsein avaklrealpsogfaaveingoamdnt r ol
WBELECTC (2:0) to transfer the sensed data to data pins 74. Program

al gori t hnwedfieatiosl. | Thusveodenstore tircuity 49eopkratas inealnumbeenaddeshevhtéem. The
user configures code store circuitry 40 in step 274 in the sane nmanner

di scussed intiode evischane ppegram onastasp Pgere FHists thenepuksignalscand pyipués page
buffer 4~ to function as the source of instruction words in step 276, as

- 24 June sigy@s fordbe modes of code store circuitry 40. Code store circuitry 40 normally

operates in read mode, which permits programming, erasure and reading of
main memory array 28. In other words, in read mode code store circuitry 40

generates instructions for array controller 24. Code store circuitry 40 consumes



done in step 266. At last, in step 278, the user begins issuing program
commands, one for each instruction word to be programred into instruction
menory array 100. As with a regul ar program conmand, the conmand is a two
cycle command. During the first cycl ejbhe program conmand ' Ayen. In
* the next cycle, the user indicates thé data to be progrannggpgfggﬁg%§g74
and 70 and the address via a subset of pins 70. The signals on these pins
are transferred fromthe pins to array 100 and read/wite path 50 as
“appropriate. Once, every instruction words . has been programed into

o Phct Thie pRoNer i tearoR8 e cRse i T si0R u Aoo B AETH e Qo @ Besrase
instruction,words for, array controller ._C._Page Buffer.Mdification of
ot uct MeRfRigf Bercict s rRat ed) d00iars T et R AckssS The Tnemor y
devi ce user nust. be able | cad_,al |, pl.ane b r 42 and to
cormand 10 4el Sa08ls% ¢l ordorul B D efie D Pl 18P rERPAMss” e
and confi i f i r i I .| now.
Page bungﬁggé'ﬁﬂ%?ﬂ%@@qﬁﬁgﬁéggéféﬁghé%gP%y?%ﬁgﬁ¥9Eﬁ%ﬁ*@sﬂéﬁﬁggﬁg%@ess
menory ( ; B, i ncl ude
foo. 126 grstBhEHonp sR2g ORE (aBNfiiE, pdth T oAed PalBlF oF TR

|. C | : t th
gﬁ(r)ee &?Fgg?%@%?e g,aﬁ{ 93&4%%1 IncVdeéh Y& lseesingCakels &ngtiares the

iIts en page buffer 42 is being configured to be

used to @*@@@hﬂo@@ssalwairbbm, Jheseoitd hRd Midir 66RMIAMEBALST Pd@IiheHLERH RS
remanant bits. Table IV of Figure 10 defines the nodes of page buffer 42.

I n node Prer@6ALAFaY Q0DALMA batégd addnkdinte.sabl ed. Page buffer 42 is not
accessi ble by the user interface 30 or array controller 24 in this node.

- 24 June 2002nstruttionl meniedy atrayde@E pkaftfably 4tbrégreouiBdnstrastidmeos@sir ce of
instruction words for array controller 24. Array controller 24 fetches an

i nstruct iwicthard eaosfiersitogicen inssuctlicn intemaddarsg 100 praferablyf isgs Wb vi a
ALTADD 132. Array controller 24 receives the corresponding instruction from
page buf fllash4Bemosy belts Rilstoter eaod ®itnf dminstrbatien eiorduhoweer, dawisl beage
buffer 42 in user node. interface circuit 22 receives a read page buffer
command wibxicuisrte those DP osdidanyskill tretheeard thpatgre riviof Sre coamany aspgcidd es a
read address for the page buffer 42. User interface 22 transfers the read
addr ess tcanmige beueakzedigsivigsonruselper gatgebibufinezdvantagend staring the
correspondi ng read data over page buffer data bus 43. User interface 22
causes mifug andgemplamentpistagh bihis hahgaghd ofithe ppstruction worbern Be user
interface 22 wites to page buffer 42 in _user npde._ln node 4) array

cont r ol | Sengad mithput usiia (ederensarvadiagss. Theueauinegoe’ S2ddasRdRpmery ar r ay

controller 22 reads progranm ng data from e ffer 42 duyrl a program
T Db Bels o SFie STt barS PrETRETRY Brosmres e e Biinst 25 Bl ee To onas
buffer 40 in.user ln node 6, user, interface 22 read e buffer 42 as
an extend@fra&@e%i Fﬁoﬁg”%opﬂt)”keﬁa%@.Orﬁﬁnl?@(ﬁ’easi?gﬁ@@rc?lwm%%%ng wites to

page buf fc rmpﬁgr'ne%? cglu%'r?né?i éoUFc%Dét)(aps divide control store memory array 100 into
groups of 4 true columns and 4 complement columns. Control store memory
array 100 thus includes 19 groups of columns. Each group of columns is then
coupled 1o a single sense amp of sense path circuitry 112. The 512 wordlines
are organized as 256 even wordlines and 256 odd wordlines.

Address multiplexer 102 selects the source of address signals applied to

X decoder 104. During read mode, array enable signal AEN 130 selects
address signals generated by program counter 92, i.e. PCADD(10:0) 131. AEN
130 selects alternate address signals, ALTADD(10:0) 132, during program,

erase and main access modes. These alternate addresses originate from



space. It is in this node that the user wites into page buffer 42
programm ng fhe prograns for and erasing control store nenory array 100.
User interface 22 receives a wite page buffer command specifying a wite
address and a wite data value via pimg 70, 72 and 74. User24 pbLgefass
“transfers the wite address to page buffer 42 over bus 47. The page buffer

42 receives the wite data value via data pins 74. Figure 11 illustrates
t he addr i f i of page
“butter 4SSO wIR o RbLGlects adtlipSELITEE it beBhMetasde” & and

C of Pl a?\@dﬁes%zﬁlljxﬁn cgzgeq@ﬂek @ﬁé’éﬁy%{i? bﬁg ot #sRidtput KAE?{??)(}Z%ZW X22

control store. page repl aces co re circuitry 40

as a sougygBodér 10! MuetugHerwopEs, ARDD 0:8Y 188NbF®Lbepleddo WNabRctt hat in
this node page buffer 42 preferably stores 256 instruction words. In nodes

2 t hr oughirbuitrya3s Brdfeaiuma droundipgedrduitno 1080 i ndependent pl anes (PLANE A
and PLANE B). PLANE A and PLANE B are each 256 by 8 bits. In nodes 2

through 5, usé&t decdder 104 peAoemerrdimddasling aasisdrvesPivANH e sanithiRLANE B
according to commands received over via pins 70, 72 and 74. User interface

circuit strmtionaneiioay abayh 00. Xrdbcadeapedonhsdls task 2dickdy rddcoatreess t he
sane plane. In nodes 6 and 7, PLANE A and '.' LANE B are mapped into one
cont i guoesch@denelesiwitbitothe faphpkasa béa dhteenpleatenelook wysipacla thedrases
colums A, B and C of plane A and colums A, B and C of plane B. Mddes 6
and 7 compde @sspdaaimbdf thedgroundrwondling reignalt GVilade8haktiees X2deamdaruct i on
words for |later use by array controller 24. Special node control signals
control tIRé4 tengieund allawerdines.crl hippemhits erasuge &f sontiel sidse USEPBraaaY
PBCONFI G (2:0). As stated previously, the user can set these signals as
desired B{POadewdrg pEOFram reIde; 558 fionoiRCVBXEW afloves Pﬁmdﬁhé%ﬁép page
buffer 42 functions as _a control store for array controller 24. PBCONF1G
(2:0) detetlfeiRaed worghors 1nVRR; 8. J8g©Suf f er 42 operates. Figure 12
illustrates t address bit fields, for cessjn age puffer 42. Address
bi t A0 cel ect & BBFUMT TODIS HIGANES BRANGK B BCOHB GUS BNd B givery

Address bit A8 . functions as,a plane sel ect, signal for,_ selecting either
ol ane A GiTCHita R NB1-oi3ge S8adeH 1k PR dBRPTR GHOUE Selacit i aPRPHATHPAT Ohe

relect o BN RS B Upd DL, R ARSI ipetehae D nd
oV raABblab! 3R 1155dd g5l 108 s SeNBLEL R sl LR O
e b BATBIECHS G5 bR, 8 S48 VR, b BEcbl 485 P B8 .
write topleafdcoBek RehicRERB3MNIRIA $o each other except for the destination of their

output signals. First, even row pre-decoder selects a group of 64 of the even

wordlines and odd row pre-decoder selects a group of 64 of the odd wordlines.

Next, even row pre-decoder selects a group of 8 from the group of 64 even

wordlings. Simultaneously, odd row pre-decoder select a group of 8 from the

group of 64 odd wordlines. Finally, even row pre-decoder selects 1 of the even

wordlines from the group of 8 even wordlines while odd row pre-decoder

selects 1 of the odd wordlines from the group of 8 odd wordlines.

The X driver circuit takes the output signals from the X pre-decode circuit
and drives the selected wordlines. The X driver circuit drives the selected

wordlines to VPX during programming and erasure of control store memory



Page buffer 42 includes a node detector that determnes its node. p.
Personal Comuter Figure 13 illustrates in block diagram form personal
conmput er 400. Personal conputer 400 includes central processing unit (CPU)
402 and nonitor 404 for visually displaying information t@4aJuwoe2002 user.
Keyboard 406 all ows the conputer user to input data to CPU 402. By noving
nouse 408 the conputer user is able t4 move a pointer displayed on nonitor.

The conput er user y.,also input data tq CPU 402 via pen based tabl et 409.
" The user arigyi 1" ngo?ﬁ%f%[ grclbs ¥ideg 'alpan eVRALAW @rﬁ\gﬁr@r}d B8R sichieow

manual | y operated device. ,Tablet 409 stores the data witten to it until it
o SO BNEr - SReryehsw ERe S laagiogian 65s sidol et as e mehmg y ati o

D SRR TR B e e TR Aol 50 o
sLor 292 Sty 186 Bl MipLF BRI ot 3RS SR BE R s BB Yy
spect | CotafTman HRAGHIL 3 s SRy B e AY TRY SERRcRs b speci I

modi {1 cabhauts fisloABBNIERH6! SRR BRESEA, ULhRUORISPREE hag dpm | he

broader spirit and scope o he I nVvention as s I'n the appended

cl ai ns. EQgpqgwéiébﬁgﬁétﬁﬁﬁqg) gugwi ngs are, accordingly, to be regarded in

an illustrative r an restrictive sense. - 24 24 June 2002 d ai ns

1. A nmenory arsgye E&B’F%rcﬂbbﬁ @@Hﬁé@%té Ar4:39648 54 2BhanTHPid YRERIY array,

conprising: programmable code store circuitry conprising: a nonvolatile

Menmory stReuitg 106 dorshndreuhingdGiFRMSTTBWahd 8 cABE HatR EREYItE { AY; TAR address
mul ti pl exer for selecting addresses corresponding to instructions from one

of the nomyarisathdt douretnoe yoluminaandlfber campleenstwotemherof éxsaudtioon i n
accordance with a node of operation of the progranmabl e code store

ci rcui trynermody ariay 00 ase coupefdca singleusansg ampbicar V&1 pf sengpd edtht o one of
t he nonvol atile menory and the main nmenory for perform ng read, erase, and
pr ogr am @preuinyi dhad, Thher adingannastruciionayolichiremfiaskuctiorc mgrheny aroayaccess
the main nenory array in accordance with instructions fromthe nonvol atile
menory duiOOnrgguinesate sebandingfthrém opeveydnuaiile coburens toddhege ofievery, wherein
the main array interface is coupled to permt nodification of the

nonvol at ifper e@mplement ealumngancelumn grounstingictreghd 06 rapeompdisiesdhisat i ve
source during a non-read node of the progranmmabl e code store circuitry. 2.
The appat@shi&sog €9¢ade ipgichardiningtran el N mardyRd sirewils eplypene e§ which

oo o REER i oniig, SRERE ot o gkl hA ISR Bk o d5ta?
AADD(10:9) 136, AEN, USEPB and FLTBL to generate four column ground
signals, CG(3:0). The response of the column decode logic to its inputs is
indicated in Table 1l of Figure 6. Note that the assertion of FLTBL in erase mode
allows all bitlines to float and enables erasure of instruction memory 100.

These four column ground signals indicate which of the three true columns and
three complement columns within each group of columns should be grounded.
Each of the nineteen column ground circuits uses the four column ground
signals to ground three true and complement columns within its associated
group of columns. This is done using a bank of pass gates. When a logic 1 is

applied to a pass gate it couples the associated column to VPS; i.e., ground.



4. The apparatus of claim1l wherein the nonvolatile nenory of the
programmabl e code store circuitry conprises flash nmenory. 5. The apparatus
of claim1l wherein the alternative source is a page buffe&. E T?@o
apparatus of claiml further conprising: a user interface fo &I ng

" addresses to the address nultiplexet gyring the non-read node of the
programmabl e code store circuitry: and a program counter for providing
addresses to thseledtciessitryul(8 péleserthduriggnd leenrpacemgleclvinih® be

" programmabl e code store circuitry. 7.A nmethod of nodifying array
cont r ol | eoaplpar tiot $uTesyt patidcireuivy gri@gnyadeeddisg o%%iéDéthﬂédBtScL&tan@d or
perform ng nenory operations on a mai nneno E?l array, conprising the steps
of : a) sel @opthay way aY tselecttdinceitgolP8setddtast M@th&)ﬂ)sw@ oS EHS B89y
instructions; b)executi ng] the erase instructions to erasea first set of
i nst r uct i1GASTeNdr M (/FeQir tf? antedele Msa@5)ova? b FaSmcnsy;te) sel ecting the
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circuitry 112 generates the instruction word, IW(18:0) 158, from SENS(18:0)

154 and SENSB(18:0) 156 using sense amplifiers. As illustrated in Figure 7A,

sense path circuitry 112 includes sense amp controller 170, bias generator 172

and 19 sense amplifiers 174, only one of which is shown. Sense amp controller

170 controls sense amplifier 174 via precharge signals, PCHG 177 and PCHGB

179, bias enable signal, reference enable signal, REFENB 176, which is active

low and read signal, READ 175. Sense amp controller 170 places sense

amplifier 174 in one of two states depending upon the mode of code store

circuitry 40, as indicated in Table lll of Figure 7B. In all modes other than read,

sense amp controller 170 holds sense amplifiers 174 in the precharge state and

disables bias generator 172 via REFENB 176. This prevents sense amplifiers

174 from driving IW(18:0) 158 and conserves power. Sense amp controller 170

identifies non-read modes via AEN 130, WSELECTC(2:0) 178 and USEPB 180.

During read mode, response time of sense amplifiers 174 is improved by

precharging them during address decoding, i.e. during the first phase of the
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Main array interface circuitry 110 enables programming and verification
of control store memory array 100 by coupling it to the high voltage circuitry of
read/write path 50 in non-read modes. Read/write path 50 is designed around
main memory array 28, which stores 16 bit words. Thus, main array interface
circuitry 110 selects a group of 16 of the 38 signals 154 and 156 to be coupled
to read/write path 50.
Main array interface circuitry 110 is illustrated schematically in Figure 8.
Main array interface circuitry 110 includes six banks of pass gates 190, 192,
194, 196, 198 and 200. Each bank of pass gates 190, 192, 194, 196, 198 and
200 is represented by a single pass gate. Each bank of pass gates 190, 192,
194, 196, 198 and 200 couples a subset of the signals SENS(18:0) 154 and
SENSB(18:0) 156 to read/write path 50 via MASEN(15:0) 210. Select signals
WSELECTC(2:0) 178 determine which pair of banks drives MASEN (15:0).
Each select signal 178 is coupled to a high voltage latch 180, 182 or 184,
whose output controls two banks of pass gates. Thus, when WSELECTC(2:0)
178 is 001 binary, banks 190 and 192 turn on and allow SENSB(7:0) to drive
MASEN(15:8) and SENS(7:0) to drive MASEN(7:0). WSELECTC(2:0) 178
equal to 010 binary turns banks 194 and 196 on, coupling SENSB(15:8) to
MASEN(15:8) and SENS(7:0) to MASEN(7:0). Finally, WSELECTC(2:0) 178
equal to 100 binary turns on banks 198 and 200 and couple SENSB(18:16) to
MASEN(10:8) and SENS(18:16) to MASEN(2:0)
The high voltage latches 180, 182 and 184 of main array interface

circuitry 110 ara coupled to a power supply, whose reference is controlled by
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VPW 186. VPW 186 is generated by AC VPW Generator 118. Generator 118
drives VPW 186 to Vpp, 12 volts, during programming of instruction memory
array 100 in response to the switch signal, ACVPWSW 220. Switch signal 220
drives VPW 186 to Vcc, 5 volts, during read operations.

AC VPS Generator 120 generates the voltage applied to the source of
each memory cell within instruction memory array 100. The voltage level of
VPS 222 is controlled by a switch signal, ACVPSSW 224. During the erase
mode of circuitry 40, ACVPSSW 224 couples VPS 222 to Vpp, i.e. 12 volts.
During program, and other modes, ACVPSSW 224 couples VPS 222 to Vcg, i.e.
5 volts.

AC VPX Generator 114 generates all the voltage levels required by X
decoder 104; i.e., VPX 226 and VPSS 228.

AC VPY Generator 116 generates the voltages used by Y select circuitry
108. A swilch signal, ACVPYSW 240, switches VPY 242 from 7.5 volts during
program mode to approximately 5 volts during read mode.

Code store circuitry 40 operates in a read mode by default, generating
instruction words for instruction register 90 and ALU 94, Operation of code
store circuitry 40 in other modes requires setting control signals AEN 130,
USEPB 180, WSELECTC(2:0) 178, ALTADD(10:0) 132, ACVPXSW,
ACVPYSW 240, ACYVPSSW 224, GWL 138, FLTBL, PBCONFIG (2:0) and
WSELECTC(2:0) 178 as appropriate to the mode. These control signals can be
set by the user to the desired level by addressing and writing to control registers
26. AEN 130 allows the user to contro! the address signals applied to
instruction memory array 100, switching them from PCADD 131 to ALTADD
132. USEPB 180 allows the user to program instruction memory array 100
using an algorithm previously stored in page buffer 42. WSELECTC(2:0) 178
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allows the user to couple a selected group of bits from instruction memory array
100 to read/write path 50.

Figure 9 illustrates in flow diagram form a method of modifying instruction
memory array 100. Programming instruction memory array 100 requires
erasure prior to programming, as with all flash memory arrays. Erasure of
instruction memory array 100 is accomplished using page buffer 42 as a source
of instruction words for array controller 24. The instruction words stored in page
buffer 42 must erase instruction memory 100. Thus, the first step, step 260, is to
configure page buffer 42 so that it can store the 19 bit instruction words of an
erase algorithm. This is done by setting PBCONFIG (2:0) to user mode write via
access to control register 26.

In step 262, the user writes the algorithm for erasing instruction memory
array 100 into page buffer 42. As is well known in the an, erasure of a flash
memory cells requires grounding wordlines, allowing bitlines to float and pulling
sources to 12 voits. Thus, the erase algorithm will control GWL 138, ACVPSSW
224 and FLTBL to erase array 100. The erase algorithm will not be described in
greater detail because such algorithms are weil known in the art.

The user must take care to write the instruction words ot the erase
algorithm in the correct address locations within page buffer 42. The lower 16
bits of each instruction word, IW(15:0), for the first FF (hexadecimal) instruction
words must be stored in sequential order in page buffer plane A. The most
significant bits of the first FF instruction words, IW(18:16), must be stored in
plane C at page buffer addresses 200-27F (hexadecimal). The lower 16 bits of
the instruction word for instruction words in excess of FiF(hexadecimal) must be
stored in sequential order in page buffer plane B. The most significant bit of
these instruction words must be stored in sequential order in plane C at

addresses 280 - 2FF (hexadecimal).
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After the user has loaded the erase algorithm into page buffer 42, then in
step 264 code store circuitry 40 must be configured to permit its modification.
Contro! signals such as AEN 130 and WSELECTC(2:0) 178 must be
appropriately set for erase mode, as shown in Table I.

Next, in step 266 the user configures page buffer 42 as the source of
instructions for array controller 24, rather than code store circuitry 40. The user
indicates this by setting USEPB 180. To allow page buffer 42 to be used so,
page buffer 42 must be configured as a single 19 bit plane via page buffer
configure bits, PBCONFIG(2:0), which the user also sets via one of the control
registers.

Erasure of instruction memory array 100 begins in step 268 when the
user issues an erase command. The algorithm stored in page buffer 42 then
begins execution.

After completing step 268, the user begins preparing to program
instruction memory array 100 with its modified instructions. As with erasure, this
requires configuring page buffer 42 to accept 19 bit writes. That done, the user
writes the program algorithm into page buffer 42. As is well known,
programming flash cells requires pulling selected wordlines to approximately
12 volts, bitlines to approximately 7 volts and grounding source lines. Thus, the
program algorithm will have to control ACVPSSW, ACVPYSW, ACVPWSW,
ACVPXSW and GWL according to the program mode of Table |. To perform
program verification, the user will also have to control WSELECTC (2:0) to
transfer the sensed data to data pins 74. Program algorithms are well known
and will not be described in detail herein.

The user configures code store circuitry 40 in step 274 in the same
manner discussed above with respect to step 275. Then, the user reconfigures

page buffer 42 to function as the source of instruction words in step 276, as



10-u3910% u& ()-S 10% u& () - CUJEbC@L 0% U10%<& ()-10%& ()-10% & () -
10%& () -, 10%& ()-910%<& ()- $<vdEbC@ 0% U@ 10%& ()- 10%<& ()-|
10%<& () - 10%<&" () - 10%<& ()-10%& () -/ udEbC@L0% U+10%&" ()-) 10%& () -
'109& () - Y0U<& ()-$10%<& ()- 3"10%& () - 7>dYNC@L0% U 1054 1Rfe 2002
T 10<@109%<& ()-L310%<& ()- |110%& ()-/&LI0%& ()-- 10%& ()-":!}"?YNC@ 0%
UG' 10%&' () - GLO%& ()-SZ"10%& ()-y  10%0 (3-!Yl -10%c& ()-
CTF3 109 () -! ! #WH###SdE: /| 10 103F7109%&' ()-3S5 10%& () -
done in step 266. At last, in step 278, the user begins issuing program
commands, one for each instruction word to be programmed into instruction
memory array 100. As with a regular program command, the command is a two
cycle command. During the first cycle the program command code is given. In
the next cycle, the user indicates the data to be programmed via pins 74 and 70
and the address via a subset of pins 70. The signals on these pins are
transterred from the pins to array 100 and read/write path 50 as appropriate.
Once every instruction words has been programmed into instruction
memory array 100, it can again function as the source of instruction words for

array controller 24.

C. Page Buffer

Modification of instruction memory array 100 requires control of page
buffer 42. The memory device user must be able to load all planes of page
buffer 42 and to command its use as a source of instructions for array controller
24. Use and configuration of page buffer 42 is therefore described in detail
now.

Page buffer 42 includes two separate 256 by 8 bit static random access
memory (SRAM) planes, plane A and plane B. Plane A and plane B each
include two 128 x 8 bit columns, col. A and col. B, and one 128 x 3 bit column
(col. C). Column A and B store byte or word values. Column C stores the three
most significant bits when page buffer 42 is being configured to be used to
execute an algorithm. These bits are sometimes referred to as remanant bits.

Table IV of Figure 10 defines the modes of page buffer 42.

In mode 0, access to page buffer 42 is disabled. Page buffer 42 is not

accessible by the user interface 30 or array controller 24 in this mode.
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In mode 1, page buffer 42 functions as the source of instruction words for
array controller 24. Array controller 24 fetches an instruction by transferring an
instruction address to page buffer 42 via ALTADD 132. Array controlier 24
receives the corresponding instruction from page buffer 42 via bus 91.

In mode 2, interface circuit 22 reads page buffer 42 in user mode.
Interface circuit 22 receives a read page buffer command via pins 70, 72 and
74. The read page buffer command specifies a read address for the page buffer
42. User interface 22 transfers the read address to page buffer 42 via bus 47.
Page buffer 42 transfers the corresponding read data over page buffer data bus
43. User interface 22 causes multiplexer to transfer the read data via pin 74.

In mode 3, user interface 22 writes to page buffer 42 in user mode.

In mode 4, array controller 24 reads from page bufter 42 in user mode.
For example, array controller 22 reads programming data from page buffer 42
during a program with page buffer operation.

In mode 5, array controller 24 writes to page buffer 40 in user mode.

In mode 6, user interface 22 read page buffer 42 as an extended 19 bit
memory space.

In mode 7, user interface 22 writes to page buffer 42'as a 19 bit memory
space. ltisin this mode that the user writes into page buffer 42 programming
the programs for and erasing contro!l store memory array 100. User interface 22
receives a write page buffer command specifying a write address and a write
data value via pins 70, 72 and 74. User interface transfers the write address to
page buffer 42 over bus 47. The page buffer 42 receives the write data value
via data pins 74.

Figure 11 illustrates the address mapping of page buffer 42 for each
mode. In mode 1, all of page buffer 42, including columns A, B and C of Plane

A 310 and columns A, B and C of Plane B 320 is mapped into a 256 by 19 bit
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control store. In mode 1, page buffer 42 replaces code store circuitry 40 as a
source of instruction words for array controller 24. Note, that in this mode page
buffer 42 preferably stores 2586 instruction words.

In modes 2 through 5, page buffer 42 is mapped into two independent
planes (PLANE A and PLANE B). PLANE A and PLANE B are each 256 by 8
bits. In modes 2 through 5, user interface 22 coordinates access to PLANE A
and PLANE B according to commands received over via pins 70, 72 and 74.
User interface circuit 22 ensures that both it and array controller 24 do not
access the same plane.

In modes 6 and 7, PLANE A and PLANE B are mapped into one
contiguous extended memory space. The extended memory space includes
columns A, B and C of plane A and columns A, B and C of plane B. Modes 6
and 7 comprise special modes for writing into page buffer 42 instruction words
for later use by array controller 24.

Special mode control signals control the mode of page buffer 42. These
signals include USEPB and PBCONFIG (2:0). As stated previously, the user
can set these signals as desired by accessing control registers 26. USEPB
determines whether page buffer 42 functions as a control store for array
controller 24. PBCONFIG (2:0) determines the mode in which page buffer 42
operates.

Figure 12 illusirates the address bit fields for accessing page buffer 42.

Address bit A9 selects column C of plane A and plane B in modes 1, and
6 - 7. Address bit A8 functions as a plane select signal for selecting either plane
A or plane B. Address bits A7 through A1 select a row within the selected
plane. Each row includes 16 bits, designated as a low byte and a high byte.
Address bit A0 selects either the high byte or the low byte of a row. Thus, it will

be seen that writing a single 19 bit instruction word into page buffer 42 in mode
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instruction word. Another write is required to load in the next 8 bits, IW(15:8),
and a third write to load in the remanant bits.

Page buffer 42 includes a mode detector that determines its mode.

Personal Com r

Figure 13 illustrates in block diagram form personal computer 400.
Personal computer 400 includes central processing unit (CPU) 402 and monitor
404 for visually displaying information to a computer user. Keyboard 406
allows the computer user to input data to CPU 402. By moving mouse 408 the
computer user is able to move a pointer displayed on monitor. The computer
user may also input data to CPU 402 via pen based tablet 409. The user
"writes" upon tablet 409 using a pen, wand, stylus, or other manually operated
device. Tablet 409 stores the data written to it until it can download to CPU 402.
Memory 410 stores data used by CPU. Memory 410 typically includes a
magnetic disk drive for mass memory storage. Memory 410 also typically
includes nonvolatile semiconductor memory devices 20 for storage of data that
must be frequently and rapidly accessed. Memory devices 20 includes code
store circuitry 40.

In the foregoing specification, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be
evident that various modifications and changes may be made thereto without
departing from the broader spirit and scope of the invention as set forth in the
appended claims. The specification and drawings are, accordingly, 1o be

regarded in an illustrative rather than a restrictive sense.

10
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1. A memory array controller apparatus for

accessing a main memory array, comprising:

programmable code store circuitry comprising:

a nonvolatile memory storing instructions for

accessing the main memory array;

an address multiplexer for selecting addresses

corresponding to instructions from

nonvolatile memory and an alternative

one of the

source for

execution in accordance with a mode of operation of
the programmable code store circuitry; and

main array interface circuitry selectively
coupled to one of the nonvolatile memory and the main
memory for performing read, erase, and program
operations,

wherein the main array interface is coupled to
access the main memory array in accordance with
instructions from the nonvolatile memory during a
read mode of the programmable code store circuitry,

wherein the main array interface is coupled to
permit modification of the nonvolatile memory in
accordance with instructions from the alternative
source during a non-read mode of the programmable

code store circuitry.

2. The apparatus of claim 1 wherein the main

memory array comprises nonvolatile memory.

3. The apparatus of claim 2 wherein the main

memory array comprises flash memory.
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5. The apparatus of «claim 1 wherein the

alternative source is a page buffer.

6. The apparatus of claim 1 further
comprising:

a user interface for providing addresses to the
address multiplexer during the non-read mode of the
programmable code store circuitry: and

a program counter for providing addresses to the
address multiplexer during the read mode of the

programmable code store circuitry.

7. A method of modifying array controller
algorithms stored in a programmable code store
circuitry for performing memory operations on a main
memory array, comprising the steps of:

a) selecting an alternative source of

instructions to provide erase instructions;

b) executing the erase instructions to erase

a first set of instructions stored in the

programmable code store circuitry;

c) selecting the alternative source of
instructions to provide programming
instructions;

d) providing at least one instruction from a

second set of instructions; and
e) executing the programming instructions to
store the at least one instruction in the

programmable code store circuitry.
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the step of:

f) writing the programming instructions to the

alternative source, wherein the alternative

source is a page buffer.

11. The method of claim 7 wherein the
programmable code store circuitry comprises

nonvolatile memory.

12. The method of claim 7 wherein the main

memory array comprises nonvolatile memory.



