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
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driven the development of Flash memory cells to increase both the speed and the density.
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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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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
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V\ﬁef%nlr@ v 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.
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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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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.




6 Conpared with conventional solution, such as nulti

pul se progranif erase schene, this invention provides a

much sinpler solution. For nulti pul se schenme, after

the first progranferase pulse, a sense anplifier wll

dediBpdred Bethsdoat sdioRhl solioBelchtag ndlgg | d%c‘ﬂ’t@xéﬁﬁ[a dsB@chcmc this

operation is fully finished or_ not. F IS,
mvenq@mogrcmrdeér asaugpeimpleorsofwiont Hos welt] mhlqel S%@mestqfi@pe@e first
prograﬁgﬁ t o n tahnet;r?%rggltwllfs?l?ie%r Ptrhgggl"f\gp%fetgx E&I 0 detmde whether the
opelatﬁﬂtisffmlj/ )ﬂnﬁﬁh@dl shedt. IFor 1s§&&njﬁliogzam/é1a§&16pd‘rﬁad1 taarthsndell will be

after programis not high enou? t hen anot her pul se
stoppegliantl nivedp Pk ieaperasion rﬁ’éﬂ@é%pk@e q pragrélm«{efﬁ%f: tBg- %S»tcne’ead data).

P [
If it is r(o?q{llﬁ{”hnfggécf efg%’ &g)lagn k |§/ pI(r%g&g ngHrT;&Tg g o%,gﬁé ?i?ﬁtglngh enough,
then aﬂ'dith&, pulfrewibby &p;ﬂ&ﬁ&ﬁ&hcﬁ samavel goahyv er to@ha:stac prabh@nslhis cycle

But this schene req ires a ry co circuit
will C(H%P@Hmﬂfh%g%ﬁﬁ% gidegise ‘i\}lénﬁb’lpffrgég‘gm@ “pec %f?‘glér and
q k a d aﬂhﬁﬁ
R B Yo B P e P, B0 SRR reauires «
vmycnmpumkmcubdcﬁgréﬂm@busol@mmnhhﬁIpWQUEBSMQQmﬁnému%emmgeh%hb
to be better. this w

accurs GHEH PR RIS RPSOTTAGRL 1 GHS: 05 LA GRGT B Gesg wll need t

be mo?enl%bﬁ‘ﬁ bnd BRSF0&IPL iR heeds o 86 Gbitdr OMIL F this $8N2Buse y;eid loss and
anplifier for reading "0" or "I", to sense current

highertdest. er ase state dropping to a predetern1ned | evel , |t

di scovere eSS co
RS S By b5y R0 VRPN e
amphﬁé}efd}ei@adi gt iR erass sdnk€Scuricht dppihkeetasd 88 Sirb@Ese to a
ag I|e to prolong the life of the nmenory. Thus,
prcdetmmln Pebrit wias doverael thwathe pass yisess ropkd b%@dﬁ?%eﬁt signal is
outpu‘tI tﬁ\évcgf)t;llgcgi,gn%gaqlo%?u 8% 94 Ek%ggcgt ﬁ&g tﬁ& 51?15 %1%}5? IS alpphed less stress s

applicady pil @@ase fity oMeMkorydevi ces. The resul ting process
and configurations are straightforward, econom ga
uhesnpiag g@f’éldhs%’r"@lﬁﬂ yhay diessiemeo thel PEF$ Gieplon {pgaish important
and h&%[b\fgl tér%@gillabtlgﬁglﬂﬂb&g'c%ﬁablﬁpg L& ﬁlh&ﬁmaLQMn yes for memory
menufacturrng” nenory devi'ces that aré i ?ﬁ
dewcesorrpfame keeulsihd fpmmweaﬂtd awafigumracuf acd Lmﬂaq;yxtfpr\@mésssesnomlcal,

and technol ogi es. t he inventlon has bee

“nCOlT_d%@EﬁeS’b@d R SRR ORI ot COpeaPg gt dieand pre thus
readilmt%Q‘opﬁLaH@fq@tﬁﬁB% %ﬁohﬁ‘ﬁeﬂg&yth% eﬁ'@ ﬁﬂﬂl dobGRitible with conventional

I'fications variations wll be “apparent to
manufabosieg pkick$sedandntetimelasds. in | ght of the aforegoing

cription. . Accordin . 1 1.1s intended race o

e PR R b Aoty it SV BIREoT G4 FTRE PaRgode, it
to be Wﬁﬂ&@tog@tﬂlat%&w RtdrRRIvRE, Olﬁ@dl%aﬁ(h‘@ alh@‘f}bﬂﬂéiﬁﬂs Gyifll BB apparent to

matters hithertofore set forth herein or shown in

those sihﬁecaoctmpahyn ght of iz forpgomeedeseripion nhesophingladitiin indended to
embrace aHgsltlcrhaagl{e\{neatl%Qsd Lrpo%?ﬁcl;atmns 08 VSRS quch 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.




THE I NVENTION CLAIMED I'S: 1. A nenory system
conprising: providing a nenory block having at | east
one nmenory cell; sensing the current after the erase
operations of the nenory cell; generating a first

THE [SVENFIONCLASpmISES:t 0 t he current dropping bel ow a
predetermned |evel after erase operations of the

nenor yAeleélhéry@?ﬂeﬁqe;@u@h@@gt he stress on the menory

cell to a first reduced | evel during erase operations
owevidingigmsmbaeklaelnhatieg stHeast op¢ MO ¢¥lpi ng bel ow t he
predet erm ned. level . _The.ner ., ¢l ai med

[ Sr?n%lpéﬁqr% G4 re\i}\}w%fr?eé %lﬁe erésé)ngﬁlgﬁaélgﬁ eir %‘8 ?ﬁr/egé}ot?wg‘%f’ er erase
opgeatihgnsint sighel MeRPFans€ & thelS@&na dEpPER 8Pk idf pretetermined
3. The nmenpry systemas clainmed in claim1, whereln:

gener aAevelglial gpgmencritions 8§ Beraanety cethveandur r ent

drre%)cmt’lg g‘neké‘terle Iﬁth@rtﬁcgﬁ&grﬂl re(?g A &Y8duced il d%‘h‘% ﬁﬁs%s(ﬁ)erations
operatrons o e nenory cell uses a punp an ul se

cont r obccutingubtequént td ke sueredr gropyiat eatoasthe baidatedningd level.
claim1, further conprising: maintaining the current

duri ngTIRY Bemar) SRENALI Afishcdnn thagn Mewhéicel | above a
predeterm ned | evel. 5. The nmenory system as clai ned

i yengingithn aurentigftaierase oppriieismy theaaprgcaHsecusasnamplifier.
after reducing the stress on the nenory cell to the

first Teodunecedry $ystest 2s ganedat chgnd, wberord signal in
response to. the current dropping bel ow the .

D EERSR Bt Rt BUETTRr i R FEpfe BE ot pisfgrermined Level
MENDI Yafe@lthe SHRS BHLIAMAGN & the Eke N Tell NReSh HAED 4nd fill& control
first reduced |evel; and further reducing the stress
on theciory cell to a second reduced | evel during
erase operations occurring subsequent to the current
4.oppi Ade bednowy Sheem ps edenedt im aedh 1, dwdier abmnprisiegase
operations of the nory cell subsequent Eo reduci%g
t ARAERNERES e YRRt UERRPTP B SRCFRYY 01 61 AR
syst em,c@aBhiakN@velPr ovi ding a nemory bl ock having an
array of nmenory cells that are stressed during erase
oper at+ons...Ar ] the SedofAE,. ar ray
g L RenBLOORARTAE oS (FERRR, REULFodhy| i
sensing the current after reducing the stress on the memory cell to the first reduced

above a

level;

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; and

further reducing the stress on the memory cell to a second reduced level during erase
operations occurring subsequent to the current dropping below the
predetermined level after erase operations of the memory cell subsequent to

reducing the stress to the second reduced level.

6. 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,




8 sensing the current after the erase operations of
the nmenory cells; generating a signal in response to
the current dropping bel ow a predeternined | evel
after the erase operations of at |east one of the
nefeiny tleadunsnt dnd tieeduei apgratibes of thessenany téies; at | east
one of the nmenory cells to a first redu ed | evel, for

e AEHIBHr AN espeRer P iGe SUERB Ging 8olPWe? Riff FigHpined fevel
dr oppi figL; *ﬂ‘?d el %raﬁlegfgie&t ] &ﬁ:%fltﬁé’ ﬁllcm(gy cell} ealﬂﬁ mory

systemas cl al e alm6, whereln: sensing t

ciedu@ng thaf d@ps er deat d)qmst aitd afithe ofentdre calbnora/fice rdduucsbbvei for
a sense anplifijer. .The nenory system as ai me N

cl ai m BASGARTETOS a%‘ilﬂérﬁ%ﬁ AP eI gRal"®i RS chSﬂ@’é“!% felow the
the cugtgabmdrapPrifg bel ow a predetern1ned | evel

after the erase operations of the nenory cell uses a

PHD affl, HJ’H%FY %slcl?lﬁ‘leﬁ(ﬁlﬂ bibim 8; wiligigTemory system

as clalne in c her conpr|5|ng mai nt ai ni ng

t dvasiay theentr eduaftem grgse operativiepd itiat inomsryoce!ltuses asenseamplifier.
one nenory cell is nmaintained above a predeterm ned

| gvel . THOmehbey $YBREIT 3 @disletin aaig bawhedin:n cl ai m 6,

further conprising: sensing the current after reducing

t Benesetingsa signak inacsnonsy (p e (chrey drpppipg pelov g girdegrmined level
| evel 0 [ r t

cur rent i ip g B aR R sy PUARSER AR Adile contol
er ase gpmiftati ons of the nmenory cell subsequent to

reducing the stress to the first reduced | evel; and

foir t herrne gined:DAydthif a5 LIRS&! @rtldihes, Fem Y:oﬂa@hkmg 0 a

second reduced | evel during erase operations

ogramtAinaY; e bslé@ﬂjéfl‘altmt; dragien OaeieEns o Bispit igsbategnenpry cell is
P e SR ek R i ARG epper a ons of the

nennry &l sequ uci'ng the stress to the

0 educed Ieve e
Bhor TG e ias PR Cal R Sre o y
C&lnking Gh& ethirddt YaftbPFedBBMS i tAE str&le oRUhE SdmAL RN tb ke first reduced
erase operatlons of the nenory cell; circuitry for

genera&wdg a S|gnal in response to the current
oreéfeg ﬁngnge Sc?c"(‘)’{lﬁ eS ﬁgeﬁ e{cgﬂ)cﬂlesg alvd Y !: agr}e%t Broppmrga%giow the
predetermined level after erase operations of the memory cell subsequent to
reducing the stress to the first reduced level; and
further reducing the stress on the memory cell to a second reduced level during erase
operations occurring subsequent to the current dropping below the
predetermined level after erase operations of the memory cell subsequent to

reducing the stress to the second reduced level.

1. 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;
circuitry for generating a signal in response to the current dropping below a

predetermined level after the erase operations of the memory cell; and




circuitry for reducing the stress on the nenory cel

to a reduced level for erase operations occurring
subsequent to the current dropping bel ow the

predeterm ned | evel. 12. The nenory system as cl ai ned
idircaltai forlddusihenied Btredshen cha arhiory cklbrio sensiungl tdvel for erase
current after the erase operations of the nenory

cel |
uses WCEUIREYL GFFYITRG ePUDSIBICNTHE HBfroFY Yy stiEtpy Delow  the
cIaing?B&&mﬁhﬁgqb , Wherein: the circuitry for
r

gene Ing a signal in response to the current

AroPPiA. RELEW BsicRl RATLRLALNANA FYSlndlher the erase
opérations of “the nenory cell uses’a punp and pul se
afetirelitrg ifsicishiing Ik cubat afsrohy ciaysdmtans of diemeemony cell uses
claim 11, further conprising: circuitry for

mai nt & SORGERAE S Ur rent during program operations on

the menory cell is maintained above a predetermn ned

| igvel . THesnempy systeoras oaisyed in elging |l bi widieinh ¢l ai m 11,
fyrther . .conprising: sensing.the rreng af I in

1l SR8 TR el ngr SRR PEaSitcBrthe S Py R o o
| evel ; prg@n@nahédigvél SRE Rtrsde@Patatibis sRBPOTBRIY acll hges a pump
current dropping below the predeterm ned |evel after

er ase BParuAicicopgolsfirctiie nenory cel | subsequent to

reducing the stress to the first reduced |evel; and

f Ik t heThe stuwirngysténe as thaee! orelaimel lfurihey cappiisings a
secon&yreduc [

. | duri . .
e

pr edet @hiktaned dheveh pallteimBkasaepperations of the
menory cell subsequent to reducing the stress to the

secondriHuese, dyeMal as Hmeh ifVBIARE ¥ | SHRh&NBoaMIRIgS| NY:

a menory bl ocK having an array of nenory cells that

aveesisg rtes swdend aftenpdeciag éhe oipess ani thaspengiry wall tio yhef st reduced
progrﬁgning the nenory cells in the array using a
curren'vﬂaving a predetermned level; circuitry for

sgnsidfdgt Bes&uhd efhnaf Ler rekfishser RS ahOP&lraht omspshyt BElow the
menory cells; circuitry for generating a signal_in
r esponmedeterntined kel effter efassppicraiiopelodhe memory cell subsequent to

predeterninegkl vel, after Q%e er.ase. operations of at

Peast Gigf b g Mobiiert 7

further reducing the stress on the memory cell to a second reduced level during erase
operations occurring subsequent to the current dropping below the
predetermined level after erase operations of the memory cell subsequent to

reducing the stress to the second reduced level.

16. A memory system comprising:

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

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; and
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10 circuitry for reducing the stress on the at | east

one of the nenory cells to a reduced |evel for erase
operations occurring subsequent to the current

droppi ng below the predeterm ned |level. 17. The

ity By sé@rimsthe lsaesyadh tha ac lastoiktef thh ereeiary ceheto a reduced
C|rCU|tr for sensing the current after erase .

oper atIFERO0Tr AR RDSHEHE YORETINE Gusedupnt i et ppeing below
18. Theg Ymsxgi&m as clainmed in claim16, wherein:

t he C|rc Itry for generating a signal in response to

tihe C“"rh? Wenl E;Pske!‘ng a?&'af?%%daip Pa[]lﬁ%t %E‘i‘eﬂ]ed level

after the eras oper at 1 ons e cell uses a
pHaRirc@ng fbukememgqhé cotrert iafiet biase &ﬁeratT(hﬁ afeh® mensy g teelinuses a
as claimed in claim116, further conprising: circuitry

for meiCREATRIHEt he current during program operations

on the at |east one nenory cell is maintained above a
priedet Braunpmdry| sviem asaiinteién gl §. Whseiam as cl ai med

eSS, ST, £ QDL P! 8 APREHERTE btow

first meduedtdned Rvélafted &f&:&ﬂfr@‘eid‘pgraaoﬁse@ﬁlﬂd nsngit@leell Dses a pump
response to the current dropping bel ow t he
pr edet BAWEFONEYIICHtt er erase operations of the
menory cell subsequent to reducing the stress to the
fi% st Hbduwstbry eyasgm aaﬁldmflqﬁrlummrléadﬂmhﬁgcqrh{@183!@8: ess

) C nd reduced | ev
Pty SRRty G ohe PP L eeBbHaRt on S fpe Y P east one
dr oppi ﬂﬁ@mb@l QI ik hﬁmtﬂh@cﬂ@dtﬁkmpﬂ&@tdt gvel lafder erase
operations of the nenory cell subsequent to reducing

the StTRSSiechBry K8teREAUMnTc8 Y 6B I 6VB)therkbmprising:

sensing the current after reducing the stress on the memory cell to the first reduced
level;

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; and

further reducing the stress on the memory cell to a second reduced level during erase
operations occurring subsequent to the current dropping below the
predetermined level after erase operations of the memory cell subsequent to

reducing the stress to the second reduced level.
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