NROM FLASH MEMORY W TH SELF- ALI GNED STRUCTURAL CHARGE

SEPARATI ON TECHNI CAL FI ELD OF THE | NVENTI ON The
wpe@ses268 nventi on rel ates generally to nmenor yPAEUSE4036674

and in particular the present invention relates to

nitride read only nenory flash nenory devi ces.

BACKGROUND OF THE | NVENTI ON Menory devi ces are

NIBONEFLASPL NmM@k@WIm@m-Amemmsm URAL CHARGE
integrated circuits in @%ﬂ??i&TﬁDNf ot her ectronic
devices. There are many different types of nenDry

i ncl udi ng random access nenory (RAM, read only nenory

(ROV), dynanm TECHNIOARFIEED OF THE INPRNTION
synchronous dynam ¢ random access nenory. ( SDRAM
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range o ectronic ap tions
typically use a one-transistor nmenory cell that allows
for high nmenory densities, high reliability, and | ow

el ude. per sonSACKIHBEND SREIWVIERGIOE ™Y
assi plemdlpddviledale tyicaly flovidedas %mﬁnﬁnﬁ%ﬂdﬁk@f integrated
t el ephones. Program code and F&htem data such as a
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acce3 h}énﬁfﬁ@DRAWR@lﬁ:hroh’B@\dyfmaﬁncSﬁﬁ@orﬁ facdeR€memory (SDRAM), and flash
characteristics of flash nenory but does not require

MCRPE- speci al fabrication processes of flash menory.
NROM i ntegrated circuits can be inplenented using a
st andashona@nas q@mereba:,ve devejopesl ifto 4 pqmliarao@se af non-volatile

cross-sectional vje a typical, prior art
Qs S5 R or el Al BT B ol Sty wse
one tasistbOMeMdty ddi thatClotvs ifsr lﬁgmﬂkm‘é)?}dd@fsnﬁs QQ Qﬁ Febiabitidf, @nd low
100 forned on top of an oxide-nitride-oxid ONO

pPowpRgRAsUmpHen; Gogymaen pses &rrfseh Smosy Ir@hld_@pp@@nalwympum personal
digi adsR PP tdl 19:1? cg:rggra § rcelﬂﬁ%r}el\é’[}h&rfés.tﬂggl%ﬂla&%g ahd system
store og' t es

rrous s
data such as a basic input/output system (BIOS) are typically stored in flash memory devices

for use in personal computer systems.

One type of flash memory is a nitride read only memory (NROM). NROM has
some of the characteristics of flash memory but does not require the special fabrication
processes of flash memory. NROM integrated circuits can be implemented using a standard
CMOS process.

Figure 1 illustrates a cross-sectional view of a typical prior art NROM memory cell
with a channel length, L, that is greater than 100 nm. This cell is comprised of a control gate
100 formed on top of an oxide-nitride-oxide (ONO) layer. This layer is comprised of an oxide
layer 101 on top of a nitride 103 layer upon which the charge is stored for the various states
of the cell. In one embodiment, the cell has trapping areas 105 and 106 for storing two bits of
data on the nitride layer 103. The nitride layer 103 is deposited on another oxide layer 104

that is on the substrate.
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of the cell. In one enbodi ment, the cell has trapping

areas 105 and 106 for storing two bits of data on the
wordosioe268 ayer 103. The nitride |ayer 103 is de@DEE1004036674

on another oxide [ayer 104 that is on the substrate.2

Two source/drain regions 1092and are at either end of

the gate 100. The source/drain regions 109 and are

CONYGES athyarfin GHABNL] 002489 19 oBEANRAE: dallf iihzate 100, The

sour'ce/ drai n regql 111. The function of each
sours€® draberegdions M09 agl DIl 46 Bommrected by(al chennel afeetlhe betswean the two

s SR 2R B RS gt 1 i,

wheﬂf%?gcﬁltr Y dréufl)& Oln%hléhc‘bllt Qﬁéﬁtloﬁlbr | 0®isbeins 1AL written. For
source drain re |on 11 and output fromthe right side

examp:lg; iora ré@Doperdin| Eithe eirder i§ Mpuhd tholgfteidespurcg/dgain rgion 111 and

th he dat
ougit §PgBitfEhsierreeh 480 T8 R Rl WS RE 1R gbg BRAF stoB s e
draif1 6FRadd e 1A vitehamB us a6tedonrthe hiti¥de M3 Jb Getda e RBADI Y for bit area
density of NROM devi ces, the channel length is

106r educed. Figure 2 illustrates a typical prior art
pl-anar NROM devi ce that has a channel length that is
| essAd ltiamaﬂﬁ@ctmrs thytot mcmascas@nowmnmhmfd\élkolvbﬁ@ms; the channel

el ke WS e OB R PR D o s

charfifel Rhgth thithis leBethh® 20PAS, Ff Bls@dsed BRVRanil telefl is @6 BRIt that the bit
reasons stated bel ow which w |l become apparent to

trapping seeas ROF arst2Q6rovetiap. dihie aypdap Max AUy datgwrite and read errors.
under st andi ng the present specification, there is a
needfdr thet teesoas stafed mbaves wed fozothen tctasqmsestemd balmOWhiehwikbecome

h
N A T T S —————

ther@iih Rleh %A tlﬁraﬁ%?ﬁr&nﬂ!l& R EPIBTHEIR OW HEBCWRBAN ttrappmg area
Invention and will be understood by readi ng and

ovel_é.ap,ldyl ng the foll ovv| ng specification. The present
i nventi on enconpasses a nitride read only nenory
(NROV flash nmenory transistor. The transistor is

conprised of a substrate mﬂ{gst and second

source/ drai n regions. AnS yer i s deposited on

the pbsbi@hRntioned problems with trapping site overlap and other problems are
addressed by the present invention and will be understood by reading and studying the

following specification.

The present invention encompasses a nitride read only memory (NROM) flash
memory transistor. The transistor is comprised of a substrate with first and second

source/drain regions. An oxide layer is deposited on the substrate.

A gate insulator layer is coupled to a portion of the oxide layer. The gate insulator
layer is comprised of separate first and second sections. The two sections are structurally
separated by a middle section of a polysilicon gate structure. Each section is capable of

storing a separate charge.

The middle section of the gate structure is separated from outer sections of the gate
structure by the gate insulator layer. The top of the gate structure, as well as the portion of the

gate insulator deposited on the top of the gate structure, is planarized and a metal contact
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A gate insulator layer is coupled to a portion of the

oxi de layer. The gate insulator layer is conprised of
waepanaes first and second sections. The two SBCI/US2U84/036674

are structurally separated bé a mddle section of a

pol ysilicon gate structure. EBach section is capabl e of

storing a separate charge. The middle section of the

coupied fo Sk ied kgcﬁohssofstﬁ@ §£t€ts§ﬁjctﬁﬂe%mﬂta§ ltheS&felk bf)é‘a%h%ctfdﬁeof the
ate structure by the gate insulator |ayer. The top of

gatetingnlgfat.e structure, as well as the portion of the gate
i nsul at or deposited on the top of the gate structure,
i s phather embodiments af thetialention imdtd® methpdsenhdtappdrhtas of varying
three sections of the gate structure as well as the
SCO0¥nds of each section of the gate insulator. Further
enbodi nents of the invention include nethods and
apparatus of varying scope. BRI EF DESCRI PTI ON CF THE

DRAW NGS Figure 1 shows a cross-sectional view of a
typi cal pri oBR&EF DE&WR&BTIOMQETQIEMWWIN@&M er

tha 'Fx];grgl WBP l.ﬁﬂtgf?‘ ! V\%F‘? &/Ia? ﬁ%ﬁéﬁ%ﬁﬁ&?@é\é{gvﬁ Wéwa

Chm&g@gﬁﬁkrﬁmgqognﬁlshoms a cross-sectional view of one
enbodi mnent of an NROM cell of the present invention.

Fi gugigu 25ews a%sz@-%éﬁtfanﬂvﬁb R 9 @ypieRaFidt APNRUM cell with a

di strirbuti on di agram of the present invention in
chamet essitmo d00nth t he enbodi nent of Figure 3. Figure 5
shows a cross-sectional view of a detail of the charge
st orEigere3eghiows a crass-aecivnhdibview ofibhdiebedimehiosfian®NROBS cell of the
Figure 3. Figure 6 shows a cross-sectional view of one
Preséﬂ‘b‘&?ﬂ?ﬂ’?’@ﬁt of a step in fabrication of the NROM cel |
of the present invention. Figure 7 shows

cr osEigwied shewa p resuliipeshaeasscparaiin Wrﬂls%butwnsmg@q@é the present
inve?m%l\glg I;]r? %cgn : DM e e MR aRhd R Bt Blgutd's Present

Figure 5 shows a cross-sectional view of a detail of the charge storage regions in

accordance with the embodiment of Figure 3.

Figure 6 shows a cross-sectional view of one embodiment of a step in fabrication of

the NROM cell of the present invention.

Figure 7 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

Figure 8 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

Figure 9 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

Figure 10 shows a cross-sectional view of one embodiment of a subsequent step of

NROM cell fabrication of the present invention.

Figure 11 shows a cross-sectional view of one embodiment for programming the

NROM cell of the present invention using substrate enhanced hot electron injection.

Figure 12 shows a block diagram of an electronic system of the present invention.
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Figure 8 shows a cross-sectional view of one
enbodi nent of a subsequent step of NROM cel |

wo awsioesats on of the present invention. Figure BCHORWE4/836674
cross-sectional view of one enbodi nent of a subsequent
step of NROM cel| fabricatiofh of the present
i nvention. Figure 10 shows a cross-sectional view of
one enbodi nent of a subsequent step of NROM cell
fabrication of the present invention. Figure shows a
cross-sectional vi DETAIIER DESCRIBEQN f or progr anm ng

t he _N | | t t ti ' bst s at
onh IR BB oigring dssleg ﬁ%cﬁa%ﬁ%e ot ¥ S Boh, Ters Rl fhaRide 6 e
acc r{ﬁﬁiﬁng lgaiaB Mht HRmel RRHeRRF an@mlﬁeh gfshbaﬁ By ®a@6t illustration,
ention. Al LEDDESCRI PTION I n the fol |l ow ng

speccfeq canbaskimeats o whichdhe ipventioa m%w@mra@wed rlaftles drawingsslike

o SR RSBy B P e

emb8Hfehfsi e FRABEIRNusididht ralt o éﬂ'h%ld thykild iffhe d2€to practice the
practiced. In the drawings, |ike nunerals describe

invegiieys Qiheriearhiogimenis may be Bitkizsdane stragtrial desical. andeslectrical changes

s SV R B SREROBEIL e B SRERIAE Ate Fqing
detafl€d @ysabpticreis] therefory et todse takdnhiara laniiag béma,t@drma/sdope of the
utilized and structural, logical, and electric
DreseN EHOR R e BB T L BRPEHERa RIS g PRENAENG | lee@pge
of the present invention. The follow ng detaile
des cFﬂglp@ B dHustratestarapssfseptionaligewof opeem mémentrpfaan NROM cell of

the ér'gsrga e]gll cl t R %ﬁe c%yq { hﬂl?)mg‘e%oc&gwgfch%%g st%fa%% %Heeas aﬁy gﬁc[ that are

disctidsed ﬁﬂfseqlﬁhgyl hﬁgr%afef de1sil with efe@ncd RIHge Gt Imuhﬁl en\bcﬂ%ent, a
_of one enbodi nent. of an NROM cel | . of the present .
nitriflg;layer is 8t Plaged undey the gentefial, rﬂil%fé%llstﬂf’ftcwr@ﬁé% igdhe P%?raagte
areas 301 and 302 that are discussed subsequentl
gr ediherced danii polysilinon gdte ptarrére 83 Fiddaithat & COIHFPftSh‘%/ of a middle
secué)g%? S Ian"% Pw? Hl?te néetc{lol%e.iﬁaa}{ﬁ I3 111 SA %g e nﬁ)gu?ag(?rqs f'cﬂﬁll%g rotnglr?ei sides of the

YRS channe

middiB ectidhlof ft@sgate filckHE B3 Qrehiedt eheshmu@tbuse@a&ie& the idle section
that is conprised of a mddle section 315 and
315 fgmethe swe gnils otes sertigpg3 Band 3d4gAcontrplgatemeial ?@ta%?’h%a"» formed

over t[’lpag sgétg)gl? g? g%ﬁ: %u?ﬁlkeﬁﬂs_’aecgi n of the gate

ructure e I nsu ator separates the
" S R 0 Sl AR P
injedt&d &BEtrons in the NROM device structure. In one embodiment, the gate insulator is a
composite insulator that is comprised of an oxide-nitride-oxide (ONO) configuration where
the charge trapping is accomplished in the nitride layer 305 and 306. In one embodiment, the
top oxide layer 301 and 302 is part of the oxide fill 303 and 304 respectively.

Alternate embodiments use other gate insulators besides the ONO structure shown.
These structures include oxide-nitride-aluminum oxide composite layers, oxide- aluminum
oxide-oxide composite layers, oxide, silicon oxycarbide-oxide composite layers as well as

other composite layers.

In still other alternate embodiments, the gate insulator could include thicker than

normal silicon oxides formed by wet oxidation and not annealed, silicon rich oxides with
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over all three sections of the gate structure 313 -
315. The mddle gate section 315 has only an oxi de
WO palos268 320 and does not trap injected el ece€DOS20041036674
the NROM devi ce structure. In one enbodi nent, the gate
insulator is a conposite insdl ator that is conpri sed
of an oxide-nitride-oxide (ONO configuration where
inclhi8n RSP QRPN idon, AREHTRyh#HEMabé} thiterrOhée doﬂ‘g)osite layers,
'ayer 305 ‘and 306. In one enbddi nent; the top oxide
silidoayrivh aBoinamcox3iinpwatperthatafe ndicomppsite lhydrs, sBE®nangpcarbide

. 04 respectively. .Al.ternate enbadi nents use .ot her e
insufst s G ety S mbau R R oot PUQE R Pl o WA qiBSens
nan8pdrtiSlb/besHlidoATatige, X hdHRdH tolokide nah-WididhisTheNt I gle layers of gate
_ conposite |ayers, oxide- alum num oxi de-oxide )
insd@apsditve of aper eomupsily @sedsinsylgenmateriaksiees Six Nedl, Ti, Ta, HE, Zr,
and czgposi te layers as well as other conposite |ayers. In

Il other alternate enbodinents, the gate insulator

could include thi.cker than nornmal siljcon oxides .

¢ oring SfpaifumensheFifie i Koo Rotbhsnd ok MO R i egipps,10 and
3110K 1616 A1udtrhtBd cnBB g MifesO fegtik ARAN L {y?le 88mRbn&ididiGRMerial while

silicon oxynitride |ayer that are not conposite
the puppirnts is &Pt Expsrsemicondudtentatemal ol aealiernaid erplogdimeniathe

are _not conposite |layers, .sil.icaon _oxy.carbid .
soufth S tesf QR 1% py WS Snifindb BEmRIEH AP RIE e subgpate i n

[ [ ith i i. f i cles. of .

SIX: i ! . ggtkq?{ % @%C};II\%}U& I r%n&%élggﬁgﬁ HIé? ﬁnc(i)d%?nrl slcg:n \%ﬁlcm}lt area 301
or 302 i fehll BPRLiktes. rok @ 1E.au %rréaﬁpe%foﬁ, if rt‘l§é1éa§atié}ri§irfﬂﬁt at the

two or nmore commonly used insulator materials such as

left side spurcg¥irainriegions3 111hd omiput fow therightisedegapiod i3 the keft side is the

Fi e IsS.alsq ¢ rised of it ource/drain regions. ..
sougs ] faef o et ffle PR Bt fing AR BA E8oEh BLlop g Biiicice
laye21366 t'tht ¥Hiacs eid TONEwdR¢a 302t eri al while the substrate

is a pt+ type sem conductor material. In an alternate

emb OB AR i1 lubthiResSN G0l nRnR of £HRESs tidR Gnd disfribﬁﬁgn diagram

sem conductor material while the substrate is n+. T
in rélagian todhe Bigursac¢mbelimers/of the NROM)celhoithe preseanimtiom This
. which,.bit area 301 or 302.is heing.read ar witten.
aingfhp icH 86 SRy o diiuy S 5 vERicHT BiesBon by b Hgance atong
the EdIPiatthé@horiogtal @fréctidh (BheSIOstR Of tHeahAnre Bétdees Ik sdfifke/drain areas
output fromthe right side region 310, the left side

of Kignre Bds dlysirated ®111. and the right side is the drain 310
and the data bit charge is stored on the nitride
The two charges 401 and 402 stored in the NROM cell are indicated on the charge

separation and distribution diagram as coinciding with the charge storage areas 301 and 302
of Figure 3. The diagram also illustrates that there is no charge present 405 in the middle of
the cell.

Figure 5 illustrates a more detailed cross-sectional view of the charge storage area
302 of the embodiment of Figure 3. This view clearly shows the oxide 304-nitride 306-oxide
320 composite insulator as shown on the left side of the NROM cell of Figure 3. The charge
storage area 302 as well as one source/drain region 311 and part of the polysilicon gate

structure 313 are also shown.

The above-described embodiments show one section of each side of the gate

insulator layer substantially horizontal and a second section of each side substantially vertical
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| ayer 306 at the source end in bit area 302. Figure 4

illustrates one enbodi nent of a charge separation and
wale@sosdaes i on diagramin relation to the Fi gurBCBUS2004/036674

enbodi nent of the NROM cell of the present invention.

This diagramindi cates the clarge storage density in

the vertical direction and the distance al ong the cell

andiegltehﬁfﬁﬁ Iﬁ?gzbﬁﬁ B lfglr'é%ﬁ | @ctutd) EI"PL: Ef@&ﬁ ix?xganﬁ&?, HobRv&Els not

bet wee e sourc n areas of Figure 3 1s
limitdd tosihy aheshgis bdiwedinthe tsubstaitially berizihial aediod(GAd shecrubstantially

in the N cell are indicated on.the gharge
verti@h$6e6oR o Oleaar the PTG 20 SiFirel COF RO PGP
horizBRaCHRANSRicAE. 9haRSs a6 a8 iHhtBR ﬁlaa Qé’e_h%fde':dfg% ﬁég insd1B®r layer be

diagramalso illustrates that there is no char
sympaatreah withgbe dthet fide.mi ddl e of the cell. Figure 5

illustrates a nore detail ed cross-sectional view of

t he EigaregeillastoatasgecrassesecB@ial oiewt dfeone einbddiment favfa step in

Fabrigs B0 o the AU ARSA Fiz 38 : & SR et Sidtdlis erose angaubstrate
6009Thd fRirdeffrhingt HonsHo4t g IR il?rlﬁﬂlimt&f. Th $81RiliBon gmi@ electrode 610

charge storage area 302 as we as one source/drain

is alse defored3minganouvensionaldéchniguep thiay are Iviedldmoyatie thet artict ur e
313 are al so shown. The above-descri bed enbodi nents
showTlengtsedté 601 Bithaaemosedim aéastddd agdte3 buiside lieqsolysilicon

| ayer substantially horizontal and a second _section_of
sateAh D% AR BSE D 1 1e,th gplysiligpaln atﬂéswré&aﬁﬂ@w oxide can then

ber&:’%r%'h%ah%%&%dttﬂﬁkﬁé&ke structure. The present
I hve

ntion, however, 1s not limted to any one angle

bet t t ' [ i s -
sub\éﬁg’fiﬁei aﬁf‘%&\?%rtﬁ?%:égﬁdé%gg%lﬁl.%g“!l]zﬁjo lﬁgﬁlv\?gl r é‘%ﬂ ﬂ? hgﬁsmcon gate
electlode.i Thisdtakcturaiddhénveivetedabith the coimpositerinyalaiofs 70€ and 703 such as
. horizontal .and vertical. There is also no limtation
nitridg gf olbgrRsWpigeapdeseiiRed e WorsiEul at or | ayer be
symmetrical with the other side. Figure 6 illustrates
a cridgereddbusteptesia qrpssviestionshuiewrf das NROM coll withgydsposited

. . ' . i i .

po R S 1 b 28 MBS i S b 50 poyiicon

laye$ 801 xcthelf dirgttivegiymicheddd leaneloflf) Sheagidewaplo@M aad 907 Beillustrated in
pol ysilicon gate el ectrode 610 is also _defined usi

i ng -
Figure Ay Ehie Penyifes pstnepre RLh f Gampesie i ipsulafgig0 wdepthe polysilicon
gateMrld-along the sidewalls 901 and 902. A single gate oxide 910 is under the central

polysilicon gate region 903.

Figure 10 illustrates the NROM cell with a deposited oxide filler 1001 and 1002.
The top of the structure is planarized by chemical mechanical polishing (CMP). This removes
the insulators from the top 1005 of the central polysilicon gate. A patterned metal contact that
selectively adheres to the polysilicon is deposited on top of the gate structures 1006 — 1008.
The electrical gate ‘provides contact to all three gate regions 1006 — 1008.

In one embodiment, the NROM flash memory cell of the present invention operates
by conventional tunnel injection with positive gate voltages with respect to the substrate/p-
well. In another embodiment, channel hot electron injection (HEI) can be used for
programming. Such an embodiment uses conventional positive gate voltages with respect to

the substrate/p-well. Tunneling can be used for erase operations.
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The gate oxide 601 is then renoved in areas 602 and
603 outside the polysilicon gate area by an etch
wEe@sosret 0 define the polysilicon gate structPCEUSH04/036674
The oxi de can then be regrown to a new desired
thickness. Figure 7 illustrafes the regrown oxide
areas 720 and 721 outside the polysilicon gate
el eqigRORET, thd SROIMV WEVEE 6f the phiSiht irNEbE roMded th it storage as in
conposite i1 nsulators 701 and 703 such as nitride or
priooarthBROMsleviges Charges s cstarbdneap thevdrainsing theFleayineds fad in the

illustrates. a cr.oss-sectional. view of the cel
rovelje(HEHiGHe By B DI SRMIT 6 PAYEH 86 £h A Lpoes Hered at both
endsCTTROS ahBelindattha b e OF tHel ilieBiofs. Thi s second
pol ysilicon layer 801 is then directionally etched to
| ea hy; ' hd NSy j
Fi qurarg Y RS SEURboR ol B it the NN Tl nlfhory
cell. gatles embedinient, a 8egativa delrstiatecdipn Mgsi, lis apphied &t the artgipe substrate
ng.the sidewal ls 901 a 2. A singl.e.gate oxide
110 73yt ierscS I LERE BN ISPLRF BsRGLeT giaun 168 1102
(depEhding 6n ¥Ridh! ditéetishe Sell tkeogiéw)%hi intchaling tHeRAet 88hot
oxide filler 1001 and 1002. Thé top of the structure
electrenspPugher subsigatp gnhainesd leetlcleerom &¥EHE) injeotidn einbedievPyould
This renpves Fthe A nsulators from téﬂe t g@ 1005 of.. t h?th
requirg AT Rl ittg pFestokmitg dhsraliogs B onF cRbrginiept. the
negatif@buishR Gids\ie irytha ghige ©8 0Vao t-BY. pakMsicl dnddirhénts may use other
deposited on top of the gate structures 1006 - 1008.
voltapgdangegct ri cal gate provi des contact to all three gate
regions 1006 - 1008. In one enbodi nent, the NROM fl ash
meng¥syis el known iththepriespmying aleain ivoltagspge ndirgsotmge/drain region
conventipnal tunnel injection.w positive gate .. . .
1 IO]VQB &;g‘ggd?% SpCoD gglﬂrc%/graerhggéq?bltsl‘%? gfeéa;eﬁ\%of gleftﬁon injection into
the gardhhgitoLsmBe chiRpd stofilda dpedn NS RhRSH the Braifie@fdnl A01. The second
(HEl') can_be used for programm ng. Such an enbodi nent
chargessarage Frzign 11064s piossmmedEbyyperéorping g samebiaping of hect
: t -\Wek | i.ng..can be used for
souréee?%ljsa@ergglgpgi ‘Jlf(glnag{dg 1@ Pé}%leié{é?&t%%g devi ce of the
present invention provides two bit storage as.in priar
B ¢ TR e dion R KlsaE Sofaledhingdo Ran FoRglingafced ot hote
injectiBfl (SFBBHEY icGebé fsedCSEBBAH 4Rl SENE hfesthoh 788 kh&Pn in the art and are
Ei ther end of the channel can be used as a drain and a
not digeypsgd futhered at both ends of the channel near the

surface of the n+ regions.
Figure 12 illustrates a functional block diagram of a memory device 1200 that can

incorporate the NAND flash memory cells of the present invention. The memory device 1200
is coupled to a processor 1210. The processor 1210 may be a microprocessor or some other
type of controlling circuitry. The memory device 1200 and the processor 1210 form part of an
electronic system 1220. The memory device 1200 has been simplified to focus on features of

the memory that are helpful in understanding the present invention.

The memory device includes an array of NROM flash memory cells 1230. In one
embodiment, the memory cells are NROM flash memory cells and the memory array 1230 is
arranged in banks of rows and columns. The control gates of each row of memory cells is

coupled with a wordline while the drain and source connections of the memory cells are
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Figure illustrates an enbodi nent for progranm ng the
NROM fl ash nenory cell. In this enbodi nent, a negative
waasvssese bias, VSUB is applied to the p-typePCT/US2004/036674
substrate 100. This bias increases the surface |latera
field near a source/drain redion 101 or 102 (depending
on which direction the cell is operated), thus
coupRAi&BRRE. ADS WBRIwh tﬂ@&t,%@@dnhea@_ R4 lcels to the bitlines
Substrate enhanced hot electron (SEHE) injection
depemdsaali wistherwaedrchyrie g N AND ardhiteetnredorai NORar¢lagetudr i ng
program ng operations. |In one enbodi nent, the
negafhwddssiintffeatccdii B310iis ptovideieo Iaﬂglﬁldﬁss €¢nile provided on
Al ternate enbodi nents _may use of her vol tage ranges. As
address {pppt cqargsi#Pns Md-As 1344 Addisss Sishyls aredesaifedandidggeded by a row
decBddhi1084 aRPMEARMMAIRESEE 9108 808 HeAHOHLIrl09256.9PRH be
source/drain region 102 creates a hot el'ectron
appiecjagast yothosendkdlledhie thyeetre withsbé benefit of the Ipeeseiltaiegaiption, that the

t region 105 nearest the drain regjon .The second
nunifiee b aficess Yol congeonS dsgends Of st feariv AL FERIAEHF i tgg memory
arrayN236. 2Rt R BRindghvef of AMr3 QUi F@LALAWRL HBH 1388 astd Merditd cell

102 in the reverse direction. For an erase operation,

counfytaad inereasehbrnkcad bisgkgovws.band tunnel i ng i nduced hot
hol e injection (SEBBHH) can be used. SEBBHH and SEHE
ar e Dot inemvetyt ddvime\#200 neatlk datatin themokracrg anay 183Gbyssieitg voltage

further. Figyre illustrates a functional | ock. di s
or i sy Hegpeseory 3085 bRAES HHOE HEOP DUG: ettt RARDLRe
sendeldfar BREREY, if Bhé emPhditdaRe, Y @YERH th 48R Plich a Rfy of data from the
menory device 1200 is coupled to a processor 1210. The

mepprycerey d230. Daa inpyt dral euiprit bnler oregyol260ris cinded fordi-directional
type of. controlli ircuitry. The r Vi C 20
s RS et R YBL A PRI O F A Sohinectie TERP it st 2100,

Writsyditcalttyl38.is pReideai®iyitdl@a eahd Adthdiparrhgen
simplified to focus on features of the nmenory that are

hel ptedird] Rirking§118@ACHBE stigﬁlsg@rsgffa% gg\!ﬂ&{?&lﬂ cBfhectl &R 1272 from

nmenory devi ce includes an arr  ash nmenory
the prok¢ssor1230. These signale atrossedrentontiohthe wpamtigncel the mamery array

f.l ash menpry cells agnd the nenory, arr 1230 |
1230 Tpefi a3 TR 4 Y oAl S OB BTRG ThS HEb R 1270 may be
a stA@hRshifE, .eRghencVoPforhBEoMEdtyfET Contrdli&OUPl ed with a
wordline while the drain and source connections of the

Memogiy i@k INR @VERemory cells of the present invention use a CMOS compatible
process, the memory device 1200 of Figure 12 may be an embedded device with a CMOS

Processor.

The flash memory device illustrated in Figure 12 has been simplified to facilitate a
basic understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.

CONCLUSION
In summary, the NROM flash memory transistor of the present invention provides a
self-aligned, structural charge separation that allows smaller cells to be manufactured without
bit area overlap. This cell provides a low initial threshold voltage, fast operation, and low
power consumption in addition to the high memory density. The NROM cell can be used in

NOR-type memory arrays, NAND-type memory arrays, or other memory array architectures.



coupled to bitlines. As is well known in the art, the

connection of the cells to the bitlines depends on
wob@shes26t he array is a NAND architecture or aPCUIDRS2004/036674

architecture. An address buffer circuit 1240 is

provided to | atch address siénals provi ded on address

i nput connections AO Ax 1242. Address signals are

rec eAHﬁﬂ;gggg%c?ﬁg 4@9&%@ ha Qb8 G RER I telZhid d@&‘i‘ib% hegein, it will

col um to access the nmenory array
be appreniatdd Hysghegpmfecdiairgdkidlintthoabthekarlyl atngemediahais calculated to

o e R B G A B St
ada&ﬁﬁ?&s_tdf IR vEtoR Wil Pe WbBarBht th BRSEBIBIdaRY S18N id A3 Art. A ccordingly,

) . is, the nunber of addresses increases with both
thisjapplicatice & intended/tocebér apyadepationd or Maniatinse df hekveation. It is

L I

equibARABEBerkdY. t he menory array col umms using sense/ buffer
circuitry 1250. The sense/buffer circuitry, in one
enbodi ment, is coupled to read and |l atch a row of data
fromthe nmenory array 1230. Data input and out put
buffer circuitry 1260 is included for bi-directiona
data conmmuni cation over a plurality of data
connections 1262 with the controller 1210). Wite
circuitry 1255 is provided to wite data to the nenory
array. Control circuitry 1270 decodes signals provided
on control connections 1272 fromthe processor 1210.
These signals are used to control the operations on
the menory array 1230, including data read, data
wite, and erase operations. The control circuitry
1270 may be a state machi ne, a sequencer, or sone
other type of controller. Since the NROM nenory cells
of the present invention use a CMOS conpati bl e
process, the nenory device 1200 of Figure 12 may be an
enbedded device with a CMOS processor. The flash
menory device illustrated in Figure has been
simplified to facilitate a basic understandi ng of the
features of the nmenory. A nore detail ed understanding
of internal circuitry and functions of flash nenories
are known to those skilled in the art. CONCLUSI ON



In summary, the NROM flash nmenory transistor of the
present invention provides a self-aligned, structural
webasges2separati on that allows smaller cells tPCDES2004/036674
manuf actured without bit area overlap. This cel
provides a low initial thresHbld voltage, fast
operation, and | ow power consunption in addition to
Whit §Cl,g§ngéaiggenory density. The NROM cell can be used in
-type nenory arrays, NAND-type nenory arrays, or
ot her nmenory array architectures. Al though specific

enbo ave been illustrated and descri bed
1. he%}dﬁﬂ%ﬁﬁﬁﬁm PEROrYUANSISIGr CORPTIFNLY hose of ordi nary
skialshibdtfatd (ﬂﬁn;ﬁfsingt hat arfﬂ"k\éc&fdrs@ﬁﬁ@@l@ﬁﬁ rddiéHs; | S

cal cul ated to achieve the sanme purpose may be
suthOKIthl@@rﬁ@thetSWbStsqﬁ@m fic enmbodi ments shown. l\/any

ad 3 pt IH% éo ol{gy%rhc%uhﬁﬁ ﬁ n lgg{tllo\r’lmﬂk L{ rodcll%gg G, et{ﬂ% Igtgt% 1nsu?a%or layer

appl | calcb@Prisifig lamirst@e@mntaﬁdra@g@trata@acoad@@cttﬁh* aps or
variations of the invention. It is manifestly intended

t hatgaterfCurR ROMPrEvnEP ity eipesiinms, diniddle sqcpn sownied to the
f:l al “Rg{&ﬁf@%éhmi ﬁf& §nc{ grégérgc% t%r?seg%(ﬁlts eacch g(lu% e'&%g tﬂe gate
subst r atigutatiayes sigh thalf th¢ gaa thsahaw IMbeS @aﬁamésdhahﬂddle section
regions; an oxjde |layer on the substrate; a gate
i nsul at éwm@yéirst@aééwadpateaswpﬁ on of the oxide
| ayer, the gate insulator |ayer conprising a first
section and a separate second section; and a gate

2. st The tmnsistomﬁniiiﬁi hyherepi the ghte tinsubstord eydr iioctsmprsediofia cemposite
sectj.on . .ci gg to the oxide |ayer and first and
se g6 SPX d#¥%ns each coupled to the gate
i nsul ator | ayer such that the gate insulator |ayer
separates the mddle section fromthe first and second

3. outlée trgagistpoefsrlaim 1 Whereir the ghts inpulagdr layeaiina donprsite layer

the ate sula rised of a c osite .
ox Bl dtue Bl RlienAkFhpe ofitiREh Eids 2rupfRTRRE i
1 whedighm okhiR-Eddeconfifodit@lagér, bApMEsxillS sific6OOBRIIVI®-oxide

| ayer conprised of one of an oxide-nitride-alum num
oxcoEpPediegeert e | ayer, an oxi deal uni num oxi de- oxi de
conposite layer, or an oxide-silicon oxycarbi de-oxi de

4. The transistor of claim 1 wherein the gate insulator layer is a non-composite layer
comprised of one of silicon oxides formed by wet oxidation and not annealed, silicon-
rich oxides with inclusions of nanoparticles of silicon, silicon oxynitride layers,
silicon-rich aluminum oxide insulators, silicon oxycarbide insulators, or silicon oxide

insulators with inclusions of nanoparticles of silicon carbide.

5. The transistor of claim 1 wherein the gate insulator is comprised of non-
stoichiometric single layers of two or more of silicon, nitrogen, aluminum, titanium,

tantalum, hafnium, lanthanum, or zirconium.

6. The transistor of claim 1 wherein a first charge is stored on the first section of the gate
insulator layer and a second charge is stored on the second section of the gate

insulator layer.



conposite layer. 4. The transistor of claim1l wherein
the gate insulator layer is a non-conposite |ayer

w@eoopoiesl of one of silicon oxides fornmed by R&EL/US2004/036674

0. an
1 An

11.

12.

13.

oxi dation and not anneal ed, siliconrich oxides wth

i ncl usi ons of nanoparticles bf silicon, silicon

oxynitride layers, silicon-rich alum num oxi de

insulators, silicon oxycarbide insulators, or silicon

oxi de insulators with inclusions of nanoparticles of

si |Thearansiatobbfidainb] afdhénrthepomnmising af omﬂcaﬁlhlder\bmlp&id‘to at least

the at.e i ul.at or (o rised of nonstoichionetr
r‘i’gl? 9@3@ figt at%ﬂcetg E%F sglatarispgtians and, fheyd %téﬁd second outer

aI Lg@&tmﬁgbftﬁetggfg sietuk@nt al um  haf nium | ant hanum or
zirconium 6.7 The transistor of claiml1l wherein a

first charge is stored on the first section of the

gat insul at or -l.ayer d,a secqond charge is sto

SEBaE et T PRy BBt ont sy S ipief 9 e pluratty
The)ftsé@mggfmeg%sﬁh@hfg 1 and further conprising an
oxide fill layer coupled to at |east a portion of the

first and second gate insulator sections and the first

e

metsatondGBhREAlr 410 el e at@ntﬂlateﬁbur ality of sections of
the gate structure. 9. The transistor of claim1l
wherein the substrate is a p+ material and the first

@}?géﬁpﬁgﬂowﬁéﬁlsto‘?gb Ssfke n+ material. 10.

tran3|s r CBnprising: a

su kas;tubsitaﬂe Comnfising tﬁlgt drdrsstominduseivaid regonsdedaiddliaterally such that
regions cated | ateral |y such that a channel area is

f or med Sﬁ% Paen thsPer on the substrate

ab%%xfd%ﬁa;fe‘r ba theaéﬁgs@a?t? Me?l?éjﬁ&?é @bohd SIRRE R 1ons and the

the channel area; a gate insulator |ayer conprisin
first sebaincharemd a separate second section, a

subst ant | hori zont al rtion of the first an
seldR 1§%1§?tplgﬁ§er c&t}mnéa‘lgtaof? st section and a separate second section, a
substantially horizontal portion of the first and second sections coupled to
separate areas of the oxide layer; and
a gate structure comprising a middle section and first and second outer sections, the
middle section coupled to the oxide layer and separating the first and second
gate insulator sections, the first and second outer sections each separated from

the middle section by portions of the gate insulator.

The transistor of claim 10 wherein the substrate is coupled to a negative bias that

enhances hot electron injection.

The transistor of claim 10 wherein the gate structure is comprised of a polysilicon

material.

The transistor of claim 10 and further including an oxide material coupled to the first
and second outer sections of the gate structure and portions of the gate insulator layer

not within the gate structure.



separate areas of the oxide |layer; and a gate
structure conprising a mddle section and first and

W@ ewsieB268it er sections, the mddl e section couptBUS1004/036674

14.

15.

16.

17.

the oxide layer and separating the first and second
gate insul ator sections, theldirst and second outer
sections each separated fromthe mddle section by
portions of the gate insulator. 11. The transistor of
clai m 10 wherein the substrate is coupled to a
neg’atNRé)Miﬂash mbmbryetraisoe sotmptisiag:ect ron i nj ection.

ransi stor.of claimJ10 wherein the gate
ot Aol Rt B AR e ap SO S i B St Laterly such that
The tragshetfl mgglgoﬁhgaggwggmthgﬂlrt her including an
oxide material coupled to the first and second outer
se@nogids layfer o élegsag@ram ahgve theefirshahdoecondsosrosfdrain eegions and the
gate insyl at | ayer not within the gate structure. 12
14. An RIE@W??IS%’h memory transistor conprising: a
S URbipbeiteCtink ShaH1akbl SmpHitheSLERNSECHON A4 Hpaialk second
regions located laterally such that a channel area is
formed BRAtiRBehsubantiallyrhasizpalal periien obeachisectioniseupled t separate
above t r L.ons
Che. chaffia bf Bk oROGIAREANEH SANLGRARY Rlrfld BH ARS8 scetion

conpr i skxgnding fiost the egide tayesnke o1y }]ﬁﬁﬁé ghte i@ dayer having a
section, a,substantially horizonta ortion of each

secti onnelaﬁf‘plaaé%r fpbstg%w ghassapr sachet ﬂ@%’féeraadoﬁéC%i;ﬂé@tlons
ang gﬁ%l? 1? ?&E' étﬁ(re\ésgli)h?ﬁ% aQﬁirdtd e%@ct%n aﬁﬁcf{}stsa?lﬁtséc%ﬂd outer

ext e oxl e conposi
i nsul at sﬁrctlba:y ¢lie Ihﬂidlemgclaormdupladeo Itlammdé layersind rsepa@téd from the
char ge ectlons

h of . the first an C
pol ysi | ?g%?}gl éﬁcgn%??tgfc%eb@s n‘g? P@Sﬁa@ﬂal W dtsa Pgré@pﬁ ghthe gate

and fi rﬁisuﬁ[&llaé@pqﬂg outer sections, the mddle
section coupled to the oxide |ayer and separated from

t he ghiemagtalaottasicewopldd dutheroutar and oriddlbgedtioss of the gate structure and
¥ g;’ Zﬁ ant) 3' orhe' bl sy R daPPsishs e JAL Sashlitan 3t O
The transistor of claim 14 and further including an oxide material deposited on the

composite gate insulator and the outer sections of the gate structure.

The transistor of claim 14 wherein the transistor is operated with either the first
source/drain region or the second source/drain region serving as the source region in

response to a direction of operation of the transistor.

A method for fabricating an NROM flash memory cell, the method comprising:

doping a substrate to form first and second source/drain regions positioned laterally
on the substrate and separated by a channel area;

depositing an oxide layer over the substrate including the first and second
source/drain regions and the channel area;

forming a polysilicon middle gate region on the oxide layer above the channel area;

depositing a gate insulator layer over the oxide layer;

depositing a polysilicon layer over the gate insulator layer;



a gate netal contact coupled to the outer and m ddl e
sections of the gate structure and each of the

wGewsnes2ss al |y vertical portions of the gate |PCUUS1004/036674

18.

19.

20.

21.

15. The transistor of claim 14 and further including

an oxide material deposited Bh the conposite gate

i nsul ator and the outer sections of the gate

st r T ' [ hed

1 SUB e AT R Bl Phat! bl IR16h bl

sour ce/ golysiticor fiyenthos fdriméngsegaastnsone adthdr middle @@ @gion and
serving,as the source region_in respgnse to a .

di r ect | 6RO GREE U S8 SHRariing EOmLhe mupde by the sate inelpionlayer;
f oplahaliihg Qicgﬂfif_ t88 g NBSM Sth RSB HBEPLY o5 'flsulzIt&Qaﬁ?timﬂloved
conprising: doping a substrate to fo§n1#|rst an

second &ooythetefr eff the gatgisoaatuiopaid i oned | ateral |y on

th ; nd separated b .channel area; .

o SRt e 306 AE BAC Sk Guiin SRS 0 B Veion aitheggate
the fir stuchnd aﬁ@@@ﬂ&inﬁ@@ﬁ@?éﬁiﬁ)ﬁéﬁfﬂl@gb@@ﬁsuﬁﬁ& hRe.
channel area; formng a polysilicon mddle gate region

on the oxide |ayer above the channel area; depositing

a ' I £ 2 OX| l.ayer. . .

28 e, T S I RIS o e

| agepositidg ehecgrterstilatorpalcly diak ihe@hadiRY &lea Siliebn bl dithdr WRle of the
out ecqq:l%ate re(g{ ons are | eft fromthe polysilicon |ayer

t ARG 8HE Fepion Yarbstantiallgexpasedi th a ni ddl e gate

region and two outer gate regions separated fromthe

m ddl e by the gate insulator |ayer; planarizing a top

of Thhmethat of slarmn df/ wherein plantdieitg tdrepriset asing shdngitalrmechanical
Ia%oelr is renoved fromthe top of the gate structure;

antP B8 ng a contact over the gate structure that is
coupl ed to each region of the gate structure and

remai ni ng end portions of the gate insulator |ayer.

18An NROMeilasb dnespory [agiayredmpmaginig:f ur t her i ncl udi ng

et chi ng: ' l.ayer, prior to depositing the gat
Bt PR B oS e R ra ol each cel
ei ther @ngigisafg:the mddle gate region is substantially
exposed. 19. The nethod of claim 17 wherein

pl anar i &1ubstrete spmpyeas fisit gad sdsend seuircedetvamiions;

an oxide layer on the substrate;

a gate insulator layer coupled to a portion of the oxide layer, the gate insulator
layer comprising a first section and a separate second section; and

a gate structure comprising a plurality of sections, a middle section coupled to
the oxide layer and first and second outer sections each coupled to the
gate insulator layer such that the gate insulator layer separates the
middle section from the first and second outer sections;

a plurality of wordlines, each wordline coupling the gate structures of the rows of
cells; and

a plurality of bit lines that couple the columns of the cells.

The memory array of claim 20 wherein the plurality of NROM flash memory cells are

arranged in a NAND flash memory architecture.



polishing. 20. An NROM flash nenory array conprising:
a plurality of NROM flash nenory cells arranged in

WO 000sS/088268 col unims, each cell conprising: a SubBCT/EHSM04/036674

22.

23.

24.

conprising first and second source/drain regions; an
oxi de | ayer on the substratel4 a gate insulator |ayer
coupled to a portion of the oxide |ayer, the gate

| ngil MeMorl aHEY oFQHRY bE Wﬂgrﬁ: tgli‘: Bglt?aélﬁg of N@Q)l\ﬁgﬂisl‘?memory cells are

separ ate second secti on; tructur
conprigsidng adNQR dlasth imesnoof arskicciuons, a ni ddl e section
coupled to the oxide layer and first and second outer
sections each coupled to the gate insulator |ayer such

th@;nglmrogﬁt@sﬂeﬂfwnﬁ;rg[ngt ayer separates the mddle
section fromthe first and second outer sections; a

pl apaddesspr dfat genegiteseanirobsighalsor theisystemoanpd i ng t he

f th f cells and a pluralit
07O NOMTLAD kel By U s R BB Ko o
The nmenmieycontrbbyigiils, Beirfly28mphghgi N the plurality of
NROM flash menory cells are arranged in a NAND fl ash
nmenory aPErRltEef NRONMAlash memesy eed gad-iayows ad edlwmns, each

20 wherein t@gl&lﬂq@i‘gﬁ,y of NROM flash nmenory cells

are arranged 1n a | ash menory architecture. 23.

An el ecthsabsirateypaipERINGdITRY dnd isé@nd 8ot &aRSS Agidndat
generates caontrol signals for the system and an NROM

flash rrél?r_B’F‘Qe YeRon e $pbedts o t he pr ocessor t hat
oper at eg ﬁ%@ iﬁs%ﬁ?&qﬁ rtCBu%F@ﬁE@%rP?xlé gﬁhg '&1d%&}a%eg,ﬁflgégt@/nsulator

conpri si a plurality MEmory
arranged in lagewscoamulisoy afinssectacindeddpamqechsd degtiod and

substrate conprising fijrst :imd second. source/drain
a gate structure comprising a p

r egi ons® urality of sections, a middle section coupled to
the oxide layer and first and second outer sections each coupled to the
gate insulator layer such that the gate insulator layer separates the
middle section from the first and second outer sections;

a plurality of wordlines, each wordline coupling the gate structures of the rows of
cells; and

a plurality of bit lines that couple the columns of the cells.

A method for programming an NROM flash memory cell having a substrate, two

structurally separated charge trapping areas, and two source/drain regions, the method

comprising:

biasing the two source/drain regions in response to the charge trapping area to be
programmed;

applying a gate voltage to a gate of the memory cell; and

applying a negative voltage to the substrate of the memory cell such that biasing the
source/drain regions and applying the gate and negative substrate voltages to
the memory cell creates substrate enhanced hot electron injection into the gate
insulator to program a charge onto a first of the structurally separated charge

trapping areas in the gate insulator.



an oxide layer on the substrate; a gate insulator
| ayer coupled to a portion of the oxide |ayer, the
wW@2106/04826%11 at or | ayer conprising a first sectiPCT/HIHOH036674
separate second section; and a gate structure
conprising a plurality of sektions, a middle section
coupled to the oxide layer and first and second outer
segt| SRS I : ' | ) .
25. ¢ hare PRI ER UG et dE-00h Rl By BhRled i UG arca s
s e progamined mhth ehef sonst/daain repdaronchragtithe Ifirst@bhigd MSppidg area is
pluraljty of wordlines, each wordline coupling the
ga ised Plih Adaraer Yoptags, diop Spcrcrpining sourceARangeEPRr al i ty
of bit Iines that couple the colums of the cells. 24.
A nethod for progranm ng an NROM fl ash nenory cel
havi ng a substrate, two structurally separated charge
trappi ng areas, and two source/drain regions, the
nmet hod conprising: biasing the two source/drain
regions in response to the charge trapping area to be
programmed; applying a gate voltage to a gate of the
menory cell; and applying a negative voltage to the
substrate of the nenory cell such that biasing the
source/drain regions and applying the gate and
negati ve substrate voltages to the nenory cell creates
substrate enhanced hot electron injection into the
gate insulator to programa charge onto a first of the
structurally separated charge trapping areas in the
gate insulator.15 25. The nethod of claim24 wherein
the first structurally separated charge trapping
areai s programed when the source/drain region nearest
the first charge trapping area is biased with a | arger
vol tage than the remai ni ng source/drain region



