1 METHOD AND APPARATUS FOR ERASI NG FLASH MEMORY Technical Field The present
invention relates in general to a nethod and apparatus for erasing of a
non-vol atile nenory device and in particular to a method and apparatus for
an erase operation of n nenory array of a nonvolatile nenory device that
can reduce the nunber of trapped hol es in the tunnel oxide of flash nenory
cells. Background Fig. | illustrates a cross sectional view of a
conventional flash nenory cell 100. Menory cell 100 includes a substrate
103, a source 104, a control gate 108, a floatin ate 106 electrically

i sol ated by arMEWéiQEﬁN@ AP@%%A'SHSﬁ@R@@PﬁMFHg %ﬁl‘ R¥30, and a drain
112. Menory cell 100 is thus basically an n-channel transistor with the
addition of a floating gate. Electrical access to floating gate 106 takes
pl ace only through a capacitor nehkserkrefd surrounding Si Q2 | ayers and
source 104, drain 132, channel 105, and control gate 108. Any charge
present on tﬁﬂlﬁwmm n‘gfega@!eremﬁs mgenﬂeh@l?rm@h@déﬂ@ apRaneus fnerasmg Si - Si O
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applied, alon control gate voltagé. The gate voltage inverts
t he chamnmhcrmﬁtrbpp&dﬁmlﬁnanhn hed oxpead|{Eshimema) eddist ons t owards the drain.
In the process of crossing the channel, some electrons will experience a
collision with the silicon |attice and becone redirected towards the
Si-Si2 interface. Wth the aid of,dBghisel d produced by the gate voltage
sone of these electrons wll traveT across the oxide and becone added to the
gatl ng gatleg. Afllwtrates egrasstaiignalsicw oph eomdntingal dlask meomwsy ecddbled to t he

floatin a incr .tecellsth hol d val t age. Pro ng is a
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the turn-on vol tage V, of I's is increase the increased charge on the
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through a capacitor petwork of surrounding Si0O» Jayers and source 104, drain 112,

channe} 105; and contro} gate 108. Any charge present on the floating gate 106 3s
retained due to the inherent 5i-Si0; energy barrier height, Jleading 10 the non-volatile
ﬁature of the memory cell.

Programming a flash memory cell means that charge (i.e., e]éctrons) is added
to the floating gate 106. A high drain to sovrce bias voltage is applied, along with a
high control gate voltage. The. gate voltage inverls the channel; while the drain bias
accelerates electrons towards the drain. In the process of crossing the channel, some-
electrons will experience a collision with the silicon Jattice and become redirected
towards the Si-S10; interface. With the zid of the field produced by the gate voltage
some of these electrons will trave} ‘across the oxide and become added to the floating
gate. After programming is completed the electrons added to the floating gate '
increase the cell’s threshold voltage. Programming is a selective operation,
performed on each individoal cell.

Reading a flash memory cel) takes place as follows. For cells that have been
programmed, the turn-on voltage V, of cells is increased by the increased charge on
the floating gate. By applying a control gate voliage and monitoring the drain current,
differences between cells with charge and cells without charge on their floating gales

can be determined. A sense amplifier compares cell drain curremt with that of 2



can be determined. A sense anplifier conpares cell drain current with that
of a 9 reference cell (typically a flash cell which is progranmed to the
reference |l evel during nanufacturing test). An erased cell has nore cell
current than the reference cell and therefore is a logical "J," while a
programmed cell draws less current thgn the reference cell and is a | ogical
"0." Erasing a flash cell neans that electrons (charge) are renoved fromthe
floating gate 306. Erasing flash nmenory is performed by applying electrical
voltages to many cells at once so that the cells are erased |n.a "flash.” A
t ypi careferease celd papigellva fiapb eclf which lhﬁfmwt%@eﬁgﬁe@ﬁﬁ%g}b@%’%l ying a
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field (8-10MV/cn) is present between the. floating gate and the source. The
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in the, tunnel oXide of Che flash nmenory cell's after the nenory cell has
been cydhsedite hoDabhe mesaaty colld stegravl. ilrsiraiopldas ebowedtaiiodber of tines,

i .le., “stressed,” and can.seyerel r t he perfarmance of the nmenory.
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continues to0 be reduced and the insulating oxide. surrounding the floating

gat e i gunmgerashiand electrofay thaiupamagk uo twans] theopghbbefirsh fop esgsirors cdddr ess t he
pr obl em LLC. For nnel h nmenory has
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I turRave BednderaedNirof ihe floating gate, reducing the cell thresheld voltage Vi.
While programming is selective o each individual cell, erase is not, with many cells
being erased simultaneously.

Stress Induced Jeakage corrent (SILC) in a flash memory occors when there is
mﬁneling from the floating gate through the insulating oxide surrounding it at
abnormally low voltages. This can tesult from holes that become trapped in the .-
tuhne] oxide of the flash memory celis after the memory cell has been cycled through
read, write and erase operations a number of times, i.e., “stressed,” and can severely
degrade the performance of the memory. SILC presents a major challenge to
designers and manufactorers of flash memory devices and will present even greater
chal]enges as device size continves to be reduced and the insvlating oxide.Surrounding
the floating gate is made thinner.

o  Various sojutions have been proposed to address the problem of SILC. For
example, a tnple well channel erase flash memory has been proposed in which a
mernory cell is fabricated inside a P-wel} that is, in tum, inside ap N-well.
Unfortunately, 2 uiple well construction increases process complexity and memorj '
area. Thus there is a need for a flash memory cell method and apparatus that reduces

ST.C as the device is cycled.



Unfortunately, a triple well construction increases process conplexity and
menory area. Thus there is a need for a flash nenory cell nmethod and
apparatus that reduces SILC as the device is cycled. 3 For the reasons
stated above and for additional reasons stated hereinafter, which wll
beconme apparent to those skilled in the art upon readi ng and under standi ng
the present specification, there is a’need in the art for an i nproved net hod
and apparatus for erasing flash nmenory. The above-nenti oned probl ens of
traditional flash nenories and other problens are addressed by the present

i nventi on, affot Bestasons sfsdtaboan endol kdditone dersstovaledhercgmlteng and st udyi ng

e ol g specl ) caul on, B PBCTLPLI o0 oL ke awpgs Flgure | s
sehemat g stk LR AABATEUCR! o BB PETRR uy oy S8 oRURSEM [ nVveNt] o

. e
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convent gsprraths £0 et efl ademeperatTierbote-mehiiasdd proemy of Biaditioeal4 is a graph
showi ng_the stress induced | eakage current (STLC) from _ sinul ated .
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menory I hZqur.e 5 | how rd t ; of a sequence
of pul sé%t’f%? \\gg%%gﬁgggi%o%yg{c?%ﬁgg?@%%%g Hper%‘g%‘fv@’ By ?f’g’gﬁ %#}%’de atriple
wel | showi ng an extra step of a channel erase. Figure 6 is a graph show ng
an exanpl e of a sequence of, 1pul ses for_an _erase operation of a flash nenory
to neutralize trapped hol £8¢ £ inffesent invention. Figure 7A

is a graph show -an. £x | e of ;a_seq ¢ of puls for an erase
operation of*{ﬁuf'?g%aﬁ@ﬁg%a%ﬁ‘ﬁéﬁﬁp—gﬁﬁga% 'a%%@al fol'es that does not
require a hi gheke 2 8B@RE h ¥BnplFiddagBerber T, f1AB SEbro Of b ehibedPieds ent
invention. Figure 7B is a graph showi ng an additional exanple of a sequence

of pul s'éls PNSGFI. ENﬁI@iQI{se operation of a flash menory, according to the
5233 gg‘;-e' g}’eg{%bgée‘g isd g:%_&%ﬁ%hgx%dgsanaex%%ﬁ%f%@%\ﬁé“n%e Wpddi fofgnal exanple of a
conventional source erase operation of a flash memory.
| Figure 4 is a graph showing the stress induced leakage current (SILC) from

simulated application of successive erase—program cycles on an array of a flash
memory cells.

Figure 5 js a graph showing & prior art example of a sequence of pulses for an
erase operation of a flash mernory busit inside a triple well showing an extra step of a
channel erase. '

Figure 6 is a graph showing an example of a sequence of pulses for an erase
opefation oi a. flash memory 1o neutralize trapped holes, according 10 the present

. invention. 7
Figure 7A is a graph showing an example of a sequence of pulses for an erase
- operation of a flash memory to neutralize trapped holes that does not require a higher

negative voltage source, according to the present invention.

Figure 7B is a graph showing an-additional example of a sequence of pulses
for an erase operation of a flash memory, according 10 the present invention.

Figure 7C is a graph showing an additional example of a sequence of pulsés
for an erase operation of a flash memory _'

Figure 8 is a simplified schematic of 2 flash memary with P channel wordline
drivers.

Figure 9 is a side cut view of a P channe] transistor showing components

relevant to parasitic capacitances.



for an erase operation of a flash menory Fibre 8 is a sinplified schematic
of a flash nenorywith P channel wcrdline drivers. Figure 9 is a side cut
view of a P channel transistor show ng conponents relevant to parasitic

capacitances. 4 Al though, various enbodi nents have been illustrated using
particul ar el ectronic conponents it w |l be understood by those of ordinary
skill in the art that other circuit elenents could be used to inplenent the

invention and that the present invention is not |imted to the arrangenent
of circuit el nts di.scl osed.. Moreover, it. wll also be understood in the
art that the® 'gﬁgeg%}ht"apﬂ% 'SW“FBG‘I%HVB&@%&PF%%W% 8538 Pé‘?’égfaﬁg nmenory in
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Descr i ptihenciFduit elémshiowsuil eomeé nd ngpiaherit tbainvegbgatmt tembe presedt! 100
including an n+ type source 104, a p _ type channel 105, an n+ t%/_p,e drain
112, anBVEPhPR pet Hgplediaihe arapgempptiof SHEVIH gegents digposed: MAHENEHEd bet ween
an insu j [ ri:G V. t-hi j 4 over channel
105. FI lggﬁ ?Hgbgzlg? é&(i;{?gbﬁgkl?ehé{%}n@]re %pééflgr]g{é%éog@%dn?é?%%gb% ash nmenory and
i s el ectmaiiaphtemdiyshldatieds bthembeh heth wemoBndiscudts. (Ihereforembe yresedtl . Contr ol
gate 108 is located on top of the insulating dielectric 110 and is

posi t | olEntRIEls 1ot batited go ganebab®d apparatys fenerasing flashpIemqred schematic of a
flash menory 200 of the present invention. Flash nenory 200 includes a
control circuit 202 for controlling the operations of the nenory.such as
reading, witing and erasing, paklaDeaesedes 204, sense anplifiers/bitline
drivers 206, colum nultiplexer 218, wordlines 212, nmenory array 210,

bi (te | i nes 208FigAdbpwwadesverdionahdoaling igatkopenpriecedl | Qhsngludng an &t exanpl e of
t he sequen lta S ventd I erase
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vol t ageids A Noseasede 106 dbentivwiche®bérodemh higuiitinkelsane idvee1 4 el
gate-substrate val tag4e is decreased tqo about -10 V. This potenti al

di f f er ebéRTUgeketige § 4F cugobenn® 1he Bleating REA 186AHBEryempStrgfed to zero.
The conbEpahian ﬁéshvﬂéﬁnéﬂﬁa:}é%k @E@tri‘c@%‘f‘ﬁﬁﬁ]a% from other elements of the ,

memory cell. Control gate 108 3s Jocated on top of 1he'insu]atin.g dielectric 110 and is

positioned over floating gate 106.

Fig. 2 shows a simplified schematic of a flash memory 200 of the present
invention. Flash memory 200 ibc]udes a control circuit 202 for controlhing the
operations of the memory such as reading, wniting ana erasing, cojumn decoder 204,
sense amplifiers/bitline drivers 206, column multiplexer 218, wordlines 212, memory

{ arréy 210, bitlines 208, and row decoder 214 with wordline drivers 216.

An example of the sequence of voltage pulses for a conventional flash
memory erase operation is illustraled in Fig. 3. As cap be seen, the source-drain
voltage is Increased to about 5 to 6 V while at the same tire the gate-substrate voliage
1s decreased to about —~10 V. This potential ¢ifference is held for about 10 ms and
then abroptly dischérged to zero. The combination of voltage values induces.an
electric field across tunnel oxide 114 between floating gate 106 and source 104,
Iesnlb’lng in tunneling that drives electrons off floating gate 106 and effectively erlases'
the memory cell. At the same time, however, the reverse bias on the junction between
body ]02 and source 104 injecis holes into tunnel oxide 114 and some of these holes

become trapped in tunnel oxide 114. Some of the trapped holes remain unneviralized



electric field across tunnel oxide 114 between floating gate 106 and source
104,. resulting in tunneling that drives electrons off floating gate 106
and effectively erases the nenory cell. At the sanme tinme, however, the
reverse bias on the junction between body 102 and source 104 injects hol es
into tunnel oxide 114 and sone of these holes becone trapped in tunnel

oxi de 114. Sone of the trapped holes remain unneutralized ¢ at the end of an
erase operation and/or after subsequent programm ng. The holes trapped in
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in an arr of 4096 flash nendry cel aving polysilicon | gates,
connect edjecompioal fledtingsgah ddniniatuBbg .oxide Vdy thas 285kighthg” atdeSILCunnel 1-V
characterjstics (JPi vs. VPI) for a fresh, unstressed array in a voltage
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occur at an abnormally |ow voltage of about -7V, after stressing the array.
cu[;ves 2erkage GUITEHFOsH BOLPREN 0 s Unsiiesspi ey patlheteds f §alest r ess vol t age
ha

bee@nﬁﬁfgti’%ggrgngﬁi%ﬂ%?xﬁlrﬁzé".@@z s}ﬁ%‘?ﬁﬁ%ﬁéﬁﬁsﬁ%@% . nlg:o %‘;Jﬂfi&l?}%rn negati ve

val ues, an ubstrate and source are he rves 203, 204
and 205 ofenonrstivatmst-paigrimney8et 6h s asappf Bsarg maredcellheln thissetample,t unnel i ng
i s advantageously shifted to a higher negative g te-subg}%rate “vol tage after

the arr &y ﬁéé’ﬁ“lé’msljt&'c? Epstagt yatagevire _EB@”%‘%@F"S‘S’P gl Dl Hss t he
sour ce- sy tanatse kdﬁ@ék%naﬁ-i?ﬁ&ﬁa§&'€i€§§1l§¢1}/z%véé's§%%f? &Tg'ira!/ﬁor‘ﬁ(ﬁ‘[? onset of

tunneling is pushed back to a higher voltage, and thus, SILOIs nore
ef f ect i vetondsuppres2@tshoBasibet anettdideakesutirenhbol eccua aarattinoanale  nodel can

be oo 480 tar: Lhge.f 00100 B0 SUBPLSSS! LBl 2L 56 o5 bfis Lo 02t e
successive V-sweeps where the stress voltage has been removed, the gate voltage
successively swept to further negative values, and the substrate éﬂd source are beld at:
ground. Curves 203, 204 and 205 demonstrate that the SILC is suppressed and the
onset of tunneling is advantageously shified to a Ingher negative gate-substraie
\io]tage after the array has been subjected to gate V-sweeps at.zero voltage across the

( sovrce-substrate junction. In.each successive V-sweep curve, the onset of tunpeling is
pushed back to a higher voltage, and thus, SILC is more effectively suppressed.

Based on the results above, a qualitative mode] can be designed for the
creation and suppression of SILC. SILC is created and/or enhanced when the gated -
source diode is subjected to high reverse bias and there is Jow tunneling corrent across
the gate oxide. These conditions are favorable for hole generation and mjection into
the gate oxide. On the other hand, SILC may be suppressed when the gated source
diode is subjected to a high electron tunneling current across the gate oxide at zero or -

~ low reverse cument bias for the source junction.

Varjous approaches may be suggested based on the above model. One

possible way to neutralize holes trapped in the tunse] oxide during an erase pulse isto

apply a condition of uniform tenneling at high.negative gate and Jow or zero positive



source diode is subjected to high reverse bias and there is | ow tunneling
current across the gate oxide. These conditions are favorable for hole
generation and injection into the gate oxide. On the other hand, SILC nmay
be suppressed when the gated source diode is subjected to a high electron
tunneling current across the gate oxige at zero or |ow reverse current bias
for the source junction. Various approaches nay be suggested based on the
above nodel. One possible way to neutralize holes trapped in the runnel

oxi de durin n er is to i_.tion.of . mtunnellng at
hi gh. negﬁﬁf‘ie\%o ?if‘?oep g&a/%tﬁerﬁs&%’kﬁo?hﬁ 6@58%98%@ \96 attréageaap the end of
the erasg PUA%%an-BE'sﬁerPrtWQE)oﬁﬁ% BRPFOAG b aBobtl d MEbFeddrBfled b 1EI 9. 5. As can
be seen,“two positive 6 V pul ses of about 3 its are applied to the source

(Vs) owenrce (3B)icver 21 b s epaseipedod Adgasiiive bV Gulde pudlseappdiedits Breappl i ed to the
substrate ( concurrent with the secondé&)om ti.ve sour Ceéﬁgl se. The
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erase operation‘to singl e step anne rase. However, this
al so rqwsltr\&:svcﬂhge@dlhedmabsmibemtbyno\ﬁvs thautirdsdiopgratibe toveerdone jarar ay i nsi de a
triple well. A channel erase condition may also be realized by applying an

addi ti cegle SVBH}J&Q@C (56858 ¢ oW ENETe Hs ﬂﬁ%&@?ﬂ@%”\‘id’ldg‘éd ¢guplpEyek e (wordli nes)

while t otential as the substrate round
after ttﬂug ?%{H%EPE%PQP&?%‘%ES]% hkl]’{ﬁl S'%g'rsogedure is illustrated in Fi ég 6. A)s
can be seen, Aahpastitdryse condiien afayalollie rbalides byapplyimdabaidiganal sour ce and
substrate for a period of about 10 its. At the sane_tine, the gate
su(bstra}tOéta%nawé@@fuﬂsgqeamauve valie b eate) (Wrdimes) waileh SOPTER® | Ots peri od
whien t e between
the gay S0 B SURP LB Pl 306l (SEET AL RSt QB IETR 2 T hae
pot ent iBlis i)mcedﬁrealddllmmn:alm Fig. 61 As ddhibk eedhiasositipe pakh of o Vi ispl enment ed
on a flas wi t hout atrlple wel | surrounding the arr it has the

di sadvéﬁ?gﬁg%étfw?eé‘qﬁﬁ’?]?‘ieﬁﬂd extratedPag 8o ehel out {has Supps Waﬁly I%ehi gher
negat i Vfe ¥9lts386Ae %ﬁ&&@%ﬂ a%mpwacmt thd J:Mﬁ&mﬁé ?@m‘: b TAis to

di scharge“the source toward bstrate potential (o her area of
conmmon whgint t@geymme-:tubmamdoiwveum&duc@gu lzawro, &Mtawbs@eemﬁhd gt i@l negati ve
volt agesu{n.&rgtg % icncc):péarsg eoau "y dl]{s "5 3}efd at that potential for an additional 5
ms. While this approach can be implemented on a flash memory without a triple well
surrounding the array, it has the disadvantage of Tequiring extra erase time and the
supply of a higher negative voliage. 7
A more convenient approach, llustrated in Fig. 74, is to discharge the source
toward the substrate potential (ar other area of common voltage) at the end of the
( regular erase pulse, while the negative voltage 1o the control gate (wordlines) is
maintained. As can be seen, a positive pulse of about 5V is applied between source-
and substrate for about 10 mS. At the same time, the gate-substrate voltage is brought
tonegative 10V, and i)e]d for the 10 ms period: At the end of the 10 ms period, the
source-substrate potential is discharged rapié]y, ina fractjbn of a millisecond, but the’
discharge of -negaﬁve gate-substrate voltage is delayed for a time in the range of 1-100
ms. During this interval the negati\?e voltage is al}owed to float and any regulation of
the voltage supplied by the negative pump is disabled. The excess negative word]iné
volage thus created will be called “negative gate bootstrap™ in the following
‘paragraphs. In this case, the rapidly falling sourcc-subsfrate voliage will couple 1o the
floating gates and onto the control gates (wordlines), in effect, pushing them more |

negative below the voltage supphied by the negative pump. Thus, the desired



mai nt ai ned. As can be seen, a positive pulse of about 5V is applied between
source and substrate for about 10 ns. At the sane tine, the gate-substrate
voltage is brought to negative 10 V and held for the .10 its period: At the
end of the 10 ns period, the source-substrate potential is discharged
rapidly, in at fraction of a mllisecond, but the discharge of negative
gate-substrate voltage is delayed for a tine in the range of 1-100 its.
During this interval the negative voltage is allowed to float and any

regul ati on,. of he vol t  supplied by.the negative i s_disabled. The
excess T ‘_t“i“%/@f Wg?tméxﬁggyﬁqq&ﬁé’oﬂ?ﬁ%foﬁp@a‘f’%rgﬁvﬁslﬁnd%}gg% pa® "negative gate
boot St r 3By g kAt o helth @NBEte 1036180%RNE willbd fRhSzeaa%& wrdfifnt 8REHl Y Tal ling
source-subStrate voltage will couple to the floating gates and onto the

cont r ol wightetsthé woed Forrpesdratin na bighextegapus holtaget didhor adsieg extegtane ve bel ow t he
vol t age su?%: ied by the negative punp. Thus, the desired 17 condition of
rel at i VEEFHEFRFPRt i ve vol tage for the wordlines and floating gates al ong

Wi th zer0 VORAgE, SOMCE S AoBuRS bR BhABe thiclvoRSsd GOILE SipeRoRed T ansi ent

basis without™the or-generating a negative voltage, or for
addi ng @istlzags ofithetsourck S Sabasiesqpee ai b aime i agfrachibn dé pimiflssetdral @xpect ed
behavior for _the gate voltage VGSub if the forced discharge of fhe source

VSSub tHREE BhecBiquat ¢f the gEcess negalvagste yRltage apds gradiet Bsfacase ontist er . The
anmount Y& kg r e se on the
wav ef or\?ﬁg¥%f?ﬁv%éﬁg%§fup grg@.‘{ ’ﬁ'\é%(]# gé‘%ﬁ\régg} cg&%%f(ﬁgqgghﬁ)c%d?%g%hé %’rﬁl before the
active didtlzeaoftheqiatd Rpregal éhd @phEgedtoifidg oipacy SSutetraniypt engitef t he VSSub
transient and the. subsequent natural decay for the voltage on the control
gaj e (wordequsas nafe deemtior treagiteakon thseopiplesadt (tadlRe) yaparie on t he

agyreg kflﬂs heh I 1 t he

struct 31?(23%@3 airgg{O%#}g?)ﬂgépt%?gsn%{sht%%F |gﬁtte? %%a%i?ﬂgkg%@s’o £ an menory
array whbine s dhtérv@nédby oelstruciord a6l Jagait @f theoranaidreds innbe peldieey bhade any

| eakage of the control . gates throu?h tunnel oxide_as represented in Fig. 4,

woul d_nBETERY 8EEY Priich drafteb o relleasisT gueayr MPTEImgs. YRishACE lpakgsal d not
cont ri bytige !ceﬁ&ag@alesﬂﬁ%ﬁgg RARES Olide 88fcPresTied NEFIEXE QMbulh Rt aft e yrce! evant

wordline drivers Tn riphery are devised to ave [ow parasitic
capaci tmatcel ¥Oivardedat io g e A sipacit tramdd nbistonedmte Jegkage to dee condrol t he cont r ol
gate ( V\g/(’)artg‘l ine) of the menory cells on each row, and | ow | eakage, the
To the extent that the relevant wordline drivéss in the. periphery are devised to
have Jow parasitic capacitance compared to the capacitance between the source and
the control gate (wordline) of the memory cells on-each.row, and Jow Jeakage, the
excess negative voltage VGSub can be larger and hold for a Jonger time without -
svbstantial decay. In the limit of negligible parasitic capacitance and fast discharging
(. of VSSub, the maximum amplitude of excess ncgétive gate voltage would be equal in
absolute value to the amplitude of the source voliage. On the other hand, if the
leakage of the wordline drivers were ideally zero, the excess negative voltage on the
gate would be assumed 1o hold indefinitely with no decay as long as it is not
forcefully discharged to ground potential by external circuitry. '

Thus, if the design of the memory circuit fulfills the three conditions described

above, i.e.,
1. fast — shorter than 1 ms — discharging for VSSub,
2. Jow parasitic capécitancc for wordline drivers — in the order of 1-10 fF or

below, and



excess negative voltage VGSub can be larger and hold for a |longer tine

w t hout substantial decay. In the limt of negligible parasitic capacitance
and fast dischar-Mg of VSSub, the maxi num anplitude of excess negative
gate voltage would be equal in absolute value to the anplitude of the
source voltage. On the other hand; if jhe |eakage of the wordline drivers
were ideally zero, the excess negative voltage on the gate would be assuned
to bold indefinitely with no decay as long as it is not forcefully

di scharged tqQ ground potential by external circuitry. Thus, if the design of
t he nengry cilpwiireingleakess {05 the ganke, @Eﬁ@ﬁ VFFGﬁEﬂﬁﬁég?ﬁ{t§ﬁ=above, i.e., 1
fast - shorter than | nms - discharging for VSSub, 2. |ow parasitic
capacitance for wordline drivers - in the order of 1-10 fF or below, and 4

3. | ow dieai dach epdsagalst eeprédagied dyahwmradtionss diliyer4 can bairdghamiedradar of pA,
t hen each erase pulse represented by the waveforns in Fi g 7A_can be
r egar de@UEESSHON S EveergscomedTanisis: 8pHER i Thamte! exseaod 18s e Vend channel

, t he.: ive . i i i d by th
Geat gneOfagiopTpf Fich shetBanifh (B pB A0 Rlea 35l FRAEPICH FERATRAMH0! o Y e

parti Culf@{aﬁﬁﬁ@ﬁ])ﬁﬁj@ﬁjoheaéshg?ﬂ requires fast erase and not very stringent
retention litmts for each particular cell, then such a nenory can be

designed with a short channel erase tinme conpared to the source erase tine.
Sour ce erasea{ti i,hherently nor.e @%fi ci ent se at equal

h |
appl i ed vol t 45 PAUHSUIEE Megmeky pRplIcalign £rqulss fatﬁ{;%gsrecafngrq’%? H%%;Sg%rfgeg vol t age.

Thus sugdieiSEBneR fo dakh p&EhIar £d)), IRk @fment?Y @hn BE 3&fpriddith But al so in
poorer nenory retention since The hol es generated by the source erase

mechani shemhichannieheresetih opmpared itorthet spurregrasalivge Sopraetrsassubsequent  channel

erlase panrt of. the erase | se. Such azgesi n » benefi.t | ar density data
ot or agb RHOPY TR R et SiepeCr R A AN PRORD raee bl S5ieh dat o

corr ect t@Fplidy fRYiod f@NBe hpgiRd SoREAJETIALs saellh BewdabvilPRkbE Yo 968 Er .Can be used
to conectan inherently 'weak retention. At the other end of the spectrum if

a parti Eitlaaraseetimebut lg0in peorgmgmga -tentien s1CE Yie hsdes arpemtetory hese a
Stri ngegcgurlcé g}atse %ch%nr}gm %ﬁ%g\ré é E@Oﬁet:' Q}?Dct tio %ui@ﬁ{ze%? H{ecs%bsequem
chanpel erase part of the erase pulse. Such a design may benefit large density data
storage mémory in which fast erase/program rates are sought, and data correction
provisions like storage of additional parity codes, can be used to corect an inherently
weak retention.

: At the other end of the épectmm, if a particular memory rgqnires very good
retention but does not pose 2 stringent lmit on the erase time, the time for source
erase within an' erase pulse can be reduced to as little as 1 s or less, followed by a -

(. long time for channel erase of up to 100 ms or more. In this way, most of the
electrons stored on the floating gate of each cell will tunne} out during the channcj
erase part of the erase pulses, and the hole trappin g phenoinenon associated with
sovrce erase will effectively be avoided at the expense of a Jonger erase time. This
approach may' be useful in code storage applications where erasure and

| reprogramming operations occur rarely and do not require fast time rates, but the:
preservation of stored data over long perods of time is critical.
Negative gate erase can be implemented in flash memory by vsing atow
decoder that inclnées eitherall P channé] wordline driver transistors, or CMOS
drivers with N channe] pull-down transistors in triple well. In the following, a

possible implerentation of “negative gate bootstrap” for the memory with P channel



erase within an erase pulse can be reduced to as little as | ns or |ess,
followed by a long |inme for channel erase of up to 100 ns or nore. In this
way, nost of the electrons stored on the floating gate of each cell wll
tunnel out during the channel erase part of. the erase pul ses, and the hol e
trappi ng phenonmenon associated with sqQurce erase will effectively be

avoi ded at the expense of a longer erase tine. This approach may be useful
in code storage applications where erasure and reprogramr ng operations

occur rarely and do ngt require st time rates, ,.but the reser.vation of

stored dﬁ?’Q¥69aP‘“F% r‘fﬂﬁﬁ??rqeéﬂ%be@f %ﬁ‘? PG ’ée%Wi‘LE’iSP&P.C%R}é‘ﬁéf’?Q}gbegaé’Pée‘gr ase can

be i npl qg%qgll%gxﬂ'o wxl‘?}%ﬁgmﬁ QnHS NG dind BWerdecoder that includes either
WO

all P channe rdline driver transistors,. or CMOS drivers with N1 channel
pul | -down tr aifigi 8tdepistsi addsignpih wl Plchahive] titieerfoiichiosinnye raw dpaeslei fakr e

i npl enentation of "negative gale boatstrap” for the nenory with P channel 9
wor dl | n@ TBETPEY deVife ucheas araraeny 08 of Tre Zs e dingaiipn wansstel /Zi8dges may be
appl i ed 0 i t 1 pk.e I | i i s. Fig. S

depi cts Péﬁ]ddec}s\%ﬁg}v?\nﬂghy’éqﬁ\%' @‘g‘céfgc%!r'lteqﬁ%% %\)‘grrﬁg}% %i%ogﬂcﬁ t‘% ﬁ]gengr%givg%coder for

a menor yydexiteerredtiy asvioe MieyvoldQesoVH Rin@ V1 Zeptaaettyekpaetivall thetthight’ansi st or
702 and pull-down transistor 704. The circuit drives a wordline 703 coupled
t o menorapdcEWsvolres syppiyheilsreReniyabselptewluesigee specifigde salHmamany r | |

[eDr eSebn L RARRL U YOS ol S AR TLANYOE RE PRI LRILR. Thel !

absol ut é“values are uncti on read, " program and
erase, ghdittvaeMhenahrt fahdiphiapenspuitdoWin §gal, WyRd regpsttiveleA ahie val ues
for the pull-up. ansmgul | -down signal's, |abeled respectively A and B, are
speci f i B.t%¢ sprsifgtadhy magreryifenrtign doe & theselseré of sepelnctedroBpider €8 conditi on
of* the rfd. r row. In particular, all rows of a nenory bl ock are

sel ect eé&?ﬁ&#]&%ﬁ% %‘é‘e function, and thus the signals A and B wll assune

the same val Uaparedulad, bl vewsbi negmody blaek alelselekietion BR fiagesttiof, possi bl e set
of such values_is; 3=3.3.V; M =-10V;, A=3.3 V. B=-10_.V This would result

in a wordfithes Wersisags Aend B il @sxfléeﬂg.sweea@ﬁafm@llc}wr@ﬁaes PHeshol d vol t age
of the B B%%'ergeﬁﬂﬁdﬁ&gﬂﬁesé:%f%&e\faxﬁ&sé:”p' enent the above idea of a
(6] e : '

"negative bootstrap

VH=33V; VL=-10V; A=33V;B=-10V _

This would result in a wordline voltage of 8.5V to -9V depending on the
threshold voltage of the P channel transjstors.

In order io implement the above idea of a “pegative bootstrap” for the .
wordlines in erase mode, the variables VH, VL, A, B in the schematic of Fig. 8 may |
be set to follow the dynamics in Fig. 7B or Fig. 7C below. ' _

Capacitive components Cy, and Cy, in the flash memory array of Figure 8
fepresent the capacitance between a2 wordline and the source of all the memory cells,
and respectively, the capacitance between a wordline and the channel of 2l the
memory cells. During an erase, the channel 1s in accomunlation state and thus
e]ccirical]y connected to the common substrate for all the memory cells in a block.

The falling édge of the source pulse VSSub in Figs. 7A, 7B and 7C induces |
the negative bootstrap (negative overvoltage) on VGSub by tapacitive coupling.
throngh C..,. If we ignore the parasitic capacitances of the driver transistors; the
magnitude of the negative vollage overshoot can be calcnlated as:

lGelta(VGSub)f = VS Sub*Cug/{Crys+Cuven)-
Thus, the negative bootstrap will improve as Cas is increased and/or Cyep 18

decreased.



wordlines in erase node, the variables VH VL, A B in the schematic of Fig.
S may be set to followthe dynamcs in Fig. 7B or Fig. 7C bel ow. Capacitive
conponents C,,, and C-h in the flash nenory array of Figure 8 represent the
capaci tance between a wordline and the source of all the nenory cells, and
respecti vely, the capacitance betweenp.a wordline and the channel of all the
menory cells. During an erase, the channel is in accunulation state and thus
el ectrically connected to the common substrate for all the nmenory cells in a

bl ock. The falli d f the. | VSSub i.n Figs. 7A, 7B d 7C
ingﬁces te he ﬁé%t%ﬁg@%ﬁﬁﬁ?@r%ﬁg%%égt E\%@%ﬁﬁﬁuﬁpflé\%&fé ggp’?ﬁ%ﬁﬁ o

Oy capag | ineaeHRh i cADheHihststors B ok hoWRied RPIFTENS nPAf @%iel | C

capaci t afices @ river transistors; magni t uffe of the negative

vol t agerdidve¢dinantieciarenheneahe tdpatieide asupling elf tle WGBSl br-the “negative

VSSub*Cw, / (C, , , +C, V,%,) Thus, .the negative bog s})ra Wi ll i rrpfr ove as Cw, is
i ncr eas BEOERE gAfect. uThe gate-1ordrain Ryasic FIPapHaSE Grg ?%%F@HE‘H%EQHO as in Fig. 7B,

the parasjitic '-Efgp e i . annel
transi s? gérrjsabiorﬁ?ﬁg%rl ow’ eggg{egfg% ené}f‘—ilsagn.0 E%Q%ezée}gd @oth%gﬁné égt%tebﬁmﬁ)ﬁg%r der to
enhance gidesifpacht igie staitRidenglioBdihel heyedompntints chebe nelyadd wigh boot strap”
effect. The gate-to-drain parasitic capacitance Cgd has a_conponent of

over | apthsfhedir of an enifl¢ sprconiopgied hetwsar tepaty BderAbrndibe afinipgdieHe fri ngi ng

field bgt ' f . K -sj .. f ,
componeft Lo AU Beiie B ROy AR Rallsiey P B b lr el ed bet veen
the gat gogingevidehirafieh idiehagiaRi Mbfasios bAd/Br 108 ddpiss Oshcehtrhisol iditid n-t o- body

junction ‘capacitance G can be obtained by using [ow doping concentration
for thechamaeh(™NiMellhsi on and/ or | ow dopi ng concentration in the channel (N

wef ). On the ather, hand, the dynam.cs of. Fig.. .7C,can be.inplemented for
erase. Vol t?d’el‘eVgeéﬁﬁndAﬁéﬁ'%ﬂ%ﬁﬁc@gﬁQﬁaﬁ%efgpé?m?%%‘?gﬁgp%?"t he VSSub
pul se. MplibfisSVIEARE A alelredtRd PRFRS 7CIa€ 1He@BA K ATE8SuY Pulke.Oln BisWatdh t he
exception of Cgd for pull-down transistor 704 (capacitive coupling between

wor dl i nél! e srdtiaeapaeliamys i hvithdee exarptionelt G feauil-fagn for " negat i ve
oo A AR ey TR b L B boot st ap,
bet ween afdire; tWt cosplpf fisr anghatibebay@siedp’ ned heed die beintialthizeds The
coupling for negative bootstrap can be further increased in such a case by providing
an extra capacitor 710 between the VH supply and the wordline in the circuit as
shown in Fig‘. 8. |
| The retention of excess negative vollage ’v‘GSub. during the channel erase paﬁ
of the erase pulse is adversely impacted by the drain-to-body Jeakage cf the P channel
transistors dnving the wordlne. This leakage 15 represented 1o Fig. 8 by a vanable
( current generator 708 between the source/drain diffusion and tbe bedy of the
transistor (N well). In practice, an iimportant component of such Jeakage is }-:norwn‘as
-gaie-induced drain Jeakage (GIDL) and is-strongly increasing with the voltage drop
between gate and drain. Thus, GIDL appears of concern only for the pull-up P
channel trapsistor 702 in Fig. 8 in which the gate-to-drain iIOItage drop is large in
erase. Such voltage drop is smaller for the erase dynamics according to Fig. 7C, this
scheme appears 10 offer advantages in both coupling and retention for the excess
negative gate volitage.
In terms of trapsistor structure, the features listed above for reducing the
parasitic gate-to-drain capacitance like a gate spacer and/or low doping concentration

for the drain diffusion are also conducive o reduced GIDL. Fig. 9 depicts an

exemplary P channel MOSFET structure 802 with all the components relevant to the



shown in Fig. 8 The. retention of excess negative voltage VGSub during the
channel erase part of the erase pulse is adversely inpacted by the

drai n-to-body | eakage of the P channel transistors driving the wordline.
This | eakage is represented in Fig. 8 by a variable { current generator 708
between the source/drain diffusion and;fhe body of the transistor (N well).
In practice, an inportant conponent of such | eakage is known as
gate-induced drain | eakage (@ DL) and is strongly increasing with the

e pur PRsks CRRARRLITg, G¥ols Do g gt pRRRRR R RrahneR 1 00, i "

vol tage ﬂdc%hsb@]ﬂﬁ!ﬁ:@ W&dllﬂ@s%uﬁmtbryﬂidu&ﬂﬁcﬁh‘oﬁﬁams ﬁ@ﬁﬁtlgmﬂ*for the erase
dynam cs accordin . 7C, this schene appears to offer advantages in
%ﬂlﬂ)emgma

bot h cou@driedgraind afeqesenbasehows dn F@@é@uaﬁéo gﬁménmatra?gbc In terns

of transjstor str e features listed abov r the

par asiti &P agfaélcf‘o ‘g‘ﬁ ﬁbﬁﬁgﬁ‘&kt Hednf Fk@fﬁa‘ﬁé%‘:e%%]aé’%e adﬁ 8w dopi ng
concent r ghrhic chPdcithhi@. Ctb@bﬂeelhﬁz&ﬁé‘éln% 13eSid Waﬁﬂi@ﬂlh@ieﬂﬁc lewss@@@ced ‘G DL.
Fig. 9 depicts an exenpl ary P channel” MOSFET structure 80 th all the

corrponentta@am@dwﬂanmmldﬁ bhéanifiar qoahmldpmmfa‘ga&ﬂtlaﬁbesﬂ%d G shown. In

order to mnlfﬂ3 agaraltlcﬁ%qg%eétance and b. decre%sglelDLdthe wor dl i ne

drive transis RBUPE SHE P S TR fjf‘blﬁets 3 0° 4638 %ai n (LDD)

regions &hplh WESe A Fixes sﬁ&?’i\ﬂi driceilife arh x%fénﬁ%n&a@ﬁﬂiﬂ%d&z@nnﬁé gkt i C

capacitance. "In additioh a low k dielectric SiQ2 gate spacer ety be added to
a

reduce lpadas mtwdﬂndip&menmmyeanmdmrgntéuhwhqnhehe reapedtivk dwiatienhef applied to
reduce parasitic ci tance as,woul. d m i to.thgse of ordl nary
Sl 11T PR Gpfe anamhe e e ap bt SUgn BB T A RHTy dovi bes

can be dagjegngd sgaemamm;an Wiotdher @y Bﬂhéﬁﬂomwné bRehRY a&ﬁcattecm s@eﬁi retention
per f or mance. he ot her nd, a new kind of nenory can be designed in

whi ch t heontrgd pe@mm«mdln B g wa}s theé masufactorer emb@@naemmomme can be

made adj ust bl e of. al gor.jt hm code store function
regi st er®% $8? ﬁg}’gﬁlgﬂ\%faé’t‘}f’lfg APPSR Sé’ﬁlalttg gﬂ?hc'f ZBJH E}gkﬁ T8ar anet er s.
I'n this jegyor &b TSRS ke ko dPddpuhtdl befFeBLENé (REBABNiYe PAbeen and then

adj ust the duration for either erase nechanismat the tine of manufacturing
assembled in the system for the end vse.

- Conclusjon

A method and apparatus for erasing ﬂash memory has been descnbed The
method mcludes supp}yxng a negative vclage pulse to the contro} gate of a mcmory
cell for an erase period, supplying a positive voliage pulse to the source of the
meimory cell for a period that is shorter in duration than the erase period; and

(_ discharging the posilive voltage pulse at the end of the second penod wherein '
discharging the posjtive veltage pulse at the end of the second period effectively
increases the magnitude of the negative voltage pulse.

Although specific embodiments have been illustrated and described herein, it
will be appreciated by 1hose of ordinary skill in the art that any arrangement, which is
calculated 10 achieve the same purpose, may be substitated for the specific
erpbodiment shown. This application is intended to cover any adépiaﬁoms or
variations of the present invention. Therefore, it is manifestly intended that this

inventien be himited only by the claims and the equivalents thereof.



test, or else let the user nmake such adjustnent before or after the device
has been assenbled in the systemfor the end use. Conclusion A nmethod and
apparatus for erasing flash menory has been described. The nethod includes
'suppl ying a negative voltage pulse to the control gate of a nenory cell for
an erase period, supplying a positive voltage pulse to the source of the
menory cell for a period that is shortl® in duration than the erase period;
and discharging the positive voltage pulse at the end of the second period
wherein discharging the positive voltage pul se at the end of the second
period ef tvel: tcreases the magnitude of the negative voltage pul se.
Al t hough ?@gatélisfc?%%gd yodi ments have been illustrated and described herei n, it
wi |l be appreciated by those of ordinary skill in the art that any
arrangenent, ich i cal.cul ated ,t o achi eve the sane purpose, may be
substitut Ed f%@ﬂ@‘i%‘??ﬁﬂi’%an%%ﬁﬁé‘}ﬁn%ﬁ ‘?OWSE‘ga?p“rS’Pfel:%‘%ﬁ i s intended
to cover ﬂB&h@ﬁ%ﬁi@%&ﬂ@éaQﬁdn%ﬁdhéﬁk&ﬂéJﬁénkﬁ%dQBﬁéﬁﬁhg'nVentlon- Therefore,
it is manifestly intended that this inventi on be limted only by the
clai ms and t hesupplyingh segative heltago pulsd ® thg\bentrol gate relitivedo psommonA net hod of
erasing a nﬁn-@%égile ggq%ry cell comprising a control gate, a floating
gate, a sEOT S iRl a substrate, the nethod conprising: supplying a
negati ve vol t aggpbthsepdsititdltagpulsy to#ad Purce rélhtivetoltite @naddiWdltagyol t age for
an erase period; supplying a positive voltage pulse to the source relative
to the coﬁ?wemdw&ged%%ks shoderdp derapen thaw therpsase periahidid er i n duration than
the erase perigg; i Y] ! e at the end of

t he second per?gg}@\g\ﬁglre}%%%gggﬁ%&gﬁlgggtﬁhéebﬁ/ncg%ﬁa{% %/eggl\?doﬁ %Hé)g’e pul se is

al l oned to fl osthedimra supphyuf thahhepetiar yiltage pflsd ik ellposi bifloat dwingahe pul se. 2.
The net hod. of Q|aiF1l wherein the second period is shorter than the erase
period b{isshasene of the posttiverkltage PWISE of claim 1, wherein discharging the
positive voltage pulse while supply of the negative voltage pulse is
allowed to float effectively increases the

2. The method of claim 1 wherein the second period is shorter than the erase period
by about 2 ms.
3. The method of claim 1, wherein discharging the positive voltage pulse while

supply of the negative voltage pulse is allowed to float effectively increases the
magnitude of the negative voltage pulse, wherein the increase in magnitude of the

negative voltage pulse is greater than 3 volts.

4, A flash memory, comprising:

at least one memory cell comprising a source, a drain, a control gate, a floating
gate and a substrate; and

a memory control circuit,

a wordling;

a plurality of wordline drive transistors;

wherein the memory control circuit provides for application of a positive

voltage between the source and an area of common voltage for a first predetermined
period and application of a negative voltage between the gate and an area of common
voltage for a second predetermined period, the second predetermined period beginning at

about the same time as the first predetermined period and ending a predetermined delay



magni tude of the negative voltage pul se, wherein the increase in magnitude
of the negative voltage pulse is greater than 3 volts. 4. A flash nenory,
conprising: at |least one nenory cell conprising a source, a drain, a control
gate, a floating gate and a substrate; and a nenory control circuit, a
wordline; a plurality of wordline drive transistors; wherein the nenory
‘control circuit provides for applicatildn of a positive voltage between the
source and an area of comon voltage for a first predeterm ned period and
application of a negative voltage between the gate and an area of comon
vol tage f Eg'ngg pod, the second predeterm ned period
begi nni ngggff‘rqhéa%gﬁ{}q?ﬁégg?ﬁg& i rreéha%ﬁltb e first predeterm ned period and
ending a predeterm ned delay 1 fter . iLrst.. rm ned
peri od: wher er KPR emsry ket efarbitfesiEy S chaleife b pRUUPE FARHE T

posi tive wothé agbof thé fitsh predawrmihed peiodi &k predet ermi ned period; and wherein
the menory control circuit nmenory control circuit provides for allowng the
negative vol t ag@efel tht @Ro#YEdND! EiRRIGh&RGS ARG cRtuit pRvIIeS Fdrialiewingl t age. 5.
The flash nmenory of claim4 wherein the positive vol ta?e i s discharged

rapi dl y athe negetiverveltage torfloat quring the diskhaesing ofdhe pesitiveavoltage. The f1 ash nenory
of claim4 wherein when the positive voltage is discharged while the
negative voltage is allowed to float, the nagnitude of the negative voltage
ef fecti velsy i nTheflsshSmenfory bfielalth dsihergnthie)positive baltage G dibshiagied rapidly armgni t ude
of the ne%?ti ve voltage increases by about 5V when the positive voltage is
di schar geagad of thefustisedetsrmined periedie is allowed to float. 8. The flash
menory of claim6 wherein the positive voltage applied between the source
and an area of comon voltage is between 3 and 6 V. 9. The flash nmenory of
cl ai m 8 f rt heThe Oashrmenony ofolaih brvehedsin when theposisive veltdgavd dischaged ow

parasitic w%lglthr}: n%ggt?v%l VtO tggeeis %HQQB&{ t%qlo\gl,}ﬁ]e %\Qén?guhg of t%g%ggcaltigiea le?aige

effectively increases.

7. The flash memory of claim 6 wherein the magnitude of the negative voltage
increases by about 5V when the positive voltage is discharged while the negative voltage

is allowed to float.

8. The flash memory of claim 6 wherein the positive voltage applied between the

source and an area of common voltage is between 3 and 6 V.

9. The flash memory of claim 8 further comprising wordline drive transistors having

a low parasitic drain capacitance compared with wordline capacitance.

10.  The flash memory of claim 9 wherein the low parasitic drain capacitance is

achieved, at least in part, by LDD regions.

11.  The flash memory of claim 9 wherein the low parasitic drain capacitance is

achieved, at least in part, by gate spacers.



10. The flash nmenory of claim9 wherein the |ow parasitic drain capacitance
is achieved, at least in part, by LDD regions. 11. The flash nenory of
claim9 wherein the | ow parasitic drain capacitance is achieved, at |east
in part, by gate spacers. 14 12. The flash nenory of claim8 wherein the
negative vol tage applied before the predeterm ned delay between the gate
and an area of common voltage is aboutl4l0 volts. 13. A nethod of decreasing
holes in the tunnel oxide of a nenory device conprising a source, a control
gate, a floating gate, a drain and a substrate, the nethod conprising: using
a decreasg,in . i - jot gative

vol t age agzp'l i egh g#\%\l/e%gen %?@g@%?ﬁﬂé&g@gﬁglﬁ%ﬁ%eﬁﬂ eﬁﬂpg?%egﬁggﬁ vol tage. 14.
The net hogredétemtiaedadel s dtweai the gite ankban &ras ef dommdrevaage seaboal t0agdts.occur s
rapidly. 15. The nethod of claim 13 wherein the increase in negative
voltage is effected by capacitive coupling. 16. The nethod of claim 13
wherein the | NELRARG bfHcBRAGAS KSley R the@iBnd] Dx RSB RidtbrPMevitd QriisiHg a

capaci tor between the wordline and a positive voltage supply. 17. met hod
of decr easisorgceroicentrdlgateha floatingdatey & ideén arfd asubstrate, phaimethod comppyiisi ng  a
source, a control te._ a.floatin ate,. a drain £ e, the nethod
conpri si ng: u‘ésg%ggec EaY éna%%)o%rcr? ‘g’lt\g/%ﬁ t?é‘bcéeagf)p 58 ﬂg&i ‘Zf‘éhblgeg%tﬁ:ee that is
posi tive vbltdie apflRd®RtRech thcon@oEdte Ml 4 @dnéorefdelte @oRageol t age to the
control gate that is negative with reference to the common voltage. 18. The
met hod of claim 17, further conprising wherein the coupling is augnented by

a capacitQf.  The method of claim 13 wherein the decrease in the source voltage occurs rapidly.

15.  The method of claim 13 wherein the increase in negative voltage is effected by

capacitive coupling.

16.  The method of claim 13 wherein the increase in negative voltage is augmented by

providing a capacitor between the wordline and a positive voltage supply.

17. A method of decreasing holes in the tunnel oxide of a memory device comprising
a source, a control gate, a floating gate, a drain and a substrate, the method comprising:

using a decrease in a voltage applied to the source that is positive with reference
to a common voltage to couple a voltage to the control gate that is negative with

reference to the common voltage.

18.  The method of claim 17, further comprising wherein the coupling is augmented

by a capacitor.



