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typical NOR configuration. In addition, the drain regions of the cells are connected together by a conductive
bit line. The channel of the cell conducts current between the source and drain controlled by an electric field
30  developed in the channel by the stacked gate structure. In the NOR configuration, each drain terminal of the
transistors within a single column is connected to the same bit line. In addition, each flash cell has its stacked
gate terminal connected to a different wordline and all the flash cells in the array have its source terminals
connected to a common source terminal. In operation, individual flash cells are addressed via the respective
bitline and wordline using peripheral decoder and control circuitry for programming (writing), reading or

35  erasing.

A single bit stacked gate flash memory cell is programmed by applying a voltage to the control gate

and connecting the source to ground and the drain to a predetermined potential above the source. A resulting
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voltage instead of ground, which is used for read and verify operations. A problem with dual bit operation is

30 that since an entire sector of memory cells of the array is block erased a typical flash memory array device
cannot support the erase current generated by the relatively large number of cells being simultaneously erased

during the double or dual bit erase routing.

Therefore, what is needed is a method of erasing the flash memory cells rapidly and in a way that the

charge pump of the memory array device can support the erase current.

35  DISCLOSURE OF THE INVENTION

According to the present invention, the foregoing and other objects and advantages are achieved by a
method of uniformly erasing an entire sector of a dual bit flash memory device having a plurality of sector

arrays without exceeding the current available from a standard current supply of the flash memory device.
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embodiments and its several details are capable of modifications in various obvious aspects, all without
departing from the scope of the invention. Accordingly, the drawings and detailed description will be

30 regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF DRAWINGS

The novel features believed characteristic of the invention are set forth in the appended claims. The
invention itself, however, as well as a preferred mode of use, and further objects and advantages thereof, will
best be understood by reference to the following detailed description of an illustrative embodiment when read

35  in conjunction with the accompanying drawings, wherein:
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the VT of the memory cell 10. The cell 10 resides on a P-type substrate 9 with the conductive portion 24 of

%I ine 34

the bitlines 32 and 34 formed from an N* arsenic implant, such that a channel 8 is formed across the P-type
25 substrate 9. The memory cell 10 is a single transistor having interchangeable source and drain components

formed from the N* arsenic implant portions 24 residing on the P-type substrate region 9 with a gate formed as

part of a polysilicon wordline 12.

The silicon nitride layer 16 forms a charge trapping layer. Programming a cell is accomplished by
applying appropriate voltages to the bitline acting as the drain terminal, to the gate and grounding the source
30  bitline acting as the source terminal. The voltages generate electrical fields along the channel causing
electrons to accelerate and jump from the substrate layer 9 into the layer 16 of nitride, which is known as hot
electron injection. Since the electrons gain the most energy at the drain, these electrons become trapped and
remain stored in the layer 16 of nitride near the drain. The cell 10 is generally uniform and the drain and
source are interchangeable. Since the layer 16 of silicon nitride is non-conducting, a first charge 26 can be
35 injected into the nitride 16 near a first end of the central region 5 and a second charge 28 can be injected into

the layer 16 of silicon nitride near a second end of the central region 5. Therefore, if the charge does not move

there can be two usable bits per cell instead of one bit per cell.



20 bitlines 32 and 34 are forned of a conductive material 24. Boron core

i nplants 20 are provided on both ends of each bitline 32 and 34 where the
bitlines woeB/10d470 bott om si | i con di oxi de | ayer 18 or al on®@CrhiSo®mese e
transistor. The boron core inplants are nore heavily doped than the P-type

substrate 9AaPEvigrsysiaied. thy fl@b‘i’i‘f‘ﬁ%% @Y be soprd inire layer 168 sifgonrgitgide @ied fjrst ¢l of The
cel | 1fectasil d@&nerancahd%ectoycp@a@ui&iaﬂ B seoréd avvhé dinek bR oﬁ@@&u@aﬂ te¢Rn Pakk thﬁn 24 of

the bit]i 4 n_N ni c

chann eHO gﬂ&%n ?egld%g mgmor; 8351 q? h glfxel:go %P bq mela%ry cellts)l% tlSrSg%l qgca?#lﬁ\’,vm ﬁgrlgnn aré L | 10 i s
a S|ngWé“WW&W§P§FW¢mW&WFn§mFﬁ@%ﬁ%héwgé@b%@mﬁbvﬂ@éﬂaﬁéﬂdmhmﬁmesnwdnents

f or3redoviflinen 4s (AR stitce WrHigs wber ﬂ@kaﬂiﬂlngqﬁyléﬂ NS0, 2tke WSS tnd kddghdWUide RE By B E

bstr at at d t of dl
100 T i s PR B 26 0% Be B B agg?w*alag(ﬁﬁégﬁvéw il g?(r)gr:anm?n g
acell is aﬁ&@@pg aosmsﬂ %ﬂ%ﬁ%h&q\s@&o@ Pclaﬁ;zgsssho%t %&%&%%a%g@ Rit] ' ne

act|ng as t rain roun e SOU ce
bi t | i ngPuble Pt figsh memern eeﬂg é‘éﬂﬂ eSethft féPSrﬁOrs%ﬂwn arrth@sc&léthua@we deRerpartian eff |ﬂ@c§@crqr c aI
fi el dsofabinrego mhedegmmaedomeoaa&om@da |“@ﬁﬁ1ﬁd)ﬂ&roﬁ1€} zama H&b&tlﬂ)saﬂﬁilgjv&}féps fromthe

SUR§ tr te%non%}ﬁ%{ ) e}fgrlged onQ§e s Q(}{‘ {3 C’L tg ; Q elar| ion such af 1?{8gramm1f1g, readm% vé’r\?i)fu?‘gts hgogl’ ain,

electron 1 njec gal n ener
t hese @hrdngt: r%ﬁéltlbewﬁﬁlemaww @nﬂcentrcélnreﬁ%leswraé@ess wSmﬁ@mhta:yérpmma of

Ni tri dg st asntrbie (df sBbwh) or HRAIKE. Ebual BiCHakiSmGRREIA shidh a6l 6 A Bdeatihg rdfsal N and

source_are interchangeabl e of silicon

non-corgﬁéﬁmﬁﬁ Aé”?P%%Y“%W&Pd@“?%t%t%gﬁé’§§h?ﬁﬁﬁf?%dmiﬁf8mﬂﬁﬁ Wﬂ?rlde 16
near aWLilyWE2, enidVioh. &bhengshitinals ategédoneash bind a sellsecahahncdualr g bitld8s Rlan be
injectped LM, the layer 16 of silicon nitride near a second end of the
central region 5. Therefore, if the charge does not nove there can be two
usabl e bi tSFiggQi’re eal dnd'Th‘Hl@ﬁﬂh%fraféQﬁe%ﬂch% s&@f'volté’ge%eﬁﬁét&@qglgo

PCT/ US03/ 126 previously stated, the first charge 26 can be stored in
t he Iap@'formmg)readingn pogrenining dad single sidedsrasenf & dublebicmamon) callsldi on 5 and
t he secaond r be sta t the other end of the central region 5
such that"e H%ﬁ%ééggﬁ ?@gﬁﬁg 6@§:ﬂennry cell 10. The dual bit nenory cel
10 is synne&#§§3% allowing the drain and the source to be interchangeabl e.
Thus, the fi Feline 32 may serve as the drain termnal and the second 5
bitI| re—34—as—the-source term nal—when progr ,, -
Li kew { he se d bitli 34 M erve a‘,,he'drain‘terninal and the.
first §P‘i f“i‘oﬁe 32 %OQ t he scdw'i;aé“e terrywtﬁ’éﬁ for: %’B’Q"r]anm Hﬁm{"ﬁ'ét ri ght

Referfing now T¢ Figure 2A, —a porfion of a TETC[UI‘WNF cel1ts 200175 shown.

The serda@r is ancarray of | «qubl e |biyt flash |nmepory cebbspinghehvas tjhe cells
10 shpwn_and described in|Figure The portlion of the sector of cells 200
includes a bitline controliler 202}{and a wordline controller 204 that decode
|/ s pRing varil&s 10 oper'ati ons |t!Rat are pérfor med| dArmehd sect or 1200

(e. g. operationsuch—as—progr cunliIJ ng;—readi g, verityrng,—erasing). The
bitling.goptrolley 202 an rdlinegontrollgr 204 I’Pﬁgll JEaddress |bus
i nfor ?é%on froma systerm controll’er (not éhovvn) or [the | trc@ Dual{ bit

fl ash| nenory cellls such ag cell SL10 are fonmed in mrows and n cglums. A

comopPragu| i ne [iCd attachedbo the @ate of edshy cel | | Hot eecraw, sucq as
V\DI’C“ nac \vl\‘.ll_ﬁ \ALl - \I\V’) and \AWm A common U;iLTIJI;pre s—att ::r\hnrl fleach b|t

T T VAT

bD—

of a C’F\!vc!-siécr}:rag'é { @1 %55 S UC -3 9 S bl §l Iton()evs BLO Sto 6v Hot hole injection
One side-erase | CO -3 to —-6v Sto6v Float Hot hole injection
One side-erase | Cl -3 to —-6v Float 5to 6v Hot hole injection

20

Figure 2B shows sector 210 of a memory device that has been divided into logical portions 212-218
for reasons that will be discussed below. The boundaries of the portions 212-218 are indicated by lines 220,

222,224,226 & 228, which also represent bitlines that are shared by adjacent cells. The memory device has
5
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25  sets of stepped pre-erase voltages serve to decrease the VT of the cells in steps, which serves to decrease the
band-to-band current thus decreasing the current required from the charge pump. As is known, a charge pump

can supply more current at lower output voltages. .

TABLE 2 lists some of the stepped erase voltages that can be applied to the cells during a pre-erase
routine. The number of different sets of per-erase voltages and the order of application of the sets of pre-erase
30 voltages to be applied to a specific memory device are preset by a mask applied during the manufacture of the
memory device or by the programmed CAMs. The number of different sets and the order application of the
pre-erase voltages, as well as the number of erase pulses per set of pre-erase voltages is determined during a
preproduction characterization routine, either by computer modeling, empirical testing or testing of
preproduction samples. For example, the application of only one set of pre-erase pulses may be sufficient for
35 the specific device. Another example is that set 1 (from TABLE 2 below) of pre-erase pulses would be
applied to the device followed either by set 2 or by set 3 or by all three sets. Another example would be that
only set 3 would be applied. In addition, the number of pre-erase pulses can vary as preset in the mask. For

example, the number of pre-erase pulses could be 1 or more than 1 in each of the sets in TABLE 2.
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pr e- er agdard gk rnes addigiendjreglydpth@ O proaramming equijreraf 40¢. If the sector does not pass the
25  verify erase at step 404, it is determined at 408 if the number of erase pulses applied to the sector has

exceeded a preset number of erase pulses preset during the manufacture of the memory device. If the number
of erase pulses has not exceeded the number of preset erase pulses, the routine returns to step 402 where
additional pre-erase pulses at the initial voltages are applied to the sector. If the number of erase pulses has
exceeded the number of preset erase pulses, it is determined at 410 whether another set of pre-erase voltages is
30  tobe applied to the sector. As described above, the next set of pre-erase pulses that have been preset are listed
in TABLE 2 and if the initial set of pre-erase pulses are the ones listed as set 1 erase pulse in TABLE 2 the
next set of pre-erase pulses could be the set listed as the set 2, set 3 or all other puises in TABLE 2. If the
initial set of pre-erase pulses was preset as the set listed as set 2, then the next set could be chosen from the
ones listed as set 3 erase pulse or all other erase pulses in TABLE 3. If it is determined at 410 that no further
35  pre-erase set of voltages is to be applied, the routine goes to the standard erase routine at 411. If it is

determined at 410 that further erase pulses are to be applied, the next set of voltages is applied at 412. A
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cel I's verifP"ag TEPYL *{fyaﬁee‘?‘%%srtjf’ﬁ tﬁeg‘“‘léﬁ ¥t Seg"re%é‘ég’éersrn?“rr%%taﬂﬁ}é"’g(ag‘%g‘?l BRd  (e) if
all of the awlstsg4@pothrovisedsteinfiyingiéanotherseidf hegiase veltagesayio by applied £4@- r out i ne
(312). 10 2. The nmethod of Claim1l wherein step (b) is acconplished by:

(f).pre-erasjn h ctor with Jdnitial set of preset set of voltages
(4%%) wherei eg‘ﬁ%"qe?fi%fai"&?wﬁ?r%%‘fp@ grurthst ac\%‘f@%‘@‘g@"i s preset by a mask |ayer
appl i ed dqy i pngertsing tiraertrf voh unest podset sdy of voltapsd(4 192 Hivrisdedemined ¢hat anfther sapeff | f yi ng

erase of the Rectiof vt 4QMdd B dehy;t he sector verifies as erased, soft
programm ng the sector (406) otherwi se go to step (h); rm ni ng

i f the nufibeferiimsgpsobthntrrion@!4 iighg ney sd af Yohppesiaagpbept applisd %"3@&2&%{%’5& et
nunber of ertasectorPelitee ss ka¢d, foh@roptniing the prees@l6) sttrwisk gatokita@es (408) and i f
t h§5 nunbe IEk) O(Ieteglliif?ﬁ;fif Ry l‘uﬁﬁ)%r &%ra&%hlse@é&ﬂ%u[‘i&estep (i) exceeds a preset number of erase

pulses for the next preset set of voltages (418) and if the number of erase pulses do not exceed the

preset number of erase pulses for the next preset set of voltages further applying additional erase

pulses otherwise determining if another set of pre-erase set of voltages is to be applied.

30 4. The method of Claim 3 further comprising:
(I) repeating steps (i) through (k) until it is determined that another set of pre-erase set of voltages is
not to be applied wherein:

(m) a standard erase routine is applied.

35 5. The method of Claim 1, wherein said pre-erasing comprises using a pulse with a gate voltage
between -6V and -8V.

6. The method of Claim 1, wherein said pre-erasing comprises using a pulse with a drain voltage
between 5V and 6V.
40



preset nunber of erase pulses for the initial preset set of voltages
further applying additional erase pulses (402) otherwi se determning if
anot her swO oofioqipe- er ase voltages is to be applied (410). pe@/UB03/Tdee6 et hod
of daim2 wherein step (bg is further acconplished bg: Sié pr e- er asi ng t he
sector wi T-h The metkad b Flasel Waeein wid Rrising 6UnRriset 9yng pre-4e YURRIIT AP Hed t hat
anot her set g@fing 2\¥RIpkd@ASn drrackeBizdntn @ppki ed to the sector; (j) verifying
erase of the sector (414) if the next set of voltages have been applied to
the sector and if the sector verifies as erased, soft progranm ng the

sect or (446)Themkbednif Shinyb wheeis sadprq-&ysing PBNRHRSS ugirgSptef PIE-FGSS'P38%e nunber of
erase pul ses ghRRlioad dibd: BGets bR -drdsd vad¥geeeds a preset nunber of erase

pul ses for the next preset set of voltages (418) and if the nunber of erase
pul ses do not exceed the preset nunber of erase pulses for the next preset
set of vobit ampemethot dfl@m appéryin rifl addindnicondzyicedp adual bitdlashgregnoptdattan se
determning if another set of pre-erase set of voltages is to be applied.

30 4. The nethod of Claim3 further conprising: (1) r ating st (1)
t hrough (K- Thammethod gf Glaim b estherpisaitiipsh ’H%{‘E%‘}?ES‘E%%F‘P 58%”6‘?“9? %“P‘é?%‘%‘%g‘gf%t of

volg ages is rpt to be applied wherein: (m a standard erase routine is
applied. 35 5. The nethod of Caim1l, wherein said pre-erasing conprises
using a pulse with a gate voltage between -6V and -8V. 6. The nethod of
Claim 1, wherein said pre-erasing conprises using a pulse with a drain

vol tage between 5V and 6V. 40 9 WO 03/100790 PCT/US03/12636 7. The met hod
of Claim1, wherein said pre-erasing conprises using pre-erase voltages
determ ned during a preproduction characterization routine. 8. The nethod
of Claim1l, wherein said pre-erasing conprises using a set of pre-erase
voltages 5 selected froma nunber of sets of pre-erase voltages. 9. The
met hod of Caim1l, wherein said flash nenory device is a dual bit flash
menory devi ce. 10. The nmethod of Claim1, wherein said flash nmenory device
conprises a virtual ground architecture 10 (210). 10
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