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+ | NFEGRATED Cl RCUIT-- FOR -STFORASE—ANMBD: RETRI EVAL—OF—
MULTI PLE DDA TAL BITS 5 - , PER NONVOLATI LE MEMORY CELL
FI ELD OF THE | NVENTI ON Thi s invention relates in general
to 10 uctor nenories and, in particular, to
sen1conduct6?8%%%%$?es with the ablllty %o store nultiple Iﬂyﬁﬂgﬁﬂﬂ%$ gita
bits per nenory cell. BACKGROUND OF THE INVENTICN
15 - , Nonvol ati |l e sem conductor nenories, such as
EEPROM EPROM and FLASH integrated circuits, have traditionally

been.used to store a single digital bit per menory cell. This has
been“done by changing the INTEGRATED b&ﬁb@iﬁ YoR {atihaldEOARCt | ON)

characteristics of the 20 R I prig anount of
charge on the floatln;J; NONY :,; STMERORYCEEBLL [he threshold
vol t age range is normally partitioned into two |evels (conducting
ver sus nonconducting) to represent t he storage of one digital bit
per- menory cell. 25 IELR GF dEHE oFEENTIQMar ge can be reliably
stored on the fImniénghﬁgﬁﬁadn)naaatesemﬁ deri@rye ¥ threshol d

10 semiconductor memories and, in particular, to nonvolatile

semiconductor memories with the ability to store multiple
digital bits per memory cell.

BACKGROUND OF THE INVENTION

15 Nonvolatile semiconductor memories, such as
EEPROM, EPROM and FLASH integrated circuits, have
traditionally been used to store a single digital bit per
memory cell. ' This has been done by changing the
threshold voltage (conduction) characteristics of the

20 cell by retaining a certain amount of charge on the
floating gate of the memory cell. The threshold voltage
range is normally partitioned into two levels (conducting
versus nonconducting) to represent the storage of one
digital bit per memory cell.

25 A wide range of charge can be reliably stored
on the floating gate to represent a range of threshold
voltages. Charge retention on the floating gate can be
partitioned to represent multiple number of threshold
voltage ranges and the threshold range can be partitioned

30 into'multiple ranges to represent storage of more than
one bit of digital data per memory cell. For example,
four threshold partitions can be used to represent
storage of two digital bits per memory location and
sixteen partitions to represent storage of four digital

35 bits per memory location. Furthermore, the threshold
voltage range can be partitioned to appropriately finer



vol tages. Charge retention on the floating gate can be partitioned
-to represent multiple nunber of threshold vol tage ranges and the

t hreshol d range can be partitioned 30 into nultiple ranges to

represent storage of nore than one bit of digital data per memory

cell. For exawmQbw}32se four threshal g partitions can bectaRdeisss

r epr esent storage of two digital bits per menory |ocation and

si xteen partitions to represent storage of four digital 35 bits per

menory .| ocation. Furthernore, the threshold vol tage range can be

partitioned to afSSONtaPB| {ofFeRyesent the direct\\etorAd8 2D analog

-2 - infori@tiohopén Sehory cell. resolution to represent th

di rect storage of " anal og s qd ion pet, nepory, cell.
. The ability to store nult ig ® %ﬁlgllif{}{q[ﬂ ti‘“ﬁ& 'f&tlpirg_‘xh‘é’rﬁ?r]y hits per

- increases the ef PePPrYecel r%@ﬁ?%ﬁﬁﬁﬁtﬁpﬂpeﬁfestlve steragerdansity pesuces
the cost ®f stor apdtparedi ghd ateduces the l%loﬁt bt Qégi’&bé’rbéxg éihjif%at:)l.' n ;P?on
field of sem con t or . rhas, t.he _costs a_nmodern fabri c:
facility %H%ft oin additiod HE enik, in F§Fs.¥1a§é| L ATHHFWANEPE bi t
storage per cel | "eBEKAPHucthe restistafh@ moderyp febricatiabhriastliicy

5 processes and f aeititehi egcebd®V® Biion dollarEEOdHﬁﬁiEEh£%?§|B%'ﬂ%ﬁ%ibit
s in the sane

. . : _ _ i
manuf acturi ng fag prpogobetYoe1s coqnnithids™ IR FRYSE RS semaabi |1y and ¢ he
return o fabrigatieaprogesses and facilitisenatlwiedhe the probl em
of operational spgeduction of the next generation of higher density

storage devices in ﬁhe same manufacturing facilities,

thereby increasing profitability and the return on

investment.

15 Nonetheless, the problem of operational speed,
i.e., the reading and writing operations, have yet to be
satisfactorily addressed for devices having multiple bits
per memory cell. A related problem is power dissipation.
As more power is used to increase operational speeds,

20 power consumption is also undegirably increased. Still
another problem is reliahility. While charges can be
stored in the floating gates of memory cells for very
long periods, erasing and rewriting charges causes long
term problems as to the certainty of the bits stored in a

25 memory cell. And, of course, any integrated circuit has
problems of space. In an integrated circuit having
multiple bits per cell, additional circuits must be added
to handle the new requirements. This partially negates
the advantages of the increased bits per memory cell.

30 The present invention solves or substantially
mitigates these problems. The present invention speeds
up the reading and writing operations of multibit memory
cells. Power dissipation is lowered for reading
operations. The present invention also permits the

35 reliable determination of the bits in the memory cells



»

i.e., the reading and witing operations, have yet to be

Fts—- —pet—
menory cell. A related problemis power dissipation. As nore power
Is used to increase operational speeds, 20 power consunption is al so
undesirably J ed. Still anot her problemis reliabilLLy. Wile
char ges Ca%v@@&ﬁﬁﬁﬁ stored in the fTcathng gates of nenﬁ#bﬁgébﬁéxfor
very | ong periods, erasing and rewiting charges causes |ong
termproblens as to the certainty of the bits stored in a 25 menory
cell. And, of g@ufSene Abhd He2d &h8Jafsd Wbisdides space ofif €he€ME Of
space. In an inte rated‘ferU|L havi ng multiple bits per cell,
addi tional circtlPFRITRESY Freid&q to handl e the new requirenents.

- This partially negates t he advantages of the increased bits per
menory cel . 30 SHRREP G¥ e {ROENRORO! Ves or
substantially mtigates these prob]ens. gﬁgpresent I nvention
speeds 2 up the reddtth&TEF8" % AP ?@ticﬂibrp&q"_ SofOFuPRi bit nenory

celds. Power di $stesrated icidcmitr bdving araiiray of memorgpeedlspnsachlhe
bl to in the noncaoey ER Bectiniondteiple ffhe 3 AntEraRELSR, ok A (e
PCT/ US96/ 15924m'-)°zs"- one data, termipaj,, The iRtagrated,cisruit Risehase on
t he i naeplutality rcfuilptches connected to the array of ShidddyY OF THE
| NVENTH@N cells with the latches organized into a first bank and a
second bank. For reading and writing operations from and
into the memory cell array, the latches and memory cell
array are controlled so the first bank is coupled to the
array of memory cells while the second bank is coupled to
15 the data terminal. Alternately the second bank to the
array of memory cells while first bank is coupled to said
one data terminal. This alternate coupling permits data
to be simultaneocusly transferred between one bank of
latches and the array of memory cells and transferred
20 between ancther bank of latches and the data terminal for
faster read and write operations.
To lower power dissipation, the memory cells of
the array are read by voltage-mode operation.
Furthermore, during writing operations, a voltage
25 corresponding to the amount of charge stored in the
selected memory cell is compared to a reference voltage
to determine whether high voltage programming of the
memory cell should continue. Programming of the memory
cells is terminated when the corresponding voltage
30 matches the reference voltages.
For reading operations, the voltage
corresponding to the amount of chargé stored in a
selected memory cell is compared to a sequence of
reference veoltages in a binary search pattern to



5 The present invention provides for an I nt egr at ed
. circuit having an array of nenory cells, each menory cell storing
multiple bits of information, and at | east one data term nal. The
integrated circuit al so has a plurality of latches connected to

the array ofwgwesmse 10 cells with ghe 1 at ches organi gqnisoé/kesa fir st
bank and a second bank. For reading and witing operations from

and into the nenory cell array, the |atches and nenory cel

array are controlled so the first bank is coupled to the array of
mermory cel | s whideterndngetbedrbarkl ity cfupliss stotéd in the merderya

termnal. Altergaaiely the second bank to the array of nenory

cells while first bank is coupled to said one data termnal. This

alternate coupling permts data to be sinultaneously transferred

bet ween one bank of BRIEBFCRESCRIRIION: OFf THE DRAWENGSY cells and

transferged 20 betmpgg afiof heg gyygk Qfiab2hanes1 80 dtindla@ term nal

for faster read an ite er.a | ower
power di ssi pati BRIFhEIRERDFPLRFFR ﬁ‘?pleme"ted °Pha Sirge air’btqgé?&egy

vol t age- node op@rixcudt. chip accord:inq Hax roiwee présenhgimventiwnoperati ons, a

vol tage 25 COFreSp0P§§n92L0§ﬁ$W§fﬂnﬁﬂybugi Egﬁéﬂélfﬁcifﬁhéﬁ}a%ﬁﬁg
sel ected nenory cel npar ference vo

det er m ne whet hé’PrﬁFSIﬁ'WB Faﬁﬁag‘}%r T&MOry eceﬁ‘g in Fir’lib’rrd‘r'y cel I

shoul d @nt i nue liRepdsesni ng of the nmenory cells is term nated

when the corresponding VObiagezﬁoshows a 'Bhet GBRer&1HY %ﬁéﬁ@aﬁ%
For reading operatlons corres indjn to the andunt of

charge stored i Y% &tage"'m e ’é'ﬁ?éi‘:’?%d’%ettﬂﬁ Jypelery FEQ t dia sequence
of ' - reference vol Fages3i showsither y:maarlzbtpantef nthe reference

cells and array cells within a block and the connection
15 of the threshold partition voltage reference generation
blocks to their respective arrays;

Fig. 4 is a block diagram of the multilevel
dual mode shift registers in Pig. 1;

Fig. 5 illustrates the general organization of

20 two Y-drivers in Fig. 1;

Fig. 6 shows details of the multilevel dual
shift registers in Pig. 4 and circuitry that allow the
dual shift registers to be used both during writing and
reading operations;

25 Fig. 7 illustrates the reference multiplexer
circuit in Fig. 5 for each Y-driver;

Fig. 8A shows the circuit details of the
voltage comparator, the 1atch,:the program and read

- control block and the high voltage switch, which are
30 common to each Y-driver; Fig. 8B shows the circuit level
detail of the voltage comparatér, the latch, the program
and read control block and the high voltage switch and
the read mode path for the reférence ¥Y-drivers with
additional circuitry which alléw all reference cells in a
s block to be read in parallel; énd Fig. 8C shows the
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deternine the plurality of bits stored in the memry — ekl
BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Fig. 1 is a block
diagramillustrating the maj or circuit bl ocks inplenented on a
single integrated circuit chip according to the present invention;
Fig. 2A shoYOHM8Pcuit generally illustgating cur FeHYs ﬁ’ﬁ%‘?readi ng
of the menory cells in Fig. 1; 10 | i kew se, Fig.
2B shows a circuit generally illustrating vol t age- node readi ng of

the menory cel |l g 4.l 3 - ; : i+g. S
y ée*ékfgfﬁf the v multlpl%%ﬁf 01r3#@€30f3a QQF%r&#?%in a bl ock

organi zati on of the reference _ S and array ce

and the connect¥oiFiver and ¥rmpltiplexersyi d partition vol tage reference
generation bl ocldigl.0 9Ahshows edgexi 1 eofarthey ¥-multiplexer

Fig. 4is ablo gﬁﬁg f ylLBes! i | shift
registers in Fifc(;. _ﬁ.Q{d’ﬂQﬁ Y.B‘hwké, ﬁﬁéx qfcﬂqelfstb(rigtéiéén?ﬂg gener al
organi z& i on of *Anltiplexgy FommpPYcEe ??Fhﬁ%rd€ﬁ°der and memory cellsrjg g
shows detail s oorulien g tonecYeldrdwalr and one x-alddddercgisheesnnectians 4 and
CIrQUItry_that @$|£W$tgg¥erence grmgﬂéi fé%éé Jﬁﬁ¥£§f3¥5n38 981fséﬁkéyﬁ'1
during witing and | readi ng op%ra.lons, ) ) Fig. 7

i | lustrates thedR@fBieEn@EB ShoWspFBRefircuit of zisingile tRapE3Sterfor each
y-driver;, memory cell accbirgingAtshone driodiinediti brdehai psesdént he

vol t agg sconmpar a#l%engm.l atch, the program and read control bl ock
and thé high vol'tage sw'tch, which are 30 common to each y-driver;
Fig. 8B shows the circui FidaydPl 1s 2 scalgdirgn Volts ¥5 Vaze rator,
the latch, the ¢f oghamnmarious progpdmrehreslisild Pariadbnardltiged i fpr vol t age

swi tch and the reference memory cells and the data storage memory
cells;
15 Fig. 11 details the threshold partition voltage
reference generation blocks; and
Fig. 12A represents the tree decoding in the
binary search algorithm in a read operation to determine
the digital bits stored a selected memory cell; and
20 Fig. 12B is a flow chart for the binary search
algorithm for a read operation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
It should be noted that the drawings have the
25 elements with same reference numeral. This emphasizes
the similar structure or operation of the elements.
Furthermore, the symbol for a MCS transistor has been
somewhat modified to a straight line representing the
source and drain of the transistor and a short line
30 parallel to the source/drain line to represent the gate
of the transistor.

General Description of the Inteqgrated Circuit
The major blocks of a preferred embodiment of
35 the present invention are shown in Fig. 1. A nonvolatile



the read node path for the reference Y-drivers with addi ti onal

«ciTcuitry which allow all reference cells in a 35 bl ock to be read in
parallel; and Fig. 8C shows the WO 97/ 13250 _ -
5 - PCT/ US96/ 15924 details of the Y-nultiplexer
circuit of aweémsgsice Y-driver_agd. Y-nul ti pl exers; pcrussernsezs
Fig. 9A shows details of the Y-nultiplexer comon to al
Y-drivers, the X-Decoder block, the 5 X-mul tipl exer conmon to each

- X-decoder and nenory cells common to one Y-driver and one

- X-decoder with cBAR@EYid¥kay 1 and a refenencefmerowe arrayl 2i bhexsemaryl
reference cell acéBYs connected ahdaFitdo APmEROYENd N UrGalCiet rBlsaaganal e

transi st or I YmCel ord t oone enbo nt of the present
- 10 i nvent i Sﬁluﬁgn i hendt ceiggg‘.zaﬁob? - 4 s‘%'alq"gef PEAFEIMBI ts to
Vmax Vol ts devieg arghiteqtawrespr sychnas hréetheixhnpdet,i EPBOMyol t ages f or

the r ef esencgaI MEEEPROM £| FIasid dﬁ?ﬁgtgngt.lg%gggsmu}es'rg?gPeﬁ%ZI |s: 15
generati on bl ocke gk EiE st W BraRpl 805 ) pmissetfy ARG, (AR
decodi ng i n the and DINOR [sedd staugtukes) gor i gionrnd) axrragadrohétattaref o
det er ni ne incll@ink QE‘Ea'Hdhati'idL and! ¢igguay f}&dﬁﬁiﬂ%d k'?i%a r%pf?ﬁ%ﬁ?dazo
rggd éggrgfignflg¥€9rmgépéﬁ)igg(%n b_%EX 329{85 architectureg cell
10 structure or ground array architecture, is chosen,
specific programming, erase and read algorithms can be
easily developed, including the specific voltages
-required at each of the electrical terminals of the cell
to facilitate the storage of more than one digital bit
15 per nonvolatile memory cell. A cell can hold more than
one nonvolatile device, for example, a NAND, DINOR or AND
cell structure, already known .in prior art. The
specifics of the device, array architecture or cell
structure and algorithms are not part of the present
20 invention.
Each of the memory arrays 1 and 2 are further
organized into blocks, having single or multiple rows.
Each block consists of all of the columns or part of the
columns of the arrays 1 and 2. In Fig. 1 a memory block
25 is shown with all the columns in a single row. Each
menory block consists of the cells from the reference
array 2 and the cells from the memory array 1.
An error correction array 3 has nonvolatile
memory cells similar to those used in the memory 1 and
30 the reference array 2. In one embodiment, the error
correction array 3 contains additional coding information
required for an on-chip Error 'Correcting Code (ECC)
mechanism, as is known in prior art for ECC
implementation. In another embodiment, the error
3s correction array 3 contains the full address of defective



DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS It should be
] i th same -+eference-

nuneral. This enphasizes the simlar structure or operation of

the el enents. Furthernore, the synbol for a MOS transistor has

been at nodified to a straight line represegti
source and (ﬂ’%?ﬁ{}gynt he transistor and~™a’sfort |ine 30 9@5@?%6?1?% to the

source/drain line to represent the gate of the transistor.
General Description of the Integrated Grcuit The maj or

blhocks of Fa pri‘fc%rl'i%dwﬁﬂ@ﬂdéﬂ&ﬂid He IFvoided duPEny’ £SPFitd BLeRt raRaare
- S OV\@ I N I g. .

. A nonvol atile_, WO 97/ 13250
6 - operpEiplicocfisdbiFe Of the errop fRrTecEion array,3,
ref erence menor gepends onhtke meapimum number ofectiefectivecedds whichwo

di mensi 0”?" ?‘”%‘éyoi:er E&Erééged. Du:_:_-ingC%| b%&ucﬂ‘én@éﬁﬁ’ié‘a‘ﬂi'o% can be any
of the existing devi ce archltecturgs, sgc@ gﬁ%ﬂior exanpl e, EPROM
5 ¥EPROM PRRRSH, thE BYRLY AFTAY 1 46 bephPdsto stReptify any singl e
transi stor, twodefastiveorcelpsit-Hot addxtaNB, ofiNEhese defectimedcBRlMER cel |

structures, or gheupdogthfved fitd Qdid/Bror correctidt!diafl0 ;Skrrdaed and
V|rtyal ground, noggilnigréﬁq ed from tg;tfaggggnglrghénggggésh devi ce
architecture, cetf P PP Y
correction array 3 may be programmed using more than one
10 bit per memory cell or may be programmed using a single
bit per cell. If ECC correction is implemented, the
error correction arréy 3 is automatically loaded with
coding bits with on-chip ECC circuitry. An error
correction control and logic block 16 contains all the
15 necessary addressing, deboding and sequencing circuitry
necessary to implement either one of the error
corrections embodiments mentioned above.
A memory management array 4 contains address
information for the blocks that are available for further
20 writing at a certain time and also physical address
information for blocks during sequential writing or
reading of multiple blocks which are not necessarily
physically contiguous in the memory array but are
logically contiguous. Memory management of the array
25 improves the long term reliability of the product and
also allows for more efficient use of the memory in
environments where serial data of variable length are
freguently erased and rewritten. In such operations,
only the beginning aﬁd ending block addresses are
30 provided and the data is accessed through clocking.
Instead of providing the ending block address, a stop
signal can also be used to signify the end of the
variable block serial data. The mode is called the
"gerial write and read access" mode and is generally used

35 for digital audio record and playback systems, and also



10 structure or ground array architecture, is chosen,

- speeific progranm ng, erase and read al gorithns can be easily
devel oped, including the specific voltages required at each of the
electrical termnals of the cell to facilitate the storage of nore
t han one di gwbabaizsé 15 per nonvol.agi Le nenory cell. pgmaseénssan hol d
nore than one nonvol atile device, for exanple, a NAND, DI NOR or
AND cell structure, already known in prior art. The
speci fics of the device, array architecture or cell structure and

al gorithms are ﬁEF’ﬁﬁmﬂcﬁﬂdFﬁ oprpenery Xystems whighnreplace mechanical
Each of the rrermsrﬂswramelsaﬁﬂaz W Eed Wiid@lead access Mo A dritiod

bl ocks, havi ng SI r e I ows C sts of al
of the colums & t%f%tt 8Pméhé Bemory nanagensnt &t ?Hﬁ g? aé}% %Q’Zénd 2. In
Fig. 1 a nenory isveantips to substituksnintiedratied chscubt umemonh £eXsingl e
row. Eagh d;gwmmanmbl PEEOEA NGNS I difbalcike sgBtbfis f 4N 4 1o rfrer ence

array 2 and the | | fr r r An error
correction arraﬁﬁg‘ a& ﬁgghgp H$€£ giégaé@,%hate s'cefl%e%?ﬂxlar to those
used in the rrerrmqnageamm@oglc bledle %fcm@weﬁathaynecessamne

enbodi ment, the g¥fdincing c1rcu§@ffe€6|;$§}ﬁﬁr@)th% ﬁeﬁéﬁy Nfatybnidrinal
.codi ng i nf or mat

o’ Bieieny in,SoRIREELR 3] 35 PhEry bifasEoe o, 0
i npl enek@ati on. 4.n st Id@maenbouhqemmonm@weas array tcmanedza on array
3 contains the fsﬂdplqﬂd.r %&%SQE get 65ét ifemory cell or moMP €fdd WD
-7 dlgita 3811 . as in the arrays 1 and 2.
A redundancy block 5 has additional blocks of
memory cells that can be used to repair whole blocks of
15 cells which cannot be used. This sort of block
redundancy is known to designers of memory integrated
circuits. The number of blocﬁs in the redundancy block 5
defines the maximum number of blocks that can be repaired
either during the production verification phase or in the
20 field during an embedded repair phase.
Addressing of the memory cells of the array 1
is provided by an address decoder 13 which is coupled to
a serial interface block 14 which is connected to the
external world. The decoded addresses are passed to a
25 Y-counter block 12 and an X~counter block 11 from the
decoder 13. The output from the Y~counter block 12 is
passed to a Y-multlplexer block 8 which selects the
desired block of memory cells in the array 1. The output
of the X~-counter block 11 is decoded in the X-decoder
30 block 7 and the X-multiplexer block 6, to select the
desired row in the selected blpck in the memory array 1.
The address decode block 13 generates the
starting address of_a-Selectedirow. The decoded address
is set into the X-counter 11 and Y-counter 12 at the
35 beginning of each new access operation of a certain



cells which should be avoided during a wite or a read operation.

*Thesize of the error correcti-oheademgifmg———e———gdepenrds--6a- the—fax+fum

nunber of defective cells which may be corrected. During a
production verification 5 phase, the nmenory array 1 is tested to

I dentify any defective cells. The address of these | cells
are program"mgg'l"ng“the error correcti6n®afray 3 before Pﬁhﬁs{/ﬁéﬁchi pis
shi pped fromthe factory. The error correction array 3 may be

. programmed using nore than one 10 bit per nenory cell or may be

programed usi N ghgth'Yreaata stredh! RFterClthe E&a%?qdﬁféééj'ls' S

I npl enent ed, the ror corre,‘c)glon arra IS au

Ical ly | oaded
Wi th® CoBERYIGRs GPER b THF SFHACATPERPR Y AP L input to
correcti on cont radle ahdpl.ogirbebsexrikal inkmrfaices bdbbkt hé déntains rt@@essary

addr essi ng, dec%iﬂ&i%w §§&H§£S&“€o%éﬁl&r§:{ ¥he a propri@@se%'iﬁfj)élt 0
i npl enent either o I oNns enboaglyment S

menti oned above P¥° 5c01 WiEn olile externadr fgﬂ'ﬁﬁagemﬁts%ﬁ# PFOYORPAi ns
addr ess camtber anyi ofi the imdusimclstandardaserbahipriticedls okurt her
20 witin nd h

: Wl g%og%k%‘i‘:gﬁ ErB{:HEof‘ @Jln%‘}ﬂ& &E&:ﬁé& P Fhsce sigélang of

I nformation for ?se uentj witin
mul tipl e bl ocks 3% Eho¥Pe iRoFigectdRing in a“d Sut ﬁﬁy’%‘?%aﬁ?’?aéont i guous in
the nmenory arrayirntsirface block 14.] ogi cal | y contiguous. Menory nanagenent

of the ggray 25 | "PiRRYeR- wﬁnwpq@ﬂ&a@l&ehbﬁ@aiﬁ;yaf&lme product and
also allows for nore efficient use X en,V| ronrrents
where serial datSPWyters WhgFh FEﬁ’@‘F‘FF%ﬁ' é"helr co m"f PEReMISK 8084 and

rewitten. In swdUpahet ootput of the Y-griuptelrebbegk nh ngorared ldmei 23 - bl ock
addresses are SGe y-d%webﬁleﬁlagﬁ {elsdgctl%akaaasgeésgﬁgm%m onogki ng.

| nstead of provi t.he endlng ress si gnal can

al so be used to R{T Ay neng8cARdyengrates a °1°°1?aF+‘é'b?Je BT ICLEPPaP dat a.
The nodesi s cal |Xohet 20 to the vatieus adectiions afidtheat-diciesss'. ndtke Ard i s

general |y used 3Runter bi8tkdhd) ! fh AH 0 prevahEsathle Pk AURAEKIghI! $Bkr and
also on the line 27 to the X-counter block 11.
The X-multiplexer ‘block 6 provides the output
of one X-decoder stage in an X-decoder block 7 on a
20 selective basis to multiple rows of the array. This
accommodates the circuitry of an X-decoder without
letting the aspect ratio of the integrated circuit layout
.0of the X-decoder from becoming inordinately large.
X-multiplexers and their use are known in the prior art.
25 The X-decoder block 7 contains the X~decoders which are
used to select the rows of the memory array 1 and 2.
Details about the X-decoder block 7 and the X-multiplexer
block 6 are provided below and are also shown in Fig. 9A.
The Y-multiplexer block 8, similar to the X-multiplexer
30 block 6, selects the'output_offone of the Y-drivers,
described in more detail below, and provides it on a
selective basis to any one of a number of columns of the
memory array. This is again dbne to fit the pitch of the
¥-drivers and the memory array in the column direction.
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. for.sem conductor nenory systens which replace nechani cal di sks.
The serial wite and read access node with error correction and
menory managenent allows the present ~invention to substitute
I nt egrat ed cwoagnsaspenory for 5 di gpt al audio record pRguHeARRCK
systens and al so for general digital data storage systens. A nenory
managenent | ogic bl ock 24 contains the necessary sequenci ng
circuitry to performthe nenory nmanagenent function in conjunction

with the menory managenentA geegiywrdte circuit Hleckid® sontating theory

managenent arr aynédcésya circuitry &bnﬁbyférﬁiﬁE&KLJBﬂtdaﬁ’w@&%@r3n69|| or
nor e* t han one

lgital bit per.cell as_in the arrays 1, ,and 2.
A redundancy bIoﬁﬁwﬁy?%ﬁ?ékhﬁqﬁdgHRFQB%68R§ 3F data to qﬂ?ﬁ%¥9mc§ﬁFsafﬂ%¥ can
be used to repaitl.wétablocouwsf the read-writé sbldnic!® axenprovédeded.
Thi's sorig of bl opkiow, redundancy is known to designers of nmenory

i nt egrated circuits. nu r of blocks in.the redundancy. hl ock
5 defines the naf}ﬁﬂﬂgﬂﬁﬁﬂggbg?agTﬁﬁkgtt?ﬁﬁl§§5¥ Bé°nggﬁr %1°
ei ther during thbagresekdallh comniecitedt Lahcheésskies hatweep 2Be data field

during an embeddegph€Pind Ut terminals and the menfY @3%aPdi0hnghe.
menory cells of the array 1 e oS grOV|ded by an“addreSs decoder 13
which i s coupl egP®b® t0 Be written dnto; %r?ﬁE%F¥H%%ﬁPY1&'%ﬁi@ﬁVP connect ed

to the 10 seriably thordugh aTRaTdeTNd28 . hille ags dheabdopisdedto othe 25

y-counter block jéndPg &ray GOUNDREaPEBCHe lledd OfRdd'&he memory HBFRFEl 13.

The out put fron‘sgemXGgﬁnlééﬁ éﬂep%ﬁm%%ylgrray 1 to the block 10 and then

transferred serially from the block 10 through a DATA OUT
26 line. A detailed description is provided below. A

5 system control logic block 15 contains the necessary
control and sequencing circuitry to allow proper systen
operation. A test mode contrel and logic 17 block
contains circuitry that allow full functional testing of
the chip. Through the use of test modes, the chip is

20 reconfigured into various alternative test configurations
that allow faster and more efficient verification of the
chip. These test modes are normally accessed in the
verification phase at the factory but certain test modes
may also be accessed in the field, such as for array

25 repair test modes using the redundancy block 5.

A program/erase/read algorithm block 18
provides all the control and éequencing signals to
perform the intelligent programming, erasing and reading
of digital data from the memo#y array 1.

30 An oscillator block 19 generates clock signals
for the high voltage generation and also provides clock
signals for the program/erase/read algorithm block 18 and
also for other system clocking and synchronization
purposes. Alternatively, if ﬁhe oscillator block 19 is



assed to a y-multiplexer block 8 which selects the
ot / et - e Fay—t—Hre—attptt——————— of t he--X-eounter—>bl ock

bl ock 7 and the X-nultipl exer block
desired row in the selected block in the nenory
array 1. WO 97/13250 The address ggcode bl ock 13 ger}%ﬂfs@élséﬂe
starting address of a selected row. The S |
into the X-counter 11 and y-counter 12 at the 35 begi nni ng of each

"0

11 is decoded in the X—decoder' 30
6, to select the

coded address set

"new access operation of a certain WO 97/ 13250

After the starti

' ) i,ded, . data,i i all ed
by a’cl ock i-nputsn%gﬁ quei&tb%??él% h‘f%.tﬁg%gggfgfe?ngé#é%@g Ib?o_ci zizces.s
ci r AuFhatge celrR &9 3 oskr penarahes dpiglopralaageser i al

contains the
5 . pr ot ocol

can be of t ' t S d seri.al_protocols or_ a

propr i e?g?/y pro{l(;%cdoﬁﬂ%%e?e‘reié sgrl ar n%eroifac esPYRRPE pump block, 28 <honn
in Fig. 1 going 3Nt PFPPSTLYoFhapes ke Jiigh voltagej pubsésmoeithl ock 14. 10
The X-counter blpx@idetbradnedi Pisdlighid dall times. CRUGH NSL

£
i _ i . YOUT, th tpbut. of tthe Y-counter
block 15 on % RHepidh 369Bfeical for 100G rethera kbbb iy a'% d by a

not plACBAUSHGERDH 4hen its outpukeBi§RaDs st v r eam

onMdhipat har heégh evoBtaddishapingh@n8cebrtr&T BIWK 21

desired bl ock

Ig,d'lggr ement

9

si gnal CLCK on &peration ofj thetintegratedasdrgunts at Bigh wildaigesi gnal SHFT
shapedc pidses ¢ ABHd WS provibeasestetirly driggers.  The Y-

CLK on g 15

15

20

unshaped high voltage can be provided from an external
source, which can be then be pulse shaped with the proper
rise and fall times with on-chip circuitry.

A nonvolatile scratch pad memory and registers
block 22 has memory cells similar to those in the
nonvolatile memory array 1. These memory cells are
suitably organized and are norﬁally used for external
system house Keeping and feature reguirements. In an
audio record and playback system, for example, the
nonvolatile scratch pad memory and registers block 22
contains the information for the number of messages and
the time at which these messages were recorded. Data in
the scratch pad memory and registers can be stored as

fsinqle or multibit per memory cell.

25

30

An on-chip bandgap reference block 23 generétes
the necessary analog voltage and current references
required for operation of the integrated circuit. These
voltage and current references are used to provide
reference voltages and currents which are compensated for
temperature and power supply variations. System

'perfbrmance is stabilized over wide temperature and power

supply ranges.



counter block 12, in turn, provides the clock signal YOUT on the

*line 27 to the X-counter block 11. The X-nul tipl exer

bl ock 6 provides the output of one X-decoder stage in an X-decoder
bl ock 7 on a 20 sel ective basis to nmultiple rows of the array. This
acconmodat es wongvasesocui try of an X-decadgry w t hout PCeiUSdNSoshe
aspect ratio of the integrated circuit |ayout . of the X-decoder
from becom ng i nordinately |arge. X-mul tiplexers and their use are
knowt in the prigr art, 25 , The X—decoder bI ock 7 contains the ‘
X- decoder s whi ch¥&re d ‘ P 2kl the nenory array 1
and 2. Details atmentetdﬁbﬁé deatm‘ehtbhea& Jpé’f&iéiﬁ % Wbtibﬂiﬁier

bl ock 6 are prov S

Y-mul tipl exer bl gggeuggés‘?vrﬁﬁ% %ﬁﬁg Q? B;‘g&%*gﬁts per BFB'BEYG

sel ects the out pGBldt oRer¥gnttRode Figaddng, has an advafetage lofd fRstnor e
detai|l bal ow, andcpessitifes! @EicA 2A 111ust:§8{:6§t'l:rYé3 &&ﬁéﬁﬂ Q:ﬁemene of a

nunber of col um TR, gain.,done to fit
the pitch of the §r9£n&£‘ﬁenrys F9% Feeing t"ﬁegﬁérﬁ?’?%{ﬁ qa""n #8dngof um

di recti on. single txgmsistopaemory cell. This gqnbral topology is _
PCT/ US96/ 15924 applicable to other ceAll 8ggu¥tatés Gidslit bl ock 9 contains

m_hi-gh-voltage wite and
| ow vol tage read operati o INEREIRS Relory orpthei 6y mPypically |
Det ai | s bout t h€ohrBagted iin an dawertgrempdevi dehke Svoltage Vel aw. the
A multilevel duakoahtéts1 g HHy HHad@istBrWkich forms the cell 30, is
connected to ground. The control gate 36 of the memory
cell 30 is connected to a suitable voltage, Vg, or
switched to the power source voltage. The drain of the
15 memory cell 30, which also forms part of a column line 32
of the memory array of which the memory cell 30 is a
part, normally is connected to a current sense amplifier
33. The nonvolatile memory cell 30 is connected to the
column line 32 through some selection circuitry (not
20 shown here for simplicity's sake). The current sense
amplifier 33 typically is also connected to a reference
current input line 34 for comparison purposes. The
result of the comparison between the column line 32
current through the nonvolatile memory cell 30 and the
25 reference current line 34 is generated as a logic level
at the logic output line 35.

For a single bit per cell, the simple absence
or presence of current througﬁ the memory cell 30 is
determined. For multibits pér memory cell, the amount of

30 current passing through the céll 35 is compared against a
set number of currents by changing the reference current
at the input line 34. The signal at the logic output 35
is then decoded to determine the stored bits. For
example, U.S. Patent No. 5,17#,338 by Mehrotra et al.

35 teaches multibit reading schemes using current-mode



has serially connected | atches |ies between the data I nput and

* output—teri-Ral-s—and t he—ReRBRY—ai-Fay—i—ane—2- Data to be witten
into the nenory array 1 is noved 10 serlally through a DATA IN 25 |ine
to the block 10 to the menory array 1. Data.to be read fromthe
menory arra I's moved fromthe nenory array l1to_th 0 10 and
t hen g wwﬁfgﬁg?%rred serially fr om e bl ock 10:: througﬁcgﬁ5%¥ﬁ
26 line. A detailed description is provided bel ow. A 15 system
control logic block 15 contains the necessary .+ . control and

sequenci ng C'rCQhE&Yn%OaﬁﬁléW¥d”§N@W§ §¥§ESH§ alternatﬁﬂ?%ﬁ%k%PFoﬁf%eSt node

control and logic 1 h N ontal ns ¢l rcultr ul
functional test PRYSYPT, while cyrrentrmpaeheddimd (FRRI% PSHMSEEsEMnHRSs, the
chip is 20 presenti vention,o readiogsofi| hemoxy icel Xsesitn ¢bef i gur ati ons

that allow fast %waaen%&. of f igtled@irréal i fRodi Povdis idiver consumgemxp
These test nobdes are ng ﬁ_"?]_l.t%asaccessed in the verificatlon phase
a

at the factory GOPPREP {CUrE§es~mode techw%@@ Fenderssth® in the
field, such as mnitabiaypéEScell memepdi Lntegtated asipesiitgmolpe redundancy

bl ock 5. | 2Ppropriste fdésaroq,g?a%fraf&iéfﬁ%ﬁ%wem% 18

provi des all equencin ormthe
intelligent pro@PHﬁﬁFﬁﬁ °%ﬁ%ﬁﬁqﬁ3 &fd3p éﬂ|ﬁ3°°rd al P%ﬂNhEF§|§XFtﬁ%§a from
the nenory arragpnd. m@Ghanical magnetic diskoseplacémsnthisysiteh8.generates

clock sjignals f ofn A thalg@lmbabt 29La ega;.% %mq-a%%? ﬂ&%hgnd

cl ock S|gnals for the prograni erase gorithm
al so for other tetf oIS %9n§h?oﬂ?9%ﬁ?(ﬁPll°wer modgyr BBses.

Al ternatively, ﬁﬂluhtraﬁnﬂlﬂnaﬂum bka¢kud 9nds sa 51ngle transis¥Oroméndrp0
- 11 - cell. 5K27&£§¥¥5a5%%itage-mode topology is also

applicable to other cell structures. - The source 31 of

15 the transistor forming the cell 30 is connected to a
regulated supply at voltage Vs from ajgiable voltage
reference, such as a bandgap reference. The control gate
36 is also connected to the same supﬁif‘voltage as the
source 31 or a voltage that is hlgh enough to allow the

20 accurate reading of the hlghest expected voltage Vd at
the drain of the cell 30. A stable fixed bias current
circuit 37 is connected between grouqé?and the
transistor's drain, which also-forms"&:t of the column
line 32 of the memory array, as in Figi:. 2A. The amount

25 of fixed bias current is small, in the. range of 0.5
microampere to 5.0 microampre. This &
prevents undue cumulative trapping o ]
multiple read cycles, thereby grevenr ng false readings
of the memory cell 30. The voltage ”

30 is also connected to the colum@ line :32: through selection
circuitry (not shown here), is ‘equal to. Vg-Vgd, where Vgd
is the gate-to-drain voltage oﬁ the?j iéry cell 30
required to source the current:drawe' -the bias current
circuit 37. The drain of the trans;etor, ‘part of the

35 column line 32, is connected to an 1_ :

all current

the drain, which

't terminal of a



not placed on-chip, then its output signals nust be supplied

"externally to the integrated circuit. . . A charge punp 20
bl ock generates high voltages on-chip. A high voltage shaping and
control block 21 5 receives the output signal of the charge punp
bl ock 20 wo97/13m0d properly shapes thg,high voltage pul sgsruéds/iseas
predetermned rise and fall times. High voI tage pul se . shaping is
critical for long termreliability of the operation of the
integrated circuit. Hi gh voltages 10 shaped pul ses can al so be

provi ded ext er ndNQytageOsense amplifihehadind I‘mgah vollthggesense banwmeded
froman external3g also hasSQUE'EQer&Béé’hv& tn?%% Q§n8u5§eal§¢§]aa0%.%ﬂ

t he proper rls and
A noﬁvoPat ile sk &Y ‘éﬂ#ﬂ LR ﬁterré‘elﬁr‘ms15596c‘kr?¥‘hé§19rrermry
cells simlar tealvwmne hmet Ra&, and the rafferenete velvager yinersy ave These

menory cells ar &ompared anauthébi-¥sﬁ’i'9 J%l@ngu%bﬁtngi 1y dfged for

ext er nal SYSLEM. O g Ege?l n&ban f'eat ure reguiFenent s. In an

audi o record and® gcl? ;L'J/ Be Br dne; RQ-20The currgptyol atil e
scrat ch pad menmsreguimedr égrsreadihy otk e voltage-mf)dtatiasl;rl’&t.uﬂhe'.lelsac ormation

for the number Q‘fha'??%%%gQﬁeaagrrent—modeth%’hh's”%egﬁiwg'f {figse messages
were recorded. Da e scratch and registers can be

stored as tl%ﬁgﬁ"f“?d& has| i?‘ﬁ?lf W”@?&?}PEHP’“ 25
An on-c¥®p bandgap refereﬁbe wodtage Iregmhentt at the line Iheaiepidss dhy

anal og vol tage a&ié Gouskt ofeﬁgég'ﬂf@é charge elﬁggybﬁgf &9 r %l%ta'tqgg()f

the integrated cj rcwt e an erences are
used to provi de 93%€ 36 o gg@rBﬂ’&"’?ﬂoqtt‘é&?eé‘ﬁaycﬁﬁén?% V\/rﬁo}?réiee
conpensat ed for a@®@unt of chapgeatunrthafloakimy gepal ynyteasds e  System

performance i s hildishici@dveYehgdl g€ LMt Ype a@ﬂepRMer thresho18UPP! Y
ranges. 15 voltage increases the gate~-to-drain voltage Vgd of the
cell 30. The voltage at the line 32 is then lower with
respect to ground. Conversely, when the amount of charge
in the floating gate is low; the threshold voltage of the
cell 30 is lowered and the Vgd is decreased. The voltage

20 at the line 32 is then higher with respect to ground. By
controlling the amount of charge on the floating gate,
suitable read back voltages are generated at the line 32.
The process of injecting negative charge (electrons) into
the floating gate is referred to as "erasing” and the

25 process of removing charge from floating gate is referred
to as "programming" the floating gate or memory cell.

During a multibit reading from a single memory
cell, the voltage at the transistor's drain is compared
to various voltages at the reference voltage line 39.

30 The logic output at the line 40 is then decoded to
provide the appropriate bits. ‘With the source follower
connection of the memory cell 30, data access is slowed
because the whole cdlﬁmn line 32 must be pulled up
through the small memory cell. For certain applications,

35 this slower access rate is acceptable. As described
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' Gererab—Read-rg—Operat-on—ef—a—erery—cet : —Heretofore,
current-node operation is typically di scussed for the readi ng of
multiple bits per nenory cell. Current-node reading has an

advant age Ofwf)@‘?/hzsos access times..  Fig. 2A illust r%gzn}sgﬁl ner al
, usl ng

circuit arrangenents for readiﬂ& I'n"the current- a
single transistor nenory cell. This general topology is appl i cabl e
to other cell structures too. A nonvol atile nmenory cel

30 is typicall ypéRow, theGRiNtSGleR1 Aual LAYPE! Légidis s cFpecyRLbdge Vs at
t he . sogﬁcgog%_Qﬁgthe{%&&pS|stgnm which forns the cell 30, is
connécted to gr tRaYShe ' dntt ol 55?5 6™8F t he menory cell 30 is
connected to a suitable voltage, Vg, or switched to the power

sour ce V0|tage-gi?ﬁnﬂﬁétigﬁﬁoﬁ|Ehelﬁem0ﬁx APBEPE Y cell 30, which also forns .
part of colum [1ne 32 of .t mepory array of, which the nenory
cell 30 5?5 a parfi9nct r‘?ﬂ'llluftf‘ggﬁﬁngg%t%fpﬁ zatdon, gft tRense
anpl i fier nonvgdatile mepeny arivay feandytbelnorddlatidenneterent® the
col um line 32 abfaﬂgﬂ.som SRl @18k ¢HI LAY f@f&re%{ale_ Pgmorgg%ﬁre

e anpliftier

for sinplicity's sa The current LEnse

. ) t cally
i s al so connect 8d3F 8 4SFR1%y Sfnerate CeRpPFEHTOR nenge gﬂlF%ggg
conpari son purpfoEsa Thitage sense agplifief tbedetvmpuwiriesdhebbitwen the

col unM g ne 32 stored inCtHd Giimdry’ eddist 8618009 A iiz WRERLY1Cel 1,30 and
the 25 reggéence current line 34 i.s geperated as a | ogic |evel

|
at the |ogic outpfit PFefgrrsd embodiment desgrlbedFQﬁrﬁa iong1 BAbFt3%%r cel |,
the sinple abseatered per memmrypiceddno€ eachuareay ¥ lamdugh tAs nenory cell

30 is mentioned previously, each block in the preferred

embodiment consists of a row. Each row consists of

15 reference memory cells and array memory cells. All the
cells in a row are erased simultaneously, and depending
on the Y-multiplexer multiplexing scheme only part of the
row is programmed and read from simultaneously. Since
four bits are stored per memory cell, there are sixteen

20 reference memory cells per row. In this embodiment, each
Y-driver drives eight memory cells so there are two
Y-drivers 42 for a row of sixteen cells in the reference
array 2. These Y-drivers 42 are labeled REFY-DRIVERS.
In Fig. 3 only three ¥-drivers 41 for the memory array 1

25 are illustrated. There are M Y-drivers 41. The three
memory array Y-drivers shown are labeled Y-DRIVERO to Y-
DRIVER2. A reference threshold partition voltage
generation block 44, part of tﬁe bandgap reference block
23 of Fig. 1,'drives sixteen réference lines, each with

30 one of the reference voltages%REFBO-REFBls, into the
REFY-DRIVERS 42 and an array threshold partition voltage
generation block 43, also part 'of the block 23 of Fig. 1,
drives the sixteen reference lines, each with one of the
reference voltages REFAO-REFA1S5, into the array Y-drivers




determ ned. For multibits per nenory cell, the amount of 30 current

*passing through the cell 35 is conpared against a set number of
currents by changing the reference current at the input line 34.
The signal at the |ogic output 35 is then decoded to determ ne the
stored bits. wem713250 exanpl e, U S fRatent No. 5,172, 338-hisolfptappt ra et
al. 35 teaches nultibit reading schenes using current-nobde
WD 97/ 13250 - 13 - PCT/ US96/ 15924
readirng and al so shows various alternative enbodi nents. However,

whi | e current-mide r Eh&i K9lteae rekatianships: hetween the RERAHS amdenti on,
readi ng of nmenpREFBOH1S Bhghdks is shmm%ﬁ?l@@ﬁ@hﬂﬁde I'S prefgrr?d.hThls

| owef s power consunption . fRaLed Lo the currégig e techni que
and renders the . 'r’rg it ‘%‘gr‘ ce ppﬁgﬁ%wnr nte %&’@'\%PP mor e
appropriate for WRokipewéf, is drighwchicll fwwnsacnessset of N-clapmieilcations,
such as sudi 0 r ezangisBorsl| £ybeokt BIEE By, a dashed réd¢hnfid)ani Gale Magnetic

' . - -mode readi ng, the
romvol S o nengigtobA"Raradhs resgrance, yetshled"bh e T 5% o
node, as pasped §pr the ¥ Tdr ivey refereptagvaltageyl kinassnRFLOAS. menory
cell. The genemsuokbageemaéwplm]gta%sal ﬁﬁFIt&%-eR%FrAalnss,?st?Jggnc]igrLreri L 8 he
el 30.1s conndibeh #3 P8 SEHESEIClbrpdrenne Yite T magerVSFT B a
stabl e Ml tage 1 cells. rkikewine, the ireferenbenvigiagesf cRERBO-REFB15pNt IOl
gate from the block 44 are selectively programmed intoc the

reference cells of the array 2.
During a reading operation, the WRITE signal on
the WR line 46 is driven low to turn off the transistors
15 45. Instead, a set of transistors 47 (also outlined by a
dashed rectangle) are turned on to pass the reference
REFB0O-15 output voltages stored in the reference cells of
the array 2 to the ¥-driver 41 reference voltage lines,
RFLO15. The REFBO-REFB15 voltages stored and read back
20 from the cells of the reference array 2 are used as
reference voltages to ascertain the digital bits stored
in the cells of the memory array 1 through a binary
search technique described below. The use of reference
cells per block, or row as in the preferred embodiment,
25 cancels power supply and temperature variations by
placing such variations in the common mode. The memory
cells in both array 1 and 2 are subject to the same
variations. The reference cells in array 2 are also
subject to the same number of program and erase cycles as
30 that of the memory cells in thé array 1, thereby placing
the long term aging effects of the cells in a block or
row in the common mode. This reference mechanism has the
advantage of lower ch?rent read back mode and allows for
longer and better 1obgﬁierm reliability and accurate read
35 back of digital bits,'compared?to previously described



36 is also connected to the sane supply voltage as the source 31
' OF—a—v-ottage—that—-s—hi-gh—enreugh—to—atteow—t-e—260—— - accur ate—reading—of
t he hi ghest expected voltage Vd at the drain of the cell 30. A
stable fixed bias current circuit 37 is connected between ground

and the o0 971ddsgnNsSi stor' s drain, lgh al so forns part &frlﬁ@&l#ﬂf

line 32 of the nennry array, as in Flg The anpbunt 25

bias current is small, in the range of 0.5 m croanpere to 5.0
m créanpre. This small current - prevents undue cumul ative trapping
of el ectrons duteshniques. Tndtdnﬂchlpeﬁdrﬁyﬁéﬁfhvdﬂﬁﬁ@%bbeaéﬁaaﬂbhH%QfaLsgo
readi ngs 3 e _vol t e drain I C

is al'so connect gg%gg?ﬁégiéﬁgﬁgw %%%5 ngP%¥oﬁ %ﬂﬁ%§§?ﬁ %H°°gs 44’an
circuitry (not $RodhSPcresate highex reﬁeabglw@m coppraredv§e prior is the
gate-to-drai n vekfeges oin ttieisTerieag.cefthe 301ocks 44 andequi Begnb@ ﬁ@%rfﬁ t he
current drawn b | C|rc ra 0 e
transisfbr, par oﬁ?@%ﬁéfﬁ%QH£&> lls Fo %F?ﬁfa = é%ﬁ?ﬁgeﬁgdp?ﬁkgﬁl?%put
terminal of a Veoltages, bUt\ngﬁyﬁrlggggnd on much more reliable and

PCT/ US96/ 15924 stable componéttisldeuehnas PePiddday, 55%ef§ﬂ§oﬁghtage sense

[ifi areference volta e 39 and a
?gBiL e amPl %gfunénﬁémn98FPa 8ggﬂ.et§ﬁ9 3%8 Pﬁlﬂre??ﬁF
colum Iline 32, 15ﬂﬂ“¥$@ﬂrh§%nﬂﬂm§9vﬁél ong t¢rm;ﬁ§lx§h3115y and conpared and

the reagl ting Iagcarﬁm&;nandnsyaﬁlalayeover tempeﬂ%ﬁﬂ%edﬁﬂdabohéﬁ SO Ly
out put |ine 40. vlpf G#&ﬁ&nt required for reading In the
vol t age- node i s MIch

i xed

In another embodiment of the present invention,

the cells of the reference array 2 are first programmed.
Then the output of the programmed reference cells from

15 the array 2 are used to selectively program the cells of
the memory array 1, with an offset to place the
programmed levels midway between the programmed reference
levels, as indicated in Fig. 10. This method does not
require the block 43 but requires additional time to

20 program the reference cells first.

n S t Registers for Data
Fig. 4 is a block level representation of the
multilevel dual shift registers block 10, shown in Fig. 1
25 and part of each of the Y-drivers 41 of Fig. 3. The
multilevel dual shift register block 10 has latches which
are organized into two banks, A and B. Each bank of
latches is connected serially to form a large shift
register. Each bank has four latches for each Y=-driver
30 41. In Fig. 5, for each ¥-driver 41, during a writing
operation the data enters serially through the dual shift
registers of block 10 and durin§ reading operations the
data exits serially through the dual shift registers of
block 10. The data information travels from top to
35 bottom within each Y~driver 41 auring writing operations



than for the current-node. Thus reading in the vol t age- node has

*| ower power dissipation. 10 The voltage read out at the

| ine 32 depends on t he amount of negative charge (el ectrons) on
the floating gate 36 of the non-volatile menory cell 30. A large
amount of chawoesneset he fl oating gate J Rgreases the pCt/bsssAns d

vol tage of the cell 30. The higher threshold 15 vol tage i ncreases the
gate-to-drain voltage Vgd of the cell 30. The voltage at the line
32 is then lower with respect to ground. Conversely, when the

amount of chargand from bottpn e fHopaduidngaread tng capendtdons.eshinl d

vol tage of the general, £iyrnal¥ donmopvebedlang-ahpveiad 415 tdasedased. The
vol t age 20 ho?iz3€€ 1:£e 32 is then higher with respect to ground. By
control ling the anbun harge on the floating gate, sui tabl e
read back vol tages are gedereauniseat thieedephh @P.the Y-drivethdapcbesss of

inj ecting negat a&geﬁaar&e t(t?é GfinkeRS bt Bifs stored u& h?né |nfé?nro&'99c9§ie is

referred to as roc | Ghar from
floating gate i&% €$ g%ataer} *em%"td&mggt" 8?‘65 t aPi figBate or
menory cell . cell. TherEforeclﬁmurnga&chEStebl$trpnnheqyﬁ|w&draverngle
menory s8¢l | Fot r@cdﬁ}ﬂe@@@.natl“lbheilt rﬁﬁé' ﬁl&h\?exdrca'rﬁs' i’oﬁﬁ”par ed

to various voltage t he refer |ne
output at the IF%ﬁi@Y ?%ﬁ?'ifé’gg'&%(‘fkf 864 2% pfrtlﬁllyd'éirtll‘féraﬂjppﬁﬁrl ate
bits. W&h the fourctatches)Ghi-67. Contipuingcfucthexf, tYreirimeer ¥~tchas 30,

data access is ghewedst four laﬂﬂﬂ%%“%%nhgét&@oééiféﬁiy“1|ﬂ & $ReMSt be
pul | ed up cell. For, certaln agpllcatlons

oY this sPHIRPY ookt il E angl ElRrdeste. "sue fution) puve
WO 97/ 13250 latches is 4 x5 - It is important RCHAIOAHEEIRA] the

latches are connected across all of the Y-drivers 41 of a

15 bank in a long serial link to form a shift register.
True and complementary outputs of every latch are
parallel, as described below with respecf to PFig. 6.

The two shift registers, bank A and bank B, are

connected through transmission switches 145 and 146 to

20 the DATA IN line 25 and DATA OUT line 26, respectively.
When a REGSEL control line 147 is high, the DATA IN line
25 and the DATA OUT line 26 are connected to the bank A
shift register through the switches 145. When the REGSEL
line 147 is low, the DATA IN line 25 and the DATA OUT

25 line 26 are connected to the bank B shift register
through the switches 146. The SHFT CLK signal on the
line 29 clocks the shift registers. With every cycle of
the SHFT CLK signal, the data bits move to the next
latch. For example, the bit in latch 60 moves to latch

30 61 and the bit previously in latch 61 moves on to latch
62 and so on. In the normal operation of the dual shift
registers, one bank aiwayé operates in the serial mode
and the other bank in the parallel mode. The bank which
is in the serial mode, receives data from, or reads data

35 out of, the data terminals connected to the DATA IN and



bel ow, the nmultilevel dual shift registers effectively | nprove the
r ' . - : ' ' nory Arrays—->5s5—

Fig. 3 illustrates the organization of the nonvol ati |l e nmenory
array 1 and the nonvolatile reference array 2. The nenory cells in
the referen arra 2 are used to generate_the conparison
ref erence vgﬁ?gggggy g for a voltd§e-sense anglifier FETﬁﬁﬁﬁP 4ne the
bits 10 stored in the nenory cells selected in-the array 1. In

the preferred enbodi nent. described here, four bits are stored per

memory cel | of pR@RhoBTr 8¥nds Yl aha 2ASserially. "BOHHRNIGAN eYnaUStie €ach
bl ock in the pr consisis.af_a row. Each row

erred enbqdi gent C
consi'sts of 150%Ler g?’é*e?"én?be r@ﬁaaeg‘eam’gea’ﬁ%c%’r‘f%ﬁ{ bR Y OoRe| PE. Al
t he cdbhdsi datar intey cher aepdryi cellsnedutie/ axaay depandi ng
on the Y'”U|t'Bhﬁé@leﬂyltléﬂﬁﬁﬂ’B&ﬁi@&ﬁ”ﬁh9n§¥rf§qtm6§etéﬁi letes its'OW!S
progra d and regd fron13|nultane3$%1é. Si nce e Ehr §1ts are
stored ber nenBPfyiRL| PPEERBIANS,; O Shg; Bakapothe othehanknce nenory cel |'s
per- row. |In tsipudhbnepnsly canplletes its payalilelaspehatiensciwghh tkeory
cells so theregaeg £¥Pand from thé @H&%ri.“?’rﬁé’feé)ﬂ&g ;&gs%ég?&ﬁﬂ cells in

abele

the reference . ar .. These y-drivers 42 atr.

REFY- DRI VERs, Pank is s‘r’#‘%’df to gﬁﬂeypgﬁ?éée&-’&?%éc@- Fhes parppdelenory
array 1 25 bankr ési sWitthext ath theheeeial emddie -l ichamyifd. théhetabsee
MENDr Yy Array Yol bMer RESSPNN S 1la30el e ¥- VERRGE L : VER2. A
ref erence threghol d pgcirt 1t1o H I1t42 i QI’:;llgeneréz;% §H1§F83Q94£%art of

voltage . : )
the bandgap reP8F&fke 3IEE§?{H31 and” y4Cgi VErg$e ACCURs \RORtdPRPEEAY T ef er ence
li nes, each w @dr3ng writimmeindfo tind reedingnfwow ditengemorRERBEaREEBLS,

into the 3 F GRS ar I (A ol tage
generation bl ogl%n% M%? pagImg‘@?ﬁ'gagfbcﬁq*z{%ﬁ%f%%.ﬂl?QE M—E.Q{?exéri veg
the sixteen refBr BRAER ?ﬁES, NGe, fQUELPIRE e (Witten per pelly cfce

vol t agés REFACtREENISS 4 rx M thidsamraywyititéneis parallel. This

essentially provides a 4 x M faster wrifg rate compared
to a single bit operation. Similarly, 4 x M bits are
read in parallel and then shifted out providing 4 x M
faster read rates. 1In fact, the read ﬁéte can be

20 performed even faster by clocking the-sﬁift registers at
a higher clock rate. The maximum clock;gate is limited
by the time required for the parallel data to be loaded
into the latches for a serial shifting operations.
Hence, as described above, the multilevél dual shift

25 registers block 10 allows for faster read and write
access times of the memory cell array 1;

The switching between bank A;énd bank B during
both reading and writing operations céﬁ'élso be
non-synchronous. For example, during iting operations,

30 if the latches of the bank in the seria
before the latches of the other bank in'it
can program the memory cells with mul
switch of serial and parallel modes bet één the two shift
registers must wait until for the ban ﬁ;the parallel

35 mode part completes its programming opg;f'ion.
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41. - The vol tage rel ati onshi ps between the REFAO 15 and REFBO- 15
signals is shown in Fig. 10. During a witing operation,
a WRI TE signal on WR line 46 is high, which turns on a set of
N-channel 5Swo9mn3sbransi stors 45 (outl ixped by a dashed recicymBosissz4 The

si xteen REFA015 reference voltages of the block 43 are passed to
the Y-driver reference voltage |lines, RFLOLS. These reference

| evet vol tages, REFAO- REFA15, fromthe bl ock 43 are selectively

programmed i nt oCohvenselyy if rthe Farallel model pxogramiiow Speraltdoneierence

vol t ages, REFBOcBREBdBea vefore trd @ariiAe Bpeskt #dns'Sr SGlL Hirse! Yank
programed into nce cel

t he ref er f the array 2
BT n BEBoEPIP ety (GRERE FRERtiebmods BAEdEe Wit ne 46 i s
driven low to t unhidf thereeti@hsﬂoﬁeorbgnmis loaddd withmslated, ZTheecsané
transistprs 47 (al epulUidl NeshdYoptrations. 9RIECHo¥IE A PHEHDnoREC ahtd! Ned on

to pass the reference Ré%% A5 output voltages, stored in the
ref erence cel | s™8P symhronmﬁw"peﬁ’?%m?st 8% ﬁ@e ‘&?f\é?lf}i TegRsteh e
vol t age |ines, operationRet®posslildRERBOUBRFBEE impleauprsattiomedfattier ead

back 20 f apprbbeiset | sifbuitis, rigf %@negsaéﬁ adore A 17A¢ B3ock
ref erence voltaﬂ%s to ascertfu n tdge dln% t-aa |%s st or ed |rF] t he
celI's of the neddr{58PYRIA E3Fodyr o D5tAAAS Of the latghes 60-63hRfque
descri o bel owthéh¥-dsivefo raidrlatmhes 64-67 ofethe peiriexdkarer row as

i n . the preferreghggnoghnpgéi &o - cancel s power supply and tenperature
vari ations by : '

a Be i Req té nd Memo ra
Fig. 5 illustrates the organization of the
15 Y-drivers 41 with the multilevel dual shift registers

block 10, the read-write block 9 and the Y-multiplexer
block 8. The individual Y-drivers 41 are each the same
in terms of operations and cir¢uit detail. Only Y-driver
0 and Y-driver 1 are shown. The other Y-drivers up to
20 Y~-driver M-1 are represented by dashed lines.
Fig. 7 illustrates the circuit details of a
reference multiplexer 50 of each read-write block 9 in a
Y-driver 41. The true and comélementary output signals
of each of the latches within é Y-driver 41 are passed to
25 a reference multiplexer 50. Depending on the particular
bits in the four latches within a Y-driver 41 (in this
case, Y-driver 0), the reference multiplexer 50 connects
one of the reference voltage lines, RFLO~RFL15, to the
RFLOUT output terminal of the @ultiplexer 50. Signals on
30 the lines 60A, 61A, 62A, 63A aéd 60B, 61B, 62B, 63B carry
the true and complementary outéut signals, AA, AB, BA,
BB, CA, CB, DA and DB, respectively from the four latches
of each Y-driver 41, as shown in Fig. 6.
The reference multipiexer 50 is essentially a
35 16-to~1 multiplexer, commonly gnown in prior art. As



pl aci ng such variations in the conmmon node. The nenory cells in

+both array 1 and 2 are subject to.the sans vari ati ons=——Fhe——
reference cells in array 2 are al so subj ect to the same nunber of
program and erase cycles as 30 that of the menory cells in the array
1, thereby placin the long termaging effects of the cells in a
bl ock or WO 932w i n the common nod@1 This reference nﬁgﬂgﬁ?gﬁ?ﬁhs t he
advant age of |ower current read back node and al |l ows for | onger
and better long termreliability and accurate read 35 back of digital

g SO T Y oo o oo FEB AR

t hreshol d vol t ag®PgaKeragithe output signad BFLEUFe QﬁRFﬂﬁiﬂ§'9§u
conpensat ed) bl edlypaid, acoa through 4B aE&amctnatsutpqﬂunenmahaablI|ty

compared L0 PriQpa-gap of p?éf:&[éc%éé" tQE%PLEELQrsT Rfn 1421840 partltlon

not use 5 e nmenory cell o.generate
vol tages® but r# ﬁ!Pedﬁﬁéh%liiﬁPrrﬁJéﬁ‘dnﬁhé PEPrabien ;¢ the multiplexsre
conponents, suclsoashbasdsherendeiotid.onghe size of fﬁﬁﬂmﬁﬂﬁ&p&e&&d bandgap

voltage sour oes . LiHas! Uf BHERMner. of pirsl PHELIAON hesd TRYRIshona {erm

reliability and accuracy y over Greand power
suppl y opgr pemPBYiscell. For example,_a 6 nbih e meneEydcARAt of the
present inventi @torage systeﬁfﬁbquﬂﬂdg Qf sgheoref RareDsIaMaray 2 are first

prograr’q@d Then ride 5 @Jot Lé'g”s fthteh eggg%agge&hé q}oitlggge cells from

15 the array 2 are us t1vel'y program
Comparator 51, the Latch 52, the Program/Read control

circuit 53 and the High Voltage Switch 54 of the
read-write block 9. The circuitry in Fig. 8A is common
to each of the Y-drivers 41. The Voltage Comparator 51

15 has transistors 70-76. Transistors 70 and 71 are
P-channel transistors and the rest are N-channel
transistors. A VBIAS voltage on a line 198 from the
block 23 in Fig. 1 provides proper current biasing for
the Voltage Comparator 51. The circuit of the Voltage

20 Comparator 51 is known in prior art. Whenever the
voltage on a signal line 200 to the gate of the
transistor 73 is higher than RFLOUT voltage on the signal
line to the gate of the transistor 72 by even a very
small amount, then the SET ocutput on the Voltage

25 Comparator output line 199 is also high, and vice versa.
The gate of the transistor 73 is normally called the
non-inverting input and the gate of the transistor 72 is
called the inverting input. The signal line 200 and the
signal line 206 described below connect the non-inverting

30 input to the ¥Y-multiplexer 55. The two lines 200 and 206
form a path to read the multiple bits stored in the cells
of the array 1. The inverting input receives the RFLOUT
signal, the output of the reference multiplexer 50, as
previously described. The SET:output line 199 of the



the nenory array 1, with an offset to place the programed | evel s

m dway between the programred reference | evel s, as indicated in
Fig. 10. This nmethod does not require the block 43 but requires
additional tinme to 20 programthe reference cells first.

Dual Shift Regpigshazses for Data - 22 - Fig. 4 is mralsegrsstevel
representation of the nultilevé dual shift registers block 10,
shown in Fig. 1 25 and part of each of the Y-drivers 41 of Fig. 3.
The - mul til evel dual shift register block 10 has | atches which

are organi zed i Nedterge Semparaverfil Bs Booheptiad bd an input tiexmihel,is

connected seri alchg fatkos ené aEGmsilitor 80, of théegasdersz Fach bank has
fours | atches for each Y- Y-dri ver

| vV for C
41, during a witing d*hegﬂ?ﬁéheﬁ%(ﬂ?stﬁgaﬂﬁéﬁgéﬂ?e§% Qﬁa S5¢hr ough
the dual shift Transistorsg8ztand &% ayleoPk €tDanneldtransisteadi apdopheati ons

the 5 da&asexa&s_ Re&hahhel tﬁrammtbbe dueheSﬁsééh raeﬂu%t ars of
bl ock 10. The data information trav g gg 5 bottomw t hin
onor Vi ey B RapRRoCTPee oin iR Jvertar 8Pps with an \ipmd 1edse
- 18 - the gatePefl/ US9ckridfitdistor 80, connected fterhheotSEPM to top

during readi ng gpepati Phde 1§@ and anothege@ﬁbﬁt né&grﬁﬂﬁé(aﬁggp tgnal |
Y-drivers 41 tr ori zo cour se,

t
the depth of thgr?na}§§8F ?%tc% ec é& to the RESET input line 202.
10 This latch circuit and its operatlons is well known to

integrated circuit designers. : The transistors 81 and 82
form one inverter and the transistors 83 and 84 form the
other inverter. The output node of the Latch 52 is
connected by a signal line 201 to the Program Read

15 Control circuit 53. When the signal on the SET line 199
is high or pulsed high, the Latch output on the output
line 201 is high. When the RESET line 202 is high or
pulsed high, the signal on theiLatch#gutput line 201 is
low. The signals on the SET line 199 and the RESET line

20 202 are never high at the same time.

The Program/Read Control circuit 53 has two AND
gates 88 and 89 and two inverters 86 and 87. A PROG
(program) line 204 is an input to this circuit. The
signal on the PROG line 204 is high when the write mode

25 is active, i.e., a writing operation, and is low when the
read mode is active, i.e., a readinq operation. When
PROG is high (write mode active), the output of the AND
gate 88 depends on the state of the output line 201 from
the latch 52. If Latch output line 201 is low, then the

30 output of the AND gate 88 on the line;205 is high if the
PROG signal on the line 204 is?high,?énd vice versa.
When the signal on the PROG line 204 ‘is high {(write mode
active), then the output of the AND gate 89 is low. The
output line 203 of the AND gate 89 1s ‘connected to the

35 gate of a transistor 100. Dur;ng wrltlng operations, the



5 depends on the nunber of bits stored in one nenory cell.

* | A—the—proferi-ed enbodient—fotr—pi-t-s—af-e—st-ored—n—each - eeH—
Therefore, four |atches exist per each Y-driver 41. For exanpl e,
in Fig. 4, the Y-driver 0 has four serially connected | atches

60-63 and t 1 has 10 four | atches 65-67. I nul
further, Y- I(}?I \%Argzkﬁ/l has th& RB3st four |atches cgﬁ@%#ﬂ‘g
serlally Mis the nunber of Y-drivers and therefore, the total

nunber of |atches is 4 x M It is inportant to note that all the

latches are coneé‘&ﬁ@ﬂe@&ﬁ Qv 3l tﬁfrnéaecf(fdéﬂd’edéesmn&f ad1dw signaidank in
a long serial tnktof rma_shift eaF True and
e

conplenent ary obf pRA¥S &he Lipen2 which is W@Iﬂ tastRescri bed
bel ow wi th resp’éemultﬁ.ﬂegcerG 55, to the line 200. Timeswaoshah@l zegisters,
bank A and bank &m%é‘rt of the ref4ngstRd through transm ssion swtches 145
and 146 to 20 DAT. N I'i.ne 25 and, DATA OUT |ine 26, respectively.
Wien a REGSEL cont roI I i r?é‘elﬁgpsvﬁiﬁﬁgetﬁ%i%@ﬁ Mas| a3 inverter 9, 5nq
t he. DATA OUT | i treo 26~chanrednitzanedstors hel bamk 94, a capacisbrfsz ragd & er
t hrough the sw Wi L I 7 t he
DATA TN 11 SthEgs sudrtagelt nga_e,ng@g The High volfaddspBreRbe 1€ |
B shift registeppPerates as PnrtGGQﬁmPﬁﬁigw ?%"I’I%s“"&%‘. ai*-IJré"”SI—FFJ’GZLX si gnal on

t he | i velt28yesd aokant HY 3hnét 202gfsdrerthe Wiigh evetigeyshaepiig
the SHR§ CLK si I ,;ﬂeoldq,th, Ri b FPY. e e For
exarrpl E-B t he bl?ﬁ?nc? at ch, rcrzoves ?g ?atﬂn '&? to fhe :cliin%aitg

previously in |'¥Reh e r?[N?sZ(?Ff £8§ pighp or Blocks @égénéf%b'a%ﬁs WP“! he
normal oper at i obhefHY hsirdu@09s firbt passing to agiestidne, 206ewhenktié ways

operates in the)sgdizds n,gdqow. and the other bank in the parallel

node. The bank whi ch in the serial node, receives data from or

reads data 35 out §f°n"ﬁ?§eaaf‘8 the wead Patdhfocmed by the $HOMRY N and
15 lines 200 and 206 are the transistors 101 and 102 which

provide the current load to a selected nonvolatile memory
cell during reading operations. A VB line 208 is a
current bias line genérated from the Bandgap Reference
block 23 (Fig. 1) to the gate of the transistor 102. The
20 transistor 102 operates as a source of the load current
during the read mode. The transistor 101 with its
contreol gate connected to a VCTL line 207 acts as a
switch to turn the load current on or off. Inverters 103
and 104 buffer the SET output on the line 199 from the
25 Voltage Comparator 51 and provides an output signal on a
READ DATA line 210 during reading operations only. The
line 210 is connected to its corresponding latches (see
Fig. 6) and the line 206 to its corresponding
Y-multiplexer 55. Thus the transistors 101 and 102 act
30 as the bias current circuit 37 and the Voltage Comparator
51 acts as the voltage sense amplifier 38 of Fig. 2B for
reading operations in the voltage-mode.
Fig. 8B shows the read-write block 9 of the
reference Y-drivers 42; The Voltage Comparator 51, Latch
a5 52, Program Read Control 53 and High Voltage Switch 54
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« DATA QUT lines 25 and 26 serially. At the sane tine, the ot her
bank in the parallel node receives data from or : | oads data into,
the nenory cells of the array 1 in parallel. As the bank in the
serial node womihisses its 5 seriajg Qperations on thepckwsssnsode ot her
bank simul taneously conpletes its parallel operations with the
data to and fromthe array 1. Thereafter, the serial bank is
switehed to the parallel node and the parallel bank is switched to

the serial node@¥¢ SpBRgARgthat af fthe Mydriversi 4LhEoRCUBEIMGNGYY 2X¥2Y Thi s
synchronous swi tighbag thepe are modifiddtdlonisotparahficéigel rdfereneesa

occurs conti nuo ugi [ td Eﬁ into I ' rgm the
menory array 1. lin%%ry °e1§?n%g {h%':?“é&gre ygd%i 5%%@}“%%%‘{}‘%& s are
witten refergnrgl Fodrivenct? ieradshiald ihe veferenco«reldd |, a 15

total ofsg4 x M lidnhedteakbt ieD | Pimed alledle ar&he$ght refererftfsealinal |y

provides a 4 x M faste Lle rate,c re . . 1o a single.bi .
operation. Sini :gé)rrl f?cgf %lék)%’ﬁ??geg%e&%r 42 1po5he; TP 1% °§r1‘ e%'ﬁén
shifted out prothgrnegazrexejght current doags foxnedabesthe |grangistorse read
rate can be 20 111 apar hepNedasnedet ast Airahsiskeekbitpht oy ddheaegi st ers

at a higher clgck rat m,clock ratg is limte

by the time required f o?gfh%i‘%lgFaY"i:’r 0’3@@5‘%}0 158‘°'F’o?1’6|5d&’rce‘4 hlg&‘i %f’o t he
| at chesl@or a s&onpecththe aYroeRt aldans; to their regpectiveirehssdinged
above, the nultijdxgwalzyqual shift 25 regi sters .block 10 allows for
faster read and wite cess tines.q rray 1.

The switching between banE“ﬁigﬂdggﬁ%’k“% °€§ﬁaﬁdgng?e°ﬁgo‘rﬁ%? ﬁ"egr leté’% ng and
"~ writing operati gefergncgl selpg is writtemdie,spscBedected bydtheREMpl e,
during witing opghaidipnexed0se, showd id@ilgat 8eesiff réhérdmik v-artiker
serlal JBUe 7€ 42305 enever any6h8"S: 5 ' BERET inll mdriuctRI b the
high, the bit line side RVD (Fig. 9A) is connected to the
read path lines 260-267 in Fig. 8B. h
During a reading operation, :all the
VCTLO~VCTLO7 and MCTLO-MCTL? control lines are high; this
20 allows all the reference cells to be read in parallel.
All VCTLO-VCTLO7 control lines high also places the
current loads on the respective read paths of the
reference cells. In a reading operation the READ signal
219 is also high to allow the read voltage from the
25 reference cells to be passed to the RFL lines. Eight
reference voltages read back from the reference cells 0-7
are passed to the RFLO-7 signal lines respectively
through reference Y-driver0 and eiqhtfreference voltages
read back in parallel from the reference cells 8-15 are
30 passed to the RFL8-15 signal lines thfough reference
Y-driverl. 1In the present embodiment ‘it is assumed that
the voltages REFB015 (Fig. 10) are programmed into the
reference cells 0-15 respectively. With the READ signal
on the line 219 high, the transistorszll are OFF and
35 thus the read back voltage signals do ‘not pass to the



can programthe nmenory cells with nultiple bits, then the swi tch

' of—seft-a—ard—para--el—rpdes—between—t-he—two—shi-H—— r egisters must
wait until for the bank in the parallel 35 node part conpletes its
progranmi ng operati on. I V\DfQ?/hlBZSO el ; -mznon;]
PCT/ US96/ 159 Conversely, if the parallel node ogr a
operation i 3&697’!3250 conpl et ed bef o%/e t RS serial operation CS'{‘%Pﬂ!-? 94 r st
bank are conpleted, then the parallel node bank nust wait

unti|” the serial node bank is | oaded with data. The sanme 5 is true

for read operal colipara¥BusiARY SN HORIOURGRTLe that trardIBeBYICRIgNOUS

operations of the shift operation are possi
tﬁrough the i on %?apﬂﬁ Ree ?%?slaced similaply o0 atl the éGPFPytPn t he
system control R33Pw Sawekfunctionality Gakdng anwfitgu.ngl)opeBatathmeéet he

| at ches 60-63 Okoéoall thetfﬁké&éﬂa %%Eh@”gs'éé§§§§ é% H%P? ég fiverl

are Fig. grsters
and Menoty Arragn arfay I through therYzarivers &ls at es the organi zati on of
t he. 15 Y-drivers 41Inithe tdefemnentel ¥vmhltiplesxdy o6 Ehowat 8ASFiqg.

bl ock 10, the rgad- &ébﬁeM@*ﬁ"&ié%danﬁr&bngfﬂyééiégf?gg tranfistorglﬂfk 8.
The individual Y-drivers j}ﬁare each ane In terns of

operations and ¥@rcliPe JtR |§rraﬂg)¢m?n&r PV@Yi"es same igpgdangedenvehe] are
shown. The ot heRiNedasvprevided dy2@he Y-muYtifpiewsr sl farethepagsapted by

dashed jg nes. gince there are three transistors in series whenever a
memory array 1 cell is“éélected by the ¥Y-multiplexer 55.
This achieve better write and, more importantly, read
mode matching characteristics between the cells of the
reference array 2 and the memory array 1. The inverters

15 103 and 104 in Fig. 8A have been removed in the Fig. 8B.
This is because in read operations digital bits are read
out from the cells of the memofy-array 1, whereas
reference voltage levels are read out from the cells in
the reference array 2.

20 Fig. 9A shows a Y-multiplexer 55 for the
Y-driver 41 for the memory array 1. The Y-multiplexer 55
is similar to the reference multiplexer 50. In the
present embodiment the Y-multiplexer 55 is 8-to-1. The
type of the multiplexer varies (N to 1) depending on the

25 cell size and also on the amount of circuitry in the
Y-drivers. For the described Y-multiplexer, a single
transmission path is connected between the line 206 and
one of the lines, VDO through Vb?, depending on the
Y-address signals MOA-M2A and MOB-M2B from the

30 Y¥-counters. VDO throﬁgh VD7 aré the column lines in the
memory array 1. Durlng program and erase operations, the
signals pass from the line 206 to the VD0-7 lines.
During a read operation, slgnals pass from the VD0O-7
lines to the line 206.. -



Fig. 7 illustrates the circuit details of a reference mul tipl exer
‘50 of each read-wité block 9 in a Y-driver 41. The true and
conpl ement ary out put signals of each of the latches within a
Y-driver 41 are passed to 25 a reference nultiplexer 50. Depending
on the parti owd 8113250 bits in the fggr._latches within pc¥ufédngeds 41
(in this case, Y-driver 0), the reference nultiplexer 50 connects
one of the reference voltage lines, RFLO RFL15, to the RFLOUT
outpat termnal of the nultiplexer 50. Signals on 30 the |ines 60A,
61A, 62A, 63A and 60B, 61Fi®w2@A @dBocgheys connectldrfsattoraecantlaln

conpl ementary ouhisbesi §f Aife n%\voﬁatiﬁé memory cell%& heCR gnd DB,

t ly f t ' river ﬁi as shown
rﬁslgleg I\E/Se Y TTORR ff1d dfioddt mﬁ?e rgf’Srgn@érﬁ%ﬁ t‘f’b{l ©ight columnsiand |y a
35 16-t 0- 1on@| XTdeeoder, d.;’G-MnIfSNknnwswf sheoraramaly. 1.ASEach row
WO 97/ 13850 is cons:.dered 3:39 be a block in the m&&%‘s Qnﬁgaﬁnent

apparent in Fig. Qne t he RFL 15 Si pears_as the
out put si gnal F{ﬁﬂ&%% e@#’cﬂ‘ﬁﬂ' Sy h@u Ig%‘f“bﬁ%ys f°G'GA°F‘ﬁr LU S3B,
fromthe out put bLeek nal Fhe selectl@ﬁAOGSBle)fmm Byatec lsdng 1 ér anaeeb@éﬁ T11

through T164 arei® performdd/ g Tth@”?‘('-ﬂﬁ@ﬁ&fé’&@bﬁ ey %%r? 1&@

tood. ' The size 0 ? [ Iexer
Gepends on the riFATreAs Hidhass BAERLSRG TR oo she x'°°““6ﬂ'é£rreﬂfﬁ)ry
cell. R@r exanpﬂ%scallaedalnrwouﬁéNEryThﬁIbasm topaoliogyaganspet em r equi r es
a 64-to-1 nulti péeK&ided in both the X-dlrectlon to increase the number
of rows in the array and in the Y¥-direction to increase
the number of columns, in ordér to increase the size of
the array. '
15 Fig. 9A also shows the reference array 2 and
the reference multiplexers 56. There are sixteen
reference cells from the reference array per block.
Whenever a block is selected through the X-multiplexers
58, both reference and array dglls are selected. The
20 MCTLO~-MCTL7 lines drive the reference Y-multiplexer 56.
For the embodiment described here, there are
eight times more cells within one row than the number
being programmed at one time. The Y~-drivers 42 and 41
program every eighth cell in a row. A total of eight
25 programming cycles are required to program all the cells
in a row. Thus cells 0, 8, 16... are programmed in the
first programming cyele. Cells 1, 9, 17... are
programmed in the second programming cycle and so on.
Eight programming cYéles program one row. At the same
30 time, the reference cells 0 and 8 are programmed in the
first programming cycle. The reference cells 1 and 2 are
programmed in the sebbnd progrhmming cycle and so on
until eight programming pyclesﬁcomplete the programming
of all sixteen refeféncé cells.



10 Fig. 8A shows the details of the Voltage
‘ tor— 51 the | atch-b2i-Re~RagrarRead—econt+ol ctrettt 53
and the High Voltage Switch 54 of the read-wite block 9. The
circuitry in Fig. 8A is comon to each of the Y-drivers 41. The
Vol t age Co { 51 15 has transistors 70-76. Trang] r and 71
are %@ﬂ%ﬁ" transistors and~the Test are N-chan%‘lh%msgzg
transistors. A VBIAS voltage on a line 198 fromthe bl ock 23 in
Fig.- 1 provides proper current biasing for the Vol tage Conparat or

51. The circuit of the VQ‘hEag?tnges of tHP TR QLBiu@% R Sl R | N prior

art. Whenever the Si gha I he o the a,t e of the
transi stor 73 i EORGHFRL PﬁansR?L%iJPW"("aé’ea&ﬁ Ph‘ée§?ﬁﬁ‘é%"ely during e o
the gate of theclie divistt progfaiyimyaryalesety 1 and 9 ses&éc’amlwt t hen t he

SET output on tqg meﬁgéon?ep%?ﬁ%@ﬁr@[a%?cqw PH{}%' é&'etc}gs% %n2l so hi gh,

and vice versa. o) 'S norna Iy cal |l ed
t he 5 noﬁ?@ﬁ%%&“ﬂﬁbﬂ%e’&% hEhparetorepre Yranivers 427 %9 s
cal.l ed the i nvesdleut itheupropér RFLpUG ‘idMg%O@taﬂﬁethEltlplexer'S &oal |ine

206 descri bed &y&ﬁclcﬁ% h 3

Y-nmul ti pl exer g@ e t\/\g'}‘ Iﬁ.ngxs-&g’%{@‘ifﬁs?&n&s g°1tage?0é‘ip eQi[ h~to read
the mul tiple bithe faHeFench gRESERtian block 44 §¥‘°Y’ﬁe1‘ar$’e€/ B- The

i nverting i nputpuxeine) whdist reiBEhdbperation, thieglakchéfcopuimit of the

ref eregge mul tipl AARInR0y-ARiver 42 ard HPeRHaly B8E" E0 5kl TRE OUt PUL

l'ine 199 of the
PCT/ US96/ 15924 appropriate vcltages into the reference cells at the

selected locations in the array 2. At the same time, the
latches of the Y-driver 41 are set externally by the data
which is to be stored in the memory array 1. Of course,

15 the number of programming cycles for a row is dependent
upon the ratio of the Y-multiplexer. An 8:1 Y-
multiplexer requires eight programming cycles, while a
16:1 multiplexer requires 16 programming cycles.

20 ading Operations . the Me ra
To further appreciate the voltage mode reading

method in the details of the circuitry, reference should
be made to Fig. %A. The source line which is common for
the both array 1 and 2 in the preferred embodiment is

25 connected to a regulated supply voltage Vs. The
connection to the transistor 35 of the cell of the arrays
1 and 2 are shown in Fig. 9B. Assuming that the cell
circled and marked XX in the array 1 is being read. The
X-multiplexer 58 selects block 2 through line VG2, also

30 called the word line. A word line is connected to the
control gate of each of the memory cells in the block.
The selected word line is connected to the same supply as
is connected to the source, i.e., Vs, or to a voltage
that is high enough to;;;low the accurate reading of the

35 highest expected voltage at the column line VD4 with



Vol t age Conparator 51 is connected to an input term nal, the gate

‘of the transistor 80, of the Latch 52. The Latch 52 has
transi stors 80 through 85. Transi stors 82 and 83 are P- channel
transistors and the 5 rest are N-channel transistors. The Latch 52
is a wabmsssec cross coupl ed inyepger type with an i ppgiysiiidshs

the gate of the transistor 80, connect ed to the SET out put |ine
199 and anot her input node, the gate of the transi stor 85,
connected to the RESET input |line 202. 10 This latch circuit and its

operations is watespemhwta ground. ThenY-eyslit iy edierc 55t cdanegeerthe The
transistors 81 adshuieh 11 vo4 ter ehaneindVayd er tggn 83 and
re errifi L8819, 4 P2

84 formthe t rter The ou
connected by a sigral 9'1 | ne %‘3 1¥nhge ’f-‘ﬁ’%‘é‘ﬁfﬁ%ﬁe e’lé"ne 20%%%9}%%. rcw t
53. \Wen the su'fg}tﬁaltlmnqdw@NSEransnﬁ'eongmm During & hegh Gpeﬁaliﬁﬂﬂ. hi gh,

the Latch out puttrd HRDR Qlifzﬁu?zm is low Aﬁdlﬁhé’s%' g e RESET
line 202 is hig 5.|.|n|& ?he La%%’g out put

line 501 19 " O"mifs gforges thB"GRER Ph9 ke idHe FrlnmisgoroBonrto e HSRE
line 20 200 drrmdéher tragsiator hE0G e t M2 combination of The

Progranf Read (I”EﬁéﬂsfﬁﬁHEQ 50533H3315¥WE A current d ng 88 and 89 and
two inverters 86, and 8 nI is an input to

t PROG gq
this circuit. Th‘s\r‘am‘es‘Ien edsFﬁn&Pe hl??’lecm |‘—'ﬁ~é'°2‘e& B2 Bpghiwhe@BX he
wite ndfle 25 between Ade ddnei 200, and \grdumly oThealling, 200 0aiso liav when

t he reegq,rmg&é'ds h¥%Cnoh-& Hg,g,o

PROG i s high (vvré c;te r{p tgtithgéno?hgn%%itpu@ag 5 BXNgLEOGOIwBe‘Q ate 88
depends on the StAF&¥sY ot phFePeRte ()"’fftrh@rn""ltage SepsR ?‘%RUI‘F’J?E | f
Latch output |ir8 200 Fig.| @B) -t hEhettearifistor loaubapts aé & hewitdh gtaire 88
on the |ine 205 dri Riifierc bBAree. The NENIAL0N L] NGGRN Ih o

hi gh, vice t he S|gna
(wite ﬂ%d or'a fé’PF&ePerH\?g n°f h*él%ttﬁutacer’mmésmmw%r ggﬂlts‘*%w
The outgampariisen2dy thet Vieltae (rimpag@tios Sannepdwert o t he 35

gate of a transiglsyiph¥don BMEl BUsY the BHtARRN AN 203 chlfges to be

trapped in the oxide layer of memory cell transistor is
minimized. The RFLOUT input (fepresented as the

20 reference voltage 39 in Fig. 2B) connected to the
inverting input terminal of the Voltage Comparator 51 is
the voltage read back from the appropriate reference cell
as selected through the reference multiplexer 50 from one
of the lines RFL0-15 as shown in Fig. 5 and Fig. 7. The

25 result of the comparison at the Voltage Comparator 51 is
placed on the read data line 210 {represented as the
logic output 40 in Fig. 2B). During read operations, the
high voltage switch 54 is turned OFF and the high voltage
line 209 is disconnected from line 206 by the high

30 voltage transistor 93. _

The dual shift registers, described previously,
of the block 10 are_uséd both in the write and the read
operations in order to reduce ﬁhe number of devices in
the integrated circuit. The operation of the dual shift

35 registers during a wriping opeiation, has been described
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I RSSOt -5t e ot e e =R ot —aew-Sghad- S ——+6—pass
fromthe line 206, which is connected to the Y-mul tiplexer 55, to
the line 200. Lines 200 and 206 formpart of the read path. 5

The Hi gh Vol ptch 54 has an inverter 90, ot han
transi stors B? aﬁ?g@m, a capacitor 92-as8 a hi gh%&%ﬁ'&d@ls@ﬂ
transi stor 93. The Hi gh Voltage Switch 54 operates as a
transm ssion gate which allows high vol tages on an HV line 209

fromthe high v [ 0 r FLg. to pass
to the i ne%OGﬁféﬁg@uén\?ﬁe% %ere?ﬁeog(%ga{l’;fsgﬁn P‘%]e,égg?%lgl (%)‘c%ﬁg ﬁ?bhé%/eol t ages

I
from t hEORK 13 ESd™ Ao BRi¥ehgtd (ﬁ‘f?\g’q%ﬁ% hsonabnthfe
line 205 is | oweperation of the binargoseartledcalgorithn.cathpasbgharsred by

the.signal 15 prr3, |Bfes, H1%13n81266226 Cedficed AR $bRLENLQ41 fPd 102 which
olati nmenor y cel |

rovide _the current |pad to a selected nonv ) .

Suri ng Peadi ng Bﬁ%‘?’é‘h%s‘? ﬁgeBblif‘ﬁEYZBﬁaF%h lgorithm shpyaninpFigsd i ne
generated from 12& SBahdiplp Reher eperation beginwitR3a( REGET Ipuise tdie gate
of the transistege WderrHIa 2 of onbl ARk S50 rk0 3 RSLAbESadS: el cC Of
the | oad current durin tﬂe read m)dfé. etranms?or ﬁﬁ thits
control gate cohfEti%®Fso &'h@d%sp?n@u% rRsats#1d the latchegienipne turn
the | oad currenbamk of e dundvehiétsrdgisters. Accordihfitbuéher the SET

out pUt 30t he | 06k WiGo2Term, el BAE GUART' FLOEGPLoATEL B OVI des
an output signal. pn a . D_DATA I ne 15 qung rgadlqg?o rations
only. The hisspts fhe 1ipgnAdkialah And theoddaspbRBi hev| faxiAdd (see
Fig. 6) and thethe nkaiies conhectedr £spewesliBIXs signal line, latches o0,
4, 8 and so forth), in all the Y-drivers 41. The voltage
on the RFL8 line of the reference multiplexers 50 is thus
15 selected for the RFLOUT terminal of each Y-driver 41.
At the same time durihg this read operation,
the RFLO-15 lines are driven in parallel by the voltages
read back from the cells of the reference array 2, as
described previously. According to the binary search
20 algorithm, if voltage read back from the memory cell is
higher than the selected voltage on the RFLOUT within
each driver, then the data output on the READ DATA line
210 in each Y-driver 41 is high. This forces the output
terminal 601 of the NAND gate 600 low (see Fig. 6), which
25 sets the latch connected to the BIT3 line. The signal at
the output terminal 602 of the latch remains high even
when the data on the line 210 is removed. Once the latch
is set, the signals at the output terminals 63A and 63B
remain high and low respectively, even when the line BIT3
30 is forced low. If thg voltage ?ead back from the memory
cell is lower than the voltage at the RFLOUT terminal,
then the signal on the READ DAT@ line 210 is low. This
forces the signal at the output:terminal 601 of NAND gate
600 to stay high and the latch ﬁo remain reset. Thus
35 when the signal BIT3 is forced iow, the signals at the



Y-mul ti pl exer 55. Thus the transistors 101 and 102 act 30 as the bias

ccurrent circuit 37 and the Vol tage Conparat or 51 acts as the
vol tage sense anplifier 38 of Fig. 2B for readi ng operations in
t he vol t age- node. Fig. 8B shows the read-wite block 9
of the woohsy ence Y-drivers 42_ The_Vol t age Conpar atpgraisdensbat ch 35
52, Program Read Control 53 and Hi gh Voltage Switch 54 WO
97/ 13250 - 24 - PCT/ US96/ 15924 are
same- as that of the Y-drivers 41 for the nenory array 1, but there

are modi ficatiobasteh outphteitgirmingfier éd3eand 638 wowdibe dewl andth:‘eghi nme.
During a readi ngegp@é@ VY, &he reset geseéeaﬁet s O 0GR, 4%héeﬁgﬁa the

ref erence cells % . . Since there are elg erence
cells ‘F%?r‘é’éc?r“-’r 53’3%88" 1BPF§ePY4§°¥?F’I‘?ne'°"‘§r EdAr Bﬁ%d‘i‘%nt
there are ei ghtBET@ rbines duigh frespedtiiyelyie ta aronpstre operation of 1tthend

112, eagh set Ofroiiéé’@é Sérprtwmb bXrasPRd 210 ana orP@%eS- RFBEUP! Nt

VCTLO- VCTLO7 [ i orce | connect the current |loads to
t hei r respectlvg %€%q§ﬁ*§ach Yggr3v§§04§27 The connected latchesgaqeng

witing operatises, mrmsamrmm 2t1|0e:.s high orrbéft aremetcdlfl RESETWATA en to,
as selected by jfigeRHp is loy; h&&m?eéﬁfu?é eg{]clﬂ’nfe'%eg' gt?g%nes

reference Y-driver 15 neve one thé contro
MCTLO MCTL7 i s the latcheg gf#t*t%eBPP Frael ‘é?’ﬁe“h/@ GFHitferenf veltagect ed
to theio fremdtipaRFLO-11S 1if@s262 selécyed 8#h the RFLOUT terminal

During a readi ng,pHggirt il r ¥ ereride multiplexer 50 inputs 63A,B to
60A,B (the output of the latches)
Sequentially four biﬁs from a single memory
cell are read into the four latches within each ¥-driver
15 41. If N bits were stored per 'memory cell, then there
would be N latches per Y-driver 41 and N bits per
y-driver would be read in N cyéles of the binary search
algorithm. All the M Y-drivere 41 are simultaneously
loading their respective latches. After the latches on
20 one bank of the dual shift registers are loaded, the bank
is placed in the shift mode and the latched data is then
serially clocked out from this bank. While the data is
being shifted out, the other benk of the dual shift
registers is placed in the parallel read mode and the
25 data of another M cells are read into the latches of
this bank. As this bank completes loading its latches,
the previous bank siﬁultaneousiy completes its shifting
operation. This alternating operation of parallel
loading of data from the memorj cells and serial shifting
30 of data provides very_fast read access times.
During a read operation, the state of the four
latches within each feference f-driver 42 is not used.
The RFLOUT lines are: net ‘used w1thin the reference
¥Y-drivers 42. Instead the voltages read from all the



VCTLO- VCTLO7 and MCTLO- MCTL7 control lines are high; this 20 al | ows
‘all _the reference cells to he teatimpataltebrm———— Al MCH-O-VCTLO7
control lines high also places the current | oads on the respective
read paths of the reference cells. In a reading operation the READ
si gnal 219 is also high to allow the read voltage. fromthe 25
reference cYP¥B%%he passed to the REL3times. Eight PCT/US$64F%Acnce
vol tages read back fromthe reference cells 0-7 are passed to the
RFLO-7 signal lines respectively t hrough reference Y-driver0O and

ei ght ref er ence.oAlIAIRS cells are ﬁg&ﬁ@ffg[&s%g:—iﬁ' liﬁgyg§§,{]°%;nerence
Heed, HOUSHY

cells 8-15 are 30 _, EBassed to _ I nes t hroug
ref efence in Fig.q 88 and defcr hhed Rrashio odinent it is assuned that

the vol tages REFBO15 (Fig. 10) are programmed into the reference

cells 0-15 res Ié- @g& ohbe fﬁﬁﬂor rra on the line 219

hi gh, the tran _ he read back vol tage
si gnal sSdo not pass to tf@r a write operatiqmp $he1pyggramming and - 25
- . erd¥al/d1524/4thAd4 as is known iGoprdbet art| NPEhidarly AR
Notice that tr | i$+L,10 - d siylardy on
all the lines '?%Sée%&ﬁl%apﬁggv g%%a%%ﬁﬁérﬁ?fﬁo %g@rgkéfg, wf‘jfﬁ‘lr‘{’g% d
operati on node bY a normalgregp| cygie ke raffc &heethyeghodd cyektages 9f nenory

cells 5 RohOlai 1t memorghcédEs Wittt \éehighldegree of accuracy. In
L ot nce et L HACEOIARUE U boremning eadSiesbi) ATL <Tone!
erase pulse of sufficient amplitude and duration is
normally applied to completely erase the memory cells.
Instead of one erase pulse, some algorithms also repeat
the high voltage erase pulse followed by a read operation

is as necessary for the-erase function. In the present
invention a single erase pulse is used and then a
repetitive high voltage pulse programming algorithm is
applied to accurately éet*the-threshéld voltages. Also
in the present embodiment the erase programming and

20 reading occurs on a block basis for faster write and read
access times. Thus M memory cells, representing 4 times
M digital bits are simultaneously written to or read
from.

After an erase cycle has erased all the memory

25 cells in a block, the programming cycie is performed.
Initially the Latch 52 (detailed in Fig. 8A, 8B) in each
Y-driver is reset by pulsing the RESET 202 line.
Thereafter, on a repeﬁitive basis after the application
of each programming pulse a read cycle is performed.

30 Within each Y-driver 41 and reference Y-driver 42, the
read cycle is performed to determine whether the memory
cell has reached the,qésired voltage level set at the
RFLOUT output of the reference multiplexer 50. If the
voltage level read back on the line 200 (Fig. 8A, 8B) has

as not reached the RFLOUTﬁleVei, tﬁen the Latch 52 remains



M2, M3. This arrangenent provi des sane inpedance on the line as

provided by the y-multiplexer 55 for the array 1, 10 since there are
three transistors in series whenever a menory array 1 cell is

sel ected by the y-nmultipl exer 55. Thi s achieve better wite and,
nor e i nmport amo srn3zsead node natghing characteri stiperosvsnsas t he
cells of the reference array 2 and.the nenory array 1. The

i nverters 15 103 and 104 in Fig. 8A have been renoved in the Fig. 8B.
This is because in read operations digital bits are read out from

the cells of th&esefoppdapdditionahdrials voltage pulseerarr cimmiassed | evel s
are read out fr@pdnh@hethkfiok? cell. Thd ROUIREEEENERe MIGY Voltidde

Fi g.” 9A shows a_y-~mul_ti.pl r f - ~dr | 41 fo e
menory array 1. ’%ﬁ%‘éﬁ r}%l ?Fglléx%r‘ ‘g‘glﬁbee shaping gIX(I’in' %%/&t[%l t]t?%ec’érke%gr ence
mul tipl exer 50. degcrided in Fig. plesent enbodi ment the y-nultiplexer 55 is

?}] t o-2 é §he ! t ypepatihgeanyl df AiRXalepeditednéN 19 the daRN®akd ON
e ce

i_ze d,.alsp.on {. amunt of .circuitr n the
y-drivers. For tﬁ’é‘sc& s?c%ﬁbgsey?ﬂ?t%%fe&se_ LIReE; ﬁé?ﬂ the %itaqer &R HP&si on
path i s connect ®FLOITwWddne; hthe i rtclGS2i$ set and thecdchigh tvaltagees, VDO
through VD7, depgiifichd ogNthBerespective W-REARRES 431 QAR Srdfdrd¥iAd and

nthe O™ Miodkayer azd 8BSy oft W% RepR leBEthed T Ons The 0

si gnal sipass fr &mansaissien206 Righ neoMPOe7 pulses. to the memmy mgld read

operation, signachreated eenthie pd¥ticular v-driivBes Pt téodid1$e206.

WO 97/13250 understood tha€ while certain Y-driﬁg/suggg /d 509132 4

transmission of high voltage pulses to their respectively

connected memory cells, other;Y-drivers may still be

15 passing high voltage pulses to their respective memory
cells in order to program the appropriate read back
voltage levels. The read back mode during programming is
exactly the same as during the normal. read mode, except
that the output signals on the READ DATA line 210 (Fig.

20 6) is not stored by the latches of the block 10. The use
of same reading circuitry during programming and reading
modes provides more accurate and reliable data storage
and retrieval.

Fig. 10 shows the relationship between the

25 threshold partition reference levels for the nonvolatile
reference array 2 memory cells and for the nonvolatile
memory array 1 memory cells. The threshold voltage range
to be partitioned is shown to be from OV to Vmax. REFAO
to REFA15 are the threshold partition voltages for the

30 nonvolatile memory array 1 cells and REFBO to REFB1l5 are
the threshold partition voltages for the nonvolatile
reference array 2 cells. The ﬁEFAOelsjlevels are midway
between the REFBO-lsflevels. ihis ensures accurate and
reliable long-term read comparison of the threshold

35 levels. :



Fig. 9A al so shows connections to a certain nunber of the

‘nanvolatile nenory cells of tReeakkay ] ln-this enbedinent; one
Y-driver drives eight colums and one X-decoder drives four rows
of the array 1. Each row 5 is considered to be a block in the
present enbodi ment . I n other enbodinents, nultiple rows may form
one single WO%M30p ek The sel ectioB3of the rows by a FCIHSM%coder
is perfornmed by the X-nultiplexer 58 receiving four X- addr ess
signals, PA through PD, fromthe X-counters, as 10 descri bed

preyious!y. Th!s basi ¢ t ) Q.ysﬁggsbghe cir uit‘ﬁgéﬁIi%deQ QRLQSﬁ d
i
X-direction to increase the nunmber ) of rows inthé array and 1n the
Y-direction to PAEFabien voltage geperatiel blacks figmbothintbeder to

i ncrease the simnenvélatile memdrye axtragyl did the nonvolatile Erﬁer&fcéggso
shows the refer ray, aq@gﬁ : t er.en | plLexers .
There are sixt eggf&?ﬁ. Azbre I ngg;gggfspfﬁ%%q{]ee u&‘éfg‘#éhcgsa??ay per

bl ock. 5 onnehin ckenpanalire gndepever supnlougielithgexspureepl dkhe s

58, . bot h ref er esperationa) a;mp:ﬁalﬂiafaoempgmieib alltigh0gain, MCTLO- thTL?
lines drive the . A ' s . . For e
enbodi nent desc‘r‘f‘ é’gé'%gf&g}a]t%rég@re g’égr:eé amplleqlgefﬁ' tid _&f‘rb’?&*g’épé% thin
one row than thBoRlnbae reference uaifq3pppdithal aperetdonaipanghifier
Y-drivers 42 ando#lare known ﬂmlragmqrewayqﬂ@mdﬂ tfe%libnbﬂsal lrﬁtasiétaﬁ al of
ei ght ﬁ]gm :ﬁ%éc _ke ed t rQgarama e cells

in a ré'\%. Thus gé?lgé ) ‘%9 ..aﬁa?ésﬁéo‘g%%&fs%% °°nnecfegfﬁ st
progranmm ng cycFRowme| |s 1, 9, 17... are programed in the second
programm ng cycle and so Te threshold Fagtitiv YeHBFakdoRYBlLESEX PESEYr am one
ntne o STEpd nonvolat il mehBey’ BLELTTY A< orhed 3080 ror Se B ar e
programed in t Bd8 sEROMRE FAgeEHRAndncHRF 2l kel tsp apmesistor 317nt iThej ght
progr amgsi ng cycbatpatEdrd &adl1ed)REGAGNES NKEFA1S. Whedl tBkl résxéesn

reference CeII8318 is connected in parallel with the resistor 317, then
the nonvolatile reference array 2 threshold partition

generation block is formed and the ocutputs are called
REFBO to REFB15. Through the programming algorithm, the

20 sixteen reference cells per block in the preferred
embodiment are programmed to each of the threshold
partition voltages REFBO through REFB15. The nonvolatile
memory array 1 cells are programmed to any one of the
REFAC through REFAlS threshold partition voltage levels

25 as defined by the bits in the latches within each
Y-driver 41.

For the embodiment described here, there are
eight times more cells within one row than the number of
cells which are programmed at a time. The Y-multiplexers

30 55 program every eighth cell in a row. A total of eight
program cycles are regquired to complete programming all
the cells in a row. Thus, cells 0, 8, 16 and so forth
are programmed during the first program cycle. Cells 1,
9, 17 and so forth are programmed during the second
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. The.l atches of the REF y-DRI VERO and REF Y-DRI VERL are set to
output 0 and 8 respectively during the first programmi ng cycle, to
1 and 9 respectively during the second programm ng cycle, and so
to set the wogmazsereference nmultiplexgy of the reference péritishespns 42 to
sel ect the proper RFLOUT voltage at the nultiplexer's 50 out put
term nal fromthe REFBO-15 voltages provi ded by the reference
generation bl ock 44 shown in Fig. 3. : During this witing

operation, the progiws mfclleh@anfilso on fef eceigite proadyriancicyéleareoi nternal |y
set to program the jete t e‘gQBBEQthﬂﬁe ¥obié into the reference cells

at the ect ed ti‘fons 1n t e array 2. At the_sane tine, the
| at ches of the Y-dr| ver At the sameckilpnathe FRfeuanceacglls 0 and §hich is

to be stored i natéepreymammest thy ohghOtheotws exeflérence driiversugber of
progranging cychReilerue 'Akes cgsasndeaf 1 and o RRAnLNEREALLOA L he

Y- mul ti pl exer g exer Toud ree 8 pr ogr anmi ng
cycles, while af¥Ycle, and go png pg; §eR Fe?eEﬂFQQQP:E@epFG BERAFRg cycl es.
20 Readi ng-6ipkt ipledexrsf 156 t TheMravehed\rdf\the REFY-driver0o and TO

further appreC|§£pY1§§.¢ggfag¥§ ggg tBeﬁgﬁQPY valu?f é ad“ W the details

of the circuitry, rence A. The source
line which is cEpfRRCEbyely during £AESEOEYICHe r And l%mrz P’ﬁl’éﬁé Bteferred
enbodi m@nt i s 2&nd "o* mymﬁi@dlyoaarmguleé@ahcswmim vahtage &a.toThe

set the reference multiplexer 50 of the reference Y-
drivers 42. The multiplexer 50 selects the proper
voltage from the REFBO-15 voltages provided by the
reference threshold partition voltage generation block 44
15 for the RFLOUT output voltage. In other words, during
the writing operation, the latches of the block 10 of
each reference Y-driver 42 are internally set to progran
the appropriate voltages into the reference cells at the
selected cell locations, while the latches of the block
20 10 of the Y-drivers 41 for the memory array 1 are set
externally from the data to be stored in the memory array
1. The number of program cycles per row depends on the
depth of the Y- multiplexers 55 and 56. For example, as
described, an 8:1 multiplexer for the Y-multiplexer 55

25 requires 8 program cycles, while a 16:1 multiplexer would
reqguire 16 program cycles to finish programming a full
row.

while various preferred and alternate

embodiments of the présent invention have been disclosed
30 and described in detail, it should be evident that the

present invention is equally agplicable by making

appropriate modifications to the embodiment described

above. Therefore, the above description should not be

taken as limiting the scope of invention which is defined
a5 by the metes and bounds of the ?ppended claims.



connectlon to the tran5|stor 35 of the cell of the arrays 1 and 2

T %f‘.ﬁn!mlm }W’Mﬁﬂluel ng read. The - X-mul ti pICie>r<g|r 58 sei”?g'[ ls<ed

bl ock 2 t rough | *ne” V&, al so 30 called the word Iine. A word |line
I's connected to the control gate of each of the nenory cells in
the bl ock. WO913250 The se| ected word [35ne i's connected to"(f"l'ﬂ\g suppl y
as is connected to the source, i.e., Vs, or to a voltage

that-is high enough to allow the accurate reading of the 35 hi ghest
expected vol ta%i zt :Ehéﬁo‘ ug. line VD4 with WO 97/ 13250

- 28 - - 5924 respect to ground. The
y-mul ti pl exer 55 connects the colum line VD4 to the |ine 206.

Referripg to Fig. 8A 1. An megtrmeui 8erdQft i Ka iy edrhg bbe |ine

200 t hrough ur or. read operati on,
5 he PROBEPRE gﬁilé ow anérl %%Sé?iltl %p%glzel S hlr%ﬁ‘ Thi s
forces 3he gat @ulgipde bhes (eRnNtarmation,t andeatjlgast one datgo turn the

transi sfor 100 temihle, Coadd Niteratied circuit éommsidiy:s 101 and 102 form
a current source %‘?ﬁp lﬁst‘%)%%d % éhe bi as, clur{qﬁt ci,r,cuit 37 in
Fig. 2 10 bet ween®t e &ﬁ FBufgine °n§a§80 25F2¥% i s
connect&d to tief memorkveellsg saisutlagichegeorpanizrd into a figskphamkor 51

(represgented aanigha ggl:bageb@gase,@pl ifier 38 in Fig. 2B). The
transisfor 101 acts as a Syd

T
transistor 101 is only tur‘ﬁeﬁpcf ﬁs altem?tgfeh‘g#{g%g{q %%Liéfcgl"rﬁgeto

acconpl9sh pr &sak VQ|§ag@ array of memory cells and said second bank

10 to said one data terminal, and said second bank to said
11 array of memory cells and said first bank to said one
12 data terminal whereby data is simultaneously transferred
i3 between one bank of latches and said array of memory
14 cells and transferred between another bank of latches and
15 said data terminal for.faster.réad and write operations,
16 said control: means coupling: each bank of latches to a
17 block of memory cells in said array, said block of memory
18 cells having M memory cellé, and each bank of latches

19 having N x M memory cells, N latches coupled to each

20 memory cell.

1 2. The integrated circuit of claim 1 wherein

2 said control means couples a bank of latches to said data
3 terminal serially;

4 wherein during a writing operation, said

5 control means alternately couples one bank of latches to
6 said block of memory cells for a parallel transfer of

7 data from said bank of latches to said block of memory

8 cells, and couples anotherfbank-of latches to said data

9 terminal for a serial transfer of data from said data

10 terminal to said another bénk of latches; and

11 wherein durlng a. readlng operation, said

12 control means alternately couples one bank of latches to



e e Potenti el Tor erargea o be "y rapped i n uMNINHIANENIN

menory cell transistor is m ni ni zed. The RFLOUT i nput® (Fep! estnt'ed
as the 20 reference voltage 39 in Fig. 2B) connected to the )
I nverting i N oyl nal of the Vol tage nmparator 51 is  perusssicis
vol tage read back fromthe appropriate reference cell as sel ected
t hrough the reference multiplexer 50 from one of the lines RFLO 15
as shown in Fig. 5 and Fig. 7. The 25 result of the conparison at the

Vol t agel¥onpar atsaid bliock of memoyy sesllsrfarhe peadlﬁialatramefm@f

(represgpted as 44 £rom salhoswcp%mﬁen&&y %eEuQ t8Bla i PUBd N0 d
operations, the IS tgrned OFF and the hlgh

TPl taged Natahesao ind GPORLAT RAGHITH SAPK RE SBBShes  Fo Fhih dase

vol t agel@ér ansi sttarmihal for a serial transfesr éfabdashi fromegaid eammther
descri bpgl previ QiKY of latchesOtold@id e ¥raigatsed both in the wite

and the read operations in order to reduce the nunber of devices in
the integrated circuit. The operation of the dual shift 35 regi sters
during alwriting operatiof, hEkebbtrbtegismd ddcuit of claim 1 SAPtNEr13250
- 29 - comprxstST E@Q@léﬁazéecond data terﬁ%ﬁXﬁQUS|y In a read
operation (refer to Fig. fo es Th a Y-driver 41 are
preset through the eBﬁé?a??fﬁPQﬁatﬂﬁétﬂPﬁaP?e§é5+€hraﬁ%ﬁﬁlttnn The
signal s 4 cABitED] Bedds &lTdrnétiNely eduplesdoheghanieqoeritatadhes 5
according to thedidil vi8ekChr sheRéty BBIMOWS B phPiilel transfer of
6 ‘data from said bank of latches to said block of memory
7 cells, and couples another bank of latches to said first
8 data terminal for a serial transfer of data from said
9 - first data terminal to said another bank of latches; and
10 wherein during a reading operation, said
11 control means alternatively couples one bank of latches
12 to said block of memory cells for a parallel transfer of
i3 data from said block of menmory cells to said bank of
14 ' latches, and couples another bank of latches to said
15 second data terminal for a serial transfer of data from
16 said another bank of latches to said second data
17 terminal.
1 4. In an integrated circuit having an array of
2 memory cells, each memory cell storing a plurality of
3 bits, each memory cell having first and second terminals
4 and a control terminal, a circuit for reading saiad
5 plurality of bits comprising:
6 a bias current referénce generating a bias .
7 current through a selected memory cell independent of a
8 plurality of bits stored in said selected memory cell;
-] multiplexer circuits?:esponsive to address

-
o

signals for connecting said selected memory cell in said
11 array to said bias current reférence; and



eﬁmmm"ﬂqml?m{ ation begr ns wt h1 aJ?!E{S}ET pul se Onregrs{-er-s—t'rlliﬁeEEREgE'?

puI se* rasets al Iatches on one bank of the dual shift
registers. According to the 10 bi nary search algorithm the BIT3

signal is fo&ﬁegqngis(gh. This sets the line 63A hi ghﬁa%g%/pssﬁnr ne

63B | ow for the | atches coddected to the BI T3
| at ches O, 4, 8 and so forth), in all the y-drivers 41. The
vol t age on the RFL8 line of the reference nmultiplexers 50 is thus

15 12 Selected for th |s ?‘%&t% H‘Pg?l,tg{_ gm&e%rt\éerRé%@w lines are

At the sane tine durrng t
drivén %3 par al PeFvwesn sal qc&gésteminal of csaiidh Redetesd PRROER|Fetbf t he
referenge arrayad ssid bias curteats re€dreney| wid vAragedcogpafatde

2 nary %earCh : arth rn t,ﬂ{g sel ect e% #%ggﬁé %%&Pﬁr%@pry cell

S hi g er t age on
each dri6ver, théﬂ i eetprencsuvRdtags Fﬁé Raaeifmm 3% said node 210 jn
each y-uriver 4éorsedpafdinthivhiuedgstbheadditPpliirality of biesnstetedOl of

t he NANQR gate 6 ( . | 2 ets the | afch connected
to theh‘% T3 1i ngg é% éeele‘E‘J@Ié21 F@%b&h&ghtﬁ%r oﬁﬁlp%tsmtagr ﬁ‘uﬁgengogo of the

| at ch A®mai ns hfgkewyine 2 bit stogr@nipheaiditmenery melli.ne 210 is renoved.
Once the latch Is set, the signals at the output termnals 63A and
63B remai n hi gh gand W t ey, n,t I ne BI T3 30
S forceld low. If the voﬁat aéﬂe&r 5§§agg§ &#?%#rﬁ hete 0135‘ ?Sther cell is

| ower tHan the 96!‘?’&5%1%& the RFLOUT termnal, then the si gnal on

the REAR DATA line 210 i adang £OR &equentlani Oérmﬁgltr@esswnﬁéfé%eﬁél@

out put term nal ngg%% HANR %q_dg 8 se%%ﬁlc%ﬁ%qest QI ggﬁl tﬂ:‘:tlat(:h to

remain reset Wnen %i gnal s
at the B of bits stored in said selected memory clrcult, and

6 a second memory array having a plurality of

7 memory cells storing a plurality of reference voltages, -
8 said sequentially changing means connecting selected

9 memory cells in said second memory array to said voltage
10 comparator in said ordered sequence.

b 6. In an integrated circuit having an array of
2 memory cells, a circuit for programming an amount of

3 charge in a selected memory cell corresponding to a

4 plurality of bits, said circuit comprising

5 a high voltage circuit for generating a high

6 voltage for programming memory cells;

7 a bias current reference;

8 multiplexer circuits connecting said selected
9 memory cell to said bias current reference, said bias

10 current reference generating a bias current through said
11 selected memory cell independent of a plurality of bits
12 stored in said seiected memory cell;
i3 a voltage comparator connected to a node
14 between said selected memory cell and said bias current
15 reference to determine a voltage at said node



Yggzl éﬁtzggt termnals 63A angOG3B woul d be | ow aEgT{]Pnglmn"m III"“III“ I“l

respectively, the reset state of the latch. The binary * Cgedard

al gorithm continues by forcing the BIT2, BIT1 and BI TO |ines hlgh
respecti vel woéemmspar e operati on of th 5_ vol t ages oeTiugss/8iAD DATA
line 210 and on the RFLOUT I|ne within each Y-driver 41. The
connected | atches are set if READ DATA 210 is high or left reset if
RESET DATA line 210 is |l ow. Depending on the set or reset states of

the | at6hes wi t¢torresmindingr unégudly to déd idramuuntoloifaghatge stored riom t he

RFLO- 18711 nes !§éfﬁﬂé%ﬂé%ié@nmEﬂSrgFéglﬂ-f6¥r§d¥ﬁ bias cu rEH ough the
referen§e mul ti pl exer 50 inputs 6 ;P ut of the

| at ched$. °§EaﬂgﬁP?a?*ﬁp?Qﬁn°Qﬂqﬁ§tPE asg} Benory

cell al® read imtade dinguitaaodesaid t Vo ltagye lcotpdriater, 15aid 41 [f N

bits wgpe Stor?r&%ramw kizellit ahefew&ssee to said WBES g be N latches per
n

Y-driver 41 an be .rea N cycl es of
the bi Aary sear%?PparatJ% %&PGHFP?hﬁ% gdyggﬁl QQGFQﬁwcﬁéFE131tﬁrEF°gram
si mul t 2Reous| y said seldaizdi mgnbhyi celbspecil \smildtvoieageAfter the |atches

on 20 Onehgéé{eléﬁox{dl%gd%' sﬁ*ﬂaf]& @zﬂ% ﬁéterc%a%% 's%Q@Q 1£h§aﬁ?”k

i's placed int ially
cl ocke@%out fr Rt TFehARROTYHFRLL tHEtBET%.ﬁﬁﬁd refere"“BeYﬁbt§%$fted out ,
t he ot her bank of the dual shift registers is placed in the

paralleh read mode and the 25, ap sfEgreledTLNRILEELG B CabER det O

~the Iatches of tes”| oadi ng

| at ches? nenQIy ‘iﬁ]e]\ﬂ'oﬁécﬁaﬂﬁmg¥ﬁu‘l‘?]aheﬁﬂ%q‘3}ecGﬁpFH’ESWt s shl ft ing
operatiBn. Thi smaltiplathity ofeiafoomabioparalplairality of lavedesig of data
fromthg ”emryc&%éét@aﬂdcoseralal atbhllbfinelfbry cer1d, d3ia phevheles very

‘fast read access During a rea operatlon t he
state of the fo%?ganlzed into, e hdTshi Pank 2P Sacoenbank. gAY At 42 i s not

~ used.

& TeéxstRFi@ /Ratian¢erainatot a usethod tdfi mperetingesaibde

7 integrated circuit co&prising:;

8 alternately coupling said first bank to said
9 array of memory cells and said second bank to said one
10 data terminal, and said second bank to said array of
11 memory cells and said first bank to said one data
12 terminal, each bank of latches coupled to a block of
13 memory cells in said array, said block of memory cells
14 having M memory cells, and each bank of latches having N
15 X M memory cells, N latches coupled to each memory cell;
16 and

17 simultaneously transferring data between one
18 bank of latches and said array of memory cells, and

19 transferring data between another bank of latches and
20 said data terminal for. faster read and write operations.
1 8. The method of claim 7 wherein in said

2 coupling step

3 a bank of latches is coupled to said data

4 terminal serially;



Ydﬂmﬂ"mim,m lm the vol t ages read fromnglrlll Uégg/ 15024 . V\D

ef erence ce Iaced on the RFLO-15 lines as shown in Fig.
8B and descri bed previously. Witing operations into the Menory
Array 5 For a wite operation, the programu

erase al gorivﬁr?gflazgg is known in priorr &8t typically use "%96"59%14
repetitive high voltage pul sed program cycle, followed ~ by a normal
read “cycle, to set the threshold voltages of nonvol atil e rrermry

cel |'s wigth a high deoree qir@eour ¢Yeidd operat¥drl drd bhki 8 Atdfod b
%? 'suf i

programn ng al gorlt se 0 cient anplitude and
duratiof is Ptm%ﬁ%yy cé’b‘ﬁllF@dt?osﬂﬁrﬁlé?‘%ﬂ N eP‘&?@thEeggﬁv?V cel | s.
| nst ead 7of one arpaxalbldlkdrasferabfodatantrat saidpank of latched o hi gh
vol t age ger ase DH£§& éf&éwwn#&oeyr eaﬂlgpeaﬁ&'a%éér bank2BeNELESREL Y fOr

t he erase funct In the esent tiron a sing Fe erase pul se
is used%and the s coupled to F@&Qt F’PF?etW%Iﬁ%’gé‘ ﬁGFéélpFﬁg'r‘%ﬁﬁﬁ' Rf

al gori uJom is data frapEdidd dataacernbhel Y afa fchandtheghpafk vet t ages.

Al so &@egreﬁ?ﬁgt enbodi nent the erase progranm ng and 20

r eadi nq occurs on a bl oc gsis for faster wite and read access

times. ¥¥hus M nenory cel IBFiNgpREBARLNAG AP Eon, one bank gf glatahas ¢ s
are sim3l t aneouss yalkernadellyo conpleddto said block of memory cells for

14 a parallel transfer of data from said block of memory

15 cells to said bank of latches, and another bank of

16 latches is alternately coupled to said data terminal for

17 a serial transfer of data from said another bank of

18 latches to said data terminal.

1 9. In an integrated circuit having an array of

2 memory cells, each memory cell having first and second

3 terminals and a control terminal, each memory cell

4 storing a plurality of bits, a method for reading said

5 plurality of bits in memory cell, comprising:

6 connecting said first terminal of said memory

7 cell to a first voltage source;

8 connecting said control terminal of said memory

9 cell to a voltage source to electrically couple said

10 second terminal to said first terminal;

11 connecting said second terminal to a bias

12 current circuit, said bias current circuit generating

13 through said second terminal and said selected memory

14 cell a fixed bias current independent of a plurality of
15 bits stored in said selected memory cell;

le connecting said second terminal to a circuit
17 for sensingia voltage at said second terminal relative to
18 a predetermined reference voltage corresponding uniquely
19 to said plurality of bits stored in said selected memory
20 cell for said bias current and generating a digital



from After an erase cycle has erased aI
- celds in a block, the programn ng cycle is perforned. ““Imwnﬂn Hlﬁﬂ"l
the Latch 52 (detailed in Fig. 8A, 8B) in each Y-dri*vef i's resét *

by pul sing the RESET 202 |i ne. Thereafter, on a repetitive basis.
after the appbiomessen of each ggogramm ng pul se a porAsesssiee | S
perfornmed. 30 Wthin each Y-driver 41 and reference Y-driver 42, the
read cycle is perforned to determ ne whether the nenory cell has
reached the desired voltage |evel set at the RFLOUT out put of the
ref ere@de nul tipreswt Gpresponddng to saidygensgid vadtager atkdsdddk on the
l'ine 2@8 (Fig. §£boﬁﬁﬂté§ﬁiﬁyi not reached the RFLOUT | evel, then the
Latch 52 remains WD 97/ 13250 - 32 -

PCT/ US96/ 15924 reset and additional high voltage pul ses are

i npr essad upon t H& .nedx pncdnkegrFhed spiren tohavipghaghaxody age
pul ses s the hbﬁhné%ﬁ;aq&ﬁ@apba&naaémsgité@il HHsng? b floatin Oged | bed

Fig. 1. g gees |
back 37 oFeRERIS, P P Sapre e bronaiie medfRrike S8 [ ho

RFLOUT Wi ne, thbodit csted® istoyed dndsahd hemdryoteldge a method €artch of the
respectigve Y-driygdifd 4 aihdrf @e@1C8elected: £rivl dasey a%%LF" s turned off.

Thi s stagps further 107, transm ssi on of hjgh voltage pulses to the
mermory &el | comprigiMflicted to that particular Y-driver. It should be
under st @od that while cergetieraticgi wememony sebdp voltage responsive to

8 an amount of charge on a floating gate of said memory

9 cell by connecting said memory cell by a terminal of said

10 memory cell to a bias current #eference so that a bias

11 current is generated through said memory cell independent

12 of said amount of charge on said memory cell floating

13 gate and so that voltage at said memory cell terminal

14 - corresponds unigquely to said amount of charge on said '

is memory cell floating gate for Said bias current; and

16 sequentially comparing said memory cell voltage

17 with respect to one of a pluraiity of reference voltages,

18 each sequentially comparing step determining a bit to

19 determine a plurality of bits responsive to said amount

20 of charge stored in said memory cell.

1 11. The method of claim 10 wherein said

2 sequentially comparing step comprises sequentially

3 comparing said memory cell volﬁage to four reference

4 voltages to determine four bits for said memory cell.

12. In an integrated circuit having an array
of memory cells, each memory ceil having a floating gate
capable of holding an amount cfzcharge indicative of
multiple bits stored in said meﬁory cell, a method for
writing to a memory cell select?d from said array,

Ot od W N e

comprising:



t r ansyshi | (0ol tage pul ses to their respectively connect ed
'rnunnguﬂﬁ"umg, H Hm - N S-St @ ore——38S S | A—H1 gl—vOttage

pul ses*tc thel n Tes tive menory cells in order to programthe
appropriate read back voltage | evels. The read back node during
progranmm ng_is exactly the sane as during the nor de,
except WOIR2R0 t he out put signals 4 -t he READ DATA | {TEJeT’é%gﬂf Ig. 20
6) is not stored by the latches of the block 10. The use of sane
readi ng circuitry during progranmm ng and readi ng nodes provi des

o SEFUSLS T e ey e Moy o 0ilf SRR o

Fig. 10 shows the rel ationshi ) . partition
ref et ente | eveMltdplenRif®to kg jghored in saigd.palechad MAeMFY2 Shdlbry
cells amd for the nonvol géhérating a memoegoLylar vaytdgeraramponsdivesto The

threshpjd VO'FtAgg,e ahdRaE otfoc%?téﬂ:al%e fa%ft&_hgggﬁé | 5¢ %ﬂwﬁeﬂ:&gl from Ov

to Vmax. RE re the t old partition voltages for
t he 301 n&®tdiatil e menory array 1 cells and REFBO to REFB15 are
the thzeshol d partiti on gehérgeind & gluraldnyobfit réPerence voltagksr énce
array 2,cells. saE'&?_iBEEéQé@éd'@i’Pé@i@Je m dway “between the
REFBO- | evel s. hi's énsures accurdte and reliable long-term
read chhparison of the t RFegFdMMingG a floatipgegate of said memory ppll
97/ 13219 so that said3@emory cell voltage REEEREDCIHSTH a
Fi g. 1}65h0“5 &Bﬁm%h&%?iEfdféféééhéé”§J¥Q58§Q9|gaid one reference

17 voltage corresponding to said plurality of bits,

18 including _

19 erasing any charge from said floating

20 gate;

21 subjecting said floating gate to high

22 voltage pulses;

23 determining said memory cell voitage by

24 generating a bias current through said selected

25 memory cell independent of the amount of charge

26 on the floating gate of said selected memory

27 cell, said memory cell voltage corresponding

28 uniguely to the amount of charge on the

29 floating gate of said selected memory cell for

30 said bias current;

31 comparing said memory cell voltage with

32 said one reference voltage; and

33 repeating said subjecting, determining and

34 comparing steps until said memory cell voltage

35 matches said one reference voltage.

1 13. An integrated circuit comprising

2 an array of memory cells, each memory cell

3 capable of holding a voltage corresponding to a plurality

4 of bits, said array organized iﬁto blocks, each block

5 having reference memory cells and data memory cells;



parti ration bl ocks for both the . nonvol atil e
. mgm)ruln lmlmﬁmﬁﬁ nonvol atile reference array 2. A bandgap
vol tage refaerencesunit 300 is an 5 on-chip tenperature and power
supply voltage source. The operational anplifier OPAMP 301 is a
hi gh gain, wogmazseunconditionally coppgnsated anplifier. pdwusdsnsgatry
for both the reference unit 300 and the operational anplifier
301 are known to integrated circuit designers. Resistors 10 302
t hrough 318 are equal value resistors connected as shown.
The threshol d partition geattage gyendmatidonocircuits gendmmatiiowy dlizstl e

menory ajray 1 iahal aeBBAqVBEPs fof eﬁéfé&rnce voltage3i§vé jiot _connected in
paratlel_to a resistor 317. tputs are called REFAO to

REFAL15. & \Wen the resi st ongrammP"g ﬁé“’l“étéoﬁﬁ@ﬁ%%l"??f‘ﬁ)]é? A9Hingi th the
resi stor? 317, twedtages in sabd ndakemEniory cefldsewith arespect ttor ealidl d

partitigy fus&eaaeasf%@é%é 1% @%d 180614 hesﬁa malsca@re% cal | ed
REFBO to REFB15. Throu

r S|xteen
refererte cellsS9& FeBPgeﬁlm 'E‘F\e %r&ed 39,3 se@tln n?ﬁ)’cﬂ Rsfong, §e
program@ed to eaﬁhreiferhacehvektma levels in paiditéferends agaerREFBO
throughy REFBI15. cEigghogugl atile : menory array 1 cells are
programed to any oné of the REFAOQ t hr pugh REFA15 t hreshol d
partitith voltage |evel s 383ding Cirewdis FOBPBYinGevettages sete inafRhds
W t hin ¥ach data mémdryveellld with respect to said secorndiesexriogdi nent

descri bgg here, :Ie?%rr@néﬁevolta?? sl?/ﬁ il 'sg'iﬁ ggfgr&%é Smé%c;zjy %e@.&% row

t han the nunber g $ are ?ranne
Y-mul ti Ml exers 3@ determipe dapa aﬂ’r*'e?/é'r‘ifr&sgﬁf‘ﬁ B%IF°|?P%F ﬁﬁﬁ "°AtF8F§I of
ei ght 18 preygsaddcyletasmemery ezpli¥ssd to conpl ete progranming all
the cells in a row Thus, cells 0, 8 16 and so forth are
programed during the first programcycle. Cells 1, 9, 17 and so
forth ark programmed duri A8t hBD stRYpEFated éircuit’ comprising
2 an array of memory cells, each memory cell
3 capable of holding a voltage corresponding to a plurality
4 of bits, said array organized into blocks, each block
5 having reference memory cells and data memory cells;
6 voltage generation circuits generating a set of
7 reference voltage levels;
8 programming'circuits setting said set of
9 reference voltage levels in said reference memory cells
10 and setting voltages in said data memory cells with
11 respect to said set of reference voltage levels, said
12 voltages corresponding to dataibits; and
13 : reading circuits comparing voltages set in said
14 data memory cells with respect to said set of reference
15 voltage levels in saiad reference memory cells to
16 determine data bits cérresponding to said set voltages in
17 said data memory cells.
1 15. A method of cperation in an integrated

2 circuit having an arféy of meméry cells, each memory cell
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pr ogramm ng of one row. At the sane ting€, fhe'reterence
cells 0 and 8 are progranmmed through the two reference drlvers 42 5
during the fj cle; cells 1 and 9 during the second and
SO on, as s&éi@ t hrough the referenc® = Y-nmul ti pl 'é%fpggﬁé The

| at Qhes of the REFY-driver0O and REFY-driverl are set to binary

val ues "0" and " 8" respectively during first cycle, and binary

val ues 51" cd i ur, 8§ el £ }aﬁqlqg on to
set Ihe3referencé) r%tl pl 222?@‘8 : Cﬁh%glrledgrggﬁgg @8% rive rsy42

The Tul #i pl exereB @& e Spd: REFPY db%‘fmg referepge; BEROFY ik B0 15
vol t ages provi dixtadwemdery cells, saidemathed boaphdsingartiti on vol t age

generation block 44 15 LoceilPhgt &H%SOBEDH%&(O%}@QE I n ot her
h

wor ds, during the witing operation, es of the bl.ock 10 of
each reference Y-driver 4’2'°8F§m‘?‘+ﬁ%r‘ﬁ’él'qa)ge§etmt §apdogptdy memory celis
approprgat e voldirgerdferencbetoed ef rste setl lof #bfehence voltageel ected cel |

| ocati ogs, whi 'femes ! %taehe%oféaééec&l&%m%ﬁmgl o % ﬁi;&&gia LS 41

for the"nmenory ‘array ‘1 a to be
stored®Pn the rﬁilﬁ?r'y array 1. The nunber of program cycles per row
dependgion the gdntltahedinEl y-privgiraimpli ag e s Ss8&omd) s edb .ofFor

exanpl g as refﬁfed$%$95hgﬁgcles é%é}ﬁ léﬂ %69§?Er%ﬂéet$5haégxﬁﬁ%¥@ ;exer 55

25 requires program c t1pl exer
requi r&316 progm cycles to finish progranm ng a full r OW.
Wil e yarious preferred eofipakring ad¥ages prografied iRngsidfadtae present

| nve nggon Nav Gy UelibOhetn Pespect 3'$a185CLLBAE Lt 46f Udrerehoahnou! d
be evident tha
voltage levels in said reference memory cells to

17 determine data bits cofresponding to said voltages
18 programmed in said data memory cells.

16. The method of claim 15 wherein said
programming voltages step comprises simultaneously
programming voltages in all of said data memory cells in
a predetermined unit of said array and said set of
reference voltage levels in all of said reference memory
cells in said unit; and '

said compariné step comprises simultaneously
comparing voltages in all of said data memory cells in

W 0 3 o n & W N

said unit with respect to said set of reference voltage

10 levels in all of said.:eference memory cells in said

11 unit. : '

1 17. A method of operation in an integrated

2 circuit having an array of memory cells, each memory cell
3 capable of holding a VQItage corresponding to a plurality
4 of bits, said array having reference memory cells and

5 data memory cells, said method comprising

6 receiving piﬁr?lities of data bits;



o i cati on 1ot Aﬂlﬂlﬂlﬂﬂ'lﬂlﬁllﬂﬂmﬁ?l bed " above. Thorefore. the

above descri ption shboul®d hot "be® * taken as limting the scope of

i nvention which is defined 35 - by the netes and bounds of the appended
clai nms. WO 97713250 WO 97/ 13250 - 44 - 35 - pCTMUSY6/15924

PCT/ US96/ 15924 What is clained is: 1 1. An
integrated circuit having an array of 2 menory cells, each nmenory
cel I~ capabl e of storing 3 multiple bits of information, and at | east
one datd 4 ternlnamrogaﬁmmiHGegr%&txpﬁnnaﬁgrbnoenppitamg lévels

a pluragity of iﬁﬂé3¥35ﬁé@@&@ﬁbédeﬂoﬁﬁiabﬁhiay 6 of nenory Ce||S,

sai Ia;ches organi zed into a_first aﬁt g a second ban and 8
control “neans al t er nat el frt?gﬁﬁm“ﬁﬂgs'é? 3985 iy sai daﬁanme?sr%a? 18 ray of
nmenoryigel | s aniithirefeaence bankald set of hmefexiesicenwoldhaget kevelsl , and

sai d sggond ba%ém mﬁglelcorresFaﬁafyg Odo B P8y SofNdatai glidd F St bank
to salg one 12 data term nal whereby data is S|nultaneously
transféfred 132 bet ween one bank of |atches and said array of nmenory

14 13 cells and transfompsttibgt vettages timgrasmedofin| aatdedattand 15
sai d dgga termpglodplediast ea&theed_ssaét Vg tseal(aoere%hanéetléf refererite

cont rol 5maans coulolaln eac nk of | at ches
ge leve s 1n said reference memcry cells to

16 determine data bits corresponding to said voltages
17 programmed in said data memory cells.

1 18. The method of claim 17 wherein said

2 programming voltages step comprises simultaneously

3 programming voltages in all of said data memory cells in
4 a predetermined unit of said array and said set of

5 reference voltage levels in all of said reference memory
6 cells in said unit; and

7 said comparing step comprises simultaneously

8 comparing voltages in all of said data memory cells in

9 said unit with respect to said set of reference voltage
10 levels in all of said reference memory cells in said

11 unit. '

1 19. An integrated circuit comprising

2 an array of memory cells, each memory cell

3 capable of holding a voltage corresponding to a plurality
4 of bits, said array organized into blocks, each block

5 having reference memory cells and data memory cells;

6 voltage generation circuits generating first

7 and second sets of reference voltage levels;

8 programmiqg circuits simultaneously setting

9 voltages with respect to said first set of reference

10 voltage levels in said'data memory cells, said voltages
11 corresponding to data bits, and setting a second set of




17 bl ock of nmenory cells in said ar !;,wlllmmmlcqg iif menory 18 v
‘c eH-s—heavt+rg—-rerery—eetH-s—eant—each—ban - u - X
menory cells, N latches coupled to each 205%™ el 1

2. The integrated circuit of claim1 wherein 2 ~ said QOEIroLé:éans
couples a b tches to said data 3 _ term nal selgghs

wher ei n dur?ﬁg@iwti ng operation, sail 855 control neans gqllt ernately
coupl es one bank of latches to 6 said block of nenory cells for a
paral’l el transfer of 7 data from said bank of latches to said block
of menmwzy 8  reféfénde WItayRURLOs18N9hNe4idAEEdHenal RBRS{ Ocspidh data 9
terninq3fcw a g &ial transfer of data fromsaid data 10 . tgrnlnal to
sai d "anot her banﬁ of latches; and 11 ) wherein during a

readi nd4operati on, sai d EFRading cispuibs selestivelyr camphyingupbktageme bank
of lat@ses to set in said ddﬂﬁhﬂﬁhéﬁ S8ells with rﬁﬁpeqF $8 éa%?a-?%ﬁnd

PCT/ US 15924 1 | ck of nmepory cells faor a

t r ansf g’r%/ of 14 5% ot craﬁfaerfe?%ﬁ gg:lgagfz_o.%v%fso dcé'FFngBg%dP"d“‘!ﬁYnk of
15 17 | at chegellmde sigherniagodnta bitk edriespomkingoteasaidiatet 16
termnalg for a seItefed riansadt ahtdahendrPRspid AR Betnlfespect BRNK Of

Iatcheagto Sa'ds§¥ﬁz¥£é¥€“§l I'of reference voltage levels to operate

20 with said programming circuits to set voltages with

21 respect to said first set of reference voltage levels in
22 said data memory cells.

1 20. An integrated circuit comprising

2 an array of memory cells, each memory cell

3 capable of holding a voltage corresponding to a plurality
4 of bits, said array organized into blocks, each block

5 having reference memory%ceils and data memory cells;

6 voltage generatién circuits generating a set of
7 reference voltage levels;

8 programming circuits setting said set of

9 reference voltage levels in said reference memory cells
10 and setting voltages with respect to sai& set of

11 reference voltage levels ih said data memory cells, said
12 voltages corresponding to data bits; and

13 reading circuits selectively comparing voltages
14 set in said data memory cells with respect to said set of
15 reference voltage levels in said reference memory cells
16 to determine data bits corresponding to said set voltages
17 in said data memory cells and to operate with said

18 Programming circuits to set voltages with respect to said
19 set of reference vdltage léVels in said data memory

~
(=)

cells.



1 3. The integrated circuit of claim21 further 2

‘ConpH-sHRg—st—and—seceond—date—terfrRats——m———— wherei-n-

during a witing operation, said 4 control :neans alternatively
coupl es one bank of latches 5 to said bl ock of nmenory cells for a
paral l el tragef®a3’h 6 data from sai d bank of | at chegcintsosdesly DI OCK
of nmenory 7 cell's, and couples another bank of latches to said first
8 data term nal , | trah&fzer of data fromsaid 9 first
dat a™t er m nal t‘@r bafk of Iaﬁ:hﬁsh Aand 10 =
wherei n during la ity Pper at ggn> sai d<lb ; 5.CO rg
al ternati vel yRgoq é—-tgnda | Fatche® < =~ toﬁalg 0§k 0f menory
cells for a pAd] -rﬁréf;_r oI o <<'a'a§$r@nksg;ld |l k=5 prenory
cells to said Hay 14 > & it che and @és dt her aﬁkoof | at ches
to said 15 aeur}g data term na foﬁz@rd:aztr'rs | SfZdadth from 16
sai d anot her behk of [I@tcheg to satd’secqndy@ia 17 | ™ tlérngnal |y 1
4. In an inteErated (,C_Brcuit havi iy arra\ Z-f") me §;, each
menory cell |steying d @l ural |ty dqf 3B eaca JIENDry ceMl havi ng
first and sqgco terfi™ls & hnd| a Fﬁ? t(grmﬁal,za, cirlcuit for
readi ng sai d 5¢a 'B&uralkgof bits co% rﬁ] < a bias
current refdrete geferatingi@ bijas|7 CB e CDfm@ugh sdrect ed
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‘a —vottage—conparator—connectetd—te—a—Rode—+3—— between-.sai.d-second.

term nal of said selected nenory cell 14 and said bias current
reference, said voltage conmparator 15 further connected to a
reference volwoaggadser conparing 16 sai d reference Vv#%ﬁgﬁﬂ%@?

vol tage at said node 17 correspondi ng uni quely to sal 1ty of
bits stored 18 in said selected eayvory cell for said bias current to
19 * determne a bit stored in said nmenory cell. 1 5.
The reading circuit of claim4 further 2 conprising: 3

means for sequentially changing said reference 4 vol tage in an ordered
sequence to determne a plurality 5 of bits stored in said sel ected
menory circuit; and 6 3549 secondO&H@bry array having a

plurallty of 7 menory cells stor
sai d sequentially changi ng
ceIIs in said second nenory array t

pOUEPTY of reference voltages,
)ecting selected 9 menory

h%Hage 10 conparator in

sai d- ordered sequence. 1 3 SENSE 6] In an integrated circuit
having an array of 2 menor y GAMBLIFERI|rcuit for programm ng an
anount of 3 charge in a sele ) cell corresponding to a 4
plurality of bits, said circuit conﬁﬂig ; SREFERENCE a high vol tage
circuit for generating a high 6 Yol eCORRENPIr anmi ng menory cel | s;
7 a bias current 3@ferg¥vide; 38 mul ti pl exer
circuits connecting said sel ected\9 menory cell to said bias current
ref erence, said bias 10 Vg Erqference generating a bias current
t hrough said 30
N
_JVS 31
FIG._ 24
Vs
tp3]
RAWTEY
Ve L../
; . VOLTAGE | ,:o0IC
Vd —4 SENSE
39 AMPLIFIER ':_( 40

BIAS -1} REFERENCE k

37

FIG. 2B
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sel ected nenory cel

Kol

11

Ll .12

stored-tmr-sata—setected—erpry
conpar at or
and said bias current 15

VO 97/ 13250 wo 9713250 - 38

correspondi ng uniquely to said anobunt of charge stored in
sai d bias curwent; :

selected menory cell for

coTTy

connected to a node 14

T

18

programming circuit connected to said high 19

I ndependent of a plurality of bits 12
- WY,

bet ween sai d sel ected nenory ceI
reference to determne a voltage at sald node
PCT/ US96/,

I’%; 96/15924sal d

voltage CIFCUIt and said
In response to said

vol t age conparator, said 20 progranmm ng circuit
voltqge 21 conpar ator engagi ng said high voltage circuit to program
22 said selected menory gell until s p*ﬁoltage :23
corresponding to said anount o =charge st d_ln saj.d 24 oL sel ected
menory cel|l matches said refergnce voltagél T° sL_f"tﬁ T 7. In an
integrated circuit having an array of 2 V- ¢el]s,| each nmenory
cell capable of storing 3 nultwple bij t s nf-ofmakion, a plurality
of latches 4 connect ed t ¢ saldagrray _ -¢ells,) said |atches 5
organi zed into a first bank a@d a $ecand b%é% :apd jat | 6 | east one
data termnal, a nethod of opsfatingasaid 1 - o_= at ¢d circuit
conprising: 8 alterfatel ylC u?"' 1) 8 i JFirst bank to said
9 array of mermory cells and sald secpng—je 9 85|8| one
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10 data termnal, and said second bank to said array of 11
' termral, each

bank of |atches coupled to a block of 13 menory cells in said array,
said block of nenory cells 14 having M nenory cells, and each bank of
| at ches hawa@,%gz';o x Mnenory cells, N latches coup;(elquggg}, 2ch
menory cell; and 17 si mul taneously transterring
data between one 18 bank of |atchag and said array of nenory cells,
and 19 t ransf er ri ngYdat 0 beffseeg4anot hey- bank oY.I atches and 20

- said data ternminal for DREVER VERWERd}{“DRIW ANV
8. The nmethod of claim7gwhejein,in d 2. C ng step3
a barik of |atche Uploeu o) bd!IU a'er-'lﬂf—(-l\i—zl LZM?.HWL serially;
WD 97/ 13250 = 5% = TVES PEHU5961 15924 5
during a witj T Ot OE DAk c}"'gai ches—p { SBANER@nat el y
coupl ed to sal of=—TTeTTo yTE‘H"S"'f“'g ¥ a—eck-ed | el traqaf—,er of
data from said refrory LejTs, and

anot her banpQf
serial transf
bank of 11 IN
operation, one

1. g - iIc ﬁ%gpd ft saidl

Ko data from d data term

ches; and \
ot chago RECSEL 147

| - 26
N Fes
62 Y66 146
A B
63
29
— o —Y-DRIVERO _ V-DRIVERI 3 Y-DRIVER(M-1)
o LATCHO | LATCH4 | v
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13 is alternately coupled to said block of menory cells for 14

a parallel transfer of 5 ——¢éelTs to
sai d bank of |atches, and anot her bank of 16 | atches is alternately
coupled to said data termnal for 17 a serial transfer of data from

sai d anot her bank of 18 | at ches to said data ternp@fsesnsszd
9. In an MRYYPP%Ped circuit having an array of 2 nmenory cells, each
menory cell RayiLe fi rst and second 5312 termnals and a control
t ersi nal , ed:&:ﬁe&nryjﬁgll 4 storing a plurality of bits, a nethod
for readlng ' plurality of bits in nenory cell, C rising: 6
connecti ng _i er mgal Qof s | [N I a first
vol tage sourlqdi== ‘f-jgzzzi;— _— ELng Lol L & nal of said
menmory 9 :cel.tgy gywt ,gyg?c it ﬁb%glﬂlc '”!7€9“ ll¢ said 10
second ternmiffdlli to said fi 111 | l : ! hnecting said
second termjffa :to atbias 12| 'v currdnt C|rcunt: sai d bi current
circuit gepglla 13 ‘tgrodgh saiq setond tjgf ni ral $ai d sel ected
menory 14§ | cell a fixedIbiag currpnt |hdeper)cgnt tof a pfjyrality of
15 biEgld |3k ored|in sai di4el eqted,,np'mry;cel 016!
connecti ng &idi :secopd-téﬁnihel toSaXir *UItﬂhl i} Porssensing a
vol tage at pdildt second t & i hd] rélaéﬂvh'to 1 182 11t aipr ¢det e mi ned
ref erence vdltldge colres ndi;rg urjlquelys 19; j itlo sdid<Ql jijality of bits
stored in sdic gelectgp n%nDﬁy.Z ! Hel |3 f o qald QLgsd ‘ ent and
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21 out put corresponding to said sensed voltage at said 22 second

term nal 1 . -circuit having an array
2 of menory cells, each nmenory cell having a floating gate 3

capabl e of "holding an anount of charge indicative of a 4 | ogic state
stored in said nenory cell, a nethod for 5 r eadi ng periilsseasyacel |

sel ected fr¥fPULRY array, 6 conprising:. 7 generati ng
a menory cell voltage responsive to &/12 an anount of charge on a

said nmenory cell by
ference so that

floati ng gate of 36?8 MBI Y

a termnal of saidy

Q B 0
a bias 11 o(_:u-l:.u[‘-’éﬁB indo= 12 | i ndependent
12+ of W'an_p_ T8 d g 13 gate
and so t hat R agE<s i LLE-L rr esponds
uni guel y t oRFAI2 +—eF See—t5 werer-y—ee#| floating gate
for said bi m% g . | ==_seqlient=ml 1y _¢onpari ng said
menory cel | tagd 17 Wi th rlespeck to fone of a pluralifty of reference
vol t ages, 1BFL4 53R sequgntialjy conparipg step deferm Ti ng a bit to 19
hod of claim 10

stored in sgi (RRF == S5 X

wherei n sai
conparing s
determ ne f
I ntegrated RF

cell havin '
i ndi cati vqu'fal‘
RFL

det er mi ne aRFLSroatTy—off~bitS rea&'@'nsi VEto-Fartpmoutt 20 of charge
dc( Lses

i{al ring=step conpe ?ﬂ’iﬁ?ﬁj{al ly 3
our referepce 4 -y Ol T ages to
) ot 12 In an
Pt Ferpty—eeit-s~¢each nenory

-Q_L_h_%d.i_u,gta_u_’a.m'ount of charge
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cell, a nethod for 5

4 rrultlple bits stored in said nenory

Wt g to—a nenory—ceH—seteeted—irerm-sai U'La:ray, 6. co

WD 97/ 13250 - 41 - PCT/ US96/ 15924 7
receiving a plurality of bits representative of 8 rrultl ple bits to be
stored in saygoweherted nenory cell; 9 H’% menory
cell voltage responsive to 10 an anount of charge o ng gate
of said nenory 11 cell; 12 7/12 generating a plurality of
refefence voltages in 13 said integrated circuit; 14

progranm ng a floating gate of said menory cell 15 so that said
menory cell voltage matches one of a 16 pl Lﬁal ity of reference

vol t ages, said one reference 17 vol t age cor>|<espond| ng to said
plurality of bits, 18 i ncluding 19 __; erasi ng any
charge fromsaid floating 20 & 21
subj ecting said floating gate to high 22 S vol t age pul ses; 23
deternmining sai d @enory c-el.l .an.I.ag.e by._24 = generating a
bi as current throerf ! = menory cel |

260 ! >~ on the floating gate

i ndependent of thegino nt Q;t

of said selected né?'mry 279 cel Csaid nenory cell vol tage

correspondi ng 28 <! W-y-lltp t e“'armunt of charge on the
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29 floating gate of said selected nenory cell for 30
sard-—bras—current—3% - e -eoHpat+hg—Sai-d—erory—cel—
voltage with 32 said one reference voltage; and 33.
repeating said subjecting, determ ning and 34 conpari ng
steps until ywweemkasegnory cell voltage 35 ”Eﬁﬁﬁg . Ld one
reference vol t age. 1 13. An integrated Circu
conprising 2 an array 8f2 nenory cells, each nmenory cell 3
capabl e of holding a voltage correspondi ng &® agpluragity 4 of bits,
said array organi zed i nto bl ocks, each bl ocK5 & MNavi ng reference
menory cells and data nmenory cells; \Bojn 97/ 1325
- 42 - PCT/ US96/ 15924 G :::" = v§itage
. . . . . ,
generation circuits generating first 7 X[ 1dnB[s Q§q§$§lseof reference
voltage levels; (&.eoeoo... ~———--RLOgra ng 1T qui % =i §§aneous|y
setting 9 -vol t ages [T ' (G QAMt geelpect to said
10 first skt of ref¢rame,vollage TevarE—s#id| volaged 11
corresponding to!data bit$, 1a "d;setti hg sal d pgcohq pet 12 = of
reference volgagk | evel s prrrsgit—refefencey ryl 13 cells; and 14
reading circ aringy JES_Set Tt 1p data nenory cells
with respect g said secalu &S|t of 167 rieferencle voltage levels in
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17 to determne data bits correspondl ng to said set voltages 18

in said data nenory cells 1 tA—An intégrated circuit
conprising 2 an array of nenory cells, each nmenory cell 3
capabl e of holding a voltage corresponding to a pl ural ity 4 of bits,
said array org,aﬂgis(zqed I nto bl ocks, each block 5 havpomusshsnénce
menory cel WO ata nenory cells; 6 vol t age generation
circuits generating a set of 7 9Vez‘ erence voltage levels; 8

programming circuits setting said set of § S gef e voltage | evels
I n sald ref erence nor & cﬁllsﬁo - d tt %I%ges In said data
menory cells wth E EQEEe p‘é > Qe@oltage | evel s,
said 12 yol t@e%’_ - % %@; ﬁﬁﬁ

readi ng circui £ Grpar mg VOI|[ ages SETr S ar T r@ry cells
wi th respect te sabd|Jet lof re%feréanceI 13 vol ttage! | ev'e*l s i n Sai d

!
ref erence nenory Cg 16 ' de:t er'nijné dat a its,cor'r ng to
sai d set voltage_%ﬁn (? :salI d g' niry {:elﬁs. L%
15 A net hod of ‘oper-dti-gmr in-fan— nisgrdted| 2 citcuily haV| ng an array

of nenory cells, eagh [nefqory del |
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3 capabl e of holding a voltage corresponding to a plurality 4
of .bits, said array having reference neppryeetts—aft—S———data menory

cells, said nethod conprising 6 receiving pluralities of
data bits; 7 progranmm ng voltages in said data nenory cells
8 - with reference to a first set of reference voltagperRsosnsezs | evel s,
each voltadﬁog%P sponding to a plurality of data 10 bits; 11
si mul t aneously programmi ng a second sed/1pf 12 reference vol tage
levels in said reference menory cells; 13 and 14
conparlng vol tages programred in said data 15 menory cells with
respect to said second set of reference 16 vol tage levels in said
reference nenory cells to 17 determ ne data bits corresponding to
said voltages 18 programmed in said data nmenory cells. 1
16.. The nmethod of claim 15 whereig V@i d 2 programmi ng vol t ages step
conprlses si mul t aneousl y 3§ plogramm ng voltages in all of said data
menory cells in 4 a pregdet-erfi-red{unit of said array and said set of
5 ref erence voltage Ievelf:tﬁ:ﬁiL of said reference nenory 6
cells in said unit; and AgOw- '*Dﬁﬂﬁd conparing step conprises
si mul taneously 8 conpari vottagets in all of said data nenory cells
in?9 said unit with respect to said set of reference voltage 10
levels in all of said referenceFi¥€o@B cells in said 11 unit. 1
17. A nethod of operation in an integrated 2 circuit having an array
of nmenory cells, each nenory cell 3 capabl e of holding a voltage
corresponding to a plurality 4 of bits, said array having reference
menory cells and 5 data nmenory cells, said nmethod conprising
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recei ving pIuralltles of data bits;

VWO
PETUS96/ 15924 {

programm ng a set of
menory cells;
cells 10

each vol t ad%oglél\ﬁ#

conparing vol tages progranmed in saididiza 14

respect to sai d second set

reference nenory cells to 16

voltages 17
18.+
conprises si mul t aneously 3
menory cells in 4
5 .
cells in said unit;
si mul t aneously 8 v
in 9
levels in all |
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VOLTAGE :
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The nethod of claim 17 wherein said
reference voltage levels in all of
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1 . 19. An integrated circuit conprising 2
an._array of nmemry cells —sach—Remety—eelt—3————-—capabl e of—hotding a

vol t age correspondlng to a plurality 4 of bits, said array organi zed
into bl ocks, each block 5 havi ng reference nenory cells and data
menory cel l‘ﬁo”g‘ﬁ vol tage generation circuipbpnSfnssat i ng
first 7 #%econd sets of ref efgrnge voltage |levels; 8

programm ng circuits sinmultaneously setting 9 vol tages with respect
to gsaid first set of reference 10 voltage levels in said data nenory
cells, said voltages 11 corresponding to data bits, and setting a
second set of : WO 97/ 13250 - 45 -

PCT{ US96/ 15924 12 refer?yfgﬁ¥?fr?Pe | evel s in said reference
menory cells; 13 and 14 etor2= reading circuits selectively

conparing vol tages 15 set in sa
safd second 16 set of referepte
menory 17 cells to determn
voltages in said data nmenory cel
set of reference voltage levels to 0 wi th said progranmm ng
circuits to set voltages with 21 Y] ecf to said first set of

reference voltage levels in 22 {ResetB¥E3 ¢ Qlatp nenory cells.

J data menory cells with respect to

prresponding to said set 18
espect to 19 said first

)
.

SetBIT2=1 |

Reset BIT2 0

l

{ Set B’m =1]

Reset BIT] =

J
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1 20. An integrated circuit conprising 2 an

Arft—efy—6 BE-Yy G DGt etpebt-e—ot—hel-a-rg—a—— -
vol tage corresponding to a plurality 4 of bits, said array ﬁgg@igwg—\é
into bl ocks, each block 5 havi ng reference nenory cel | s g dat

menory cells; 6 vol tage generation circuits a2
set of 7 RCH ' ence vol vageNneiseia) POPERTY ORGANIZATION pr S
circuits setting said set of 9 nepiil PEAt e vol tage I evels I n said
r ef ef enc ENTHRAWTONAL, ABPLIQATION PUBLHHEDIINDER)THE PATRNECQPRERATION  BREATYO(PEE) d
set  Of (51 tnternational PRt CRSIBAHOAC: T age | E.VGmx-ﬁﬂuﬁmlmaﬂm&M cel | syo92n825¢°
vol t apes ¢geengapondi ng to data bitg;4ahd 13 ~ reading
circu|ts selectively conparing vol tjagejs4s] Iternational PehitatianDate:ai o  GaApeil 1997 11100497)
‘cel | sfWith TESpect to said serof 15 reference vot tage tevet s sa
r ef er p@B dntermational A ppiicstipnsNutnBer: PCT/USH 65523 1| il ) Resighated-Btates: tCA, QOIPT KRS mhm]@}pamcm.

o

. . . . L . . A C.
521 d Mg ileeb@fi Whacithse, 5 bl Aol ol | eI, SRl I T BibeFafe” v
said [L8 programmng circuits to sett voltages with respect to said 19
set- of reference voltage levels in saidj|data nenory 20 cells.
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