1 3 NOV 2006 t METHOD AND APPARATUS FOR ERASI NG FLASH MEMORY Techni cal
/Fi eld The present invention relates in general to a nethod and apparatus for

erasing of a non-volatile nenory device and in particular to a nmethod and
apparatus for an erase operation of a menory array of a nonvollat¥0ie?lfEnory
device that can reduce the nunber of trapped holes in the tunnel oxide of
flash menory cells. Background Fig. | illustrates a cross sectional view of
a conventional flash nenory cell 100, Menory cell 100 includes a substrate
102, a source 104, a control gate 108, a floating gate 106 electrically

i solated by an insulating |ayer of silicon dioxide (Si02) 110, and a drain

112. Menory ce i i QD@I@TI? hstor wwth the
addition of a ME#(&H&%%L&J%?@%@?#@%&Q%CGSS %giﬁlhgéa@?%&sgate 106 t akes
pl ace only through a capacitor network of surrounding SiQ2 | ayers and

source 104, drain i j2, channel 1105, Eng control gate 108. Any charge
present on the floating gate 1065F8¢ ned due to the inherent Si-SiO?

ener gy barri emhbekdiitintpaeh RGidsGn tOARrMNQE Methad hhEaprAftdife Risidghe nenory
cell. Programm ng a flash nmenory cell neans that charge (i.e., electrons) is

added  t o PHEM PGk MR gRdEViED 870 IAPRItGHaIP A TR B APEEABE 85 2ol tage i s
appl i ed, é&‘AsQB%{IXYF&%f% mg.?sﬂ} a?x%?gf; Q%ongslfaﬁlée‘rﬁgén'iégl%Fvil@&a&% Sd%el fgge inverts

t he channel e the ai'n acce tes el ectrons towards the drain.

I n the privowssofcfappedssen thhenoharxidebf flabmemoey edlsrons wil | experience a
collision with the silicon lattice and becone redirected towards the
Si-Si2 interface. Wth the aid of the field produced by the gate voltage
sone of these elections will trawkkaociagss the oxide and becone added to the
floating gat e After ger o%r anmi ng i]s. cgjgpl et ed .t he ellectrons dded to the
floating gate  § AcTEHEESARESE &P0Ral Vi L RGP VBPIAGE BrBYY &fthing i s a

sel ecti vel00p®ledidrPBsll 101ERERALEBCUBIIRA0D, 4 ki 104 caabl garRa@ding a flash
menory cel | _takesb&l ace as ows. For cells that have been Erogram’red,

foll .
the turn-HtRGEEBYE Yectyrallydbalye] by Jniarudaing dadsy ok PéromklisradedetP2har ge on  the

floating 9ateq BYaiaRRhY MRy EQMN0DR! HARERi UMY hRgenARd FRBkLPRIAY the drain
current, differences between cells with charge and cells w thout charge on

their fl dbtaddyigafedlosbametie Hettaratiperser lo Aogisenia ki Rkgs@lace 6Wpar es cel |
drain Curtﬁx%@éh %&chzﬁé}%%r\%k Bf surroundin g Si0, layers and sovrce 104, drain 112,

channel 105, and control gate 108. Any charge present on the floating gate 106 is

retained due to the inherent Si-Si0; @glergy barrier height, Jeading to the non-volatile

nature of the memory cell.

Programming a flash memory cell means that charge (i.e., electrons) is added
to the floating gate 106. A high drain o sovrce bias voltage is applied, along with a
high contro} gate voltage. The gate voltage inverts the chapnel, 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 lattice and become redirected
towards the Si-Si0s interface. With the aid of the field produced by the gate voltage
some of these electrons will travel across the oxide and become added to the floating
gate. After programming is commpleted the electrons added to the ficating gate
mncrease the cell’s threshold voltage. Programming is a selective operation,
performed on each individual cell.

Reading a fiash memory cell takes place as follows. For cells that have been
programmied, the turn-on-voltage V, of cells is increased by the increased charge on
the floating gate. By applying a control gate voltage and monitoning the drain current,
differenices between cells with charge and cells without charge on their floating gates

can be delermined. A sense amplifier compares cell drain current with that of a



1 3 NOV 2006 WD 03/102962 PCT/US03/16856 2 5 reference cell (typically a
f1ash cell which is programed to the reference | evel during manufacturkng
test). An erased cell ha's more cell current than the referentéNgel2ii6and

~ t heref or gical "1," while a program*red cell dra ent than
the ref gvrde'?13clgj %@II and |s a logical ,"O." Erasing a fla\é\%é&‘ﬁ%ﬁslﬁ@ 6rns t hat

el ectrons (charge) ‘are renoved fromthe 10 floating gate 106. Erasing fl ash
menory is perforned by applying el ectrical voltages to many cells at once

so that _the ceII : flash operation in a
flaéh FRESFGPSE "@é' @qsﬁéﬁﬁwcﬁdbpm%%gﬁ E“W‘Eﬁ %Q‘J’%&Sthe sour ce
104, appeeRaknYg @& st)a AN Bah déﬂ'lia@ﬁforé &Iltdﬁ?reﬁpﬂﬁﬁﬁﬂi 188k &cd 08 agnd hol di ng
substrate 102 o? the nmenory cells at ground gral n 112 is allowed to .
f1 oat . thetoddeeris aﬂxw@léb,ﬁmm]emc:grammegmeléﬁwwla&s currehttheBtheOMY/ cm) i s present
bet weenft he. i‘ at. g}_gaﬂﬁje and the source. The source junction experiences-
a gat etFIPRGFFeYANG s £ uting erase and el ectrons that manage to tunnel

t hrough- t hegfisinata iAW RNISL0S It Qbcirdnd Echatdd ar BrlbhENFeMARE - | nto the source.
After the erase has been conpleted, el ectrons have been renoved fromthe

f | bt i Agatinggate 1@ Ubiasigg flash membrﬁlhmmedhbtﬂppm deciried voltages pr ogr anmi ng
I's Sel ect h d | | , th |1 b

er aseq g e abfiyro W thE et affrrated e ARt & Rt S8ELG) i o 1 ash |
MBI Y o RStk nSin'W ¥i3h @Gty nfay HelfeRBlhéitbyf rﬁﬂ@?ﬁ]é‘ﬁ bLifgt Loreg8@s et rough the

I nsul ating oxide surrounding it at abnoi ow vol tages This can result
f r om hetueee 104an nbgativwer rigappddioitage indhe @&nphgateIIO&mndémbiﬁng he flash nmenory

[ 1 t || b t d
oer ot fbiEh T P B dm, el A eraiid TS 402 e S Boht o1 ol ¢ ooy mae.
thg PEURGITRAE Rofditibhe o YoriSHbE (BIIORENGR) B (Bl baGRLd @Bge to  designers

and manufacturers of flash nenory devices and will present even greater
chal | eﬂ@mgﬁtedwh tbescml‘@'lbgﬁwmmmcmfm dxperienigs egatadfﬁwdwe:ondmm ating oxide

Doen. piiacnt RsPbaSh B B BpPifueh B Bt SR/ ROl 0%, 01

channejhe 8i@Sfe iﬂeﬂ%ﬂre g?iﬁﬁ&i ﬁhe@é&c@eﬁﬂelﬁh@%@ﬂasl Ei:eh\/@bfﬁiile@ed E!{Et'ffﬁfn‘é ceI I is
fabricated inside-a P-well -that is, in turn, inside an N-well.

‘Unfort hnvatbeclyrer@pvted |fmthﬁ§lqahng>g@t@,rra@wnmthc oll @H@@@M@Y@@E@‘é’t co rrpl exity and
TSP Ywhile progrannnmg is selective to each individual cell, erase is not, with many cells -

being erased simuitaneously. ,
- Stress Induced leakagé current (SILC) in a ﬂa’sh memory occurs when there is
_ tuﬁneling from the floating gate through the insulating oxide surrounding it at
abnormally low voltages. This can result from holes that become trapped in the .- | ‘
25  tunnel oxide of the flash memory cells after the memory cell has been cycled throﬁgh ‘
C, read, write and erase operations a number of times, i.e., “stressed,” and can sevérely g
degrade the .perfomance of the mémory. SILC presents a _méjor challenge to
designers and ma;lgufacturcrs of flash memory devices and will present even greater -
chal]eﬁges as device size continues to be reduced and the insulating 6xide.5unounding -
- 30 the floating gate is made thinner. |
o  Various solutions have been proposed to address fhe ﬁfoblem of SILC. For o
example, a triple well channel erase flash memory has been proposed in whicha - B
memory cell is fabncated inside a P-well that is, in tum, m:;lde an N—well | |
Unfortunately, 2 triple well construction increases process complexity and memory
35 area. Thus there is aneed for a flash memory cell method and appaxams that reduces

SILC as the device is cycled.



 35‘ area. Thus there is a need for a flash nenory cell nmethod and apparatus
that reduces SILC as the device is cycled. 1 3 NOV 2006 WO 8?@3&% 62
PCTI US03/ 16856 3 5 For the reasons stated above andf or addil i reasons

. stated hereinafter, which will beconme apparent to those skilled in the art

upon readV RS MR¥2under st anding the present specificati ofCHBEVESE 4 need
in the art for an inproved nethod and® apparatus for erasing flash nenory.
The above-nenti oned problens of traditional flash nmenories and ot her

probl ens are addressed by the present invention, at least in 10 part, and

wi | B be undefathrowasnps staied sbgvened Bradditionpl reasonsoitaterhhergingfierci f i cat i on.

Bri ef CLi Ph f 1 ] <Elquee 1 1S .0C | agram,of a prior art
flash ﬁ%ﬁ%ﬁggﬁ%ﬁe %Rng‘ﬁcr“ g{ %Wg{%%gﬁgq% :ihr?pqrﬁ #ﬁog%e%é?%%ﬁj‘f"éﬂg angmﬁl ash nmenory
of an etibothiséR BpecHlication] theres & HEH inithy 8Fdrof impid¥d tethddanda gr aph showi ng

an exanpl e of a sequence of pulses for a conventional source erase :
oper at | apamtusdor erasng Hasiomemory. giheabave-meptiepedproiemaphigadienadt r ess i nduced

or as o VY st Ehd ek bR Blend! G f e FRP IR LR Mp U RREREAC & 5 1 o
gr aph sheivanbwil B iieraddd B RE@he aad stad guﬁrfeﬂowfngm*;‘lé@ﬁsaﬁbﬁ.r an -erase

operation of a flash nenory built inside a triple we showi ng an extra step
of a channel erase. Figure 6 is a graph showi ng an exanple of a sequence of

pul ses for an erase 25 2 'c% ﬁltl flash. nenory to neutralize trapped
hol es, according to the pﬁé@%ﬁv@#ﬁ% ure 7A is a graph show ng an
exanpl e of Figaeuqnedlek datrafdf hpriopdt BhshSBemOBdedt i on of a flash nenory to
neutralize trapped holes that does not require a hlgher negati ve vol t age

sour ce, accdrging shows asimpliicdrschematierntiadlash gpnmry of @ embedmantgfaph showi ng

an{"addi {.i gnal e of a sequence of pulses for an erase operation of a
flash r%%&gentg@ggﬁ ‘ng to the present invention. Figure 7Cis a graph

“showi ng an aiiguré BA9algraphaiiPmgeh RaspRUFAGEqRhcdf fiftses 04 an erase
operat Ic?agvg:fﬁogalfsggrscg err;eser:rg%aﬁon of a flash memory. - - o
' 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
20  memory celis. |
Figure 5 is a graph showing a prior art exam?le of a sequence of pulses for an
erase operation of a flash memory built inside a triple well showing an exira siepofa -
channel erase, ' , o
Figure 6 is a graph showing an example of a sequence of pulses for an erase
25 op'efation of a flash memory 1o neutré]jze trapped holes, according to the present
| (: invention. o o
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,
30 . Figure TBisa graph showing an-additioﬁal example of a sequénce of pﬁlses-
for an erase 6perati0n of a flash memory, according to the pfésentinizention. '
Figﬁre 7C is a graph showing an additional example of a sequence of pul_sés ‘.
for an erase operation of a flash memory
Figure 8 is a simplified schematic of a flash memory with P channel wordline
35 drivers.
_ Figure 9'is a side cut view of a P channel transistor showing components

relevant to parasitic capacitances.



Figure 8 is a sinplified schematic of a flash nenory with P channel wordline
35 drivers. Figure 9 is a side cut view of a P channel transistor show ng.
components relevant to-parasitic capacitances. 1 3 NOV 2006 MDNDBZ00§2962

" PCTI US03/ ¥8B8831049625 Al t hough, various enbodi ments have be%TQ@O&ﬁ%ﬂ%@t ed
using particular electronic conmponenyys it wll be understood by ose of
ordinary skill in the art that other circuit elenents could be used to

i mpl ement the invention and that the present invention is not limted to
t he srrangenBihowdh, Shdidiid dmRIIBIBIN Favéibesd IRSFateMREiROpaticultd W 11 al so be
understood in-the art that the J)resent i nvention could be applied to a 10
er asi ngelegiraniocanpaienisdewilbbéienderstend y thete afendingrycskilbimithesart thakr ef ore, the

Pl an reshrey o efinfs Qi be Mot uhPee T Shafion ARORuGh Bt 71 0ot g

gate NepREMiches hoti@itdd e tHe hRSnghefitof dithik cRMientlidddked AMBrdovRE iichannel 105, -

an n+ type drain 112, and a p type substrate 102. A floating gate 106 is
~sandwi cHdbalgebemndersiord inghe artithag thei presest inventicayoenldibeapghiet] tot2hi n t unnel oxi de

114 h | 105, Fl ' 106 is .th I [
£ o e Maony U i Breh Pl oSt sttt Pmelorg BBt of “the |
NMeNory &eédtion @G IRhitdPio% méH8d hid A oPBrabipp fRh hidfokyIsul at i ng

dielectric 110 and is 20 positioned over floating gate I06. Fig. 2 shows a
sinplified schematic of a flash nenory 200 of the present invention. Flash

menory 200 includes a control ¢ Lcuit 2.0& for controlling the operations of
the menory. such as reading, Md%—e—%%asi ng, colum decoder 204, 25
sense anpl i fFigr Bilvd 4 hivehtiRl Bo#8 gafedhetaBryBelit ioDlifet@ding 4Bn+ Wor dl i nes 212,

meppry array 210, bitlines 208, and row decoder 214 with wordline drivers
216, Artypxsawpieel 04t atihyps ebanaist 05 ain adtypeglrainul 12eand wp type substtaiet | onal f1 ash

Cour cu- WP BG Bhedfe o sl Bhteh da sl s iR 36300 110 came

time thBindahe] sxiast1NM3oReVaahadd 05 Fldiahg 8as 206 itha bilory d@rade Thi s potential

difference is held for about 10 ns and then abruptly discharged to zero.
The corfiementinn flash memosgand,isiclesticaliy insalated fromother elements of theacr oss t unnel

Oxi d€ TddnbS A Eodd i Fhld Foedeitak Bn flofiRE i G1ahRE victectric 110 and s

20  positioned over floating gate 106.

Fig. 2 shows a simplified schematic of a flash memory 200 of the present -
invention. Flash memory 200 includes a control circuit 202 for controlling the -
operations of the memory such as reading, writing and erasing, column decoder 204,

25 sense amplifiers/bitline drivers 206, column multiplexer 218, wordlines 212, memory
( array 210, bitlines 208, and row decoder 214 with wordline drivers 216.

An example of the sequence of voltage pulses for a conventional flash

MEemory erase operati_oh is illustrated in Fig. 3. As can be _séen, the souzce-drain
30 voltage is increased to about 5 to 6 'V while at the same time the gate-substrate voliage

is decreased to about —10 V. This -potenfi‘ai difference is held for about 10 ms and .

then abruptly dischérged to zero. The combination of voltage values induces an _ I

electric field écros_s tunnel oxide 114 between floating gate 106 and source 104, |

resultiﬁg in tunneling that drives elecirons off floating gate 106 and effectively er_ases- _ !
35 the memory cell. At the same time, however, the reverse bias on the junction between

body 102 and source 104 injects holes into tunnel oxide 1 14 and some of these holes

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

4

t



resulti ng in tunnellng that drives electrons off floating gate 106 and
effectively erases 4 35 the menory cell. At the sane tine, hogﬁﬁg t he
reverse bias on the juncti‘on between body 102 and soufce 104 | tzﬂﬂﬁhm, es

“into tunnglo @xosigr 114 and sone of these holes becone trap@@ﬂséﬂé%nnel
oxi de 114. Sone of the trapped holes gemain unneutralized 1-3 NOV 2006 WO

03/102962 PCTIUS03/16856 5 5 at the end of an erase operation and/or after
subsequent progranmmi ng. The holes trapped in tunnel oxide 114 may

ef f esti yahy eﬁ@gf’éi‘?ergéﬁeoﬂ%?‘c{tfoh%%P%ﬂérg%gehﬁrﬁ gﬂggﬁéﬁ% é[' @Jg%ﬁats' on from

floating gate. 106 into“tunnel oxide 114, and SILC rel ated
char ge trappedon tgmihoAide 11hmay bisthivelylreducanhesbanripd for iw-Beld@ldctromn array of

. 4096 flash. |1 s hayj 10 pol ysi Li 1 gat d Il el
'3 Sho RO Borgerl TsiioTauEY ot 11 Ret AR NI GaRLET o5 (PPt vs
VPl) f Ofeldled E1R%50 logg‘]&t%ﬁf&%@ﬂd’sﬁ%eﬂn a voltage sweep (V-sweep) of the '

: polysilicon 1 gate of the flash nmenory cells of the may at negative voltage .
with t he subénr&uamphm;fsébﬂrmen arayrictdd ﬂaslsnlemomeccﬂbbaﬁagonst rates, |eakage

o]l h i O ETRIRE. ORI M .17 2 9

appl i Caﬁlhﬁél wi:hau&eﬁé‘t&wﬁuewsaemmpg B %g&@&m@aﬂ avbRygeof floating gate
cells. Inthis exanple, 'stressing is sinulated by a constant vol tage stress

i n whi cwaepéVg‘ait'@p)sqm{%malyeﬂmen hehid ofithe ﬂash@ﬂrmrﬂ celleofdlmareay-gubstrate i s
held at 6 V, a e uncti on bias 200 conds. rve 202 shows
t hat on&&IH} v 12‘&%3@&’ EF‘F te\ﬁﬂti Fogg%grgrgqn ‘?{'ﬁl(? @gJﬁ’ow vol t age

- of aboUfeakab¥ cufbhi@ioes h61@5Esin 1 alfReh Qﬁfsﬁé!sse@aﬁ%eﬁltﬁ%re %%a?é]d 205 show

E(—:es& ve V-sweeps where the stress voltage "has been renoved,.the gate
t agesubsizaie pewmldIOf ~30¥ ptCurte ZOerhhws th@ergaﬂu ui@tmaﬁngesr; spplicatiom subst r at e

and sourfce are LH%%@’P ‘g—ﬁ 5 dem)ns rate that the
Ao T v Breiperth Sifan gt g 08 Cels, RSSO s i £ (o0 ¢ 0
a hi ghegireBgA@Ld sBuBRS YAk Rl W14 8e MEHSE Adehidh Uﬁrgattélﬁlb@frﬁt@.‘fsllﬂ'ﬂéa een

subjected to gate V-sweeps at zero VOlltngge across the C source-substrate
" j uncti ol0V]anddbe spuseectibsisite & heldatdel, ¢ highecverseguunniwabiasf for3bdel ing i s

G ppr esebirisnSubyl 4 oo T A0 o ERAAER gl bR R afd-B80K B tesi gnea

f or20t heloworotbé oNatRRE-FViTep Sifdssing Se dptdy. @urﬁs'—l@Bl W@Oﬁ@h@@d/ or enhanced -
when the gate 30 source diode is subjected to hi %Je reverse bias and there

i s | ow 0EeRsEIVG YgSweeDR Stieredbe slsess voliage has been removed, the gate voltage
- successively swept to forther negative values, and the substrate and source are held at -

gréund. Cuorves 203, 204 and 205 demonstrate that the SILC is suppressed and the }
onset of tunneling is advantageously shifted to a higher negative gate-substrate
- 25 voltage after the array has been subjected to gate V-sweeps at zero voltage across the
(_ source-substrate junction. In each successive V-sweep curve, the onset of tunneling is '
pushed back to a higher voltage, and thus, SILC is more effectively suppressed.
Based on the results above, 2 qualitative model can be designed for the
creation and suppression of SILC. SILC is created and/or enhanced when the gated_ o
30 source diode is subjected to hjgh reverse bias and there is lJow tunneling current écrosé
the gate oxide. These conditions are favorable for hole generation and injection into
- the gate oxide. On the other hanﬁ, SILC may be suppressed when the gated souice_
diode is subjecied to a high electron tunneliﬁg current across the gate oxide at zeré or-
- low reverse current bias for the source junction.
35 Various approaches may be suggested based on the above model. One
possible way to neutralize holes trapped in the tunnel oxide during an erase pulseisto

apply a condition of uniform tunneling at high negative gate and low or zero positive -



t he gate oxide. These conditions are favorable for hole generation and

i'nj ection into the gate oxide. On the other band,~SILC may He& ¥l¥pHlessed
when the gated source - diode is subjected to a high‘electron tunneling

s current oQy®@pigadshe gate oxide at zero or | ow reverse cupCemsodiees for the
source junction. 35 Various approaches may be suggested based on the above
nodel . One possible way to neutralize holes trapped in the tunnel oxide
during an erase pulse is to apply a condition of uniformtunneling at high
negat i ¥eniga el tht HRUnalof AR a8 Phisk] This PriorMeVagPORh 1V BSBAdPRO62 _
PCT/ US03116856 6 5 source voltage at the end of the erase pulse. This Prior
Art apﬁgaéehﬁscsmihelsam,mwdsiﬁw6%41@1.lsesofdsout§nnmeamdwm positive 6 V

pul ses of about 3 are _appli.e o t.he ur.ce. (Vs) ove 10 nms erase '
et + oo soueh B vee B0 isrRlBeniee bl 6 NaBIFS s ol oBliflotag o (Ve uy

concur gkra (Vub@neaea Wihaheé bécwgl/ﬁ@sﬁﬁf@soweﬁﬁgseﬁﬁeg%%uwﬁ% rate 4.
voltage (VG 1s held at negative | for the entire 10ns period. Applicationt
of a l0olegs MG)ds heldrahnegapuwe $&V for theentire 3 9ms pedod| Applicatibeofs ase oper ati on

t d ' si ngl t | . Ho . this.als [ th
aatla PBNRre Yoo apRlh Ry RN s B 575 R Rorto e A iRl o well L A
channekin@lerstéh GRAAIkRE. FBWeMrSRiPAsd Rahidsatle mdaarée}nspidia?_%ﬁ -addi ti onal

vol tage pul se of higher negative value'to the gate (wordlines) while the

sour ce biddinpithespemeary artay isadeea piplewellal as the substrate (ground), after the.
regul ar erase,pulse. This.procedure is.illustrated in Ei.g. ,6. As can be
seen, a posi ‘fk@‘&“‘%ﬁgcﬁﬁg‘%ﬁﬁ‘f‘yﬁo%m%ﬁéF%ﬁpfggflaéﬁﬁd@ba’?%e' and substrate
for a ReriRGuite oFBRser AdkaiToe vabe i Be 3ATRWHIdIRes) iR tBedRir&list rate vol tage
is taken to negative 10V. At the end of the |0nms period when the

solir cebmatrbatitba sanvopatenfial isthe sahstrsts (Rround); often theragolar agse pulseeen. t he gate

and 20.,substrate .i s.increased Lo,ne Ive 15 volts and _hel . that

pot ent i SHIB?B%EW_I&%EI .W“Bﬁéﬁ ﬁg‘ Br’rés C%ﬁ’f’?@eéph? Eosétb‘f?r St?}?f(?gﬂ‘%éy ¥npl enented on
a f1 as by RAMetyatn!sbRiek aid $ubsRAte f¥Ed periocB W aBSRAIONSS, t AEha kA imk! has the

di sadvantage of requiring extra erase tine and the supply of a higher

negat i the gaés subgieate Roltageds ben/ormegntiveaiBf. oAt the endl pliberl@msetiod Fi g. 7A, is to -

di sch: h 5 t d th bst r at tentjal . ther ar. foo-
common "Ep PEGeN Rt ety BRI rinBa T RibrPe Sobk B @n SEAT B e hagat i ve
VOb agsutisRafeliSinefiasedtb ngitRe 156/08s hileBold bbthat potential for an additional 5°

ms. While this approach can be implemented on a flash memory without a triple well o |

%

surrounding the array, it has the disadvantage of requiring extra erase time and the B
_ supply of a higher negative voltage. _ '
A more convenient approach, illustrated in Fig. 7A, is to discharge the source
25  toward the substrate potential:(or other area of cominon voltage) at the end of the :
C - regular erase pulse, while the negatiﬁe voliage to 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 theé same time, the gate-substrate voltage is brought
to negaﬁve 10 V. and held for the 10 ms period. At the end of the 10 ms period, the: o
30 soﬁrce—suﬁstrate potential is discharged rapidly,-in a fraction of a millisecond, but the _
- discharge of .negat'ivc gafé—subs_tmte voltage is delayed for a time in the range of 1-100 _
ms. During this interval the negati\}e voltage is allowcd to float and any regnlation of E A
the voltage supplied by the negative jmmp 1s disabled. The excess negative wordliné S '
voltage thus created will be called “negative gate bootstrap” in the following
35 .paragraphs. In this case, the rapidly falling source-subsﬁate vojtage will couplé to the
- floating gates and onto the control gates (wordlines), in effect, pushing them more |

negative below the voltage supplie& by the negative pump. Thus, the desired
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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 tinme, th ﬁg\ngﬂgbst rate
voltage is brought to negative 10 V and held for the. 10 ns rrod: At the
“end of thgol@domeperi od, the 30 source-substrate potenti ajcds [g'h%gaar ged
rapidly, in a fraction of a mllisecond, but the discharge o? negative
gate-substrate voltage is delayed for a tinme in the range of 1-100 ns.
During this interval the negative voltage is allowed to float and any

regul ati-Qp; . ag ' : Q%%i |.s..di sabl ed. The
excgss dr?gglgta %%%ﬂ%@gﬂ%ﬁﬁg&ﬁ%ﬁﬁrﬁgﬁe W#‘?ﬂgggﬂ%aé eéd "negative gate
boot st radmig with tére violthgeosourog 13 Sutpamzds aphisl bel malized on admasientbasisapi dly fal ling
- source-sybstrate ltage will couple to the flaqati gates, and onto the

cont ro|W'§‘aq“é§he(%¥ L GPHELng ?’nh’égf’ SalIyg, voffags of %Irﬁdag‘gémrﬁé‘@&tpve bel ow t he
vol t agens LR bisdadp t he negative punp. Thus, the desired 13 NOV 2006 WO -

["US03/16856 7 5 condition of relatively high negative voltage

for the wor dfig.riis depics thecapected baltaeior fal the gataivoliageF@Swhoif tieglercedur ce to

el kiR frsornB b ass phkgdh Aol latong LILIBPIE (0 he fase
' M. ' | I VGSub .
Tt he Tt A8 gl BORE ek R R o RRGAITS e BRI A M8 0k of 5

fract i ovaveforth fior MGSubadterithe dischargt of the Eharca (¥3%ub) ahd béferecthe astivenegat i ve gate

vol tage,apd its gradual decrease qQn the _wavefo for VGub after the
di scha B@Sﬁ@'@%f@@fﬁ&%&%ﬂmﬁ%@wl@g Pﬁéeéfcgﬁugéfanﬂ%t@ﬁa% of the gate

represepy, ggg@tg%?aid%a of @idRblrask G kliBnsiBu: (%%fgplaﬁgg t he subsequent.-

natur al or the voltage on"the control” gate when | eft

f | Qat i dipatififeThatate of dedacdapenkispmnitis aggrephie laalapgear aleegdiesakiph inf* t he gat es,
which in tyrn is determned by the strycture and |ayout of the transistors
' & he aiiF HriBrYine By Fhe NrgH AndRYoR ORHE RS Pdn PR BhRYE AR of gat o6 or
wor dl i R&gSy, r?l%&g Hadh &k F(ca]ﬁ] it fned tunnel oxide .
as represe% e yn Fi g. 4,d]§géfu ngé%%f,ggf@ﬁllg rlg?%ﬁ?%gg ecay in Fig.
7A si nef thetcontrul ghtesathrongh tuninbldadéd asalepsertied infég. domwonkd nd @ffgettthe To. t he

extent tha rel evant, wordline drivers in.the. periphery are devised to.
ave | GHlE o b Eedbadie A SacE on it o et T LR e veen ¢ ho
sogoce%@d the control gate (wordline) of the-rrermrry_CeI_ I's -on _-eaCh row, and

| ow | edkage, the ) -
To the extent that the relevant wordline drivérs in the periphery are devised to. -

-~ have low parasitic capacitance compared io the capacitance between the source and- ‘
the control gate (wordline) of the memory cells oneach row, and low leakage, the - -
excess negative voltage VGSub can be larger and hold for a ]ongéi‘ time without - - _

25  substantial decay. In the limit of negligible parasitic capacitance and fast discharging
C_ of VSSub, the maximmm amplitude of excess negétive gate voliage would be equal in .
absolute value to the amplitude of the source voltage. On the other hand, if the |

leakage of thé wordline drivers wezre ideally zero, the excess negative voltage on the
gate would be assumed to hold indefinitely with no decay as long as it is not ‘
30 forcefully discharged to ground potential by external circuitry. ' Rt :
Thus, 1f the design of the memory circuit fulfills the thiree conditions described )
above, Le., - | ' | '

I fast ~ shorter than 1 ms — discharging for VSSub,

35 2 Tow parasitic capécitancc for wordline drivers — in the order of 1-10fFor

below, and



- excess negative voltage VGSub can be larger and hold for a |onger tine
wi thout . 25 substantial.decay. In the limt of negligible panasy A}
capaci tance and fast, discharging of VSSub, the nax;nun1anplltu e excess
" negat i ve walgnyeki age woul d be equal in absolute value tgefhes |tude of
t he source voltage. On the other handg if the |eakage of the mo I'i ne
drivers were ideally zero, the excess negative voltage on the gate would be
assunmed to hold indefinitely with no decay as long as it is not 30

foreogfugly d]o%@ﬁ@aﬁlgﬁgc £6K 1 08P Ylofdiine iva 6% bRS diatbr (?f‘dﬂﬁ’u' try. Thus, if

t he design of .the memofy circuit fulfill's the three conditions descri bed

above, i.e 1. fast - shorter than 1 ins - discharging for VSSub, 35 2. |ow
parasitjc C|tan for wor e dri ers e oyder f 1-10 fF or .
bel ow, o RS S EEH i) b SubberoEasd 3 vy ( a n

| eakageacpkssidior ARt ibhdiforl SRS rasd é]:dtéiiﬁm’iéi 8fke,ChaRib rcldige each erase

pul se represented by the waveforms in Fig. 7A can be regar as a '.
s ucces siwratigr fwmmadanmmmwstwtbedmmemaﬁﬂhc kpavifedatien ase, and t he
Lﬁfs ﬁ’ durat n for gach mechani sm can be adjusted by the designer to fit
¥ PPt meﬂpry PS18-particul ar menory design. |f a particular nenory
appllcatlon reqw res fast erase and not very stringent retention limts for
each particular cell, then such a nmenmory can be designed.with a short
channel erasK atpam&nﬁeunmw applitation seqmircefast arsse anﬁmtvﬁgtstrhgeﬁr ase is

i nher ent | i cient than nel rase at e al vol tage due to
Dot ¢ elehERR enfigor &R gruticpr el BishrorEa FpGik 6B Do teEreA A des: gn wi I
resul t éH&rt%h%ﬁ&H%%ehfd&%lnggfeﬁ%S tid §6%rcet&i’htseﬁin%° Soﬂﬁa‘?:?a{s%ﬁs nenory retention:

e the hol es generated the source erase.nmechanismw || have a shorter
't cﬁnhemmﬂﬁhiozeeﬁﬁnient fhen shmmehereset at equal apldwdeﬁoltegeamm tparhettexf t he erase

3}1! Rt R S P R SR S i SRR
| mher ontc Ty s jrey Ol L3I bobet e Ao Shed BcRf £eRe BRI the I
parti cudoarceresassmyechenjsmvall hawe g shortet timedd aetradize nithedobwequat .pose a
SUTTNOC R e Frase Phrt oP e Trdse pulse. Suct & Gesigrl Ty BeneRPigs density data
20  storage memory in which fast erase/program rates are sought, and data correction
provisions like storage of additional parity codes, can be used to correct-an inherently
weak retention. o o
‘ At the other end of the épectrum, if a particular memory mquhe‘s very good
retention but does not pose a stringent limit on the erase time, the time for source . -
25  erase within an erase pulse can be reduced to as litile as 1 ms or less, followed bya - .-
C_ 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 tnnnel out during the chamié]
erase part of the erase pulses, and the hole trapping phcnoinenop associated with -
source erase will effectively be avoided at the expense of a longer erase time. This
30 . 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 periods of time is critical. : - e
| Negative gate erase can be implementéd in flash memory by using atow
decoder that inc]ud‘es eitherali P channéi wordhine driver transistors, or CMOS ' : '
35 drvers withN channél pull-down fransistors in triple well. In the following, a

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



25 erase within an erase pul se can be reduced to as little as 1 ns or Iess,
followed by a long tinme for channel erase of up to 100 ns or npre. In thi
way, nost. of the electrons stored on the floating gate of ehHWOkdIb wi II

S tunnel  oufnQy the channel - erase part of the erase p ?‘g' the. hole
trappi ng pﬁen;cl)?riégzon associated with gource erase wll (’slgﬁ‘?o\:?&

avoi ded at the expense of a |onger erase tine. This 30 approach may be
useful in code storage applications where erasure and. . reprogranm ng
operat i Al t r I t he .
preser vgﬁloﬁﬁo‘#fvs{s%g bg d%%?lé’ggv@rﬁ @Eg&gﬁe@f}g ‘%Hagges ]ﬁé)?ﬁe ?ﬁ;ﬁ %((i:al Negati ve
gate er&smemaamd@pwuﬂmhphamlbﬂdlmﬂel%rdlmemwmby using a row decoder that

i ncl udes elther annel, wardline drjver, transistors CcMOs 35

]gr: ?/er s wi t hfig § ﬁ@la sien vathall ¥ ehanaeldriyes cirgyits dp B!eéOMGFOdeffPft hfe )

. romory Eihanfbrf SPAtefn S RRTER S0 LPREDS. incHilBE P W BRRUBER I AR 07 e
] ot 0 iyt o s 1 1
32&% S %é a%'ilpa%wﬂg‘arq the ﬁ&%révﬁ @«r?ﬂrrequcm 15 he;” éwfﬁecoder % or
a ”E”Drxncﬂappego% rﬁ.?%%gsdﬁte%hﬁes%ﬂs %‘Eﬂié’@'é&@h% p transistor

702 and |stor e circult Ives ne 703 coupl ed

to rrerquncnah like k64 ]:@rﬁgrarrh mﬂerase,mndyhdﬂelamee diffezence I\ﬂ{}gﬂs;s\dlw:aﬂsd VL
represent .res ctlvel the "high" and | ow' vaqltage sup rails. Their
absol ut BOSitYey ea’ralél%ﬁé'é]i“f pel-pp apdpl- ﬁ%‘f%‘ﬁlﬁn Fﬁ %(fﬁsﬂeFE@)iYéaf’d’ program and

erase Bnﬁlretsﬁé‘dlﬁcf @ A Bsgfufnfﬁgre Yﬁ%s\%e eﬁdﬁlu‘ﬁ@e‘iébtedo %f The val ues

or-the pul'l=up an wn srg respective y and B, are.
sp crflmetpartichhrmmpry functron and to the sel.ected or unsel ected condltlon

of the partjcular ro artrcul t, . all rows_ of ry. block are
sel ected in i"r@"éﬁ'“é"’g PRt éﬁnem%ﬁ& 1G0k e soleeted igiba easﬁrgﬂﬂme, will assune
- the sang ¥@h | L A possi bl e set
of sucﬂEl ue@%@?%&?@%\%{ﬁﬁwtﬂ?}ﬁ% aﬁ’r%ég?&ié ?@h@ﬁg is would result
i n a woblotk teebewahsedgd mifssibk. sEtc)fstuohvﬂu&éldependr ng on the threshold voltage -
of the P ch tr o inplenment the above |dea of a
"negative: bg‘g&?ﬁaﬁa\gﬁpﬂb%e&:’l Q\P {0{7
20 This would result in a2 wordline voltage of -8.5 V1o -9V dependmg on thc - -
threshold voltage of the P channel transistors. '

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

25 - Capacitive components C,s and Cyy, in the flash memory array of Figure 8
(; represent the capacitance between a wordline and the source of all the memory cells,
and respectwely, the capacitance between a wordline and the channel of all the-
memory cells. Durin g an erase, the channel is in accumulatlon state and thus -
electnca]ly connected to the cornmon substrate for all the memory cells ina block. .
30 - The falling edge of the source pulse VSSub in Figs. 7A, 7B and 7C induces
the negative bootsirap (negative overvoltage) on VGS_ub'bjlr capacitive coupliﬁ g
‘through C,;. If we ignore the parasitic capacitances of the driver transistors, the
| magnitude of the negative voltage overshoot can be calculated as:
|delta(VGSub)} = VSSub*Coe/(CystCch)-
35 Thus, the negative bootstrap will Aimprlove as Cys 1s increased and/or Cyp 1S

decreased.



wordlines in erase node, the variables VI!, VL, A B in the schematic of

Fig. 8 my be set to fol]ow the dynamcs in Flg 7B or Fig. 7C bel ow. 25: )
Capacitive conponents Cs.;and Oach in the flash nmenmory array of IN0gq806 8
repr esentwolsineegaci t ance between a wordline and the sourgergdosakisst he
menory cells, and respectively, the 1eapacitance between a wordline and the
channel of aII the nenory cells. During an erase, the channel is in
accurrul ation state and thus electrically connected to the comon substrate

for gl the meyw%hbﬁemtedasiﬁlmgkm , 38k pelisiticdaphéigmeseqnpdnehfde sour ce pul se
VSSub in Fi - /A, 7B and 7C induces the negative bootstrap (negative

over vol € (g fondighp Prshanngh frengistors in Beppv slgcoden inighS aeed 1o bge | gn](c)r eht he
ogat i viSEARR SIS Rk, bl St BoobbRBRAE LB il ER, giUABNES ' 1"

VSSub* Chadts tﬁbalﬂhafga&usdrm‘hhﬁm@mahpaeﬁmmargs hagPcorpdnehighy ove as Cs is

i ncreased an Cwncb is decreased. 1 NOV 2006 WD 03/ 102962
PCTI USOSY%@B%dW didfogiondiyihe zate @W@hﬁéfﬁlgﬁd tasthe Aripging fipld beiweenpar asiti ¢

h
¢ onf e hare fAEERRFELS R AR Dotk B ufRd lmRabp S BN BN 200 ve

coupl i nghedklptdfan\wRidd spacer ldtateddeivisegakid ske sidbwodll &id e adeldidcérainThe
gate-to-drain parasjtic capacitance Cgd has a conponent of overlap of drain

di f f usi diffusipns Rdoyrainadody sanetipn eenagitange Cocaree ghtained hyusinglow bet ween 10

reducoatipnEcorPRfiefEhRor e Sl Lt RNRD ana BPI: pib R B FRIRRIRINS .02 G 1

and thecmhalmlmgl)dral n diffusion. A low drain-to-body junction capacitance
Cl .can be obtained by usi ng | ow dopi ng concentration for the drain

di Af usi on an@ﬂ&eqtb%'hﬂ@ﬁﬂth@ Femaiehei g anrbetlﬁ@emm&rem:m l). Conthe

ot her h C A °) -
Vol tageggm @%}/agg}er% g%?edh@?ng éEa‘fﬁ{%é%g en éﬁ ‘{ t@%g%a puI se. In
this Caﬂeme?hiasﬂzbeamitmek i FigaR agihitheeeeptich dﬁﬂ(ggﬂ 8 phll-dowihe exception of

Cgd for pull-down transistor 704 (capacitive coupling between wordl i ne and
the si gWensisy HMdcapreitpvercoupling begweanaverdling meghe signal ¢ indactoot st r ap” and

need NOkahl o Mgty TBR006AURLIa b0l ARRRKEDE Y 2P can be Further :

i ncreased Pn suc se by
20  coupling for negative bootstrap can be further increased in such a case by providing -

an exira capacitor 710 between the VH supply and the wordline i in the circuitas
shown in Fig; 8. '
| The retention of excess negative voltage VGSub' during the channel era_se part e
of the erase pulse is adversely impacted by the drain-to-body leakage of the P channel
25  tramsistors driving the wofdline This leakagé is represented in Fig. 8 by a variable -'
C current generator 708 between the source/drain diffusion and the body of the
| transistor (N well). In practice, an important component of such leakage is known as
_ .gate-mduced drain leakage (GIDL) and is strongly increasing with the voltage drop: ...
- between gate and drain. Thus, GIDL appears of concem only for the pull-up P |
30  channel transistor 702 in Fig. 8 in which the gate-to-drain 'ir'(:rltage drop is large in o
erase. Such voltage drop is smaller for the erase dynamics according to Fig. 7C, this |
scheme appears to offer advantages in both coupling and retepﬁOH for the'excess.
negative gate voltage.
In terms of transistor structure, the features listed above for reducing the ' | ’
35  parasitic gate-to-drain capacitance like a gate spacer and/or low doping concentration |
for the drain diffusion are also conducive to reduced GIDL. Fig. 9 depicts an :
exemplary P channel MOSFET structure 802 with all the corponents relevant to the



an extra capacitor 710 between the VH supply and the wordline in the circuit
as " shown in Fig. 8 . The. retention of excess negatl ve vol tage VGSub
_during the channel erase part, of the erase pulse is/’ adversel'ﬁl N%éﬂ%ed by.
t he drai nwoedmodgs2| eakage of the P channel 25 transi stor pcgigsyi/figsd he
wordline. This | eakage is representedisin Fig. 8 by a variable C current
generator 708 between the sourcef/drain diffusion and the body of the
transistor (Nwell). In practice, an inportant conponent of such |eakage is
knows aspar@&ioecapﬂataﬁe@ O mhbmkkgﬁdéﬁbahmmm@lpamlﬁé eapagiance aed easing with
t he voltage rQ bet ween gate and, drain. Thus, G DL appears of concern only
for the 456 q@ﬁﬁﬁw IR TV SIS fbolbog fabripaged 3 Wbt lighlzh ¢ ho |
1 gate-to- is smaller
for the dg) Lgﬁ@%@gﬁ@:ﬁ%ﬁg@@%ﬁﬁ]gﬁ?ﬁﬂg sc'ﬁ'erre gppe’ars to offer

advant ag:apamtandfmt]h additiphiarigw&ndleleqttie 810D gaté gpactimapke akied to redged | ve gate
*voltage. In terns of transistor structure, the features |listed above for

r educi nPAABICHIPHARRLS ( Phenisclniques may likewassdeiapalickiopuce pagaitie spacer

and/y F[]ﬁig I Sf4gsion are al so conducive
to rggjuceié\é%e%lﬁ&ﬂﬁggkepl éf@t%ér\sgo&g?rnpﬁ%ﬂﬂqhﬂaﬁel MOSFET structure 802
with all the Thospswanbs seel feoraitie foregbing, ﬁ;eﬁmf;ﬂévi&@ﬁmm a3ighe2 86?2

PCT/ 1 | 80311? 5 parasitic_ capacitances Cgd, hogwn. I n order to

mi ni m z EOPRPAY W.ﬂﬁ@ﬁ,@%ﬁlﬁ%ﬁ% e dpieptien @r&mlan@ Hlelom,crdr. ve -
| LDD
Ly anst < uaht RO AaRer R EaL RSBl WAl onlRatelih By (LOO) 1 egi one

addi ti onowarck emé;(aﬁtl élaentlrarase SalBe gateadjipastde bywny o€ alkoelteh ¢xles educe
par sitic capacitance. O her_ techniques |1 kewi se.be applied to reduce

adi t istorediin a-spssial Poasden weislw of athﬁremaﬁ%aﬁe&mem%m tedfo $1c8i nary skill in

the art a es canh be
desi gneg tt}_&]fb%ragge?n%rﬁ ﬂl&ﬁﬁg}??’] Sf%)%grlm e ra en'?lﬁén%%ln enti-on ,
per f or mand ¢hen@djushehe dutation fhne&‘itlier aaseanedhmmdmm‘tthﬁhmyf mmufh&uﬁi@u gned in
whi ch the res e tive dugwi( sougce era &T channel erase can be
nmade adjiEFbtoASIsE ‘?5 Wé%‘?f raidi‘%ﬁﬁ’i‘% glore orAfigr the deficg hapeePal £ uncti on

regi ster, s%fnb rthé‘ér}@?{é Ltﬂleeengqjgpry dedi cated to such control  paraneters.
In this way, acturer can build a generic nmenory part and then

adj @¢t the dur ation for either erase nechanismat the tine of manufacturing. |
Conclusion ' | ' |
LA method and apparatus for erasing ﬂash memory has been descnbed The :
method includes supplymg a negative voltage pulse to the contro] gate of a memory |
celi for an erase period, supplying a positive voltage pulse to the source of the
25  memory cell for a period that is shorter in duration than the erase period; and -
C discharging the positive voltage pulse af the end of the second period wherem .
discharging the positive voltage pulse at the end of the second penod effecnvely
mcreases the magmtude of the negative voltage pulse. ‘ .
Although specific embodiments have been illustrated and described herem 1t |
30  will be appreciated by those of ordinary skill in the art that any arrangement, Whlch is
| calcﬁ]ated to achicve the same purpose, may be substituied fér the specific
embodiment shown. This app_licaﬁon is intended to cover any adéftaﬁons 61'_ .
variations of the present invention. Therefore, it is manifestly intended that this

invention be limited 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. 20 Cbnclusiqngfﬂﬂﬁthod
and apparatus for erasing flash nenory has been descri bed. Thé t

i ncl udes supplying a negative voltage _pulse to the control gate of a nenory
cell for an erase period, supplying éZpositive vol tage pul se to the source
of the 25 nenory cell for a period that is shorter in duration than the
erase period;, and C discharging the positive voltage pulse at the end of

t he secoWhapisrclacieddeer ei n  di scharging the positive voltage pul se at the end
of the second period effectively increases the magnitude of the negative
vol t age pul se. Al though specific enbodi nents have been illustrated and

descri begl her girfothbd of §8siME h hofGoRRR Bkl R nyResE Honfbrididry skill in
the art that any ar rgnger%%t,ov\hioch is calculat dgﬁl aagﬁi egéed%?he samne

pur pose, flomingegatey b source taghtathand atsebsirats; ithe wethedrbordprising: shown. Thi s

licati i s intended t. tafi . iati f th
o esent. i nveriiPBI e arescy oll4ee BB EROBEP (R EUTIES RSB 5 i nvent i on
be Iim tﬁﬂta@é‘fd{‘a@éﬁs@?yeﬁb@i ms and the equivalents thereof. 1 3 NOV 2006 12

What is clained is: 1. A nmethod of erasing a non-volatile nmenory cell
conpri si ng a Swnlyieg a petitive wltage puls¢ trothg sowce wlativaite die comumen voltagd a

substr at t he t hod..conprising:. s Y a negative yoltage pulse to the
control %5?86‘?08@?{19&1‘{&8156?&’8’3%48rﬁlur#lg’ﬁtt%%‘qu? Ws%ﬁerﬁdag’éé/peri od; supplying a
positive vol t @igehaPiihs helpdsiive voRaeGRildeql el 48 of thed RBoRPFEIRA, WAkleape for a
second period that is shorter in duration than the erase period; and

di schar giisghargieg hegiositive volidgequdsemt theeend tof thecsecondl pefriodieéfestéednd peri od,
wherein . di scharging.the sitive voltage pulse at the end of the second
peri od elpfrggsieig@l?eﬁq?a&flﬁ%i?8g§§§leg?\téveﬁ%tﬁg$ﬁ‘gge53f‘gt he negative vol tage pul se;
and wherei n tRRerEMtAO thetHodi iRRercOMphise&Lslj @ty $id 188gth e tihRef theof time for

the negative and positive voltage pulses to obtain a relative contribution
of sour ceegetiessand posiliveivelings pudscade obleineatelative cantiibutioreof dourcererasebet ween dat a

;gjt 5 2 E : gﬁgld}%%i?ﬁ\g%%g%ﬁ?e}@ B@F%‘% tgj[lrrz?ntcg %gtw%]:en Lt%lré?elllﬁgnugﬁdhe%se%gggiI st hg

2. The method of claim 1 further comprising adjusting a relative contribution of
source erase and channel erase to achieve a desired balance between data retention and

erase speed in an erase algorithm.

3. The method of claim 2 wherein the desired balance between data retention and

erase speed is configurable during a manufacturing process.

4, The method of claim 2 wherein the desired balance between data retention and

erase speed is adjustable by a user.

5. A method of erasing non-volatile memory cells in a memory comprising
respective sources, drains, floating gates and control gates, the method comprising:
applying a negative voltage relative a common voltage to the control gate of
one or more of the cells beginning at a first time;
applying a positive voltage relative the common voltage to the source of each
of the one or more cells beginning at about the same time as the first time;
discharging the positive voltage at a second time occurring atter the first time,

increasing the negative voltage at the second time; and



source erase and channel erase to achieve a desired bal ance between data
retention and erase speed in an erase algorithm 3. The nethod of claim 2
wherein the desired bal ance between data retention and erase1%5@\éaﬂﬂﬁs
configurable during a manufacturing process. 4. The nethod of claim2
wherein the desired bal ance between data retention and erase speed is

adj ustable by a user. 5. A nethod of erasing non-volatile nenory cells in a
menory conprising respective sources, drains, floating gates and control
gates, the nediohargdgphé ségagve valppk it A thial tiregadduvengy aftdralesdethdit i ve a conmon
voltage to the control gate of one or nore of the cells beginning at a first
tinme; apﬁ‘l‘lﬁ- ng a positive voltage relative the comon voltage to the source
of each of the one or nore cells beginning at about the sanme tinme as the
first time; discharging the positive voltage at a second time occurring
after thé.fir Shemetiend ofredaimasivhereinm inexgade iu @eyniveagitagd attthesegendnd ti nme;
and 1 3 NOV .2006 3 dis¢charging t negative voltage at a third tine
occur r i n§merip sHeqt %%Wﬂfg sthagge ofghe positivroyaltsge pylse piihgseropfddims n an

i ncrease i ea(g,%f].g e second tine is effected by a rapid

di schar ggh%hftﬁfﬁﬂg&%gﬁ#?\% VO tgs%g'pul se at the second tine such that it
couples to the control gate. 7. The nethod of claim5 wherein anplitude of

t he negat,i ve |tage js. .effectively increased by using wordline drive
transistdrs w'\iq?‘ﬁrqegw ,c(lgmtﬁewhar,eg} Plgﬁéﬁﬁtﬁ%%%‘“é’% #EdSwith a wordline
capacita 81V i [ : Qf j é/\@@r | PRERYALC drain _
capaci ta%ﬁfgc }Vg y&%@ﬁ?ﬁﬁ q%?%%ﬁg?ﬂgva Sg?dr%%%@g#é‘m ratﬂl%?rl{&gf the wordline
drive tr agscgimee sompared vatmetboilinefcapdcitanmme8 wher ei n adj usting a dopi ng
concentration of the wordline drive transistors conprises |owering the

dopi ng concentration of a drain, a channel region near the drain, or both,

of the wardl | M g drichsl AhALSIn B0l pAIBLOHA cALARAIE iWAakal at | | e

menory cells conprising respective sour drai ns, oating gafes and
control gatdastingredopitdoshcemngtionsifnly: wegdbihy drige tansddtérage of a first polarity
relative a coomon voltage to the control gate of one or nore of the cells
beginning at a first tine;

9. The method of claim 8 wherein adjusting a doping concentration of the
wordline drive transistors comprises lowering the doping concentration of a drain, a

channel region near the drain, or both, of the wordline drive transistors.

10. A method of erasing non-volatile memory cells comprising respective sources,
drains, floating gates and control gates, the method comprising:

applying a voltage of a first polarity relative a commeon voltage to the control
gate of one or more of the cells beginning at a first time;

applying a voltage of a second polarity relative the common voltage to the
source of each of the one or more cells beginning approximately at the first time;

discharging the voltage of the second polarity at a second time occurring after
the first time, allowing the voltage of the first polarity to float beginning at the second
time; and '

discharging the voltage of the first polarity at a third time at least two

microseconds after the second time.

11.  The method of claim 10, wherein the first polarity is negative and the second

polarity is posttive.



applying a voltage of a second polarity relative the cormmon voltage to the
~source of each of the one or nore cells beginning approxi natel yrﬁ the first
time; discharging the voltage of the second polarity at a secdridVit¥; i
occurring after the first time, allowng the voltage of the first polarity
to float beginning at the second tink and discharging the voltage of the
first polarity at a third tinme at least two mcroseconds after the second
time. 11. The method of claim 10, wherein the first polarity is negative and
t he secord. pdlemdétiod sf ¢gaisn 10, weherdin She\idst Aldge islBetd:@en Mgl &L hod of claim
10, wherein the first voltage is between 4 and 6 V. 13. The nethod of claim
12, wherein the second voltage is between -8 and -13V. 14. The net hod of

cl ai m 10 pgher ey Iﬁé}ﬁo@gféwimﬁ_\ﬁ{eraﬁ%m%d V&%@Lst edS-8 JBHLEPYI Vel Y

i ncreased by using wordline drive transistors t ow parasitic drain
capaci tance conpared with a wordline capacitance. 15. The nethod of claim 14

wherein rasitic ai n.capacitance of th rdl.ine drive transistors is

| over ed i g}{"i‘ﬁ“@&fﬁ‘%%@a’gh@ b@?ﬁﬂﬁ@@@&%@?%@%ﬁ@ 62 SThe et hod of
cl ai m 14 Jpagi@RiVineRhas By it RbfliaeBAGE Ao Wit BwREMid\Gaindr i Ve
transistors is lowered By including gate spacers. 17.” The nmethod of claim 10
further copgsitasdernympsiadgwition stardlinechapaditaneeansi stors with | ow drain | eakage

to reduce discharge of the voltage of the first polarity after the
di scharge of the voltage of the second polarity. 18. A nethod of erasing a

non-vol atfisl € HEREMhEEHE cISHTY Whbfeth rsPi dln GPh@iande of thoddidithedat e, a
source, a drain and a substrate, the nethod conprising: applying a positive

vol t age tdoive trensistarsde lavedred by bghtlyodopingthe stordliye drive teanfistost.  pr edet er i ned
period; applying a negative voltage to the control gate relative the conmon
vol tage; discharging the positive voltage at the end of the first

pr edet er nigned TRMARLd of1SiAP1 4 AlleRIVp Nt AUSin @BiiAhtOHr BE wok@ideegat i ve
voltage at the end of the first predeterm ned period; and extending the
ti me for diive transisfersds laveredhbyncludingupite spmecrtby a predetermined del ay period
beyond the end of the first predeterm ned period.

17.  The method of claim 10 further comprising using wordline drive transistors

with low drain leakage to reduce discharge of the voltage of the first polarity after the

discharge of the voltage of the second polarity.

18. A method of erasing a non-volatile memory cell comprising a control gate, a
floating gate, a source, a drain and a substrate, the method comprising:

applying a positive voltage to the source relative a common voltage for a first
predetermined period;

applying a negative voltage to the control gate relative the common voltage;

discharging the positive voltage at the end of the first predetermined period;

disabling any voltage regulation of the negative voltage at the end of the first
predetermined period; and

extending the time for discharge of the negative voltage by a predetermined

delay period beyond the end of the first predetermined period.

19.  The method of claim 18 wherein an increase in the negative voltage is effected
during the predetermined delay period by rapidly discharging the positive voltage at
the end of the first predetermined period.



19. The method of claim 18 wherein an increase in the negative voltage is
.effected during the predeterm ned delay period by rapidly discharging the
_positive voltage at the end of the first predeterm ned period. 18 @V 2006
15 20. The nethod of claim 18 wherein _anplitude of the negative voltage
*during the predeterm ned delay peri od3is increased by using wordline drive
transistors with low parasitic drain capacitance conpared with a wordline
capaci tance. 21. The nethod of claim 18 wherein holes are renoved froma
tunnel ox2@le Bkt wethodiofielaihddtwingeigatplianid of ke regativevaltage dgringithe

redeternmn del a eriod.,.22. A hod of erasing a nenory cell conprisin
B ont r ol PRatietaty U5 i fieseassl by iiree ol e SAESHOSEE I o, Lhe
met hod copphdifé M@in GIPREIKINGE cOMPABRWithS: WOiliAOGahlitdnde. control gate relative

a common Vvoltage; applying a positive voltage to the source relative the
common vol tage; discharging the positive voltage; increasing the negative

| t th ] hat, .t i 1] | t h been. di sch d; and
i schar gt Bl tnEiEupt Fe el sguteni Bbles A ok ELRoR T wrBSBidR Ve vl t age.
has beenpagBieie floalks %&E@Qnd@fe@_@ﬁrc@ﬁuﬁﬁ@ih@p?@detéﬂﬂﬂ{eﬂi dRldyRrivggat i ve vol tage

is effectively increase by rapidly discharging the positive voltage. 24.
The method of claim23 further conprising adjusting the length of tine for
the negative and positive voltages t.o obtain a relative gontribution of
sour ce er%\ ‘e a%dnet@?fg ErTRe géréeng)(gy 5%@?%9@"%“%%?‘&5’ L %ﬁﬁ’%’% en data
retenti on, sdiflces bAsAn SREE Gubstiate, REnABRSNEsied: ai m 23 further conprising
adjusting a relative contribution of source erase and channel erase to
achi eve a desi #wlyingp aegasiveevltesatodhe eontrol gate rdafiveaawdnemeas woldggsed i n an
erase algorithm .26. The .ne%@?d gf claim 2q twhetpei n the desired bal ance

bet ween data rBPSHPS BROSIHNG VUaRs &0 LG SQUree Lyt the M08 YOl28Riy of al gor it hm
codes stored ias@@@g:ﬂglpogiﬂi%%ggge;regi ster or other nonvolatile nenory. 1

c

3 NOV 2006 16 27. The nethod of aim 25 wherein the desired bal ance
bet ween dat a rizceasingthe negative voltage at the same time that the positive voltage has

been discharged; and
discharging the negative voltage after an increase in the negative voltage has

been achieved.

23.  The method of claim 22, wherein the negative voltage is effectively increased

by rapidly discharging the positive voltége.

24.  The method of claim 23 further comprising adjusting the length of time for the
negative and positive voltages to obtain a relative contribution of source erase and

channel erase to achieve a desired balance between data retention and erase speed.

25.  The method of claim 23 further comprising adjusting a relative contribution of
source erase and channel erase to achieve a desired balance between data retention

and erase speed in an erase algorithm.

26.  The method of claim 25 wherein the desired balance between data retention
and erase speed is configurable by way of algorithm codes stored in a special function

register or other nonvolatile memory.
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and erase speed is adjustable by a user. 28. The nethod of claim 23 wherein

.the increase in negative voltage neutralizes holes trapped in a tunnellng

oxi de between the floating gate and the source. 29. A method ofl Edlsily a
menory cell conprising a control gat ejga source, a drain and a substrate

t he nethod conprising: applying a nega?ive pul se to the control gate for an
erase period; applying a positive pulse to the source at approximately the
begi nni n% of the erage periad; di schac[%l ng the p05|t|ve ul se after a first

pr edet er Mmed Hisrpethod ahelaim 23 svhsrein fig dhadpice betvysan detadeteatiom second
predet er @nﬁ%@as@@fyée‘&qs adil& glgq)ggqls predeterm ned period being Ionger than the
[ 300 The et ho ¢

erase peri od. aim 29 wherein a nunber of holes trapped
in a tunnel oxi de | ocated between a floating gate and a channel region are

reduced rin 8@ gelt era}3 d deI ay eriod. 31. The net hoigi] of claim 29
wherei n t4e ne ?/tg 8t t'age thedp e@ggqﬂagapp{gvolgz}ggd}gp‘g HCehed del ay
per i 0d ashodfippbd inof oGl osﬁ&@sawealﬁfe foinP08t bid elbhee. 32. A method of

erasing a flash nenory cell”, conprising a souf control gate, floating
gate, drain and substrate, the nmethod conpri si ng appl ying a positive

vol t age se of fjrst predetermn duratlo source relative to a
common th age"g“‘éfﬂb“‘gﬁs &?%F‘EW% WPH% iﬁfﬁﬁﬂ%ﬁ%‘{f’ ®afnegati ve

vol t age Qﬁgﬁ%ggsgbst@@ecmn%gg%@f,mlﬁgd duration to the control gate
relative to the conmmon vol tage, the seéecond predeterm ned duration being

| onger than t hephiimga nggatise pelseriaiibd contraltgatsifor @BeraFhperivdt hod of cl ai m 32,

wherein the ne |ve vol.t age ,effecti vel i ncr eas fter the sitive
vol tage has be@%ﬁ Yb‘?%%ﬂ%{%‘é ulse to esourceyat approx1ma%§lyt€ beginning oP

erase period;
discharging the positive pulse after a first predetermined period; and
discharging the negative pulse after a second predetermined period, the second

predetermined period being longer than the erase period.

30.  The method of claim 29 wherein a number of holes trapped in a tunnel oxide
located between a floating gate and a channel region are reduced during the

predetermined delay period.

31.  The method of claim 29 wherein the negative voltage is increased during the

predetermined delay period as a result of the discharging of the positive pulse.

32. A method of erasing a flash memory cell, comprising a source, control gate,
floating gate, drain and substrate, the method comprising:

applying a positive voltage pulse of a first predetermined duration to the
source relative to a common voltage; and

approximately contemporaneously applying a negative voltage pulse of a
second predetermined duration to the control gate relative to the common voltage, the

second predetermined duration being longer than the first predetermined duration.

33.  The method of claim 32, wherein the negative voltage effectively increases

after the positive voltage has been discharged.






