| METHOD AND APPARATUS FOR ERASI NG FLASH MEMORY Technical Field The
present invention relates in general to a nmethod and apparatus for
erasing of a non-volatile nenory device and in particular to a nmethod
and apparatus for an erase operatipn of a nenory array of a nonvolatile
menory devi ce that can reduce the nunber of trapped holes in the tunnel
oxi de of flash nenory cells. Background Fig. 1 illustrates a cross
sectional view of a conventional flash m)ry cell 100

i ncl udes amﬁm@t@DO@PMAWR@BA%N‘%MH A@S\?QR 08, a floating.
gate 106 electrically isolated by an insulating |layer of silicon dioxide
(Si0a) 110, and a drain 112. Menory cell 100 is thus basically an
n-channel transistor with the.ad¢i.iFRmof a floating gate. Electrical
access to floating gate 106 ta‘ﬁes—ﬁl—aﬁ only through a ca acitor network
. of surrou?gé ggzqélnq,?veﬂﬁ@)i@élswahdgammicxea mo%ﬁﬂéﬁHPTa‘?é for @iinel 105;
and contro 08. Any charge present on g n ﬁf’ﬂf{ ﬁﬁtaﬁ 106 is

r et ai @feﬁn@lﬂeo)‘anldmempmhé&\manglm PSR aéH’e?W]}? r eight, leading to

t he non-vol atile nature of t A 8dea R 0ag réduck dsh nenory
cel | erasheper#aRn ohBeFery Py ¢ aﬁ%gjgtgi%lniﬁls#jsor}gd eﬁd to the floating gate
106. A . h QuiiHef&xivde bf Agsh memappdetled, along with a hi.gh
cont rig™® g‘g{bf u%chgglégﬁgﬁgate voltage inverts the channel; while the
drain bias. accelerates el ectrons towards the drain. In the process of

crossing the channel, somne eﬁr E?‘ﬁn{i“ || experience a collision with
the sili con I attl ce and becone ed towards the Si-Si02

| nterface. 1 og. el § ks dtBobilSish pr cumedtinal fng) @amerwﬂt age some

of these el é‘etrons ravel across the oxi ﬁg and g qméogdaded to the
f1 oatijng, Mehéry A0 ipclodesarsvbsitple 10% AR eI theP % T ong’ added to the

floating gate increase the.ce dibxeg(sming is a
sel ectfioating paleakdo c?ﬂFC”’i?e]ﬁ’f’ﬁﬁ]‘?’rE‘gL%ﬁn engéﬁﬁﬂgﬁel}/gfu%ﬁ&g}e ] .] Rgadl ng a flash

nermr e|%n|d aﬁ?é 19 nﬁa?y Q] 16048 infstasicelly an nmnnmwm@m\m Brogr amed,
i Y0

t he t age of cells is increased b charge on
the f I1ﬁ@bﬂdﬁﬁoﬂ@feﬂo&ynggipt thgtr&al:‘éfﬁﬁsdP %(j‘é‘t‘%b IIQ% ﬂg{@%ﬁ%ﬁ? fori ng the

O o o iapas o R Ik & , shaeges adeincal] s wi t hout
char géhmgbﬁéqapag]cgé;ﬁvhcg if uvﬁ%% $8), hayeW 4 s n

channel 105, and control gate 108. Any charge present on the floating gate 10635
ght, leading to 1be non-volatile

relained due to the inherent SJ—S]D-_: energy barrier hei

nature of the memory cell.

Programming a flash memory cell means that.charge (i.e., electrons) is added

10 the floating gate 106. A hwh drain to source bias voltage is applied, along with a

high control gate voitage. The gate voltage inverts the channel; while the drain bas

. e
accelerates elecirons towards the drain. In the process of crossing the channel, som

electrons will experience a collision with the silicon lattice and become redirected

towards the Si-Si0O; interface. Wth the 2id of the fie)d produced by the gale vohaoe

ome of these electrons will travel across the oxide and become added 1o the ﬂoatmo g
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 individual 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 voltage and monitoring the drain curTent,

Jifferences between cells with charge and cells without ch

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

arge on their floaling gales



can be determined. A sense anplifier conpares cell drain current with
that of a 2 reference CCD (typically a flash cell which is progranmed to
the reference | evel during nmanufacturing test). An erased cell has nore
cell current than the reference ceq and therefore is alogical "1,"
while a programed cell draws |ess “current than the reference cell and
Is alogical "0." Erasing a flash cell neans that el ectrons (charge) are
renoved fromthe floating gate 106. Erasing flash ne '%% ﬁ;rforned by
applﬁéfé}gn&l&gt(riﬁg@dllv\aoﬂisag:e]ﬂ which impngzremsiied tadbeowtaeass FYRAEVEDE cells are

erased in-a "flash I cal erase t mmry may be
per fmamfdcth)ymgm;ﬂt)/|MB@5$£@1¥W%@WSFF]QQ‘E‘T ’ﬁdﬁ@h %%?e%%é %g negati ve

or a_grqund volta e, t,, Jes@RArbe tHamnde substrate 102
of tWéT%ﬁdW?‘B@F siat” T 3’%%6%?%?%&%%%?3 allowed to float. Under

thes]%fe(}*gﬁgé {E!]]om ,Saqogsbghoel ectric field (8- 1OWIcm is present between
gate and the source. The source ju qﬁfi experi ences a

gat ed- di O(E@asﬁilﬁid”lﬁlﬂhs}mr]] memsnnat@ﬂ@yenamaréﬁbé&erfswgv? %age to-tunnel
through the first _few angstrons of E‘xﬁmta &t o the
sourﬂeatlﬂﬁ‘gﬁéﬁ39%5@\515@%5@%%‘*%8% gg%ﬁﬁnégﬁs have een removed

fromthefl ti,n b r*esﬁhqlpi:l:ai/eziSeath Wi | e
pr ogtCRATAEE fssat ng %fﬁm [q%%%}eiéé%% e?%g?\gle%jug?dmcel I erasél |g wi th many

cell g é%%t;&gnﬁs ﬂ%gﬁmgmawmayneelpsffym@bpawlyma@@@@nweaﬁa?jé e erent (Sl LO
I n a]? h menory occurs when there is

nel i fr floating gate
throughce 84, wsegative oiya gsovad velirsedankh FRPY Q?gﬁtf llag’o ﬂ]‘%ﬁp ] ow vol t ages.
This can r rom hol es ads kifowédto fidaunnel oxi de of
t he F‘Fté\%?i’“rré(ﬂo?vg’ewﬁwﬁltl aé‘ﬂl;e}%cne%r@r&?gp has been cycl ed through

readyyiet h'{%sél@gn&ﬁ&ﬁeaﬂpﬂf@édtﬁﬂﬁeﬁ (BLIEDEY /cof) it present het\éeenl &tressed, " and
can severe egr ade t he performance of the nenp Ly, %gond%&sents a
maj offoatiag |gﬂ|&gmdtlhﬁ squees. §he SQUISHIPNCHAR PREGPERS &Y B PRk ORshor y devi ces

and will pr esen ven She 6¥dt $ew Sbgtrogandfi nues to be
redu@BH“&ﬁbasFﬁ@ ’ég hﬁ@“%?(? (eig?ﬁsdt?rgrouna@ t he flogfrl ng gate is made

t hi nner g;0/aké i S%b%k(mfé shaiee. b.éenﬂmmmsmdbtl@ %R!ﬁ?lé% PELPF obl ern of
SJLC For ‘exanmple, a triple well channel era y has been
pr opdseel been wemied Arommileddaptiog gpte; 0PGRS eSS Ter‘r vvel | that is,

It L{Nﬁllc &)P()Sglrggm%qg 15 s\é\?ecbve 10 each individual cell, erase is pot, wnh many cells -
being erased simultaneously. '
Stress Induced Jeakage current (SILC) in a ﬂash memory occurs when there is
tuﬁncling from the floating gate through the insulating oxide surrounding it at
abnormally low voltages. This can sesult from holes that become trapped in ihe .
tunnel oxide of the flash memory cells after the memory cell has been cycled 1hrpugh '
read, write and erase operations a number of times, i.e., “‘stressed,” and can severely
degrade the performance of the memory. SYL.C presents a méjor challenge to
designers and ménufacmrcrs of flash memory devices and will presept even greater
challenges as device size continves 10 be reduced and the insvlating oxide surrounding
the floating gate is made thinwer.
| * Varjous solutions have been proposed to address the problem of SILC. For
exémp]c a triple well channel erase flash memory has been proposed in which a
memory cell is fabncated inside a P-well that is, in turn, inside an N- we]l
Unfortonately, a tiple well construction increases process complexity and memory

area. Thus there is a need for a flash memory cell method and apparatus that yeduces

SILC as the device is cycled.



Unfortunately, a triple well construction increases process conplexity
and nenory area. Thus there is a need for a flash nenory cell nethod and
apparatus that reduces SILC as the device is cycled. 3 For the reasons
stated above and for additional reagons stated hereinafter, which wll
becone apparent to those skilled in“the art upon readi ng and
understanding the present specification, there is a need in the art for
an i nproved nethod and apparatus for erasing flash manp%. The

above- nent ;gned rieR @ad abold ardi fof addiional teastnsratavet hae:nanel. ot her

probl ens are addressed by the present i nvention i art, and

.at_least in .. D
wi | | WhichrviBistane appareridditbee shided indgiaA?PCR&e3ding ‘?féjteésb‘ﬁlgi' g cati on.
Brief Description of the Draw ng .Fi.qure:i i i agram of a prior
art fﬂhawsﬁﬂrﬁi’ﬁ‘&‘%é@l"?na‘h?ﬁ&ﬁ’ée ! N%V\%ﬁ fac’rsdl1 ?r%ﬁﬂeg%é}%i%gtl c of a flash

menor y_of ' notvNErHRl8 S e neh iR AtpréblemFiof traditi8nals a gr aph
show &aﬁaﬁﬁgﬁg%%gfggﬁﬂg@%%% n?e gf pul ses forpa conventional source

er asefppahahbnes &fd @hél peblemsnpe yodidsselibythe reseat GV eRHODs RORPSHEP t he stress
i nduced | eakage current (SILC) from _simyl d_appli ] of successive
er asepm,agdmlﬁ@yomégfsmdam’ raafihag«a%éS*adwgﬂ??a*%ﬁ@w{i@fpég’?*‘é*. igure 5is a
graph showing a prior art exanple of a sequence of pulses for an erase
operation of a flash nenory built inside a triple well showi ng an extra

step of a channel erasghefDestrip6n bfthe awpipsshowi ng an exanpl e of a
sequence of pulses for an erase operatiqon of a flash nenory to

neutral i zeFiguappéva hiuick<liagenof @iprgr &6 Tetbmsreset! - i nvention. Figure 7A

is a graph_showing an exa of a.se 388 efiYodAReRbASE
operati on gfg‘légklsg@ﬁs ﬁé%?r@{%osch%mu?tfcaﬁja%@fn%ge hol'es that does not
requi {h%&ﬁ'c&hﬂﬂ%nti&ﬁgati ve vol tage source, according to the present
invention. Figure 7B is a graph showi ng an- additiopal .exanple of a

sequence ofiguat 8dsa gfaph shawaEaEeXGEPIG] 2179880 o PASES Flldory, according
to the present -invention. Fég%gﬂzgﬁ;‘ngm&_ﬁr aph show ng an additi onal
ofaf _

exanpf@sPugN SAWEREEPGOPHT | )

' Figure 4 is a graph showing the stress induced Jeakage current (SILC) jrom
simulated application of successive erase—program cycles on an array of a flash
memory cells.

Figure 5 is a graph showing a prior art example of a sequence of pulses for an
erase operation of a flash memory built jnside 2 triple well showing an extra step of 2
channel erase.

Figure 6 is a graph showing an example of a sequence of pulses for an erase
0pefalion of a flash memory 1o neutralize trapped holes, according to the present
invention. _ ,

Figure 7A is a graph showing an example of a seguence of pulses for an erase

- operation of a flash memory to neutralize trapped holes that does not require a higher
pegative vollage 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 to the present invention.

Figure 7C is a graph showing an additional example of a sequence of pulses
{or an erase operation of a flash memory

Figure § is a simplified schematic of a flash memory with P channel wordline
drivers.

Figure 9 is a side cut view of a P channel transisior showing components

selevant 1o parasitic capacitances.



for an erase operation of a flash nmenory Fibre 8 is a sinplified
schematic of a flash nenory with P channel wordline drivers. Figure 9 is
a side cut view of a P channel transistor show ng conponents relevant to
parasitic capacitances. 4 Although, 4vari ous enbodi nents have been
Il lustrated using particular electronic conponents it will be understood
by those of ordinary skill Jr, the art that other circuit elenents could
be used to inplenment the invention and E’E{E t he {)resﬁ%ﬂ i nvention is not
limted tltHoeghs vaigemeodohents baygibeek Aed U§Pedosed” Mor eover, it
wi |l also be understood. jn th rt..t nEmerttithat coul d be
appl mqtromcaorrmoagliﬂﬁgwﬁ EPq%FF? gv?ﬁ@?%@ﬁ%@@ﬁ%ﬂ% I a;&t mem)éy circuits.
Therefore, t. e i tf eSneROthelihvertied ahd et thetpiesdnhnd
appan}cﬁé"rf‘BP%@%c%l&n%ﬂwggﬁ%ﬁ%&g Det ai.l ed Descri tian Fig, | shows a
ed, Mpzgovery i

convend,ABaks fotaahitedionnt arangamept ok¢ircuilgleneRis ducies ype source
ap

104, type channel 105, ap n+ type drain 3 43 tb¥pe substrate
102. vAllfalsuelte wrglegeioed m@eiagtéaﬁm%%@&”ﬁ&?a% %&gg%ﬁ%g@f ating dielectric
llayer 110 and thin tunn ' V9 IciieiRg MEherdfdbe, tid asenhg gate 106
i s tWSWFW%YH?Qed’éceseqﬁéer{e%\%ndﬁaﬁ%&frﬁalgﬁ menory and is electrically

| nsul; 2o ObObRREd & 2R 0 apparatosdoromgsing Flesh WEAOR| gate 108 is

| ocat’&don I'op of the insulating dielectric 110 and is positioned over

floating gate 106. Fig. 2 shows a sinplified schematic of a flash nenory

200 of the present inventigiiﬁgliﬁ%g%ry 200 i ncludes a control
circuit 202 for. controllin ons of the nenory. such as
readi ng, j t'?rggog,g BhaSiRgal fhiyERatednandsy. ceBB40 includisg an n+
anplifiers/i® tl'i'ne drivers 206, cof um mul t ilpl eer 238 e sn XH):Itgl i nes 212;
MBNDT e abbray 184.0s pitiype Civpe] WiSgan ah AR 899 2 PIRG PRV dl i ne

drivers 216. An example of .th u apk $8%r 1 10 amd
conveml@%ﬂpaﬂﬂ%%‘ﬁeqﬁ%hﬁﬁayd%?%fi%%a%rgg% gé]sull’ésﬁnlkf%ﬁﬁgt rated in Fi g. 3. As

can bﬁg;gsg{e%r]lm] {08 S9465E Gaghé) 1080Fiageg ipstei 106rie deatemeYSPAEC 5 to 6 V
€

whi | e same time the gate-substrate volta hS ed to about
-10 VeleFehsinnofast inatnody fdisairsticely pepiptighio b‘gﬁ‘? eiﬁ“%’s%éﬁgé t hen

abrupt ]y i oA g 2 s 1o TB) BRteIRsRbuntrdbREEicUabed 4 nduces.

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 ci:cgit 202 for controlling the

operations of the memory.such as reading, writing and erasing, coluImn decoder 204,
sense amplifiers/bitline drivers 206, column mulp’p]e_xcr 218, wordlines 212, inemory

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 operaﬁoh is illustrated in Fig. 3. As can be seen, the source-drain

voltage is increased 10 about 5 to 6 V while at the same time the gate-substrate voltage

is decreased to about —10 V. This potentizl difference is held for about 10 ms and
then abruptly dischérged to zero. The combination of voltage values induces. an

electric field across tunnel oxide 114 between floating gate 106 and sovrce 104,

rcsullj-ng in tunneling that drives electrons off floating gate 106 and effectively erases

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 114 and some of these boles

become trapped in tunnel oxide 114. Some of the trapped holes rempain unneuiralized



electric field across tunnel oxide 134 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 sane tineg,
however, the reverse bias on the jugction between body 102 and source
104 injects holes into tunnel oxide 114 and sone of these holes becone
trapped in tunnel oxide 114. Sone of the trapped holes remain
unneutralized S at the end of an_erase operation angl@ﬁeg@5§r subsequent
pr ograaKe erg of Beerbeel @erationanpien after LOSFPIRPHE™ Y5 nay ef fecti vel y

reduce the barrier for_ |owfjeld bat it €StibRhdid electidémat i ng gate
106 i‘trﬁm?ﬁﬁEﬂ]ﬁ’éllneb%l%lﬁmaytehg%mg;{fgﬁ{ﬁ%%gl LC and SILC related charge

| : ip f |, ehoafeausBrg $3LiGhanghs f 4096
052, Siecfeh ikl £48300 SR byp@agde, usks 2 g

f 1 asHE ing polysilicon | gates, connected in parallel is
S hoWnyej e dthr elosE0F ¥@ndbrlihe flesiscellhe  tunnel IN characteristics (IP1 vs,
1) f

VP 1) for a fresh, unstressed. arr I h-a.vQo WB8Re (V- sweep) of the
pol ysi | i coAnlexgampie @ﬁS};Lycequne@yﬁ}’ﬁgﬁgfé@ﬂa%’@%‘é?%&epﬁe may at negative
-vol ta(_:le Wi th the substrag ﬁ]el%ggjﬁ%g@nqh Faif. aurChrveA20 leshowes 1201

t do [

demor@lysipedn 1 Rlem CReEtY ¢ es not begin in a fresh, unstressed
arr aym%iﬁéli LvidatRidnstas gl os. W) or afreshponssressed 2By 10 2 ¥8lagecur ve 202
shows e [

result of stressing, i.e., apbljcatio f Gepphtve
er asesyweapgaawesm| of sheopolasibiedn hgatppl $h63‘2651“ H&%‘gpéc}%e?fﬁg‘? (i this exanple,

stressing is simila b n e 8¢ 589620 Ndarhorshratelse

gat e-8 %"Fé.’?gag%wﬁbﬁ}gg ﬁ%sg@%{'ﬁgﬁ;&%ﬁ?réﬁc@-_substrate is held at 6V,
a hi gﬂa@/ﬁe&%&ﬂt WBEL h@beldinAs a ffesh, WB0esssd ewaduntlthey & 288 shows t hat
onset Of -Teakage current "will occur at anvgbn%rraslhli%.el gﬁbly&lﬁgﬁge of
about sabh¥ateafdtentia of e38Vn&orvee202:shay's s eds 0%~ A “ant 205 show

successi ve V-sweeps where t V& 4348 ag cepeninrthivexenple he gat e
vol ta@ésu%ﬁsé%esgria&éljﬂp%%ﬁagso&# %‘fﬁar negat |g\t}ge val ues, and tgf?tSUbSt rate

and S?Iﬂ%‘éﬂ;fﬁ%ﬂ@a@@i 2 S6RtaRdvolBge veass 20 Fhicdohe anle sobSrafebE i Mat e t hat
the S | suppresseg and the_ onset of tunnel in?goﬂgjagq%aﬁ@geousl y
shi f t et0'¥ and il spvece-sidgtBievebed et YuBIFEE G 8 age  alter the array has

been subjected to.gate V- 264 Quirkedt Hiay ec@s boasaiinoemally |
sour c SE&QM9st %&F@c]?‘gﬁﬁqQ%sn&’\éfoﬁﬁéfg#agu cessive V-sweep 55,@%?15 t he. onset

of tungelididet 8f ke eV, baeksuesing e ghrey. Coreaghd: ZRd P rlis S Lc is more

effectively suppressed. Based on the results Quaiiabat i ve nodel
can besudtﬂssisigné&SWQfFPSt‘WéﬁTEéh‘éé’@?ﬁ)wﬁ'éﬁﬁf’ﬁﬁ%eﬁpéggpg#%e%l LC. SILCis -

creat %gcgeggi/vgfy sewncr})?% £LHM G54 DE vEIBES End the substrate and source are beld at-
ground. Curves QDB, 204 and 205 demonstrate that the STLC s suppressec and the

onset of tonneling is advantageously shifted to a higher negauve gate~_subsuale

e after the array has been subjected o gate V-sweeps at 2eT0 Voltage across the

voltag o
eling1s

source-substrate jupction. In each successive V-sweep curve, the.onset of tunp

pushed back to a higher vohagca, and thus, SILC is more effectively suppresseg.
| Based on the resulis above, a qualitative model can be designed for the

creation and suppression of SILC. STLC js created and/or enhanced when the gated

source diode is subjected to high reverse bias and there is low tunneling current across

the gate oxide. These conditions are favorable for hole generation and injection 1oto

. the gate oxide. On the other hand, SILC may be suppressed when the gated source

diode is subjected to a high electron tonneling corrent across the gate oxide af Zero or-

Jow reverse currept bias for the source junction.

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

possible way to nevtralize holes trapped in the tunpel oxide during an erase poiseJsto

apply a condition of uniform tummeling at high negative gate and Jow or 2€70 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 band, SiLC
may be suppressed when the gated squrce diode is subjected to a high

el ectron tunneling current across the gate oxide at zero or - |ow reverse
current bias for the source junction. Various approaches may be suggested

based on t he above nodel. One ossi-bl g Eadn boles trapped
in t hevrceNabegon the errd pf the SRt aﬁ%@eﬁ*ﬁ&?@é’%@g"&ﬁ%é ffjugﬁactondi tion of

uni f or m.t upnel i at hi . IR ed8t Scrnd rhome applivdrio Uposi tive 6
sour%ég'\ﬁol %@@ﬁ?s?eﬁeme%@asgﬁgmpergse pul se. Thi gpll)Dr ior Art approach is

il ug&mgwq Bverfl T mB ersd6paivi. b peseve 6 MpulpoisialsoveppBed/dlif ses of about

3 nms are applied to the source (Vs) over a 10 as d. A
posi ivera68/ Py eonsorznt withtin sesand BOYIRE Soé’ﬁﬁ'}ﬁu?s%t 3’11{3 h%@rbégﬁgur r ent

with the second pqQsitive.soure : :84.S &40 of wol t age (VG

i s haplage (Yag ! Eaé a Wat’\"’bw\?ﬁﬂ%?‘ﬁ?g-[hﬁ]é&%ég?)e%P%% @Qp& i cation of a
posi ti y: SHISHY Bt erat bpnatith® ipperation to be
doneppﬁl‘ﬁggq’lso?%ggg%%ggt%kgﬁﬁgalt erase. ngevg?;a this al so rfequi res the

adde g paeBlep hhined erashuHodieny, bhealperegpiyesine 49ds %M ple well. A
channel” erase condition may als belreal i zed by applying an additional

vol t Aydding the oeANFIER PEekE AL Willue to the gate (wordliries) while the
source is ,bjase t hea: %ﬁﬁl Qi SNei r8dliR8 Bisdn additiqmat ound) , after
t he regul arPC Pﬁgg e%%flescgﬁd]ﬁ |539procecfuria ig?imﬂ)us_trat ed in Fig. 6. As can
e _SRffge pulResfiitRr pedatiee oilvabote g (wordliss) Vhde BESRBES Sour ce and
substratée Tor a period of about 30 nis .. At the ' dhe gate
substhizged a}the sayec petentigl ggibe SPBS‘F?é‘gQ-E'f?W)ﬂ Hr I{heﬂtﬁggﬁle&engl o8 \} he JOns
peri . when .t he. s y kAL M3 Idea86hn, lapokitide pelie of abant GV tshe vol t age
bet V\gﬁﬁs Pﬁ%ceagfeelséﬁ‘ggﬁgegﬁg?%tﬁe Jtlgss i nc’rease? to negatjve 15.volts and

hel d kb derpeirithirdl anBanbsamnteafid i tpenod b oukd0 map iAMdhe paRe UBiSr oach can

be inpremented on a flash menory wit t ' L bmsSiEb@uUNdi Ng t he
ar r aythe igeterRubsple 3P ARCE R P a‘lrvéa ri g&éklﬁ)érgmgrgégg ime and the

suppl y, of .a higher | RPEd 10 2 eh®) 1B Cltige besvienappsBashd -
1T usYPER il 51%%'9% ‘gu.bgg%,@%ib}s{%e\gg%charl e the source. owa(r?gdl.heal substrate
POt enduibalrateGs indrieed 20 segatie thHrotnanddicldaahatpogabal 18 E SPOMNE™ © r equl ar

;a;as s l\’\S?](naiLlc mls 'a]fprw& crlag%%tirin\f_\ﬁm\l/e%gd"%%ea haa ﬁ%nﬁﬂ%ftﬁéﬁtﬁ%ﬁ]e(?wl dli n.e_s)
surrovnding the armray, it has the disadvantage of reguiring extra erase time and the -
supply of a higher negative voliage. ' 7

A more convenient approach, illustrated in Fig. 74, is to discharge the source
toward the substrate potential-(or other area of common voliage) at the end of the
regular erase pulse, while the negative voltage to the control gate (wqrd]ines) 35
maintained. As can be seen, a positive pulse of about 5V s applied between source:
and substrate for about 10 mﬁ. At the same time, the gate-substrate voltage is brou gh;
to ﬁegaﬁve 10 V. and he]d for the 10 ms period. Atthe cnd of the 10 ms period, the
source-substrate potential is discharged rapidly, in a fraction of a millisecond, but the
discharge of‘negaﬁve gal-e-substrate voltage is delayed for a time in the range of 1-100
ms. During this interval the negatiﬁc voltage is allowed to float and any regulation qf
the voltage supplied by the negative pump is disabled. The excess negative wordline .
voltage thus created will be cailed “negative gate bootsnfap” in the following
| paragraphs. In this case, the rapidly falling source-substrate voltage will couple 10 lhg
floating gates and onto the control gates (wordlines), in effect, pushing them more

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



mai nt ai ned. As can be seen, a positive pulse of about 5V is applied

bet ween source and substrate for about 30 rnms. At the sane tine, the
gate-substrate voltage is brought to negative 10 V and held for the .10
nms period: At the end of the 10 ns period the source-substrate potential
is discharged rapidly, in a fraction of a mllisecond, but the discharge
of negative gate-substrate voltage is delayed for a tinme in the range of
1-100 ins. During this interval the negatiye vol Lga@sl oved to float
and aspBitieoud aditbrel phigh phgativsMoHagRe @a&mgw@&ﬁav Bﬁ’ﬁgﬁ%g‘&a??ve punmp is

di sabl ed. The excess negative wordl.i e ¥oldaafles diwsasieateds wi | | be

cal | songmEfar e ofasesd C(S’ttglsﬁ% a{e%%gﬁgWO%l owi ng paragraphs. In this

case, .t he rapidl .00, S RUHeE nEstivt valisgey ol fongdding EXUZBWEI'® to the

fl oat"?\&i’ﬁ“’g%ér’seegﬁﬁg%éﬁ%%nlg%e%ggont rol gates (wordlines), in effect, pushing
t he My Sse (gﬁggﬁé,ﬁ(e bel ow t he vol tage supplied by the negative punp.

Thus, the deési

red 7 condition of relativel QR Vegaly i¥ heVfotdedge for the
wor dl i nes Fagd7Aldepiclsihe earested bEPag %’f]hegzecrg&%(ftage source to substrate

bias will be realize LERL, DR ioBa fiattidnoaft] tkibisevend Of or
geneﬁé&cﬁﬁ@eé’fﬁpﬁﬁ%‘?’cngS??base(Ev ?i@e‘f or for addi ng .extra ti t he

to
er asgasq& E@.} | 3R mﬁicg.the]eé\cglgmeg‘amdgm eolprge od th 8rADIISleCKege Yht %gat e
b1t

vol t age V! the forced disch e of ' S kakes place in
a ti reavefortn fordéGBuob afiér the diSFhﬂfﬁ‘é‘é’g‘E? sgpree k\[zg?‘io?%q'ﬁ%%armur?t of the

excess negatiyve gate voltage and.i af thdargSedaeneient 4 theavef or m
for \Aoslersgraighe gale rﬁ?’%%iﬁjﬁé:aggmet’%e}%gﬁgge (VSSub) and before the active
di schaé%tequg}‘“dg%kﬁreagag&},rfepﬂhe%nhgc dihie capadi gale s osding) PAER et t he VSSub

t ransi n subsequent natural decay for I -on the
cont rgpbatidiat & Hewateddfidredy ddpends @ the agg@gfﬂ@ﬁfgg_!(ﬂ g ng?%t\ég’f&lggggg depends on

the aggregate | eakage of the s yrdrRistdréiioithe pertistieey of thed by t he
structvmédfﬁﬁimla%l}?‘ Sui"ﬁtgret%'gdﬁllgfosl{t\g?s@lﬁ t he peri pﬁery of the nenory

array_whi ch_ dri va:ihenGaht capesoial gt as, wodlins: Molebst aNJedka8fiat any
| eak ZYEVGY a%h%@é%%ﬁ ga?es t hr ough tunngl. Xi gwdrngpgﬁ&wﬁeed in Fig.
4, wopt gherohtraf et thrdvgh tenpebowpie Bs ERYEHCP (%61“1‘ nFg. /A since it would

not contribute | eakage_t e gt &iritie leakagexb el canteal  t he
r el eveig Of/\b’ﬁﬁqbrfge%?P‘\Ej@gg?égmtcggr%%@?gher y,%re devi sed to have | ow

par asjj,.c capacitance conpared to the capacitance between the source and

e T O e e o)l WS BB bopeprRPle cevseand | ow

have low parasitic capacitance compared to the capacitance between the s
Jow leakage, the

ource and -

the control gale (wordline) of the memory cells on each row, and

excess negative voltage VGSub can be Jarger and hold for a jonger time without -

substantial decay. In the limit of negligiblé parasitic capacitance and fast discharging

of VSSub, the maximum amplitude of é?ICeSS ncgélivc gate voltage would be egual in

absolute value 1o the amplitade of the source voltage. On the other hand, if the

Jeakage of the wordline dnivers were ideally zero, the excess negative voliage on the

oate would be assumed 10 hold indefinitely with no decay as long as 3t 15 not
o0 .

forcefully discbarged to ground potential by external circuitry.

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

above, 1.e.,
1. fast — shorter than 1 ms — discharging for VSSub,
2 Jow parasitic capécilance for wordline drivers — in the arder 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

capaci tance and fast. discharging of VSSub, the naxi mum anplitude of
excess negative gate voltage would pe equal in absolute value to the
anplitude of the source voltage. On the other hand; if the |eakage of
the wordline drivers were ideally zero, the excess negative vol tage on
the gate would be assuned to hol d_j ndefinit.el j decay as long as
it ig. not Johodramfleiiage mrghmaa@%a'%@f&j%&dﬁd ”ﬁ&%cn&ldgﬁho%ﬁ"ext er nal
circuitry. Thus, if the design of the nmenory circuit fulfills the three
conditions described above, i.e., 1. fast - sir;j(!irteré thanﬁ}%irfgsq -

di schar gi ng f ' prrasiefdrms Gabec ¥ fat @¢ fFegal 14 ne drivers
- inqﬁﬂgcﬁc%f%reo?\éﬁﬁ%mg?ﬁw bel ow, and. R 3. |ow dr aci]ﬂelrgl%@fge for the
same \WeEdbioR®f rilbicy2e snechimisisisovicaFase AORINEL T AEh " aSe pul se

represented by the waveforns .in,.Fi S 16 @{eq,?;ac@@a@on successi on
of tvdurstiaster cechmstkantsm §W%@djgﬁtg%g‘7§ﬁgﬁgﬁgnne?ﬁerase, and the relative
duratjion for ?ach rrechc% ivﬁ_m can be adjusted by the designer to fit the

specilor @ RN FIPH gart Fcul ar nermory design. If a particul ar memory
application requires fast erase and not very stringent retention limts

for each particular cell, then such a memgr igﬂ%@nfwith a
short chanffed patiager memercatRbSAREP GFH: a%&x?sggﬂgpggg&?isne. Sour ce erase

is inherently nore efficj. AL hneBioRd earcibe dxgigredaphl 2 ed vol t age
due t¥sleptgsilitais {QE&G%P%&%&&%@F@E t he §ppl'i ed vol tage. Thus such a

desi ggy i %]]Janlhg]sé}laﬁie_ fiffle BorBp@Ed 6 thetsobmk eaasaimet SPBICeSTISEdt so i n poor er

menory tetention since the holes generated : @& Baigse nmechani sm
will fisegenllyghoretedficientthan @%ﬁ@ﬁlt?fg?q ﬂé&qwﬁamﬂé"dsu g%%ﬁ%g\t channel erase

part of the erase pulse.. ; | OB, Heysibewsf fdsult ar gehattaisi ty data
stora@@%ﬁ?‘qﬁor\%ﬁfﬁw §§t%ﬂg‘2r§se programrates are Soqu‘%@ég’%d dat a

COT I 61100 e K 151 Q1B 5h blsSres ot sl épieddincE SHAHOIRRTIE can be
used to correct an inherently weak retenti.on.Al,eqRkéglenend of -the
spect semce iefase rpeehenismival s ShOTEIPT €LVETY "good  retent i on but does

not pose a. stri “gﬁ%&iﬂéeﬁf&s&: pgﬂ;c'g h&icBhaeSgh iI® bebdle Itigawleh Bty 4dr ce

channe) erase p

storage memory in which fast erase/program rates are sou ght, and data correction

provisions like storage of additional parity codes, can be used to corTect an inherently

weak retenticn. ‘
At the other end of the épectrum, if a particular memory requires very good

7 ! 7) imit on’ ime, the time for sgurce .
relention but does not pose 2 stringent Jimit on the erase L

e within an erase pulse can be reduced 10 a8 Bitle as 1 s or Jess, followed bya .

ore. In this way, most of the

eras

long time for channel erase of vp 10 100 ms or m

clectrons stored on the floating gate of each cell will tunpel out during the channel

" ' jated with
erase part of the erase polses, and the hole trapping phenomenon associa

source 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 0Ccuy rarely and do not equire fast time rates, but the:
f=)

preservation of stored data over long periods of time 15 critical. |
Negative gate erase can be implemented in flash memory by using a row

decoder that inclndes either al} P channel wordline driver transistors, or CMOS

drivers with N channe] pull-down transistors in triple well. In the following, 2

possible implementation of “negative gale bootstrap” Jor the memory with P channel



erase within an erase pul se can be reduced to as little as | nms. or

| ess,-followed by a long tinme 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 will tunnel out during the chapnel erase part of- the erase pul ses,
and the hol e trappi ng phenonenon asSociated with source erase will
effectively be avoided at the expense of a longer erase time. This
approach may be useful in code storage applicat re and

r epr QGgANHE AEveRentitearscrirdufhe saed G%Wﬁﬁ bg@%au t%faggtﬁ%i me rates,

but the preservation of r.ed Je@$1g periods of time is
cri t itodhe MG M@ 1@&1%‘”%%?;\@%}’383 %dﬁrrp(?neﬁent ed in flash merrﬁ%ry by using

a row decadef tha #‘d@ tehgy: ﬁd}ldrv&cnﬂwnmmmemwdlﬂ?% iver
t ransi stoﬁg E(?F ]&}\5&@& vgdr]?]vvl t ﬁnl\ clhannel h%s[l?wgrw i stors in

tripl fm‘éﬁdrv abict BecH @l hewbry00e0f Fp@s%i%ﬂ‘@“i‘ﬂﬁﬂ negative

gal e bootstrap" for the nenory with P ¢ qdbi@néyice®s s Wil | be
descrpxhhdowi[hfansmm70%@%’5@% \es ac‘ﬁ%{ﬁ é;%n%él%?%pp Il ed 5;to t he menory

with triple-well N chan g{dlvg& redentresgectiegiydbs taglesi gn with
al | P7Q§1@?1‘ﬁ‘élm"dP?r\7 n?%l )té\@{%q’hét e row d?coder for g menory device

such as, gpr%hgggs p] fag]s thirrabia}niamglupajmsgtﬁplﬁ? HHACB 982 and
pul | -cvan transi St or The circuit d e%{;gﬂ\%)cr m?@ﬁwggypl ed to
WEWDFﬁJrE:ﬁthhke?étﬁi pfogr:ma 2B TS O PICIaHNE ages VH and .
represent respectively the . highs wgbé]a@msﬁemprle}yﬁxan s. Their
absol peELve| EE@’%JP%S é}&‘??‘?ll:u]?gn ﬁwl Igggl?l\?vays posi tiv val ues.

for tg’ E’pet 4 &)eg%tgr{gﬁ Righdorg eamerieh giddosthe bedtnad.cear lrréglﬁéiéfhcf{@‘f g)O’AO nd B, are

speci he menory function and to the selected or unsel ected
condi fedparfifulat fav.particular row. In particular, all rows of a memory

bl ock are selected in, the ef 1 Se]gagdﬁmuﬁetiwfsmcglnal s A and B
wil assunﬁ“ﬂ?@é“%&/?ﬂ%‘% mgm WBBQ diines in the bl.ock to- be

erased. i setn®B \sﬂucdssuméﬂmsa:nsvaluwfef@lmw inggin Gy v A=3. 3 V-
B=- 10%6%1‘%25\%%?%%]& It in a wordline.voltage of -8.5.Vto -9.V
depencl;i]dslcggmrbetérazseidhrJ‘\exsidvﬁsﬂdﬁ§"%Sloﬁcz§t‘t})‘¥$l e P channel transistors. In order

to inpl eman{ypt hje %b%\j’, i(?'%aAOfs?V peg@tvve bootstrap” for the -

This would result in a wordline voltage of -8.5V 10 -9V depending on the

thresbold voliage of the P channe] transistors.

1In order 1o implement the above idea of a “pegative bootstrap” for the

wordlines in erase mode, the variables VH, VL, A, B in tbe schematic of Fig. 8 may

be set 1o follow the dynamics in Fig. 7B-or Fig. 7C below.

Capacitive components Cys and Cuy, in the flash memory array of Figure 8

{ the capacitance berween a wordline and the source of all the memo

the capacitance between a wordline and the channel of 21l the-

I ry cells,
represen

and respecu've]y,

memory cells. During an erase, the chanpel is in accumulation state and thus -

e]ecmca]]y copnected-to the common substrate for 2]l the mermory cells in a block.

The falling edge of the source pulse VSSub in Figs. 7A, 78 and 7C induces

the negative bootstrap (negative overvoliage) on VGSub by capacitive coupling

through Cus. 1f we ignore the parasitic capacitances of the driver transistors, the

magnitude of the negative vollage overshoot can be calcnlated as:

\aelta(VGSub)| = VSSub*Cug/(Cus+ Ccn)-

Thus, the negative bootstrap will improve as Cws is increased and/or Cucp 35
*

decreased.



wordlines in erase node, the variables VH VL, A B in the schematic of
Fig. 8 my be set to followthe dynamcs in Fig. 7B or Fig. 7C bel ow.
Capacitive conponents C', and C,,,u, in the flash nmenory array of Figure
8 represent the capacitance betweep a wordline and the source of all the
menory cells, and respectively, the capacitance between a wordline and
the channel of all the nenory cells. During an erase, the channel is in

accunul ation state and thus L electri.cally. t.£0s EOmbBfRnaOMDN
substrate]fﬁaseaislinmifeﬂfrﬁéﬁfﬁo‘?%ﬂn?é%ﬁyiu?f pé’lr%ﬁ'tgég%%%e fall |bng. edge of the

source pu] se. VSSub in. Fi GovGelbithi¢eBic. Shechtget i ve boot strap
(negzﬁgii nd Ebﬂ?éfslﬁglj‘et %&8?”’%?}“ Lll%]%%fj)ﬁ/ﬁ 8ap§ci tive_ caoupl i.rgr%ﬁ t hrough C NS .
r

If we j bd he ﬁﬁtﬂﬁ:ﬂ'etc@m lag offthe werdiimevaibe Meg& %t ors, the
rragnir%ch%g‘?g) OIEGEg“’ﬁéé}g%%%ﬁe \{/:o t age. _ovgr shoot gan b Laed as_
EBF a gC_B %H

1del tiabMEapbiffct = THE Gate-toglrhin/RAESIUCARR A §© e negative

bootstrap will inprove as  C us is inarensadoandiiigingdielt beiweendecr eased.
10 | fovergsef qrain dsfosioahydhe §§teiaﬁdé}jgﬂ&f%% the par asi tglqc-: capaci.t ance

g g gggcﬁ%rﬁitsﬁ ﬂa%ig”gd g,ﬂgl Stg& <ewaid! Both# tpese bampebernts candiestedycsd Mt he row

need to be reduced in ,ord%g ta enhdalglc t gincapacitive
coupltihggelgqutah%xid/ﬁxpdbérﬂacatf;ﬂhdweelh'élgﬂ%‘iﬁ\ﬁéiw oin tﬂi‘ea?)ﬂ etfect. The

gate-to-drain parasitic, capacitance, . ASnDeREMERN udig Joower | ap of
dr ai ndiﬂiusimsiﬁd@\»b«}raﬂh@-‘@%fﬁ“aﬂama%B%%‘g?&rga%{’eé to the fringing field
between. drain surf ﬂ?ét% At guSbRakl/orsooleduing cdBotbirasfontim conmponent s
can b O?Wéﬁn\ﬁqf%%?he (aa%p]of an oxi de spacer |ocated between the gate

si dewgldn,@nel bw).adj oi ning drain diffusion. A low drain-to-body junction
capaci tance CC can be obtained.b i gﬁ,@é ePnsepdse.ati on for ‘the
drain di ff@yilbﬁoﬁﬁdh@?iMW?%Dﬁ%?g:n%a&:‘ﬁ10 irﬂg’tlhe channel (N well).
On t h&é’ t hervg%ggx‘ Lllgemgl‘ycggrﬁ &5 9 i@ end Gf cariVB8ub ppsenbaribed2ior erase.

n

Vol t a 8RS are reduced 1n Fig. 7C at {&e end ]j)f O\We VSSub pul se.
I n t hif (5A5@asiad Laptabiraxmas aeligi 8 widIheFACERLYSO 2opPlPUlBOWE ) e -

exception “of d for. pull-do | ' JB4 <(aPBY hielii gaccoupl i ng
bet we &nansisspd (704 C@?ﬂ“‘t"ﬁé%ﬁ’]@ﬁ\gﬁ]&tﬁﬁ&ar(?d:ﬁ%’]g?%ct S.a@di né t he coupling for
0

"negatiye ho £ AP &0 th 06 Bobetrapreantinedradet. mirimizegoUpFi ng for
negat iavjén%@’g;%é?blé %Dén g‘ge further |ncreased.in “;?Qas%b‘%ﬁﬁ&i}?%gpr ovi di.ng
coupling for negative bootstrap can be further mncreased 1n sueb a- : - |

an extra capacitor 710 between the VE supply and the wordline in the circuit as

shown in Fig. & |
The retention of excess negative voltage VGSub dunng the channel erase part. -

. . . el
the erase pulse is adversely impacted by the drain-to-body Jeakage of the P char.nr’._.
transistors driving the wordline. This Jeakage is represented in Fig. 8 by 2 varjable

current generator 708 between the source/drain diffusion and the body of lhg |
such leakage is kpown as

of

transistor (N wel). In practice, an important component of
| gale-induced drai'ﬁ leakage (GIDL) and is strongly increasing with the vollage drop
between gate and drain. Thus, GIDL appears of concem only for the pull-up P |

channel transistor 702 in Fig. 8 in which the gate-to-drain voltage drop is Jarge in-

erase. Such voltage drop is smaller for the erase dynamics according 10 Fig. 7C, this

scheme appears 1o offer advantages in both coupling and retention for the excess

negalive gate voltage.

Tn terms of ransistor structure, the features listed above for reducing the

parasitic gate-to-drain capacitance Jike a gate spacer and/or low doping concenqat:on

for the drain diffusion are also conducive to yeduced GIDL. Fig. 9 depicts an

exemplary P channel MOSFET structure 302 with all the components relevant to the



an extra capacitor 730 between the VH supply and the wordline in the
circuit as shown in Fig. 8 The retention of excess negative voltage
VGSub during the channel erase part. of the erase pulse is adversely

i npacted by the drain-to-body | eakage of the P channel transistors
driving the wordline. This | eakage i's represented in Fig. 8 by a variable
current generator 708 between the source/drain diffusion and the body of

the transistor (N well) ctlce - {c epamRieindf such
I eakagyamsc REDAGHLABEES (@t@rﬁl}‘ Wﬁcghorgr@% n'ﬂpjehﬂgagﬁ}%% DL) and_is strongly

i ncregsi ng W ) ts}»f@ﬂﬂ vgdsteicard sdtatHgbthus, G DL
appeaf&7ot C&@efﬁ% \6% ?g?“tghg&p])%&g up channel transfst t%02 in Fig.
8 in \9@5{? AHeagsbe rguqbfﬁ,rm prev«)imagmvdrmﬁlgﬁ $RRe TRITIEE B?@S uch

r

vol ta op Is smaller for the er d tdﬁdﬁtg 7C, this
scherrEaIﬂnpemes Inadditicera ke AielegEy aﬁsﬁz ehSP3 ﬁﬁﬁ}%{%ﬂlﬁ retention for the

excess negative gate_ vol e. RE bk sadstb@azdmtpanmsnmce t he
featurPé@SIUicsCta@EF’?g‘G?reQ%?H?@F&J%%EfF{H@“ parasitic gate-to-drain

capaciéﬁa nééé‘sew@uﬂaﬁ‘eefaﬁﬂﬁ’éi%imdbmrdlmwsio}imn@lco?éhcentratlon for the
u5| on are al so conducive to reduced, G DL BQdes? gRhcts an
exenpl ary H‘fﬁﬁaﬁmmmﬁﬁmﬂiaé@ﬁﬁg@ﬂwew{}'rpeﬁ’l’qcstcﬁne nents rel evant

to the 13 parasitic, capgcitanc D mranty. @ﬁd&ro{hﬁ yi -~
n, rni zempdy wetha Exed st died s a%(a’ettegém?? L:n11jly | d UL JL L 2V

LI JUL AJE~ ec o NN ¥®indkhich ehe ms;ﬂeveve gvraheisstors s QU d
be doﬁ’@ﬂd ?wq?jﬂ)‘gjﬁgmgr c deligo

10l NS are present. as SQ Figgd S0 as to
- ~i nigghze e@@gea@igtdmna&melcmh@madtt pojpgiabled BW?JI 3?”&1 electric Sjoe

gat e ‘spacer maybe added to reduce piReel toGubier
t echni syered imrayEPEqIRIRP SRS LD Of 815‘3 Jn%%da&f(]:éémggirag}gl tic. capacitance as

woul d-be fam Liar togT fihOmdiniTagnires buﬂd\agtmﬂrﬁrmemowm?ﬁ, as can
be seeff™ PgR]aTaH]e r%r%@?%gf?mmry devi ces can b ‘f'ackﬂn conply
Wit h aa,g‘dlgg@ﬁiagj@@mhlefdum:onéoasélet prage maehaneTRAttbH Meice En t he

ot her hand, a Dew ki nd no E‘vw@hﬁsrb ce. "n the
&}Tél c{é%%xfgﬂ oI5 LAGATe bbvi e p

duratltﬁﬁisobﬁl"eéﬁftﬂt]?ﬁeﬁﬁm erase and. channel erase can be

made agdj {Jﬂ.@ i 1R 5480k 9ér 18L end use.

Conclusion

A method and apparatus for crasmg flash roemory has been described. The

method includes supplying a negative voltage pulse to the controi gaie of a ‘“‘56]’1’10}'}’
oltage pulse to the source of the

d; and

cel} for an erase period, sopplying a positive ¥

memory cell for a period tha is shorterin doration than the erase perio

discharging the posmve voltage pulse at me end of the second period wherein

discharging the positive veltage pulse at the end of the second perniod effectively

increases the magnitude of the negative voltage pulse.

Although specific embodiments have been jllustrated and described herein, it

will be appreciated by those of ordinary skill in the art that any arrangement, which is

ca]cu]aied 1o achieve the same purpose, may be substituted for 1he spcc:f:c

embodiment shown. This application is intended 1o cover any adaplations or

variations of the present invention. Therefore, it is manifestly intendchthat this

inventicn be limited only by the claims and the equivalents thereof.



stored in a special function register or other nonvol atile nenory
dedicated to such control pai'arneteirs . In this way, the manufacturer
can bjild a generic nenory part and then adjust the duration for either
erase ineclianism at the tinme of manufactufing test, O else let the
user make such adjustnent before or after the device has been assenbled
"In the systemfor the end use. ~Conclusion . A nethod and apparatus for
er asi ng Whaassclataedng: has been described. The -method includes supplying a
negative -voltage pulse to the control gate & 2 MemO017Y M for an
erase period, supplying a positive voltage pulse to tlie source of the

menory ¢cU  fa0mhefoR F eRdinkkaionlvolae fefdey B Ebthgtidioda Ebdfol he, £r ase
period;, and discliarging  the positive voltage pulse at the end of the
second Peatingogatd@rseiiree, adraih arshamsubisimaie s the medwdidomprising: t age  pul se at The

end of the second cried.effectivel 1 iLncreases the ma-en3tude of
the negativeSURRIYRga nﬁﬁ?t’s"&Voﬁ?@%‘ﬁ@%msté%ﬁ?‘ﬁ{oé gat&ﬁ%BﬁY i B7EMR e been
i11ustrady Q'?xdarijé‘r% bdRd: herein, it wll be appreciated by those of

ordi nary ga%iel in t%ebart “that any ai Tangemelit, which is calculated to
achi eve t he samiyipgapositive valtageeudsatis thet sovend rélativé totbe spmoiohi ¢

enbodi ment sbhOAD. This . applicajion.is intended to cover an adapt ati ODS
O var VeagsAer dcoppd Pﬁlﬁ%‘g&%‘ KShonin Surption fhandhe Piase Periack afhni f et | y

i nt ended t hafy; b, Sinel WA iIyitdsnand The
equi val ent s Pﬁyriﬁég?jg tﬁézlﬁ %%ﬁés?ﬁg% g‘:ﬁlsrr% |§?H%]L¥f%g)r§r%%oﬁgg egka’e\glgtésniﬁﬁg a
non- vol disthaeging niny positived valragp pulse atha exdof the seqpati periad effeanelng gate, a
source, ,a drain and a substrate, the nmethod conprising: supplying a
negat i vHEICTR3FesAge magniude of the segatine Meltagsqitser el ative to a conmon vol t age
for an erase period; supplying a positive voltage pulse to the source
relative to the conmmon voltage for a second period that is shorter in
dur ati op. t hafThe aetiesdbsfclgiar 1 odereainthe sedondiperigd ixgshotter thas thei erssevol t age.
pul se at the end of the second period, wherein discharging the positive
vol t agePHRALYRY #hout Banend of the second period effectively

3. The method of claim 1 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 wordline;

a plurality of wordline drive transistors;

wherein the memory contro! 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 after the end of the first predetermined period.

5. The flash memory of claim 4 wherein the positive voltage is discharged

rapidly at the end of the first predetermined period.



i ncreases the magnitude of the negative voltage pulse. 2. The net hod of
claim1l wherein the second period is shorter than the erase period by
about 2 ns. 3. The nethod of claim 4,wherein the increase in magnitude of
the negative voltage pulse is greatéer than 3 volts. 4. A flash nenory,
conprising: at |east one nenory cell conprising a source, a drain, a
control gate, a floating ate and a substrate; and a nenory_control

ci rcui t6 a whhelflpshememopy ofcémmifwbﬂrewmﬂlgmmnﬂfﬁq ofdhe pegaivevolage wher ei n

t he me cont.rol._ci r,cui rovjdes.far plication of a positive

vol tagggﬁ%ct“\y\glgﬁmfrﬁae‘%g ireets 56daege”é1r"ée§ dc? “common vol tage for a first
predeterm ned period and application of a negative voltage between the
gate and an area of common voltage for a second predeterm ned period,
the secénd pifbel8agdy memery pietlaiout bdgicimtiha gnagnitadroef the negativaaoltagle as t he
first predetermned period and di determ ned del ay after the
end of EEAFS '“53‘@“3@?&?%88‘1 ﬁ@?)’gg?ﬁ%‘%ﬁe flash nenory of claim4
wherein the positive voltage is discharged rapidly at the end of the
first predeterm ned period. 13 6. The flash nmenory of claim4 wherein the
magni t u8le of Thé8astegamioneofdiitegwherif omgmitide dfnlby ecgstive doltdgeg t he
predeterm ned delay. 7. .The flash nemory.of claim6 wherein the magnitude
of the ﬁgﬁ’é‘tvdlyén?fs#éggnng rpé%ffﬂé"émé‘{‘}%i % he predeternined del ay by
about 5V. 8. The flash nenory of claim®6 wherein a magnitude of the
negative voltage effectively increases during the predeterm ned del ay.

9. The 9] ashTheflashymemocy of ciaifn évwderimthe Ipesipivs voltage appli¢dhbawapptheed

bet ween the: source apd an area of conmon vo$%@e is between 3 and 6 V.
10. TheSqWeEHIANASF3/ O cronamamléaaeﬁ%{w%aﬂ si'ng wordline drive
transistors having a |low parasitic drain capacitance conpared with

wor dl i ne capacitance. 11. The flash nenory of claim 10 wherein the | ow
parasiti@ dr3heflagpmemoanctclaim 9 hutlicevardprisibg veatlineidnivp dransistoys LDD

regions, . ... . . . . .
g having a low parasitic drain capacitance compared with wordline capacitance.

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

achieved, at least in part, by LDD regions.

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

achieved, at least in part, by gate spacers.

13.  The flash memory of claim 9 wherein the negative voltage applied before the
predetermined delay between the gate and an area of common voltage is about 10

volts.

14. 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 source voltage to increase the magnitude of a negative

voltage applied between the control gate and a common reference voltage.



12. The flash nenory of claim 10 wherein the | ow parasitic drain

capacitance is achieved, at least in part, by gate spacers. 13. The

flash memory of claim9 wherein the jpegative voltage applied before the

predet erm ned del ay between the gate and an area of comon voltage is

about 10 volts. 14. A nmethod of decreasing holes in the tunnel oxide of

a nenory_device conprjsing a source, .a contrqgl gate, floating gate, a
ia et i

drain an® a dhes f claigr 14ywherstn the desrease wythe sevnce valtpgsqsse i n a
source y%h&]gge to increase the magnitude of a negative voltage applied
bet ween ¥he’ cont r ol gate and a common reference voltage. 14 15. The

nmet hod of claim 14 wherein the decrease in the source voltage occurs
rapidly. 16. The method of claim 14 wherein the increase_in _negative
vol t agelfs eflhemethpdyf claimpticwhergin the insraagein negativeheolipge ioeffesteddivai m 14
wherein the. increase in negative voltage is augnented by providing a
capaci t 63P9 lé'tvﬁlggﬂpa]frfge wordline and a positive voltage supply. 18. A
nmet hod of decreasing holes in the tunnel oxide of a nmenory device
conprising a source, a control gate, a floating gate, a drain and a
substral@, tMbe mathdbof daimpl4 whergin the intgease omagetvsevaltaga isaigmegtedappl i ed
to the source..that is.positive wth..reference.to conmon voltage to
coupl e ygmvgtga%atcgpqcﬁgr werbihe giqrdling, q%osﬁbvgszavto?t\g%e Slmpﬁh reference to
t he common voltage. 19. The nethod of claim 18 wherein the coupling is
augnented by a capacitor.

18. 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.

19.  The method of claim 18 wherein the coupling is augmented by a capacitor.





