SYSTEM FOR | MPROVI NG ENDURANCE AND DATA RETENTI ON I N
MEMORY DEVI CES TECHNI CAL FI ELD The present invention
rel ates generally to integrated circuit nenory, and
nore particularly to a systemfor inproving endurance
and data retention in such nenory. BACKGROUND ART
Various types of electronic nenory have been devel oped
for conputers and simlar systens, and each type had
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conputers, voice recorders, etc,
but capgigpkty fébl@cﬁmdmﬁchQMa ems, such as cars, pI anes,
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lacks thhersdst gharbleregsticEbaERPREMr y cel |'s have been devel oped
that allow mpre than a single bit to be stored in
eachFVEE| HPe ehacmaryoplled Tlagh't BEPBOAL envBlastementray, has become
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EPROM mutht theenbility teblectiedlly erass of BHPRGM. Flash memory can be rewritten
and can hold its contents without power. Flash memory is a non-volatile memory, which
means it can store data and not lose the data when power is lost. It is used in many portable
electronic products, such as cell phone, portable computers, voice recorders, etc. as well as in
many larger electronic systems, such as cars, planes, industrial control systems, etc.
Conventionally, Flash memory is constructed of many Flash memory cells where a
single bit is stored in each memory cell and the cells are programmed by hot electron
injection and erased by Fowler-Nordheim tunneling. However, increased market demand has

driven the development of Flash memory cells to increase both the speed and the density.



- Oxide --- Ntride -- Oxide - Silicon (SONOS). Each
type of nenory has specific applications in which it
is optimal. However, each requires a different
manuf act uri ng process and speci al i zed processes are
required to achieve optiml performance it the
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Solutions to these problems have been long sought and some solutions are accepted
by the industry, such as multi pulse program/erase scheme. But such solutions always require

very complex circuit designs.

DISCLOSURE OF THE INVENTION

The present invention provides a memory system including a memory block having at
least one memory cell. The current is sensed after erase operations of the memory cell. A
signal is generated in response to the current dropping below a predetermined level after

erase operations of the memory cell. The stress on the memory cell is reduced to a first
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of those nmentioned above. The advantages wi |l becone
apparent to those skilled in the art front a reading
of the followi ng detail ed description when taken with
reference to the acconpanying draw ngs. BRI EF
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In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

Likewise, the drawings showing embodiments of the device are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown greatly exaggerated in the FIGs.

Referring now to FIG. 1, therein is shown a chart 100 showing program current and

erase current in typical endurance test results of a memory cell (not shown) without using the



of cycles during an erase (ERS) status 104 revealing a
degradation of the nenory cell until at approximtely
25,000 cycles the nenory cell failed. At that point
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includes a dynamic erase circuit 213.

Referring now to FIG. 3, therein is shown block diagram of the pulse generator and
control circuitry 212 shown in FIG. 2. The pulse generator and control circuitry 212 includes
a pump and pulse control circuit 302. The pump and pulse control circuit 302 is connected to
the array cores 204 shown in FIG. 2, which are represented in FIG. 3 by a memory block 304

for controlling the signal during an ERS operation.



is a0or al Asecond sense anplifier 308 is
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When the second sense amplifier 308 senses a drop of the second Iieq 406 to the
predetermined level 404 that occurs in the example shown at about 60,000 cycles, the output
of the second sense amplifier 308 has an output signal 310 to the pump and pulse control

circuit 302, which in turn has an output to the memory block 304 during subsequent erase
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excellent peripheral circuits are also required. The simpler the peripheral circuits, the better,
and it would be ideal to have only one erase pulse. During the extensive investigation, it was
discovered that data shows the optimized erase stress condition becomes too much for a cell
after a number of cycles of program and erase.

The extensive analysis indicated that it is desirable to reduce the erase stress with
increments of the program/erase cycles. The data graphs showed that after ten thousand

cycles, the current at the erase state becomes very low.



The extensive analysis indicated that it is desirable
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will cudtiduewatil the yenseatripli fith@ets@ns mlbyﬁb bfah@iedARhRE hind.
fully progr armed%ar ased status hus, the above schene
cd u%uig‘? abWFeicheipg san BV%‘I@I Qig CraspProthenss. sl%lﬁethﬂé scheme requlres a
very Joﬁﬁ%‘txlr &Fbu?t qeg% yTl?eowﬂbr%i( flgér‘ﬁtg‘?hg%%%% %F laréer A ﬂ rawlgp highly

accurae sugndtpzham zgmlaioqeh&ﬁf@nﬁﬂcben OT 1&&; ﬂﬁnﬁt@gﬂi&ﬂ(‘@rcuff h@ﬁgn Wieneed to
r at dl&f‘gl rcuit desig need to be nore robust
be moj oS HCROE S SIS 8 e AHbeE @1 Wil qauts 16id loss and
highet &js® Wi Il cause yield loss and higher cost. In this
i nvention, by the addition of another sense anplifier,
| hl Eh:l&:l utweommt, doyaths @ddﬂlonmﬁﬂnothee rsefiser and &chrn@m Addfitic@r to a sense
ens ,currg{] in the erase state dropping to a

amph%? g%rt é‘? d%1 Vel i 0 FRSCaPUEd enether REpC (ke efrapRing to a

predet8fhi@es léifélﬂlfj vsk&@ dis%gu&@ﬂi thafd tBE QPRE shréss &)Lﬂﬂch% rEickd® A signal is
pul se generatlon circuit so the next tine the erase

outputsﬂoﬁb@ sulse genspitiondirchié se that maxs siniesthe apit steehs fivanpliod dag stress is

h o . Thus it has been di scovered
apphe{:l P}c’l(}wg eh% %tgemte resent i nvention furnish
i mmw itanat be@@sd@@é&ﬂ ehA e HRAVRLT @BlpRsER il dn@B] furnish important
abl lities, and functional advantages for nenory

and h %@sunath’éahl%§9M1Pﬁ‘g qap@itlbgss,md &J@ﬂtiqrgh radyandagss doe memory
deviced! ! T@J‘tlfeaﬁﬂ\@ gl?r{pge% ”QAH %nﬁguraﬂBCom lnsléfa?éh%%rwardg ec)(/)nomlcal

versatil e an |ve Useeeonventd

uncontpéichted) bighgsveranie ane etfottsve, ve@dohyensivhdledcHrdlogies, and are thus
rranuf ct url&g menory devices that are flatly
readily. gisd i ipPHManyiA¢ e HFEIRY gReires et af@limqm@aqb}w@b sewventional

manuﬁ&qnﬁg‘gf&@éseélélﬁﬁec%wg‘?ethe i nvention has been

described 1 n conjunction with a specific best node, it
i Whﬂt(bhdamvamtdmrl‘*&is deeh titsatibehinycaljiretioatiithesspecific best mode, it is
d variati on wi.l |l be_ apparent to

to b rm(gi fic qa(tttl ri
o be {Rirof i dimp liamiyes. AGICHISoR0d AE Al BF eBbl bryapparent to
those §18B&d inPihle At inASEHR LY 'tﬁkgéﬁﬁregbfng‘ c‘f’esbﬂﬁt?dﬁq eﬂcéo?dlngly, it is intended to

embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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enbrace all such alternatives, nodifications, and
variations which fall within the scope of the
included clains. All matters hithertofore set forth
herein or shown in the acconpanying; draw ngs are to

THE INYENKINEEASMEDNSin i |l ustrative and non-limting

sense. THE INVENTION CLAIMED |S: 11 |. A nenory
slysterv?xmmrb’si'&ﬁgncpm@misld'gng a menory bl ock having at

one_nennr S the curr nt after the
§V1 lngperflgp?la"}si %Chl?ehéivmg %\@ F&“echFIPO%'n‘i‘f after reducing
Ssehiiﬁg St @gfen0 BfttM@icNRATRI Opefiftibhs b tHehBethbfStell @tﬂﬂﬁ?&l reducing
| evel ; generating a first signal in response to th

cur r erthe gFesp PRy emew eellgp derolinst reilnesd leveé,\/el af t er

r o ener
%@gﬁgﬁg q ﬁjs 8 nalrltelsr%%%ggee E)D {}%éhc(eﬁ%gatr (ri oppIg E)(bv? A 9predetermlned
bel ow lewd aﬁm@dsbthremtmﬁdofm elendfrl @€ll;er ase operations

of the menory cell subsequent to 10 reduci n t he

SAengrang o2 ¢ #80Rq r dgnal o gy cEEPomes elo; thes iveienly drpeping r bejew the
on t Ne, BRAD N ndiClebell fhed e}és%%tsp el B0HE 6 ﬂeeﬁllglltnﬁlgpgélp glbs?quent to
erase operations occurring su sequen urren

dr oppiradudied thwstrés t@tlfedh'smedﬂlamdde\}eevel and further

ucing the str on ti ne second
@llf e Sies o ?H@enaraggf tojs; 15 é‘?dgff? e (948§ operations
SUbSG%@@:h QubRBuEMTH GRS cHrQRRY bawit e
predet erm r?%dul !eé\%l aftercer aserg%e%t?ons oiprﬂ?teermmed eyl
rrermrymdell subsequent to reducing the stress to the

SRR s o TR AR ES hELhs e

oper atdp@faﬁoﬂsf bERiENOSUbsEftleht USEShd SQRGE @FHi:lphfg Selow the
20 3. The nmenory systemas clainmed in claiml

wher eimiedetesmanat lerig] aftesiegpsalopiratipes pb fsememonhesll subsequent to
curre e d level after
the e?é%‘%‘i%ﬁf% eRie Y S%%‘ﬁ{d I, | Bees 2 hun
? se cont r ol nary system as
I ai me

4, Th
cp mer]&?ré’lspf'?timalsﬁf Iﬂgﬁi inopint f’s‘?’ €55 mai nt ai ni ng

tsBisidihe R OtrestiiieN Brabd G AHNS B?ﬂ@trhéiﬂ&y%ll Lh&Q SRAW Implifier.
cell above a predeterm ned |evel . A nmenory system

BONPr ifieMemory system as claimed in claim 1, wherein:

generating a signal in response to the current dropping below a predetermined level
after the erase operations of the memory cell uses a pump and pulse control

circuit.

4. The memory system as claimed in claim 1, further comprising:
maintaining the current during program operations on the memory cell above a

predetermined level.

5. A memory system comprising;

providing a memory block having an array of memory cells that are stressed during
erase operations;

programming the memory cells in the array using a current having a predetermined

level;
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providing a nmenory bl ock having an array of nenory

cells that are stressed during erase operations; 30
programming the nenory cells in the array using a

current having a predeternmined |evel; S sensing the
cienying theaguresnt pier the sease eperaRensopsthe mantsy welpayd efddrireducing
and afthg trés@ H‘Eljl gfeceﬁtt[)?t? pre'éin?edr[g\mf ry iCﬁI I to

theflrs uce gene ralng aS|gnaI

rEapatse ats!i)gﬂahﬁl ﬁ‘dspdSIESEtto diicopptang desipiivg Belpwedglegstoiniiaed level
| evel after the erase operations of at |east one of

t he n@rﬁ% eceéfrswpe@tl@ A 15eRcPn of eoMEmEniFs: i n
I senbaia egbﬁ?d CY a? Nty q‘é OGP GOVl roIg%ing below the
e eve e

pr edet e m n after €erase operations o
menor )prcckltetmﬁnddsbqeleaﬂerteoase ropdrationg of e mtmesscdlbsitBequent to

first duce | evel reduc tress on the at
| east 8 %FﬁEe%%é lréterleii'gceflge ifl rst reduced | evel

froduci®y &S &treRESAthE QP &a&ccﬁfér(ff'tﬁ@m%%f GLIRND o ﬁ’rs{ fé@uced level for
current dropping below the 10 predeterm ned |evel

and f raseepparaithugi ougutring sthsegeendriot the evereot ylrcmpluig thelow the
a secor}gdrteducgi eﬁveld during erase operations
occur i n ¢ Gent*o the current dropping bel ow t he

rugBetredudifethese¥& oratht Sicntdra el ap alsdédnanedrbd 18R] during erase
menory cell subsequent to reducing the stress to the

secon®PEEHQBRAO¢@VEE  fubs@ucTth etong 9u1§grgt drapping below  the
cl ai anqi e?erﬁ—h&ldnfe%l Vfﬁ:? re?e{sg op%t%?%b{ drt eem élélﬁ%eél ?Jl)tsgquent to

erase operations O USGS a

anpl i freducing the strdsaeo mrmqndsysaamla&l.cl aimed in claim
5, wherein: generating a signal in response to the

@ur r erthedh @RByRYstbRl W AmBd QLR 5l Wedeinevel after
the erase operations of the nenory cell uses a punp

aaesipiths sugemitafisr erase epesatiomaiof thegnempry aglvsesya sspst amplifier.
as clainmed in. claimb5, further conprising:
Mai nt éﬁhﬂmgncbﬂy@ystammmtandad 1m<g1a1m @,gvharemper ations on

d ab
oF DBbine N PeoBpon o A iy ESenpHStg: Petginine level
a memfigr Heo&kseeperatbndlof HRARen R cBENBEYa f&hb and pulse control

circuit.

8. The memory system as claimed in claim 5, further comprising:
maintaining the current during program operations on the at least one memory cell is

maintained above a predetermined level.

9. A memory system comprising:

a memory block having at least one memory cell;

circuitry for sensing the current after the erase operations of the memory cell and after
reducing the stress on the memory cell to the first reduced level,

circuitry for generating a signal in response to the current dropping below a
predetermined level after the erase operations of the memory cell;

circuitry for generating a second signal in response to the current dropping below the
predetermined level after erase operations of the memory cell subsequent to

reducing the stress to the first reduced level;
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circuitry for sensing the current after the erase
operations of the nenory cell and after reducing the
stress on the nenory cell to the first reduced |evel;
circuitry for generating a signal in response to tine
cufichidin fafr sgpiing thﬁelStﬁWSa)n ﬂreed@tr@ryncnlédowev@mcgd fayel for erase
the er r circuitr
for geerBRhg B Ble i el "B tpE o el (ErpfE Bolow  the
cur r ergredbta@pindddens] @\ t he predeterm ned |evel after
erase operations of the nmenory cell subsequent to
BTG fHReE FreREBE eSS omrie megu eell Hod &goong reduced level
circui
o o rie el ErRloRY bk Eha 0t OIERIRLN, GBbring betow
subsedgheptedeenhined devet efier daepEiergione lofithe memory cell subsequent
predeterm ned | evel ; and circ r further
r educi‘RgequgEed ¢ slEess %thpﬁ%coﬁéﬁ?f{ug?edﬂ"!ﬂ to a second
reduced |l evel > during erase operations occurring
d0bs ediherinemeryrsyratemas cdlibgpith g Wedrei: t he

: e th
RS Bl B o B e RRESRHLREF ol oy selt uses
secondumedunqﬁﬂkﬁyel. 10. The nenory system as cl ai ned
inclaim9, wherein: the circuitry for sensing the
qur r entheahéBérytshsteRr RTC1iMBE IBEhiANS, Wherkile nenory cel |
uses . 10 a sense anplifier. 11, The menory system as
cthsi Gsgitnh o generadingin sigaplnin fdsponsertethe rcynmtr dropping below a
gener
o oppinestpefhifiedeas abl ERRRRS e ol G bloFthy ol wieg 2 pum
oper atandmpalsefcohtie cirenwry cell uses a punp and pul se
control circuit. 15 12. '11lfte nenory system as
abai methé Mmemlody §9sfom hHEILIARII iR QIRNI0S Filther Bdrhpriifig:y for
mai nt ai ni ng .the current during progran1operat|ons on
t BiECUEY BV ynadeipiningsthe wairpntaluniad padssye opergtienteerethginmaepry cell is
IevelIné§mHﬁnggpry4éxa£§n ? r|S|ng a menory bl ock
havi ng an ar Peho hat are stressed

qﬁrlng er ase g ﬁe atlons circuitry for progranming
ENBISFOEY pyskem m?ﬂ%“ﬂgray using a Current having a

Rr edeioey HlARAhdBYElan 4tdyCof MeYnJr? lcefl® ﬂﬁdtnﬂetﬁ%sééﬂ rd@iy erase

after the erase operations of the inenory and after
operations;

circuitry for programming the memory cells in the array using a current having a
predetermined level,

circuitry for sensing the current after the erase operations of the memory and after
reducing the stress on the memory cell to the first reduced level;

circuitry for generating a signal in response to the current dropping below the
predetermined level after the erase operations of at least one of the memory
cells;

circuitry for generating a second signal in response to the current dropping below the

predetermined level after erase operations of the memory cell subsequent to

reducing the stress to the first reduced level,

10
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reducing the stress on the nenory cell to the first

reduced level; 25 circuitry for generating a signal in
response to the current dropping bel ow t he

predeterm ned | evel after the erase operations of at

| degyitryoles refucingethasivesyon the @t legst erier@luthe menfasy cells to a reduced
gener at j C ignal i.n response.tQ the current

dr opp b Ber R ARt R A2k e RERBREREH B el rbBPhe betow
oper atthepredeterthined te8payd cel | subsequent to 30

reducing the stress to the first reduced | evel; 10

Bt t%y fyrger redugmigiihe stess onrthe mempry kel i a seqeat redysed level
of th C : r S .

oper attBaE e lcioh? Bl Bl Segh it heouftbtWopping below
dr oppithg phelemninet deyet efiet @nsd opetatioaw elf thamdmoty call §ubgequent

for further reducing the stress on the nenory cell to
a secdRdeFUEHEd %IStF?gEqtheée?iﬂ}?ﬁir?fﬁ“’%ﬁiiié’@l'oper ations
occurring subsequent to the current dropping bel ow
tite prioyehenpiyfastemepsiained &t claimmdd Wisseiat i ons of the

TETS 6y ARPEOHE By S OHEL D02 M o

i n cl alemeladypliffeer ei n: the circuitry for sensing the

current after erase operations of the nenory cell uses

as. SeTEAnaiplyl sybten askthiméd e EBMPLY, wikeéiam as cl ai med

in claim113, wherein: the circuitry for generating a

sthgneircuitry fesgrnsEaingo sigaalciir Faspensgrtepibe rigrisal diwpaing below a
pr edet ] r 0 ' th

ermor P e e s e okt oBRARGH RSy By b pum
16, Thadmpeiercyntsylsirenitas claimed in claim13, further
conprising: circuitry for maintaining the current

dl i NgTRE AR SR&MAAY SRgneANn thenal, hirast cARRisikENOr Yy

cell is maintained above a predeterm ned |evel. 20 11
circuitry for maintaining the current during program operations on the at least one

memory cell is maintained above a predetermined level.

11
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