MULTI - LEVEL MEMORY CELL SENSI NG Fi el d The present
invention relates generally to nenory devi ces, and
worenog/owgsexi fically to nmenory devices w th nul t PET/ESB06/048043

cells. Background Menory devices store digital

i nformati on. As technol ogy advances, nenory devices

are able store increasingly | arge anmounts of

information. Historically, information density in
menori es has increased through reductions in device

sizes and increases in integration- Information

density may al so be increased by storing nore than one

bit of information in each nenory "cell." Brief
Description of the Drawings Figure 1 shows a
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wavefornms corresponding to a read cycle of the nenory
device of Figure 1; Figure 3 lagms a current mrror

havi ng reference current ave ng; Figure 4 shows a

por t i The pfesét ixvetieion ekdates ganptadly tb elammey davists ppdthore specifically
ol tage @;neratg{ aﬁdlalmoﬁdline; Figures 5 and 6 show
oPPRG FRPEP ST e &S Fi gure 7 shows voltage
reference circuits coupled to a wordline; Figure 8

shows wavef or ns corresponﬁﬁng to tae operation of the
circuits of Figure 7; Fig L a flowhart in

accor Nty \detvidey/ aolc@igita fothariont AsatchHnviogyradsadties, memory
i,nvention: and Fi gur.e shows an el ectraonic st.em.in
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Brief Description of the Drawings

Figure 1 shows a multi-level cell memory device;

Figure 2 shows waveforms corresponding to a read cycle of the memory device of
Figure 1;

Figure 3 shows a current mirror having reference current averaging;

Figure 4 shows a portion of an x-decoder coupled between a stepped voltage
generator and a wordline;

Figures 5 and 6 show voltage reference circuits;

Figure 7 shows voltage reference circuits coupled to a wordline;

Figure 8 shows waveforms corresponding to the operation of the circuits of Figure
7;

Figure 9 shows a flowchart in accordance with various embodiments of the
present invention; and

Figure 10 shows an electronic system iﬁ accordance with various embodiments of

the present invention.



may be practiced. These enbodi nents are described in
sufficient detail to enable those skilled in the art

WO 00031028385 ce the invention. It is to be under SPODUS1006048043
t he various enbodi nents of the invention, although
different, are not necessarily nutually exclusive. For
exanple, a particular feature, structure, or
characteristic described herein in connection with one
enbodi ment may be inplenented within other enbodi nents
wi t hout departing fromthe spirit and scope of the
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trivesistars icepeblesfixtatingemtBiple bits of 1nformat10n each by being “programmed” to
have different threshold voltages Vr. For example, each of transistors 112, 114, and 116

may be “FLASH?” cells that have floating gates capable of storing charge. The threshold
voltage of a programmed transistor depends in part on the amount of charge stored on the
floating gate. By varying the amount of charged stored, transistors 112, 114, and 116

. may be programmed to one of many different levels. For example, transistors 112, 114,
and 116 may each be programmed to one of four levels to effectively store two bits of

information in each memory cell. Although this description focuses on embodiments in
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of the invention are not so limted. For exanple, in

sone enbodi nents of the present invention, each
worziovio7dsevel cell may be progranmed to one of BECTNE2006/048043

| evel s or one of 16 |levels. For sinplicity, Figure 1

shows one row of cells in the array 110. In sone

enbodi nents, the array includes many rows and col ums

of cells. Further, in sonme enbodi nents, arrays are

arranged in bl ocks, and many bl ocks are incl uded

wi thin nmenory deV|ce 100. Menory device 100 may be any

size with any hierarchical arrangenent w thout

departing fromthe scope of the present invention. In
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wordhne In some embodiments, the gate voltage sequences from high values to low

values (step down). In other embodiments, the gate voltage sequences from low to high
(step up). In still further embodiments, the sequence of gate voltages is arbitrary. For
example, for a multi-level cell having four possible states, the gate may be driven with
three voltage values in sequence starting with the center value, then proceeding to the low
value, and then the high value.

Sense amplifiers 140, 150, and 160 are used to compare currents in array cells to
the reference current. For example, sense amplifier 140 compares a drain current in

* tramsistor 112 to a drain current in transistor 142. The output of the sense amplifier is a

digital signal representing the result of the comparison. This comparison result is
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transistor 112 to a drain current in transistor 142.

The output of the sense anplifier is a digital signa
WO eqresssei i ng the result of the comparison. ThPGT/US2006/048043

conparison result isconverted to a binary
representation of the cell state by logically
conbi ning the conparison result with a digital count
that represents the cell state being conpared
agai nst., Various nethods can be used to performthis
state determ nation. In sone enbodi nents, one or
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amplifier. In embodiments represented by Figure 1, a current mirror is used to propagate
the current of a single reference cell to each of the sense amplifiers. For example, the

current in reference cell 122 (1) is mirrored to transistors 126 and 128 as I, which is in



anplifier. In enbodi ments represented by Figure 1, a

current mrror is used to propagate the current of a
wamgloesssef erence cell to each of the sense anpCT/UB®06048043

For exanple, the current in reference cell 122 (li) is

mrrored to transistors 126 and 128 as | which is

intorn mrrored to transistors 142, 152, and 162 as

Idre f. Transistor scaling techniques may be enpl oyed

to provide fixed relationships between currents li, |

, and I<ire f- In some enbodi nents, reference cel
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counts the different data output states. As soon as the sense amplifier output changes
state after sensing, the counter signal value is latched and determines the level of the flash
cell.

In the example provided in Figure 2, memory cell transistor 112 (Figure 1) hés a
programmed V7 in the L0 state, memory cell transistor 114 has a Vi programmed in the
L1 state,& and memory cell transistor 116 has a Vr programmed in the L2 state. As the

wordline voltage is stepped up, each sense amplifier trips accordingly. For example, S2
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cell. In the exanple provided in Figure 2, nenory cel

transistor 112 (Figure 1) has a programmed VT in the
waamarssss menory cell transistor 114 has a VT PCT/US2006/048043

programmed in the LI state, and nenory cell transistor

116 has a VT progranmmed in the L2 state. As the

wordl i ne voltage is stepped up, each sense anplifier

trips accordingly. For exanple, S2trips at 204 as a

result of the sense operation perfornmed at 202, S

trips at 214 as a result of the sense operation

perfornmed at 212, and SO rips at 224 as a result of

the sense operation at 222. S2, SI, and SO are used to
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I : | |
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Ur Fent generator 120 (Figure 1). The current mrror
of Fi figuee3 shcrml mckaserm npiror admmg/reﬁrennﬂdu&ﬁht d\ef@ﬁ@ de some
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Enlﬂ[)ﬁﬁgr (ﬁ)t sa&n?pll%g\égd @18Y£I§g this voltage, much of the remaining current mirror
circuitry may be turned off to save power.

Figure 4 shows a portion of an x-decoder coupled between a stepped voltage
generator and a wordline. X-decoder 400 decodes a portion of the address provided to
the memory device, and selects a wordline. Figure 4 shows a single wordline, but in
some embodiments, x-decoder 400 can select one of many wordlines. Pre-decoder 410
receives address signals and drives signals at.the input to NAND gate 412. When
wordline 440 is to be selected, NAND gate 412 drives a low voltage on node 413 which
drives output buffer 420. Output buffer 420 receives a voltage Vpx on a power supply
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Figure 4 shows a portion of an x-decoder coupl ed

bet ween a stepped voltage generator and a wordli ne.
wo2@eorsses 400 decodes a portion of the addr eSBCT/US2006/048043

provided to the nenory device, and selects a wordline.

Figure 4 shows a single wordline, but in sone

enbodi nents, x-decoder 400 can sel ect one of many

wor dl i nes. Pre-decoder 410 receives address signals

and drives signals at.the input to NAND gate 412. Wen

wordline 440 is to be sel ected, NAND gate 412 drives a

| ow vol tage on node 413 which drives output buffer

420. Qutput buffer 420 receives a voltage Vpx on a

pefe rAccoppinglyorten werding 440 lis/selaotash theqroaier sepplyl fodesvoltage Vpx is
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md’cnewm souecec H0046( teandistor AN Farirpan SutPutf Pigd) dhe QedoRd stage is
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as par
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provi gﬁsﬁ@elf’?ﬁﬁislag%gargglte %!flta ffo%ﬁgg Eg’t% transistor having a variable
threshold voltage (V). The threshold voltage of flash cell 510 may be modified by
changing the amount of charge stored on the floating gate of flash cell 510. This may
also be referred to as “programming” flash cell 510. Flash cell 510 may be programmed
with programming circuitry (not shown) useful for programming floating gate transistors.
As used herein, the term “threshold voltage current” refers to the current that
flows through a transistor when a voltage of substantially Vt appears across the control
terminals of the transistor, and the drain voltage is set to a nominal value. For example,

the threshold voltage current of an NMOS transistor is equal to the drain-to-source
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Flash cell 5 10 is an exanple of a floating gate

transi stor having a variable threshold voltage (VT)
wab@7orseshol d vol tage of flash cell 510 rmay bRCT/US2006/048043

nodi fi ed by changi ng the anmount of charge stored on

the floating gate of flash cell 510. This may al so be

referred to as "progranmm ng" flash cell 510. Flash

cell 510 may be programmed with progranm ng circuitry

(not shown) useful for progranm ng floating gate

transi stors. As used herein, the term"threshold

voltage current” refers to the current that flows

through a transi stor when a voltage of substantially

varren pk thedraasisios svheh ghacgate-toosouresr viltage & substamtéally Vr. Also for

I 0__a .nom, nal
LRGSO lredBfA fofiad blhe ] Sitfach 3o S0 HBy8 ABRTUGR 512 0
sonrdiMiI3 whemnthe gatertoisoureg Naltagecbdhheen nodes 516 and 514 is substantially
ai n-to-sourcecurrent of the transi stor when the

ggt e-to-source voltage is substantially VTI. Al so for
exanpTansistoe 520 liaasimpled beol ¢engarrentr soarde B30y flakh E41B510 in a

St ulEn, IR hils Motk GG Rt adofS avubled 18 Faat 852 which has
s ublsdgamifiValaby Vikasc 1574 awitdgstion iSddserstoqaupkled shizibleanin voltage
SRR B BRRoRISL0 B 5bl, BSB89 Voo s chosen

CO n g urat1on
ttqu‘pindel atdoain Grdha@:&if bahieeh abast 7 volts agel .2 voldARGoMEeASC
vol t age t hat chose ide_a suit
épfnfithls 08 Sen oo S ki SRERREF Bt Slimpleg pgascpppy be
proXived &y anonsaige veltdpe defierent s thaleAfiing satit) da @thekr embodnnents
7 volts,and

oVvi draJ olta of hetween about
DS B SpRiRa bR RSB valtte 1Rl otk sf 1 i 9Bl Voltage
msﬂsﬁhatellcsu)hmyetaa‘memﬁe&or exanpl e, VCASC may be

prov on -chip valta ference, t hat remains
O a1 8 Rt PP it e bR g e B o ety 220 t
wceise aybltagethhit xa@ﬂhreﬁée&f lgnﬂ&sh(bbll GW0t The drdidabdd d¥ransistor 550 is

SIS 53 £ BRE e PR Smite be Dipa e S e of

mm.smfssnﬁaa@psém Praddé mgrfeamamevatage Iv,@ﬁgp bhAddd 554. In some
Henc ai.n. pode o

SRR radslar 530 4 Gpesarod Bt S o R amaaere the

(abttakiunaycdé,,) gf thertf’.lxh)ustoa Ekbrbﬂitﬁtlsml t6 the @8 cfrent. This operation

tranS| st ovi de t he feedback

baf PayBsOlopaitof ¥ Ristatessts sfoligh e e shrm s proportional t

tﬂleaq&re‘rmm ob B2 dr&ng:mﬁfeﬁt ad oklier wa;edss lﬁ’ﬁﬂk I@ﬁssslhem)ld ﬁ@idﬁrbf
anscon ance e tr

Gt PR LR PR o 5l dPin pifren, e abirgh impecance of

the source follower stage is equal to 1/gn of transistor 550, and may be adjusted by

choosing the size of source follower transistor 550 and the drain current provided by
current source 540. )

Current source 530 provides a current Iyt substantially equal to the threshold
voltage current of flash cell 510. The operation of the feedback loop in combination with
current sourced by current source 530 forces the gate-to-source voltage of flash cell 510
to be substantially V1, which may vary based on how flash cell 510 has been
programmed. The output voltage Vrer is provided by the voltage on gate node 516,
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is in contrast to operation in the inversion

saturation region where gmis proportional to the
waquanesssdot of the drain current. In other woPdBEUS1006/048043

the sub-threshol d regi on of operation, the value of gm

Is higher for a given drain current. The out put

i npedance of the source follower stage is equal to |l/g

ra of transistor 550, and may be adjusted by choosi ng

the size of source follower transistor 550 and the

drain current provided by current source 540. Current

source 530 provides a current | t substantially equa

to the threshold voltage current of flash cell 510.

Théchois substantinlly qudi ¢o Vee Bygrégramopng Aashocebli SHtto davenh Hifferent Vi,

rr by current source 530 forces the
gf%&@%bégﬁﬁggqboltage of flash cell 510 to be

subst Andrisistdr570Ts a Wuhahneimymsiabycd]@m&smm%llaﬁ& P channel
olta e

b t
e B0 g BR oV MR D g6 e H R ROt ot gmuch faser
sulias tthpenititial hgla@? ?Isahlghﬁ' thfdn tHByhoptindg valtagd) gWithasdigste bbltdge fixed,
i ffer
Hehid BiFostiat St ol e e A& eisn il e dighgr than s
RODhied Vﬁlﬂh kod\i lcan Pult dewn ehe &ﬁpﬁtemitfagﬂ %&y@ﬁﬁnwgo e nommal value.
node ,much

advant ageous| sed to pull put

f ast e?n %e?lﬁ%&i?]ﬁf’is W PR an‘@ flgﬁé % Jfsteng b source the

sane odairent (vhlmag AISO\Ahtsmeeh:ﬁ}t@aﬁﬂeﬂtt? ltdangstofs 5§®Chn]flt5|’7|6 are matched

i,ni.ti SO 0 ta e o source ower. .

f‘?‘“ﬁ%sa‘b e ﬁ@%r?ﬁ‘e{ PP tg* Agieristcy 3@ egppgdiments

kdpresentep) ubb,IFI@lnws &mlsﬂ@ﬂs 580 aNd5T@RgR dviky b alcoR@hon dade voltage. In
cur.rent

1 BRSSPI SRt s
ngﬂtgfllgbﬁskf;lgﬂeﬁt softe Sﬁg gﬁ(\gﬂﬁ ?ﬁbﬂ?ﬁlaf?nglf,outﬂlﬂ REItEdeV §:x will be
PR &) P e Ve ke s hictis furs
' emmlaw tquat epthe ﬂ&ﬁﬂﬁhﬂh bttdge gqfcff fhash Eél?ﬂﬁ() S“?ﬂl&{‘é @&e voltage of
O RO RN
1 el et ol s AT S0 B
et it g Bintas onere Bl the BEIPFBloctne

VI NTREi'guwﬁ nmbg Dodltagehéferents cirduit. tmmtaga b&%ﬂéﬁbdt &irduit 600 may be
| d volta e VI of flash ce

.the th 510
R hib B3b Bl Folfis® g @iaray ildns e ergigo pipouit 600
trfag belindedtd in spppatiolgige gbnd@itor t 3R GO 1,45 7Burifey, additional

ms an gor%eﬁ)f Xra[t%sf:re g%né:rerg 1%? 8&? 1|:?§y &72 ﬁ%ﬁ-.luleddu? \Q{épgency voltage
generator 130. In some embodiments, voltage reference circuit 600 is used to implement
voltage reference circuits 134 and 132 to generate reference voltages R2 and R3.
Voltage reference circuit 600 includes flash cell 510, transistor 520, and current
source 530, which are all described above with reference to Figure 5. As described
above, flash cell 510, transistor 520, and current source 530 together form an amplifier
stage. Voltage reference circuit 600 also includes transistor 650 coupled in a source
follower arrangement w1th current source 640 providing a dram-to—source current for

transistor 650. The source follower circuit of transistor 650 and current source 640 are
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vol tage val ue wi thout disrupting the operation of the
f eedback | oop. Figure 6 shows a voltage reference
W@ 2ooc/74885 Vol t age reference circuit 600 may bePar/Ubt0p€aht8043
within a stepped voltage generator. For exanpl e,
vol tage reference circuit 600 may be included in
st epped voltage generator 130 (Figures 1,4). Further,
additional instantiations of voltage reference circuit
600 may be included in stepped voltage generator 130.
In some enbodi nents, voltage reference circuit 600 is
used to i nplenent voltage reference circuits 134 and
132 to generate reference voltages R2 and R3. Vol tage
cc&fplmhncthe first amptiﬁé‘x(magjerin hudiyg ghindsédback torGipration. In some
n nd curr urce 53 [ ar [ .
BB S sn ol b bR 30 Y §er i M s Bt fegion
descr Thedperhtisreof \fdltagélrdfﬁbhceﬁi&mtma nssisiilar to3RO ppanaiion of
rent,source 53 et her for | if st age.
VallieBgererdre renabow G Shooonrd bl 5 pt @it pe soure
fdwed it arana:hs:mer c@/lédslrhthmemlaﬁpromgemﬁmme@i MNichannel source-

rent so 640 vi di I N-t0-S0

Rl mey bt afvapipe bt Sy il oo dRrE Ghes Hie il volage
isﬂ@ﬂ?t: thaf) Itheﬁ’i?mﬁﬁldzoﬁugd’ EWithahelgate v6l4£ge&b&d?ﬂiﬁ glﬁfialt @te—to-source
the first anplifjer sta ntee
KelEnee gt e PlISkT TSR s iR e SR s mPBY b K and it can
pﬁaﬁp iﬂsd@.rtpu.&%ltage @Fyemad@dy %o thB@omir lbeshol d regi on.
The oper at ol taqge reference ci
S B Shavpsliet PR Gitite satef b dwedbar, cipyits 702
5@42 aqffi70e &@r&)enemﬁ@ntc_lrtm@ oft volage fdferenicdiiRRunnslich Gl voltage
f ?erﬁlécgeu{x%zw]; 30{% %&%@% C i égflriﬁ'gﬂgﬁ] ? é{)] corrgs%gncf to multiplexer
s:;}m raﬁ&%élb&tﬁw Soupbyth® e%mgeaafea@?e u&llzmtstts @ddd 4:500 LNbdeLmso is an
t e o en the_ initia tage. i r.tha

o db Bt A oniyes oo PRy Py B fh e thgod it buffer
!;}Rivhi il Figadleer. tasad6CR oM htpag;etr@fmstda Gha @épréRnisahd W transistor
S0 lr Y G ER T o 3 YSeR st
afniskabpakolfodd4pur e 7 shoms voltage ref erence

circuit led to a word| rcui.its 702, 704, and
706 r &8 Tage STERAE UL PR HEEHTO%, F‘P&@%ﬂ*éh@nsh%@mstor to

gfc%w(mu s,)uau@)kvnaﬁe v&ksatga@ﬁ noaé es%qmekryg Eid N d1tagh Bfer@héh: circuit

Fi gur corres

Pt e D 138 104, nglck e Rnd e SieE © S Rl the voltage
o hedemsBqutkioui ts to node 450. Node 450 is an

i nt er nedi at de that. functjons OWer,.. s

node. (i YR HE U ETorBUBLE B Er S B il G erolling
é\mtarfea 173 0 $hd krarfsiélod R20a Sigsts ATERI t 35 My bb aloséEiprseGIMES to
prov1 e:pzfJ s?ép;}eﬁ%% télg?et woerxveform on node 450, and when transistor 720 is turned on,

the voltage on node 450 is coupled to the wordline. The operation of the circuits shown
in Figure 7 is described with reference to Figures 8 and 9.
Figure 8 shows waveforms corresponding to the operation of the circuits of Figure
7. As shown in Figure 8, Vpx on node 450 steps up in voltage from R1, to R2, and to R3.
During Step 1, Vpx (and the wordline) settle to R1; during Step 2, they settle to R2; and
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i n output buffer 420. Wien the PRA signal on node 413
is low, the wordline is selected and is coupled to
wooee/ 044885 Vol t age reference circuit output stBgEUTDEG/048043

i ncludes a p-channel transistor to efficiently pull

down the voltage on node 450 quickly, and voltage

reference circuit output stages 704 and 706 include

n-channel transistors to efficiently pull up the

vol tage on node 450 quickly. A stepped voltage

wavef orm may be produced on the wordline by

controlling swtches 710 and transistor 720. Signals

ATD<1: 3> may be closed in sequence to provide a

Stuing 8t¢p\o ey gettiedy BBorAhapmearcdeh 480, sensing whmnlti-level cells can
' . iy 1, tdhe vol tage on node 450

%’éﬁg%gf‘%‘ btz 8o(}{ltl %ze%‘r&g?g’ﬁ%?oufhﬁ u(r)%s'er ation of the

ci r cuiFighre Ralwo showkVpurbeing ﬁr@-cmm o3 pmmt to beddgaioapled to the

r &
SRRt A St & R AR MR B R0 cnoge 450 is allowed
ko gactaceﬂly ﬂeatsblympanmg sﬁhtghfrsé' 18, AVgxat@20naddie 46Gs shuphst to the
Weditc!Q i RH St Ui Gontan, AP aeivki am g dapal (GPed nd the
t:ii;ﬂpt&t&ietdnethe woRlined@adurAsigreSuke pf the ohhl[gy sﬁiﬁiﬁg l&lei\ﬂTrldhne is
near ch ste nsi.n ti-level cells
83“6 %%ﬁ’rvoét?gﬁ &@\elpﬁ%ﬁh#ﬁ‘ﬁﬁp’égﬁ’géf“ Y&'8Fevi ous
fi gur &ssorhe gmbedl&eatssmea'lgna@ ¥pats, b@pi@taﬂé&v&ﬁb@[ gRirh@g are
I el | e to
R 6 Al PRt S Rt iR adpges voliiss. Fp geample, as
dﬁﬁm i Bigluevie thet @a@e&h&fmg:q&drahdd agglzo bﬁn@sp@ile Ivsgﬂdhne \;]oltage above
rpa}o[r E%AZ[iﬂal?einz& ;156%%?(18 g‘gbﬂg&%ﬁddiﬁ éﬁlﬁég %l?'leﬁgoqtagg gefgregce circuit
dmpamrea;rREwﬂn pilbehe va&ahﬁ&tm@l toalkl? ﬁbEﬁa m%ﬁaw&taﬁ@&tm than
esult . of the charge sharing,
pREoEZ i pRlin S8 R1dfrta R REe 5 the.
p L e-c f[tlas‘:gﬁd el}db&(dldfeﬁﬁﬁtheﬁrolt@éd taﬁenclb T&nﬁﬁmﬂlae 5dREks RINkB ,an output
t he v.o e levels ce. val ues are
g SRl R oupyowee iRl Bie Ao Quibw ek 40P g repipt pulling
doghgih paciiteagiBe thOp-clataBPkfisisfs iSEsipled 18 sikQuiERnSo allb®er

ch%r‘g sharing-operation at 820 brings the wordline
ey %e above R prior to ATDI being asserted. Wen

ATD  DariagSeei EATDD & asdriedde st @teR2 AR ik ddline, A during Step

3HEE8% Bl lo DULL A0C AL AR oM, £ Bl L0 the voltage

F&fexfenmmﬁmhtsm smatd B@and R3 have output stages similar to output stages 704
and 706 (Figure 7). Output stages 704 and 706 are efficient at pulling up, in part because
the n-channel transistor is coupled to source cwrrent from a higher potential.

Figure 9 shows a flowchart in accordance with various embodiments of the
present invention. In some embodiments, method 900, or portions thereof, is performed
by a memory device. In other embodiments, method 900 is performed by a control
circuit, an integrated circuit, or an electronic system. Method 900 is not limited by the
particular type of apparatus or software performing the method. The various actions in

method 900 may be performed in the order presented, or may be performed in a different
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In sonme enbodi nents, the voltage reference circuit
that sources Rl has an output stage simlar to output
wet@gme7s882 (Figure 7). CQutput stage 702 is effPCI/ER1006048043
pul ling down, in part because the p-channel transistor
Is coupled to sink current to a | ower potential.
During Step 2, ATD2 is asserted to source R2 onto the
wordl i ne, and during Step 3, ATD3 is asserted to
source R3 onto the wordline. In sone enbodi nents, the
vol tage reference circuits that source R2 and R3 have
out put stages simlar to output stages 704 and 706
(Figure 7). Qutput stages 704 and 706 are efficient at
poderi Fyrthe, inisomsamibddgnents somgactiersHiztsich Rigire 9iagd omitted from
E%ﬂg ed to source current froma higher potential.
Igure 9.shows a flowhart in accordance with various
e rrbod MethddsO@f istshewp Ibeglﬁﬂilhglvﬁttﬁlﬂbd:lﬁgllO innvIsong power supply node of

nts od ,900 ort| ns.t her eof,
SRS TR St SRR B R P T PR it A BBy e eharged. In
maﬂnb edlbedlﬁlems s Earaspondsyto an aietodsr poivee stipply Adtle belng pre-
aﬁed cirguit, or agrelectronlc(i%stenl Met hod

BrexAmpler asehavn inFisup d eLE4poqdspmas heys paltiplqeower

eupmphbm; ehaenf D:hﬁﬂd’i@ i$ hedre bhnble alf@veraupPlysoadd t@% output
present ed

e perforned in the or
DR Bl So A P otF | THEPeitF PR potRTaRY DR rEferecditn o voliage
srahme cerrtspdnding ts a waaditneadl tagdGsellifot £ebal Bﬁﬁ*ﬁﬁb‘lﬁb ,rheidver supply
own begi nni ng

om,tted. from,met hod 9 Met hod 900 is s

RPYHmAY BERY %Wg‘%%‘g% e YRNBRS-suppl y node of a

dri verAtl9a0,the pmemppm ndaiedealmaal tg @1&&@11%1&& I TH@0in8
iments, this

PR Rt ee R Bt e Pinele FegE PyTbE bR PR Ry circui

pseicbathgetle-clr@te OYaaRbCof 9313) B0, h8 deivetisfurted B8R to share charge
deco er haye Itiple power supply nodes, where

WeS% © RORE" FYPRIY 899¢ Fddhe wiogling- Ee&am%m}we&rw bagldo Figure
npdmr a0 nmty beuhired 60URY adertiag thavapal digttl od REAPPVE kvhich

b h t | T lu
PRt B g e Riskalnen a5 pirsnseon abe Aporr Bepepdline s
e@fmm m:?e Wertsftﬁwtwwp@ P Mhi%flgﬁel@&)ﬁc&lﬁy ﬂ&z&m%h @[s%ﬁgwn in
eren olta e power nod
Pl o otaoRoin 7ol Birss PR e e piver Mined ab. SHOBIRAENLSS the
t:]lmrge gorhg @Bﬂhﬂﬁ&véeﬁn dge mtpdhb ﬂ@r&lhﬁ: POWRTs poiiPih¥ wiRdthe and the

om any, cir.cujt ed for - char.ge operation of
8% Py 90C e fhperonriehe Rt o Bouhr et shown in
Figure 8.

At 940, a stepped voltage waveform is provided on the power supply node and on
a selected wordline. The wordline is selected by the decoder, and the power supply
voltage on the output buffer provides the stepped voltage waveform to the wordline.

At 950, currents in multi-level cells are compared with a substantially constant
current while providing the stepped voltage waveform. At 960, data representing the
state of the multi-level cells is latched. Referring now back to Figure 1, wordline 118
receives a stepped voltage waveform, and drain currents in the multi-level cells 112, 114,
and 116 depend on the programmed V7 of the memory cell transistors. These drain

currents are compared against substantially constant currents provided by mirror
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bet ween the power supply node and the wordline. For
exanple, referring back to Figure 4, driver 420 may be
wO tarfoes8dN" by asserting the input signal on POTES2008048043
whi ch corresponds to selecting the wordline. By
"turning on" the driver, the wordline is coupled to
the driver's power supply node which is electrically
floating. As shown in Figure 7, transistor 720 turns
on when the driver is turned on, and this provides the
charge sharing path between Vpx and the wordline. At
this point, the wordline and the power supply node
share charge, and the voltage on the wordline
frrusigaseld2atsk hodhc, rnfisgascanplifiats 0] 5% asd éppedke the
[ r 0
O b AR  TARYEE DU 1P N 1S g B ARy Ko Tesponse o
ﬂxﬁ&eh@ afepldfisoperation.t he power supply vol tage on the
he whitlt L8 Snd i A S B R A B R eooiments of
threpressnpoaventioni tHlecronithsytstent i@ﬂd mcmdenspramssccrum @xionvolatile

iy B, bt O P e 1 078 o ol (S e 1040, ana

pgtehezscl9s0. PRekssor il(m@ mayvbb atKtype oll‘pgiaessﬁadapwddb labcess

118 vef or and
B ARRE Moy L SRR FES; 12X FrShelh iocesiqr Iplg may be o
dépeprbeessot, raehptab glgaﬁmﬁdcédxorpﬁ niitrecorerodies o€ el like.

trans hese dra| ent ed, agai nst
L upot ERBAER: o dBES Eoftt Rh R R I G E PSR, Pbonan
digitabassistanss, sfireless (42, arézﬁﬁetwaﬂdmﬂeﬁﬁcesa BelaiBOstEEr suitable system.

I f 140, 160 t.he co i son.
RAR e e 7:1920 oy ar s IR B B raR AP it 1000. For
aemmply, mmlvbkanlermtrﬁsqg'ome rhay lidié dsﬁﬁéﬁarﬂigﬁi'dtibhelﬁta, such as contact
r@e a%iogln ur e 1 ) hov%ﬁtgrgﬁs frlnrgwg)fé#(ggrel#f circuit 1040.
Foxtlea ncmmlﬁlleembmom mmﬂa%gaga@ﬂﬂumaiauﬂ&gsuag@@ ?&Qéraphs or
1010, i gl
e P TRl A e gy HES ey Bk progiah cciodo be
ax&catixléay pro&8sorR00C. eN&ﬁVolMDIbGném)’rlyhﬁzla maybeRay Q»\T the memo
t t nonvo t Ile
o TR RIGR netsin A5 he Meipei devier 1B RExte) Y oMtany other

smmpuis@s ﬁﬁ'ﬁﬂhyolaul@llr@ﬁhﬁéﬂy 1920 Raist. FQ@RESPle, néhvolatile memory 1020
croco | e s stens

mgg Peds lé’aa ‘%%7{(?3? g 8?18 uTﬁ’ % WEYVSHE‘:b E’Ic’ﬁlr oI Ao FYother system
pmhsmnmhmﬁmgatal assi stants, wrel ess Iocal ar ea

net V\Dklédﬂorﬁe%qlfe&%'eﬁfcuﬁ 1040 xor%}nrt]l(renrca eg iV\":lfah ?ennXssi(%B and digital
circuit 1030. In some embodiments, RF circuit 1040 includes a physical interface (PHY)
corresponding to a communications protocol. For example, RF circuit 1040 may include
modulators, demodulators, mixers, frequency synthesizers, low noise amplifiers, power
amplifiers, and the like. In some embodiments, RF circuit 1040 may include a
heterodyne receiver, and in other embodiments, RF circuit 1040 may include a direct
conversion receiver. In some embodiments, RF circuit 1040 may include multiple
receivers. For example, in embodiments with multiple antennas 1050, each antenna may

be coupled to a corresponding receiver. In operation, RF circuit 1040 receives
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Nonvol atil e nmenory 1020 nay be adapted to hol d

informati on for system 1000. For exanple, nonvolatile
woreoosy888D20 nay hol d device confi gurati on datBCT/E82006/048043

as contact information with phone nunbers, or settings

for digital circuit 1030 or RF circuit 1040. Further,

nonvol atile nmenory 1020 may hold nmultinedia files such

as photographs or nusic files. Still further,

nonvol atile nmenory 1020 may hold progran1code to be

executed by processor 1010. Nonvol atile nmenory 1020

may be any of the nenory enbodi nents descri bed herein,

i ncludi ng nmenory device 100 (Figure 1). Many ot her

symmanreationssigrals fromaoteanay E)S@em protii2@signals to dig‘ml circuit 1030,

mggl%%ﬁgl\é el?I(HO gé%(/?ée g.l X?er rcuﬁzgﬁ = huélhoperates on
thdﬁgnaﬁmnmﬂwwmﬁmmmmthnnanmﬁanms19&dio frequency

' 4 th {. 105
i gf ¢ R e TRl SRR o R S roree 1oL ppd R
40t 1070, Udesma epivpdincals, digital ¢isngt ](dBBIYn)clﬁm:rs rcﬁ’Sllﬁﬁ’ydd) p@rfonn

i cations ot ocol . ..For,
BB R e St Sl B B oA RO P et o P I some
femqummys slggxmhmmunelloso rriamnmpmnsemt alnok b pbfiod, of A@NENa access

and .t he |i Jn sone odi nent.s,.. RF
c T c U |(¥/E{l®4lﬁyer Qf 48 &"ﬁﬁ%cagoﬁsef’ré) |t°o°8§ F}E‘ PRIESmpgdimenty 3 MAC layer
ahplemeptation inmyrieslistibuted betwietn ﬁﬂ)éessﬁﬁyoﬂﬂ’mﬂduiﬂ@ta&l circuit 1030.

di | di nent s, .
Ci 1 curO PO RS G 040 A4 Ra 8 CLIT G angpymmodulate signals
ef(mr[dw fornmmteatbativarabsstrauiehicias) | Forakxempla] RHrc]:&‘o’mi 0641 may be

gc‘z ted 1o ntrrg&.{f\@e %‘Bé Idg%a%ﬁg&kg [ z{c?%s%ll(f Bivégbf gde domain multiple
pEees mm)mt@la&aghbﬂ%yﬁb@ﬁaf fobil® Hd)rﬁﬂﬁlﬁi&ﬁﬁ@s](@@@/l) sigithls,

de I t 1030. Fur
.g.v' R ey i wﬂblpg @?@%ﬁlgr@wﬁu Edﬁ?%&mtﬂtlple-

d0HOt (MINION sxgpels,aetpaﬁalanwtsha rﬁdl@ﬁl&la&ce&@ (13113 =) stghamﬁaﬂ atr@ other
circuit, 1030 is,co

hem.t t 105 i tal
bS5 RATRREEREST: TRl oHhedrortns BB s R bbb regard.
1040 AlnrermasTe0 3 ayl ingRide Sne df Fiokddnteinat UFbr kanple, antennas 1050
ormerror

Y A0 BBt R B R seon) erlcey i used herein,
the tt:ﬂme ohinkdirecdional annerma Iﬁﬁ'eﬁl’tb ady aetehs, havirg zfj éibs@htigllii tiniform
030 ortion nedl a, acce
BSR4 ey o Bl "5 GBI ot rSrelp Py gBufioa fs0 may
mmdeexrdncgle omini-giredtiodiiGnkaine sudig £Apoleahteana, rmy qhgrter wave
%8%%(( I % rbe%%},n\?)Fe? Sonie e odlmer:ll’((s), a%rt]e%ng.é %SIO ma)? {nE:PulElileta single

directional antenna such as a parabolic dish antenna or a Yagi antenna. In still further

embodiments,_ antennas 1050 may include multiple physical antennas. For example, in
some embodiments, multiple antennas are utilized to support multiple-input-multiple-
output (MIMO) processing or spatial-division multiple access (SDMA) processing.
Memory 1025 represents an article that includes a machine readable medium. For
example, memory 1025 represents a random access memory (RAM), dynamic random
access memory (DRAM), static random access memory (SRAM), read only memory
(ROM), flash memory, or any other type of article that includes a medium readable by
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Radi o frequency circuit 1040 may be adapted to receive
and denodul ate signals of various formats and at

wQ 2007018883 r equenci es. For exanple, RF circuit BOBOS200§048043
be adapted to receive tinme domain nmultiple access
(TDMA) signals, code domain nultiple access (CDVA)
signals, global systemfor nobile comrunications (GSM
signals, orthogonal frequency division nultiplexing
(OFDM signals, multiple-input-nultipleoutput (MM
signals, spatial-division nultiple access (SDVA)
signals, or any other type of conmunications signals.
The present invention is not limted in this regard.
Aviecsaiead 1@ 5Mlemayy i1 27 wde soneinsiructinme farteefonaig thoexecution of the

g?éﬂml ﬁemg@%ma&%emé& tﬂ@yregé}fe 'nﬂ%% S1idy. Is'ogg : e

ecti on antenna or ant enna. As
used . Heopénation, h:eodessqnwﬂlﬁh reads mtm«:tmland dh@arfivan eitie bsboth of

tn%n@{lx 11@ %et%%]r? 1'69{5 Iangj m%g%)lrij)pi r‘r?:ﬂ epe Oﬁtlfllg Ig{;};gc{ng]u? ?etslt;mnse thereto.

Feas
divio @mlamma,tmfpcasmdrm ﬂma];(ﬂaeessmystnunﬁbmscﬁorﬁ n&infgly €025 and program

SR L TR0 BAGR, Bl PR S Pencrcors
~én$)¢¢inmnta$1le mainenn 53201 (b Qo ¥mibbdinttahes, Aosorglle memory 1020 and

PP e AR CE PRl PO Aot APf iamgle nomvolaite

amtmryd@ZQ asdmempory he2imey bothtbiedhetugdtyiai a:sidlglaﬂbxwaﬁtﬁﬂe memory
Rl gxanple, in some enbodinments, multiple antennas
are utilized to support nultiple-input-nmnultipleoutput

(M I\/D)Alﬂroogleﬂm vagioas elemahis ?lé' ;}éﬁtMnSOO(DI a.f&dhbtvﬁképaﬂﬁ@ (ﬁ‘SElgure 10,
r esent n art
RO B8 el Gomlr O citERy PRGN [00) nahalai Ememory
ri@ﬁ@,rnyerﬁ@'&ﬂ 026 pné digitabciscuital030 in ack@sintegraed/citddAMFor example,
ORS8O ML i P e 20
Moo bymapbe agylcmgm‘rath)cbﬁtr@lf stére Mlﬂin@pﬁd&ais(])-i(r) %HOU desome
e oce nor
SRRt RS HiR ot BB e Pyt 1000 Fo B strirrisl Hekeged and
vmuntndsommctdmdoe nhodt beind. Shﬂiﬁthéd‘ﬁinw&ﬁezﬁh the Vﬁﬁﬁds@[bments are
In o t|on rocessor 1 structions .and
S RE hbraien cBF OE ARG Ghriear g Per. P11 & MG ctppgodule, and in
. a‘ﬁﬂ furelep B'ty:ﬁb&ﬂ)iﬂﬁmm f}armﬁfsfdwmﬁhtﬁﬁb ngt%e $dind REREASEcircuit die.
t here or e CEessor access ., .
i nstr E@F RS f?tgr X %’?’9% 1 RRYF R0 35 Z\W‘ﬁ?%ﬁ&“&e memory
V620 mges a\lmtltaltmn bﬁﬂ&rmeseﬁt Mtvérttageg@e Bﬁﬁrﬁfal@l Busaids may be a serial.
referen nsi de nvol at
RS R BN, SRR IRE Rl 5 B ERE S in et bl of

transferring command and status information between processor 1010, nonvolatile

memory 1020, and memory 1025.

Step voltage generators, voltage references, flash cells, feedback circuits, x-
decoders, control circuits, and other embodiments of the present invention can be
implemented in many ways. In some embodiments, they are implemented in 'integrated
circuits. In some embodiments, design descriptions of the various embodiments of the
present invention are included in libraries that enable designers to include them in custom

or semi-custom designs. For example, any of the disclosed embodiments can be
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menory 1025 are conbined into a single nenory device.

For exanpl e, nonvol atile nmenory 1020 and nenory 1025
worey 708885 be i ncl uded in a single nonvol atil e PENDRE3006/048043

devi ce. Although the various el enents of system 1000

are shown separate in Figure 10, enbodi nents exi st

that conbine the circuitry of processor 1010,

nonvol atil e nmenory 1020, nenory 1025 and digital

circuit 1030 in a single integrated circuit. For

exanpl e, nenory 1025 or nonvol atile nmenory 1020 may be

an internal nenory within processor 1010 or maybe a

m croprogram control store within processor 1010. In

soplementeddn reyithesizabie hdeamsiesilgB Msgeoﬁu&yast%lﬁﬁ@/eﬁlog,

I ckaged and n. a conmno
ARy RGBS mlerd RSP TROR A SRR S % G Ry, or the like
dlileaveing, ianﬁ me&hﬂﬂhatbiéthe pt@gttaﬁﬁihtlon canlalso Bé eprgpefited g e hard
to ul e nd in stil
PR Bt 8 el ik P bl Srdhen e s THBOSHRE 110
i(Fifgegr Btoad be repeesiehtediag pollBend aspigned tol layeas Gﬁﬂﬂﬁﬁdgrﬁed circuit.
gg: erl} [ngé{ Seiﬁéss%toég n d \no E?%!gf{ ﬁiﬁ{;lgxlii]tfenglﬁrcr:g %t?oznownh certain
emaﬂine:ntd) itds ﬂ.ﬂﬂ&rﬁﬂ;&t&lﬂ tRatSA6difitationt and ﬂ@lﬁatloﬁs hﬁ?tbe resorted to

IeL |nterfac or any oth

{88 B Bresprt B St rafoncraiosetliegdn e ar
n'd:(‘)a‘ggynmﬂg@tﬁn&l eSN&ﬁﬁg@ﬁeﬁﬁﬁﬁS @hd llrﬂﬂﬁhonl @ﬂ:\/@inﬁfﬂbfeﬂ t688Wfthin the
1 ,_eand. menory 5. St ol t age generators,
\5%9&%%3‘?‘3?’%‘?@?%@@@, i Tpsfgﬂ‘?%e"?{?‘?s f eedback circuits,
xdecoders, control circuits, and other enbodi ments of
the present invention can be inplenmented in many ways.
In sone enbodi nents, they are inplenented in
integrated circuits. In sone enbodi nents, design
descriptions of the various enbodi nents of the present
invention are included in libraries that enable
designers to include themin customor sem -custom
desi gns. For exanple, any of the disclosed enbodi nents
can bei npl enmented in a synthesizabl e hardware design
| anguage, such as VHDL or Verilog, and distributed to
designers for inclusion in standard cell designs, gate
arrays, or the like. Likew se, any enbodi nent of the
present invention can also be represented as a hard
macro targeted to a specific manufacturing process.
For exanple, nenory array 110 (Figure 1) can be
represented as pol ygons assigned to |ayers of an
integrated circuit.
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Al t hough the present invention has been described in
conjunction with certain enbodinents, it is to be

wareenstsedd t hat nodi fications and vari ati ons PEH/URE06/048043
resorted to without departing fromthe spirit and
scope of the invention as those skilled in the art
readi |y understand. Such nodifications and vari ations
are considered to be within the scope of the invention
and the appended clainms.Wat is clained is: 1. A
menory circuit conprising: a plurality of nmenory cell
transi stors having programabl e threshol d vol t ages,
each of the plurality of nmenory cell transistors
Méhatdgiclaingedtis: node and a drain node; a wordline
coupled to gate nodes of the plurality of nmenory cell
transistors; a circuit to apply a sequence of voltages
dn t hé\ memery eiecuitcopipmisinigi t y of sense anplifiers,

BB ST s i

eadh ofithe pkiralitp o meanody eelictiansashirs hivingh geiemodé tnd a dplidode;

to ea . r.al i amplifiers to .
e S 8 5l SN BIRL Fhpl t unston,
conpareircaid & asily e sequentesoffvoliagesgon the woedliheai n nodes

of th ell tr istors. 2... The [

ci rcuPPIBAT of SERsp ARRFRIs, MR in. G seRsC AP Bicpbilet o 2

comprposéing srgih npdd off the pluralinbf mefrere oelbtransistats;tahd

coupl ' llel.. 3. The nenory.circuit af claim.

wher e fgubaafiB R cftais ol TRIP e bty of por BoBlifiers o

oravids 4 substaotisifiecanstanaaigicat trbdampagebagaimsgaaramedfi®@ving in the
hreshol d voltage. 4. The nenory circuit of claiml

?ﬁaruﬁﬁ(é(?esé)g#perrin I%ﬂa'cé:’nst?ﬂfﬂsg%and hold circuit coupled

between the current mrror circuit and the plurality

f se ifier. .. _The .meno circuit of.claimil,
Pur cnane bRy ShElor iy LAEFR I kit ispiferises o
phurzldy datrentwhierenos tiptititswodgisd of parhikelpl ural ity of sense
anplifiers change state. 6. The nenory circuit of
claim5 further conprising a control circuit to
dont r dhe ey plrcwiadi daino? whee:is eghaif e iiralio} $PgeEnORference

Jwrdl bne, and t.o provide datg.tq the plyrality of
PR Rea08 raffon Py Bla Y el abis it PiatRe
conprising an x-decoder having output circuits coupled
%8 d;e%‘%le \I/r?engot}g cRERHSE c(iaelmm; ﬁyrﬁxletr ggne-ngnsqgg g sgnol}\g\{%rané lﬂngl?il é{rcuit
coupled between the current mirror circuit and the plurality of sense amplifiers.

5. The memory circuit of claim 1 further comprising a plurality of latches coupled to

store data when output nodes of the plurality of sense amplifiers change state.
6. The memory circuit of claim 5 further comprising a control circuit to control the

application of the sequence of voltages on the wordline, and to provide data to the

plurality of latches.
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8. The menory circuit of claim7 wherein the power
supply node is coupled to electrically float prior to
wWEe@viotisey) t he sequence of voltages. 9. The nePOI/¥S2006/048043

circuit of claim7 wherein the control circuit is

coupl ed to cause the power supply node to pre-charge

and then to electrically float prior to providing the

sequence of voltages. 10. A nenory devi ce conpri sing:

a stepped vol tage generator conprising a first voltage

reference to pull an internedi ate node down to a | ow

vol tage, a second voltage reference to pull the

i nternedi ate node up to an internediate |evel, and a

t’hi r d Themeperycircuit efielaine 6 fdhdr comprisingennedicade hvilg output
: ' o i Re: ass transistor to

s o G S R e SRS

control circuit to precharge the internedi ate node and

then I r ' o _share charge. wit

e wang tltrhdly b oF Bl s SHaBAE pl bR s Bl Saipled to

ehcirigally foalgeriardd providieg thesequence of eslmeds.at e node and

the wordline. 11. The nenory device of claim 10

further conprising a plurality of FLASH cells coupl ed

Yo t hdheouahomyeircti2 of dlhin Freviwrein devdonobéirauitds sdubled to cause the

Y ralit f . .se ampl.ifiers . .
2ae s prERle. S sReey bbb e 3G 1 Brioniggroviaing the
Aeqvenge efevdltegesnf claim 12 further conprising | atches
coupled to the sense anplifiers to latch nmultiple bits
each tinme one of the plurality of sense anplifiers

dfangésmsmateddvce Kimeprivingory devi ce of claim 10

further, i Si rrent .source to provide a
subst SRITRTT yo e e A Rty & Tt SUBHIETIRSE 19 pul
inderomdpde eodegdiwrsto clowr wilitage, iarsetdiel FolBrdfelehc 0 pull ke

' . ohd nd .third.voltage references ar
bk e PO B30 b TS 130 e R AR e e T rrace tupull he
Titermediate yodtayi e ligh &dval; m 14 wherein the current
sourch&ﬂﬁﬁMQes a plurality of current reference

circurts in parallel
a pass transistor to couple the intermediate node to the wordline; and

a‘control circuit to precharge the intermediate node and then allow the
intermediate node to share charge with the wordline prior to coupling the first, second,

and third voltage references to the intermediate node and the wordline.

11. The memory device of claim 10 further comprising a plurality of FLASH cells

coupled to the wordline.

12. The memory device of claim 11 further comprising a plurality of seﬁse amplifiers
coupled to the plurality of FLASH cells.

13. The memory device of claim 12 further comprising latches coupled to the sense

amplifiers to latch multiple bits each time one of the plurality of sense amplifiers changes
state.
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16. A nmethod conprising: precharging a power supply
node of a driver having an output node coupled to a
wowediorsses i n a menory; allow ng the power suppP@T/NSINE6/048043

to electrically float; turning on the driver to share
charge between the power supply node and the wordline;
and providing a stepped vol tage waveform on the power
supply node and the wordline. 17. The method of claim
16 wherein providing a stepped voltage wavef orm
conprises: pulling the power supply node and the
wordline down to a first voltage; pulling the power
supply node and the wordline up to a second voltage;
and pulling the power supply node and the wordline up

a ' wi ] th of. .claiml16 further .
A8, o THb ok UBME: of Boial 06 AT CotpRlite 3ol soplch i brovide a
sulistnginlly edristant cunsdrme thewseneramplificksstopomparh apgirsheurrents in the

val vefarm, 19, The method of cl ai 8

FLARRE SIS bROGHBUO, e ity RfelFetetp s rg Sofpied e
itepedinte talecmdphe wogllingr rent s. 20. Ari el ectronic
system conpri sing: an antenna; radio freqguency
circuitry coupled to the antenna; a processor coupled
6. t h&he acory dedue nfylaim 1 4 wihicreyy thardrrante@ime)inde@ddsGplurality of
conprising a.stepped vQltage generator conprising a
PRyt r?;STegﬁeg%mi’ué'gé? Bﬁ%gelt o pull an internediate node
down to a | ow voltage, a second voltage reference to
lel ngs'gagrnedhatg node up to an internediate
'evel ;" and a ?ﬁ??ﬂngbltage reference to pull the
I nt er pedhagmgrostevapupsly acté gha Hewe haviag\walottpud @odécoupled to a
R%%gkknagsigtor_to couple the internedi ate node to the

Faliie 2 A% control circuit to precharge the
I nt er abelviapeheypsiecrangplyiede & elemritdls flsdter medi at e node
to share charge with the rdline prjor to couplin
e 1 HirEE SRUAE by i PhtER bl et ALY it ang the
wotdlineeghdat e node

providing a stepped voltage waveform on the power supply node and the

wordline.

17. The method of claim 16 wherein providing a stepped voltage waveform
comprises: .
pulling the power supply node and the wordline down to a first voltage;
pulling the power supply node and the wordline up to a second voltage; and

pulling the power supply node and the wordline up to a third voltage.

18. The method of claim 16 further comprising comparing currents in memory cells

with a substantially constant current while providing the stepped voltage waveform.

19. The method of claim 18 further comprising latching two bits of data in response

to comparing currents.
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and the wordline. 2 1. The electronic systemof claim

20 wherein the nenory device further conprises a
w@bwrardssy of FLASH cells coupled to the wordl PEEUSDR6/048043

The el ectronic systemof claim2 1 wherein the nenory

device further conprises a plurality of sense

anplifiers coupled to the plurality of FLASH cells.

23. The el ectronic systemof claim22 wherein the

menory device further conprises |atches coupled to the

sense anplifiers to latch multiple bits each tinme one

of the plurality of sense anplifiers changes state.

20.  An electronic system comprising:

an antenna;

radio frequency circuitry coupled to the antenna;

a processor coupled to the radio frequency circuitry; and

a memory device comprising a stepped voltage generator comprising a first
voltage reference to pull an intermediate node down to a low voltage, a second voltage
reference to pull the intermediate node up to an intermediate level, and a third voltage
reference to pull the intermediate node up to a high level; a wordline; a pass transistor to
couple the intermediate node to the wordline; and a control circuit to precharge the
intermediate node and then allow the intermediate node to share charge with the wordline

prior to coupling the first, second, and third voltage references to the intermediate node

and the wordline.

21. The electronic system of claim 20 wherein the memory device further comprises a

plurality of FLASH cells coupled to the wordline.

22, The electronic system of claim 21 wherein the memory device further comprises a

plurality of sense amplifiers coupled to the plurality of FLASH cells.
23. The electronic system of claim 22 wherein the memory device further comprises

latches coupled to the sense amplifiers to latch multiple bits each time one of the plurality

of sense amplifiers changes state.
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