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In contrast to the programming procedure, flash memory devices are typically bulk-erased, so that all of

the cells in a memory sector are simultaneously erased. A memory sector describes the number of wordlines and
bitlines in the array and can be formed to include 512 wordlines and 1024 bitlines in a 64-kbyte array. Erasing
memory sectors can be performed in several ways involving the application of a set of predetermined voltages to
the common sourceline, the bitlines and the wordlines. This causes electron tunneling from the floating gate to
the source through Fowler-Nordheim (F-N) tunneling, which removes the negative charge from the floating gate

of the cells in the memory sector.
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DI SCLOSURE OF | NVENTI ON The present invention discloses nethods and systens
of generating a bias voltage during an APDEV operation in a nmenory device

t hat, i NDEHOSHENFINVENHONDodi nent, is a flash nenory. The preferred fl ash
menory The present invention discloses methods and systems of generating a bias voltage during an APDEV

operation in a memory device that, in the preferred embodiment, is a flash memory. The preferred flash memory
includes a charge share circuit and a temperature-compensated bias generator circuit that are electrically
connected to at least one pass gate. In addition, the charge share circuit is electrically connected with the
temperature-compensated bias generator circuit. The pass gates are electrically connected with at least one

wordline located in a memory sector of the flash memory.
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reference wordlines as in the previous preferred embodiment. The reference leakage current is thereby adjusted
by sensing the reference leakage current of the reference cell associated with the memory sector subject to the
APDEYV operation.

The present invention further discloses a method of generating a bias voltage during an APDEV
operation in a memory device that, in the preferred embodiment, is a flash memory. During the APDEV
operation, a predetermined supply voltage is generated by a regulated power supply and directed to a temperature

adjustment circuit. The temperature adjustment circuit is activated to generate the bias voltage by a wordline
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voltage.
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22 is electrically connected with the temperature adjustment circuit 24. The temperature adjustment circuit 24 is

—

also electrically connected with the source bias circuit 26 and the discharge circuit 28. The discharge circuit 28 is
electrically connected with the source bias circuit 26 through an AWVENR line 30. Although not illustrated, the
discharge circuit 28 is also electrically connected with the charge share circuit 12 through the AWVENBn line 32.
A regulated power supply 34 is electrically connected with the wordline enable circuit 22 and the temperature

adjustment circuit 24 as illustrated.
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When the preferred temperature adjustment circuit 24 is activated, the predetermined supply voltage
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of p-channel transistor 94. In addition, a first voltage divider node (VDIVA) 102 is electrically isolated from the

ground connection 78 by deactivation of n-channel transistor 86. N-channel transistor 86 is deactivated and p-
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t he vol tageol Gkeap, th)afProgram Reset line 48, the ERXTF control line 50 and the Automatic Program Disturb Erase
line 52. The ESP control line 46 is conducting when the erase operation has been suspended. During the APDEV
operation, the Program Reset line 48 and the ERXTF control line 50 are non-conducting and the Automatic
Program Disturb Erase line 52 is conducting.

In the preferred embodiment, each memory sector 20 contains 512 individual wordlines 18 that are
simultaneously charged by sequential application of the first predetermined voltage and the second predetermined

voltage. The number of wordlines 18 in a respective memory sector 20 in the preferred embodiment is provided
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respective nenory preferred enmbodi nent is provided 8
almost linear fashlon The magnitude of the blas voltage that is directed to the wordlines 18'is thereby controlled

by the resistor chain that comprises the first and second resistor chains 96, 98. @

The temperature adjustment circuit 24 is stable when n-channel transistor 92 is activated by the second
predetermined divider voltage to pass a relatively small predetermined current. The third predetermined divider
voltage controls n-channel transistor 88 to generate the bias voltage that is about equal to the first predetermined
divider voltage less the threshold voltage of n-channel transistor 88. In the preferred embodiment, the bias
voltage is generated in an almost linear range of about 572 to 104 millivolts as the operating temperature varies in

arange of about -55 to 125 degrees Celsius respectively.
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The magnitude of the bias voltage is controlled by the first resistor chain 96. The bias voltage is directed

to the reference wordlines 18 by at least one pass gate 16 to charge the reference wordlines 18 to the bias voltage.
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gener at g rcwt 14 t r I I.r 12.to
char ge t lgaSlr ef erent Seecgv%gﬁ)(rj |a%§1gg}41%p%%re€ %Q%E)S%g% &%l“émé&ér&%ﬁﬁ%téﬁ%‘ﬂ‘%mw
oper at i aeferercplegligpecurpseni thaficpreegpondsipBeitizpehthe aspdsiated pppeg Weters%r%ﬂmswgt offieare
not | ocat@ehck féal@gel’dﬁﬁ&@fé mcmmmaey %nﬁn%&ﬁe@éferzﬁe RAAgETuRenebraRtreftre@é tejl that is

connected wi th easE one ref I eNge .G 9 B The reference cells
aszmated Wi }fe respec 1ve emorLy sector t] 1s s ecte to the Flratfon
provi de € prede reference ge curren I's used during

t he APDEV opdn atothmrﬁgre@ prehpﬁwglog/thsmserft@wmon Thendke wdedling engdl¢ gircei® iar t woul d
recogni Za@uvﬁt@@-%mﬁ‘%&%&ﬂ%ﬁo@@& ﬁ%ﬂexl?e% ehbﬁlﬂ@fs Qt dl@t@l%pela%n@éonfpaﬂat@rb&‘s’ bQESbocircuit

di scl ose refer . erence The
preferr elg a‘t% %tf’(g\tf’ ﬁ‘?’“g(’lé‘éf}’?ffg‘fe%é@mﬁt& F c'hﬁe feslf’ﬁtwe 4 Yf& S RS TR: \gﬁrﬁeg }Ot ervéorréllmést or
86, p-c Hamrthd ménIcRNS¢tert20 rnddie refamadte whiglirfes 8 tThe e@resqe@plls@haxmll%n@htetwfl theal |y

connect ggke@%e whildhal fSaatr@QtNan f Gnerafb thetBEredc® m&g&&%& Iaqdkﬁtﬁh rIFeQEllsQleEtﬁé&ll 24
is activated by non-conducting electric Slffgoé s from.the wor I|ne ena

circuit 9Pedd wtheporqliges; 1?\%“?%“5‘?‘38‘(% R5Epgry s Qe AV H PR Eakasp qyrent o

pr edet ertin respebtigljdey Tﬁ@lle:tkmeurmne&etmtbnmm e respgiiNeatemdry powe 20 is ppdoynpared to

connect 'tf?e’}efgxgnc%%aka @tﬁlﬁg‘gdﬁﬁg Fh@ﬁm;) géeraglﬁl stor chain 96 when p-channel
irs

transi stor |sat|vat I’eSIStOI’ chai n 96|savoltae

di vi der that Swepith bewstereneearerilinest e thsrvopllipss 48 arg Fygrepd RR/éIldFPePdé’étlf§Peﬁ?‘§ bias
conf i gureihgtsahdd e ¥ing@atare pingeahtal, erondl the sipatigiceeakee tuiretthidth P efdra@tsleakage
preferred e iment ] ' QG 126
P ompr 1 sl ERIRAL: wilnbdlopo Gl L8 BTB0 Helithe ILhif iich bl QL0
p-plus theepsifested ersbodimyntathd biling lpakese sestentisyigss igpd FiC&w BT Hkqpraing &mpprafpuss of the

Vol t age mEifeniory foR@ed &fi @Farvahefil thSlespb@isd ﬁi&rﬁlﬂ’ry &hainis&d. prior to the first

Tos e iR figh Ygrate bpetiton e B Hh ook, b iR e R BEZRN T BhBSlSE 100

leakage current remains relatively uniform as the operating temperature varies because of the temperature

compensation of the bias voltage. In addition, the APDEV operation is further improved by the use of the
regulated power supply 34 to eliminate power supply variations and the use of the reference leakage current that
corresponds to the size of the memory sector 20. The use of the charge share circuit 14 to improve the charging

time of the wordlines 18 in the memory sector 20 also improves the efficiency of the APDEV operation.
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the p-plus resistors in the third block 110. The bias voltage of this
preferred enbodinent is generated on the first voltage divider node (VD VA)
102 and ivObae¥dl on the operating tenperature of the flashCTBsEIros040. |n
this preferred enbodinent, the bias . voltage is in ar nge of about 765 to
522 mi |1 vol tVghilgthe pyentignhes baep ?F@C“P%Hbé%c&t‘rﬂ?lgb%?k“?‘ﬁfém?"le %ﬁ TR PRYIHES ¢ om
about - bfetnmndds2bd deglieess Celesivesion eslpe efphiei@ kothosd kiiséinsheialt] B therfoltondngart are
capabl e .Gt 3 LBt REnS E3 1 Rh A Paclle nd B I Ldbe Jr@RIRLRAL,ChAI n 96 based
on the range o e bias voltage and operating tenperature. Since the range
of the bias voltage is smaller than in the previous preferred enbodi nent,
variations of the bias voltage with respect to operating tenperature are
al nost linear. The magnitude of the bias voltage is controlled by the first
resistor chain 96. The bias voltage is directed to the reference wordlines
18 by at | east one pass gate 16 to charge the reference wordlines 18 to the
bi as voltage. 10 WD 01/65561 PCT/US01/ 04044 The reference cells generate
the predeterm ned reference | eakage current that is about 5 mcroanps in
the preferred enbodi nent when the bias voltage is applied to the reference
wordlines 18. Those skilled in the art would recognize that the selective
conbi nation of the p-plus and n-well resistors of the first resistor chain
96 creates a different predeterm ned sl ope of changing resistance than the
previously set forth preferred enbodi nent. The different predeterm ned

sl ope of changi ng resistance provides tenperature conpensation of the bias
vol tage such that the reference | eakage current renai ns al nost constant as
the operating tenperature of the flash nmenory 10 varies. At the concl usion
of the APDEV operation, the voltage present on the reference wordlines 18
and the first resistor chain 96 is dissipated by activation of n-channel
transistor 86. N channel transistor 86 is activated by the wordline enable
circuit 22 as in the previously set forth preferred enbodinent. In another
preferred enbodi nent, the reference | eakage current can be adjusted to
correspond to the size of at |east one nmenory sector 20. Those skilled in
the art would understand that the size of the nenory sectors 20 refers to
the nunber of cells in the bitlines that contribute to the | eakage current
during the APDEV operation. Adjustnent of the reference |eakage current is
acconpl i shed by applying the bias voltage to the reference wordlines 18 as
in the previously set forth preferred enbodinent. In this preferred

enbodi nent, the reference cells in the reference wordlines 18 are each
associated wwth at |east one nenory sector 20. In addition, the reference
cells are configured to generate a predeterm ned reference |eakage current
that corresponds to the size of the associ ated nenory sectors 20.

Adj ustnent of the reference |eakage current is acconplished by sensing the
reference | eakage current of the reference cell that is associated with
the respective nenory sector 20 that is subjected to the APDEV operation.

I n anot her preferred enbodi nent of the present invention, when the wordline
enable circuit 22 is activated, both previously discussed preferred

enbodi ments of the tenperature-conpensated bias generator circuit 14 are
activated to control respective bias voltages. The respective bias voltages
are transferred to the wordlines 18 in the nenory sector 20 and the
reference wordlines 18. The reference cells electrically connected with the
reference wordlines 18 are activated to generate the reference | eakage
current. In addition, the cells electrically
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connected with the wordlines 18 in the respective nenory sector 20 are
activated to generate | eakage current on the respective bitline. The

| eakage ov@pE6iSepn the bitlines in the respective nenory BETAUSH1/BAO44i s t hen
conpared to the reference | eakage current during the APDEV operation.

Si nce bd¥ietisilaimedfsar ence wordl i nes 18 and the wordlines 18 are charged to
[ ndepenqent nes peq[tii:ﬁ&ralﬂir@&)mp&ﬁitédaﬂ@&n%ﬁt@i cirdkif( 14) es¥pakating a0if cdpgimatd,
errors |Agg E{)e co. arln%M Laev La lge current with the reference | eakage
current “HP8 " FPRTUR PRI NFHC AEPEHEof errors is acconplished by keeping
the | eakage curr entverdingaeblogntir@).anin  the preferred enbodi nent, the

bitline | eakage Clzlrté’nﬁ)@xtatu}esadjh&ﬁ&t 51!3@9(2@ e[gl:tﬁéagﬁém&c:@@ wﬁl{ éald%ﬁﬂlﬂé énﬁlﬂe c1rcu1t
terrperatures of the menory ne. in

r espect il%%e HERB S %’@PPE aé‘Fe %’Olsﬁ“?“trcﬁ%.‘ﬁ (24E1§ F“it‘r‘iﬁedtﬁéiéal‘é}”%fél@e 8‘&@" SEEBHA ‘ﬁ g‘f"r"fé‘e

pr ef er r edd biksastmgerenory 10, the tinme required to correct for excessive

| eakage current remains relatively uniformas the operating tenperat ure
vari es because of the tenperature conpensation of the bias voltage

addi tion, thé- APDEVe speraitr-etmrpwsated isigeteraopiicaidt) dbglaipHe Virsen i btaﬁ%oltage is
regul at %alea@m@grsemapbperaaag&@pe@mmf@aad Redyp\@®NiceuUppl y variations and the use
of the reference | eakage current that corresponds to the size of the
menory sector 20. The use of the charge share circuit 14 to inprove the
charging tifde of Thhtempwateb-romepsnsaigd hiss gerratopeirenit (fHdelpion], Peredl 51 biappniteseds
the ef ficl goedmBied thg ARIEMoRS8MIRRALs. 11 WO 01/ 65561 PCT/ US01/ 04044 Wil e
the invention has been described in its currently best known nodes of
operation and enbodi nents, other nodes and enbodi nents of the invention
wi || be apparent tlhe teimgfsaurs konhplewsaked triastgbreragor tircuit ¢14) of clainel, Wierdinosaidriggnpergtuge s,

i ncl udi r@:gmﬁalnéateggysj ééﬁérgcmc§cu§tgﬁgal%r iRt QGGG grc%{%ﬂﬁdgmﬁthEé dirktit (Q@d scope
of the invention. 61 PCT/US01/ 04044 What is clained is: 1.

t enper at ur e- conpensat ed bias generator circuit (14) for generating a bi as
vol tage durirsg an A winhdiepedpatshtelbids gerarawesinniy(1 ¢ geeratiogrhis iveliaggduriag an

wor dl i ne, tenperature adjustment circuit (24)

el ectri cﬁ%%k‘%ﬁﬁléglﬁecftmog%am’ @031(3{/1\05?1} “dl i ne enabl e circuit (22), wherein
sai d tenperature Ad§EPSTRREREIVEMPE Eifcpit @2l ybardn Sidiqripareat Ay et HBPHS ne
enabl e GupgpGed dprdddedmidedsganesiagee sai d bias voltage. 2. The

t enper at ur e- compengat ad. bi.gs &9&2@%9 lca‘ﬁy [GHcha \(v&h“s)ald‘?ém QJaﬁ}e &stmé'l\@ o8E N
said bias voltage i's gener d"Bn an operat 1 ng ture of said
menory ded) ivbeein gid mﬁ@mf @ﬁ@e?lmua@%}aemwglaetr@eratmea@uwwrawbﬁz%? FeRYRE 521 4)
of cl ai middworwhtei@i N said bias voltage is in a predeternined range of about
(]:-IOfCLIO t 5(75 4;71 1):‘ : X%lritamstoic awﬁ%?leoltcagergngit‘ial(a&ts%{é temger q?rea éuas‘ttm% 01rcuat224? o?g%golpng said
gener at aredesprmingd upKld ¥ltage| i genérpie baischiag V@ltas?dlaifeé en 43 operating FG@IHPI‘PM(S oBpidansniony

di scharggyi&l rcuit (28). 5. A tenperature-conpensated bias generator circuit
(14) for generating a bias voltage during an APDEV operation in a nenory
device, conprising: a tenperature adjustnent circuit (24), wherein said

t enper at ure &dj ustTie ripeitnreyorhpefs@dd bipsgenerator circuit (14) of claim 5, wherein said temperature-

compensated bias generator circuit (14) also includes a source bias circuit (26) and a discharge circuit (28).

7. The temperature-compensated bias generator circuit of claim 5, wherein said bias voltage is
directed to at least one reference wordline (18) electrically connected with said temperature adjustment circuit
24).

8. A method of generating a bias voltage during an APDEV operation in a memory device,
comprising the steps of:
generating a predetermined supply voltage with a regulated power supply;
directing said predetermined supply voltage to a temperature adjustment circuit (24);

activating said temperature adjustment circuit (24) with a wordline enable circuit (22); and
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supplied a predeterm ned supply voltage; a wordline enable circuit (22)
electrically connected with said tenperature adjustnent circuit (24)
wherei n a0 diesssdl i ne enable circuit (22) activates sai d PeETVPSOIAT4M4e
adjustnment circuit (24) to generate said bias voltage, and a resistor
chain (96) | ocat edensiatitg said &igs vplipas yib pait nisdererainet s Meltags apd fetistersbain o)y
control ling saiwh wibirede teiphinrddsupat sreMabt)age to generate said bias
vol t age based on an operating tenperature of said nenory device. 6. The

t enper at ur e- conpensat ed bi as generator circuit (14) of claimb5, wherein
sai d t enper atur e- Thonpeuisbtieioh Sofurler crapasize tesrstep of apiferriqeisaiyl bigd wbage trcdt lsekes a
sour ce Rjasor@ilnt 6.t (26) and a discharge circuit (28). 7. The

t enper at ur e- conpensat ed bi as generator circuit of claim5, wherein said
bias voltage is directed to at | east one reference wordline (18)

el ectri cal | y 16.onndabt eethadi of baisiel, dhetedmngaig biag witege dshiensstiadbaed @i anoprrdting (24) . 8. A
met hod Qf generfl.ling révq,ieg&.vol tage during an APDEV operation in a nenory
devi ce, (Porrpri sing t steps of: generating a predeterm ned supply voltage
with a regul ated power supply; directing said predeterm ned supply voltage
to a tenperature adjustnment circuit (24); activating said tenperature
adjustnent circuit (24) with a wordline enable circuit (22); and 13 WO
01/ 65561 PCT/ US01/ 04044 generating said bias voltage with said

predet erm ned supply voltage and a resistor chain (96) |ocated within said
tenperature adjustnent circuit (24). 9. The nethod of claim8, further
conprising the step of transferring said bias voltage to at | east one
wordline (18). 10. The method of claim@8, wherein said bias voltage is
generated based on an operating tenperature of said nenory device. 14
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