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1
ELECTRICALIY ALTERABRLE NON-
VOLATILE MEMORY WITH N-BITS PER
CELL
Cross Ref to Related Applicet
This spplication is a continuetion-in-part of U.S. patent

application Ser. No, 08/071.816. filed Jzn. 4. 1993 entitled
“Electiically Alterable Non-Volatile Memeory with N-Bits
Per Memory Cell.” now U.S, Pat. No. 5.354,362. which is a
oontinustion of U.S. patent application Sor. No, 07/652.878.
filed Feb. 8, 1991 (now US. Pat. No. 5,218.569) entitled
“Electrically Alterable Non-Volstile Mamory with N-Bits
Per Cell”

BACKGROUND OF THB INVENTION

1. Field of the Inventlon

This invention relates to pou-volatiic memory (NVM)
devices; and, more parti . 15 concerned with an appe-
ratus and method for programming an¥/er g pro-
grammiing of a mulii-level NVM devie: with stable refer-
ence voltages,

2. Description of the Background Art

In conventional singlebit per coll memary devices, the
memory cell assumss one of two informution storage states,
either 20 “on” statz of an “off” state. This bination of

15

0

F-3

2

These approaches o a mult-bit ROM commouly have
one of 2" different condactivity levels of each memory cell
being determined during the manufaciuring process by
mears of a custornized mask that is valid for oaly one data
patiern. Thus, for stering n different data isformation
paterne, 2 minimum of o different masks need to be pro-
duced aad incorposated into a manwfacturing process. Bach
time 2 dats information pattem needs to be changed & new
mask must be created apd & new baick of semiconductor
wafers & This d ically increases the time
between 8 dete pattern change and the availsbility of »

memdry product programemed with that pew data patiern.
Prior art electrically altershle multiple-bit per cefl
memory aperoaches store muktiple levels of charge on a
mpacme storage efement, such as Is found it a conven-
nzl dynamic candom acosss memary (DRRAM) or a cherge
couplnd device (CCD). Such approa

ches are described in
LS. Prt. No, 4,139,910 by Anantha, U.S, Pat. No, 4306300
by Termay, U.S. Pat. No, 4,661.929 by Ackl, U.S. Pit, No.
4,705350 by Nakagome, and U.S. Pal. No. 4.771.404 by
Mano. All of these approaches use volstile storage. that is.
the charge levels are not pecmaneatly stared. They provide
2" different volatile charge levels o a cepacitor to define 2°

states cotresponding to n-bits of dats POT eIty
cell. All of these ap have the istic

cither “on™ or “off* defines one bit of infonnation. As a
resulf, o memory device which can store n-bits of data
requirss n separate memeey clls.

Increasing the pumber of bits which cas be stored jn &
single-hit per cell memory device relies upan increasing the
pumber of memocy cells on a one-for-one basis with the
numbexr of bits of data to be stored. Methods for incressing
mcnunbdofmmyﬁumnmﬂcmmydcﬁmhxve

that w er {nfarmation is stored on soch & memory cell
is voletile beuusa such a cefl loses its dara whesever power
is removed, Farthenmore, these types of memory cells must
be perfodieslly redreshed 25 they have @ tendency to lose
charge over time cven whea power {s Taaintained.

Tt would be advantageons to develop & mubti-bit semicon-
ductor memoey cell that has the non-volatile cheracterlstic of
a nusk progmnmblc rud-only-mcmnry (ROM) 254 the
ic of a mmld-bit per cell

relied upon the f Ing tech
niques: mamfaciure lazger die which cortain more

cells; or use improved lithography techaiques to build
smaller memory czlis and allow more memory cells to be
placed In & givee acta ¢n a single chip.

Anx slternative approach tothe single-bit per ccll approach
involves storing multple-bits of data fv n single memory
cell. Previous approaches to implementiing multiple-bit per
ocl.! non-volatile memory devices have only invalved mask

bl read only ics (RO ). In one of these
ﬁpp:vadies. the chaonet width apdior length of the mexory
cell is varied such that 2" different conductivity values are
ohtained which camrespond to 2 different states coreespond-
ing to n-bits of data which can be slored cr 2 single memory
czll, In ancther approach, the fon implant for the threshold
valtage is varied such that the memory csll will have 2°
different volage thresholds (V) catespcndmg to 2° diffes-
ent d Tevels cor ng to 2" different states
corresponding to n-bits of data which cun be stored on a
single memory cell, Examaples of memory devices of these
types are deseribed in U.S. Pat. No. 4.192,014 by Crayeradt,
U.S. Pat. No. 4,586,163 by Kolke, U.S, Pat. No. 4287570
by Stark, U.S, Pat. No. 4,327.424 by Wu, and U5, Pat. No,
4.347.808 by Kobaake,

Single-bit per ¢ell read-only-memory devices are only
requtired to sense, or read, two different levels or states per
cell. consequendy they have need for only one volisge
reference. Sensing sehemes for malti-lovel memory devices
are more and require 2°-1 woltage refercaccs,
Examples of such multipks state sensing schemes for ROMS
are described in U.S, Pet. No. £,449,203 by Adlhoch, 118,
Pat, No. 4.495.60Z by Shepard. U.S. Pat. No. 4,503,578 by
Twahashd, and U.S. Pat. No. 4,653.023 by Suzukd.

5

35

&®

£3

DRAM. These characteristics combined in 2 single cell
would provide a muiti-bit per cell clectrically alterable
non-volatile memory (EANVM) capable of staring K" bits
of data, where “IC° i3 the base of the numbering system
being used and “n” is the number of bits to be stored in cach
memory cell. Additionally. it would be advantagecus if the
EANVM desaibed above was fully wmpm‘hl.: with con-

fonal industry standard deviee p and
programmingferasing llgnrithm.s such that & user can
program/erase the multi-bit per coll memary in 2 magner
idantieal to that nzed for curtent single-bit per cell memory
devices.

SUMMARY OF THE INVENTION

The peeient invention provides & multi-levef electrically
siterable non-volatile memory {EANVM) device, wherein
some of st of the storage locations hive more than two
distinct states.

In a specific embodi the pressat i i id
a multi-level memory device, The presemt .nmtr.i level
memcry devics includes a muld-level cell mezns for stoelng

t iniic fon for sn jndefiniiz period of tims as e
disereic state of the wmlti-level cell means, The eyulti-level
cell means stores Information in K” memexy states, where K
I8 5 bass of & predetermined number eystem. b s a nurber
of Hdits stored per coll, and K™>2. The present multi-level
memaory device also includes & memary cell programming
mears for peogramming the multi-level ccll means o & stale
coerespoading o the input information. A comparator raeans
for comparing the memory siate of the mult-level cell
means with the inpat inf is also included., The input
information cmmepunds o ote of a plarality of reference

PETITIONER'S EXHIBIT 1002




Page 24 of 235

5,764,571

3
volteges. The present comparator meses further generstes 8
contyo] signal Indicative of the memory state a5 compared to
the input infoemation,

An plternative specific embodimeat 1lso provides & mult-
level memory device. The present multi-lovel memory
device includes # multi-level cell meuns for storing input
information for en indefinite period of time ax & discrets stais
of the pulti-level ecll means. The maBi-level cell meeesy
stores information in K* memory eiates, whene K is 8 base
of & predetermined mumnber systers, o is & pumber of bits
stored per ccll, and K™>2. A memory cell programming
means for progranming the multi-leve] cell means to a state
oomresponding to the input informstion Is also incuded. The
peesent mlti-leve! meniory device forther includes & com-
perator means for comparing the memory stete of the
multi-level cell means with the input informztion, The Inpir
information comesponds to one of a plurality of referepcs
voltages. The present comparator means further geacraies a-
control signal {ndicative of the mamory state &5 compared to
the input Information. A refesence voliage meens for defin-
ing the plurlity of reference valtages is alto tncinded. The
present reference voltage means {s opirably conpled to the
comparalor MEaRs.

BRIEF DESCRIP'!'ION Of THE DRAWINGS
ing which are fi in

L]

4
FIG. Blsntﬁmgdhgnmmusm.ng&wvokagc
threshold of a 2-bit per cell EANVM during & programs
werlfy cycle asing variable width progrem pulscs,
FIG. 14 is & timing disgram illustrating the bit line voltage
uftz»bﬂpda]lEANVMduﬂngtprogmm‘vcufyptoccss
which uses verieble width program palses.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will pow be made in detxil fo the specific
embodiments of the lnvcnﬁnn. exlmplu of which ere illos-
tiated in the ings. While te i i
will be described in oonjuncnon with the specific

hodi it will be nod that they arc not
H ded to limit the § jon to those embodiments. On the
coetpmry, the invention ic Iatended to cover various
alternatives, modifications and equivalents, which may be
inclnded within the spirit and scope of the invention as
defined by the appended claime,

In geperal, the invention described here allows p-hits of
information to be stored on aud read from s Electrically
Alterabls Non-Voletile Memory (EANVM). Thiz i5 accom-
plished by electrically vamnathcaondncﬁﬁtyofmechm-
nd&nﬂoashggncmmhemlhmnnyomdlc"

ivity ranges where “K" represents the base of the

The
nndfonnapanofﬂmspedﬁcmun.llhlmteemboﬁmcms
of the invention and, together with the descrdption, sarve to
explain the principles of the imvemtios:

FIG. 1 is a gepcric schamstic representation of & gon-
volatlle floating gate memory cell

FIG, 2 is a block diagram of s prior uet siagle bit memory
system.

FH3. 3 is » timing diagram of the voltags threshold of a
motmsmgle—hlpcrcel!m{lymbdng]!o-

3

numbezing system belng employed (in a binary system, “K”
equals 2). The conductivity range is then semsed and
encoded. This foams the basis of ax o-bit EANVM memory
cefl. The Boating gete FET conductivity is electeicaily
modified by using external programming hardware and
algotithms which supply signals emd voltages to the
EANVM memney device.

These exicrnal signals and voliages are then modified
internal to e device to pravide a infernally coutrolled

gramrued From an crnsed 17 state to & progr gramiveify cycle which i {ly stores f

PTGlmaumgmymufmebkhnevomgeafama on the ﬂonﬂngglmunnl ﬂmdﬂndnondueﬂmtymgeis
single-bit pes cell EANVM diring a read op chi For the purpose of illustration. the p-bit per cell
iflusteates wevefoemn levels for both the prog d md descriptions will binary systera which stores 2-bits
ernsed conditions. 40 per memaory cell

FIG, § is u block diagram of an M memory arsay
implementing a mulhti-bit per 2l HANVM system.

FIG. 6 Is A block dingram for reading & mutti-bit per cell
EANVHM system.

FIG. 7 shows the bit line voltage diting a read pycleas s
function of time for & 2-bit per ccll BANVM which has been
programmed to one of four porsible states, (0, O, {1, 9).
(0.1) and the fully cresed copdition (1.1), Fowr separate

L PRICR ART SINGLE-BIT EANVM DEVICES

FIG. 1 is & generic schematic sepresentation of 2 nop-
valatile foating gate mervory cell 16, & 1s not intended that
thit schematic deawing is in any way indicative of the deviee
structure. 1 is used to illusirste the fact that this iavention
refers 1o 2n FET memory cell which uses sa elsctrically
isohtud.orﬂmﬁng gatcutnsmdmrsedparﬂ.dufotmc

voimge levels are represented on this figure, each
ing one of the four possiblc states, Oply oae of thase would
be present for any given read operation,

FIG. 8 is a block digram of » multi-bit per ccll systent
combining program/verify and resd circuitry.

FIG. 9 is & timing dingram for the woltage threshold for &
2-bit per cell EANVM being progained from » fully

5 -

55

Iterinig the voltage threshold and heacs ch
cﬂadua:mtyufchBI'manwrym!llo
The FET memary cell 1¢includes u control gate 12 which
s used either to select the memory cefl for reading o iswsed
louuwdndtomtebeinjeundmhtheﬂodhgmu
turing the programming procees, Flosting gate 14 is an
elamﬂlynohmdmmwhkbmnmdeﬁnhly store

erased (1.1) state to onc of the other three postible stetes,

FIG. 14 is « timing diagram which illustrates the voltsge
threshold of 2 2-bit per cell EANVMI belng écased from a
fully programmed (0,0) state to one of the otker thres
possible stares.

FIG. 11 iy a timing diagam illustrating the voltage
threshold of a 2-hit par ccll BANYM during & program/
verify cyde using fixed width progriom pulsas,

5

« 2b of e) on flosting
mumm&cwmm#mmwu&
end as a result alters the conductivity of its chaonel region.
A drzin region 16 of the FET Is couplked to a source region
18 by n channel region 19. When the flaxting gate 145 folly
msedudm:eomolpmuhubeenulmd.md:md
region 1% It In thc fully “on”, or high conductivity, state,
Whan the Soxting gate: 14 is fully o the chaonel

grammod
FIG. 12 i & timing disgram iliustrating the bif lite volisge: 65 ¥ealon 13 is in the fully “off*, or low conductivity state,

of & 2-bit per cell EANVM during a peopramiverify procsss
which uses fixed width program palies,

FER. 2 ¥ g block diagram of a pror art conventional
tingle-bit BANVM themory system 3, The memery system
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38 stores asinglchﬁoﬁnfcmnﬁoninanﬂmvh‘l cell 32.
The cell 32 85 daseribed in FIG. 1, 35 selected for reading
ot writing when 8 oW, O word, sclect ignal is applied 0 &
oummlgalemminﬂu Ammu:mﬁnal%forﬁ:m
of the cell 32 is eonnected to g reference ground potential
Acl‘d.nmminﬂsﬂlsmmwndﬂmﬁupuﬂ-updﬂicew
mavatbng:\'pu!l-upanmmhﬂdb.!umimumun
dsempntmmin&lufmcwnszvvheumeceunnmma
"l“bh.mechmndufthcmisinab‘i'mnducﬁvity.a
high impedance. state so that the volage at terminal 38 is
pulled-up 10 the voltage level Vpull-up on teemoinal 48
Whenmeeell?szsmesa“l'hh.mechmnclnfﬂ:emh
in & high conductivity. & Jow impedance. stats 50 that the
voltage at;umlnllasispuued,-dcwnbyﬁlegoundpot:n‘
tial at fcrmins! 36.

For reating the valuc of the singie-bit stared in the cell 32,
] semampuﬁu'nmmpam mevnlngeczm-minal
w{ﬁluefumc:vcmscv:cfnmndﬁ. [En 0" is stored
mmnmwﬂﬂ.mﬂwﬂluhummnww
stae and as a result the voh.lg:atmrmim'luia shove the
r:fmncevolmgenumimlﬁ.mn"a”medinﬂaecﬂ
ﬁ.memwmnﬂ“nfmeuue nglifier 42 will be
alow voiug:whi.dhwﬂlbeumnmluﬂlﬂnmghnompn
mﬁ'ﬁ“mammiull-ﬂndihw :ouﬂed.tothcllo

asuesultthevohgeuwnindssh':elowd\eufmm
voltage at terminal 43. The output of thit sense amplifier
wﬂlbeuhighvoing:whidlwmbemnmiﬂedwthem
tezminal 59 as »logical “17

For writing the value ohninfmﬁunbitmedmmc
cell 32, it is assumed m:mceeﬂazilil‘memmd.orﬁﬂly
“on™, state which coeresponds (o 2 logical “1™. The YO
termuinal i

Tatch/puffer 52 The output of the joput Iatch/buffer 52 is
mmwdwmmsbldﬂssﬂkmﬂmlﬂofapogml
voltage switch 56. The progoam voltage switch $6 poovides
a bit-line progmnvulmg:enuigpll!ine £ connecied lo
terminal 38. Another ouwﬁnm&«:mﬁmwmgc

pulse 66, M
yoltage switch 56
vpp from & terminal 68
Wmﬂﬂ.ﬁ:mmwlﬂpﬁmumwmm

a5

“

%

55

60

3
shown as & single signel and which arc both controled by
the PGM/Wite :lgn:l.mmuna:yoeﬂisbcingpm-
gnmmedfmmthcfullyesued"l" state to the fully pro-

beyondupedﬁcdncs!mld valuo a5 indlcated by the dashesd
hudmnnnine.mcmmtryedlnispmyuwdmn“o”
state.

Wole that Fowler-Nordheiin menelling can siso be nsed
instead of hot eloctron Injection to place clectrons op e
flcating gate. The oulti-bit EANVM deviee described here
functions with ciibed MEMATY cdipmgrmmingwdmiqm
mgic:mgogamnﬂng al.g;x-ithmsmdcirctﬁts fot either
type otp:opnnmingm.deﬂsned:o progrm 4 single-bit
cell with nsmudlmuginuposslblzhusbm;nﬁm:u

ssible. For & single-bit memory cell, margin is defined as
the .ddifwulvomgehcshnld aecded to insure thet the

cel) will potain its stored valne over e,

FIG- 4ls t&minldhg‘m:huwingﬂmﬁtﬁncvdmgcm

termingd 38 nnﬁlmﬁnnnfmmn{ngnmcm?rud
Hion. Jn this anmplc-pimmﬁm:tlﬂ:cbitﬂneis
charged to he Ypuil-up condition, Note that it is also
poussible that the bit Ene may sl at Ly ather valtage level
prlmtoﬁm:ll.Atlh'neTl.theEANVMcdlazis selected
2o, if the cell 32 s (e erased or tilt state, the cell 32
iwmphnmmtugound.m aresul, the bit
lineispnneddownhonwlhsgroundpmmﬁllpmvidcdnt
teringnal EANVMudISZwueiumc"c”
or fully pwg:.mmedsut:.ﬂm huunevnluzcwmmmmdn
o the Vpull-up voltaze after timo 11, The voltage ot the
bit-line termuinal 38 and the refierencs voltage Vief ot tomml-

onmmnalsua-!oacmo*.
L MEMORY ARRAY POR A MULTE-BIT
EANVM

F[G.Shluockdi,qrmnhmnlﬁ-bllpcreellmm

mlﬂwlﬁdﬁndudesm}dxﬂmayofmmm ezils.

moensuetypicnuyumwnnsnﬂonﬁngglwm.m
. Toa Wi ]

devices
mm.m.m.mmmmdgnakm
peovided st ippat erminals 1034 and Columu Address

ofmsmlummiwnmmdtolpﬂl-updcvice,n {ndicated
byth:bloc\:lﬁ..uluﬁhe control gatcs of a row ac
m&ddwarwsdemawmd.um.:ypinﬂlyshawnns
184. Rows ar® sdeadwﬂhamwnladcﬁmﬂllonmd
oolnmmueselbdedwiﬂ!
mpﬁﬂﬁsm-‘eplvv]dedfu:adldmc pelected columns.
Decodtle
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A significant feature of this n-bit per cell system 0@ as
compared to & single-bit per cell implsinentation is that the
ecaory densiy is incressed by a fsctos of b, where b Is the
nuraber of bits which can be stored on en individual muld-
bit memory el

. BASIC READ MODE OF AN N-BIT
MEMORY CELL

FiG. 6 shows a binary system E50 fo reeding the state of
en n-bit Soating gate memary ocll BE2. 25 described in
conngcsion with FIG, L acocording to th: invention, where n
is the mumber of bits stored in the nxaey cell. For this
exampic, n is st to 2 and oae of foor states of the memocy
cell must be detected, The four possibl: siates dedng, (0.0).
{0n1). (1.0), or (L.1). Detecting which stete {s progremmed
requifes 2 3-level sense amplifier 152, This amplifier
Inclndes three sense amplifiers 154, 154, 158 each of which
have thedr negative fnput terminals connected to the ouiput
tesmingl 168 of the memory cell 142, Sense amplifier 154
has a reference voltage Ref 3 conaccted to ity positive dnpat
terminal, Sense amplifier 156 has & refirence voltage Ref 2
connected to its positive input terminal. Scaso amplifier 158
has a reference voltage Ref 1 connected to its positive inpat
terminal. The voltage refercnces are set such 25 follows:
Vpull-up>Ref 35Ref 2>Ref L The respective omput signaly
$3, 52, $1 of the thnee sense amplifiers drive an encode logic
circuit 168, which cacodes the sensed slynals 33, 52, St into
an appropriste 2-bit data format, Bit ¢ {5 provided at an VO
termina) 362 and Bit 1 is provided st an VO terminal 164. A
truth 1abde for the cocode logic creuit 160 is a3 follows:

33 s2 s1 Y01 YOO  Suwm
L L L o 0 ©
B L L 1 0 0
H E L ¢ 1 1)
H H H 1 i 1,5

During a read operation of sn n-bit memory cell. the
kvckdmemspemwmmﬂgndsslsz.Slofmem
amplifiers 154. 156. 158 are d | by the
vunemwh:chlhemmyceuhadbeenmdma
programming opeition, A fully enass] EANVM cell 102
wﬂlbe:aimlnweslﬂuuholdmhgcmume kighest

ly. sl of the refi volt-
wwi[lbehxghwﬂunﬂ:emhn:vn!ugsninmindl&
in a (1.1} etate. A fully programmed BANVM cell

192 wilibe in its highest threshold voltage state, oc ita lowest
y state. C mily. sl reficrence volinges will
belowenhmtmmhnevoluzenmmmllﬁs.mmlung
in a (00) state. The intermedinte (hreshold staies are
encoded as is illusiretzd in the truth table for the logie circuft
168 FIG. 7 shows the bit line voltage as a function of tims
&t terminal 168, during & rend cycle, £2r a bituzy 2-Bit per
memory cell, For purposes of fllustration, each of the four

12

-]

30

“a

45

E]

55

8
corresponding to the arnount of ciprent dhet the cell ean sink
at this specific conductivity level. When this point is reached
at time t2 the bit line voltage stabilizes at 4 voltage level
Vref3 between mforenoc voltapes Ref 3 and Ref 2 which
cotrespond to a2 (1.0) stats. When the EANVM cell 102 is
de.selected, the bit Hne voltage will retum to its pulled-up
condition. Similacly, the bit-line voltage stahilizes at Veef2
for the 0,1 statz for. or at zexo volts for the 1.1 state. FIG. B
is & block dizgram of an n-bit memary celt system 269, For
prposes of flusiration 3 binary 2-bit per cell system Is
shown, However, the concers of the invention extend to
systems whete n is greatee than 2, It is also istended that the
invention include any system where the EANVM memoory
celt has more than two states, For exarnple, in a non-binery
Fystem, the memcey stzfes can be duwée or soms other
multiple of 8 non-binary system. Some of the components of
this systern 204 sre shown and desceibed with the samc

(s fox the components of FIG, & far theread
mode of aperation. It is intended that these same reference
numetals identify the same components. The system 200
includes a memory cell 102, as desaribed in FIG. 1. with a
bitline ontput terminal 168. For the read mode of operation,
8 3-[evel sepse smplifier 152 with resd referencs voltages
Ref1, Ref 2, and Ref 3 and an 2ncodes 16§ is provided. Read
data is provided at a Bit 1O tecminal 162 and at a Bit 1 1/
terminsl 16d. For the wrile mode of operstion. a verify
reference volage salect clreuit 222 provides e analog
‘voltage reference [evel signal X to ane input terminal of an
anzlog comparator 202. The vegify reference voltages are
chosen: so thut as 5000 &s the bit line voltage on bit line 106
s groater than the verify refersncs voltage the threshold of
the BEANVM cell 102 is sea to the proper threshold come-
sponding to the memoary siate 1o which it is to be pro-
grammed. To this end the verify reference voltages Vrefl,
Vrel2, Vcf3, and Vrefd are sct such thiat Vrefd is above Ref
3. Vief3 is between Ref 3 and Ref 2, Vref2 is between Ref
1 and Ref 2. and Vrefl is below Ref L During a nomalmd

ion, the bit line vu.n“\-“’mSﬂdﬂ idway between the

read refesence voltages to insure thal the memory contents
will be read acomately, The verify reference voltage select
circuit 222 Iy controlled by the 2-output bite from a 2-bit
i Latch/baffer circuit 224, which receives binary inpo
bits from the IO tarminals 162 and 164, The Y sigaal input
terninal of the analog comparator 282 s connected to the hig
line output keenginal 168 of the multi-level memocy cell 162,
‘The ontput signal from the snslog comparator Is provided on
» signal line 204 as on enable/dissble signal for the program
voltage switch 220. An outpul signal line 266 from the
voltage switch 229 provides the word line program

voltage to the control gate of the EANVM cell 192, Another
outpat signat ling 166 constitutes the bit kine znd provides
the, bit-line programming valtage to the bit-line terminal 168
of EANVM cell 102, After a program/verify timing circuit
208 is enabled by a PGM/Write signal provided on signal
line 212 from a PGM/Wirite torminal 214, the Gming cirewit

possible waveforms comresponding to tac four possible peo-
prammied states of the memozy celt are shown, Dmtnguud
cycle only the fi ding to the prog

state of the EANVM ccll would oceur. [7or example. ASSTIG
the BANVM mscnxy cell 142 hag bean programmed to &
(1.9) state. Pricc 1o time (1, because the EANVM ocll 162
has mot yet been selocted or ectivated. the bit line 166 iz
pulled-up o Vpallup, At time tl, the BANVM ol is
sclected using conventional memary sdsdress decoding tech-
piques, Bacause the BANVM cell has been programmed Lo
& spocific conductivity level by the clurge on tho floating
gate, tho kit Hoe is pulled down to 2 specific voltege level

248 provides & series of programiverify timing pulscs to the
program voltege switch 220 on a signal line 216. The pulse
wiidths sre s2t 10 control éhe programming process 5o that the
voltage threshold of the EANVM ccll 102 is incrementally
altered by oontrolling the injection of charge omto the
floating gate of ihc EANVM cell. Each programming cycle
increascs the vnkage threshold and. as & result, decreases the
y cetl 162, Afier cach Internal
qudchmplaqummedbysignﬂﬂnezw
going “high™, the progrem vollages are removed via the
Program Vahage Switch 228 end a verify cycle begins. The
valtage threshold of memory oell 162 is thew determined by
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usingmemmpammmzwmmmmebithmwmgeu Stapdard I3 due calls
168 with the cted vesify sef: voltage front fwummymumhemsedpnumumgmgnm

the verify referctce vORBEE select eizouit 223, Whea the bit This erasore can be lock, or chip
tins, voltage exceeds cat supplied by the vediy ference  Jovel sad cali cal, UV, or othes
voltage select circait 422, the ouiput signal 244 from the 5 :::-;. f: lmatxge ;: [:y;t{e: t:f ﬁll u&uéld hpem completely
o & & PEORTAIRIMINE

2 o willhn disible he progpim VMBS S cycie 1 5 sytiem A0 ety to erese wa ndividust

cxobodimne
e invention, darip 5 write operation. cemparison of the memosy cell. thea il ndnemu:ymuasealldthuelis

Qurrent APy palog conteats Wit b nslog infor- ofng;wp;ricnohﬂm&ng-gogmmingmﬁwms
cot cel : ol g.znf th:npos;ialnwiummmhﬂl!m.scwindivirmﬂmgm

be p;ogmmmbd .
crmed Mparaior i - wﬂ-unemm.mpmzmnmwcuwmcwopﬂm
&r-

pert by e sna!og N MO:“tM;ﬂ‘h: :::ypn;f{ PR threshold e 18 Indicered by the waveforms labefled
determined by decoding g ULt of the o-bit fnput Leich/ (1.0) snd (D8} ]
paffer 224 (n=2 in the Alustrative foem). Tae Y ioput signal FIG, 11 15 & ming disgram which Iiustrates how a 2-bit
to the xoalog comparator 202 is teken llimctlymdmbi: 15 EANVM et of FIG- 8 !s?rognmmadﬁdmn erzsed (1.1}
tine teminl 168. Not& hnlhﬂ—levdsmm‘enmde&uﬁts state to & (1,0) state USIDE he timing circaltry 268 £
153, 168, and refercoes volizge select circuit 223 may be gencraie fixed Jongth tidng pulscs. A low logic level state
completely independent, as indicates: in the drawlag. of ﬁw PG)MWHE wignal on signal ljnc 212 cnabies the
Mum:ﬁvuiy.theymaybemuphdtogﬂuwdmmw unnn_smcuilm.m_enmbledugm:u,\hemmg
fime Fhae it components. This is possible 2 clreuit m;tuvidcsnnmmml fixed-widh Jow level fnter-
becanse the Hevel gensclencods circuis 152 and 160 arc nal PGM qnsing pulse on signnl‘ﬁne 210 to the prograst
medinlhemdmodnutopeminnwhﬂe the verify reference voltage switch z_n.Fo:thndmahm_uf the low state of the
vnlmges:lactc‘scuitmisusednnlyinﬂ:ewﬂelveﬂfy mmdPGMumlnzpnise,ﬂmbuhn:mdwadum

mods of cperatiots p:opmvohgewtputsoulines 106 and 206 will be raised

2 wmdxmq;ccﬁvepmyamminxvomgn |cvels a8 shown in

v BASICWRITBMODEFORAMUH‘[-BII FIG. 3L Doring ﬂ;isgog:mmlﬂ!pmm“. charge 13 sdded
PER CELL SYSTEM

10 the floating 8IS of the memocy cell 162, When 21:;
. . intersel PGM pulse from timing clrcuitry
ot ﬁbﬁ?&'mmﬁw*mm“”“ﬂﬁm W s v 8 B I 8 S volages 4=
by N R anday cycle begies. ¢ example, Vi
tot"umqudydsﬁmﬂdrﬂhddlevehin\hcmo-ﬁ:ps mlnge\':d.!iscompudwhhmebitlincvau-

cell hnpl;mﬁsnion.beuusmis sssumed that the cell strts
age- This internnlly eontrolied ;:o;runfva-ify cycle ropests
&ommcmse.mhi;ody “‘M"’.W itself ontil the it line vollage o0 {ermingl 168 exoeeds

different (L. V2, aud Vi) which define
et . (L0 and (0.0) stas. Vid s tahold required Yn‘ffb::““‘ tme, 2. ﬁ‘_‘z‘ﬁ"};‘ﬂ:’z is verlfied to
cuch tat in the e bit lot voltzge will fal *% n progrummed to 8 (10) <40 programming s
e coa Ref 1 eod Ref 2. Vi3 3 o threshe snch “‘mm“‘;mwmu““mmmﬁ'“‘“‘mm
oot i the read mod, the bit ine voltage will fall betwees sigaal ;‘“9“]‘1‘: e
Reflundkefa.vﬁ_ism:mruhdﬂmmﬂrsds:hwin E:’NG‘;A}‘“N“‘““';;;“‘ ”""‘!ﬁo:n';jl;’“mwg
gl.emdmnde-thzmunsvamsevdﬂhepummankd @ fnﬂy“m“.m(l.l)w:puﬁnﬂy“uﬁ‘m(l.mudng
F1G.  Hustrtes the change i voliage Swethd (0 E fixcd leogth OB g o Vv i
4evel or 1-bit BANVM cellsﬁﬁeﬂo!ﬁngg,lteh beifg timing cirolt 248 first Iniriate a verify cyde o det e
g’:fmmmﬁ:dm“wmwmm“°°f&° stadus of fhe memosy 162, This is fndicated
mﬂswhmthaenecnlytwomntbcdeﬁgnobjwﬁ%h @ ﬁ:ﬂ:‘lﬂmvdm;mi P M:;N;:;Y Pﬂ"”:
T enounimctutbenmﬂnggammimﬁ;hm {ime 11, the bit linc voltags be pre-sct to ghy Volligo
e cell’s voltage tarcabold ie PO ot s lﬂcLOnccmeceIlhamndammnedlobcaamndiunn

ﬂuesholdunﬁuusingle-bkp:mﬁsyswm.ovwm mmnapondinsmﬂudmwbe ammed, the first
mgmﬂﬂﬂwwwm‘ﬂ“mﬁ“m quismﬁmﬁskﬁmwmcﬁtﬁne
memory cell. ) . qumgebeingp\nkdupm\rgogam-mmeﬁrstﬂm
As will be wmﬂﬁmﬂﬂ.s.inmn-bﬁpseeﬂ [m‘ﬂlpogmmhxpnlsuends.tveﬂfycyciubcﬁns.m

the meenoy ndlmpsl.he:hnw(ltolpolntww ismcsmedhymbitﬁmvekagcbdngpulleddwnto
the voltage m«:\duwnhmnq»c!ﬁcvombmﬂwm 5 .pnmthmybemeen potcatial and Refl. During

nnge.mﬁﬂscuq:le.wbdzmbcdllah'dupmmmd each successive verify cyclemebﬁtﬁnevdugelsobsm'ed
mu(l,o)mmemdnedaddmgeuddiﬂcduhﬁng to incrementaily Increase. This pmpamf‘ladfv cycle con-
abovcatln:holdkvel\lﬂmdnsbdngbdnwnmhnm ﬁnuumﬁlmmﬁncvolmsamwedsmesdwedvedfy
Tovel Vi3 mfmmevum;inmisme\mﬂ which indicates &
Tonmmpﬂshlhisn-kvdmmhuitismnwm & memary stsie of (L0), 2t time 12

-ﬂdtootmodifvthephmmwwwﬂmm.n m.ﬂﬂmwhowaz-wEANVMaﬂis;m-
shows the additional o modified circults, jncinding :;if; grammed from & erased {1,1) smis to & (1.0} state usiog

4 cs, The i PGM

crence voltage select, 23 n-bit 18] variable leagth g
Mmdawmpmmﬁecmpanwtmbe for this implems nﬁntwﬂhnlwmlongu
either digited or auelog. [ mfuﬁxcd—wmmm}emmu&nnnfﬂﬁs. 11and 12.The

FIG, KU Dluswaics the voltage throshald of o BANVH low-staie pulse widths grow progresdvely shorier as the
ocuuﬁieﬁmﬂnggal:isbeingeﬂsed‘,&mna (0.0) state. mmwyedlappmldiesmwmvom:mmmm.
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This approach reguires more perecise control Gisn the fxed
Jength appeoach. Howevcrh progra;mming times can be
greatly reduced o6 aVETRES,

FIG. 14 illustrates the bit line voliege of & 2-bit per eell
FEANVM gs it is baing peo| from a fully crased, &
fully “'on”. sinte (11) to 8 partially “off” state {1.0) using
varighle length program pulses, When the exterually spplied
PGM/Write pulse poss 1o an aciive low Jevel ot time tl, the
programiverify timing cireuit 208 first initiates a verify cycle
mmmmm@mnmﬂmm
i fndicated by the bit line voltage beilig pulled to » ground
mndiﬁmﬁem.inmismmplc'Vpuﬂ-@.A]mough.picrm
time 11, the bit line voltage could be jxesct 1o any voltage
level, Onee the ccll has been determined to be 1t a condiion
below the verify refecence voltsge corrssponding to the data
bbcpmwmm:d.vmmﬂ:ls ple. the first progn

3

0

1z
inventior end vasious erbodiments with varions modifica-
ﬁunsasmmbcdtoﬁcpﬁiuﬂxuucoﬂmp&aﬂeinis
intended ehet the scope of the jnvention be defined by the
claims appended herelo £nd theis equivalents.
What is daimed is:
1, & multi-level memory device comptising:
an cioctrically altersbl tetile pulti-fevel memory
wﬂfunoduginpuiinfmﬁonmamponﬁng
onecil{“pedelmniwdmsmmsm:sofsaddmnlﬁ-
Level memory cell, where K is a base of a predetes-
roined mamber systesm, ¢ s & nomber of bits stared per
celt. and K>Z;

mancrycdl.rogrammfngmmsfmpngnmingum

mﬂﬂ-levclmemnrycellinmdmwiﬁsﬂdinwt
is infocmation;

i voltage aclecting means for lecting onc of &

cycle is inftiated. This is repeesented by the bit line voltage
being pulied up to Vixogram. After the first varinbic leogth
peogramming 15 over, another ver ify cycle begins. This
is represented by the bit linc voliags Leing pulled dowa o
& point midway betweel Refl and Ref?. During cach
saccossive verify cycle the bit line waltage 1s obsezved to
i tally 1 This program/vexify cycle contintics
wotil the bit-Hne voitage surpasees the selected verify refer-
ence voltage. in this case Vrefd which indicates & memary
state of (L.0). at time t2

g process for an o-bit pr
i cy:lﬂ.wina:rmmﬂy
;rogramae&hcdmﬂomofdmeqde&m&etmﬁmd
byﬂteﬁmhgcﬁcuilﬂ.&k:ydmﬂtfmesymum
lrwiﬂnpmgrmmlngsd!mmddtwmfmmte
mamnﬂudmmwyeﬂlﬂ.'mhmnmﬂimﬂd
bymtchingmapﬂnevﬁdﬂm of the timing pulscs of the
ﬂmlngdrcui\rymwmcptogamﬁmzoﬂhemee!l
beinguscd..\sindiuwdinﬁﬁs.]lmdu.udcsimi
voltage threshold actuslly falis within 4 range of threchold
voklgn;ﬁmcprogmpulmmmolnn;,mmmudi
dmgemybeuddodmmnuﬂuwzofﬁcmmmll
loz,mismymuuinmovmomafﬂ:cmgetWMe
ﬁnuhald.rwuhingininmmdaubdngmdinmc
memory coll.
mpogmnnﬂn;pulwmdtmlismmﬁntifm
valtage threshold of the cell 102 afier the (a1} program-
mingpulseisatnpoimjuslbdnwthemptwmc
threshold. than the (R)th, or flnal, program pudse will pot
cause &n overshoot resulting in &0 overproprammed condi-

the. The verify veference voliage selext 222 would pravide
mevolugetobeemdedw[ﬁlmmwwming from the
mq:ulofﬂxcn-bitmpntmm.ﬂfn:mtegmﬁngﬂw
dota lo be programmed. Otherwise, the function of the
comparator Within the system remalny the same.
Theforegoing descriptions of specific cmbodiments of the
prescnt inveation have been presepied Sor parposts o
illugtration and description. They are ot intended to be
exhaustive of to limit the favetion o the precise foms
diselossi, xnd ebviously many modifications and varistions
ntepessﬂ:leinﬁgmofﬂacubovcm:hhlg,m:nﬂwdﬁmm

wutchasealnddﬁuibedinmdermbm:xphinmemmemmymn.
8.

principles of the invention and §ts practical application. to
muebymblenﬂxmsﬁﬁadinmmbb:stu&!lume

3

5

EH

plmljtycfrd’mvolugcsinumd:mmmd
ipput infarmation, each of axid reference voltages cor
mspoudingmldiffumtmufuidpredetennined
memory states; and
eompunmtmumfcwupﬁngavdugeofsnidmuh{-
level memocy cell with the selected refersnce voltage.
sald comparster means further generating a control
signal Indicating whether the state of said mukti-level
memagy cell is tie sute comesponding to said input
information.
Z.Ad:vieeamdingtodﬁml.wheminad:mcmmy
mteisbou@dbyoneuma!wkaacvalm.ndmh
reference voliage differs from the voltege value of values
bonnding the comesponding memOry statc.
3, Multi-level memosy apparatus. comprising
n clectrically alteratio pon-volatile memaory cell having
moxe than two predetermined merory stalcs;
auhcdnzdevioewhidluimonedaplmﬂhyof
fi tignals in dance with iformation indl-
caﬂn;-memymmmhsddmmceﬂino
e programmed, eachreference signal comresponding (0
aﬁﬁmmsuﬂeufsﬁdmmayuu;md
& companatar which comp  tignal ponding to
mcmofsddmcmtymﬂwimmesdmdmf =
encesignﬂwverifymhunidmemyneuis
to the state indicated by said information.
4. Apparatus according o clair 3. wherein said compara-

a5 wrcnmpnesahitliusigndofsddmemmycdlwnhme
selected

reference sigasl
S.Awanmnmtﬁlgtoﬂaim:!.wh:t&nmdmmpua-
wmmawnmvmﬁwdmmmnmn
voltage of the selected refercace signal.
6. Multi-level memory appasatus, comprising:
mdwﬁeﬂymuaﬂemn-whﬁlemmmuhwiug
m&mmoyedﬁaminadmnurystaes;
lseledingd:vinewhichschasuncufnplumﬁyd
sigoals in d with information indi-
caﬁngnmmmym:mﬁehsﬁdmmceﬂism
be each reference signal comesponding to
adﬁdemmmmymwdsddmmmyun:md
avedfﬁn:devioewhiuhdetnﬂs-pumnnuindiuﬁng
t]nsmcufuidmmu’yeeﬁmdvm’ﬁeswhdhn'sﬁd
memory cell 1s prog d to the state indicated by
mdinfwmaﬁmbnedonmadmmdmmet:md
the selcctod refereace sigal.
T.Appnhnamﬂingmddm‘,whaﬁnui&vcn‘fying
deﬂnd:sidpammulbuunemmimlofsnid

.A;pxrﬂnmmdinslodﬂmé.wh:m’nnidpanmcu
{5 g bit line voltege of said memary cell.
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8, Multi-lovel menory appersus, compeising:

an electrionlly alterable non-volatile memeary cell haviag
noge than twe predesarmined menory stales:

a selecting device which sclects one of & plurality of
predetermined reference sigaals in accordance with
‘information indicating a menlxy state to which said
memory cell is to be progr d, each
signal corresponding ko a differzat mamary state of said
memory ocll;

2 programming signal source which applies a progeam-
ming signal fo rald memory cell; nod

14
18. Apparatig for vesifying programming of an clectri-
cally alterable non-volstile memory ceil having more than
two predetermined memory states. comprising:

a selecting deviee which sclects onc of a plurdlicy of
£ signals in dance with feforroation indi-
cating & memaory state to which said memory cell is 10
bep d. each refy signal corresponding to

a different memary stste of said memory ccll; and
a comp to compare 2 signal ponding to the
1e state of ssid memory cell with the selected refereace
signal to verify whether said memory cell is pro-

3

# compargtor which conp a signal i

'y d g o
the state of ssid memory o¢ll with the salected refes-
ence signal to verify whether sild memery cell is
progr dto the state indicated by said ixfommation.

19, Apparatus accocding to claim 9, whertin said com-
pnamrmmpmutﬁtlhesizn:lofsniﬁmmycdlvmh
the selected reference signab,

1. Apparats sccording to claim 9, whesein s2id com-
pmmronmparﬁabi:lin:valugcof:niﬂmumrycdlm
a voltage of the sclectod reference signal.

12, Multi-level memory apparatus, compeising:

xa elcctrically aitsrable non-volatile pemary ccil having

more than two predetenninsd meptory states;

a selecting device which sclects one of a phaality of

£ signals i accopdance with information indi-
cating & memory state 10 which said memory ccll is to
progt d. cach reft sigual ponding to
a different memory state of said memacy cell;
apmgnmmingsigmlsmrcew‘hidz applics a program-
mingsignﬂtosaidm:mycﬂl:amd
nv«i@insd:dccwhimdmmapmuhdhaﬁng
the stale of said memory cell wad whick verifies
whether said memory cell is progiammed to the stete
indicated by ssid infocmation based on the detectsd
parsmeter and the selected referen e signal.
13, Appurstus according to claim 12 wherein said veri-

fying device detects said p at a bit Line jual of
sald memory il
14. Apparatus seoeding to clxim 12, wherein said param-

cter is a it line voliage of said memory cell.
18, Multi-level memory appantas. compeisiag:
an dlecirically alterable poa-volatite jocmory oell having
mece than two medotarmined menory sales;
lﬂuﬂngdzﬁmwﬁ&ﬁmmsduﬂm&yuﬁ
" n o

I signzls with informstion Indi-
caﬂ.ngammymemwh{chsdimmnryeeﬂisto
d. cachrefy ignal fing o

| il ¥
2 differsnt gemary state of sxid memary cell;
2 progremming signal source which applics » program-

gr d to the state indicated by sald ion

19, Apparsius according to claim 18, whercin ihe signel

ing to the state of said memery ¢sil is a bit linc

15 gigunl of said memory cell.

20, Apparatus sceonding to claim 18, whereln the signal
wrrcspondlngwd\emeufm&mmnfymllisnbﬁum
voltage of said remary cell,

zt.Appmmsfm'vedfyingpmgmnnﬁngofmcluﬁ-

B pally alrerabie non-volstile memory celf having more than

two od memory states, comprising:
usdoaiugd:viccwhinhseleotsmofnplwautyof
reference signals in sccordance with information indi-
cating 8 memery state fo which said memory cell is 1o
s bopeogrammed, cach referenoe signal corresponding to
2 differenl memoxy state of said memory cell; and
a verifying device to delcct 4 parameter indicating the
state of ssid wemory cell and 10 verify whether said
memymllispmgrammﬂtu&cstﬂe]nﬂiutzdhy
said information based on the detected parameter and
tho selected reforence signal.
22 Apparsms accarding to claim 21, wherela said parasn-
eter is 8 bit Tine cignal of said memory cell

- 23, Apparatui according to clabm 21, wherein said pazani-

eler is a bit line voliage of said memory el

24. Appacatus for programming an cleciically alterable
nor-volatile memory cefl having more thau two predetr-
mined mermory states. comprising:

@ 2 selectibg device which selscts one of & plurality of
pred ined ref signals in & with
information indicating & memosy state to which seid
soemory cell is to be prog d. esch
signal cortesponding to & different memory state of said

m memory ccil;

s programming signal source to apply 3 programming

signal to said memory ccil; and

& comparslcr to compare & signal corrcsponding to the

state of said memory ccll with the selected reference

0 signsl @ verify whether said memory cell is pro-
grasnmed to the stata Indicated by sald information.

0

ming signal to said memoey cell; and 25, Apparatys according te claim 24, wherein the signal
a control device which is the application of said pondi o the statc of sald memory ccll is a bit Hae

programming signal 10 sald memory cell based on the signal of said memory sell.

sclected reference 55 26.A ding to cluim 24, in the signal

slgoal.

16. Apparatus sceordiog to claim 15, vhereln said control
\iwicedanm:pmmindinﬂngthamled'aid
Tocmocy cell, verifies whether said memory cell is pro-
gummdtothesmeindiealedbynidinfmmaﬂmbamdun
tbeéctccmdpmmudm:mledodnfmmdnd,ud
contrels the application of said programming signal to said
memory c2i) based on A result of the veriflcation,

17. Apperstus scoarding to cixim 18, wherein asid control
device compares & signal ponding to the state of 2ald
memory ceil with the sclecicd refereace aigeal and controls
the epplication of seid p ing sigiel to seid memory
cell based on & resul: of the comparison.

corresponding to €he state of said memory cofl is 2 bit line
voltage of said mesmory cell.
27. Apparatus for p ing an clectrically L)!
non-voiatle memary cell having more than two predetss-
g Tined memory states. conmpasing:
8 selecting device which sclects one of a phurality of
fi sigoals in d with information indi-
uﬁ.ng-memnrymmwhichsuidmamyecuism
‘be programmed, each reference signel comesponding to
F13 & different memory state of said memory ccll;
a programuning signal source to apply a propramming
s!gnﬂwmdmmyneu;md
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lvuifyilgdcviwwdﬁmapamminﬂcﬁnsﬂn
smcufsaidmm-yedlmdwvnﬁywmﬂ sid
mmmycdlispmgtmmdtnﬂmmmindimcdby
said Infoemation based on the detested pammElc and

28, Apparatus ding to Aaim 27, ip sald pafSnl-
eter Is 8 bit line signal paramcicr of ssitl memory ocll.
29, Apparatus Al 1e 10 claim 27, Wherein said pacame-
cter Is a bit Ene voitage o said memary ceil.
36, Apparztus for programming an Mectrically aftersble
pion-volatile memary cell having mor than tWe poedeter-
menory stales: d

mined . compuising:
as:ieaingdevil:swﬁdsdmumoiaplw-myof
reft § in dance with jnforruation indi-

16
3T.Amﬁhodmﬁ!giodﬁm36.wh=dnnidpam
eter is dmdedatabillia:tmu‘mlofsﬂdmzmwycﬂ

%.Amﬁmmﬂsmdﬁm%.whudnuidpamm—
stez |5 4 bit Epe voltage of said memory estl.

39, A method of progremming 2o lecrrically shierable
pon-volatile memory cci] having more than Two prodeses-
miped MCOoY mes.sddmcd\odcompislng:

selecting one of & pluratity of predetermined reference

in accordance inforation indicsdog &

6 mmysmmwhinhsaidmmyccuismbe

meudtrefsencesignﬂmespondinstoa
different memory sm:afnidmmycdl:

applyin}nprepmmins aisnlltolaidm:nmn'udi;mﬂ

-

stlected peferepcs signal

1. Appacatus acoording to cxim 3, whexein 1214 control
device is constructzd 10 detect a parsncier indicating the
nwoﬁsdﬂmycﬂmvaifywheﬁmaddmmxywu
is mmemmimﬂamdbyuidm\‘umaﬂnn
based on G detected parameies and the sclected peferenct
dgm&mdmwwdmm“cdmcfuumgunﬁn;
signnmnidm;nwrytxﬂblwdwamuhof&evn‘m-

catiom, 0
32 Apparaus according to claim 38, wherein said control

device is construeitd i cOMPAIE 2 iguat comespondisg o
ﬂzesumnfsaidrmmyeellwlﬂ:masdm:efuum
xlgnaLandtucmml:he.ppuuﬁmdanmhg
slpdtosaidmmywl!buedwunmltofﬂmeom-
parisol.
ﬂhmﬁdvﬁﬂgwﬁudndmmly
ﬂtﬁ:ble-nn»volnﬁl:wmﬂocllhﬁdnsmﬂhmmu
nodm:mysms.sddmemdmmpimg:
sdecdngonaehylmlkyof:efacmﬁgnﬂshm—
dmwwidxinfumnﬂonindinﬁnu-mmymmw
whid:midmuyulliﬂoh:pgrmmed-mh
r:fuencesiznllcmupondil\ammm‘aemmm
smeofuidm:mnryoell;-nd
jog @ Rignal comesp ding 1o the swic of said
memory cell with e md:drefum:imltoveﬂfy
whmsﬁnmewycdlismnmmcdwm:sm:
indicaicd by said information.
MAmcxhod.mdingmcwmaz\,whudn:ﬁdm
pldnainchmucumpuinsahﬂﬁmiﬂmofnldm

signal.
3. Amn!\odmdinztocmmﬂswhud-sddm—
imludesmninaaﬁtun:vdupu{sddmcm

T s i & 1o the smte of said
mmm'ycdlwimﬂmsnleaedrefmnce ignal to vetify
whether sxid momaly cell is programned to the state
indicaied by suid

ulmdngoneofaplmﬁitydrefmmesigmhinm-
danos with informetion indicating & memory state 0
whi:hsddmcdlistobe Mlmmnd-euh

i ding to a diffcreot memory

LS signal coaesp
mlenfaidmmwwﬂ;
applying & (x| ing signal 10 said mesmary eelly
m:pnmdﬁmmngmcmdsddmmwy
cell; and
a5 vzifyinswbuhusﬁdmmmyeeulswmmadmdm
sate indicated by said inf jon based on the
detocted andmendmdmfermsignd,
thﬁbodmdhlwdnﬁnﬂ.whﬁdnaidp:nm-
eluisdcmdeﬂnlhitﬁncwunimlufsaidmmmodl

ising
o ;elccﬂngoneofnplualky of reference signals in AOCE

] .ppwinsnpmgwnmlne-' to said memory cell; and
comlﬂngﬁe;ppuaﬂonofuidpugmming signal
10 szid memnoTy 2ell bazed on the sclected refegence

signal.

“.Auﬁodmuﬂiﬂstochhnﬁ.hﬂudlﬂgmamg

55 :pmwhﬁcdngmenmofuidmuyuﬂ.vui‘
fyhgwmmﬂmdmcmyedluwmmadmd\esmc

dicated by said § (Jon based on the desected paramo-
mmmmﬁﬂmﬁm.mm&e
ing signal is licd based

¢ on a result of said v 3
7. A method according to dﬂmds.lndudingwwnﬁng
4 signal mﬂpondiumtha state of said moma'y mﬂwi;t}

the scleoted signal, 1 the Bpp
perogr ing wignal i fied based on & revull of
& said compaing.
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: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY "
TTS PER CELL ygﬁm

K memory starea (K" > 1). A memory cell progranming means

and conpargfor means is_also included. The present muiti-bit

10 pull-up’devices in a memory array to provide stable and
accunéte reference voltages over process, temperature, and
volfage variations. '

B:\Bamne\sarm\ i6ETE L -L.apa
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. PATENT
Attorney Docket No. 016176=000110US

ECTRICALLY ALTERABLE NON-VOLATILE MEMORY
- - WITH N-BITS PER CELL .

BACKGROUND OF THE INVENTION

. Cross Re eference to Related Applications 5!“‘“5‘5!” i
GV B This application is a of U.S. '

o
patent Application Serial No. 08/071,816, filed June 4, 1593
entitled "Electrically Alterable Hon-Volatile Memory with N-
. aew 1L il A ¢, 8 Bl R
BRits Per Memory Cell,“Awhich {s"a continuation of U.S. Patent
Application Serial Ho. 07,652,878, filed February '8, 1991 (now
10 ¥.S5. Patent No. 5,218,569) entitled "Electrically Alterable

Non-Volatile Memory with N-Bits Per Cell."

1. Field pf the Inventien
This invention relates to non-volatile memory (NVM)
devices; and, more particularly, is concerned with an CigU)LA
15 apparatus and method for providing a multi-level NVM deviee

. -1 ~
with stable reference voltages.

?,(Qd

.

2. Descriptjon of the Background Art
In conventional single-bit per cell memory devices,
the memory cell assumes one of two information storage states,
‘20 either an "on" state or an "off" state. This combination of
either “on" or "off" defines one bit of information. As &
result, a memory device which can store n-bits of data
reguires n separate memory cells.
Increasing the number of bita which can be stored in
25 a single-bit per cell memory device relies upon increasing the ‘l
number of memory cells on & one—for-one baeis with the nunber l
of bite of data to be stored. Methods for increasing the l
number of memory bits in a single memory device have relied
upen the following advanced manufacturing techniques: ‘
30 manufacture larger die which contain more memory cells; or use
improved lithography techniques to bulld smaller memory cells
and allow morg memory cells to be placed in a given area on a
single chip.

P
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An alternative approach to the single-~bit per cell ‘
approach invclves storing multiple~bite of data in a single ‘
memory cell. Previous approaches to implementing multiple-bit
per cell non-volatile memory devices have only involved mask |

5 programmable read only nemories (ROMs). In one of these

- approaches, the channel width and/or length of the memory cell 1
is varied such that 2® different conductivity values are ‘
obtained which correspond to 20 different states corresponding

to n-bits of data which can be stored on a single memory cell.

10 In another approach, the ion implant for the threshold voltage
ije varied such that the memory cell will have 20 different
voltage thresholds (Vt) corresponding to 2" different
conductance levels corresponding te 2" different states
corresponding to n-bits of data which can be storsd on a

35 single memory cell. Examples of memory devices of thase types
are described in US Patent No. 4,192,014 by Craycraft, US
Patent No. 4,586,163 by Koike, US Patent No. 4,287,57¢ by
gtark, US Patent No. 4,327,424 by Wu, and US Patent Ko.
4,847,808 by Kobatake. )

20 Single-bit per cell read-only-memory devices are
only required to sense, or read, two different levels or
states per cell, consgequently they have ﬁeed for only one
voltage reference. Sensing schemea for multi-level memory
deviées are more complex and require 2"-1 voltage references.

25 Examples of such multiple state gensing schemes for ROMs are
described in US Patent No. 4,449,203 by Adlhoch, US Patent
No. 4,495,602 by Shepard, US Patent No. 4,503,578 by Iwahashi,
and US Patent No. 4,653,023 by Suzuki. A-timitationm with—the

o . 2
cenverrcinia T sensing 4-m—often—ina to—amd stahla

30 refesence—vottage—levels——Fhevonventionai—sensing-schenes ‘

::315?335?

voteage-variakinng = ‘
These approaches to a multi-bit ROM commonly have
35 one of 2P different conductivity levels of each memory cell

being determined during the manufacturing process by means of
a customized mask that is valld for only one data pattern.
Thus, for storing n different data information patterns, a
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minimum of N dlfferent masks need to be produced and
incorporated into a manufacturing process- Each time a data
information pattern needs to be changed a new mask must be
created and a nevw batch of semiceonductor wafers processed.
This dramatically increases the time between a data pattern
change and the avallability of a memory product programmed
with that new data pattern. '

Prior art electrically alterable multiple-bit per
cell memory approaches store multiple levels of charge on a
capacitive storage element, such as is found in a conventicnal
dynamic random access memcry (DRAM) or 2 charge coupled device
(ccpy. Such approaches are described in US Patent
No. 4,139,910 by Anantha, US patent No. 4,306,300 by Terman,
US patent No. 4,661,929 by Aoki, US Patent No. 4,709,350 by
Nakagome, and US patent No. 4,771,404 bY Mano. All of these
approaches use volatile storage, that ig, the chaxrge levels
are not permanently stored. They provide 2" different
volatile charge levels on a capacitor to define 2% different
states corresponding to n-bits of data per memory cell. All
of these approaches have the common characteristic that
whatever information is stored on such a memory cell is-
vyolatile because such a cell loses its data whenever power is
removed. Furthermore, these types of memor§ cells must be
pericdically refreshed as they have a tendency to lose charge
over time even when pover is maintained.

1t would be advantageous to develop a nulti-bit
seniconductor memory cell that has the non-volatile
characteristic of a nask programmable read-only-memory (ROM})
and the electrically alterable characteristic of a multi—hit’
per cell DRAM. These characteristics combined in a single
cell would provide a multi=bit per cell electrically alterable
non-velatile memory (EARNVHM) cabable of storing K" bits of i
data, whers "K" is the base of the numbering system being used
and "n" is the number of hits to be stored in each memory
cell. Additionally, it would be advantageous if the EARNVM
described above was fully compatible with conventional
industry standard device programmers/eyrasers and
programminq/erasing algorithns such that a user can
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proqram/erasa the pulti-bit per call memory in a manner
jdentical to that used for current single-bit per cell memoxy

devices.

SUMMARY OF THE INVENTION
5 The present jnvention provides a multi-level
electrically aiterable non-volatile nenory (EANVH) device,
wherein some or all of the storage locations have more than
twoe distinct state;;
;aﬁereneewve%taqeG~—_Jmawa%abie—referenee-ve&taqes—a:e_. ’
10 WM
—as~the—nenery—&ev§ee+

R¥F

in & specific embodiment, rhe present invention
provides a pulti-level memory device. The present pulti-level
memory device includes a multi-level cell means for gtoring
15 input jnformation for an indefinite pericd of time as a
aiscrete state of the multi-level cell means. The multi-level
call means gtores jnformation in EK* memory states, where K is
a pase of 2 predatermined pumber system, 1 ig a number of bits
atored per cell, and ¥ > 2. The present nulti-level memory
20 device aleo jncludes a memory cell programming means for
progrqmming the multi-level cell means to 2 gtate
corresponding/tb the input information. A comparator means
for comparing the memory atate of the multi-level cell means
with the input {nformation is also jnciuded. fThe input
25 infofmation gorresponds to one of a plurality of refarence
voltages. The present comparator means further generates a
control signal indicative of the memory state as compared to
the input information.
An alternative specific enbodiment also provides a
30 pulti-level memory device. The present multi-level memory
device includes 2 multi-level cell nmeans for storing input
informaticn for an indefinite period of time as a discrete
state of the multi-level cell means. The multi-level cell
neans stores information in K" memory states, vwhere K is a
35 base of a predetermined number system, I 35 a number of pits
gtored per cell, and K > 2. A memory cell programmning neans
for programming the multi-level cell meana to 3 atate

PPy
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corresponding to the input information is also included. The
present multi_fevel memory_device further includes 2
conparator means for comparing the memory state of the multi-
level cell means with the input jnformation. The input

5 jnformation corresponds to one of a plurality of reference
voltages. The present comparator means further generates a
control signal indicative of £he memory atate as compared to
the input information. A reference voltage means for defining
the plurality of reference yoltages is algo included. The

10 present refersnce voltage means is operably coupled to the
gomparator Mmeans. .

_In—an-t ST TV E EPECLL “ylaislel ",

invention provides an integrated ciy uit with a plurality of
multi-level cells. The present inthgrated circuit includes &
15 multi-level memory cell for storind input infprmation for an
indefinite period of time as a discrete state of said multi-
level memcry pell. The multi—l-rel memory cell stores
information in K memory statep, where K is a base of a
~ha n is a number of bits stored

20 per multi-level memory cell wherein ¥l > 2, The present

predetermined nunber system

integrated circuit also ing

ludes a memory gell programming
circuit for programning the multi-level memory call to a
memory state correspondijg to the input information. A
comparator for comparyng
25 wemory cell with the

input information cor

vhe memory state of the muiti-level
+ information is also included. The

/
egponds to one of a plurality of

reference voltages. e comparator means further generates a
control signal indig ‘
the input information. The present integrated circuit also
30 includes a referente voltage cell for providing the one
plurality of ref '
is operably coupied to the comparatoX. The multi-level MEemory

tive of the memory grate as compared to

fence voltages. The reference voltage cell

py one of the plurality of pulti-level cells .
and the referegnce yoltage cell ig gefined by another of the
a5 plurality of fulti-level cells.
3 jfurther embodiment provides an integrated circuit

cell ig defined

Giti-leve n \

Au_/__._f__.._k;__’_,_‘,_r__nl_,,__ﬁ,____g-_ ——— [
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of mul%i“legé;lggiis Gefines a multi-level memory cell and a
tageceliy

BRIEF DESCRIPTION OF THE DRAWIRGS

The accompanying drawings, which are incorporated in
and form a part of this specificatioﬁ; illustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the invention:

Fig. 1 is a generic achematic representation of a
non-volatile flcating gate memory cell.

Fig. 2 is a block diagram of a prior art single-bit
nemory system.

Fig. 3 is a timing diagram of the voltage threshold
of a prior art single-bit per cell EANVM system being
programmed from an erased "1" state to a programmed "o".

Fig. 4isa timing diagram of the bit line voltage
of a prior single~bit per cell EANVM during a read operation.
It illustrates waveforn levels for bkoth the programmed and
erased copnditions.

Fig..s is a block diagram of an M x N memory array
implementing a multi-bit per cell EANVH system.

Fig. 6 is a block diagram for readiné a malti-bit
per cell EANVH system. .

. Fig. 7 shows the bit line voltage during a read
cycle az a function of time for a 2-bit per cell EANVM which
has been programmed tc one of four possible states, (0, 0),
{1, 0), (0,1) and the fully erased condition (1,1). Four
separate voltage levels are represented on this Ffigqure, each
representing one of the four possible states. Only one of
these would be present for any given read operation.

' Fig. 9 iE a ng diagram which illustrates the
voltage threkho of a 2-bit per cell EANVM heing erased from
a fully rammed (0,0) =state to one of the other three

POS la states.

Fig. 8 is a block diagram of a multi-bit per cell
system combining program/verify and read circuitry.
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Fig.\g is a timing diagram for the wvoltage threshold
for a 2-hit per cell EANVM being programmed from a fully
erased (1, state to one of the other three possible states.

%ig. 11 ie a timing diagram illustrating the voltage
threshold of a 2=bit per cell EANVM during a program/verify
cycle using fixed width program pulséé.

Fig. 12 is a timing diagram illustrating the bit
line voltage of a 2-bit per cell EANVM during a program/verify
process which uses fixed width program pulses.

. Fig. 13 is a timing dlagram illustrating the voltage
threshold of a 2-bit per cell EANVM during a program/verify
cycle using variable width program pulses.

Fig. 14 is a timing diagram illustrating the bit
line voltage of a 2-bit per cell EANVM during a program/versify
process which uses variable width program pulses.

Big— 15t o sinptitied-dingramof—ve

invention.
Fig., 19 is a Zimplified voltage generator circuit
diagram for cbtaining reference voltages with use of pull-up
devices and a voltage divider according to a preferred
émbodiment of & present invention.

Fig.,”20 is a simplified diagram of a voltage i
generator cjfouit according to an alternative embodiment of

Page 40 of 235

PETITIONER'S EXHIBIT 1002



10

15

20

5 X

25

30

35

it
H . 8
DﬂSéRIPTION OF THE PREFERRED EMBODIMEHNT

Reference will now be made In detaill to the specific
emhodiments of the invention, examples of which are
iilustrated in the accompanying drawings. While the invention
will be described in conjunction with the specific
embodiments, it will be understood that they are not intended
to limit the Invention to those embediments. On the contrary,
the invention is intended to cover various alternatives,
modifications and eguivalents, which may be included within
the spirit ani scope of the invention as defined by the
appended clains.

In general, the invention described here allows n-
bits of information to be stored on and read from an
Electrically Blterable Non-Volatile Memory (EANVM). This is
accomplished by_electrically varying the conductivity of the
channel of a floating gate FET to be within any one of X"
conductivity ranges where "X" represents the base of the
numbéring system being employed (in a binary system, "X"
equals 2). The conductivity range is then sensed and encoded,
This forms the basis of an n~bit EANVM memory cell. The

- fleating gate FET conductivity is electrically modified by

using senvembiemal external programming hardware and
algorithms which -supply eemventienal signals and voltages to
the EANVM memory device.

These external signals and veltages are then
nodified internal to the device to provide an internally
controlled program/verify cycle which incrementally stores
electrons on the floating gate until the desired conductivity
range is achieved. For the purposze of illustration, the n-bit
par cell descriptions will assume a binary system which stores
2-bits per memory cell.

I. ERIOR ART STNGLE-BIT FANVM DEVICES

Fig. 1 is a generic schematic representation of a
non~volatile floating gate memory cell 1¢. It is not intended
that this schematic drawing is in any way indicative of the’
device structure. It is used to illustrate the fact that this
invention refers to an FET memory cell which uses an
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electricatly isolated, or floating, gate 14 to store charged
particles for the purpose of altering the voltage threshold
and henca channel conductivity of the FET memory cell 10.

The FET memory c¢ell 10 includes agfcontrol gate 12
which is used either to select the memory cell for reading or
is used to canse electrons to be injected onto the floating
gate 14 during the programming process. Floating gate 14 is
an electrically isalated structure which can indefinitely
store electrons. The presence or absence of electrons on
floating gate 14 alters the voltage threshold of the memory
cell 10 and as a result alters the conductivity of its channsl
region. A drain region 16 of the FET is coupled to a source
region 18 by a channel region 19. When the floating gate 14
is fully erased and the control gate 12 has been selected, the
channel region 19 is in the fully "on", or high conductivity,
state. When the floating gate 14 is fully programmed the
channel region 19 is in the fully "off", or low conductivity
state., '

Fig. 2 iz a block diagram of a prior art
conventional single-bit EANVM memory system 30. The memory
system 30 stores a single bit of information in an EANVM cell
32. Tke cell 32, as described in Fig. 1, is selected for
reading or writing when a row, or word, select signal is
applied to a control gate terminal 34. A s=ource terminal 36
for the FET of the cell 32 is connected to a reference ground
potential. A drain terminal 38 is connected through a pull-up
device 39 to a voltage Vpull-up at a terminal 40. Terminal 238
sexrves as the output terminal of the cell 32. When the cell -
32 stores a Y1" bit, the channel of the FET is in a low
conductivity, or high impedance, state so that the voltage at
terminal 38 1s pulled—-up to the voltage level Vpull-up on
terminal 40. When the cell 32 stores a "1V bit, the channel
of the FET ig in a high conductivity, or low impedance, state
so0 that the voltage at terminal 38 is pulled-down by the
ground petential at terminal 36. .

For reading the values of the single-bit stored in
the cell 32, a sense amplifier 42 compares the voltage at
terminal 38 with a reference voltage Vref at terminal 43. If
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a "o" is stored on the EANVM cell 32, the cell will be in a
low conductivity state and as a result the voltage at terminal
38 is above tne reference voltage at terminal 43. For a "o»
stored in the cell 32, the output terminal 44 of the sense
amplifier 42 will be a low voltage which will be transmitted
through an cutput buffer 46 to a terminal 48 and then coupled
to the I/0 terminal 50 as a logical "o%, If a "1" is stored
on the EANVM cell 32, the cell is in a high conductivity state
and as a result the voltage at terminal 38 is below the
reference voltage at terminal 43. The output of the sense
amplifier 42 will be a high voltage which will be transmifted
to the I/0 terminal 50 as a loglcal "i%.

For writing the value of an informaticn bit stored
in the cell 32, it is assumed that the cell 32 is in the
erased, or fully "on", state which corresponds to a logical
“iv., The I/C terminal 50 is connected to the input terminal
of an input latch/buffer 52. The output of the input
létch/buffer 52 is connected to an enable/disable taerminal 54
of a program voltaga switch 6. The program voltage switch 56
provides a bit-line program veltage on a signal line 58
connected to terminal 38, Ancther output from the program
voltage switch 56 is the word line program volﬁage on a =ignal
line 62, which is connected toc the control gate 34 of the
BANVM cell 32. When a logical "Q" is present at terminal 54
of the program voltage switch 56 from the output of Input
Latch/Buffer 52 and when the program voltage switch 56 is .
activated by a program pulse on a signal line 62 from a
program pulse 66, activated by a PGM/Write signal, the program
voltage switch 56 provides the Program Voltage Vpp from a
terminal 68 to the control gate 34 of the EANVM cell 32. The
program voltage switch 56 also biases the drain of the EANYM
cell 32 to a voltage, typically between 8 to 9 volts, and the
gate of the EANVM cell 32 to the program voltage Vpp,
typically 12 volts. Under these conditions, electrons are
injected onto the floating gate by a phenomenon known as hot
alectron injection. This programming procedure raises the
voltage threshold of the EANVHM cell which increases its
source-drain impedance. This continues until the FET memory
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cell 32 is effectively turned off, which corresponds to a "o
state. When 8 wiw igs present on terminal .54 from the output
of the Input Latch/Buffer 52 and when the peM/Write is
; enabled, the signal line 58 is driven low and programning is
5 inhibited and the "1W, oF erased, stéfe is maintained.
- Fig. 3 is a timing diagram of a priocr-art single-bit
EANVM cell 32, as described in connecticn with Figure 2. The
timing diagran ghows the change in voltage threshold of the
EANVM cell 32, a8 controlled by the word line and pit line
10 proqramming yoltages, which are {1lustratively shown as a
single signal and which are both controlled hy the peM/Write
gignal. The memory cell is veing programmed from -the fully
erased "1V state to the fully proqrammed won gtate. For the
duration of the PeM/Write pulse, the bit and word line program
15 voltages, which'neéd not be the same, are respectively applied
to the source connected to the pit line 38 and to the control
gate 34 of the memory cell 32, As glectrons are injected onto
the floating gate, the voltage threshold of the memory cell
begins to increase. Once the voltage threshold has been
20 increased‘beyond a specific threshold value as indicated by
the dashed horizontal 1ine, the memory cell 32 'is programmed
to a "ov state.
Hote that Fowler-Nordhelm runnelling can also be
uged-instead of hot electron injection to place electrons on
-25 the floating gate. The multi-pit EANVM device described here
functions with either memory cell programming technique. The
prior art programming algorithms and circuits for either type
of .programming are designed to program a single-bit cell with
as much margin as possible in as short a tine as possible-
30 For a gingle-bit memory cell, margin is defined as the
additional voltage threshold needed to insure that the ‘
programmed cell will retain its stored value over tine. N
Fig. 4 1= a timing diagran showing the bit line \
voltage at terminal 38 as & function of time during a memory |
35 read operation. In this example, prior to time tl the bit !
1ine is charged o the Vpull-up condition. Note that it is |
also poseible that the bit line may gtart at any other voltage '
yevel prior to time tl. AL time £1, the EANVM cell 32 is !
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selected and, if the cell 32 is in the erased or tilt state,
the cell 32 provides a low 1mpedance path te ground. B2s a
result, the bit line is pulled down to near the ground
potential provided at terminal 36 in PFigure 2. If the EANVM
cell 32 were 1n the "0" or fully programmed state, the bit
line voltage would remain at the Vpull-up voltage after time
tl. The veltage on the bit-line terminal 38 and the raeference
voltage Vref at terminal 43 are compared by the comparator 42,
whose buffered ocutput drives I/O terminal 50. When Vref is
greater than the bit line voltage, the output on I/0 terminal
50 is a logical "&". When Vref is lower than the bit line
voltage, the output on I/0 terminal 50 is a logical "oVY.

II. MEMORY AR e E 8

Fig. 6 is a block diagram of a multi-bit per cell
EANVM system 100 which includes ah M x N array of memory
cells. The cells are typically sho as floating gate FET,
or EANVM, 102, as degcribed ?ﬁ%gygfﬁgq\\ﬂﬁty;rray uses similar
addressing techniques, external control signals, and I/0
circuits as are used with currently available single bit per
cell EANVM devices such as EPROM, EEPROM, FLASH, etc. devices.
Row Address signals are provided at input terminals 103A and
Column Address signals are provided at input terminals 103B,

Each of the EANVM cells in a row of cells haa its
source connected to a groﬁnd reference potential and its drain
connected to a column bit line, typically shown as 106, Each
of the columns is connected to a pull-up device, as indijcated
by the block 105. All of the control gates of a row are
connected to a row select, or word, line, typlcally shown
as 104. Rows are selected with a row select circuit 108 and
columns are selected with a celumn select circuit 110.. Sense
amplifiers 112 are provided for each of the selected columns.
Decode/encode circuits 114 and n-bit input/output
latches/buffera 116 are alsc provided. A PGM/Write signal is
provided at an input terminal 118 for activating a meode
control circunit 120 and a timing circuit 122.

A significant feature of this n-bit per cell
system 100 as compared to a single-bit per cell implementation
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is that the memory density is increased by a factor of n,
where n is the nuwber of bits which can be stored on an
individual multi-bit memory cell.

ITI. BASIC READ MODE OF AN N-BIT MEMORY CELL

Fig. 6 shows a binary system 150 for reading the
sﬁiﬁf Di&gn\szlt floating gate memory cell 102, as described
in Flg. 1, according to the invention, where n is the number
of bits stored in the memory cell. For this example, n is set
to 2 and one of four states of the memory cell must be
detected. The four possible states being, (0,0), (0,1),

(1,8), or (1,1). Detecting which state is programmed requires
iéhlevel sense amplifier 152. This amplifier includes three
segée amplifiers 154, 156, 158 each of which have their
negative input terminals connected to the output terminal
of the memory cell 102. Sense amplifier 154 has a reference
voltage Ref 3 connected to its positive input terminal. Sense
amplifier 156 has a reference voltdage Ref 2 connected to its
positive input terminal. Sense amplifier 158 has a reference
voltage Ref ] connected to its positive input terminal. The
voltage references are set such as follows: Vpull-up > Ref 3 >
Ref 2 > Ref 1. The respective output signals S3, $2, St of
the three sense amplifiers drive an encode logic circuit 160,
which encodes the sensed signals 53, S2, 81 inte an
apprépriate 2-bit data format. Bit 0 is provided at an 1/0
terminal 162 and Bit 1 is provided at an I/0 terminal 164. A
truth table for the encode logic ¢ircuit 160 is as follows:

PR

83 82 81 1I/01 I/0 0O State

L L L 0 0 (0,0)

H L L i ] (1.90)

H H L 0 1 (0,1) i
H EH H 1 1 (1,1) |
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During a read operation of an n-bit memory call, the
levels of the yrespective output gignals S3, g2, 81 of the
sense amplifiers 154, 156, 158 are determined by the
conductivity yalue to which the memory cell had been set
during a proqramming operation. a fully erased EANVM cell 102
will be in its lowest threshold yoltage state, oY the highest
Consequently, all of the reference
wvoltages Wil§? higher tpan the bit 1ine voltage
at terminal (-4 resulting jn a (1,1} gtate. B fully
programed EAEVM cell 102 will be in its highest threshold
voltagé state, ©Or its jowest oonductivity gtate.
conseguentl¥, all reference yoltages W@ pe lower in-veltage

s pesulting in &

conductivity gtate.

than the pit line yoltage at terninal
(0,0) state.
is illustrated in the fruth table for the legic circuit 160.
Fig. 7 snggg the bit 1ine voltage as a function of time at

, during 2 b

The intermediate threshold states are encoded as

terminal’ ead cycie, fo¥ a binary 2-bit per

memory cell. For purposes of illustration, each of the four
possible waveforme correspondinq o the four possible
programmed atates of the memory cell are shown,During a read
cycle only the waveform corrasponding to the p?ogrammed state
of ‘the EANYM cell would occur.

EANVM memory cell 102 has been programmed to a (1,9) gtate.
prior to tine t1, pecause the EANVM cell 102 has not yet been
selected oF activated, the pit 1ine 106 is pulled-vp to vpull~-
up. At time gy, 22 the gaNvM cell is8 selected using

conventional pemory address decoding technigques-

For example, 25 assume the

necauge the
ganvM cell has been programmed to a specific conductivity
jevel by the charge on the floating gate, the bit line is
pulled down to 2 specific veoltage level corresponding to the
amount of curvent that the call can gink at this specific
When this point js reached at time t2 the
pit line voltagse gtabilizes at a voltage jevel Vref between

conductivity level.

reference yoltages ref 3 and pef 2 which correspond*to a (1,0)
when the EANVM cell 102 is de-selected, the bit line
yoltage will return to its pulled-up ciggition.

state.
gimilarly, '
tew the 0,1 gtate for

the bit-line yoltage gtabllizes at Vre
, . ~
,or at gero volts for
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the 1,1 state, - Fig.la is a block diagram of an n-bit memory
cell system 200. For purposes of jllustration a binary 2- 28+
bit per cell system is shown. However, igwie—inEemﬁu$4ﬂﬁﬁ>
the concepte of the inventioen extend to systems where n is

5 greater than 2. It is also intended that the invention

?3?'

include any system where the EANVM mémory cell has more than
two states. For example, in a non-binary system, the memory
- states can be three or some other multiple of a non-binary
system, Some of the components of this system 200 are shown
10 and described with the same reference numerals for the
components of Figure 6 for the read mode of operation. It is
intended that these same reference numerals identify the =ame
@( components. { The system 200 includes a memory cell 102, _as
described in Figure 1, with a bit line output\terminal £§§T
Qx 15 For the read wmode of operaticn, a%%tlevel sense amplifié} 152
with read refsrence voltages Ref‘if Ref 2, and Ref 3 and an
enceder 160 is provided. ead data is provided at a Bit I/0
\5' terminal 162 and at a Bit% 1/0 terminal 164. For the write
mode of operation, a verify reference voltage select circuit
20 222 provides an analeg veltage reference level signal X to one
@* input terminal of ééékénalog comparator 202, The verify
reference voltages are chosen so that as scon as the bit line
voltage on bit line 106 is greater than the verify reference
voltage the threshold of the EANVM cell 102 is set to the
25 proper threshold corresponding to the memory state to which it
is to be programmed. To this end the verify reference
voltages Vrefl, Vref2, Vref3, and Vrefd4d are set such that '
Vrefd is above Ref 3, Vref3 is hetween Raf 3 and Ref 2, Vref2
is between Ref 1 and Ref 2, and Vrefl is below Ref 1. During
30 a normal read operation, the bit line voltage will settle
midway between the read reference voltages to insure that the
wemory contents will be read accurately. The verify reference
voltage seleck circuit 222 is controlled by the 2-cutput bits
from a 2-bit input latch/buffer circuit 224, which receives
35 binary input bite from the I/0 terminals 162 and 164. The ¥
P signal imput terminal of the amalog comparator 520i is
¥ connected to the bit line output terminal 5}5%01? the multi-
level memcry cell 102. The ocutput signal from the analog
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comparator is provided om a signal 1ine 204 as an
enable/disable gignal for the program voltage awitch 220. aAn
putput signal 1ine 206 £rom the program voltage switch 220
provides the word 1ine progranm voltage to the control gate of
the EANVH cell 102. Another putput signal 1ina %Egg;rovides
the bit- line programming voltage to the pit- line exrminal

of EANVM cell 102. After ™ program/verify timing
J;rcuit 208 is enabled by 2 peM/wWrite signal provided on
signal 1ine 212 from a peM/Write terminal 214: the timing
circuit 208 provides a gerias of program/verify timing pulses
to the program voltade ewitch 220 on 2 signal 1ine 210. The
pulse widths are sat to control the proqramming process SO
that the woltage threshold of the EANVM cell 102 ig
incrementally altered by controlling the injection of charge
onto the floating gate of the EANVM cell. Each programming
cycle increases the voltage threshold and, as & redult,
decreases the conductance of the memoYy cell 102. After each
internal program cycle is complete, a8 indicated by gignal
1ine 210 going nhigh®, the program voltages are removed via
the P 4 WOy o and & verify cycle begins- The
voltgge threshold of memory cell 102 is then dqtermined by
asing the € paiator 202 to compare the pit line voltage at
terminal ggggwith the selected verify reference voltage from
the veriff‘refefence voltage select circuit 222. When the bit
1ine voltage exceeds that‘supplied py the verity reference
voltage select circuit 222, the output signal 204 from the:
comparator 202 will then disable the progran yoltage switch
220 ending the programminq oycle. TFor this embodiment of the
invention, during a write operation, comparison of the current
nemory cell analeg contents with the analod information to be
programmed on the memory cell 102 is performed by the analog
comparator 202. The verify raference voltage select circuit
222 analog output yoltage X is determined by decoding the
output of the n-bit input jatch/buffer 224. The ¥ input
signal to the analo conmparator 202 is,_taken directly from the
hit line terminal 3;%. Note that th level sense/encode
circuits 152, 160, and reference voltage select circuit 222
may be completely independent, as indicated in the arawing.
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Alternatively, they may be coupled together to altermately
time share commoh ¢ircuit components. This is possible
because the“#- level sense/encode circuits 152 and 160 are
used in the $ead mode of operation while the verify reference
voltage select circuit 222 is used only in the write/verify

‘mode of operation.

1V. BASIC WRITE MODE FOR A MULTI-BTT PER CELL, FANVM SYSTEM
In he write mode, a binary n-bit per cell EANVM
system must bi capable of electrically programming a memory
cell to 2 uniquely different threshold levels. In the two-
bit per cell implementation, because it is assumed that the
cell starts from the erased (1,1) state, it is only necessary
to program three different threshelds (Vtl, Vt2, and Vt3)
which define the (0,1), (1,0), and (0,0) states. Vtl iz the
threshold required such that in the read mode, the bit line
voltage will Fall between Ref 1 and Ref 2. Vt2 is the
threshold required such that in the read mode, the bit line

-voltage will Fall between Ref 2 and Ref 3. Vt3 is the

threshold required such that in the read mode, the bit line
voltage will be-greater than Ref 3.
Fig. 9 illustrates the change in voltage threshold
for a 4-level, or 2-bit EANVM cell as the floating gate is
being charged from an erased (1,1) threshold state to any one
of tha three other possible states., In prior art single-bit
memory cells where there are only two states, the design ‘
objective is to provide encugh charge to the floating gate to
insure that the cell's voltage threshold is programmed as high

as possible, as shown in Figure 3. Because there is no upper
threshold limit in a single=bit per cell system, |

\

overprogramming the cell will not cause incorrect data to be

stored on the m Eﬁy ] ci
&4] 2N
As &Mrﬁb" -\gum;g‘f?,ﬂj-.'n an n-bit per cell

system the memory cell must be charged to a point =o that the
voltage threshold is within a specific voltage threshold
range. In this example, where the cell is being programmed to

a (1,0) state, the proper threshold range ie defined as being
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above a threshbld lavel Vt2 and as being below a threshold
level Vt3. :

To accomplish this n-level programming it is
necessary to add to or modify the prior art EANVM circuitry.
Figure 8 shows the additional or medified circuits, including
a reference voltage select, an n=bit latch/buffer, a
program/verify timing circuit, and a comparator. The
comparator can be either digital or analog. '

Fig. 10 illustrates the voltage threshold of an
EANVM cell as the floating gate is being erased from a (0,0}
state. Standard EANVM programming operating procedure calls
for a memory cell to be erased prior to being programmed.
This erasure can be performed at the byts, block, or chip
level and can be performed by electrical, UV, or other means.
In this type of system the cell would be compietely erased to
a (1,1) state prior to initiating a programming cycle. If a
system has the capability to erase an individual memory cell,
then it is not necessary to erase all of the cells of a group
prior to initiating a programming operation. It is then
possible to incrementally erase an individual memory cell, as
necessary, to program the cell to the appropriate voltage
threshold as is indicated by the waveforms labelled (1,0) and
(0,1). .

Fig. 11 is a timing diagram which illustrates how a
2-bit EANVM cell of Figure 8 is programmed from an erased
(1,1) state te a (1,0) state using the timing circuitry 208 to
generate fixed length timing pulses. A low logic level state
of the PGM/Write signal on signal line 212 enables the timing
circuit 208. Wwhen enabled at time t1, the timing circuit 208
provides an internal fixed-width low level internal PGM timing
pulse on signal line 210 o the program voltage switch 220.
For the duration of the low state of the internal PGM timing
pulse, the bit line and word line program voltage outputs on
lines and 206 will be raised to their respective
programming voltage levels as shown in Figure 11. During this
programming process, charge is added to the floating gate of
the memory cell 102. When the internal PGM timing pulse from
timing circuitry 208 switches te a high level, the programming
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voltages are rémoved and a verify cycle begins. For this

example, verifj reference voltage yref3d is compared with the

bit line voltage. Thie internally controlled progran/verify

cycle repeats itgelf until the pit line voltage on terminal
exceeds Vref3. AL this time, t2, the EANVM cell 102 is

éérified to have been progranmed to a {(1,0) state and

programming i3 halted by the comparaébr éiéabrqviding a

disable signal on signal line 204 to the' program voltage

switch 220. '

Fig. 12 illustrates the kit line voltage of a 2-bit
per cell EANVM as it iz being programned from a fully erased,
or fuliy "on%, state (1,1) to a partially nofen state (1, O}
using fixed length program pulses. When the externally
applied PGM/Write pulse js applied at time t1, the
program/verify timing ¢ircuit 208 first initiates a verify
cycle to determine the current status of the memory cell 102.
This is indicated by the bit line voltage being pulled to a
ground condition from, 1in this example, vpull-up. 2 13 N \{j
prior to time t1, the bit 1ine voltage could be pre-set to any
voltage level. Once the cell has been determined to be at a
condition pelow the verify reference voltage, Vref3 in this
example, corresponding to the data to be programmed, the first
progran cycle is initiated. This is represented by the bit
1ine veoltage peing pulled up to Vprogram. After the first
fixed length programming pulse ends, a verify cycle begins.
This.is represented by the bit line voltage peing pulled down’
to a point midway between ground potential and Refl. puring
each successive verify cycle the pit line voltage is cbserved
to incrementally increase. Thise program/verify oycle
continues until the bit-line voltage exceeds the selected
verify reference voltage, in this case vref3, which indicates
a memory state of {1,0), at time 2.

Fig. 13 j1iustrates how a 2-bit EANVM cell is
programmed from an epased (1,1) state to a (1,0) state using
variable length progranming pulses. The internal PGM pulses
for this implementation start with a low state longer than for
fixed-width implementation of Figures 11 and 12. The low-
state pulse widthe grow progressively shorter as the memary
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cell approaches the appropriate voltage threshold. This
- approach regquires more precise control than the fixed length
appruach. However, programming times can be greatly reduced
- on average.
5 Fig. 14 {1justrates the pit line voltage of a 2-bit
- per cell BaNVM as it is being programmed fyon a‘fully arased,
or fully f“on®, state (1,1) to 2 partially nnffr state (1,9)
- using wariable iength progran pulses. when the externally
applied peM/Write pulse goes o an active low 1evel at time
10 t1, the program/verify timing circuit 208 first initiates a
verify cycle to determine the current status of the memoTry
cell 102. This is indicated by the bit line valtage being
pulled to a ground condition from, in this example, vpull-up.
Although, prior to time t1, the pit line voltage could be pre-
15 set to any voltage 1egvel. Once the cell has been determined
to be at 2 cendition pelow-the verify reference voltage
Qnrresponding to the data to be programmed, yref3 in this
exanple, the first progran cycle is initiated. This is
represented hy the pit line voltage peing pulled up to
20 Vprogramn. after the first yariable length programming pulse
is over, another yerify cycle begine. This i=2 represented bY
the blt line voltage peing pulled down to a pdint midway
petween Refl and Ref2. During aach successive verify cycle
the(bit 1ine voltage is observed to {ncrementally increase.
25 This progran/verify cycle continues until the pit-line voltage
\furpasses the selacted verify reference woltage, in this case
O yref3 which indicates a memory state of (1,0), at time €2-
™ accordingly, the programming precess for an n-bit
per cell EANVM uses program/verify cycles, o jncrementally
fc 30 . program a coli. The duratioﬁ.of these cydles are deternined
by the timing circuit 208. A key element of the system is to
provide a progranming gcheme which provides #£or accurate
; programminq of the memory cell 102. This is accomplished by
matching the pulse widths of the timing puises of the timing
35 circultry 208 to the program time of the BEANVH cell beling
used. Aas indicated in Figures 11 and 13, a desiied voltage
threshold actually falls within a range of threshold veoltages.
If the program pulses are too long, then too much charge may
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pe added to thé floating gate of the memory cell 102. This
nay yegult in an ogvershoot of the carget voltage threshold,
resulting in incorrect data heing gtored in the memory cell.

The programming pulse width is get such that if the
voltage thresnold of the cell 102 after the (n-1) proqramming
pulse is at a point just pelow the target voltage threshold,
ghen the (n)th, oT f£inal, proqram.pulse will not cause an
overshoot resulting in an overprnqrammed condition for a
memoxry cell.

Fig. & may alsc use 2 digital comparator rather than
the analed comparatoer 202 shovn in Figure 8. The digital
comparator would use the enceded data from the encode
circulitry 160‘_"&5 the input to the comparator represent the

The verify reference
voltage select 222 would provide t+he voltage to be encoded
with the input coming from the output of the n-bit input
latch/buffer 224, représentinq the data to be programmed.
otherwise, the function of the comparator within the gyestem
remains the Sane .

¢.  EMPBODIMENTS .TO & ABL EREN TAGES
% pulti-level (o

contains more than one bit of Jmformation per memory cell

ry device which
naeds accurate and gtable re Erence yoliages. The reference
voltages allow a multi-leve memory cell to be correctly read
over yarious process, voltage, and temperature ranges . The
reference vyoltages must pe implemented into the integrated
cireuit which can accurately sensé the multi-level voltage
1evels of the T% ells as well a8 track each memory array
wvoltage level ag Qrifts with the process, voltage, and
temperature vAr 5. AR unsgtable or inaccurate reference
L problems such ag an improper voltage
jevel read of 2f® ine, and the 1ike from a memory cell.
In a/2-bit per memory cell embodiment, the memory
cell include four voltage 1avels VO, v, V2, and V3 at each
of the bit nes as j11lustrated by Figure 15. To uniguely
detect eac of the four voltage 1evels, it iz necessary to

qenerate t 1past three reference yoltages, each of the
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reference voltades falling between memoy pit line voltage
levels. when VO, V1, V2. and V3 repregent the four bit line |
voltage levels, the reference voltages VREFO, VREF1, AND VREF2
fall bhetween V0 and V1, V1 and V2, d vz and V3,
5 respectively. preferably, the refgrence voltages VREFO,
VREF1, and VREF2 fall halfway petdeen VO and vi, V1 and V2,
and V2 and V3, respectively. Eafh reference voltage is also
get to provide a clear and acd ate reference level, which can
be uged as & refaerence for the' bit line voltage.
10 In & speclfic embodiment, a method for establishing

ig provided. Merely by wa
applied,to the manufacturg of a non-volatile mlEi-pbit memoxry
array such as a masked RM array, an EANVM memory array, and
15 the like. The present Jethod calls for reference valtage
sources and in particujfar reference voltage 1ines and cells
which are fabricated

cell array. Blterna

dimultaneocusly with the standard menory
ively, the present method may call for
reference voltage sgurces and in particular reference voltage
20 iines and ¢ells W ch are fabricated by way of the same method
(but at a {ffere

By way of the pr

gtep) as the standard memory cell array.
method, stable reference voltages axe
\ack bit line voltages ih memory cells
perature, and process variations.

25 - Int'a/maskged ROM embodiment, for example, the present

method calls
memory cells hich have heen programmed in the same fashion

1y in exactly the same fashion as the cells in the

or reference woltages to be generated using

and prefer
standard W
3o enbodiment/ whose memory cells are programnmed using a Vt
he memory cells within the referemnce voltage
generato cjrouit will be implanted at the same time with
preferably the same implant dosage as the ROM cells within the
standard memory array. This means the implant dosage of the

ory array itself. In the present nasked ROM

implant,

35 refergnce voltade cell is substantially the same asg the memory
cell/for the bit 1ine in the standard memory array. The
refdrence voltage 1evel 1is also substantially the same as the
pi¥ line voltage level, that is, assuming the same yoltage is
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applied to both the reference voltage cell and the bit line
cell. Ae show in Fig. 16 for exanpla, megmory cells within the

transistors 1103, 1104, 1105, 1106, 1197, and 1108. A ROM
cell in a memory array may include transistor 1102 coupled to
a bit line.

In the present embodiment, the reference voltage is
moved to a veltage point away froy the bit line voltage, This
aliows the multi-bit memory devige to sense the relative
voltage difference between the pit line and the reference
voltage line, and then decode he programmed cell accordingly.
By way of the same implanf step, the reference voltage tracks
the bit line voltage over pyocess, voltage, and temperature
variaticns, and is therefoye stable.

In the present invention, a selected voltage
difference exists betweenn the voltage reference levels and
memory bit line voltage/levels such that they do not interfere
with each other. /Thelfroltage reference and sensing circuitry
are able to det

(1,1) is easy
programmed to §

between VREFO td VREF1 makes it difficult to differentiate
between the twd levels. As a result, the output is often -
unreliable and the like. Accordingly, the present invention

relies upon gither a voltage divider arrangement, a pull-up

device arrangement, or the like, and conbinations thereof ta

greate desifel reference voltage levels. Although the present
invention As described in the masked ROM embodiment, the
present ifivention may also bhe applied to any mﬁlti»bit memory
array suyth as an EANVM memory array. and the like.

Fig. 16 ie a simplified reference voltage generator

circuif in a voltage divider arrangement 1200 for generating
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vz, V3, and Vi. gach of the four pitfline yoltage levels is
detected by wyay of three reference ¥V

lcage levels, each of
which falls between two adjacent piY line voltage 1levels. The
yoltage divider arrangement jncludgs a YREFC column 1204, 2

5 YREF1L column 1206, and a VREF2 CO
includes at ieast & pull-up volt

wn. 1208. Each column

ge ypPULLOP. A hit line

column 1202 is also ghown for i ustrative purposes. The bit
1line column 15 a portion of th standard memory cell array-
as noted above, the pit line roduces & voltage at either VO,

10 y1, V2, ©F 73, depending upo
plurality of rows 1212, 1214 {or SELECT 1ines) are also shown.
The SELECT line 1212 jnclufes & plurality of fleld effect
transistors 1109, and the/ SELECT 1ine 1214 includes a
plurality of field effeck transistors 1101. FEach of the

15 colunns 2180 includes & WORD line 1216 operably coupled to
each column through £
’1106, 1107, and 1108,
1103, 1104, 1106, , and 1108 inclu&e a gource/drain region
at v, VO, v, Vi, Y2, vz, V3, respectively. The field effect

20 transistors may iffclude an NMos device, @ pMos device, and the

the particulaXr application. A

1d etfect transistors 1102, 1103, 1104,
The field affect transistors 1102,

, each pair Vo and V1, V1 and V2, and vz and

-swith a voltage dlvider arrangement to
generate ingenned reference voltages YREFO, VREFl, and

25 ?REFﬂ, resp vely. By waYy of the field effect gransistors
1103, 1104, nd applicaticn of voltage at the WORD 1ine and

spe 1212, the roeference voltage VREFO is at a
voltage lgve between about. VO and about V1. By wWay of
application of voltage at the WORD line and SELECT 1ine 1212,

a0 ¢he ref ence voltage VYREF1 is hetween about Vi anda about v2.
gimilarly, by way of ‘appiication of yoltage at the WORD 1ine
and t SELECT 1ine 1212, ¢he reference yoltage VREFZ is
between about V2 and about V3.

rig. 17 illustrates the reference yoltage levels of

35 for/ example Fig. 16 according to the present ipvention. The
voltage divider arrangement defines the reference yoltages as
fpllows: '
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VREFO = (VO H V1)/2
VREFL = (V1 # V2)/2
VREF2 = (V2 [+ V3)/2

The reference voltages VREFO, ¥R ¥i, and VREF2 fall between Vo
and V1, V1 and V2, and V2 and fV3, respectively. Accordingly,
the present milti-bit memory Hevice provides reference
voltages which do not overlap with the bit line voltages. In
tages VREFO, VREFL, and VREF2

it lines over process, voltage,

addition, the references Vo
track well with the memory
and temperature variations/ Preferably, each of the reference
voltages fall exactly halfway between adjacent bit line
voltage levels. )
Fig. 18 iz a gimplified voltage genérator circuit
diagram 1400 »f an arrap showing reference voltage columns
connected to pull-up d¢vices according to the present
invention. P®ach of the pull-up devices is a field effect
transistor such as ans RMOS device, a PMOS device, and the
like. Preferabl&, the pull-up device is a PMOS device. A bit
1ine column 2002 ia falso shown for illustrative purposes. The
bit line colurn is A portion of the gtandard memory cell
array. As noted apove, the bit line produces a voltage at

either VO, v1{ , depending upon the particular

application. y W 1ine also includes a field effect
transistor 1104 g al\word line 2016 operably coupled to the
field effect txg

The
of reference wpltage column lines 2004, 2006, 2008, each at
the same voltige'level on one end VPULLUP, a plurality of
field effect [transistors 1101, 1109, and a reference voltage
at the other/ end VREFO, VREF1, and VREF2. Between field
effect tranpistors 1101, 1109 are cells which include field
effect trapgsistors 1103, 1105, and 1107. The field effect

transistoys 1103, 1205, and 1107 include source/drain regions

coupled vo, V1, and V2, and source/drain regions coupled to
column lines 2004, 2006, and 2008, regpectively. A WORD line
connectd in parallel to each of the field effect tramsistor

(1103, /1105, and 1107) gates. A plurality of SELECT lines
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2012, 2014 connect o the gransistor (1309, 1101) gates. The

1ude pull-up devices

pit line and reference ypltage 1ines i
1110, 1113, 1112, and 1113, respactively. The pull-up devices
create the raference voltage levels d memory pit line

5 voltage level for gensing pulci-leveis on the memory pit line.
. The pull-upR devices are ofined on the reference
s also defined on the bit
1ines in the gemory array- whe Adesired reference voltages
YREFO, YREFL, and VREF2 can be

voltage lines. A pull-up device

ade by nodifying the size
10 and/or nupber of pull-ups gucih as £ield effect transistors and
the like. Tha reference yolfages are preferably at voltage
illuatrated.by ¥ig. 16 for

axanple. preferably: the pull-ups are added at the point

levels corresponding to one

where reference signals { orrespondinq to reference voltages)
15 fead directly into a senge amplifier circuit, and not on each

bit line. petexrmining @ appropriate pull-up device size can
ogcur on a trial and efroY bagis during the course of circuit
simulation. other types of pull-up devices OT circuitry such

as capacitor and resistor combinationsd, and the like may also

20 pe used. O course/ the T¥Pe ¢ pull-up device and jts
configuratio dapend upon xhe particular appliqation.
1 imept’ of Fig. 18 generally provides a wider
thhnche embodiment of Flg. 7. The circuit
for each refgrery

voltage randgs

voltage is no longer substantially

25 dependent up ™ wimum voltage range ©n the bit 1iné. The

: effective voltdge range can be scaled up across a wider range

through use © gelected pull-up devices. Thise provides for a

greater naxg of manufacture by the wider rande between the
yoltages- The increased yoltage range insures that an

30 §dequate gifnal is available to gense the aifference between
the memory, pit line yoltage and that of the reference voltage.
as previo s1y noted, the pull-up device is preferably & PHOS

device apd the like.

Fig. 19 is & simpiified voltage generator circuit

35 diagra 1600 for obtaining reference yoltages with use of

pull-yp devices and 8 voltage divider according to a preferred

e —

erbodiment of the present jnvention. & pit line column 1602
is dlso shown for i1lustrative purposes. The bit line column

-mwduwwmﬂ—’—ﬂ———_)- -
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ijs a portion of the gtandard memory ell array. AsS noted
apove, the pit line produces a voltage at ejther VO, V1, Ve,
or V3, depending upon the particul x application. The bit
1ine also includes @ field effect ransistor 1102 and a word
1ine 1616 operably coupled to th field eftect transistor:
The voltadge generator¥ jreuit diagram includes a
plurality of reference voltage olumns 1111. 1112, 1113, a
plurality of fleld effect tral istors 1612, 1614 coupled to
SELECT lines, and a plurality of field effect transistors
1103, 1104, 1105, 11406, 1107/ 1108 jn each cell coupled to a
WORD line 1616.
1111, 1112, and 1113 for 2 VREFO line 1604, a VREFL line 1606,
and a VREF2 1ine 1608, g pectivel¥.
for a voltage divider ar; angement such that each reference

(

Also sho are a plurality of pull-up devices
The embodiment provides
voltage tracks the bit jline voltage in variations to process,

nd the like. 1n addition, the
embodiment provides f¢r each of the reference voltages VREFO,

temperature, yoltage,

VREF1,. and VREF2 to Ye conditioned by way of respective pull-
a pull-up device 1110 may also condition the
voltage at the bit fine 1602.

Figl 20 illustrates a simplified reference yoltage

up devices.

generator circdit
invention. bitf 1
2005, and 4607,
different t
possible stafte

jagram 2000 according to the present

na 2009 with four memory cells 2001, 2003,
ich is progranmed to one of four
tages (VO, vi, V2, V3) representing_the

for illustratiye urp
through fieldie fect
2003, 2005, 2007. The bit line also includes & select
iine, and word 1ines 0, 1, 2« and 3.

wo bit per cell memory arxay is shown
Eﬁeﬁ. The bit line is operable coupled

ransistors in the memory cells 2001,

The reference yoltage generator circuit includes
reference yoltage 1ines 2013, 2015, and 2017, for VREFO,
YREF1l, an VREF2, respactively.
generatoy gircuit includes cells 2019 which define a reference

The reference voltage
voltage prray 2021. The reference voltage array includes bit
lines 2§23 (of reference voltage 1ines 2013, 2015, and 2017)
which yere praferably jdentical in fabrication to the bit
iines fsuch as the bit line 2009 in the memory array. %yéy
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example, the pit lines 2023 in the refere
the memory array are made by way of the/same (or similar)

ce voltage array and

precessing steps.
The cells 2019 in the refepence voltage array are
pregrammed to one of four possible Yoltage thresholds Vo, V1,
vz, and V3. Optionally, the bit
array which contains cells programmed to the highest threshold

ine in the reference voltage

voltage V3 may be omitted, as cells programmed to a voltage
threshold higher than the volt
effectively be an open circu This memory bit line in the

ge on the word line will

2003, 2005, and 2007
age such as V0 and the like. &all
e voltage array using the same

(or the same method)/ak the cell (or cells} in the memory
array. For examplef{ a cell{s} 2001 at a threshold voltage of
Ve in the memory afray ie programmed by way of \implant or the
like at the same Atep as the cells 2025 at a threshold voltage
of V0 in the refgrence voltage array. The cell(s} 2003 at a
threshold voltage of V1 in the memory array is programmed by
way of implant/or the like at the same step as the cells 2027
at a threshold voltage of V1 in the reference voltage array.
The cell(s) /2005 at a threshold veoltage of V2 in the memory
array is programmed by way of implant or the like at the same
step as tlhie cells 2029 at a thresheld veltage of V2 in the
referencg voltage array. Other threshold voltages 2007 may be

ed into the cells by way of similar programming
es and the like. The selected programming technique
clude a single threshold voltage implant or multiple
threghold voltage implants correspending to a series
programming steps. An example of such programming step can be
suitable technique known in the art.

The foregoing descriptions of specific embodiments
of the present invention have been presented for purposes of
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jllustration and description. They are nct intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many nodifications and variations are
poésible in light of the above teaching. The embodiments were
5 chogen and described in order to best explain the principles
of the invention and jts practical application, to thereby
enable others gkilled in the art to best utilize the jnvention
and various enbodiments with various modifications a8 are
suited to the particular use contemplated. It is intended
10 that the scope of the invention pe defined bY the Clainms
appendad hereto and thair equivalents.
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WHAT IS CLAIMED IS:
1. A pulti-level nemo

device comprising:
C:;g}r\ a mmiti-level © means for storing inpot
. Q} information for an inde nite periocd of time as 2 discrete

5 gtate of said multi-1 el cell means, said multi-level cell
- weansg gtoring info +ion in Kn nemery states,<where K is a
page of & predete jned number system and n is 2 number of
pits stored per =11, wherein o 2

memory cell programming means for programming said
10 multi—level 511 means ro a memary gtate corresponding to said
input info ation;

comparater means for comparing said Menory state of

said ma i-level cell means with said input informatien, said
formation correspondind to one of & plurality of -

15 refergnce voltages, gaid comparaﬁor means further ganerating a
' contgol signal jndicative of sald memory state as compared to

input information.

2. The device of claim 1 wherein said plurality of
refefence yoltages are one less than,said P memory states.

A

20 3. The device bt claim 1 wherein each of said plurality

of reference voltage ig between two of sald w? memery gtates.

4. The devic

) of claim 1 Further comprising & reference
yoltage means £9

defining sald plurality of reference
yoltages. '

25 5. The ‘

means includes @

Vot claim 4 wherein said reference voltage
A11-up device operably coupled to &
reference volta¥§g 1ing to provide one of said plurality of

reference voltaf

6. The Hevice of clain B wherein said reference yoltage

30 means comprisgs a voltage divider.

7. Th device of clain 6 wherein said goltage divider

comprises 2 aference voltage 1ine operably coupled to 2 first
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voltage and a second voltage to/ provide 2 yveference voltage
between aaid first voltage aQP =said second yoltage, said first
voltage and gaid second volgége corresponding to two of salid
K" memory states. -/

g. - The device of éiaim 4 wherein said reference voltage
line is cperaoly coupled to said first voltage and said second
voltage through a firs voltage line and a second yoltage
1ipe, said £iest voltiege 1ine coupled to said first yoltage

through a first tra gistor and said second voltage line
coupled to said segond yoltage through a second transistor.
9. The ¢ im & wherein said reference voltage
\led to a pull-up device, said pull-up

device being 2dgp /o gaid raference voltage line to provide

10. The de ‘\e of claim 9 wherein said pull-up device
gomprises a jeYd effect transistor.
11. wulti-level memory device comprising:
dulei-level cell neans for storing input information
for an in efinite pericd of time as a discrete state of said
pulti-level cell means, sald menory cell means storing
informatyon in K® memory states, where ® is a hase of &

% ined number systen and n is a number of bits stored

, wherein ¥ o> 29 '

memory cell programming neans for prcqramming said
jmulti-Yevel cell means to a state corresponding to said input
informptioni

comparator means for comparing said mewory state of |
said gulti-level cell means with gaid input information, said {
inpu jinformation corresponding to one of a plurality of

refeyence voltages, gaid comparator means further genarating a

contlrol signal indicative of sald memory state as compared to

said input information; and
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of reference yoltages, saida ref

coupled to said comparator neaps.

12. The device of cla

efence VO

1l wherein

voltage means is a voltage divider-

13.
yoltage means jncludes 8
reference yoltage 1in

reference wvoltages.

to provide one€ of

refefence yoltage means for definind gaid plurality

1tage means cperably

sald reference

The device of flaim 11 wherein said reference

pull-up device operably coupled to 3

said plurality of

14. Aim 11 wherein gaid reference

voltages trackl said

15.
conprises a refe
voltage and 2%
petween said .
voltage and

X' memory stptes.

he device of claim 15
voltage line ia operably coupled

vyoltage

iline c©oO pled to gaid second voltage

gransigtor-

7. The device of claim 15 wherel

ke voltage 1ine

of claim 11 where

cper

d1irat veitage and said gecond voltage,

jon in ¥ pemory states.

in said voltage divider
ably coupled to 2 first
gcond cltadge to provide a reference voltage

said first

ald gecond voltage correspondinq to two of said

Ay

wherein sald reference

to said firat voltage and

voltage 1ine is fabricated during a 8

voltage line is operably coupled

provide said reference voltage.

to a pull-up device,

4 voltage through 2 £iyst voltage line and @ second
ine, =saild f£irst voltage line coupled to said first
yoltage hyough 2 first ¢ransistor and said second vyoltage

thyough & second

n said reference

ame step a8 2 pit-line.

18. The device of claim 15 wharein sald reference

said

~up device being adapted to gaid reference voltage line o
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19, The device of claim 1§ wherein gald pull-UpP device
compriges an field effect tra gistor.
20. The gevice of clgim 19 wherein said referencé
voltages rrack sald inforpation in K% memory atates through
5 gelected remperature and/voltage variations.
21, AN integrated circuit conprising 2 plurality of
multi—level cells, € id.integrated circulit comprising:
el memory cell for gtoring input
definite pericd of time as 2 discrete
10 state of gald W
cell storing\i Yation in Kn menory states,‘whefe ¥ is a

i flevel memory cell, said pulti-level memory

ned number system.and n is a number of
Amult#-level memory cell, wherein K > 2§
Y cel programming circuit for programminq said
15 multi-level mémoyy cell to a memory state corresponding to
gaid input informationi

a fomparator foxr comporinq gaid memory gtate of said

multi-level memory cell with said input jinformation, said

input info ation corresponding to one of 3 plurality of

20 refereance oltages;, gaid comparater means forther generating a

control 8 gnal indioative of said mEMOTY state as compared Lo

{nformation; and

a reference yoltage cell for providing gaid one
pluralit of reference yoltages, said reference yoltage cell

25 operabl coupled to sald gomparator s

wherein gaid multi—level nenory cell being defined‘
by one jof said plurality of multi-level cells and said
reference woltege cell being dafined b¥Y another of salad
plura ity of multi-level cells.

30 2. An integrated circuit device comprising & plurality

of m 1ti-level cells, gaid plurality of malti-level cells

ing a multi—levelimemory cell and 2 reference'voltage

._,.,——.._-__w_-____i_——-—A—__..———.__—uf— R
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10

15

20

.25

14

cell storing infq gn in Xn memory states, where K is a
base 0f a predet éd number system and n is a number of
bits stored p= -le¥el memory cell, wherein K > 2

multi-level memd 11 to a memory state corresponding to
said input info
parator for comparing said memory state of said
émory cell with said input information, said

a CoF

multi-level

input info tion corresponding to one of a plurality of
reference vbltages, said comparator means further denerating a
control signal indicative of said memory state as compared to

said inp information; and

a reference voltage cell for providing said cne
plurality of reference voltages, said reference voltage cell
operably coupled to said comparator;

wherein said multi-level memory cell being defined
by ofe of said plurality of multi-level cells and said
refdrence voltage cell being defined by another of said
plyrality of multi-level cells, said multi-level memory cell

ng programned during a same step as said reference voltage

Page 67 of 235

PETITIONER'S EXHIBIT 1002



1 . Attarney Docket No. 16£76-1-1

- PECLARATION AND POWER OF ATTORNEY

I
” As s below named inventor, I declacr that:
My resid, , post office addresaand citizenship are as stated below next to my name; I believe I am the original, first and sole inventor
(if only one name is listed below) or an original, firet and joint inventor (if plural inventors are named below) of the subject matter which
s claimed and for which a patent is sought on the invention entitled: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY

_WITH N-BIES PER MEMORY CIILE the specification of which __X__ is attached hereto or was filed on as Application
-Serial No. and was ded or, (if applicabla).

1 have reviewed and understand the contents of the above identified specification, including the claims, as ded by any d

“referred to above, Iacknowledgethe duty to disclose information which is material to the examination of this applicationin accordance
with Title 37, Code of Federal Regulations, Section 1.36. I claim foreign priority benefits under Title 35, United States Code, Section
119 of any foreign applications(s) for patent or inventor’s certificate listed below and have also identified below eny foreign application
for patent or inventor’s certificats having a filing date before that of the application on which priority i claimed.

Prier Foreign Application(s) .
] ‘
Country Application No. Date of Filing Priority Claimed
. ‘ Under 35 USC 119
’ ) Yes No
} Yea No

1 cleim the benefit under Title 35, United States Code, Sectioa 120 of any United States application(s) listed below and, insofar as the
subject matter of each of the claims of this applicationis not disclosed in the prior United States application in the manner pravided by
the fixst paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose material information ss defined in

Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prier application and the national or
PCT international filing date of this upplication:

Application Serial No, - .;!)dte of Filing Status
08/671,816 June 4, 1993 ___Patented _X Pending _  Abandoned
07/652,878 February 8, 1591 _X Patented _ Pepding __ Abandoned
| i '
POWER OF ATTORNEY: As a nawed | » T hereby appoint the following attorney(s) and/or agent(s) to prosecute this application

and transact alf business in the Paten: and Trademark Office connectzd therewith.

Rickard T. Ogaws, Reg. No. 37,692
! Gary T. Aka, Reg, No, 29,037

i

Send Correspondenceto: Direet Telephons Calls to:

' (Name, Reg, No., Telephone No.)
TOWNSEND and TOWNSEND KHOURIE and CREW

Stewart Street Tower Name: Richard T. Ogawa
One Market Piaza, 20th Floor Reg. No. 37,692

San Francisco, CA 54105 , Telpphone: 415 326-2400

]
(Page 1 of 2)
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Fult Name Last Name ' First Name Middle Name or Initial
of Inventor 1 | Banks Gerald I )
Residence & City Seate/Foreiga Country Country of Citizenahip
Citizenship Fremont California - U.8.A,
| posiOffice | Poet Office Address City State/Country Zip Cods
-} Address 200 Pawnes Place Fremont CA 94539
Full Name | Last Neme ' First Name Middle Noms of Initial
of Inventor 2 .
Regidence & City State/Foreign Country Clouniry of Citizenship
Citizenship
Post Office Post Office Adedress City State/Country Zip Code
Address
Full Name Last Name First Name Middle Name or Initial
of Inventor 3
Regidence & City \ State/Foreign Country Country of Citizenship
Citizenship -
Past Office Post Office Address City State/Country Zip Code
Address ‘

1 further declars that o1l statements made hérein of my own knowledge are true and that all statements mads on information and belief
are believed to be true; end further taat thesb statements wers made with the knowledge that witlful false statements and the like g0 made
are punishable by fine or imprisonment, or'both, under Section 1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application or any patent issning thereon.

Signature of Inventor 1 - Sigaature of Iventor 2 Signature of Inventor 3
Gernld J. Basks
Date ‘| Date Date

DRMRG 143 (Page 2 of Z)
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) b
. TOWNSEND and TOWNSEND KHOURIE and CREW Atty. Docket No-

16176-1-1 }

+ Qteuart Street Towet }

Qe Market Piaza g REVIEE, “gixpross Mail" Label No. 15 174 786 359 U5
San Francisco, Th 94105
(313 545

s Date of Deposit U L“ E ;

1 herchy certify thet this i3 being deposited With the
United States Postsl Serviee “Express Mail Post Cffice
) to Addresses” service ander 37 CFR 1,10 00 the date
Sir: ' indicated above and 18 addressed 1o the Commpissioner

Transmitted perewith for Gling i3 the of Pal and Trademarks, Washingion, D. C- 20231
. [ patent application of

[ ] design patent application of

By -
9,4 continuation-in-part patent 18pp1i.ca1ion of

bl

|2 o
Investor: Gerald J. Banks

e
For: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH N-BITS PER WMEMORY CELL

Faclosed ared
X1 20 sheet(s) of L] formel’ EX] informal Jrawing(s)- ‘\
il An assignment of s inveation 10 '

AL signed [X1 unsigned Declaration & Power of Attorney.

1 All signed N1 unsigned Declaration.

[1 APower of Aftorney. .

{1 A verified stateent to establish small emtity status under 37 CFR 19 and 37 CFR 1.27.
[1 A certified copy of & : applicatien.
1 Information Disclosuyre Statement tmder 37 CFR 1.97

[1
i
1
In view of the Unsigned Declaration as filed with this application and pursuant o 37 CFR 35.53(d),
Applicant requtsts deferral of the filing fee until submission of the ‘Missing Parts of Application.
i ' o NOT CHARGE THE FILING FEE AT THIS TIME.
Telephone: ' Richard T. Ogaw
(415) 543-9600 ' Reg. No.: 37T ,692

| APPHROFEETRN 1202
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Attorneys for Applicant
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, 'é 25N arcq\_* -

| § b UNITED ST:  -S DEPARTMENT OF COMMERCE
' . - | Patent and irademark Bffice
' %, J 1 ASSISTANT SECRETARY AND COMMISSIONER

| OF PATENTS AND TRADEMAAKS
Washington, D.C. 20231

April 04, 1995

Richard T. Ogawa

Townsend & Townsand, Khourie and Crew
Steuart Street Tower, 20th Fi.

One Market Plaza .

San Francisco, CA 94105

Newly Assigned Application No.: 08/410,200

Applicant Gerald J. Banks

Title Electrically Alterable
Non-volatile Memory
within Bits per call

oo

Docket No. . H
NOTICE OF NEWLY ASSIGNED APPLICATION NUMBER

The above-identified patent application was previcusly erronecusly
assigned Applization Number 29/035,674 through an administrative
error. The new application number agsigned to the application is
1isted in the heading of this letter. Please correct your records
and refer to the new applicaticn number in all future
correspondence to the Patent and Trademark Office.

The Office sinzerely regrets any inconvenience that this situation
has caused you. If you have any guestions about this matter,
please contact me at {703) 308-3164.

Sincerely,

7
-

Debdrah Dotson
Initial Review Division
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, I hereby certtfy that this correspondence s being = ) < § @ p

67\ deposited with the Unmicd States Posic! Service as o PRy ";t
¥ Fxpress Mait (label no. JBITA786414U8)in an eavelope ! ! : >

i addressed i Assistant Commissioner fop Pgtents, ‘1"{3
{ Waskington, D.C. 20331,'on gz?zrt;n: " *r;?'v
e (/\ \ PATENT

Attorney Docket No. 16176-000110

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

N .

In re application of:

/Gerald J. Banks R )  Ewxaminer: Unassigned
o8y qoa0t At ]
Serial No.:—88r408T82: ) Art Unit: Unassigned
)
Filed: March &, 1995 ) COMMUNICATION
) o
or: ELECTRICALLY ALTERABLE NON~) “t“*==%§?m§a @:{
VOLATILE MEMORY WITH N-BITS) o o SR N
PER CELL ) RECEW{ED_L m
) gl <
Attn: Application Branch AUS 21 %352% Eﬁ
Assistant Commissioner for Patents
Washington, D.C. 20231 , GROUP 350
+ §
- W—m
Sir: & — {

Applicant's undersigned attorney has noted that the
filing date entered by the Application Branch on the Notice to
File Missing Parts of Application has been designated as March
6, 1995 and hot February 27, 1995. The application was mailed
using proper Express Mall procedures on February 27, 1995 and
is, accordingly, entitled to a filing date of February 27,
1995. Copies of the filed postcard and the Patent Application
Transmittal/Fee Sheet are enclesed as Exhibits I, and II,
respectively. No return postoard was received from the Patent
office mailroom. It is requested that the Patent Office )
corract their records or advise if for any reason it believes
Applicant ig not entitled to the Februvary 27, 1995 filing

date.
qul ly submitted,
Richard E. Cgawa

Reg, No. 37,6882

TOWNSEND and TOWNSEND and CREW
One Market Flaza

Steuart Street Tower, 20th Floor
San Francisco, California 94108
{415) 326-2400

RTO/kaa
16178\1-L.com
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[ hereby ceviify that 13]s carrespondencels being |
deposited with the [bﬂ:u\ﬂ Siates Postal Service @3
Express Mail (labelny. TBI 74786414USYin an envelope

addressedto: Assistant Commissioner for Poterts.
washington. D.C. 20331, 0n 4

A

In re application of:

Gerald J. Banks 5
o8/ 0209

gerial No.: Ba-4e57821

s e o et ot ?

Filed: March 6, 1395

—

For: ELECTRICALLY ALTERABLE NOH-)
VOTATILE MEMORY WLITH H-BITS)
PER CELL )

.._.__,___,__ﬂ__ﬂ_____,__,,_J

PATENT

attorney Docket Ko. 16176-000110

TN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: ynassigned
Art Unit: Unagsigned
TRANSMITTAL OF PROCESSING AND

RETENTICN FEE UNDER 37 CFR
§1.78(a) and 1.21{1}

Assistant commissioner for patents

washington, D.C. 20231

gir:

so that Applicant may clain benefit of the above-

referenced application filing date in application's co-pending

aﬁplication f£iled August 7. 1995,

Applicant authorizes the

commissioner to charge the processing and retention fee under
37 CFR §1.21(1) of $130.00, and any other fees associated with
this paper; to Deposit Account 20-1430. This Transmittal of

2

Rrichard
Reg. No.

POWNSEND and TOWNSEND and CREW
one Market Plaza

Steunart stireet Tower, 20th Floor
gan Francisco, california 94105
(415} 2326-2400

RTO/kaa
16176\1-1-PRO.RET

Ppocessing and Retention Fee is submitted in triplicate.

’ Tf a telephone interview would help expedite this matter,

please telsphone the undersigned at (415) 326-2400. '
ectfully subnitted,

. a
37,6 1 i
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o ;
f« \ UNITED STATE? . CEPARTMERT OF COMMERCE
b « | Patant and Trademark Office
Addreas: COMMISSIONER OF PATENTS AND
‘Q j Washington, D.C. 2031 -
Zomrgs o

[ aprucaTonnumser | moacare | FIRET NAMED APPLICANT [ ATTV. DOGKET NO/TITLE {

GE/410, 200 VO02/57/95 BANK - 617611

_ _ 0232/0413
TORNSEND AME TOWNSENE KHOURIE AND CREN
STELART STREET TOWER )
ONE MARKET FLAZA

SAN FRANCISCO 94108

DATE MALED: waeo o (‘P 7/}%’%
NOTICE TO FILE MISSING PARTS OF APPLICATION A

FILING DATE GRANTED

An Application Number and Filing Date have been asaigned to thisapplication. However, theitems indicated
pelow ara missing. ‘The required items and fees identified below must be timgly gubmitted ALONG WITH

PAYMENT OF A SURCHARGE for items 1 and 3-8 only of zg g { i for large entities or
’;iré_-f"-_. for sma entitics who have filed a verified statement claiming such status, The surcharge is set forth in
77 CFR 1.16(¢).

Tf all reguired items on this form erc fifed within jodhiet belaw, the total amount owed by applicant as a Me
entity, [T small entity {verified statement filed), is §.1,_ .

Applicant is given ONE MONTH ¥ROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this applicution, WHICHEVER IS LATER, within which to file all required items and pay sny fees
required a to avoid abandonment, Bxtensions of time may be obtained by filing a petition accompanied by the

extensiopfée under the provisions of 37 CFR 1.136(n).

TORM PTO-1538 (REV. 1194 _

1.-{ The statatory hasic Fliny fgg (15 Eiﬁn/ssmg O insufficient. Applicant as a @—h@nﬁty O small
to plets the basic filing fee.

@’?’. must gubmit 8
2. ditional claim fees of 32 / 9 asa E’ﬁeenﬁty, [J small entity, including any

raquired multiple depondent claim fes, are required. Applicant must submit the additional claim
fees or cancel the adlitional claims for which foes ave due.

3. [J The oath or declaration:
Ois missing.
t} doea not cover the newly submitted itema.

Ap oath or declaraiion in eompliance with 37 CFR 1.68, identifying the application by the above
Application Number and Filing Date is required.

4, 01 The oath or declsration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and

E}ﬁnﬁ Date, iz required,
5. 7T The signature(s) to the oath or declaration is/are: E—aﬁm')s(mg; O by & pergon other than the inventor

or & person qualified under 37 CFR 142, 1.43, or 1.47. ‘A pruperly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the sbove Application Number and
Filing Date, is required.

8. (T} The signature of the {ollowing joing inventor{s) is misging from the oath or declaration:

An eath or declaration listing the names of all inventors and signed by
the omitted inventor{s), identifying this application by the above Application Number and Filing

Date, ia required. )

7. ] The application was filed in a language other than English. Applicant must file a verified Englich
translation of the application and a fee of $ amder 37 CFR 1.17k), unless this fee has
already been paid.

8.0AS __pr ing fee is required since your check was returned without payment.
(37 CFR 1.21(m)).

9. [J Your filing receipt wes mailed in error becauge your check was returned without payment.

10. [J The application dees a0t comply with the Sequence Rules. See attached Notice ta Comply with
Sequence Rules 37 CI'R 1.821-1.825.

11, ] Other.

Direct the response to Box Missing Part and refer any questions to the Customer Service Center
at (703) 308-1202.

A copy of this notice MUST be refurned with the respons§Q;
OFFICE COPY
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'
1 hereby certify thnt‘\ this carrespondence is baing
depogited with the United Stetes Postal Service as
firet cless meil in an‘-'.anvetope addressed to:
Asgsistant Commisgioner for Patemts,

washimgton, D.C. 20739,

- on
ﬁh%ﬂ%‘./gﬁ_%ﬁL
] TOWNSE| and TUWKHSEND ‘Bnd CREW

By, /CZ(/ZAL FM

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:
Gerald J. Banks
Serial No.: 08/410,200

Filed: Februacy 27, 1995

i

el e g g’ Syl Sl Syl g gyt S Vol ar

For: ELECTRICALLY ALTERABLE
NON-VOLATILE MEMORY WITH
N-BITS PER MEMORY CELL

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Applicant petitions the Assistant Commissicner for Patents to extend the time
for response to the Notice to File Missing Parts, dated July 8, 1996 for one month, from
August 8, 1996 to September 8, 1996. An appropriate response te the potice in the form of
2 Response to Natice of Missing Parts is enclosed herewith, .

Please charge $55.00, pursuant to 37 CFR §1.17, to the Deposit Account No.
20-1430. Please charge any additional fees or credit overpayment te the ahove Deposit
Account. This Petition is submitted in triplicate.

we S 95

TOWNSEND and TOWNSEND and CREW LLP

Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834
(415) 326-2400

RTO:de

rro\work\18176\1-Tect.ime

PATENT

Attorney Docket No. 16176-000110

Examiner: Unassigned
Art Unii: Unassigned

PETITION TO EXTEND TIME UNDER
37 CFR §1.136(a)

v

spectfully submitted,
! e

ichard T. Ogal
Reg. Na. 37,69

L A o Y )

N WAL
g T it
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*I hereby cerilfy that this corréspondence is being
depostiedwith the United Skites Poseal Servies as
s first slass madl in an envelope
addresséd 1o Assistant Commlssh

for Palymis, .
Waskingion D.C. 20231, o1 ﬂ"’"& 27 /75

e ————

In re application of:

Gerald I. Banks

Seriat Mo.: 08/410,200

Filed: March 6, 1995

‘ BLECT RICALLY ALTHRABLE
NON-VOLATILE MEMORY WITH

_N-BITS PER CELL

For-

w«uvuvvx—'w—/vv

Attn: Application Branch
Assistant Commissioner fot Patenis
Washington, D.C. 20231

Sit:

1o the present application Was$ incorrect.
a Serial No. (B/403.821. A letter mailed April

_ this time. This correspondence ghould have Serial No. 08/410. 200, which Applicant’s

Page 97 of 235

V= é‘! T

(N THE UNITED STATES PATENT AND TRADEMARK OFEICE

Applicant’s undersigned artorney has noted that the Serial Number assigried
Tn particular, the Notice of Missing Parts recited
4, 1995 by the pPTO referred-to an
incorrect Serial No. 29/,035.674, which does not seem to exist anywhere. A copy of this
letter is enclosed a3 Exhibit 1. This letter also referred to Serial No. 08/410.200 as being
the correct serial number. Please be advised that the correspondence mailed August 7,

1995 by Applicant referred to Serial No. 08/405,821, which is believed 1@ be incorrect at

B = | /7/4/

PATENT

.. Anomey Docket No. 16176-000110

Fxaminer: Unassigred
Art Unit: Unassigned

COMMUNICATION e
-*r.’f’-‘{‘f'::\\iﬁ@

UG M
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3
1

attorney believes is ﬁpw the correct serial number.
Respectiully submitted,

Richard T. Ogaw:
Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW
One Market Plaza

Steuart Street Tower, 20th Floor

San Francisco, California 94105

(415) 326-2400

RTO:de

15176\ 1- 12wk opm
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g, T A

3’. "" "

. H ‘E! LY UNWEDSﬂ“:EDEPAFﬂWENTOFCOMNERCE

. 4 . . | patent and Teademark Office

%, & MﬁswwnammﬂMWANnnmmﬁamfn, e
ity OF PATENTS AND MARKS - P

t

april 0%, 1995

'

pichard T. ogawi e

mownsend & Townsend, Khourie and Crew
steuart srreet fower 20th Fl-

one market Plazit

San Francleco, ©op 94105

LT
Lt

Jo

Hewly pasigned Application Ne. ! 0B /410,200
applicant H cerald J- Banks
Title : Electrically Alterable
Non—volati1e~Memory
within Bits per call
pocket NO- :

NOTICE OF NEWLY ASSIGNED A?PLICATION NUMBER

The above—idantlfied patent application was previcusly srroneously
assigned Application Number 29,035,674 chrough an administrative

_The nev applicaticn number assigned to the application is
1isted in the heading of this lettel. Please correct your records
and refer to the new application number in all future
correspondence o’ the patent and pradenark office.

The office aincerely yegrets any inconvenience that this situation
has caused you: 1f you have any questions about this matter,
please/pontact we at (702} 308-3164.

\

gincerelY:

Débdrah Dotson
Initial Review pivision

._:—....—miu.l;.;—--__—‘—A—— e e =TT —_——— Ce—-
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Tetter

Atty, Docket No. 16176-1-1

Stenart Street Tower
One Market Plaza Date December 291995 .
San Francisco, CA 94105
(415) 326-2400
In re application of: Gerald J. Banks e 1 hereby certify tiat ihis is being deposited with
- the United States Postal Service as first class
Serial No.: 08/410,200 mail in an envelope addressed t0: Assistant
Commissioner for Patents, ‘Washington, D. C.
Fited: March 6, 1995 - 20231.
Group Art Unit: Not assigned . Date: Aeasmber 27 /975
For: ELECTRICALLY ALTERABLE NON- (Ltarers., %4&: i
VOLATILE MEMORY WITH N-BITS "
PER MEMORY CELL

ASSISTANT COMMISSIONER. FOR PATENTS
Washington, D.C. 20231

Sir:
Teansmitied herewith are the following documents:
1)  Transmitial Letter (in trip-);

3] Communication;
K)} Posteard.

Please charge Deposit Account No. 20-1430 as follows:

X1 Any additional fees associated with this paper ot during the pendency of this applicaiion.

2 copies of this sheer are enclosed. TOWNSEND and TOWNSEND and CREW

Ril
Reg. No.: 37,692
istwrork 6161k -eomm. T Attorneys for Applicant

§

Page 100 of 235
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\
'

1 hereby certify thut this correspondence s being
deposited with the United States Postsl service as
firet clmss mail inan envelops addressed to:
Assiatant Comnissioner for patents,

attn: Box Missing parts, ¥ashington, p.C. 20231,
an

gé%":nm g, e
TOWNSEND “&nd TCMNSEND and C
Bv,&&g_%@;éﬁ

In re application of:

Gerald J. Banks

Serial No.: 08/410,200

Tiled: February 27, 1995
FLECTRICALLY ALTERABLE

NON-VOLATILE MEMORY WITH
N-BITS PER MEMORY CELL

)

)

)

)

)}

)

2

)

For: )

)

)
,

e
Atin: Box Missing Parts

Assistant Commissionet for Patents
Washington, D.C. 20231

Sir:

0922

PATENT

Attorney Docket No. 16176-000110

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner; Unassigned
Art Unit: Unassigned

TRANSMITTAL LETTER - RESPONSE
10 NOTICE OF MISSING PARTS

TO NOTICE OF MISSING 1ADSS —

Page 101 of 235

Pursuani to the Notice © File Missing Parts of Application - Filing Date
Grafited dated Ju'y 8, 1995, enclosed are the following to be made of record in the above-
identified application: )

1) Petition to Extend Time;

A Bxecuted Declaration and Power of Attomey;

3)  Verified Statement Claiming Small Entity Status; l
4) Copy of Notice of Missing Parts;

5) Postcard.

Please charge Deposit Account No. 20-1430 for the following fees:

(a) Filing Fee (§ L.16(2))(Small Entity) $375.00 1_
(b) Excess Claims Fees (§ 1160, ©r '_
23 -20=3x11.00= SO0 %.
5.3 =2x390= - 18.00 e ‘;
(c) Missing Parts Surcharge (§1.16(eM '$ 63.00 ) \
TOTAL FEES TO BE CHARGED $551.00 1

PETITIONER'S EXHIBIT 1002
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Gerald J. Baﬁks PATENT
Serial No.: 08/410,200
Page 2

The Commissioner is hereby authorized to charge any additionai fees
associated with this paper or during the pendency of this application, or credit any
overpayment to Deposit Account No. 20-1430 for this paper and during the prosecution of
this application. This Transmittal Letter is submitted in triplicate.

spectfully submitted,

Date: jchard T, QOgaw:
) Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834

(415) 326-2400
Fax (415) 3262422

RTO:de

riolwork\is176\2-Ymp.res
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g

‘\‘ Attorney Docket Ne. 16176-000116

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, T declare tha:

My residence, post office add and citizenship are as stated below next to my name; I believe ¥ am the original, first and sole inventor
(i£ only one name js listed below) or an original, first and joint inventor (if phural inventors are named below) of the subject matter which

is claimed and for which a patens is sovght on the inventionentitled: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY

WITH N-BITS PER.MEMORY CELL the specification of which____ is attached hereto or __X __ was fifed on Febrary 27, 1995
as ‘Application Serlal No. 08/410. 203 and was amended on ____ (if applicabl®).

I have.réviewed and understand the contents of the ahove identified specification, incheding the claims, as amended by any amendment
cefiéfred to above. 1 acknowledge the duty to disclose information which i3 material to the examination of this application in accordance
with Title 37, Code of Federal Reguletions, Section 1.56. 1 ¢laim foreign priority benefits under Title 35, United States Code, Section
119 of any foreign applications(s) for patent or inventor's certificats listed below and have also identified below any foreign application
for patent of inventor’s certificate having a filing date before that of the application ont which priority is claimed.

Priar Foreign Application(s)

Country Application No. Priority Claimed

Date of Filing
' Under 35 USC 119

-

- ' Yes No

e

1 claim the bgné’ﬁ: under Title 35, Uniited States Code, Section 120 of any United States application{s) listed below and, insofar as the
subject gm&ér of each of the claims cf this application is not disclosed in the prior United States app Heation in the provided by
the firsé parageaph of Title 3%, United States Code, Section 112, T acknowledge the duty to disclose material information as defined in
Title 37, Code of Pederal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or
PCT infernational filing date of this application:

Application Serial No. - Date of Filing \ Status

08/071,816 - June 4, 1993 X_ Patented ____ Pending ___ Abandoned

07/652,878 February 8, 1991 X Patented ___ Pending ____ Abandoned
s

POWER OF ATTORNEY: As 4 naracd inventor, T hereby appoint the following attorney(s) and/or ageni{s) to prosecute this application
and transact all business in the Paten. and Trademark Office connected therewith. .

Richard T. Ggawi, Reg. No. 37,602
Gary T, Aks, Reg. No. 29,037

Send Correspondenceto; Direct Telephone Calls to:

{Name, Reg. Ne., Telephone No.)
TOWNSEND snd TOWNSEND and CREW LL?

m?]i_m/mggummmnﬂhjm Name: Richard T. Ogawa

San Francisco, CA 94111-3834 Reg, No, 37,692

Telephone: (415) 326-2400

(Page 1 of 2}
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Full Name Last Name First Name dle Name or Initial
of Inventor 1 _p_ankg _Gereld T
Residence & City State/Foreign Cou C!ouniry of Citizenship
Citizenship |_Fremont. California { —P{ U.5.A.
Post Oifice Post Office Address City State/Country Zip Code
Address . 200 Pawnee Place Fremont R CA, 94539

-{ Full Name Lagt Name First Name Middle Name or Initial
of Inventor 2

- Residence & City State/Foreign Country Country of Citizenship

Citizenship
Post Office ~ | Post Office Address City State/Country Zip Code
Address
Full Name Last Name Fiest Name Middle Name or Initjal
of Inventor 3
Residence & City State/Foreign Country Country ‘of Citizenship
Citizenship
Post Office Post Office Address City State/Country Zip Code
Address ’

I further declare that all statements mads herein of my own knowledge are true acd that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willfisl false statetaents and the like so made
are punishable by fipe or impri at, or both, uader Section 1001 of Title 18 of the United States Code, and that such willfill false
statements may jeopardize thie validity of the application or any patent issuing thereon,

\

Signature of Invenior 1 Signature of Invenior 2 §ignature of Inventor 3
| e W/

Gerald J."Banks

Date f / / 3 / % Date Date
DEMRG 483 (Page 2 of 2}
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) , LP' Atty. Docket No. 16176-000110

VER IFIED STATEMENT (Di?.CLARAT[ON) CLAIMING SMALL BNTITY
¢TATUS (37 CFR 1.9() and 1.27(60 - INDEPENDENT INVENTOR

Appticant or Palentes: Gerzld J. Bapls -

Application or Patent No.: DRI

Biled or Issued: Fgbua 127, 1995

Title: BLECTRIC, ALTERABLL HON-YOLATILE MEMORY WITH N-B S PER CELL

W

As a belowf named inventor, 1 hereby dectare that 1 qualify as an independent fnventor a8 defined in 37 CFR 1.9(c) for purposes of paying reduced
fees m&ﬁe Patent and Trademark Office regarding the invention entitied BLE( TRICALLY ALTHRABLE NON-VOLATILE MHMORY WITH M-
BiTS PER CELL
* described in:
[ the spet {fication hevewitl. .
{X] Application No. [8/410,200 , filed _Febrpary 27,1993 .
’ {1 Patent Ho. 3 , igsued

1 have not assigned, granted, conveyes OF licensed and. am wnder RO abligation undes contract ot law to assign, grant, convey oF licensé, sny rights
in the invention to auy person who would not qualify 48 an independent invemor under 37 CFR 1.9(c) if that person. had made the invention, ot ta
any concern which would nat qualify 15 2 sinall business coRCErn under 37 CFR 1.9 ora nonprofit orpanization under 37 CFR 1.9).

Rach person, concem or organizaﬁhhlo which [ have assigned, granted, conveyed, or Vicensed or am undeT an obligation under contract or law t0
assign, grant, Convey nrjlie;ehsc any rights ta the invention is Tisted below:*

/’[ 1 Mo such persan, concem, of organization =
/’ (] Persons, topéeint of arganizations listed helow*

Vs

7 «NOTE: Separai¢ vatified statements aT¢ required from each named petson, concem of organization having righis to the
invention averring to their stams as small endities. (37 CFR1.27)
NAME
ADDRESS.
[ ey
il RRIVIDUAL 11 SMALL BUSINESS CONCERN [1 NONPROFIT ORGANIZATION
NAME i
ADDRESS
e ey
{1 INDIVIDUAL [ 1SMALL BUSINESS CONCERN [ 1 NONPROFIT ORGANIZATION
I'd
NAME_” /
ADDRESS, -
S, e e
) [1] INDIVIDUAL [ | SMALL BUSINESS CONCERN [ 1 NONFROFIT ORGANIZATION

1 acknowledge the duy to file, in this rpplication of patent, nofification of any changs in staps resuiting in loss of en’ idement to small entity siatus
prior ko payiog, or at the time of peyirg, the earlicst of the issue fee or any malntenance fee due after the date on which status as 4 small entity is
e longer SpPTopEate. (37 CER 1.28(b)).

1 heyeby declare ﬂ\pr.‘;m statemments made ‘herein of my own knowledge are tue znd that 2l ts made oa i fon and bslief are believed
to be tre; and forther that these statenients were made with e knowledge that willfn! false gLatsments and the like so made are punishable by fine
ar imprisomnmﬁ, or both, under section 1001 of Title 18 of the United States Code, and (hat such wilkful false tateTents may jeopardize the validity
of the applicktlon, any patent issuing thereon, of 4y patent to which this verified statement i§ directed.

NAME OF INVENTOR: NAME OF INVENTOR: NAME OF INVENTOR:

Gerald 1. Banks

Signature of Invemior

LBE15-Tver. simt

/_—OHS«WE»WW——'——J—__;—‘——‘——“——‘;—"" P [ e

Page 105 of 235
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s extensi under the provis ons of 37 CFR 1.136(g).

Patant and Trademark Office
Atldress: COMMISSIONER OF PATENTS AND

.

Washington, D.C. 20231

oaF, .
f '\, | unireD svaTEs CEPARTMENT OF COMMERCE
* £ o
8| ‘
Copa |

J'-A
e 2 4 <7 |

' ‘
[ mrvbomerionme |

- rAPPL-IGATmN MRIBER |  FUNGDATE |

BE/410, 200 (02727795 HARK . . o G 16171 ~1

N
b
L

‘ YIE/ 0416
TOWNSENT AMD TONNSEMD KHOLILE
STEUART STHEET TOWER E AND CREW
ONE HMARKET FLAZA
SAN FRANCISTO 94105
? DATE MAILED: oo ‘J 7}/#’
NOTICE TO FILE MISSING PARTS OF APPLICATION Rty
FILING DATE GRANTED -

-

An Apgplication Number and Filing Date havabeen assignes to this application. However, theitems indicated
below are missing. The required items and fees identified below must be ﬁm?y ﬁbmittad ALONG WITH
%Y_M;ENT OF A SURCHARGE for items 1 and 8-8 only of for large entities or

for small entities who have filed a verified statement claiming suchi status. The surcherge is set forth in
37 CFR 1.16(e}. : -

1€ all required items on this forn: are filed within M, the total amount owed by applicant as a g,urgé

entity, [ small entity (verified statement filed}, is

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTES FROM THE
FILING DATE of this applicetion, WHICHEVER IS LATER, within wkich to file all required items and pay any fees
required abaye to avoid abandonment. Exisnsions of time may be obtained by filing a petition accompanied by the

1 ﬁ‘he statutory basic ﬁ]ﬁ 5‘2 ii: Bﬁ;smg O insufficient. Applicant a8 & Bhfé::ntiby 1 amall ]

entity, must submit §i to coraplete the basic Bling fee.
W
i mﬂﬁyﬁmx i cn ot $ 2/ & ona -lirge entity, U small entity, including any
! requirad multiple dependent claim fee, are required. Applicant must submit the additianal claim
Ky fess or cancel the additional claima for which fees are due.

" 3.0 The oath or declaration:
.4 Ois missing, :
[ does not cover the newly submitted items. .

An outh or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. O] The oath or declaration doea not identify the application to which it applies, An cath or declaration
in compliancs with 37 CFR 1.63, identifying the application by the above Application Number and

aya{%ate, in requinad, )

5, *1 Tha signature(s) to the oath or declaration is/are: E-dﬁsi(ng: O by a person other than the inventor
or-& person qualified ander 37 CFR 1.42, 1.43, or 1.47. A propesly signed oath or declaration in
chmpliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is requirsd.

6. ) The signature of the following joint inventor(s) is missing from the oath or dsciaration:

An oath or declarstion Hating the names of all inventara and signed by
the omitted inventor(s), identifying this application by the sbove Application Number and Filing
Date, is required.

7. O The application wa filed in a language other than English. Applicant raust file a verified English

translation of the application and a fee of § under 87 CFR 1.17(k), unless this fee has
already been paid.

8.1 A% __procassing fee is required since your check was returned without, payment.
(37 CFR 1.21(m)).

9. O Your filing receipt was mailad in grror because your check was returned without payment.

10.[J The application does not comply with the Bequence Rulea. See attached Notice to Comply with
Sequence Rules 37 CI'R 1.821-1.825.

11.00 Other. . ‘ }

Diract, the response to Box Missing Part and refor any questions te the Customer Service Cente s !
at (708) 308-1202. 1

A copy of this notice MUST be returned with the responsq.@ ,
+,,; COPY TO BE RETURNED WITH RESPONSE | S ~

iy

IR TN pe————_Ce L PRt SR JREPRSEN

. FORM ETO-1653(BEV. 1184}
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. | UNITED STATEL EPARTMENT aF BBMMERGE
%,% j Petent and Trademark Dffice
Address: GUMM\ESDNEH OF PATENTS AND TRADEMARKS
YWashingon. n.c. 20231

LN9Z.CO

Bft'«!-‘%ll.‘,?ﬂt" O FRTIED BAMKE

s
v

|

: 25ms /1217
TOWRSEWD AMD TOWNEEND AND CREN
Te() EMBARCADERD CAINTER

@t FLOOR
bl ERANCISCY o P41kl ~3E34 7511 )

FEARS.T
] APER NUMBER

5

DATE WAILED: 12717 796

Thisis & wmnmnloaﬁonhum the examirar chargs of your epplicafion.
COMMISSIONER OF PATENTS AND THRADEMARKS

OFFICE ACTION SUMMARY

{1 Responsive 10 communioation(s) fiied on

] This actionis FINAL.

{1 Sinco this application is in condition for aliowance gxcept for formal matters, proaaeu!ion a8 1o the merits 1g closed In
accordanse with the practice undar Ex parte Quayle, 1935 D.C.11;45% G. 2

A shortenad gtatutory poriod for pesponse to thls action igsetio axpire____’f____——’— monthis), of thirty days,

whichaver 8 1onger, from the malling dato of this communication. Faliure 10 respond wiithin the patiod for raspanse Wi cause

ihe application 18 becomsa abandoned. {5 U.8.C §133). Extenaions of imé may be chiained undas e provisions of 37 CFR

1.136(2)-

Diposition of Claims
Qﬁ\ Claim{s) 7/\:2-’;_,/ / atare panding n the appiicetion.
tefare withdrawn from consideration.

0f the above. claim(g} ____._——____——-——’—‘”'_"____———*"‘*(_f———_

[ Claim{s) ————" |afare silowed.
fud Clairn(s)_.‘/J-L_,;li,—L"‘—f—’f o fi(-2 {/are vejected.
B clalm(s) g-e /35’. ey =l {afare objectad to.

are sublect o rastriction of olaction raquiremant.

0 Claims

Application Papers
d Soe the sttached Notice of\Drafhspamn‘s Patant Drawing Raview, PT! Q-p48.
{alare objacted {o by the Examiner.

. The drawinale) filed on __%_:EM
is [ approved [ disapproved.

[} The proposad drawing comection, fied on
[} The spacification i objected to by 1he Examinet.
] The oathor deciaration is chijected fo by tha Examiner.
priority under 3gu.6.c. § 119
(m] Acknow!adgstﬁam s made ol & claim for foreign prority under 35 US.C. § 149(a)-(@)-
0o O gome* [ Mene of the CERTIFIED coples of the priority documents have baen
3 recaived. .

1 recelved in Application NO. {Serlus Code/Serzl Numbar) 5
plidaiion from the |ntesnationel Buraad (PCT Ruls 17.2(a)-

] recelved inthis national stage ak ///
vGertified coplas not received: ——— §
[ Acknowledgemant is made of & claim for domestic priority under 35 usc. § 116{e)

Aﬂachmant(s)
{1 Notice of Referance Cited, PTO-882
{7 Information Disclosure statement(s}, PTO-1448, Paper Nols). '
[ interview gummary, PTO-413
d Notice of Draﬂspsrsun's_Pateni mel#gofge‘vlew. PTO-848

{1 Natice of nformal Patent Application, PTO-152 .
. . SEE OFFICE ACTION ON THE FOLLOWING PAGES ~

* U8 GPO: 1“95-“0-23!’&0059
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o TEEESARATE, HOUD TP AND HDTTOM EDGES, SMAP_APART AND DISCARD CARBOR \
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FORM PTO-B82 U.5. DEPARTMENT OF COMMERCE SERIAL NO. ROUR ART UNIT | srpactmEnT
(REV. 2-82) PATENT AND TRADEMARK OFFICE T pg&n —
o 2 6 AN NUMBER AN

§

NOTICE OF REFERENCES CITED APBLICA]
| .
= ankes

N U.5. PATENT DOCUMENTS
] . sus- FILING DATE i¥
* DOCUMENT NO- . BATE " NAME CLASS I CLASS APPROPRIATE
]/ ] o
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File History Report

l:l Paper number _ is missing from the United States Patent and Trademark

Office’s original copy of the file history. No additional information is available.

PX]  The following page(s) Draftperson’s Patent Drawing Review of paper

number 3 isfare missing from the United States Patent and Trademark Office’s original
copy of the file history. No additional inforntation is available

Additional comments:
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" PTO/SEVID (10-96)
Approved for use through 10731/83. OMB 0651-0031
Patent and Tradamark Offce; U.S. DEPARTMENT OF COMMERCE

erwork Taduction Act of 1995, na parsons are requirad o raspond in a collaczon of informaton ynlsas it displays a valld OMB contral fumbear,

ERIFIEDSTATEMENT CLAIMING SMALLENTITY STATUS
(37 CFR1.9(f) & 1.27(c))-SMALL BUSINESS CONCGERN

Applicantor Patentee:_G, J. Banks ]

Applicaion orPatentNe.:_ )8 /410, 200

; Fledorlssted: __Rehraary 27, 1995 . ‘ _ ) |

i Tie: Blectrioaily hiterable Non-Volatile Memory with tﬁ;g;é% 0
- ' b ;!VED

Docket Nurnber (Optional)
W JUS

Per Memory Cell

w | hareby declare that | am

the owner ol the smsll business concern Identifled below: {:MR n O 0
e affidlal o he armie | business cancem empowersd 10 act on benalf of the cancern identfied befowt (. {997

NAMEOFSMALL BUSINESSCONCERN__BTG_USA TNC. GROUP 250

ADDRESSOFSMALLBUSINESSCONGERN_2200 Repajssance Boulevard
Culph Mills, 2A 19406

 hereby detlure that the sbove identified amall business concarn qualifies a3 a small business concern as defined
In 3 CFR 121.12, and reprodused In 37 GFA 1.9(d), fot purposes of paying reduced fees o the United States Patent and
Trademark Office, in thst tha number of employees of the concern, including those of s affliates, does notexcsed 500
parsons. For purposes of this statement, (1) the number of employees of the busingss concerm ks the Average over the
previous fiscal year of the cencam of the persons employed on a full-time, part-ime, of temporary basls during each of the
pay periods of the flscal year, and (2) concems are afflitates of each other when sither, directly or indireotly, one cancem
controls or has the power to control the other, or a third party dr parties controls or has the pawer to controf hath.

{ hereby declare tatrights under contractor law havabeen conveyed to and ramain with the small business concem
ldentifled ab:ove with regard 1o the invention described in: N

[ the specification fled herswith with tile as listed above.
281 tha application identiflod abovs.
[ the patent identified ahove.

1f the rights held by the above identilied small business concern are not exciusive, each individual, concern, or
organization having rights ir the invention must flle separale verified stalements avering to their status as small entities,
and norights o the Invention are held by any person, ather ihan thieinventor, whawouldnot qualify as an independentinventor
under37 CFR1.9(c}f thatperson madethe Invention, or by any soncemwhich wodd natquallly &s asmall business eoncem
under 37 GFR 1,5(d), or a ninprolit organization under 37 CFR 1.9{e}.

Each person, concern, or organization havlng;ny rights In the Invention Ig fisted below:
(53 no such peraan, concem, of organization exists.
[ each sich person, cocem, of arganization i listed below,

Separate verified statements are required from each named person , conGem oT arganization having rights 1o the
Invention averring fo thelr status as small entities. (37 GER 1.279)

| acknowledge: the duly to fle, in this application or patent, notitication of any change in status resuiting in loss of
entitiement to small entity status prior ta paying, or atthe time of paying, the earlieat of the issus fes or any mainienshce
fae due efter the date on which status as a small entity ja no longer appropriate. (37 CFR 1.26(b})

\ hereby deciare that el statements made herein of my own Kknowledge are trua and that all statements made on
information and bellef are beflaved o be true; and further that these statements wers made with the knowledge thet willful
false statemeants and the Yku a0 made are punishable by fne or impri 1, or both, under section 1081 of Title 18 of
the United States Code, andihatsuch williul false statements mayjeopardizsthevalldity of the application, any patentissuing
thereon, or any patent o whuch this varified statement is direcled.

NAME OF PERSON SIGNNG i alkani

TITLE OF PERSON IF DTHER THAN OWNER ‘Senior VP & General Counsel

ADDRESS OF pERs?meNG BTG USA INC. 2200 Renaissance'Boul'evard
|

Lrporn D pare ODJON AR
|V
roen Hour Statament: B iorm ¢ mated to taka ours 16 camglet & WA ng d 14 1 ] CEBO, )
comments on the dmount of tina you ¢ required 1o complcte this MF"('; :é 'd be sent ao"u’!?'cﬁ&f'm%-&%“n Officer, Pateat and Txagamark Qffica,

g, i
ouid be
Washington, DG 5323231. BO 4END FEES OR COMALETED FORAMS FO THIS ADDRESS, SEND TO: Asaistant Commissionar for Fatenits,

SIGNATURE
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5‘ <k Rediotion Actof 1995, 10

{9
FTOSA/E2 (856) Q)
for use through 630/99. OME 06310035

Patent and Trederonskt Office; U.5. DEPARTMENT CF COMMERCE

el to s collection of inbrmation unkeas3t fevlay 4 v&lid OMB control tumbes,

srsone are cequiied 10
2

REVOCATION/ APPOINTMENT OF POWER OF ATTORNEY
OR AUTHORIZATION OF AGENT

Docket Number (Qptional)
181414/US

Application Number

08/410,200

To: Assistant Commissioner for Patents ; i
Washington, DC 20231 b

LW D Thereby reveke all previols powers of attarney or antherizatiolt of agents in the above identified
application.

2. D] hereby revoke less than 1l previgus powers of attoiney of autharization of agents in the abave
application. Revocaticn apphes to the f allowing person(s): (give namme(s) and registration number(s})

3. mﬂwe hereby appoiot the fcllowing person(s) as my/our attorney(s) or agent(s) o prosecute said
application, and to transact all business ia the Petent snd Trademark Office connected therewith:
(give name(s) and registration fnnber(s))
andy Rawlins Reg. NO. 34,702
Shapiro & Shapire
1100 Wilson Bculevard, guite 1701
aelington, VA 2220

9
4, [The comrespondence addmss is NOT affected by this communication.

the eorespondenie address and direct afl futore comespondence for
andy Rawlins

shapiro & ghapiro
1100 Wilson Boulevard, suite 1701
Arlingtoen, VA 22209

1 am the:

[ pplicant(s) (signatuos of all applicants are required).
mAssignee of record of the entire interest.
Certification under 37 CFR 3.73(1) [J iscnclosed.
has already been filed in this application.
g7C USA Inc.

-
i > GL\ \ a Address:
. Date 9200 Renaissance Bonlevard

- . 1 311s, PA 19406
vadhuri H. Malxani, Sr. VE & Gu nth 11s,
Typed or prnted amo GENnera T Couneel .

Sigty

Trrcn Flont SICalcat 1 Toron Ts crnmnica to ke 0.2 hours 1 < Tote-vme will vary depenciis T needs of the warvidial cese.

Any commenis on the amountof time you nmmgi:edlo complete this s should be seot o U Chief I rmadion Officer, Paient and i
Trademark Cffice, Washington, DC 331, TO ROT SEND S OR COMPLETED FORMS TO “FHIS ADDRESS, $END T Assistsnt . .
Commissioner for Patsnt, Washington, DC 20231

e e

\
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EATENT APPLECATLON
5 THE NITED STATES PATENT AND TRADEMARKE OFFICE

In re the Appll,ication of=

Gerald J. BRANKS

garial No.: 28/410,200 group art Unit: 2511
Filad: February 27, 1985 Examiner: T. Fea¥s

For: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH

H-BITE PER CELL
RECEIVED
v W w MAY g9 1997
GROUP 2500

Bﬁ2QQhEIQH,EEB_BQEEE_QEJEEQEEE!
Agsistant  Commispioner for rPatants
wWmahingten, DP.C- 20231
six:

We, the Ausigrnes of the entire cight, title., and
1ntaféat in aad to the ahove—identified jpvention and
spplication for Letters Patent. hereby revoke any rowera of
Attorney previously granted in thia spplicabtion. and bhareby
appoint Nelson H. Shapire, Reg- ¥o. 14,085, Mitchall W.
Shupirc., Reg- No. 31.588, and Andrew E. Rawline. Reg- Ho .
54.702 of the £izm of ghaplro and Shapiro, Reg. Ne. 18,810,
our attorneys with full powel of gubetitution and
revacation, b2 prosesoute this application and to transact
211 business in the Patant and Tradamark Office connactad

therawith, all corregpondence Lo ba addresged to Shapiro and
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oB/0T/87 14418 gvo3 328 2487 SHAPTRO
“ {
ghapiros 1100 WilsenD poulavard: duite 170L. arlingten,
virginia 22208 i
BTG USA Ine.
pate:__ % ld‘ﬂ"_. I Eignnturw’:‘——
Neme lb&u;g G éé’{wﬂ(mb
Title: ﬂ&yg@_s_tdwd “,_.%11 £ P_qygt;
2
WW‘—)’_‘—" '_7"—7—77—-*—/‘—74_,_*) — — ———
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- BATENT APPL.TCATION
IN THE 'INITED SETATES PATENT AND TRADEMARK CEFICE

In e the Application of:

Garald J. BANKS

Sarlal No.: (B/f4l0,200 Group Art Unik: 2511
Fllad: February 27, 1985 Bxsminer: T. Faars

Forr ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH
N-BIT8 PER CELL

RECEIvEp
* & & MAY g9 1997
sravavewy owpmR 37 C.F.R. §2.730  GRQUP 2500

- Assistant Comnissloner For Patente
Weahingten, D.C. 20231

Sdxr:

BTG USA Jnc., - corporation duly organizad under tha
lawe of Delawara, certifies chat it 18 the Assignes of the
entire right, title, and interast in and to the abova-
identifled patent applicatien by virkua of an Assignment
from the inverntor of sald patent application. A aepy of
said Assignmert is attachad.

The undersigned has reviewed paid Rssignment and, to
the best of the underszigned‘s knowledge and belief, title is
in maid Asglgnes.

The undersigned {(whome title ig supplied below) is
smpowered to gign this gtatemsnt on behalf of the nséigna-.

The undersigned hereby declaras that all ststements

mede hersin of the undarsigned’s oun knowledge are true, and
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that 21l statementz mede on information and belief are
believed to be trua; and further, that thespe statements are
made with the knewledge that willEful false utaﬁnta, and
the like po made, are punishable by fine or imprisonment, or
both, undsr Smction 100_1, Title 1B of the Unitaed Stataes
Codm, and that such willful false gtatemsnts may Jeopardize
the validity of the aspplication or any patent issuing
thereon .

BTG USA Inc.

Date: c"fﬁ'ﬁ T ‘ Eignnturzmﬂ’\

Name: Peuct & ReansTesp

rivie: \lig Presidedt qux'uftﬁ
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‘Bi"fﬂli 156& 2487 SHAFIRD 4 BTG USA INC. HE@??{/OID
= | Miy 09 1957

RECORDATION FORM COVER Y5 DE;':,“_ﬂ‘if,ﬁif,ﬁz‘:gf,ﬁj :
PATENTS ONLY :

w v

Tbn-maumm&?mmdmm mmnmmwumw

GERATD J.

1, Nmurwngpungm 2 Neme and sddres of recahing padylies)
BANKS Nama: Us. C.

mwﬂumm}mm O Yeu £ Ko

B Assgamant 1 Morgaer Strest Address: 2200 RHNAESSBNCE BLYD.
[ Sacurity Agreament O Changs of Kame .
ao oy GULPH MILLS gimg FA 215 19406

2. Nature of cQIVEyaNcE:

Exaeution Date: February 13, 1897

wmamn)w 0 Yoo & Rs

lrmthmmﬂWMamWn.maummhdm piicatian ls:

A_ Fatent Appleation Ha.(s) B. PatentNo.(8)
08/410,200 5,218,56%
N 08/511:555-- 5,394,362

a. Apgiication mumber(s} or patant nurrian(s)

AakBitaral i wpshet? O Yea B M

inmams! Address:_PATENT DEPARTHENT . - o Encossd

 narme snd nddnsas of party 1 whot CMeBRandencs 8. Total fumber of applicatons s Palnis nvoived: [_Z:] :
emnaaming documam sholid ba malled:
Name: BTG HSA_TNC. 7. Total tes (37 EFR 341} ... 51002 80

& Auhorizes o ha cherpad 10 doposit BoCoerm

st Address_2200 RENATSSANCE BLVD.. & Cepostt st numbar:

92-3200

ity QULPH MILLS sut; PA__ zp: 19408

WWuwmlﬁhmlmwmm

B0 MOT USE THE SPaCE

ERE L < 2.
Ty el el

. Bubement 20 Signailies.
nmmammmmm #umwhm&mkmwmmwuﬂndmmybe e esgy of
o Originel deRurnon|

Tﬁmdmiﬂdmmm-w G CoRmEbeL;

wrienlereor of Palartty mundam
m-hu\m.u.e.m'.! o

PETITIONER'S EXHIBIT 1002



alo0
05/07/87 14:186 3703 508 2457 SHAPIRG 224 BTG USA INC. I&@oos/o1

'
1

APPENDIX A tay -~ VED
" ASSIGNMENT " 09,997

WHEREAS, Gereld J. Binks, an individual baving his place of business at 200 Pawnes Pla‘?e.soo
Fremonr, CA 94539, a5 Assignor, is sole owner of the following inventions:

ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH N-BITS
FPER MEMORY CELL, having Unitzd States Patent Number 5,218,569, issned on
June 8, 1993; and

ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH N-BITS
PER MEMORY CELL, having United States Patent Number 5,394,362, issued on
February 28, 19957 and

ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH N-BITS
PER MEMORY CELL, an epplication for 4 United Swtes Latter Parent filed on
February 27, 1995, having Serial Number Q2/410,200; and

ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WTH N-BITS
PER MEMORY CELL, ai) application for a United States Letter Patent filed on
Angust 7, 1995, having Serial Number 08/511,659. ——

WHEREAS, BTG USA INC.. s Corporation of Delaware, whose post office address is
Reaaissance Business Pk, 2200 Rengissance Boulevard, Gulph Mills, PA. 19406 ax Assigries,
ig desirous of securing the entire right, ritle and interest in and to these inventions in all countrics
throughout the world, end in and w issued United States Legers Patent; and to ay spplications

for United States Lefters Pater on these inventions; and to the Letters Patent to be issued upon
such applicarions; :

NOW THEREFORE, be it known that for good and valushle consideration, hereby acknowledged
1o have beeg received by the Assignor, the Assignor has sold, assigned, cansferred, and set over,
and does hereby sell, assign, transfer, and set over unts the Assignes, its lawful syccessors and
rssigns, the Assignor’s entire right, title, apd interest in and to these fnventions, together with any
patent application which has been or roay hereafier be filed thereon, andfer igsued petent and all
divisions, continuations, and continuations-in-part thereof, and all Latters Patent of the United
Sraies which may be granted thereon, and all reissues thereof, and all chioses in sction which may
be based therson, and sl rights to claim and contest priarity on the basis of any such applieation,
and all applications for Lemers Patepr which have besen or may hereafiter be filed for these
inventions in any foreigr country and all Letters Patent which have been or may hereafter be
granted on these inventions in any forcign ¢ounty, and all exlensions, renewals, and reissues
thereof: and the Assignor hereby authorizes snd requests the Commissioner of Patents of the
Ugited Stares and any official of any foreign countwy whaose dury it is to issue patents on
applications as dasctibed above, 1o Issue all Letters Patent for these inventions o' Assignes, its

syccessors and asslgns, and/or to assign already isswed Letters Fatent to Assignee In sccordance
with the terms of this Assignment; : T
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AND, the Assignor HEREBY covenants that the Assignor has the full right t convey the inteyest
sesigned by thiz Assignrent, bas net conveyed any interest in the inventions or rkght to practice
the inventions to any third party, and the Assignor has not execqied and will not execute any
Agreement in conflict with this Assignment;

AND, the Assignor HEREBY fusther covenants and agrees that the Assignor will, without fusther
eonsideration, communicate with Asvignge, its successors and assigns, any facrs known to the
Assignor respecting these: inventione, and testify in any legal proceeding, sign =1l lawfol papors
when called upan to do so, execure and deliver any and all papers that may be necessary or
desirable to perfecy the tide to these inventions in eaid Assignee, jts suecessors and assigns,
execure al] divisional, continbatien, and refssue applications, make all rightful oaths and pemerally
do everything possible 1o ald Assignee, its suceessory, and gssigns, to ablain and enforce proper
patent protection for thess inventions in the United Statps and gny forcign counrry, it being
understood that any expense incident to the execurien of such papers shall be bome by the
Assignes, its successars 2nd assigns.

IN TESTIMONY WHEREQF, an authorized representetive of Assighor ‘and Assignee have eswu
hereunts set their hands this | 2 day of _frb ruger 1997, o

Garald J. ’

By:

“Anthony V. B
St & Genersl Menager

- am s e
R T R SO T £ <
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ACKNOWLEDGEMENT BY NOTARY PUBLIC:
state of Lalgs ru 3 Connvy of Aloaeds 55
5B IT REMEMBERED, that o/ 47y 4, 1997, before me, the subscriber, personally appeared

Gerald J. Banks to me known 1o be the person described in and who cxecuted the foregoing
Assignment, snd acknowledped that same as his free act and decd.

b TIE {1 il gy

§ PRy, PHILLIP BROCKMAN &

E > comm ilezss, 3

= EOTARY UILIC - Curf@indn, | blic)

g My Garme 2. Ot 70, 2090 g ixsl Gehbar 22 2052
2 7 ., 2030 2 My Commission Explres: ar 29

Commeonwealth of Pexnsylvania, County of Chester 831~

BE IT REMEMBERED, 1bat oo 3 6&3% g , 1997, before me, the subseriber,
personally appearsd Anthony V. Lande, whe, g by me duly swoin on their oaths, depose and
mekes proef to my satisfaction, that he is an officer of BTG USA Inc., the corporaden named
as Assignee in the within Assignment, that he is the Senior Vice Prosidert and Generel Manager,
. of said cerporation; and that sajd Assignment is horeby signed and deliver=d by them as 2nd for
the voluptary act and desd of gaid carporation, in the presence of deponent, who' therepon
suhscribad her name herelo as anesting witness. .

Al g o\J\JJM.%
(Notary Public) )
My Commissian Expires:g pruf IS

SEAL
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o
f w‘a‘@ URITED STATES DEPARTI\!IEMT oF COMMERCE
* | patant and Trademark Offics
) Addrass: E‘DMM!ESIONER OF PATENTS AND TRADEMARKS
1’5 - f Washingwon, D.C. 20231

APPLIGATION HUMBER

'
16176~ i-1

ae/410200 aRIEIIFD BANKS
\\

FEORS, TERRELL
TBNNSEND ari Tl-.‘HNBEN[} AP TREW m
THWE EMBﬁRCPiL\ERB CENTER —
aTH FLOOR 2511 P,
S FRRNEISGD oA 94111 -3034

paTEMAILED: 0714797

This is in rasponse to the Power of itomey filed M .

{1 1. The Power of Attorney fo you in this apptication hasg been revoked by the applicant. Future correspondence will
bo malled to the new address uf vacord. 37 CFR 1.33.

ﬂ,é. The Power of Attorney to you in this application has been reveked by the assignee who has Intarvened
as provided by 37 GFR3.71. Future conrespondence wil be mailed to the new address of record. (37 CFRA 1.33).

0 3.The withdrawal as attomney in 1his appticafion has bean accepted. Future correspondence will be malied to the
new addrass of vecord. 37 CFR1.33.

MThe powar of Attomey in this application 18 accepted. Correspondence in this application will e malled to the
pelow-noted address as proviced by a7 CFR 1.33.

1 5. The Powsl of Attomnay in this application is not accepted for the reason(s) checked below:

0 a. The Powey of Attorney ie from an assignes and the Certificate required by 37 CER 3.73 (b) has not baen

recaived.

[1 b. The persan signing for {he assignee has omitted their empowerment to sign on behalf of the assignes.

O ¢. The inventor{s) is without autherity 1o appeint attorneys since tha assignae has intorvened as provided by

a7 CFR 3.71.
O d. The signature of

, a co-inventor inthis

application, has been omitted,| The Powsr of Attorney will be antered upon receipt of confirmation signed

by sg\ld co-inventor,

0 e The person(s) appniniec& in the Power of Attorney is not registered to practice pefora the U.S. Patent & .

Trademark Office.

0 . The revocation is not signed by he applicant, tha assignas of the entir Interest, or Q0E particular principal
aitorney having the ‘authority to revoke.

r SHAPTRO AT SHAPTRY '—L
1100 Wil SN BLYD. » gTE. 1791
ARLINGTON ya L220%

L

Thisis & i
patent and Tradarmark {ftce

A

e emne ~ABRY N THE APPUCATiON FILE COPY A !
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PATENT APPLICATI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE _557} 77

¥In re the Application of:
Gerald J. BANKS
derial No.: 08/410,200

Filed: February 27, 1985

Group Art Unit: 2511

Examiner: T. Fears

For: ELECTRICALLY ALTERABLE NONM-VOLATILE MEMORY WITH

N-BITS PER CELL

POWER TO INSPECT AND MAXE COPTES

Asgigtant Commissioner for Pstents

Washington, D.C. 20231

8ix:

= *

RECEIVED
MAY 9 9 1997
GROUP 2500

.

Kindly permit Elliott R. Greenwald of Elliott R.

Greenwald and Associates to inspect and make copies in the

abov¥e noted matter.

ABR:Imb

1100 Wilson Boulevard
Suite 1701

Arlington, Virginia 22209
Tel: (703) 276-07C0

May 9, 1937

Reapectiully submitted,

SHAPIRO AND SHAFPIRO
Attorneys for Applicant

nys CALZE

Andrew E. Rawlins
Reg. No. 34,702
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i g; . FTT/SA/S2 (8.96)
. ) Approvedior use R5/30/99, OMB 0651.0035

N Patent lnd'l"ruhmuk Office; U.S. DEPARTMENT OF COMMERCE.
Unsder the Paperseork Reducian Act of 1995, no persons wo wquizrd ¥ & collfection af informetion unless it displays ¢ valid OMB coatot timkber,

Docket Number (Optional)
REVOCATION/APPOINTMENT OF POWER OF ATTORNEY

OR AUTHORIZATION OF AGENT 181414/Us
In e Application of
G.J. Banks
Application Number ﬁ],;gd
08/410,200 02/27/85 -

Croup Art Uit | Exaniner
2511 T.W. Fears

To: Assistant Commissioner for Patents
Washington, DC 20231

1. |:| [ hereby revoke all previous powers of attorney or anthorization of agents in the above identified
application.

2. [ bereby revoke less than 2 1 previous powers of atiomey or anthorization of agents in the above
- application. Revocation apjlies to the following person(s): {give name(s) and registration number(s)})

3. [K]uwe hereby appoint the following person{s) as myfour attoraey(s) or agent(s) to prosecote said
application, and to transact all business in the Patent and Trademark Offiee connected therewith:
(give name(s) and registration mimber(s))
Andy Rawlins Reg. No. 34,702
Shapiro & Shapire
1100 Wilson Boulevard, Suite 1701

Arlington, VA 22209
4 []1ke conesponﬁenoc address is NOT affectad by this commumication.

(%] chan the corresponderice address and direct all fotuze correspendence to:
Andy Rawlins

Shapiro & Shapir>
1100 Wiison Boulavard, Suite 1701
Arlington, VA 22209

Tam the:

Claguticantts) (signatures of ell applicants are required),
Assignee of record of the entire interest.
Centification under 37 CFR 3.73(b) E] isenclosed.

—— m has already been filed in this application.
: PO 2 D Oub‘)a:[' Address: BTG USA Inc. »
Signa 2200 Renaissance Boulevard

Madhuri H. Malkani, Sr. VP & Gulph Mills, PA 19406

Typed or printed name General COuRsEl

Buisden Tour Stement: Ths torm i estimate {10 take 0.2 horrs to compicte, Time will needs of the individual case,
Any commenty on the amount of Hme you are required © com) this form thould bo s:nm :h: hxmmon Officer, Fatent nd
rld::mark Office, Wuhingtou. b l DQ TSEN'D OR CUMPLETED FORMS TO THIS ADDRESS. SEND TO: Axsistazt

for Patzaty, ¥
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UM 2 - 1997 S
' : GROUP 2200 A-8753 a@é

PATENT APPLICATION @%6@
& T
'\ THE UNLTED gTATES PATENT AND TRADEMARK. OFFICE

in re the Application of:

gerald J. BANES

gerial Mo.: 03/410,20‘0 group Art Unikt:s 2511
wiled: February 27, 1995 Examiner . Fears

For: 'ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH W-BITS
PER CHLD '

#* £ ¥

INFORMATION DISCLDSURE STATEMENT

Aggistant Commiasioner for Patents
Wasghington, n.c. 2023%
gir: ’ N

?ursua&t to 37 C.F.R. § 1.58, and without any apsertion
as to materiality or prier art effect: the documents listed
oﬁ the attaghed Form pTO-1449 are hereby aited.

A check for £230.00 18 attached to COVEX the fee set
forth in 37 C.F.R. s 1.17(p) -

respectiully gubmitteds

SHAPIRO AND SHAPIRO
attorneys for Applicant

ABR:alil !
1100 Wilson Blvd. M{' % !
cuite 1701 By: ° :
Arlington, VA 22209 andrew E. Rawlins ;
(703) 276-0700 a2, 3O 34,702

ws R bl
’ May 15, 1997 ) %? Fipoag y
S
| \
e T — el e T )
1
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Page 1 of 7

- - Atty. Dockel Ho. gerisl HWo.
B A-B753 i 08/410,200
. Applicant

Gerald J. BANKS

Filing Date Group
February 27, 19295 |2511

Exeminer Documsnt Numbesr class | &% | Filiag Pate
AA| 4,192,014 | 03/04/80 [Craycraft - 365 | 104
[ |ar| 4,357,685 | 11/02/82 |Daniele et al. 165 | 189
T |ac| 4,964,079 [10/16/90 [Devin 365 | 168
.| |an]| 5,172,330 | 12/15/92 |Mehrotra ot al. 365 | 185
AE 5,,;1{2,984 11/16/93 |Noguchi et al. 365 | 185
AF}}{,BDLBG!; 04/02/74 |Reller et al, 340 |173R
4,008,159 | 01/78/77 |Rai et al./ 307 ] 238
aH| 4,054,864 | 10/18/77 [Audaire ot al. 340 | 173R
I AI| 4,090,250 | 05/16/78 |Cricchis 365 | 184
/ | [a5] 4,122,541 10724778 |Uchiaa’ 365 | 154
/7 AK| 4,139,910 | 02/13/79 |Anantha et al. 365 | 183
‘?["ni‘“éi ox Posument Number |  Date countey C\qsa Sun | rramslation
AL |W082/02276)07/08/82 [wiro [/ \ \
ax | W08B2/02976 | 09/02/82 [WIPO 4 \ \
AN |W090/61984 | 03/08/90 wiro/ \ \
\ AOQ 2{#&30 574|10/27/89 Fr%ce \ Abptract
\[2p| © 390 40¢|10/03/30 |Burope ‘| \
\
M. Bauer 2t al A Multilevel-Cell 32Mb Flash Memory, 1995
AR TEFE Internatichal Solid-State Circuits Conference, Sesgion
@44" 7, Paper TA}W.
/ I John A. P1§€rliss et al., The Interface Drocessor for the 32b
f\'ﬂ/ ?é Computer, 1981 IEEE Intérnational Solid-State Circuits
! Conferencs, February 1881, at 116-117.

Examindr // /’v ’_‘// Dnta‘?l:cij;.djarad

EXAMINER: Initial if reference considered, whether o',r oot citation ie in conformance
with MPEP 609; draw line through citation i1f not in conformance and not considerad.
Includa copy of this Fform with next communication to Applicant.
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o B o - page 2 of 7

AtLy- pockat Ea. 7 Zerial No.

08/410,200

|
" 3-8753 .~

¥ORM PTO-1248 . Appliceut j
Gerald U. BANK !
{gT OF DOCUMENTS CITED BY APPLICANT

LIST OF DOCUMBERIS

Filing Date
vebruary 27. 1985

Exaniner
Initial

4,149,270

09/01/8%

Chak.ra.vart,i at al.
a7 jen{mermen 9f e
FEV7 /T o A E SR ECN
T T R ECE ETR
s/ oo | 265 | 4 ]
Sub-

R
pate Counkry Class olass

4,287,570

4,327,424
4,3eq§702

Tranglation

Initial

christoph pleiker & Hans Melchior, A Four-State FEPRCM Using
,’Floating-Gate Memory Cells. IEEE Journal of golid-State
circuits, vol. 8C-2Z, No. 3, June 1987, at 260-263.

e
nd A. Heald & pavid A. Hodges. Multilevel Random-Access

1 j{ Raymo
S* Memory Using One rransistor Per Cell, IEEE Journal of Solid~
{ State cipreuits, Vol. sC-11, No. 4,;August 1976, at 519-528.

Examiner / (l,/]L Date cona?ared

EXLMIN‘ER:" nitial if refexence conaidarad, whethar or not citation ia in conformanca
with MPEP §0%; draw line through citation if not in conformance and not aongidered.
include cOBY of this form with next communication toe Applicant.
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; i ' Page 3 of 7

) REty. Dacke{: Ho. Serial Ho.
' A-B753 08/410,200
FORM B"T0-1449 Applicant

Gerald J. BANES

LIST OF DOCUMENTS CITED BY APPLICANT

Piling Date Gronp
February 27, 1995 2511

Sub-

Exaniner Documant Kunber pate Kame class | S0 | 7iling pate
f AR~ ]| 4,495,692 {01/22/85 Sheppard 365 104
AB" | 4,503,518 | 03/05/85 | Iwahashi 365 | 104
ac* | 4,558,241 | 12/10/85 | Suzuki et al. 307 | 530
N AD" 4,5?}3777 03/25/86 |Fang st al. 365 | 184
Ay e 4,585,163 | 04/29/86 |Roike 365 | 104
) aF~ |/4,627,027 |12/02/86 |Rai et al. 365 | 45
] A/ | 4,653,023 | 03/24/97 | Suzuki- et al. 365 | 104"
#a* | 5,661,929 |04/28/87 [AckL et al. 365 | 189
A{AL" | 4,709,350 | 11/24/87 [Nakagome et;al. 3657 | 45
"n3* | 4,733,394 [03/22/88 [Giebel [ 31 | 21
“lak~1 a,771,104 | 09/13/88

Mano et 1. 365

E‘;Ex:;;i;:lr Pocultent ¥umbex Date Country Clasg ﬂ‘g’;s Tranglation

Dagv:.d A. Rich, A Survey of Multivalued Memories, IEEE !
fN‘/]Y AR” Transactions on Computers, Vol. C-35, No. 2, February 1986,
' At $9-106. .
ij R.8. Withers et al., Nonvolatile Analgg Memory in MNOS
N\k A8" |Capacitors, IEEE Electron Device Lettgrs, Vol. EDL-1, No. 3,
/ [|march 1980,/at 42-45. ‘

Examinaer /(\ 'f Data Considerad
7 7
EXAMTINER: Initial if reference considerad, whether or not citation is in conformance|

with MPEP 609; draw line through citation if not 1n conformance and not considered.
Include copy of this form with next communication to Applicant.
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page 4 of 7

=
- Atty. Dackat Ho.-

garial Ho-

Examiner
fnitisl

gxaniner
Iniclel

FORM ETO-1448

LIST OF DOCHNMERLS.

A-8753

Applicant
@Gerald J. BANKS

IS8T OF DOCUMENTS CITED BY APPLICANT
piling Date

February 27«

pogument Wusbaz

4,799,185

Iwahashi at al.
¥obatake

e o
Gereleme |

04/03/90 |Johnacn at al.
os/omlw

08/410,200

1995 2511

e |
o

Translation

TInclude

Examinex /]/V‘/

rnitial i
wikh MPEP 609; draw

sopy of this

Date CDnsidéred

o Vi

f reference consldered, whethe:
1ipne through citation if mob i
Form with next communication to AP

r or not citatiol
n conformance an
plicant.

n iz in conformancs
& not considered.

T

L AR SR
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Page 5 of 7

i‘ o Aty Docke{:. o . Seriel Ko.
A-8753 08/410,200
FORM PTO-1449 Applicant

Garald J. BANKS
LIST OF DOCUMENTS CITED BY APPLICANT

¥iling Date Group
February 27, 1935 |2511

ey pocument Hunber Date Hame Class piling Date
AR’ 5,268,870 | 12/07/93 |{Harari 385 218
( AB’ | 5,293,560 | 03/08/94 [Harari 365 | 185
\ |ac’ | 5,321,655 | 06/14/94 | Twahashi et al. 365 | 200
Mi AD* | 5,351,210 | 09/27/94 |8aito 365 [189.01
AT\ |am‘ | 5,422,845 | 06/06/95 |ong 365 | 185
AP’ | 5,432,735 | 07/11/55 |Parks et al. 365 | 168
Ac’ | 5,434,625 | 07/18/95 |Harari. 365f” 185
AH‘ | 5,440,505 oa/g!'s/ss Fazio et al. 3§.5'r 45
AI’ | 5,444,656 | 0822/95 |Bauer et al. 355 [189.01
a3’ | 5,450,363 | 09/12/95 |Christophezaon ot al. | 365 | 205

5,457,650 | 16/10/95

Su.giu:;:a et al.

Examiner

Tnitinl Document Nigber

Translation

AL"

AM

AP
AQ’

AS’

AT’

Examinar /14\{ l:f‘a\:e Conaiderad
7/ -1
L 7

t

EXAMINER: Initial ii‘reference considered, whether or not citatien is in conformance
with MPEP 609; draw line through citatien if not in conformance and not considered.
Tnelude copy of this form with next communication to Applicant.

Page 129 of 235 PETITIONER'S EXHIBIT 1002



Page 130 of 235

Page 6 of 7

FORM ETO-1449

LIST OF DOCUMENTS CITED BY¥ APPLICRENT

Atty. Docket Kb, Seria¥ No. i
A-8753 08/410,200
Applicant )
Gerald J. BANWKS

Filing Date Group

February 27, 1995 |2511

5,544,118

Examiner

Decument Nurber Data

Framines Document Nuvber Date Bub- | pi1yng pate

|2~ 5,469,384 [11/21/85 [Lacey 365 |185.13

aB-| 5,475,693 |12/12/95 |Christopherson et al. | 3713 10,2

AC~ | 5,485,422 | 01/16/96 |Bauer st al. 365 | 168

AD- | 5,497,119 | 03/05/96 |Tedrow et al. 327 | 540

| | [am~] 5,506,813 [04/09/96 |Mochizuki et al. | 365 |230.03
_W AF-~ | 5,508,958 | 04/16/96 |Fazio et al. ‘365 | 185.19
Y |ae- | 5,515,317 [ 05/07/96 |Wells et aly 295 | 427
at- | 4,523,972 [ 06/04/96 |Rashid et dl. 365 |185.22

AI-f 5,539,630 |07/23/96 |Talreja ot al. 365 | 185.22

af- | 5.541,836 [07730/96 |Hasbun 365 | 230.01

2K 08/06/96 |Harari 365 | 218

Translation

with MPEP 609;

Initial P claag

AL~ __J/’/”"

AM~ A

e

AN~ '_,/'J

AQ-~

AS~

AT~ .

'k[\
Examiner Pate Lonsiderad
ATV N

EXAMINER: Initial if reference considered, w.‘rf/ather or not cltation is in conformance

draw line through ciltation if net in conformance and not considsred.
Include copy of this form with next communication to applicant.
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rage 7 of 7

FORM PTOQ-1449

LIST OF DOCUMENTS CITED BY APPLICANRT

CITED Dr s Zlhswiins

v Atty. ‘Dockei-: Ho.
A-8753

) gorial Ho.
08/410,200

hpplicant
Gerald J. BANKS

Filing Date
February 27, 1985

i":fé‘:‘;‘ pocement Kuther S| pi1ing Date
{ane| 5,550,772 08/27/96 | 611 | 365 |185.03

] AR% 5,568,,4;;—' 10/22/96 |Harari 365 218

| aow| 5,583,812 |12/10/96 [Harard 365 |185.33
an% | 2,594,691 | 01/14/97 |Bashlxr 365 |189.09)
253 5,506,527 | 01/21/97 |Tomioka et al., | 365 |185720
#.; 3,660,819 | 05£02/72 Frohwsn-Bentehkowsky | 317 J235R

- Jace] 5,295,255 03/15/94 [Maleoek ok al. 395 | 425

7 AT
agé Y
Py

Examiner pocunsnt Funber ato Country Class | SPB | Trenslation
aLe 1
RM¢ .
RO¥ :
AP

/

Examiner

EXAMINER:
with MEEP 603;

Include copy of this

Date cgnsidajlad
e

Initial if refereﬁce congidered, whg'char: or mot eitation iz in conformance

draw line through citation if mot in conformance and not considered.
form with next sommunication to Applicant.
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A-8T53
PATENT APPLICATION
v

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Application of:
derald J. BANES
gerial No.: 08/410,200 Group Art Tnit: 2511
Filed: February 27, 1995 Examiner: T. Fears

For: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH
N-BITS PER CELL

4 LG
~ | %ﬁ

LETTER PROPOSING DRAWING CHANGES - ﬁ3

, i o W

agpistant Ccmmissioner for Patents ot ?@1
Washington, D.C. 20231 o "o
4 T i c::}
ATTENTION: Official Draftsman o ) >
' (214 b

sir: % &

attached are prints of Figs. 2, 6-8. and 15-20 showing
proposad,chungeﬂ in red., Upon receipt of the approval of
the gxamipexr and a Notice of Allowance. the changes will be
made formally. o
Respectfully gubmitted,

SEAPIRC AND SHAPIRO )
Artorneya for Applicant

MWE : JTW: 1nib -
1100 Wilason Bilvd. N
guite 1701
Arlington, VA 22200 By: 2L
Tel: (703) 276-0700 Mitchell W. shaplr

Reg. No. 31,568

June 17, 1997

certificate of Mailing

T hereby certify that this correspondence ig being deposited
with the United states Postal gervice with gufficient postage as
first clags mail in an anvelobea addressed to the Assistant
Commissioner for Patente, Washington. p.Cc. 20231 on

June 17, 1947.

e T e — - -
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n-873%3
PATENT APPLICATION

IN THE UNITED STATES PATENT .A.ND PRADEMARK OFFICE !

in re the Application of:

- gerald J. BANKS \ \ﬁ

gerial No.: ng/410,200 group Art ynit: 2511
riled: February 27. 1995 Bxaminer: T. Fears

Fori 'EI:EC’.TRICALLY ALTERABLE NON—VDLATILE MEMORY WITE
b K-BITS PER CELL ' ’

)
pETITION FOR EXTENSION OF TIME @ﬂ =
pETITION FOR ERTRESSLE-SS—00 ol ﬁ‘i
. e - ?“"‘
o Amslstcant Commi ssioner £or pPatents %& = g
Waghington. 5.0, 20231 o Z
. o3 et
Sirs %‘j = O
2

It ias regpectfully requested that the time now set for
response be exténded} ratroactively, by three monthe. The
required petition fee for a small entity is gubmitted
herewith. The Commigsioner ig hereby authorized to charge
any fees undar 37 C.F.R. §§ 1.16 and 1.17 that may¥y be
required py this papeT tﬁ Deposit Account ¥o. 19-1510.

Rrespectfully gubmitted,

SHAPIRO AND SHAPIRO
atzorneys for Applicant

A

Mitchell W. Shapiro
1100 Wilson ‘Blvd. Reg. No. 31,568
suite 1701

Arlington, virginia 22209
Tel: (703) 276-0700

WS 1 1ob By

June 17. 1997

-
Cartificate of Mailind -
]
1 heraby certify that tghis corraspondence ias pELng deposited with
the United stat.as postal gervice with aufficient DpOB ge ad first clasd
mail in an envadlope addresped to the Assistant Cormidsionar £or Patents,
washington, p.c, 20231 en June 37. 1 1.

2,
Mitchell ghapiro

01714/193
ol F(I'.‘t"’.‘i.?7
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A-B753
PATENT APPLICATION
IN "HE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Application of:

Gl
Gerald J. BANKS - I?’Q}
Serlial No.: 03/410,200_ @Group Art Unit: 2511 !cl)'
. Filed: February 27, 1935
For:

Examiner: T. Fears
ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY
N-BITS PER CELL

WITH

AMENDMENT
Agsistant Ccmmissioner for Patents
Washington, D.C. 20231
girs

ot
QEAER

e
g

2

[
In rezﬁonﬁg’to the 0ffice Action mailed Decémber 17,

1996, pleage amend thieg application as indicated below.

IN THE DRAWINGS:

Please delete Figs. 15-20.

IN THE SPECIFICATION:
' k Page 1:
line 5{/:;;nge "econtinuatien~in-part® tg
) --division--;

:z -
¢ ar
line 15, change "providing®” to ‘—progrg?ming and/or

verifying programming of-[- and dhange devide's to
~~device.--;

line J.S,/ielets the line in its entire@v.

g
O
K

Page 144 of 235
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Page 2: ////

line 28, delete "A limitation with the";
lines 29-33, delete the lines in their entirety.
Page 4:
line 8 change "statea" (first occurrence) to
--gtates,~- and delete the remainder of the line.

lines 9;&;,ﬁdeleta the lines in their entirety.

Page 5: . V//// -

lines 12-37, delete the lines in their entirety.

bPage 6: /

linea 1-2, delete the lines in their entirety;

lines 30-33, delete the lines in thei® entirety.
Page 7:

. after line 3, insert the following paragraph:

--Flg., 10 is a timing diagram which 1llugtrates the
Qikf voltage threshold of a 2-bit per cell EANVM being erased
from a fully programmed (0,0) state to one of the other

three possible states.--;

lines 16-34, delete the lines in thelr entirety.
line 22, delete "conventionalr;

line Zii/ielete "conventional?.
2

Page 8:

PETITIONER'S EXHIBIT 1002



Page 9: y////

line 4, change "a-control" to --a control--.

Page 12:

line 1Zf/:;ange ugn tg --"1%--;

line }}// fter "in!" insert --connection with--.

Page 13: J////

line 121/change w4 fo --3--;
line ﬁ}%/éhange n]1066" to --168--.

line 8, delete "in voltage®;
iin: 9(/change ¥1L06" te --168--;
line 14{ dalete "in voltage™:
line 13 change "106° to --168--;

line , change "106" to --168--;

7 a
line 7, after "in" ingert ~-connection with--~;

line ﬂﬂf/change ", During" to --. During--;

line 2] delete "25";

line ;s,/delete naang

line }Sf/change "Yref2¥ to --Vrefd--;

: linafz{, change "vrefl" to --Vref2-- and delete

H forll H

line }ﬂf/delete nthe other specific

levelal.

Page 146 of 235
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page 15t /
line & delete ®20%;

line/z{’dalete nig is intendéd that";
line ¥7f/dalata the gemicolon LI
line 14f,change wipst kLo --168--7
line %5{/¢hanéé ngv to -—3--1i

line Iﬁf change "I 1/0" to el T/O--2
line sz change nghe to --an--i

1ine }éf/change wg202" to 202~
line 37{/change n106" to-~~168--+

" page 16:

1ine 5, change w306 to -106 constitutes the bit

e ———
P?b 1ine and";

-

1ine/j4/change w106™ to --168-- and chﬁnge tthe"
to --@a--i B
line B{/;;;er nep® ingert --a-°-"F
1ine 29, change wprogram voltage gwltch" to
- -program voltage gwitch--;
line ;Z,/change sy06" to L-1E8--;
1 - line gkf/aftar ugp4t insert jL(n = 2 in the
‘ M\ 4i11“9trative_E2EEl:LL_,__,_____,__F___________mﬂ___ \
- e
line ig,rchange 106" to _-168-~ and change wgr to

N ¢

"

‘\\

;‘.ﬂ.MMM’M'

Page 147 of 235
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Page 17:
line 3, changs "4" to --3--.
line,éﬂf/changa villustrated by" to --will be

appreciated from--,

Page 18: T~

line 34, change "216" to --106--.

Page 19:
line Ange u106" to --168--;
line 7, change "222" to --202--;

line 1 thange "Although® to --More gemerally--.

Page 20:
line ZﬁT/Zhange wyref3® to --Vrefi--;

line ;pf’change "duration” to --durations--.

-

. bage 21: .
lina 13, after "160" insert f—, which represents the
W% current contentz of the EANVM cell 102,--;
~ line 1l4r delete "ocurrent contents of the EANVM cell
H 1p2v
lines zowﬁ///;elete the lines in their entirety.
Pages 22-3 ////
Deletia the pages their entirety.
—_—
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Page 28: /

lines 1-36, delete the limes in their entirety.

IN THE ABSTRACT OF THE DISCLOSURE:
Pleasa mubsatitute the abstract on the appended separate

sheet for the original. abstract.

IN THE CLAIMS:

Please carncel Claims 2-23 wlthout prejudida.

10
11
12
13
14
15
16

17

1., (Amenced)} A multi-level memory device comprising:

[a] an glaﬁt?icallg alterable non-veolatlle multi-lavel
memory cell [means] for storing input information in a
corresponding one of [for an indefinite period of time as a
discrete state of zaid multi-level cell means, said memory
cell means storing information in] K" predetermined memory

states of saild multil-lsvel memory cell, where X is a bage of

a predetermineéinumber gaystem, [and] n ig a number of bits
stored per c¢ell, [wherein] and K* > 2;
memory cell programming means for programming said multi-

level memory cell [means to a memory state correaponding tol

in acgordance with said input information;

raeference voltage selact means for selecting one of a
plurality of reference w eg _in accordance with gaid

input information, each cof said reference voltages

correspondimy to a different one of saild predetermined

memory states; and :
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18 comparator means for comparing {gaid memory statel 2

19 voltagse of said multi-tevel memory cell with the gelected

20 Le_g_ggg;_c_@,ﬂ’l.;a_c@ [means with said input infor;l)ation, agaid
21 input information corresponding to one of a plurality of
{\ 22 reference voltagesl. aaid comparator means Further
% 23 generating a control signal ipdicating whether the state of
24 gaid multi-level memory call ig the state corresponding
25 [indicative of maid memory state ag compared] to ‘said inpubt
26

informatlon. —",,///‘

]/ . please addl the following claims:
L r -
L --24, A device according to Claim 1, wherein each memoXy
2 gtate is bounded by one ot more voltage values, and each
3 reference voltage aiffers from the voltage value or values
‘(,;D 4 bounding the corresponding memory state.--

-G Multi-leval memory apparatus, comprising

1

2 an electrically alterable non-volatile mewoxry cell having
3 more than two predet.eminad memory states;

4 a selecting device which gelects one of a plurality of

5 " yeference signals in acccordance with information indicating
[ a memory state to which said memory cell ia to be

7 programmed, each reference signal corresponding to a

8 different msmoTy gtate of said memory cell: and

9 a comparitor which compaxes & gignal correaponciiug to the
10 atate of said memory cell with the aselected reference signal
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to verify whather gald memory cell is programmed to the
state jndicated by paid information.--
H
.26, Apparatus according to Clain 257 wherein sald
comparator compaxres a bit line gignal of said memory cell
with the gselacted rafarence gignal.--
5
--3237 apparatus according to Cclaim 25, wherein said
comparator gompares a bit line voltage of gald memory cell

with a voltaje of the gelected reference signal.--

- =287 Multi-level memory apparatus, comprising:

an electrically alterable non-volatile memory cell having
more than twe predetermined memory states;

a selectirg device which galects one of 2 plurality of
referenceAsignéls iﬁ ageordance with informatibn indicating
a memory utate to which sald memoxry cell is to be
prog;ammed, sach reference slgpal corresponding to a
diéfarent memory state of said memory eall; and

a verifying device which detecta a parametey indicating
the state of said memory cell and verifies whether gaid
memory cell is programmed to the state indicated by gaid
information aged on the detected parameter and the selected

reference sigmal.--

s
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1 --297 Apparatus according to Claim 2€, wherein said
2 verifying device detects said parameter at a bit line
3 terminal of sald memory cell.--

4

1 --30. Apparatug according to Claim 2%, wherein said

2 parameter is a bit line voltage of said memory cell.--

1 --2T. Multi-level memory apparatus, comprisilng:

2 an electrically alterable non-volatile memory cell having

. 3 more than two predetermined memory states;
4 a selacting device which selects one of a plurality of
5 predetermined raference signals in aceordance with

%(-L' [} information indicating a memory state to which said memory

7 cell is to be programmed, each reference gignal

B corf;aspohding to a different memory state of =aid memory
9 cell; ' \

10 a programming signal socurce which applies a programming

11 signal te sald memory cell; and

12 a comparator which compares a signal correspeonding to the
13 gtate of 2aid memory cell with the selected reference asignal
14 to verify whether ‘said memory cell is programmed to the
15 state indicated by paid information.--

1% A4
1 --#%. BApparatus according to Claim 31, wherein zaild
2 comparator comparee a bit line eignal of said memory cell
3 with the selected referencs signal.-- )

bl

1

|
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L
--35- Apparatuf according to claim %7 wherein said

comparator aompares 2 pit line voltage of said memory cell

with a veltade of the selected reference pignal.--

12
-

Multi-level memory apparatus, comprising:

an electrically alterable non-volatila memory cell having
mora than two predeterhined memory statesi

a selecting device which gelects one of a plurality of
referanca gignals in accordance with information indicating
a memory gtake bO which aaié memory cell is to be
programmed, sach reference gignal correaspending to a
different memory state of said memory cell:

a programming gignal source which applies 2 programming
signal tO sald memory cell; and ‘

a verlfying device which detects 2 paramester jndicating
the state>oflsaid memory cell and which veriffes whether
gald memory cell 18 programmed to the state indicated by
sai@,information based on the detacted parameter and the
seiected raference aignal.--

1 {3
_.a%, Ahpparatus according o claim 3%, wherein said

verifying device detects said parameter at a bit line

terminal of gaid memory'celi.—-

W

1%
__34. Apparatus according to claim 4%, wherein said

parameter ig a bit 1ine voltage cf sald memory cell.--

10
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--37. Multi-level memory apparatus, compriging:

an electrically alterable non-velatile memory cell having
more than two predetermined memory states;

a selecting device which selects one of a plurality of
reference gignale in accordance with information indicating
a memory state to which said memory cell ia to be
programmed, each referénce gignal corresponding to a
different memory state of maid memory ocell;

a programning signal socurce which applies a programming
gignal to said memory cell; and

a vontrol device which contrels the application of said

programming &ignal to sald memory cell based on the selecied

reference signal.--

4 15

~~3€., Apparatus according to Claim 3%, wherein said
control devié; detects a parameter indicating the state of
said memory cell, verifies whether gaid memory cell is
programmed to the state indicated by said information baszed
on the detected parameter and the selected reference asignal,
and controle the application of said programming signal'to
said memory cell based on a result of the verification.--

v 15

~-3%. Apparatug according to Claim &7, wherzein gaid
control device compares a slgnal corresponding to the state
of said memory cell with the selected reference pignal and
contrels the application of gaid programming sigpal to said
MERmOTyY cell hased om a result of the comparison.--

11

PETITIONER'S EXHIBIT 1002



1%

1 --40., bApparatus for verifying programming of an
2 electrically alterable non-volatile Ememory cell having more
3 than two predetermined memory states, comprising:
4 a gelecting device which selects one of a plurality of
5 reference signals in ;ccordance with information indicating
6 a memory state to which said memory cell is to be
7 programmed, each reference signal corresponding to a
8 different memory state of said memory cell; and
R 9 a comparator to compare a eignal corresponding to the
10 state of said memory cell with the selected reference aignal
11 ’to verify whather said memory cell is programmed to the
12 state‘ indicated by said information.--

1 --&t. Arparatus according to Claim &&, vwherein the

db 1 | , 19
}

2 signal corrssponding to the state of said memory cell is a

3 bit line aignal of gaid memory cell.--

1 —--zj". Apparatus according to Claim )(46‘, wherein the
2 signal corresponding to the state of said memory cell is a.l
3 . bit line veoltage of maid memory cell.--
24
1 --48. DApparatus for verifying programming of an
2 electrically alterable non-velatile memory cell having more
3 than two predetermined memory states, comprising:
4 a selecting device which selects one of a plurality of
5 reference uignala in accordance wilth information indicating

12
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11

a memory sbate to which said memory cell ias to be
pregrammed, =2ach reference signal corresponding to a
different memory stéte of gaid memory cell; aﬁd

a verifying device to detect a parameterrindicating the
ctate of said memory cell and to verify whether said memory
cell is programmed to the state indicated by said
information based on the detected parameter and tha galected
reference signal.--

f? : - 2!

--44. Apparatus according to Claim 43, wherein gaid
parameter is a bit line signal parameter of gaid memory
acell.--

) 24

-~457 Apparatus according to claimﬂdazrwherein zaid
parameter is,a bit line voltage of sald memory cell.--

A

--48. Apparatus for programming an electrically
alterable non-volatile memory cell having more than two
predetermined memory states, comprising:

a selecting device which selects one of a plurality of
‘predetermined reference signals in accordance with
information indicating a memory atate to which said memory
cell is to be programmed, each reference gignal
gorresponding to a different memory state of =aid memory
cell;

a programming signal source to apply a programming signal
to said memory cell; and

13
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12 a comparator to compare a gignal corresponding to the
13 gtate of said memory cell with the selected reference gignral
14 to verify whether said memory cell is programmed to the

15 state indisakted by said information.--

1 --?r . hpparatus according to Claim 465 wherein the

2 gignal corresponding to the state of gaid memory cell ias a

3 pit line si¢mal of said memory cell.--

2 2
1 --4%., Apparatus according to Claim 467 wherain the
2 signal corresponding to the mtata of gaid memory cell is a

3 ‘bit line voltage of sald memory cell.--

Loz -

1 1.45: Apparatus for programming an electrically

2 alterable n.gnivolatile memory cell having more than two

3 predetermined memory states, comprising:

% _a selecting device which melecta one of a plurality of

5 reference kignals in accordance with information indicating
6 a memory dtate to which gaid memory cell is to be

7 programmed, each reference asignal corredponding to a

8 different memory state of said memory cell;

] a progrermming gignal scurce to apply a programming signal

10 to gald memory cell; and
11 a verifying device to detect a parameter indicating the
12 gtate of said memory cell and to verify whether said memory

13 cell ie programmed to the state indicated by said

14
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information bhased on the detected parameter and the gelected
reference signal.--
2% 27
-=-547 Apparatus according to Claim 4%, wherein =aid
parameter is a bit line signal parameter of said memoxy
cell.--
21 7
--81. Apparatus according to Claim 4%, wherein sald
parameter ie a bit line voltage of gaid memory cell.--
40 .
-—&2. Rpparatus for programming arn electrically

alterable non-volatile memory cell having more than two

'brsdetermined memory states, comprleing:

a aselecting device which selects one of a plurality of
reference signals in accordance with information indicating
a memory state to which said memory cell is to be
programmed, each reference signal cerresponding to a

different memory state of said memory cell; N
l a programming signal gource to apply a programming signal
to said memory cell; and

a control device to control the application of said
programming signal to gald memory cell based on the sslected
reference gilgnal.-- .

2\ 20

--E%, Apparatus according to Claim 52, wherein said

control device is congtructed to detect a parame;er

indicating the sate of sald memory cell, to verify whether

15
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gald memory zell is programmed to the state indicated by
gaid information based on the detected parameter and the
pelected refarence signal, and to control tha‘application of
said programning signal to gaid memory cell baged on a
repult of the verification.--
22 3o
--54, Apparatus according to Claim &2, wherein sald
gontrol device is constructed to compare a signai
corresponding to the state of gaid memory cell with the
gelected refereﬁce signal, and to control the applicatlon of
paid programming signal to said memory cell based on a
result of the comparison.--
ﬂzg
--5%, A method of verifying programming of.am
elactrically‘altarahle non-volatile memory cell having more
than two predetermined memory states, said method
goﬁéfising:
aeleéting one of a plurality of reference signals in
accordance with information indicating 2 memory state to

which said memory cell is to bhe programmed, each reference

‘signal corresponding to a different memory state of said

memory cell; and

comparing a signal corresponding to the state of maid
memory cell with the gelected reference signal to verify
whether said memory cell is programmed to the state

indicated by said information.--

is
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24 23,

-6, A method according to Cclaim 8%, wherein gald
comparing inpludes comparing & pit line signal of gald
memory cell with the selected reference agignal.--

2%

25
-.57. A method according to Claim 5%, wherein said

comparing includea comparing a bit line wvoltage of said

memory cell with a wvoltage of the selected reference
gignal.-~
ﬁstﬂ

-.5%. A method of verifying programming of an
electrically alterable nen-volatile memory cell having more
Ehan two predetarminad memory states. gaid method
comprising:

sélecting one of a plurality oi reference aignals in
accordance wiéh information indicating 2 mamo;y gtate to
which said memory cell is to be programmed, each referencs
sighal corresponding to a different memory state of said
memory cell;

detecting a parameter indicating the state of mald memory
cell: and

verifying whether gaid memory cell ig programmed to the
state indicated by said information baged on the detected
parameter and the selected reference gignal.--

¥ 3l

- .55, A method according to Claim 58, whereln said
parameter is &etectadlat a bilt line terminal of said memory
cell.-- '

17
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1 -.6e, A mathod according to Claim 5%, wherein said

2 parameter ig a bit line voltage of said memory cell.--

1 --%T. & method of programming an electrically alterable l
2 non-volatile memoXy cell having more than two predetemined !l
3 memory atated, gald method comprising:

4 gelecting one of a plurality of predetemined reference

5 signals in ascordance with information indicating a memory

6 atate to which said memory cell -is to ba programmed, each

7 referenca aignal coxresponding to & different memory state

8 of gald memoxy aall;

9 applying a programming slgnal to said memory call; and

10 comparing a gignal correaponding to the state of said

. A
11 memory cell with the selected reference gignal to verify

B

12 whether said memory cell is programmed to the state

13 indicated by sald informatiom.--

1 --ig’. Avmethc:d according te Claimiz:, wherein said
2 comparing insludes comparing a bit line signal of gald
3 memory cell with the selacted refarence signal.--

Wi 29
1 --%%. A method according to Claim-€%, wherain said
2 comparind jneludes comparing & bit line voltage of said
3 memory cell with a voltage of the selected reference

4 aignal.--

18
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1 -.&%. bR nethod of programming an eleatrically alterable

2 non-volatile memory cell having more than two predetermi.ned
3 memory states: said method comprisings

4 gelecting one of a pluraiity of reference gignals ino

5 accordance with jnformation ipndicating 2 memory state to

[ which gald menory celf ig to be programmad, each reference

7 aignal corresponding to a different memory state of paid

8 memory cell; .

9 applying & programming signal tO said memory cell;

10 detecting 2 parameter jndicating the state of said memory

11 cell; and
12 © werifying whether gaid memory gell is programad to the
13 state jndicated bY gaid jnformation pased on the detected

14 parz;matar and the gelected raference signal.--

1 -_‘gs’. a method according to Claim ﬁf, wherein said
2 paramater ig detected at 2 bit line terminal of said memory
3 ‘gell.-~
Y _ ¥
1 -5, A mathod according to Claim &%, wherein said
2 _parameter ig a bit line voltage of said memnory cell, -~
Y
1 -&T. A method of programming an electrically alterable
2 non—volatile memory <ell having meote then £wo predetermined
3 memory ptates, gaid method comprising:
4 pelecting one of a plurality of reference gignals in
5 accordance with information indicating 2 penory state to

13
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6 which gaid memory cell ig to be programmed, pach reference
7 gignal corresponding to a different memory gtate of saild

8 memory cell;

2 applying 2 programming signal to gald memory cell: and
10 controlling the application of gald programming algnal to
11 said memory cell baged on the selected reference

12 gignal.--

e 45 :
1 --¢§. B method according to Claim 677 including
2 detecting a parvameter indicating the state of sald memory
3 cell, verifying whether said memory cell is programmed to
4 “l;,ha atate indicated by gaid information based on the
5 detected parameter and the selected reference gignal, and

(L [ wherein the application of sald programming signal is
% 7 controlled based on & result of said verifyiné.-—

4 5
1 -5, A method according to Claim 67; inecluding
2 comparing a signal corresponding to the state of said memory
3 cell with the pelectad reference aignal, and wherein the

'

4 applicatien of sald programming gignal is controlled based

5 on a result of aald comparing.--

e ——

-

REMARKS

Favorable reconsideration of this application, as

amended, is regpectfully requested.

20
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Applicant regpectfully raquests an endorzed copy of Form
PTO-1449 from the Information Digclosure Statement dated
May 15, 1997. .

Figs. 15-20 and the related disclosure have been
gancalled without prejudice.’ As the remaining subject
matter of the present application is supported by the parent
application, the present application has been redesignated
asm a divisional application. It ip respectfully requested
that the Office update tha sentinuing data of this
application accordingly. Applicant rederves the right to
present claims related to the invention of Figs. 15-20 in a
furthexr divisgional application.

Claim 1 hag been amended more ppecifically to address
certain features of the gubject matter for which Applicant
intends to obtain patent protedtion in the present
application. Claims 2-23 have been canceileé.l Claima 24-
69 have been added in order to provide more comprehsnsive
pd&ent prolection. 2As will be explained hereinafter,
amended Claim 1 and newly presented Claime 24-69 distinguish
patentably from Suzuki et al. (Buzuki}, which was gited In
the outgtanding rejection of Claim 1 wnder 35 U.8.C. § 102.

Amended Claim 1 reecites a pulti-level memory device,

The memory device comprises an etectrically alterable non-

1 a geparate Letter Proposing Drawing Changss is being
filed concurrently.

z The rejection of Claim 22 as being directed to
aliegedly non-statutory gubject matter la, of course. mooted
by the cancellation of that claim.

21
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volatile multi-level memory cell for gtoring input
infermation in a corresponding one of K* predetermined
memory staten of the cell, whare K 1s 2 base of a
predetermined number system, n ig a number of bits stored
per cell, and K* > 2, and memory cell programming means for
programming the cell iﬁ avcordance with the input
information. The devicé further comprises reference voltage
selecting means for selecting one of a plurality of

refersnce voltages in accordsnce with the input information,

each of the raference voltages dorresponding to a different

one of the predetermined memory states cf the cell.

Comparator means ls also provided, for comparing a voltage
of the cell with the selected reference voltage: and the
compar&éor-means generates a control signal indicating
whether the’séate of the call is the state eérresponding to
the input information.

" It is spparent that Suzuki neither teaches ner suggeskis
a multi-lavel memory device having the aforementioned
features of Claim 1. Note, for example, that guzuki
digclosea a conventional ROM which ig not electrically
slterable., whereas the memory device of Claim 1 utilizes an
slectrically alterable non-volatile memory. Furtheyr, Suzuki
lacks any suggestion whatsoever of the reference voltage
selecting means and comparator means, both as now defined.

Acaordingly, the rejection of Claim 1 should be

withdrawn. New dependent Claim 24 distinguishes patentably
from Suzuki on at least the same basis as Claim 1.

22
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As will be evident, the invention as defined in new
¢laims 25-63. distinguishee patentably from suzuki in
relation to lts {(the invention’s) agplication to an
electrically alterable non-volatile memory cell having more i
than two pradatermined memory states. the selsction of one
of a plurality of reference signals in accordance with
inforﬁation indicating-a memory state to which the cell ie
to be programmed (each reference gignal corresponding to a
different memory state of the cell)}, and uaa of the selected
reference signal to verify programming of the cell or to
control programming of the cell.

an allowance of this application is believed to be in
érder.

A check for $704.00 ie attached in payment of the
required'ﬁeea for excess claims.

The Commtséioner is hereby authorized to charge to
peposit Accoant No. 19-1510 any fees umnder 37 c.F.R. 55 1.16
and 1.17 that may be required by this paper and to credit
any overpayment to that Aceount. If any extension of time

is required in connection with the filing of this paper and

23
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has not been requested separaﬁely, such extension i8 hereby
requestea.
Réspectfully submitted,

SHAPIRC AND SHAPIRO
Actorneys for Rpplicant

Mitchell W. ghapilr
Reg. NoO- 31,568
vWg : JTH: 831

1100 Wilaon zoulevard
guite 1701

Arlington. virginia 22209
Tals (703} 276-0700

June 17, 1997
slat
’ certificate of Mailing

1T hereby certify that thie correspondence ig being
deposited with the United States postal gervice with
gufficient postage as first class mail in an envelope
addressed to the Asaistant Coumissioner for Patents,
Washington, p.C. 20231 o June 17, 19987.

: %/

mitchell W. Shapiro

24
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ks ABSTRACT OF THE DTSCLOSURE

An electrically alterable, non-volatile multi-bit memory
cell hae K* predetermined memoxry estates (K* > 2), where K is
\&» a base of a predetermined numker system and n ig a number of
5 bites stored per cell. Prograpming of the cell is verified
by selecting a reference signal corresponding to the
information to be stored and comparing a signal of the cell

with the selected reference signal.
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For: ELECTRICALLY ALTERABLE NON-VOLATILE MEMORY WITH N-BITS
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. EBANSMITTAL OF CORRECTED FORMAL DRAWINGS
Assistant Commiseioner for patents
washington, D.C. 20231
ATTENTICN: Official Draftaperson
Sir:
attached are four (4) sheets of formal drawings.
correated as required. The Commissioner 18 hereby
authorized to charge awy feeg under 37 C.F.R. §§ 1.16 and
1.17 that may be required by this paper to Deposit Account
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Attorneys for applicant
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Sense amplifier determining logic state of cell - receives current
during sensing with output latch switched into one state Dby
comparison with reference current

HUGHIES MICROELTRN 29.03.89-GB-007045

{03.10,90) G11c-07/08 G11c-16/08

20.03.90 a8 302885 (2059MN) (B) No-SR.Pub R(DE FR GB IT NL)
~  The amplifler determines the logic state ofa semiconductor memory

cell eg. a non volatile memaory whose logic state is written or read by

Fowler Nordheim tunneling from the tranaistor floating gate. The

memory cell consists of a transistor switch NN2) for receiving

current during sensing from the memary cell {NV1) with a non

volatile transistor (NV2) providing a reference current.

A bistakile latch is switched into cne of ita states depending on the
result of the comparison and a feedback from the latch to the gate of
the switch transistor to isolate the amplifier from the memory cell.

ADVANTAGE - Ia faster and lesd gensitive to bit line capacitance.
(4pp Dwg.No.1/1)

NH-Z50218 UHATA

' © 1990 DERWENT PUBLICATIONS LTD.
128, Theobalds Road, London WGC1X 8RP, England
US Office: Derwent Inc., 1313 Dolley Madison Boulevard,
Suite 303, McLean, VA22101, USA
Unatithorised copying of this abstract not permitied,

- 8 s s T
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Therefore, this
United States Patent

“Grams to fhe. person(s) having fitle 20 thiv \

patent the right o exclude others from mak: 1

ing, using, offering for sale, or selling the in- |

yentlon throughoud (ke United Stases of 1

JAmerie or imporring the invention into the

United States of Americafor theterm set forth 1

below, subjectto the paymeni of mainterance | :
Jeesas provided by law. g :
¥ this applicaticn was filed prior 10 June .4 \

1995, she fernt of this patent is the longe¥ of

seventeen years from the date af grant of thi¥ ‘

patent Gr WWERTY Years. from the earliesteffec- {

tive U.S. filing date of the applicarion, sub-

Jecs to any statusory extension.

If this application was filed on or after June
. 1095, thetermof this patent is enty years [
the [1.5. filing date, subject to an stati- i
tory extension- If the application contgins a4 i
specific referenca to an eartier fted applies
tlon or applications under 35 U.5.C. 120, 121
or 365(c) the termt af thepatent Istwenty years
From the date on which the earliast applice-
tion was filed, subject 1o any statafory exten~
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Family Bibliographic and Legal Status 1

Familyl
65 vecords in the family, collapsed to 44 records.

(GER) SPEICHERVORRICHTUNG MIT
PROGRAMMIERBARER NICHTFLUECHTIGER
MULTIBITSPEICHERZELLE UND VORRICHTUNG UND
VERFAHREN ZUM ABGRENZEN YON
SPEICHERZUSTAENDEN DER ZELLE

Assignee: BTG INTERNAT INC US

Inventor(s): BANKS GERALDJ Us

Application No: AT 01 126898 T

Filing Date: 19971211

Issue/Publication Date: 20060915

Abstract: NotAvailable

Priority Data: US 97591997 19971121 A;

IPC (International Class): G11C01606; G11C01604; G11C01602; Gi 1C01156
ECLA (European Class): G11C01156D; G11C01156D2; G11C01 156D4

Legal Status:
Date +- Code Description
20070215 ) RER CEASED AS TO PARAGRAPH 5 LIT. 3 LAW INTRODUCING
PATENT TREATIES
AU5600998A 19990615

(ENG) Memory apparatus inchuding programmable non-volatile
multi-bit memeory cell, and apparatus and method for

demarcating memory states of the cell [ no drawing available]
Assignee: BTG USA INC

Inventor{s): BANKS GERALDJ

Application No: AU 5600998 D

Filing Date: 19971211

Issue/Publication Date: 19990613

Abstract: NotAvailable

Priority Data: US 97591997 19971 121 A X; US 9722809 19971211 W V;
TPC (International Class): G11C01156

Legal Status:
Date +/- Code Description

MicroPaient Patent Index - an enhanced INPADOC database
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Family Bibliographic and Legal Status 2

20000803 () MK6 APPLICATION LAPSED SECTION 142(2)(FYREG. 8.3(3) - PCT
APPLIC. NOT ENTERING NATIONAL PHASE

R i)
DE69736493D1 20060921 \

(GER) Speichervorrichtung mit programmicrbarer 1
nichtflucchtiger Multibitspeicherzelle und Vorrichtung und Stfreipes 672 _ /
Verfahren zum Abgrenzen von Speicherzastaenden der Zelle

Assignee: BTG INTERNATINC ~ US e ——_ l_i
Inventor(s): BANKS GERALDJ US S gain
Application No: DE 69736493 A

Filing Date: 19971211

Issue/Publication Date: 20060921

Abstract: NotAvailable

Priority Data: US 97591997 19971121 A;

[PC (International Class): G11C01606; G11C01156; G11C01602; G11C01604

ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4

Legal Status:
Date +/- Code Description
20070621 O 8327 CHANGE IN THE PERSON/NAME/ADDRESS OF THE
PATENT OWNER New owner name: BTG INTERNATIONAL
INC., WEST CONSHOHOCKEN, PA., US;
20070830 (+) 8364 NO QPPOSITION DURING TERM OF OPPOSITION
19
DEG69736493T2 20070329 1 )
{GER) Speichervorrichtung mit programmierbarer R @
nichtfluechtiger Multibitspeicherzelle und Vorrichtung und Schebieds St //-
Verfahren zum Abgrenzen von Speicherzustaenden der Zelle
Assignee: BTG INTERNAT INC ~ US L — i 0
- i
Inventor(s): BANKS GERALDJ US Souren i

Application No: DE 69736493 T

Filing Date: 19971211

Issue/Publication Date: 20070329

Abstract: NotAvailable

Priority Data: US 97591997 19971121 A;

IPC (International Class): G11C01606; G11C01156; GL1C01602; G11C01604
ECLA (European Class): G11C01 156D; G11C01156D2; G11C01156D4
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Legal Status:
Date +/- Code Description
20070621 {) 8327 CHANGE IN THE PERSON/NAME/ADDRESS OF THE
PATENT OWNER New owner name: BTG INTERNATIONAL
INC., WEST CONSHOHOCKEN, PA,, US;
20070830 (+) 8364 NO QOPPOSITION DURING TERM OF OPPOSITION

EP1211692B1 20060809
EP1211692A3 20040331
EP1211692A2 20020605

COLUNN PULL-UFS l
e A
S AA A

1-1er 1208

Tt S 00 e
= == = =

=
ki3

(ENG) Memory apparatas including programmable non-volatile
mukti-bit memory cell, and apparatus and method for
demarecating memory states of the cell

Assignee: BTG INTERNATINC  US
Inventor(s): BANKS GERALDJ US
Application No: EP 01126898 A
Filing Date: 19971211
Issue/Publication Date: 20060809

i el
™ Iy ] e gz
etz SELEOT—] vvmsasmgli Wret SRLECT-—]
v etz ¥R el

Abstract: (ENG) Memory states of a multi-bit memory cell are demarcated by generating read reference signals
baving levels thai constitute boundaries of the memory states. The read reference signals are dependent
upon the levels of programming reference signals used for controlling the programming of the memory
ceil. The memory cell can thus be programmed without reading out its memory state during the '
programming process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sefs of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enhance the reliability of memory
progranuming and readout.

Priority Data: EP 97952391 19971211 A 3; US 97591997 19971121 A;
Related Application{s): 979523917 19971211 1032933  EP;
IPC (International Class): GL1C01156

ECLA (Buropean Class): G11C01156D2; G11C01156D4

Designated Countries:
~—Designated States: AT BE CH DE DK ES FIFR GB GRIE IT LI LU MCNL PT SE

Publication Language: ENG
Filing Language: ENG
Agent(s): Andersson, Bjoem E. Awapatent AB, P.O. Box 5117, 200 71 Malmoe, SE SE

Legal Status:
Date +/- Code Description
20060809 O AC DIVISIONAL APPLICATION (ART. 76) OF: Corresponding

patent document: 1032938; Country code of corresponding patent
document; EP; Kind code of corresponding patent document: ¥,

MicroPatent Patent Index - an enhanced INPADOC database
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20060809 () AKX DESIGNATED CONTRACTING STATES: Kind code of
corresponding patent document: B1; List of designated states: AT
BE CH DE DK ES FIFR GB GRIEIT LI LUMCNL PT SE;

20060809 ) - AX EXTENSION OF THE EUROPEAN PATENT TO List of
countries concerned with an event: AL LT LYV MK RO ST;
20060809 ) PG25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA

POSTGRANT INFORM. FROM NAT. OFFICE 10 EPO
Corresponding country code for PRS Code (EP REG): AT; :
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TO PAY THE FEE
WITHIN THE PRESCRIBED TIME-LIMIT; Effective date:
20060809,

20060809 ) PG25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT, OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): BE; -
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TO PAY THE FEE
WITHIN THE PRESCRIBED T IME-LIMIT; Effective date:
20060809,

20060809 ) PG25 LAPSED IN A CONT RACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;:
LLAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TO PAY THE FEE
WITHIN THE PRESCRIBED TIME-LIMIT; Effective date:
20060809;

20060809 ) PG25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FT; : LAPSE
BECAUSE OF TAILURE TO SUBMIT A TRAN SLATION OF
THE DESCRIPTION OR TO PAY THE FEE WITHIN THE
PRESCRIBED TIME-LIMIT; Effective date: 20060809;

20060809 (-} PG25 LAPSEDIN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): L) : LAPSE
BECAUSE OF FAILURE TO SUBMIT A TRANSLATION OF
THE DESCRIPTION OR TO PAY THE FEE WITHIN THE
PRESCRIBED TIME-LIMIT; Effective date: 20060809;

20060809 ) REG REFERENCE TO A NATIONAL CODE Cotresponding country
code for PRS Code (EP REG): GB; Corresponding EP Code 1 for
PRS Code (EP REG): FG4D;

20060831 Q) REG REFERENCETO A NATIONAL CCDE Corresponding country
code for PRS Code (EP REG): CH; Corresponding EP Code 1 for
PRS Code (EP REG): EP;

20060906 O REG REFERENCE TC A NATIONAL CODE Corresponding country
code for PRS Code (EP REG): IE; Corresponding EP Code 1 for
PRS Code (EP REG): FGAD;

20060921 O REF CORRESPONDS TO: Corresponding patent Jocument: 69736493;
Country code of corresponding patent document: DE; Publication
date of corresponding patent document: 20060921; Kind code of
corresponding patent document: ;

20061018 () PGEP POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (EP REG): GB;
Payment date: 20061018; Year of fee payment: 10;
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PGFP

PG25

PG25

PGFP

PG25

PG25

PGFP

PG25

PGFP

PG25

POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (EP REG): NL;
Payment date: 20061031; Year of fee payment: 10;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPC
Corresponding country code for PRS Code (EP REG): DX :
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION CR TO PAY THE FEE
WITHIN THE PRESCRIBED TIME-LIMIT; Effective date:
20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE; :
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TO PAY THE FEE
WITHIN THE PRESCRIBED TIME-LIMIT; Effective date:
20061109;

POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (EP REG): FR;
Payment date: 20061117; Year of fee payment: 10;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES; :
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TO PAY THE FEE
WITHIN TIE PRESCRIBED TIME-LIMIT; Effective date:
20061120,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country cede for PRS Code (EP REG): 1E; : LAPSE
BECAUSE OF NON-PAYMENT OF DUE FEES; Effective date:
20061211;

POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (EP REG): DE;
Payment date: 20061228; Year of fee payment: 10;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): MC; :
LAPSE BECAUSE OF NON-PAYMENT OF DUE FEES;
Effective date: 20061231,

POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (EP REG): IT; Payment
date: 2006123 1; Year of fee payment: 10,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT; :
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TC PAY THE FEE
WITHIN THE PRESCRIBED TIME-LIMIT; Effective date:
20070109;

REFERENCE TO A NATIONAL CODE Corresponding country
code for PRS Code (EP REG): CH; Corresponding EP Code 1 for
PRS Code (EP REG): PL:
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25

25

25

25

25

25

25

25

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REGY: LI; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FL; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TG EPO
Corresponding country code for PRS Code (EP REG): LL Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CIT;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LT, Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG); FI; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120,
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LAPSED IN A CONTRACTING STATE ANNCUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;,
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Cede (EP REG): LI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FI; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TC EPO
Corresponding country code for PRS Code (EP REGY): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective dafe: 20061120;

FR: TRANSLATION FILED

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LI; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FT; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM, FROM NAT. OFFICE TG EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNGCUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): DK;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effactive date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LI; Effective
date: 20060809;
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25
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25

25

25

25

25

25

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): DK
Bffective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCELD VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TC EPO
Corresponding country code for PRS Code (EP REG): FI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNCUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT, OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): DK
Effective date: 20061109,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): AT;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM, FROM NAT. OFFICE TG EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corregponding country code for PRS Code (EP REG): FI; Effective
date: 20060809;
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20070606 -} 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LI; Effective

date: 20060809,

20070606 @) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Fffective date: 20060809,

20070606 =) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG}: AT,
Effective date: 20060809;

20070606 ) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED V1A
POSTGRANT INFORM. FROM NAT. OFFICE TO EPQ
Corresponding couniry code for PRS Code (EP REG): DK;
Effective date: 20061109;

20070606 8] 25 LAPSED TN A CONTRACTING STATE ANNGUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

20070627 ) 25 LAPSEDIN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Cotresponding country code for PRS Code (EP REG): CH;
Effective date: 20060309;

20070627 ) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LI; Effective
date: 20060809;

20070627 -) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): Fl; Effective
date: 20060809,

20070627 - 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Rffective date; 2006110%;

20070627 O] 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effeciive date: 20061120;

20070627 (-) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REGY. DK
Effective date: 20061109;

20070627 ) 23 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Cotresponding counfry code for PRS Code (EP REG): AT;
Effective date: 20060809;

20070627 (=) 25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT;
Effective date: 20070109;
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25
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LAPSED IN A CONTRACTING STATE ANNOUNCED VA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): Fl; Effective
date: 20060809;

LAPSED IN A CONT RACTING STATE ANNOUNCED V1A
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding countty code for PRS Code (EP REG): LI; Effeciive
date: 20060809,

LAPSED IN A CONTRACTING QTATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICET O EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809,

LAPSEDIN A CONTRACTING YTATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPC
Corresponding country code for PRS Code (EP REG): PT;
Effective date: 20070109; .
LAPSEDIN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (FP REG): AT,
FEffective date: 20060809;

LAPSEDIN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT TNFORM. FROM NAT. OFFICE TO EPO
Corresponding country codo for PRS Code (EP REG): DK,
Effective date: 20061 109;

LAPSED IN A CONT RACTING STATE ANNOUNCED V1A
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Carresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING QTATE ANNQUNCED VIA
POSTGRANT [NFORM. FROM NAT. OFFICE TO EPO
Corresponding couniry code for PRS Code (EP REG): SE;
Effective date: 20061109,

LAPSED IN A CONTRACTING STAT £ ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding couniry code for PRS Code (EP REG): AT;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE T O EPO
Corresponding country code for PRS Code {BP REG): BE;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809;

LAPSED IN A CONT RACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding conntry code for PRS Code (EP REG). DK,
Effective date: 20061109;

LAPSEDIN A CONTRACTING STATE ANNCUNCED V1A
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120,
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LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country cade for PRS Code (EP REGY): FI; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FTROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LL; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNCUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT;
Effective date: 20070109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TC EPO
Corresponding couniry code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. QFFICE TO EPO
Corresponding couniry code for PRS Code (EP REG): AT;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. QFFICE TO EPO
Corresponding country code for PRS Code (EP REG): BE;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. QFFICE TO EPO
Corresponding country code for PRS Code (EP REG): DK;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. QFFICE TO EPO
Corresponding country code for PRS Code (EP REG): Fl; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LI; Effeciive
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT;
Effective date: 20070109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPC
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;
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NO OPPOSITION FILED Effective date: 20070510
LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): AT;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): BE;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM, FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): DK;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): FI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TC EPO
Corresponding country code for PRS Code (EP REG): LI, Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT;
Rffective date; 20070109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TG EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date; 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): IT; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG); AT,
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOCUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): BE;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED ViA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809;
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i3

20070905

20070905

20070905

20070905

20070905

20070905

20070903

20070912

20070912

20070912

20070912

20070912

20070912

)

-

G

-)

)

O]

)

)

25

25

25

25

25

25

25

25

25

25

25

25

25

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): DK;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TC EPO
Corresponding country code for PRS Code (EP REGY): FI; Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Cede (EP REG): LI; Effective
date; 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT;
Effective date: 20070109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): IT; Effective
date: 20060809,

LAPSED IN A CONTRACTING STATE ANNGUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): AT;
Effective date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code {EP REG): BE;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): CH;
Effective date: 20060809,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TC EPO
Corresponding country code for PRS Code (EP REG): DK;
Effective date: 20061109,

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): ES;
Effective date: 20061120;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): F; Effective
date: 20060809;
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20070912

20070912

20070912

20070912

20070912

20071107

20071107

20071107

20071107

20071107

20071107

20071107

20071107

20071107

20071107

20080131

)

)

O]

Q]

)

-)

)

)

(-}

)

)

25

25

25

25

25

PGFP

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LL Effective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNCUNCED VIA
POSTGRANT INFORM, FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): PT;
Effective date: 20070109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): SE;
Effective date: 20061109;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FRCM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): IT; Eftective
date: 20060809;

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): MC;
Effective date: 20061231;

LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding cousiry
code for PRS Code {(EP REG): AT; Effective date: 20060809,
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): BE; Effective date: 20060809;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): CH; Effective date: 20060809;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Cods (EP REG): DK; Effective date: 20061109;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): ES; Effective date: 20061120,
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): FI; Effective date: 20060809;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Comresponding country
code for PRS Code (EP REG): LL; Effective date: 20060809;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): PT; Effective date: 20070109;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): SE; Effective date: 20061109;
LAPSED IN A CONTRACTING STATE DURING THE
OPPOSITION PERIOD (CORRECTION) Corresponding country
code for PRS Code (EP REG): MC; Effective date: 20061231;
POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Comresponding country code for PRS Code (EP REG): NL;
Payment date: 20071203; Year of fee payment: 11;
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20080229 ) PGFP POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Correspending country code for PRS Code (EP REG): IT; Payment
date: 20071220; Year of fee payment: 11;

20080438 ) PG25 LLAPSED IN A CONT RACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (BEP REG): GR;:
LAPSE BECAUSE OF FAILURE TO SUBMIT A
TRANSLATION OF THE DESCRIPTION OR TOPAY THE FEE
WITHIN THE PRESCRIBED TIME-LIMIT; Effective date:
20061110,

20080430 () PGFP POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (FP REG): FR;
Payment date: 20071210; Year of fee payment: 11;

20080430 () PGFP POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country code for PRS Code (EP REGY: GB;
Payment date: 20071205; Year of fee payment: 11;

20080530 () PGFP POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE
Corresponding country cade for PRS Code (EP REG): DE;
Payment date: 70071206 Year of fee payment: 11;

20080731 ) PG25 LAPSEDIN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding cowiry code for PRS Code (EP REG): LU
LAPSE BECAUSE OF NON-PAYMENT CF DUE FEES;
Effective date: 20061211,

20080829 - PG25 LAPSED IN A CONTRACTING STATE ANNOUNCED VIA
POSTGRANT INFORM. FROM NAT. OFFICE TO EPO
Corresponding country code for PRS Code (EP REG): LU; ¢
LAPSE BECAUSE OF NON-PAYMENT OF DUE FEES;
Effective date: 20061211,

4

14
DRAN

a2

EP1715490A1 20061025

(ENG) A non-volatile semiconductor MemMery 9
Assignee: BTG INTERNAT INC Us

[nventor(s): BANKS GERALDI US

Application No: EP 06118606 A

Filing Date: 19971211

FIG. 1

Issue/Publication Date: 20061025

CONTROL GATE
AT

Abstract: (ENG) Memoty states of a mmlti-bit memory cell are demarcated by generating read reference signals
having levels that constitute boundaries of the memory states. The read reference signals are dependent
upon the levels of programming reference signals used for controlhing the programming of the memory

cell. The memory cell can thos be programmed without reading out its memory state during the
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Family Bibliographic and Legal Statis 16
programuming process, with programming margins being aseured by the dependence of the read
reference signals on the progranming reference sialnals. Both sets of reference signals may be
generated by reference cells which track variations in the operating characteristics of the memory cell
with changes in conditions, such as temperature and system voltages, to enhance the retiability of
(memory programming and read
Priority Data: EP 01126898 19971211 A3 Y EP 97052391 19971211 A3 Y US 97591997 19971121 AY;
Related Appiication(s): 011268984 1211692 20011112
TPC (International Classy: G11C01606; G11C01156; G11C01602; G11C01604
ECLA (European Class): G11C01156; G11CO1156; G11C01156
Designated Countries:
Publication Language: ENG
Filing Language: ENG
Agent(s): Andersson, Bjoern E. 00088803 Awapatent AB, P.0. Box 5117 20071 Malimoe SE

Legal Status:
Date +-
20061025 )

20061025 ()

20061025 (1)

20061025 (%)
20070606 ()

20070627 (+
20070704 ()

20070704 -+

20070704 )

Code
AC

AC

AK

7P

17Q
AKX

AXX

Description

DIVISIONAL APPLICATION (ART. 76) OF: Corresponding
patent document: 1211692; Country code of corresponding patent
document: EP; Kind code of corresponding patent document: P;
DIVISIONAL APPLICATION (ART. 76) OF: Corresponding
patent document: 1032938; Country code of corresponding patent
document: EP; Kind code of corresponding patent document: P;
DESIGNATED CONTRACTING STATES: Kind code of
corresponding patent document: Al; List of designated states: AT
BEBG CH CY CZDE DK EE ES FI FR GB GR HU IE ISITLL
LTLULVMCNL PL PT RO SE SISK TR;

EXTENSION OF THE FUROPEAN PATENT TO Tist of
countries concerned with an event: AL BAHRMK YU;
REQUEST FOR EXAMINATION FILED Effective date:
20070423,

FIRST EXAMINATION REPORT Effective date: 20070530;
PAYMENT OF DESIGNATION FEES List of designated states:
ATDECHDE DK ES FIFR GB GRIEIT L1LU MCNL PT SE;
PAYMENT OF EXTENSION FEES {ist of extension states: AL;
Payment date: 20070425,

PAYMENT OF FXTENSION FEES List of extension states: MK
Payment date: 20070425,
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EP1032938A1 20000906

(ENG) MEMORY APPARATUS INCLUBDING
PROGRAMMABLE NON-VOLATILE MULTI-BIT
MEMORY CELL, AND APPARATUS AND METHOD FOR
DEMARCATING MEMORY STATES OF THE CELL

Assignee: BTGINT INC  US
Inventor(s): BANKS GERALDJ US
Application No: EP 97952391 A
Filing Date: 19971211
Issue/Publication Date: 20000906
Abstract: (ENG) NotAvailable
Priority Data: US 9722809 19971211 W V; US 97591997 19971121 A X;
IPC (International Class): G11C01156

Designated Countries: :
-—Designated States: AT BE CHDE DK ESFIFR GB GR IEIT LILU MC NL PT SE

Publication Language: ENG
Filing Language: ENG

Agent(s): Wiklund, Erik 00024531 AWAPATENT AB, Box 5117 200 71 Malmoe SE
Legal Status:
Date +- Code Description
20000906 () 17 REQUEST FOR EXAMINATION FILED Effective date:
20000620;
20000906 (=) AK DESIGNATED CONTRACTING STATES: Kind code of

corresponding patent document: Al; List of designated states: AT

BECHDE DK ESFIFR GB GR IEIT LTI LU MCNL PT SE;
20020904 ) 17Q FIRST EXAMINATION REPORT Effective date: 20020719;
20030806 -) 18D DEEMED TO BE WITHDRAWN Effective date: 20030130;
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JP3693915R2 20050914
JP3693915B2 20050914
JP2001524732T 20011204
NotAvailable

Application No: JP 2000522592 T
Filing Date: 19971211
issue/Publication Date: 20050914

[ no drawing available]

Abstract: NotAvailable

Priority Data: US 9722809 19971211 W W; US 97591997 19971121 A;
IPC (International Class):  G11C01156

ECLA (European Class):  G11C01156D; G11C01156D2; GLICO1156D4

Legal Statas: Thereisno Le gal Status information available for this patent

JP3735082B2 20060111
JP3735082B2 20060111
JP2003030995A 20030131
NotAvailable

Application No: JP 2002132946 A
Filing Date: 20020308

Issue/Publication Date: 20060111
Abstract: NotAvailable

Priority Data: US 97591997 19971121 A;
TPC (International Class): G11C01156
ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4

[ no drawing available]

Legal Status:  There is no Legal Staius information available for this patent
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US6584012B2 20030624
US2002186587A1 20021212

(ENG) Eleetrically alterable non-volatile memory with N-bits per

cell

Assignee: BTG INTERNATINC ~ US [n0 drawing available]
Inventor(s): BANKS GERALDJ US

Application No: US 16040202 A

Filing Date: 20020604

Issue/Publication Date: 20030624

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of programming
signals having different characteristics to the cell. The programming signals include at least a first
programming signal which programs the cell by a first increment and a subsequent programming signal
which programs the cell by a second increment smaller than the first increment. As the cell is being
programmed to a selected state, its programming status is verified independently of reference values
bounding the memory states. For this purpose, a signal indicative of the programming status (e.g., the
cell's bit line signal) is compared with a reference signal corresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The programming
operation can thus be controlled without actually reading the memory state of the cell.

Priority Data: US 16040202 20020604 A A; US 79404101 20010228 A A; US 49313800 20000128 A A; US
19520198 19981118 A A; US 91173197 19970815 A A; US 41020095 19950227 A A; US
7181693 19930604 A A; US 65287891 19910208 A A;

Related Application(s): 01 01;01 01;01 01,01 61;61 01;01 01;01 01
IPC (International Class): G11C01156

ECLA (European Class): G11C01156; G11C01156; G11C01156

US Class: 36518503; 36518522

Publication Language: ENG

Filing L.anguage: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Le, Vu A.

Legal Status: There is no Legal Status information available for this patent
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US671445582 20040330
US2002196661A1 20021226

(ENG) Memory apparatus including programmable non-volatile
multi-bit memory cell, and apparatus and mcthod for
demarcating memory states of the cell

Assignee: BTG [NTERNAT INC  US
fnventor(s): BANKS GERALDJ US
Application No: US 18883502 A
Filing Date: 20020705

Issue/Publication Date: 20040330

Abstract: (ENG) <p>Memory states of a multi-bit memory cell are demarcated by generating read reference
signals having levels that constitute boundaries of the memory states. The read reference signals may be
dependent upon the levels of programming reference signals used for controlling the programming of

the memory cell. The memory celi can thus be pro grammed without veading out its memory state during
the programming process, with programming margins being agsured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enhance the reliability of memory
programming and readout.</p>

Priority Data: US 18883502 20020705 A A; US 89354501 20010629 A A;US 73393700 20001212 A A; US
49313900 20000128 A A; US 41131599 19991004 A A; US 97591997 19971121 A A, US
41020005 19950227 A A,

Related Application(s)y:  09/893545 20010629 6434050 US A GRANTED (PATENT) 097733937 20001212
¢353554 US A GRANTED (PATENT) 09/41 1315 19991004 6246613 US A
GRANTED (PATENT) 08/975919 19971121 6002614 US A GRANTED (PATENT),
09/493139 20000128 ABANDONED: 08/410200 19950227 5764571 US A
GRANTED (PATENT)

1PC (International Class): (G11C01606

ECLA (Eurepean Class): G11C01156D; G11C01 156D2; G11C01156D4
US Class: 36518522; 36518524, 36518529

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Elms, Richard

Examiner Assistant: Nguyen, Hien

Legal Status: There is no Legal Status information available for this patent
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105

a8 T COLLwAN PULLAUP DEVICES

US6104640A 20000815 S “ 160
_E.m
=1
(ENG) Electrically alterable non-violatile memory with N-bits 1o —_}
pex celi b s EJ
F«DDF;LOESSES A.r\il.'%tjw s .
Assignee: BTG INTERNATIONAL INC ~ US - Pae __—1__1
5 iy
Inventor(s): BANKS GERALD ] US T e
<1
Application No: US 19520198 A 1028 ) —?,_’
= = [—HO
Filing Date: 19981118 ASSééé’gélsfn—i COLUkN SELECT

BENSE AVPUFIZRS
Issue/Publication Date: 200008135

P —
DECOUEANCUIE
R —

ICDE CONTFOL
TIMING CIRCUTRY

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more (han two memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of pro graniming
signals having different characteristics to the cell, The programming signals include at least a first
progranmming signal which programs the cell by a first increment and a subsequent programming signal
which programs the cell by a second increment smaller than the first increment. As the cell is being
programmed to & selected state, its programming statas is verified independently of reference values
bounding the memory states. For this purpose, 4 signal indicative of the programming status (8. the
cell's bit line signal) is compared with a reference signal cotresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The programming
operation can thus be controlled without actually reading the memory state of the cell.

Priority Data: US 19520198 19981118 A A; US 91173197 19970815 A A, US 41020095 19950227 A A; US
7181693 19930604 A A; US 65287891 19910208 A A;

Related Application(s): 087911731 19970815 US PENDING; 08/410200 19950227 US PENDING; 08/071816
19930604 US PENDING; 07/652878 19910208 US PENDING

IPC (International Class): G11C01156

FECLA (European Class): G11C01156D; G11C01156D2; Gl 1C01156D4

US Class: 36518501; 365168, 16518905, 36518915; 36518916; 36523001; 36523312
Publication Language: ENG

Filing Language: ENG

Agent(s): Vorys, Sater, Seymour and Pease LLP

Examiner Primary: Fears, Terrell W.

Legal Status: There is no Legal Status information available for this patent
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US6014327A 20000111 i

(ENG) Memory apparatus including programmable non-volatile
multi-bit memory cell, and apparatus and method for

1034

demarcating memory states of the cell AoDRESES
Assignee: BTG INTERNATIONAL INC us SELEGT
Inventor(s): BANKS GERALD J Us e
0
Application No: US 31174899 A cotum "
ADDRESSES 1 e
Filing Date: 19990514 e

1ssue/Publication Date: 20000111

MODE GONTROL

oD
TIMING GIROUITRY

Abstract: (ENG) <p>Memory states of 2 multi-bit memory cell are demarcated by generafing read reference
signals having levels that constitute woundaries of the memory states. The read reference signals are
dependent upon the levels of pro gramming reference signals usged for controlling the programming of

the memory cell. The memory cell can thus be programmed without reading out its memory state during
the programming process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes conditions, such as temperature and system voltages, to enhance the reliability of memory
programming and readout.</p>

Priovity Data: US 31174899 19990514 AL, US 97591997 19971121 AR; US 41020095 19950227 AR us
7181693 19930604 AR;US 63287851 19910208 AR;

Related Applicétion(s): 08/975919 19971121 PENDING 08/071816 19930604 5394362 GRANTED;
(7/652878 19910208 5718569 GRANTED; 08/410200 19950227 5764571 GRANTED

1rC (lnternaﬁonal Class): G11€01300

ECLA (Eurgpean Class): G 1C01156D2; G1 1C01156D4; G11C01156D
US Class: 36518503; 365168

Agent(s): Vorys, Sater, Seymour and Pease LLP

Examiner Primary: Fears, Terrell W.

Legal Status: There is no Legal Status information available for this patent
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US6011716A 20000104

(ENG) Memory apparatus including programmable non-volatile
multi-bit memory cell, and apparatus and methed for
demarcating memory states of the ceil

Assignee: BTG INTERNATIONAL mNC US
Inventor{s): BANKS GERALD 1 US
Application No: US 31174999 A COLUM

ADDRESSES "0

Filing Date: 19990514 mszi

{ssue/Publication Date: 20000104 PeGODEENE_

INPUT/OUTRUT, neBiT LATCH/BUFFER

Abstract: (ENG) <p>Memory states of & nrulti-bit memory cell are demarcated by generating read reference
signals having levels that constifute boundaries of the memory gtates. The read reference signals are
dependent upon the levels of programming reference signals used for controlling the programming of

the memory ceil. T e mermory cell can thus be pro granumed without reading out its memory state during
the programming Process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and systerm voltages, to enhance the reliability of memory
programning and readout.</p>

Priority Data: US 31174999 19990514 AT US 97591997 19971121 AR US 41020095 19950227 AR;US
7181693 19930604 AR;US 65287891 19910208 A R;

Related Application(s): 08/975919 19971121 PENDING 08/071816 12930604 5394362 GRANTED;
07/652878 19910208 5218569 GRANTED:; 08/410200 19950227 5764571 GRANTED

1rC (lnternational Class): G11€01300

ECLA (European Classy: G11C01 15602, G11C01156D4; G11C01156D
US Class: 36518303; 365168

Agent(s): Vorys, Sater, Seymourt and Pease LLY

Examiner Primary: Fears, Terrell W.

Legal Status: There is no Legal Status information available for this patent
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105

a8 T COLUMN PULL-UF DEVICES
US6118692A 20000912 \j ST e
£
(ENG) Memory apparatus including programmable non-volatile I ﬁ 1 T
multi-bit memory cefl, and apparatus and method for cow_Lm ﬁ ot
demarcating memory states of the cell ADDRESSES = ARRRY :
= v 1

Assignee: BTG INTERNATIONAL INC  US Er N I Bl ,

TE e 1 |

. & 4 L

Inventor{s): BANKS GERALD) US s L _é\_fma ‘e o .

Application No: US 31175099 A

coms \_, T
AGDRESSES "n

COLUNMN STLECT

118

Filing Date: 19990514

BENSE AMPLIFIERS

PG
WRITE

Tssue/Publication Date: 20000912

OECODE/ENCGDE |

120,

INPUT/ADUTPUT, ni-BIT LATCH/BUFFER

122

MODE QONTROL
TIMING CIRCUTRY

. . -

[tue

Abstract: (ENG) <p>Memory states of a multi-bit memory cell are demarcated by generating read reference

signals having levels that constitute boundaries of the memory states. The read

reference signals are

dependent upon the levels of programming reference signals used for controlling the programming of
the memory cell. The memory cell can thus be programmed without reading out its memory state during
the programming process, with programming margins being assured by the dependence of the read

reference signals on the programming reference signals. Both sets of reference

signals may be generated

by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enhance the reliability of memory

programming and readout.</p>

Priority Data: US 31175099 19990514 A R; US 97591997 19971121 A R; US 41020095 19950227 A R; US

7181693 19930604 A R; US 65287891 19910208 A R; US 19520198 199
91173197 19970815 A R;

Related Application(s):

81118 AR; US

08/975919 19971121 6002614 GRANTED 08/071816 19930604 5394362 GRANTED

08/911731 19970815 5872735 GRANTED 08/410200 19950227 5764571 GRANTED;

911731 19970815; 07/652878 19910208 5218569 GRANTED
PENDING:; 08/410200 19950227 5764571 GRANTED

1PC (International Class): G11C01300

ECLA (European Class): G11C01156D; G11C01156D2; G11C01 1536D4
US Class: 365183503; 365168
Agent(s): Vorys, Sater, Seymour and Pease LLP
Examiner Primary: Fears, Terrell W,
US Post Issuance:
_-US Certificate of Correction: 20020827 20020917 a Certificate of Correction wa
patent
Legal Status:
Date +- Code Deseription
20020827 cC CERTIFICATE OF CORRECTION

09/195201 19981118

s issued for this
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Family Bibliographic and Legal Status 25

US7286414B82 20071023
US2006193180A1 20060831

(ENG) Memory apparatus including programmable non-volatife
mufti-bit memory cell, and apparatus and method for
demarcating memory states of the cell

i ! 7 LATEs ] Wi
Assignee: BTG INTERNATINC  US i M
SROBRAM FEH [FRgRS - s
Inventor(s): BANKS GERALDJ  US s | G| o, 1]
Application No: US 40714806 A b e

B

Filing Date: 20060420
Issue/Publication Date: 20071023

Abstract: (ENG) Memory states of a multi-bit memory cell are demarcated by generating read reference signals
having levels that constitute boundaries of the memory states. The read reference signals may be
dependent upon the levels of programming reference signals used for controlling the programming of
the memory cell. The memory cell can thus be programmed without reading out its memory state during
the programming process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enthance the reliability of memory
programming and readout.

Priority Data: US 40714806 20060420 A N; US 94419404 20040920 A 3 Y; US 74289003 20031223 A3 Y; US
18883502 20020705 A 3 Y; US 89354501 20010629 A 3 Y; US 73393700 20001212 A 3Y; US
49313900 20000128 AB Y; US 41131599 19991004 A 3 Y; US 97591997 19971121 A3 Y; US
41020095 19950227 A2 Y,

Related Application(s): 11/407148 20060420 20060193180 20060831 US; 10/944194 20040920 70068542 US,;
10/742890 20031223 7006384 US; 10/188835 20020705 6714455 US; 09/893545
20010629 6434050 US; 09/733937 20001212 6353554 US; 09/411315 19991004
6246613 US; 08/975919 19971121 6002614 US; 09/493139 20000128 US
ABANDONED; 08/410200 19950227 5764571 US

IPC (International Class): G11C01604

ECLA (Eeropean Class): G11C01156D4; G11C01156D2; G11C01628; G11C01630; G11C01634V4
US Class: 36518529; 3651852; 36518522

Publication Language: ENG

Filing Language: ENG

Agent(s): Miles & Stockbridge PC

Examiner Primary: Nguven, Tuan T.

Examiner Assistant: Nguyen, Hien N

Legal Status:  There is no Legal Status information available for this patent
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US5764571A 19980609

(ENG) Electrically alterable non-velatile memory with N-bits per
cell

Assignee: BTG USAINC US

Inventor(s): BANKS GERALDJ US

Apptication No: US 41020095 A

Filing Date: 19950227

1ssue/Publication Date: 19930609 ! . 112

Decode/Sncade

inpuyOutpurt. n-bit L sich/Buder ! ~118
|

T . . - L

Abstract: (ENG) An clectrically alterable, non-volatile multi-bit memory cell has Kn predetermined memoxy
states (Kn>2), where K isabaseofa predetermined number system andnisa number of bits stored per
cell. Programming of the cell is verified by selecting a reference signal corresponding to the

information to be stored and comparing a signal of the cell with the selected reference signal.

Priority Data: US 41020095 19950227 A L; US 7181693 19930604 ATy US 65287891 19910208 AR
Related Application{s): ot o001 01

IPC (International Class): G11C01156

ECLA (Furopean Class): G11C01 15602; G11C011 56D4; Gl 1C01156D

US Class: 36518907 165168; 365201; 365205; 365207

Publication Language: ENG

Filing Language: ENG

Agent(s): Shapiro and Shapiro

Examiner Primary: Fears, Terrell W.

Agsignments Reported to USPTO:
Reel/Frame: 08382/0105 Date Signed: 19970213 Date Recorded; 19970303
Assignee: BTG USA INC. 2200 RENAISSANCE BLVD. GULPH MILLS PENNSYLVANIA 19406

Assignor: BANKS, GERALD I

Corres. Addr: BTG USA INC. JOEL F. SPIVAK PATENT DEPARTMENT 2200 RENAISSANCE BLVD.
GULPH MILLS, PA 19406
Brief: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Reel/Frame: 09350/0610 Date Signed: 19951010 Date Recorded: 19980728
Assignee: BTG INTERNATICNAL INC. 2200 RENAISSANCE BOULEVARD GULPH MILLS
PENNSYLVANIA 19406

Assignor: BRITISH TECHNOLOGY GROUP USA INC.; BTG USAINC.

Corres. Addr: BTG INTERNATIONAL INC. JOEL F. SPIVAK 2200 RENAISSANCE BOULEVARD
GULPH MILLS, PA 19406
Brief; CHANGE OF NAME (SEE DOCUMENT FOR DETAILS).
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Legal Status:
Date +i- Code Deseription
19970303 ) AS02 ASSIGNMENT OF ASSIGNOR'S INTEREST New owner name:
BTG USA INC. 2200 RENAISSANCE BLVD. GULPH MILLS, P,
Effective date: 19970213,
19970303 O) AS02 ASSIGNMENT OF ASSIGNCR'S INTEREST New owner name:
BANKS, GERALD J; Fffective date: 19970213;
105
N\ oo
US6246613B1 20010612

(ENG) Memory apparatus including programmable pon-volatile
multi-bit memory cell, and apparatus and method for

ROW.
demarcating memory states of the cell ADORESSES

Assignee: BTG INTERNAT INC  US TN

Inventor(s): BANKS GERALDJ US
Application Ne: US 41131599 A c

Filing Date: 1999 1004 BE

Issue/Publication Date: 20010612

103A

SENSE AMPLIRIERS

DECODEENCODE

L+ = v [EST

MODE CONTROL
TIMING CIRCUITRY

Abstract: (ENG) Memory states of a multi-bit memory cell are demarcated by generating read refercnce signals
having levels that constitute boundaries of the memory states. The read reference signals are dependent

upon the levels of programming reference signals used for controlling the programuming of the memory
cell. The memory cell can thus be programmed without reading ont 1ts memory state during the
programming process, with programming marging being assured by the dependence of the read

reference signals on ihe programming reference signals. Both sets of reference signals may be generated

by reference cells which track variations in the operating characteristics
changes in conditions, such as temperature and system voltages, to €

programming and readout.

of the memory cell with
nhance the reliability of memory

Priority Data: US 41 131599 19991004 A A; US 97591997 19971121 A A; 1S 41020095 19950227 A A; Us

7181693 19930604 A A; US 65287891 19910208 A A;
Related Application(s): 01 01,01 0101 01
IPC (International Class): Gl 1C01156
ECLA (European Class): G11C01 156D; G11C01156D2; (G11C01156D4
1S Class: 36518915; 36518522
Publication Language: ENG
Filing Language: ENG
Agent(s): Vorys, Sater, Seymour and Pease LLP
Examiner Primary: Fears, Terrell W.

S Post Issuance:
_US Certificate of Correction: 20020611
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Legal Status:

Date +/- Code Description

20020611 ) CC CERTIFICATE OF CORRECTION
US6724656B2 20040420 i
US2003202378A1 206031030 I

(ENG) Electrically alterable non-volatile memory with n-bits per
cell

Assignee: BTG INTERNATINC  US
Inventor(s): BANKS GERALDJ US
Application No: US 42873203 A
Filing Date: 200303505
Issue/Publication Date: 20040420

Abstract: (ENG) <p>An electrically alterable, non-volatile memory cell has more than two memory states that
can be programmed selectively. Programming of the cell can be performed without actually reading the
memory state of the cell during the programming operation. A plurality of the memory cells are
preferably arranged in a matrix of rows and columns disposed substantially in a rectangle, with a
plurality of word lines coupled with memory gate electrodes intersecting a first side of the rectangle
substantially perpendicularly, a plurality of bit lines coupled with memory drain-source current paths
intersecting a second side of the rectangle substantially perpendicularly (the second side also
substantially perpendicularly intersecting the first side), a row select circuit being disposed at the first
side for coupling with the word lines, and peripheral circuitry including a column select circuit and a
sense circuit being disposed at the second side.</p>

Priority Data: US 42873203 20030505 A A; US 16040202 20020604 A A; US 79404101 20010228 A A; US
49313800 20000128 A A; US 19520198 19981118 A A; US 91173197 19970815 A A; US
41020095 19950227 A A; US 7181693 19930604 A A; US 65287891 19910208 A A;

Related Application(s): 10/160402 20020604 6584012 US A GRANTED (PATENT) 09/794041 20010228
6404675 US A GRANTED (PATENT) 09/493138 20000128 6243321 US A
GRANTED (PATENT) 09/195201 19981118 6104640 US A GRANTED (PATENT)
08/911731 19970815 5872735 US A GRANTED (PATENT) <RDA division>
08/410200 19950227 5764571 US A GRANTED (PATENT) 08/071816 19930604
5394362 US A GRANTED (PATENT); 07/652878 19910208 5218569 US A
GRANTED (PATENT)

IPC (International Class): G11C01604

ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4
US Class: 36518501; 36518503

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Le, Vu Anh

Legal Status: There is no Legal Status information available for this patent
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US2006221687A1 20061003

(ENG) Electrically alterable non-volatile memory with n-bits per
cell

Assignee: BTG INTERNAT INC

Inventor(s): BANKS GERALDJ US

Application No: US 44622206 A

Filing Date: 20060605

Issue/Publication Date: 20061005

k
CONTRC: GHTE
14

i

Abstract: (ENG) <p anm="0000">An electrically alterable, non-volatile memory cell hag more than two memory
states that can be programmed gelectively. Programming of the cell can be performed without actually
reading the memory state of the cell during the programming operation. A plurality of the memory cells

are preferably arranged in a matrix of rows and columas disposed substantially in a rectangle, with a
plurality of word lines coupled with memory gate clectrodes intersecting a first side of the rectangle

cubstantially perpendicniarly, 2 plurality of bit lines couple:

intersecting a second side of the rectangle substantially perpendicu]arly {the second side also

4 with memory drain-source current paths

substantially perpendicularly intersecting the firsi side), a row select circuit being disposed at the first
side for coupling with the word lines, and peripheral circuitry including a column select circuit and 2

sense circuit being disposed at the second side. </p>

Priority Data: US 7181693 19930604 A 3;US 16040202 20020604 A 3;
41020005 19950227 A 3; US 42873203 20030505 A3, U

US 16520198 19981118 A 3; US
g 44622206 20060603 A; US 49313800

20000128 A 3; US 65287891 19910208 A 1; US 79404101 20010228 A 3; US 80828604

20040325 A 3; US 91173197 19970815 A 3;
Related Application(s):

11/446222 20060605 10/308286 20040325 7075825 US GRANTED 10/808286

20040325 10/428732 20030503 6724656 JS GRANTED 10/428732 20030505
10/160402 20020604 6584012 US GRANTED 10/160402 20020604 09/794041
20010228 6404675 US GRANTED 09/794041 20010228 09/493138 20000128
6243321 US GRANTED 06/493138 20000128 09/195201 19981118 6104640 US
GRANTED 09/193201 19981118 08/911731 19970815 5872735 US GRANTED

08/911731 19970815 08/410200 19950227 5

764571 US GRANTED 08/410200

19950227 08/071816 19930604 5394362 US GRANTED; 08/071816 19930604
07/652878 19910208 5218569 US GRANTED

PC (International Class): G11C01604
ECLA (European Class):
US Class: 36518303

Publication Language: ENG

G11C01156D2; G11C01156D4; G11001612; G11C01634V4

Legal Status: There is no Legal Siatus information available for this patent
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105,
T COLOMNFULLUFDEVICES |

108
US6243321B1 20010605 \ﬁ -
{ENG) Electrically alterable non-volatile memory with n-bits per o T e
cell e £
. Am%%vsvsss A“nhﬂ';v =
Agsignee: BTG INT INC - I
ROW. M
. gt
Inventor(s): BANKS GERALDJ US 5T\ IR S
Application No: US 49313800 A woss I B — &
Filing Date: 20000128 Agé’égs"’é“glf—‘s a COLUMN SELEGT
. . ne SENSEAMPLIFIERS
Isswe/Publication Date: 20010605
AT DECODEENCODE e
130, AN
122 « o s ] Cus
MODE CONTRGL
TIMING GIRCUITRY

Abstract: (ENG) An electrically altcrable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of programming
signals having different characteristics to the cell. The programming signals include at least a first
programming signal which programs the cell by a first increment and a subsequent programming signal
which programs the cell by a second increment smaller than the first increment. As the cell is being
programmed to a gelected state, its programming status is verified independently of reference values
bounding the memory states. For this purpose, a signal indicative of the programming status (.., the
cell's bit line signal) is compared with a roference signal corresponding to the selected state but having
a value ditferent from the reference value or values bounding the selected state. The programiming

operation can thus be coptrolled without actually reading the memory state of the cell.

Priority Data: US 49313800 20000128 A A;TUS 19520199 19991118 A A; US 91173197 19970815 A A; US
41020095 19950227 A A; US 7181693 19930604 A A; US 65287891 16910208 A A;

Related Application(sy: 01  OL; o1 o0l;01 o001 0l

1PC (International Class): G11C01156

ECLA (European Classy:  G11C011561; G11C01156D2; G11C01156D4

US Class: 36518521; 36518524; 36518529; 36518915; 365207; 365218; 365233115 36523317
Publication Language: ENG

Filing Language: ENG

Examiner Primary: Fears, Terrell W.

US Post Issuance:
__US Certificate of Correction: 20020723

Legal Status:
Date +- Code Description
20020723 Q) cc CERTIFICATE OF CORRECTION
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Page 211 of 235
g PETITIONER'S EXHIBIT 1002



Page 212 of 235

Family Bibliographic and Legal Status

3!

US6343034B2 20020129
US2001019500A1 20010906

(ENG) Electrically alterable non-volatile memory with n-bits per

cefl

Assignee: BTG INTERNAT NG US [ no drawing available]
[nventor(s): BANKS GERALDJ US

Appfication No: US 49314000 A

Filing Date: 20000128

Issue/Publication Date: 20020129

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programmiirg of the cell is conducted by applying a phuality of programming
signals having different characterisiics fo the cell. The programming signals include at least a first

programmnling signal which programs the cell by a first increment and a subsequent programming signal
which programs the cell by a second increment qrnaller than the first increment. As the cell is being
programmed to 8 selected state, its programming status is verified independently of reference vatues
bounding the memory stafes. For this purpose, a gignal indicative of the programming status {e.g., the
cell's bit line signal) is compared with a reference signal corresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The pro granuning
operation can thus he controlled without reading out the cell.

Priority Data: US 49314000 20000128 A A; US 19520198 19981118 A A; US 01173197 19970815 A A; US
41020005 19950227 A A; US 7181693 19930604 A A; US 65287891 19910208 A A;

Related App]ication(s): o1 o101 01;01 01;01 01; 01 01
TPC (Jnternational Classy: G11C01156

ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4
US Class: 36518915; 36523002

Publication Language: ENG

Filing Language: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Fears, Terrell W.

US Post Issuance:
_-US Certificate of Correction: 20020528

Legal Status:
Date - Code Descripiion
20020528 O cC CERTIFICATE OF CORRECTION

MicroPatent Patent Index - an enhanced INPADOC database
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1o wsmm
US6356486B1 20020312 N . w0

(ENG) Electrically alterable non-velatile memeory with n-bits per
cell

1084

. ADDRH%SSEE
Assignee: BTG INTERNATINC US
sgLoéQgT\
Inventor(s): BANKS GERALDJ US A
Application No: US 38636700 A o
Filing Date: 20000605 ASORESNES T

118 SENSE AMPLIFIERS

Issue/Publication Date: 20020312

DECODE/ENGODE

< . ® l 1é
MODE CONTROL
TIMING CIRCUITRY

Abstract: {ENG) An elecirically alterable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of pro gramming
signals having different characteristics to the cell. The pro gramming signals include at least a first
programming signals which programs the cell by a first increment and a subsequent programnying
signal which programs the cell by a second increment smaller than the first increment. As the cell is
being programmed to a selected state, its programming status is verified independently of reference
values bounding the memory states. For this purpose, a signal indicative of the programming status
(e.g., the cell's bit line signal} is compared with a reference signal corresponding to the selected state
but having a value different from the reference value or values bounding the selected state. The
progranming operation can thus be controlled without actually reading the memory state of the cell.

Priority Data: US 58696700 20000605 A A; US 49313800 20000128 A A; US 19520198 19981118 A A; US
91173197 19970815 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; US
65287891 19910208 A A;

Related Application(s): ot o01:01 o101 0L 01 01;01 01

1PC (International Class): G11C01156

ECLA (European Classy: Gl 1C01156D; G11C01156D2; (11C01156D4

US Class; 36518915; 365045; 3651831 3651852; 36518905; 36518916, 3652101; 36521012; 365218; 36523311
Publication Language: ENG

Filing Language: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Fears, Terrell W,

Legal Status:  There is no Legal Status information available for this patent
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US521856%A 19530608

(ENG) Electrically afterable non-volatile memory with n-bits per
memory cell

Assignee: BANKS GERALDJ US

Tnventor(s): BANKS GFERALDI TS

Application No: Us 65287891 A

Filing Date: 19910208

Issue/Publication Date: 19930608

Abstract: (ENG) <p>The it storage density of an Electrically Alterable Non- Volatile Memory (EANVM) cell is

improved by increasing the number of bits that are stored on arn individual memory cell, without

[ no drawing available]

increasing the size and complexity of the memory cell, by allowing a non-volatile memory cell to
assume 2 i discrete memory states. A multi-bit memory cell uses a floating gate FET which is
electrically programmed to 2 different thresholds. The 2 n different conductivity states of the FET are

provided as information storage states for the cell.-</p>
Priority Data: US 65287891 19910208 A T;
wC (lnternational Classy: Gl 1C01300

ECLA (European Class): G11C01156D2; G11C01156D4; G11C01156D

US Class: 36518521; 365045; 36518519; 3651852; 36518522 36518529; 365186

Txaminer Primary: Fears, Terreil W.

Assignments Reported to USPTO:

Reel/Frame: 08382/0105 Date Signed: 19970213 Date Recorded: 19970303

Assignee: BTG USA INC. 2200 RENAISSANCE BLVD. GULPH MILLS PENNSYLVANIA 19406

Assignor: BANKS, GERALD L.

Corres. Addr: BTG USA INC. JOELF. SPIVAK PATENT DEP

GULPH MILLS, PA 19406

ARTMENT 2200 RENAISSANCE BLVD.

Brief: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Recl/Frame: 09350/0610 Date Signed: 19951010 Date Recorde

d: 19980728

Assignee: BTG INTERNATIONAL IN C. 2200 RENAISSANCE BOULEVARD GULPH MILLS

PENNSYLVANIA 19406

Assignor: BRITISH TECHNOLOGY GROUP USAINC; BIGUSA
Corres. Addr: BTG INTERNATIONAL INC. JOEL F. SPTVAK 220

GULPH MILLS, PA 19406

Brief: CFIANGE OF NAME (SEE DOCUMENT FOR DETAILS).

INC.
0 RENAJSSANCE BOULEVARD

ASSIGNMENT OF ASSIGNOR'S INTEREST New owner name:

BTG USA INC. 2200 RENAISSANCE BLVD. GULPH MILLS, Py

Legal Status:
Date +- Code Description
19970303 AS02
Effective date: 19970213;
16970303 AS02

ASSIGNMENT OF ASSIGNOR'S INTEREST New owner natie:

BANKS, GERALD I, Effective date: 19970213,

MicroPatent Patent Tndex - an enhanced I NPADOC database
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US5394362A 19950228

(ENG) Electrically alterable non-voltatile memory with N-bits

per memory cefl

Assignee: BANKS; GERALD I, US [ no drawing available]
Inventor(s): BANKS GERALDJ US

Application No: Us 7181693 A

Filing Date: 19930604

[ssue/Publication Date: 19950228

Abstract: (ENG) <p>The bit storage density of an Elecirically Alterable Non- Volatile Memory (EANVM) cell is
improved by increasing the number of bits that are stored on an individual memory cell, without
increasing the size and complexity of the memory cell, by allowing & non=volatile memory cell to
assume 2 n discrete memory states. A multi-bit memory cell uses a floating gate FET which is
electrically programmed to 2 0 different thresholds. The 2 n different conductivity states of the FET are
provided as information storage states for the cell.</p>

Priority Data: US 7181693 19930604 A R; US 65287851 19910208 A R;

Related Application(s): 07/652878 19910208 5218569 GRANTED

[PC (International Class): G11C01140

ECLA (Furopean Class): G11C01156D; G11C01156D2; G1 1€01156D4

US Class: 36518503; 36518519; 3651852; 36518522; 36518524; 36518528; 36518533
Agent(s): Townsend and Townsend Khourie and Crew

Examiner Primary: Fears, Terrell W.

Assignments Reported to USPTO:
Reel/Frame: 08382/0105 Date Signed: 19970213 Date Recorded: 19970303
Assignee: BTG USA INC. 2200 RENAISSANCE BLVD. GULPH MILLS PENNSYLVANIA 19406

Assignor: BANKS, GERALD J.

Corres. Addr: BTG USA INC. JOEL F. SPTVAK PATENT DEPARTMENT 2200 RENAISSANCE BLVD.
GULPH MILLS, PA 19406
Brief: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Reel/Frame: 09350/0610 Date Signed: 19951010 Date Recorded: 19980728
Assignee: BTG INTERNATIONAL INC. 2200 RENAISSANCE BOULEVARD GULPH MILLS
PENNSYLVANIA 19406

Assignor: BRITISH TECHNCLOGY GROUP USA INC.; BTG USA INC.

Corres. Addr: BTG INTERNATIONAL INC. J OEL F. SPTVAK 2200 RENAISSANCE BOULEVARD
GULPH MILLS, PA 19406
Brief: CHANGE OF NAME (SEE DOCY MENT FOR DETAILS).

Legal Status:
Date +- Code Deseription
19970303 AS02 ASSIGNMENT OF ASSIGNOR'S INTEREST New owner name:

BTG USA INC. 2200 RENAISSANCE BLVD. GULPH MILLS, P;
Effective date: 19970213,

@ MicroPatent Patent fndex - ot enhanced INPADOC database
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19970303 AS02 ASSIGNMENT OF ASSIGNOR'S INTEREST New owner name:
BANKS, GERALD J; Effective date: 19970213,

US2002034097A1 20020321
US6353554B1 20020305

(ENG) Memory app aratus including programmablc non-volatile
multi-bit memory celf, and apparatas and method for

demarcating memory states of the cell [ no drawing available]
Assignee: BANKS GERALD J. us

Inventor(s): BANKS GERALD ] Us

Application No: Us 73393700 A

Filing Date: 20001212

Issue/Publication Date: 20020321

Abstract: (ENG) <p=Memory states of a multi-bit memory cell are demarcated by penerating read reference
signals having levels that constitute boundaries of the memory states. The read reference signals are
dependent upon the levels of programming reference signals used for controtling the programming of

the memory cell. The memory cell can thus be programmed without reading out its memory siate during
the programming process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generaied
by reference cells which track variations in the operafing characteristics of the memory cell with
changes in conditions, such as temperatore and system voltages, 0 enhance the reliability of memory
programming and readout. </p>

Priority Data: US 73393700 20001212 A A; US 49313900 20000128 A A; US 41131599 19991004 A A; us
97591997 19971121 A A; US 41020095 19950227 A A;

Related Application(s): 097411315 19991004 6246613 US GRANTED 08/975919 19971121 6002614 US
GRANTED; 09/493139 20000128; 08/410200 16950227 5764571 US GRANTED

IPC (International Class): G11C01134
ECLA (European Class): G11C01156D; G11C011 56D2; G11C01156D4
US Class: 36518503

Legal Status: There is no Legal Status information available for this patent

MicroPatent Patent Fdex - an enhanced TINPADOC database
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US7006384B2 20060228
US2004136237A1 20040715

(ENG) Memory apparatus including programmable non-volatile
multi-bit memory cell, and apparatus and method for
demarecating memory states of the cell

Assignee: BTG INTERNAT INC US
Inventor(s): BANKS GERALDJ US
Application No: US 74289003 A
Filing Date: 20031223

Issue/Publication Date: 20060228

Abstract: (ENG) <p Aum="0000">Memory states of a multi-bit memory cell are demarcated by generating read
reference signals having levels that constitute boundaries of the memeory states. The read reference
signals may be dependent upon the levels of programming reference signals used for controlling the
programming of the memory cell. The memory cell can thus be pro grammed without reading out its
memory state during the programming process, with programming matgins being assured by the
dependence of the read reference signals on the programming reference signals. Both sets of reference
signals may be generated by reference cells which track variations in the operating characteristics of the
memory cell with changes in conditions, such as temperature and system voltages, (0 enhance the
reliability of memory programming and readout.</p>

Priority Data: US 18883502 20020705 A 3; US 41020095 19950227 A 2; US 41131599 19991004 A 3 US
49313900 20000128 A B; US 73393700 20001212 A 3; US 74289003 20031223 A; US 89354501
20010629 A 3, US 97391857 19971121 A 3;

Related Application(s): 10/742890 10/188835 20020705 6714455 US A 10/188835 09/893545 20010629
6434050 US A 09/893545 09/733937 20001212 6353554 US A 09/493139 09/411315
19991004 6246613 US A 09/411315 08/975919 19971121 6002614 US A; 09/733937
09/493139 20000128 ABANDCNED; 08/975919 08/410200 19950227 53764571 USA

IPC (International Class): G11C01604; G11C01156

ECLA (European Class): G11C01156D; G11C01156D2; G1 1C01156D4
US Class: 36518529; 3651852; 36518522

Publication Language: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Phung, Anh

Examiner Assistant: Nguyen, Hien

Legal Status:  There is no Legal Status information available for this patent
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US6327189B2 200611204 LN ]
US2001008489A1 20014719 105 L :.,‘;;‘“““‘m'”"”“‘css 7@
{ENG) Electrieally alterablie non-volatile memory with n-bits per X © . et
1GEE - rwd Y
eell ] - . .
;%‘;f;ég‘“ 4o b £
Assignee: BTG INTERNAT INC  US R .
frid £ et
Inventor(s): BANKS GERALDJ US mer| b —uas =
£ £
Application No: US 79403101 A mee LY Al 70 A oo
Filing Date: 20010228 Sl cownmsEEer |-
B SENSE AMPLIFIERS -1
Issue/Publication Date: 20011204 Zﬁ.’g“f; DECODEEHCO0E F e
0. INPUTACUTPLT, n-BIT LATCHBUFFER
22 3 1 . . © l g
LO0Z CONTROL,
TUANG CROUTRY

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of programming
signals having different characteristics to the cell. The programming signals include at least a first
programming signal which programs the cell by a first increment and a subsequent programming signal
which programs the cell by a second increment smaller than the first increment. As the cell is being
programmed to a selected state, its programming status is verified independently of reference values
bounding the memory states. For this purpose, a signal indicative of the programming status (e.g., the
cell's bit line signal) is compared with a reference signal corresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The programming
operation can thus be controlled without actually reading the memory state of the cell,

Priority Data: US 79403101 20010228 A A; US 49313800 20000128 A A; US 19520198 19981118 A A; US
01173197 19970815 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; US
65287891 199510208 A A;

Related Application(s): 0l 0[;01 01;01 01;01 0,01 01
IPC (International Class): G11C01156

ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4
US Class: 36518518; 36518914; 365218

Publication Langeage: ENG

Filing Language: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Fears, Terrell W.

US Post Issnance:
--US Certificate of Correction: 20020416

Legal Status:
Date +/- Code Description
20020416 ) cC CERTIFICATE OF CORRECTION
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US6324121B2 20011127 1o - ]
US2001006477A1 20010705 e [ Sompmiriur ovess | -
(ENG) Electrically alterable non-volatile memory with n-bits per - :
celf 1034
FQDFIIJOE\;SEE .E,:LJ: ARRAT =
Assignee: BTG INTERNATINC ~ US i
ROW A ke
fnventor(s): BANKS GERALD J US s, S -
Application No: US 79403201 A I e
Filing Date: 20010228 : st cowssmet 7|,
1iz- ‘ SENZR AMPUFERS
Issue/Publication Date: 20011127 SR CECODE/EHOGDE 1.
. N FPUTGUTRUT, & LATCHAURFE] Fl‘
22' - - -
puly e

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than two mermory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of programming
signals having different characteristics to the cell. The programming signals include at least a first
programming signal which programs the cell by a first increment and a subsequent programmming signal
which programs the cell by a second increment smaller than the first increment. As the cell is being
programmed to a selected state, its programming status is verified independently of reference values
bounding the memory states. For this purpose, a signal indicative of the programming status (e.g., the
cell's bit line signal} is compared with a reference signal corresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The programing
operation can thus be controlled without actually reading the memory state of the cell.

Priority Data: US 79403201 20010228 A A; US 49313800 20000128 A A; US 19520198 19981118 A A; US
91173197 19970815 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; US
65287891 19910208 A A;

Related Application(s): 01 01;01 0101 0501 0l;01 01,01 01
IPC (International Class): G11C01156

ECLA (European Class):  Gt1C01156D; G11C01156D2; G11C01156D4

US Class: 36523314; 36518914, 365218

Publication Language: ENG

Filing Language: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Fears, Terrell W.

Legal Status:  There is no Legal Status information available for this patent
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US640467582 20020611
US2001006478A1 20010705

(ENG) Electrically alterable non-velatile memory with n-bits per
cell

Assignee: BTG INTERNATINC  US

Imventor(s): BANKS GERALDJ us

Application No: US 79404101 A

Filing Date: 20010228

i1ssue/Publication Date: 20020611

TG
], Veetd Waeld

AR k3l PROERAE
: | Y.
WFGH { T
1 210 CECUTRY

Abstract: (ENG) <p>An electrically alterable, non-volatile memory ¢¢ll has more than two memory states that
can be programmed selectively. Programming of the cell is conducted by applying a plurafity of
programming signals having different characteristics to the cell. The programming signals include at
least a first programming signal which programs the cell by a first increment and a subsequent
programming signal which programs the cell by a second increment smaller than the first increment. As
the cell is being programmed to a selected state, its programming status is verified independently of
reference values bounding the memory states, For this purpose, a signal indicative of the programming
status (e.g., the cell's bit line signal) is compared with a reference signal corresponding fo the selected
state but having a value different from the reference value or values bounding the selected state. The
programiming operation can thus be controlled without actually reading the memory state of the
cell.</p>

Priority Data: US 79404101 20010228 A A; US 49313800 20000128 A A; US 19520198 19981118 A A; US
91173197 19970815 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; US
65287891 19910208 A A;

Related Application(s): 07/652878 19910208 5218569 US A GRANTED (PATENT)
IPC (International Class): G11C01604

ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4

US Class: 36518503; 365168, 36518512

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Le, Vu A,

Legal Status:  There is no Legal Statos information available for this patent
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ANDRESSES . AAREY = :
Assignee: BTG INTERNAT INC  US - -
AQW - gl A
Inventor(s): BANKS GERALDJ US N ﬁ e
Application No: US 79404201 A wa L Al T AL
S . = [
Filing Date: 20010228 Aé"’%fé@’ﬁ‘ comansest
. FEN SEMBE AMPLIFERS N
Issue/Publication Date: 20020205 Zﬁ—%‘%‘ P —— 1o
: NPUTIOUTPUT, 0-BIT LATCH/BUFFER
e, ] ]
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WOGE CONTROL
THAING CHCITAY

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of programming
signals having different characteristics to the cell. The programming signals include at least a first
programming signal which programs the cell by a first increment and a subsequent programming signal
which programs the cefl by a second increment smaller than the first increment. As the cell is being
programmed to a selected state, its progranumning status is verified independently of reference values
bounding the memory states. For this purpose, a signal indicative of the programming status (e.g., the
cell's bit line signal) is compared with a reference signal corresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The programming
operation can thus be controlled without actually reading the memory state of the cell.

Priority Data: US 79404201 20010228 A A; US 49313800 20000128 A A; US 19520198 19981118 A A; US
91173197 19970815 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; US
65287891 19910208 A A,

Related Application(s): 01 01;01 01;01 01;61 01,01 01;01 01
1PC (Iaternational Class): G11C01136
ECLA (European Class): GL11C01156D; G11C01156D2; G11C01156D4

US Class: 3651852; 36518522; 36518529; 36518907; 36518915; 365203, 365218, 36523001; 36523311;
36523317

Publication Language: ENG

Filing Language: ENG

Agent(s): Miles & Stockbridge P.C.
Examiner Primary: Fears, Terrell W.

Legal Status:  There is no Legal Status information available for this patent
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05633954582 20020115
US2001033512A1 20011025

(ENG) Electrically alterable non-velatile memory with n-bits per
cell

Assignee: BTG INTERNAT INC  US

Inventor{s): BANKS GERALDJ US

Application No: US 79404301 A

Filing Date: 20010228

Issue/Publication Date: 20020115

fuin AR PULLAP DRACES
102

S e

SEMSE IFLFERS
DECHORIENGODE
TP TUTRUT, nBMT LATEHBURFER

MODE CONTRQL
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Abstract: (ENG)<p>An elecirically alterable, non-volatile memory cell has more than two memory states that
can be programmed selectively. Programming of the cell is conducted by applying a plurality of
programming signals having different characteristics to the ceil. The programming signals include at

leasi a first programming gignal which programs the cell by a first increment and a subsequent
programming signal which programs the cell by a second increment smaller than the first increment. As
the cell is being programmed to a selected state, its programming status is verified independently of
reference values bounding fhe memory states. For this purpose, 2 signal indicative of the programming
status (e.g., the cell's it line signal) is compared with 2 reference signal corresponding to the selected
state but having a value different from the reference value or values bounding the selected state. The
programming operation can thus be controlled without actually reading the memory state of the

cell.</p>

Priority Data: US 70404301 20010228 A A; 1S 49313800 20000128 A A; US 19520198 19981118 A A; us
91173197 19970815 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; Us

65287891 19910208 A A;
07/652878 19910208 5218569
1PC (International Class): G11C01300
ECLA (European Class):
US Class: 36518503; 365201; 365207
Agent(s): Miles & Stockbridge P.C.

Related Application(s):

Esxaminer Primary: Fears, Terrell W.

Legal Status:

US A GRANTED (PATENT)

G11C01156D; G1 1C01156D2; G11C01156D4

There is no Legal Status information available for this patent
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US6870763B2 20050322
US2004242009A1 20041202

(ENG) Electrically alterabie non-volatile memory with n-bits per
cell

Assignee: BTG INTERNATINC  US

[nventor(s): BANKS GERALDIT US

Application No: US 80828404 A

Filing Date: 20040325

Issue/Publication Date: 20050322

Abstract: (ENG)<p>An electrically alterable, non-volatite memory cell has more than two memory states that
can be programmed selectively. Programming of the cell can be performed without actually reading the
memory state of the cell during the programming operation. A plurality of the memory cells are

preferably arranged in a matrix of rows and columns disposed substantially in a rectangle, with a
plurality of word lines coupled with mentory gate electrodes intersecting a first side of the rectangle
substantially perpendiculaﬂy, a plurality of bit lines coupled with memory drain-source current paths
intersecting a second side of the rectangle substantiaily perpendicularly {the second side also
substantially perpendicularly intersecting the first side), a ToW select circuit being disposed at the first
side for coupling with the word lines, and peripheral circuitry fncluding a column select circuit and a
sense circuit being disposed at the second side.</p>

Priovity Data: US 7181693 19910604 A 3; US 16040202 20020604 A 3; US 19520198 19981 118 A 3; US
41020095 19950227 A 3; US 42873203 20030505 A 3; US 49313800 20000128 A 3; US
65287891 19910208 A 1; US 79404101 20010228 A 3; US 20828404 20040325 A Z; US

91173197 19970815 A 3; ‘

Related Application(s): 10/428732 20030505 6724656 US A GRANTED (PATENT) 10/160402 20020604
6584012 US A GRANTED (PATENT) 09/794041 20010228 640467 508A
GRANTED (PATENT) 09/493138 20000128 6243321 US A GRANTED (PATENT)
00/195201 19981118 6104640 US A GRANTED {PATENT) 08/911731 19970815
5872735 US A GRANTED (PATENT) 08/410200 19950227 5764571 US A
GRANTED (PATENT) 08/071816 19930604 5394362 US A GRANTED (PATENT);
07/652878 19910208 5218569 US A GRANTED (PATENT)

PC ([nternational Class): G11C01604

ECLA (European Class}: G11C01156D; G11C01156D2; G11¢01156D4
US Class: 36518501; 365 18503

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Le, Vu A.

Legal Status: There is no Legal Status information available for this patent
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(ENG) Electrically alterable mon-volatile memory with n-bits per

cell BITLIME? ’ . ’ | |
WORED LIRE

Assignee: BTG INTERNAT INC  US vm@mgl_
Inventor(s): BANKS GERALDJ US Wz

s . e e e ]
Application No: US 80828604 A srae 08
Filing Date: 20040325 e e Rl
Issue/Publication Date: 20060711 — — — st

i THE
A

Abstract: (ENG) <p num="0000">An electrically alterable, non-volatile memory cell has more than two memory
states that can be programmed selectively. Programming of the cell can be performed without actually
reading the memory state of the cell during the programming operation. A plurality of the memory cells
are preferably arranged in a matrix of rows and columns disposed substantially in a rectangle, with a
plurality of word lines coupled with memory gate electrodes intersecting a first side of the rectangle
substantially perpendicularly, a plurality of bit lines coupled with memory drain-source current paths
intersecting a second side of the rectangle substantially perpendicularly (the second side also
substantially perpendicularly intersecting the first side), a row select circuit being disposed at the first
side for coupling with the word lines, and peripheral circuitry including a column select circnit and a
sense circuit being disposed at the second side.</p>

Priority Data: US 7181693 19930604 A 3; US 160406202 20020604 A 3; US 19520198 19981118 A 3; US
41020095 19950227 A 3; US 42873203 20030505 A 3; US 49313800 20000128 A 3; US
65287891 19910208 A 1; US 76404101 20010228 A 3; US 80828604 20040325 A; US 91173197
19970815 A 3;

Related Application(s): 10/808286 10/428732 20030505 6724656 US A 10/428732 10/160402 20020604
6584012 TS A 10/160402 09/794041 20010228 6404675 US A 09/794041 09/493138
20000128 6243321 US A 09/493138 09/195201 19981118 6104640 US A 09/195201
08/911731 19570815 5872735 US A 08/911731 08/410200 19950227 5764571 US A
08/410200 08/071816 19930604 5394362 US A; 08/071816 07/652878 19910208
5218569 US A

IPC (International Class): G11C00700; G11C01156

ECLA (European Class): G11C01156D; G11C01156D2; G11C01156D4
US Class: 36518519; 36518503

Publication Language: ENG

Agent(s): Miles & Stockbridge P.C.

Examiner Primary; Le, Vu A,

Eegal Status: There is no Legal Status information available for this patent
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(ENG) ELECTRICALLY ALTERABLE NON-VOLATILE
MEMORY WITH N-BETS PER CELL

Assignee: BANKS GERALD J

Inventor(s): BANKS GERALDJ US E o
AP Termaran 21 FREARAG i
Application No: US 86153007 A ol | (OAGE f mee | PR
PP Ecil | sx,:f_ £ a:;"’m?ﬁwT@
Filing Date: 20070926 & ate

Issue/Publication Date: 20080911

Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than two memory states that can be
programmed selectively. Programming of the cell can be performed without actually reading the
memory state of the cell during the programming operation. A plurality of the memory cells are
preferably arranged in a matrix of rows and columns disposed substantially in a rectangle, with a
plurality of word lines coupled with memory gate electrodes intersecting a first side of the rectangle
substantially perpendicularly, a plurality of bit lines coupled with memory drain-source current paths
intersecting a second side of the rectangle substantially perpendicularly (the second side also
substantially perpendicularly intersecting the first side), a row select circuit being disposed at the first
side for coupling with the word lines, and peripheral circuitry including a column select circuit and a
sense circuit being disposed at the second side.

Priority Data: US 86153007 20070926 A N; US 44622206 20060605 A B N; US 80828604 20040325 A3 N, US
42873203 20030505 A 3 N; US 16040202 20020604 A 3 N; US 79404101 20010228 A 3 N; US
49313800 20000128 A 3 N; US 19520198 19981118 A 3 N; US 91173197 19970815 A 3 N; US
41020095 19950227 A 3 N; US 7181693 19930604 A 3 N; US 65287891 19910208 A 1 Y;

Related Application(s):  11/446222 20060605 US ABANDONED; 10/808286 20040325 7075825 US;
10/428732 20030505 6724656 US; 10/160402 20020604 6584012 US; 09/794041
20010223 6404675 US; 09/453138 20000128 6243321 US; 09/195201 19981118
6104640 US; 08/911731 19970815 5872735 US; 08/410200 19950227 5764571 US;
08/071816 19930604 5394362 US; 07/652878 19910208 5218569 US

1PC (International Class): G11C01604; G11C01156

ECLA (European Class): G11C01156D; GL11C01156D2; G11C01156D4
US Class: 36518503

Publicat&on Language: ENG

Filing Langunage: ENG

Legal Status: There is no Legal Status information available for this patent
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MEMORY CELL, AND APPARATUS AND METHOD FOR AonrRESSES £ v o B
DEMARCATING MEMORY STATES OF THE CELL TN A A
Assignee: BANKS GERALD J = Al
= e %
Inventor(s): BANKS GERALDJ  US e \jm e 1 o
N Pkt COLUMNBELEST. |
Application No: US 87668307 A i preET—p——. -
Filing Date: 20071022 Z&%@’f oebopeEGonE |
Issue/Publication Date: 20081002 1125-—‘[ Y wamw'@ﬁmmwﬁn-
A L
THANG CIRCUITRY

Abstract: (ENG) Memory states of a multi-bit memory cell are demarcated by generating read reference signals
having levels that constitute boundaries of the memory states. The read reference signals may be
dependert upon the levels of programming reference signals used for controlling the programming of
the memory cell. The memory cell can thus be programmed without reading out its memory state during
the programming process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enhance the reliability of memory
programming and readout.

Priority Data; US 87668307 20071022 A N; US 40714806 20060420 A 1 N; US 94419404 20040920 A 3Y; US
74289003 20031223 A 3 Y; US 18883502 20020705 A 3 Y; US 89354501 20010629 A 3Y; US
73393700 20001212 A 3Y; US 49313900 20000128 A B Y; US 41131599 19991004 A3 Y; US
97591997 19971121 A 3Y; US 41020095 19950227 A2 Y,

Related Application(s): 11/407148 20060420 7286414 US; 10/944194 20040920 7068542 US; 10/742890
20031223 7006384 US; 10/188835 20020705 6714455 US; 09/893545 20010629
6434050 US; 09/733937 20001212 6353554 US; 09/493139 20000128 US
ABANDONED; 09/411315 19991004 6246613 US; 08/975919 19971121 6002614 US;
08/410200 19950227 5764571 US

IPC (International Class): G11C01604

ECLA (European Class): GI1C01136D4; G11C01156D2; G11C01628; G11C01630; G11C01634V4
US Class: 36518529; 3651852; 36518522

Publication Language: ENG

Filing Language: ENG

Legal Status: There is no Legal Status information available for this patent
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(ENG) Memory apparatus including programmable nen-volatile
malti-bit memory eell, and apparatus and method for
demarcating memory states of the cell

Assignee: BTG INTERNATINC  US
Inventor(s): BANKS GERALDJ US
Application No: US 89334501 A
Filing Date: 20010629
Issue/Publication Date: 20020313

FACSEAN -4

GIRSUTRY allid
2. IR

Abstract: (ENG) <p>Memory states of a multi-bit memory cell are demarcated by generating read reference
signals having levels that constitute boundaries of the memory states. The read reference signals may be
dependent upon the levels of programming reference signals used for conirolling the programming of
the memory cell. The memory cell can thus be programmed without reading out its memory state during
the programming process, with pro gramming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in condifions, such as temperature and system voltages, to enhance the reliability of memory
programming and readout.</p>

Priority Data: US 89354501 20010629 AR; US 73393700 20001212 A R; US 49313900 20000128 A R; US
41131599 19991004 A R; US 97591997 19971121 A R; US 41020095 19950227 AR,

Related Application(s): 09/493139 20000128 ABANDONED; 08/410200 199350227 5764571 US A
GRANTED {PATENT)

IPC (International Class): G11C01606

ECLA (European Class):  G11C01136D; G11C01 156D2; G11C01156D4
US Class: 3651852; 36518503; 36518522; 36518524

Agent(s): Miles & Stockbridge P.C.

Examiner Primary: Elms, Richard

Fxaminer Assistant: Nguyen, Hien

Legal Status:  There is no Legal Status information available for this patent
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US6381172B2 20020430
US2001055222A1 20011227

(ENG) Memory apparatus including programuable non-velatile
multi-bit memory cell, and apparatus and method for
demarcating memory states of the cell

Assignee: BTG INTERNAT INC  US
Iventor(s): BANKS GERALDJ US
Application No: US 89413401 A
Filing Date: 20010629 ﬂg?wﬁé
Issue/Publication Date: 20020430
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Abstract: (ENG) Memory states of a multi-bit memory cell are demarcated by generating read reference signals

Priority Data:

having levels that constitaie boundaries of the memory states. The read reference signals may be
dependent upon the levels of programming reference signals used for controlling the programming of
the memory cell. The memory cell can thus be programmed without reading out its memory state during
the programmling process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enhance the reliability of memory
programming and readout.

US 89413401 20010629 A A; 1S 73393700 20001212 A A, US 49312900 20000128 A A; US
41131599 19991004 A A; US 97591997 19971121 A A; US 41020005 19950227 A A;

Related Application(s): 01 Co101 01;01 01
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(ENG) Electrically alterable non-volatile memory with N-bits per (o34 E:"'TL 1o e ﬁ
- e -
- ADD’?H?E"L‘-‘;VSES T* : nﬁﬁi\' ’EFL:
Assignee: BTG INTERNATIONAL INC  US i e — 1
ROW :FTL :EJ:L
Inventor{s): BANKS GERALDJ US SEECT :.I—LL - 1
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Abstract: (ENG) An electrically alterable, non-volatile memory cell has more than 2 memory states that can be
programmed selectively. Programming of the cell is conducted by applying a plurality of programming
signals having different characteristics to the cell. The programming signals include at least a first
programming signal which programs the cell by a first increment and a subsequent programming signal
which programs the cell by a second increment smaller than the first increment. As the cell is being
programmed to a selected state, its programming status is verified independently of reference values
bounding the memory states. For this purpose, a signal indicative of the programming status (e.g., the
cell's bit line signal) is compared with a reference signal corresponding to the selected state but having
a value different from the reference value or values bounding the selected state. The programming
operation can thus be controlled without actually reading the memory state of the cell.

Priority Data: US 91173197 19970815 A R; US 41020095 19950227 A R; US 7181693 19930604 A R; US
05287891 19910208 A R;
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19980728 ) AS01 CHANGE OF NAME New owner name: BTG INTERNATIONAL
INC. 2200 RENAISSANCE BOULEVARD; Effective date:
19951010;

19980728 Q) AS01 CHANGE OF NAME New owner name: BRITISH
TECHANCLOGY GROUP USA INC.; Effective date: 19951010;

19980728 ) AS01 CHANGE OF NAME New owner name: BTG USA INC.;

Effective date: 19980601;

o E

UST068542B2 20060627 . (RS ;
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(ENG) Memory apparatus including programmable non-velatile
multi-bit memory cell, and apparatus and method for
demareating memory states of the cell

Assignee: BTG INTERNATINC US
Tnventor(s): BANKS GERALDJ US ORI LNE
Application No: US 94419404 A
Filing Date: 20040920

Issue/Publication Date: 20060627

Abstract: (ENG) <p pum="0000">Memory states of a multi-bit memory cell are demarcated by generating read
reference signals having levels that constitute boundaries of the memory states. The read reference
gignals may be dependent upon the levels of programming reference signals used for controlling the
programming of the memory cell. The memory cell can thus be programmed without reading out its
memory state during the programmying process, with programming marging being assured by the
dependence of the read reference signals on the programming reference signals. Both sets of reference
signals may be generated by reference cells which track variations in the operating characteristics of the
memory cell with changes in conditions, such as temperature and system voltages, to enhance the
reliability of memory programming and readout.</p>
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Examiner Assistant: Nguyen, Hien

Legal Status: There is no Legal Status information available for this patent
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PROGRAMMABLE NON-VOLATILE MULTIL-BIT PR
MEMORY CELL, AND APPARATUS AND METHOD FOR
DEMARCATING MEMORY STATES OF THE CELL

Assignee: BTGUSAINC US
Inventor(s): BANKS GERALD J
Application No: US 9722809 W
Filing Date: 19971211
Issue/Publication Date: 19990603

Abstract: On délimite les états de mémoire d'une cellule de mémoire multi-bits en générant des signaux de
référence de lecture ayant des niveaux qui constituent des frontidres entre les états de mémoire. Ces
signaux de référence de lecture dépendent des niveaux de signaux de référence de programmation
utilisés pour commander la programmation de la cellule de mémoire. La cellule de mémoire peut
ainsi étre programmeée sans lecture de son état de mémoire au cours du processus de programmation,
les marges de programmation étant assurées par la dépendance des signaux de référence de lecture
par rapport aux signaux de référence de programmation, Les deux ensembles de signaux de référence
peuvent étre générés par des cellules de référence qui détectent les variations des caractéristiques
opérationnelles de la cellule de mémoire associées 4 des variations de conditions du type
température et tensions du systéme, de fagon a accroitre [a fiabilité de lecture et de programmation
de la mémoire.

Prierity Pata: US 97591997 19971121 A T;
IPC (International Class): G11C011356
ECLA (European Class): G11C01156D2; G11C01156D4; G11C01156D
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PLPTRORUSDSESGSISKSLTITM TR TTUA UG UZ VNYU ZW
----Regicnal Treaties: AM AT AZ BE BF BJBY CF CG CH CI CM DE DK ES FI FR GA GB GH GM GN
GRIEITKE KG KZ LS LUMC MD ML MR MW NE NL PT RU SD SE SN SZ TD TG TJ TM UG ZW

Publication Language: ENG
Agent(s): SHAPIRO, Mitchell, W. Suite 1701, 1100 Wilson Boulevard, Arlington, VA 22209 US

Legal Status:
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Corresponding patent document: 1020007005519; Couniry code of
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Abstract: (ENG) Memory states of a multi-bit memory cell are demarcated by generating read reference signals
having levels that constitute boundaries of the memory states. The read reference signals are dependent
upon the levels of programming reference signals used for controlling the programming of the mermory
cell. The memory cell can thus be programmed without reading out its memory state during the
programming process, with programming margins being assured by the dependence of the read
reference signals on the programming reference signals. Both sets of reference signals may be generated
by reference cells which track variations in the operating characteristics of the memory cell with
changes in conditions, such as temperature and system voltages, to enhance the reliability of memory
programming and readout.

Priority Data: US 97591997 19971121 A A; US 41020095 19950227 A A; US 7181693 19930604 A A; US
65287891 19910208 A A;
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Assignor: BRITISH TECHNOLOGY GROUP USA INC.; BTG USA INC.

Corres. Addr: BTG INTERNATIONAL INC. JOEL F. SPIVAK 2200 RENAISSANCE BOULEVARD
GULPH MILLS, PA 19406
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