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1 NROM FLASH MEMORYDEVI CESON ULTRATHI N SI LI CON
TECHNI CAL FI ELDOF THE | NVENTI ON The present invention
WO edoans4general |y to nenory devices and i n paPCT/U8t0a4/038261

the present invention relates to nitride read only

menory flash nenory devi ces! BACKGROUNDOF THE

| NVENTI ON The i ncreased speed and capability of

CONMNItGVFFBASIPMENIOR ¥ DEVIUES OA/UEARAPHYNSTEIOON er

performance fromthe integrated circuits that make up

a device. One way to nmake the integrated circuits

faster is t TRCGINIEALHEELD OICTHENNVENAION or s t hat

rrak up the, device. wever s transistors ar.e mad

a THETPIEsRt FAROR relalep sy R AR SeuishT {1 gHdcilar the

preseﬂﬁ e VRAON tdlfed loaSids kAl SnBLGeRBE, MHshdidhoryeviebat i on to

the speed of the transistor. An alternative technique

to speed up integrated circuits is to use alternative

sem conductors. For exanple, silicon-on-insulator

(SA) technol %%ﬁﬁ' rnance
i ncrease overﬁggblg' ent éﬁ%ﬁﬁ?% ﬁ5p ogl es. refers

t o pliedhtigasedispéed dndyepabilfty sf tomputersand otheo éleamonic devices
_insul ator, such as sjljcon oxide or glass. The .
requires BifisT BPEPEIARR AR FIEBRI F FAuIS hat FReke PR eVigg ey ay to
make ﬁg 1nte%ﬁ?ed§qcu t& aﬁfer {sadvafee IHeGiZaR trAREErO that Hﬁke up the
transfstors so t hey operate faster. Figure 1
dev1ce IHamaveatae rassistyn |ateaha¢rr snoallenand f86%kr, slelays Smought the conbhetions
nsi st.or f or med 101 that is

in.the .sili
betwegt, B trelon Breaiish Eipast iniaph it s d b st | o
of the substrate 103. Wthin.the silicon |aye
Che. AR AIMab IR o MReed 68 ISP STERE ¥ 45 HeToRRve
semlcg fctcﬁ'P ok %Xélﬁﬁl iR EnblISoPEIGT) @échﬂolggfhﬁﬁvﬁﬁs a25— 35%

annel 109. A'floating body O is within e depl et ed
perfom&gwmcﬁaawdvarethmlsntf@kiﬁist thehnokngidsab Olimftre to plncmsath layer

technol ogy, .hoypwever ses [ tech i cal
of S0 BRGRED RS PP R R P Ea S5 Ot R Bpu goen be
built dSHJﬂiis tBR 1R o8 SOICTHEN @ 1h{dtfediickd B l&a}I)dEh@nderflﬂheatrﬁfsmtors so that
| ayer, however, is not crystalline is very

they apiefatd fsfer. t o nake perfect crystalline silicon-on-oxide
or silicon with other insulators since the insulator
| ay eFigarecl Ylostedtes arterpigalqpéwrtarté@lespﬁu@@dmtmf dihe rangisternis formed

R F SRR ok P 55 Pk b RS egy oo

substratel T03. Whiken HRGIIRAE $ayeh O L, HiR Erhidls8lirch Qéél@ﬁm(‘e@ld 106 are formed.
Addi ti onal | floating bod effects in parti %
The gg@dpgg%@r@g&b@@\;h%w@y fepletey channel 109. A ﬂoatlng ody 110 is

within the depleted region 112 and results from the partial depletion.

SOI technology, however, imposes significant technical challenges. The silicon

film used for SOI transistors must be perfect crystalline silicon. The insulator layer, however,

‘is not crystalline. It is very difficult to make perfect crystalline silicon-on-oxide or silicon

with other insulators since the insulator layer’s crystalline properties are so different from the
pure silicon. If perfect crystalline silicon is not obtained, defects will find their way onto the

SOI film. This degrades the transistor performance.

‘Additionally, floating body effects in partially depleted CMOS devices using SOI

technology are undesirable in many logic and memory applications. The floating bodies
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technol ogy are undesirable in many | ogic and nenory
applications. The floating bodi es2 cause threshold

wo elosases0 and switching speeds to be vari abl e BemUS2004/038261
conpl ex functions of the switching history of a
particular logic gate. In dyham c |ogic and DRAM
menories, the floating bodi es cause excess charge

cause kigadhalie valskes hod Bwft@ﬁiﬁ? kh&s td BeFariabRtand BmHRNFEndlidhSof the
loss. In conventional flash nenories and N devi ces,

switchipghistogtof agapisiias dogia gate. kebianir legissad DRAMsmemearies, the

o 085 L85 6By R Sp SRR P 1 i R 0t s

In compptivnah flatlo nichosies akd NR€IMIi devichs tla floatipg dodeadiug ralnded erase

! unger standi ng the present specification, there is a

fields gpd loVRT eSS HPSf or a way to eliminate floating body
effects in CMOS devices incorporating SO technol ogy.

0gy.
SUWNIRRYhe Frasasoiatedrabrvieo preifo pHisT eagsongistatedehalon waidhgill
. r .
vecorfd AFREAS 208K A HEnaaH PR g S gias
specificadioli, tigerid asicedin thg attifer 4 olay entlinginaedivating Bddyoeffectkiia CMOS
. pr.esent invention enconpasses an NROM transi st or

de"m%dw(’i‘iﬁ)]&‘ﬁm&ls@l&@({ K% 1i con- on-i nsul at or substrate.

The silicon has two doped source/drain regions

separated by a nornmally fully depl eted body region.

The doped regions are a “ﬁj I conductivity than

the substrate. An oxide Tayer is formed above each of

t he Heulmekdnaitioneé grablans #ith aliminaniag flahixg balyfedfeol@nd other

over t bo regi on and oxjide | a . The gate .
probiqiy S drestet byuipa BreseRifingqbionagd Hilps P%@qr%tgofiﬁy reading and
studyiﬁQ%&Sﬁoﬁn%Séh{cffﬁ!atiEﬁte is formed on the gate

i Asul at or. her embodi ments of the invention

i ncl [ ' Ei.:
oo RS Aen A R Rt n NR R Hrdfech 63y o Bleafinin
silicoc-pnasuketot sulsahteyThssiiéomhdsytpocidpedsdunte/drain 1&€bns separated by a
em conductor.. Figure sho a.cross-sectional | view
normaly Tyl eRslsa odwusig. ﬁlﬁ%ﬁg FORER AR ICBTIE CORIURE VALY than the
substriet ra-thin SO . Figure 3 shows a cross-sectional view
of one enbodi ment of two vertical NOR NROM cel |l s of

the g 66 1a} P ERrRE abSVd ¥heH ok 1R sbicE/anh refions. A gate insulator

is formed over the body region and oxide layer. The gate insulator is capable of storing a

plurality of char ges. A control gate is formed on the gate insulator.

Further embodiments of the invention include methods and apparatus of varying

scope.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross-sectional view of a typical prior art SOI semiconductor.

Figure 2 shows a cross-sectional view of one embodiment for a planar NOR
NROM cell using ultra-thin SOL

Figure 3 shows a cross-sectional view of one embodiment of two vertical NOR

NROM cells of the present invention using ultra-thin SOL
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Fi gure 4 shows a cross-sectional view of another

enbodi nent of two vertical NOR NROM cel ls of the
wWEe@s®est740 nventi on using ultra-thin SO . Fi gureCBHUSIv0ONE38261

an electrical equivalent cirguit of a NOR NROM fl ash

menory array of the present rnvention. Figure 6 shows

a cross-sectional view of yet another alternate

enbodigieel shdwea ¢R¥s-k&tionNGRWBOM dTRFRIMbodithéit offwd Wigtical
present invention using ultra-thin SO. Figure 7 shows

NORINROM e¢lls ofthe prgseng anveption pyiag piraghineS@IOR NROM f | ash
menory array of the present invention in accordance
wi t h Figwse 8shows awplectoitalRiqyivatenbcirduiignfradNQRIFR@H fash memory
s-sec&Lona{ vi ew of one enbodi ment of a pl anar

cr,
maylﬁ&%%ﬂﬁﬁﬂ B the present invention using

ul tra:thi O . Figure 9 shows crossg-sectional  vi.ew

of - oNEEHHBBPHEAEIBT STAHEIYGHET Chre ARG ER e Frbodifient of a
vertidaN RIOR KFEMA hOMBALdrRy HShd Srettnt [Rehifibdusad ulngltglﬂr%)&m

shows an el ectrical équivalent circuit of  a NAND

fl ash; I : : i '
oY Yo YRR RSE B U SORNE DN fish ey
array s ohesprasdnit ddentiom gr aovdbn@neitle theedibodivher fof Eigure 6.

el ectronic system of the present invention. DETAILED

DESCRidrilé @shbws h bss-sddtionalngewl of and edbstiment ¢ita fima®NAND
the invention, reference is nade to the acconpanyi ng
NROM gelf pldhe present igyeationysing uisy-tun S¥d in which is
shown, by way of illustration, specific enbodi ments in
whi chiguie 9ishowh & cess-enjiopd iew of Preembodimenteofdwawertigal NAND

NROM ﬁeg%s%% BleSelTREntOe AP REANIASGY ST M L ar

roughou Seve Vi'ews. These

enabFLAER QR T S6edif enbivafEtt cisinclat KNP RORM fash memory
array l0TVIRreSht ifdelBbn RIREEHIAERL Wit hé htbodihdt 68 &ighinglo.

structural, logical, and electrical changes may b e

made pii0 @ Y shSePABIoLR QiadkfATbE O SERREmEHt JrG cRcRSHPbystem of

i nvention. The follow ng detailed description is,

the prehentéfiveméionnot to be taken in a limting sense, and
the scope of the present invention is defined only by
t he appended cl ai ns and equi val ents thereof. Figure 2

illustrates a cross- [ | Vi ne enbodi ment

of a planar NROM céﬁiﬁ@;ﬁﬁg ﬁﬁstd:@%ﬁ{q]ﬁ

si |1 ePfeaBnbRHg Rifkd GSkibibe 6PMeliR@tod H8rNREMid hakho the

menory cell of Figure 2 iS a NOR array cell wth
accompantyireg drgivangsdhasiforoh apes hareof and in which is shown, by way of illustration,
specific embodiments in which the invention may be practiced. In the drawings, like
numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The following

detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 2 illustrates a cross-sectional view of one embodiment of a planar NROM
cell using ultra-thin silicon-on-insulator (SOI) technology. The NROM flash memory cell of
Figure 2 is a NOR array cell with virtual ground bit lines.
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The NROM fl ash nenory cell is conprised of the silicon

| ayer 201 on the insulator 202. The silicon 201 in an
wabkdosasasm n SO cell is |ess than 100n (1000 AyCT/Uk1084/038261

| ayer 201 is conprised of t source/drain areas 220

and 221 that act as bit lines 220 and 221. In one

enbodi nent, these areas 220 and 221 are n-type

rrat efl‘haINR@M ﬂﬁshahﬁn@lybﬁﬂhﬁaﬂhpn%ﬂ%f Bt sYlﬁ)c.%nﬂ@eﬁ 20 ﬁbn tHe

he substrate is an n-type material. The body

msul%@#%ﬂb@éﬂl@ﬁ@% 38 2 phigaethissObeqll 1 dess thand@P en (100 A). This
layerfzﬁh h%cﬁﬁ?) g%‘i} ft\kla sbﬂr&é/graﬁr{]élgassgo an%lt}?zg%ctr a%g)étqﬂleg 990 and

is co sed of 1onized acceptor uri
221. Itmnezaedbcdiinment 'thnspeuarieas £ ai‘ﬂBZZ1'Euw@naypajxﬁataflﬁaélté’rhﬁte@ﬁﬂ)odments

% ﬁ@ﬁ;ﬁ on the silicon 2 A gate insulator 207,
use py Xpeo‘ﬂ@ d tra'ieés%f”&éYﬁ?dg?tF%a]st ructure of
oxi denitride- oxid i ONO) forned between the control

gat e B8 Hody EPal%ZQQ ety qhawrhnz@ 220 b22os newnallyfuly depleted
in ultf3Qin $OIONE tﬁdg?qg,{glmé Bbo id c%nﬁ)rﬁgh %Qﬁiedni\%gq?{ég{soﬁ E%Qrft?en %03 and

extends 1nt Irectl
ionizeghdmei meptritids2O5n Twvoictédel ayer21D2d124$ aterdepotird @@ the silicon 201.
storage areas 231 and 232. Alternate enbodi nents of

t he Argse msulamteZl@VJ @y %ﬁlb@ﬂiiﬁdnt,gﬁfa%omlpﬁsi{e%hﬁétﬁre of oxide-
jdes the osite structure shown. hese

nﬂﬂd%toeilﬁiét@l‘é@) f?&gleii Relvizaa thsqontrohgate 23 apd thlmsmqm tpyeeRO1. The
contrGIYIROERH, &n l)ﬂé’ EhBoditthl% a @l?éﬂl@%ﬁéhgle ?x%ﬁds in the x” direction

conposi t'e l'ayers, oxi de, i con oxycar bl
in thed¥@R dkishecell aybodinamt el niakle dayee 22§ hamm dhargeappige. aréa3 231
and 2 i1l other alternate enbodi nents, the gate insul ator
y include thicker than normal silicon oxides forned

by ﬁﬁi oxi datjon and not anneal ed, silicon rich oxides
Wi t tﬁE}ﬂE&%‘P@l@Pﬂﬁ% ah Bisreseat wyerfionsyseioghen gate insnlagms besides

the ORPO/JHnS% é’tﬁfe ek, ®h& @ﬁ{lctﬁlfﬁm{? rlhauh@%{ﬁg(?-ieut%%e%—alunnnum

lico r|c al um num oxi de I ns
oxidecomposit¢ bybiayexide- auhinnonoxiderorideicdmpbsisubpirgofidehdlicon
silicon oxide insul ators

not , conposi.te |ayers
Oxyca\?‘\ﬁ;ﬁﬁ TORIS g‘?p %fye SfHrasiothes SORPPSit IpyerHn car bi de,

dltion tQ other non stoi chionetric single |ayers

of gareil] ofben altesrate enbodisene. the zatcdprhieinn spaymikpde thicker than
normél@ﬁiébﬁtd%ﬁdéﬁf@)ﬁﬁéd%fvét%dﬁ%nghd Not AMneallli, sitk nlrféﬁ 'oxlches %wth

La. Figure 3 I'llustrates a cross-sectiona
inclusgons of mgoopartieits of silicun, siticon aaynitiaR 1A¥ROMac e nst aﬁﬁpai’téi layers,

5111c0\1/ gfl;l? ?Jggvl?lﬁwgr G %%Qlatg}/setg\%tgagg ngtgc::orl]‘q%ﬁ)(ghé ia?fat@?]éf 1¢ap qlfié(ﬁ%?f;ie
insula@drh B46 areTit® cbRIpbSitedaferd %ﬂlc%ﬁl)xiﬂe 15&19%?5 witleRERsdAY 6

source/drain areas 330 and 331 that
nanoparticles of silicon carbide, in addition to other non-stoichiometric single layers of gate

insulators of two or more commonly used insulator materials such as Si, N, Al, Ti, Ta, Hf, Zr,

and La.

Figure 3 illustrates a cross-sectional view of one embodiment of two vertical NOR
NROM cells 350 and 351 of the present invention using ultra-thin SOI. The vertical

embodiment provides for higher density memory arrays.

The cells 350 and 351 of Figure 3 each have source/drain areas 330 and 331 that
operate as bit lines and are comprised of n+ doped silicon. Alternate embodiments use p-type

material if the substrate is comprised of n-type material. Additional source/drain areas 320
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operate as bit lines and are conprised of n+ doped
silicon. Alternate enbodi nents use p-type material if

wo b@sesiigi rate is conprised of n-type materi al PCT/US2004/038261
Addi ti onal source/drain areas 3205 and 321 for each
transi stor are fornmed at théstop of a vertical oxide
pillar 310. The left transistor 350 uses source/drain

and 3B BR8P Raidor38d thleliq tRGo 3% boh Krex‘h& AR RNar¥38SThe left
source/drain areas 321 and he upper “source/drain

transisipie}id) @R saurde/GRin ancas %Iéfbmdaiﬁdvh;e the gighi transiston gagsysource/drain

areas 4 4l $38 08 Wbh Nolbsr BB n s o ind SALHERpRReREy a erain

bounddBPit e SledtricX@y Edupddd. TRk tv@?ﬁc@l oxﬁ@cgf?1 0w 3110 i§ abl $Rd1atd? between
provi de anor phous l'ayers of ultra-thin silicon 300 and

the twodmngiptmg 39hand3ewal | s of the vertical oxide pi I | ar
310. These |l ayers are the ultra-thin silicon (i. <
100 Yewtichloapytaxiebiegresv B39 usaddo potvidmainenpbousdayres d)fyultra-thln

siticor ) sk UL, 5% ol B s B o8k BB I et g e e

ultra-thBdiildon ((Re d BI0tnid) BddBrefiofs 300 kP30 IbAYard ﬁ&hﬁiﬂy lfﬁl(ljy depleted.
part of the left transistor 350 while the rig

The d’ff@f‘gjioé if3bickness ghthe sghiconthedy iregien 69%%4 lgp IIQJSchféd ga@a@h region.
The 16'81%&!1 ?frlg{: 1 a@éﬁ;og?g%%mh EE e&a‘?ﬁ%ﬁg@ 'gfs or '32 g@%&f’é}% $ody

regiore308 idl paet addskdtrighiaradsistbhd5t.ont r ol gate 330 i's for med
above this insulator |layer 307 and is conmon to both

tr anEHes§Mé msaﬁ%raﬁyh 361, iaWab etbalinidnt, 364 SorBosite BN structure.
line in_a menory enbodi nent, the control

0
Alterngtey eantaxtiments of s ;,aérpr g(&)ﬁ'e,dach}sp@ pbove; g ongrol gate 330 is formed

above tiﬁ% @H&%ﬁfﬁg& @\Zgﬁl\%} el§ ?&%gﬁ%ﬂﬁéﬁx% 1sto?{§s§d(}$nrclt3€é such that it acts

as a wprcb]smnin A meamky amayw In bge einbodintent, theSéAntrollgrts 330 is a polysilicon
odi mrent has an architecture that is substantially
materg ‘milar to the enbodi nent of Figure 3 in that the
uItra thin_silicon body reglons 400 and 401 are forned

y apgumd Blusiragy daKons-aechingal Hew of arathgricsbeginpens opiyaeertical
NOR ggrdrrl\g é;eﬂg' gf hy})?%steﬁplfﬁ&#fe&%(sﬂ{&aﬁlﬂ ﬁ%sof'gl%s @xgﬂoéli%i'en?ﬁfs an

at t e
architexumthoatie lslgbsca’mnhnp bmghalr &0 ﬂﬁﬁmba;)dfmerrmaﬁ Figuer 3 inthatght eltra-thin

_— | b
oSS R O AL ISR AR, a0, S8 .t e
oxide pllRr QPt)t PR @g'sgﬁcEﬂY£ﬁ aftdg 490 meﬂ@ﬁ At (shRA%AkR top o of the oxide

i nsul at or is thicker in the trench than in t
pillar $@ardoths commoeti padp contrel giate 44196k fgrmedinyer the gate insulator 420

couptiBR Hafiei bR A AR 305 8B a0  hat - 'sol at ed

bet Vﬁe\ge\t/er}elnq g grln o 1m%fnt E)Plglgltlrryélc kherbo(%t)é)n{j gmde ﬂlyer 40& and 404 of
the gate insulator 420 is thicker in the trench than in the previous embodiment. Additionally,
the two source/drain areas of Figure 3 are replaced by a single n+ source/drain region 430

that is isolated between the portions of the thicker oxide layer. \

Figure 5 illustrates an electrical equivalent circuit of a NOR NROM flash memory
array of the present invention. This circuit can represent the planar embodiments of the

present invention as well as the vertical embodiment of Figure 3.
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Figure 5 illustrates an electrical equivalent circuit
of a NOR NROM fl ash nenory array of the present
WO poosfsizen. This circuit can represent the pl aPer/US2004/038261
enbodi nents of the present invention as well as the
vertical enbodi nent of Figuﬂé 3.6 The control gate 501
crosses all of the devices 510 - 512 in the array. The
Nt SPh E&ilt 2h@ 0GARY 205k tROEeO4 530€ 31986 tRSarray. The n+
virtual ground data or bit lines. As is well knownh in
source/fienimregjonsii®3and S04 aeesused as Wiatual grayndhdasa oobip liees. Ao iwell
sense amplif.jer in order to read data fromthe.cells
know yythe agly Bre by fines, g e sy e capled ©F fusq SRRl L oidedg read
data fio®n 88 &Flk sh10e 78! The &kfrol gd 301 i @Y RRrlihé haedts sdles i cells
cross-sectional view of yet another alternate ,
510-8dBodi nent of a vertical NOR NROM menory array of the
present invention using ultra-thin SO. This figure
i || uBigoet @8lustrates g erass-sedtionalanew of petsin6B@r altegBde elmbediment of a

. f clarit 0 the transistors forned .
vertick} {SBRGRRAM rispdiry i 87 e cien s 3Hiod Blrd PR ST figore
illustrh @R ebuH vegtidal BRSibRIGS0ar 653s Phshiapéseabt Matife bl tranistors

structure and operation. As in previous enbodi nents,
formed goungothe firstaxide mllay 432endessthed: 4 5v1B2IBDE tepnsisigare

a f b ' ial _regrowth along the sidewalls
SubStac[)lgﬁpﬂg&eglglfg%léxﬁiﬁ‘ﬁ+%%x%§fpe gg'gat e insulator |ayers 601

and 602 are.fornmed. al ongsi de of the silicon, bods

r ogi B BiSHIoUR ATROGIAR tie. il Siigof Bpdy tetons 608 and 609

are fofthed Bg epRsxifI0dReh BB3hg HEY si@Reds lof EHRSIxSdOpil1 806322 MR Shd
are then forned on the insulator layers 601 and 602.

insulafyrdaysrs P Hand ef2ars foomdmengsole qf itk silieon hoslyapgipreo08 and 609.
t . f '
mhe o R AR AR Pl S SRE B AR 850 85 G0

formeti inctke instn@dsydrs 601 hith602. he rest of the gate
i nsul ator | ayer. The above cells 650 - 653 are forned

on aThOWRfddthyé $09And804 providiawsWhatdeatRaddbasa10an@ 611 for
a common source/drain area, depending on the direction

each tiaister9 1653nkn the dienelsap.dBelpwerngidadaier 6P haseyihisker
comp sggog Q%ﬁqﬁér‘léeﬁg ?fstél% Eat% S‘Sﬁgﬁ%ﬁg@o '?l:]fﬁ%‘é LAY Q0L @ff’ae%ﬁ formed on

€ upper n+ regi
a low&@ G aaibr6@0 @f theaabstiarecathsi &tds d ©nunops@uicd/draot drexr;, depending on
transistors in the array, by a bonding wire 640 or
the difseHaR tha RISy PR - Fi gure 7 illustrates an
el ectrical equivalent circuit of a NOR NROM fl ash_ .
menoihe BpReayTIrSionLoef} ekl i therferaid Gommen sntwes/lrain area for

s SRR PAL iy 9458 o 0 i R i s comc
other tassistolydd thearkayghy £béndibgwire 640 or other conductive device.

Figure 7 illustrates an electrical equivalent circuit of a NOR NROM flash memory
array of the present invention in accordance with the embodiment of Figure 6. This figure

illustrates the respective cells 650 — 653 as described in Figure 6 above.

The control gates 701 — 704 are coupled to other cells in the array and act as word
lines. Two of these control gates 701 — 704 are illustrated in Figure 6 as 630 and 631. The top
common source/drain areas 660 and 661 are shown as virtual ground or data bit line 709

while the common source/drain area 620 is shown as virtual ground or data bit line 708.
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The control gates 701 - 704 are coupled to other cells

in the array and act as word lines. Two of these
w@ososi74gat es 701 - 704 are illustrated i n FiBCUF/ESHOH638261

630 and 6 The top commopn source/drain areas 660 and

661 are shown as virtual grotund or data bit Iine 709

whil e the common source/drain area 620 i s shown as

Vi r t Bighre® fURGaRk adadss-sbétionhl view B23nd embB&LRNBof a planar NAND
illustrates a cross-sectional view of one enbodi nent

NROWE ceff of e SapiNEY SuReVUsIaE Uit thim Op rBueembodivent is gcpmpnsed of
e o R 00536 ng 35 G WRORMTAD G GATRAGERD IS e v

thin SOIl The shepdxeide degmmsm@gmms 8l farmed ABove the A4 BicAs &fd the gate
The two . oxide reqgi.ons. 807 and 808 are forned above the

insulaigr 805 45 rmaedl Qvee s ehiterite dp e godogisnang, the gate jasplator 305 is a
compEmeSOﬁbqg‘;;éle&{t Whbe hily SEr %’9 o\g{ 2l 1nEE1911%a[h§se descnb}gd above.

insul ator” 805 is a conpos

ot h ' e

0 bovihe Sl eafBHABit Rlrulefl G B aﬁ?@ﬁl%%li%d% S fie D
embotlinsmt, aheogat8 BH6 elxtbntihﬁl tNAND direbich 1ieehd of the ‘gadifecB&Pas in the

extends in the '"z' direction instead of the 'Xx'
NOR gmbedifiegh as in the NOR embodi ment. Figure 9

illustrates a cross-sectional view of one enbodi nent

of theuedridlustptenaposaRenional Yiswof ongambedipfent ¢pfgwo vertical

I .
NANBOSEGHL e G e bl i B ing S5nin Siof Fach
trans1steg9 Drang A lajsd:oﬁ@ﬁlsécbdsﬁmﬂbuh*&/diaﬁr&glpﬁ 988kaad POG frmed in a p-type
erial. Second soglr cel/drain_r egl ons 920 and 921 are

Substﬁﬁ@rlﬂaéﬁl%rﬁ?%ldospwm regRiresioRs 9304034 agmprmed ap e thyoxide
p1llart)|3‘@al9:f &F!&a?@d‘ﬂ? feYerif! ﬂoﬁn&atrg I\!Jhé% gﬁﬁ%&e’gfr@eﬂl% @%&l 94l

he source/drain reglons 90
SOler¢/d1mIt liegiona ©0%i PO AR0pnd H2d fbindtiani as st geouni bidines/data lines.
Epitaxial regrowth is used to grow ultra-thin silicon
b o dyEplmglabmeglﬁﬁllh anded@2grow ltra-tisin diveh bsdpfegidie 901( hﬁif-‘902 on

j evi qus enbodi nents, these reg
the sidgyp laﬁa%s ide Bﬂféég - |AS58 DERARHSIERPHIRP L, theﬁﬁéegj%ﬁse%l and 902

are eacH &Y AhRT 003 kigcf ormed on top of the transistors 910
d . In one enbodi nent, the gate insulator 950 is an

&Slﬁsﬁ RO is alten %ﬁ&gp gmag gﬂaﬁ?gtéfsr%l?)gaah 8%1. Tn one

conp05| I on o thi's Tayer hav een
emboghinmeut, thesdaye nﬁuhdlmcﬂSOgabe ONO éompdsifRdByedr oAlteraate embodiments for

transi stor .9 11 ect.i vel re formed froma
the compoyilipp Pgﬁﬂs i@?&?‘?‘ﬁ’lgbe&ﬁl grﬁteglpa%w%e}s ¥he gate
i nsul ator 950. The control gates 907 and 908 are

coupterol gates r?@? apq S0 fasteag R rasisiend AAndGHA resphglyely are formed
from :g b%cdﬁk{éﬂ f{agéﬁ Tadhid &GhE b5Blin il B0 Phe GldifoY bite®d07 and

908 are coupled to other transistors to act as word lines.

Figure 10 illustrates an electrical equivalent circuit of a NAND NROM flash
memory array of the present invention in accordance with the embodiment of Figure 9. The

two transistors 910 and 911 of Figure 9 are shown.

The n+ source/drain connection 1005 of Figure 10 corresponds to the two
source/drain regions 920 and 921 of Figure 9. The word lines 1001 and 1002 of Figure 10

correspond to the control gate 907 and 908 respectively of Figure 9. The source/drain regions
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menory array of the present invention in accordance
with the enbodi nent of Figure 9. The two transistors
wO1®sasd4®11 of Figure 9 are shown. The n+ souPCEUS2084/088261

connection 1005 of Figure 10 corresponds to the two
source/drain regi ons 920 and® 921 of Figure 9. The word
lines 1001 and 1002 of Figure 10 correspond to the

905 afP90d Rrndatie tRG&abande 808 chRIPES sy diothe vt/ a-comfi&tions
source/drain regions8 905 and 906 forned in the

1009 angbd(7aefdigireHO0gur e 9 correspond to the source/drain
connections 1009 and 1007 of Figure 10. The above
enbdbherahiive eartbodirhénis are allustkates as nedhannd ltypgetpasistors. However,

ransi stars. Howev ne of ordinary skil] in the art
one of i S0 ST Wl bedRBeh dan Gotdelypblypetine Bveed by
alterifg8H& Ei%?ﬁ‘l sltypalshen taf e Heesd@hféhtionne §Clll§ﬂ‘l? Rppit@blelth enclude
present invention is equally applicable fo include

structgres R @Mestrugeoed kavingulira-dkintsditongp-ghanngl type trassistoson,
p- channel type transistors. The maski ng and et ching
st egEhaisrskihg afdetchingstept tiseal-to fomn giel lcathiNEGkbd NREM flash

AR —
to formAndhbHR-dReNBediRekitdcRREs AE GRIGGHW B SthadeakRAlin KR

by those skilled in the art. Figure illustrates a

fun Cf‘“i'ggf@i 1 ﬂu‘é’t@ﬁeﬁ% ﬁ.g{cﬂgﬁe@ fbhc?:%'@%?&?ﬂ 078 hdrfory ABvikd ﬁ %0 that can

can i ficorporate t tra-t 'ash nmendbry ce
incormmirate blec pitraghint SOhflashtrhanory thBs oftim pyeseatinvantidf 0l lie reemory

. C | ed t rocessor The pro or 1110 .may be
devieg PHIE R ispiBled {8 PrGES s LI dhe pris ot 37 1LY BG f mifgprocsssor or
some ﬁihéﬁty'f[ferdf cont611iAB BREVItr{ EVALCBe hBBy A NOORKA RS O¢essor 1110

1110 form part of an electronic system 120. The nenor

y

form pratofcan alegramae syséam 1520vdlhe mesaory slevise d $0Ghasthegr simpdifigfl to

t ry.th e. hel | -l UnN dj he . .
focus b BeaTHE 0¥ ol kB RGP httbnl) T HORSL SR AR RO invengion.

of fl.ash nenory .cell 130. In o nbodi nme t.he

o oo B Befony A Caimeltices i v fash Sapr V2Rl 113057 one
embodR{¥RE, \thé hledbryt 3814 dre NREMARAR nibnei el P4nd ¥ eddddly array 1130 is

colums. The control gates of each row of menory cell's

arranged iz bapkseef 1eivs land colvrisi Hee coatrobgatpeoigagh rovaatimemarsceells is

t r
con EPRRASL ORGSR ARASBl8 5 FOHPUSHe by v
coupléd totBidineel Asistwell keoviai inl the'as, te pemttstiomofhe téigy totiebitlines
array is a NAND architecture or a NOR architecture. A
depengs gy yyhether they 3E3y 18 R NAND afotbterQurg,piy, NGHarcBitqchirgn
address signals provided on address input connections

AO- Axn pddressiprffarsireyit d k40 is papededtodnigh @ddisss dguabrgvidgd on
addre%hifel&.\#e cq)%ﬁgcqgns %Abé_l(i’% gq 4?. t&%rﬁm@%oagg fec(l:l%gd L ﬁe%ggédsby arow

nmory array
decoder 1144 and a column decoder 1146 to access the memory array 1130. It will be

appreciated by those skilled in the art, with the benefit of the present description, that the
number of address input connections depends on the density and architecture of the memory
array 1130. That is, the number of addresses increases with both increased memory cell

counts and increased bank and block counts.

The memory device 1100 reads data in the memory array 1130 by sensing voltage
or current changes in the memory array columns using sense/buffer circuitry 1150. The

sense/buffer circuitry, in one embodiment, is coupled to read and latch a row of data from the
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appreciated b y those skilled in the art, with the
benefit of the present description, that the nunber of
W@oaasess40 nput connecti ons depends on the densPCTUs2v04/038261

architecture of the nmenory ray 130. That is, the

nunber of addresses increases with both increased

menory cell counts and increased bank and bl ock

memoty biithys 11300 @aﬁzempnyanﬂl&)dtpﬁ bhfier sieadksy deis inthidea fdiﬂimﬁﬁéctlonal

array, 130 by sensing voltage or current changes in

data Cﬁ@ﬁﬁwa%wa derc"bPlH Y okdaty Capmesepmsbermidithe EIfPfttFOJ/lef.LBUO)
ertezﬁgu 'ﬁ% l?éjéxfo%fdeﬁ leffté Ha td &IG%W nent, is

coup atc a row o Tom t he9

T ——

the prowanil uatTme elganls arephseﬂ ad téx)trcﬂfthdi&}:teaatibﬁmﬁle fHel Iﬁaﬁor%&ay
with the contraller 10) ite circuitry

1130, gredndingdpte seags fate VH&P’a@‘n@&r‘tsﬁ@Pﬁﬁﬁﬁﬁﬁl The .cglgﬁrol cispifry /1 170 may be
a stateGthhdHel Xe%.]e%l%%xg S%%}ﬁéotﬁélgt%?é df Qérﬁl\ﬂllggd on control

connect | on romt ocessor These signal s

are tig n_ the rray ..

130, Sﬂﬁc%q{lé &I ﬂ/%ﬁag}go%geéﬁ %‘g lﬁ% apre&%{ e tﬁodl L&? gg@i& corr)f)atlble
proces3phe aicnwns. dertDe 1800bf Pigufd T Citay by ad Eﬁlbﬁmedlﬂévi@e lit2CMOS

machi ne, a sequencer, or sone other type of

ProcesSeint rol l er. Since the NROM menory cells of the present

i nventi on use a CMOS conpati bl e process, the nmenory -
devilhe flagly regmeyglgrise nﬂﬂgsm@&edan Fm@ab bes bpen isizeplifiedifo facilitate a

basic ﬁ[\g&rtﬁd %egiee %eagl!i}gs HP t% f Al rgl fageci JlrgdS trsrt%agltdlendg otnmternal

circuituy ehext foh ettt 916f fdzfshhﬂi@ncﬁr&ﬁtaw laﬁ)vaf tot thesemkmwyn thd afr e
det ai | ed understanding of internal circuitry and
functions of flash mempoReLySIONOWM to those skilled
inthe art. CONCLUSION In summary, the NROM fl ash
nmengPyuBEary, the NR(Mdlash aremaryigellt ¢fghe preis¢nt iwvention utilize ultra-

tin S8t 0 = ey R RleB ol schion o BRSSP Ring
body effepardxperizattel pypartiallgldeplecdpCeiOtIddsidds. devi ces.
Al t hough specific enbodi nents have been illustrated

and Aemash BpetifieeRbdinichtsiakvk bB&: MRRERE AdebshibeliMessn, it will
of ordjnary skill in the art that any arrangenent t hat’

be apprecitad by fhaise@f pelinayiskilldn threars thabanyidrpgemenithaids calculated to
achlevg glzes%drﬁe%g‘goge%a BE sitRBftidd o ﬁ{goﬁ%g% FE Qb dodiaR tsgg/\?ﬁ YMany

ati‘ons of t Invention W e appar en ose
adaptaﬂbn@oﬁihﬂ arvensikn I\xhll ba appeeemtntd thode ob vrlfimgy ykilltiti® art. Accordingly,

catjon s intended ifio cover any adaptations or

this aRpggz}t 15 jhte edttﬂ EOYSH\ AN Afliatiqns or yariations of the invention. It is

manifestly intended that this invention be limited only by the following claims and

equivalents thereof.



mani festly intended that this invention be limted
only by the follow ng clainms and equival ents

wao b@sesf7400 What is clainmed is: . An NROM tr anBCBHUS2004/038261
conprising: an ultra-thin si bl con-on-insul ator |ayer
having two source/drain regﬁ ns separated by a
normal ly fully depleted body regi on; an oxide | ayer

Whatfiosipaidapove each of the source/drain regions; a gate

i nsul ator formed over the body region and oxi de | ayer,
the gate insul ator capable of storing a plurality of
char ate formed on the gate
[ nl}\glullgg M% Slgt?ﬁ&S}H)ans 'stor of claim1 wherein the
gah eltrantshinh gilioon-bs-indulae deertiavingdeoaside/deampidds8eparated by a
structure. é& ﬁJhe transi stor of claim21 wherein the
2o

gat e i ASUR Yék‘FQ}et‘?dsboélYéS&‘BB& te Iayer conprised of
orzlﬁonde?é‘yé?)fblgl%dr‘dﬂoR/é Qschaéftt Mé?éﬁ* ngggposn te

| ayer, an oxli un1nun1OX| - oxl de conposite |ayer,
onr gate insulater forixied mwenbhy dadp rmeromeI@cldmhpas thegateﬂyaﬂator
4. The transistor. o Lm1 wherein the gate
i nsul af%ﬁ%%?é?toﬁlgg ﬁpﬁﬁalt&ﬁ’ Rareese %yer conpri sed of

Olﬁ%oﬂﬁolggdté fcﬁﬁleﬂl()hdﬁ’@ it@mmm&y wet oxi datiron and not
anneal e siliconri ch oxi des with inclusions of

nanopartlcles of silicon, silicon oxynltrlde | ayers,

SI'l'lhI % méﬂo? %ﬁgrenyir esga[tg i %{11% O?rISS an 1dé ﬁ%il%e -oxide

oxycarpide |nsu tors on oxide
mmb@@oﬁ@huﬁkﬁma of nanoparticl es of S|I|con car bi de.
5. The transistor of claim1l wherein the gate
insulator is conprised of nonstoichionetric single

| 3%ehSngLiof ﬂ@d@{% ?n%}ﬁea% |t13é née{t? ﬁﬂ?ﬁg“ﬁt&%#" & co@ﬁﬂb@lt@iﬁﬂq&

titanium tanta or zirconiu
6 coﬁbﬂseﬁrm“rmesif an oafdeeditriderdumireneoxidé bemposite dayet,an ox1de—

ana structure.. 7. The tran or of ¢
@%“EP ?’8ﬂ§ FamBpsifedayer, QyaRrexy ﬂflf%’c?’i}’{: OXﬂPe

t@gﬁﬁbﬁﬂqul é}f claim 1 wherein the transistor has a NOR
arch|tecture 11 9. An NROM fl ash nenory cell
conprising: a substrate corrprl sing an insulator |ayer

arﬁjne ?rar?sllétlo(r: 3 clglm 1 wsh%lrealﬁ e ga"i1 1nsultapo?tlayer i hon- -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.

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.

The transistor of claim 1 wherein the transistor has a planar structure.

The transistor of claim 1 wherein the transistor has a NAND architecture.

The transistor of claim 1 wherein the transistor has a NOR architecture.
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11.

12.

13.

thi ckness I ess than 100 nm the silicon-on-insul ator
| ayer conprising two source/drain regions separated by

wa2snsekd y ful ly depl eted body regi on; an oxi BPET/Us3004/038261

formed above each of the soyrce/drain regions; a
conposite gate insul ator forlked over the body region
and oxide |ayer, the gate insulator having a nitride

| ayer capable of storing a first charge when the cel
is operated in a first direction and a second charge
wiherNR M dlash memosy e¢lhe@aptisings second direction; and a

a0 BB TRE A0 RO TRPT oS ST B Pl s

conpr i skidkadss &esp eHay 0D in@q Rhe1Eili€dH-ed-insulaldi@ayee tdbmpiising two
claim9 wherein a first source/drain reg{ons oper at es
as a deamse/deRin seionssspapied by a normally Bpky deplated hagy region;
fi ol j ' the cell

| 26 S RE AR B8k T SR ARG i ca
NeChMnplosisdgate imsnlatarfoayedcovep thediody regisn bsd oxitle ldyawy thegate

a first urality of. source/drain fegions;. an oxid

bi |1 ar HAACFH SRR oy Fipee oL eitng & Jiest charee when the cell
pl ur al ii§ ¥pQhtel itk A Eirdt HiBetidd A kB HABR WA th€8QNis operated in
conprising epitaxial regromh of silicon al ong

opposi recstrdkdiedctionigidt he oxi de pillar, each body
S SpREP AT AR BT Bl Bttt , SO

source/drain regions forned on the oxide pillar, each
source/drain regi on coupled to a different body .

r 8§¢ 641l ofiplajm Quvharein thegirol sptpisicamprised péa pplysificon material.
plurality of source/drain regions, the plurality of

body regi ons, and the second plurality of source/drain

r &ge celd pf alatn @ wisntinal firgedoardetiraindegivey ofehsted ssdraibaegion

| ayer. 13. The arrgy of _.claimwherein a first, .
¢ MR 1 Gl igfOPeHRiscR Hhsr Kjrsbirepfiop and g squsegiregiongvhien,thg cell is

s gpiraeadh ddsee68H @RedtiogMm the first plurality of
source/drain regions, a first ultrathin silicon body

region, a first source/drain region fromthe second
pluural it ource/drain regions, a portion of the

i é?%ﬁé&ﬁasi\}'@?mf’w&rﬁyrc PSPt¥con body regi on,
andutstiRed havahg Qﬁrét'@mrﬁlﬁkﬁ}tdf@bu@%ﬁﬁ@}é?[on%b? portion of
the insulator l|ayer. 14. The array of claim 12 wherein

t Aeoxidepillarsxtangdingroutward g itheesyb@ifatey conposi t e
0% 'pﬁﬁzﬁﬁttyr quﬁt'ra-thin silicon body regions, each comprising epitaxial regrowth of
silicon along opposite sidewalls of the oxide pillar, each body region
extending vertically from a different source/drain region;
a second plurality of source/drain regions formed on the oxide pillar, each
source/drain region coupled to a different body region;
an insulator layer formed over the first plurality of source/drain regions, the plurality
of body regions, and the second plurality of source/drain regions; and

a control gate formed over the insulator layer.

The array of claim 12 wherein a first transistor of the memory array is comprised of a
first source/drain region from the first plurality of source/drain regions, a first ultra-

thin silicon body region, a first source/drain region from the second plurality of



oxi de structure. 15. The array of claim 14 wherein the
| ower oxide |ayer has a greater thickness in a trench

wo@roosisiter side of the oxide pillar than a renedTiUSI04/038261

14.

15.

16.

17.

18.

19.

portion formed around the og#pe pillar. 16. The array
of claim 15 wherein the fir plurality of
source/drain regions is isolated between each trench.

1%oureMedit ireglondRPrfidiasitheBiRBIaYorad yer bv& AP fits kili6ordbody region,
substrate having a | ower source/drain region; an oxide

pi A0A APOEIaT ﬁ&th@goaﬁt)k/ﬁ#‘dow&ﬁ pastior obibe insubateidanss t he

| ower source/drain region; a plurality of ultra-thin

silicon body regions, each conpri sing epitaxial

r egreantalp offclaiin 12wheraintthg imsplasiliyer §§ cenmised odi cdhiposite oxide-
oxi.de each body region extending vertically

fr%'iﬂdéé’&des?t%u&? the lower source/drain region; an

upper source/drain region forned on the oxide pillar,

each side of the upper source/drain region coupled to

a Wiefaray @ﬁtClétimdlﬂ whereimrthe lamvdr wsidedayer hhay greafeo thigkuhess in a trench
ar.oun si de. of...t ower .source/drain regio .

t [F2 et?x (? ttgfoxB%edg}ll?rg LA ECmQHHgtPHEt{CIE’ptg ec{ arguncp the oxide
sqﬂmﬁe/draln region, portions of the insulator |ayer

on each side of the | ower source/drain region having a
greater thickness than the remaining insul ator | ayer

e oSS op st B EheBRUGF Rt PRI BY s 8o B RGRA TS sotted

c atweeh egelh echcl.med over the insulator layer. 18. The
menory array of claimwherein the thicker insulator
| ayer portions are a |lower oxide layer. 19. A vertical

NFOVL ik AR ON Wal ety GOIPELbiel 3 @ substrat e

havi ng a doped regio conductivity type
t lsubsthae kavisg rdowemsonsrdiraig regiomg t he substrate, t he

do ed. regi on actj.n s a, first saqurcel/drai |on
B g e gyl maadréor&@% SiiaiePoYR P dower seirceldrain
source&Qﬁ@hn region; a plurality of ultra-thin silicon

body regions each formed al ong an opposi ng si dewal |
a plurality of ultra-thin silicon body regions, each comprising epitaxial regrowth of

silicon along opposite sidewalls of the oxide pillar, each body region
extending vertically from each side of the lower source/drain region;

an upper source/drain region formed on the oxide pillar, each side of the upper
source/drain region coupled to a different body region;

an insulator 1ayer formed around either side of the lower source/drain region, the
plurality of body regions, and the upper source/drain region, portions of the
insulator layer on each side of the lower source/drain region having a greater
thickness than the remaining insulator layer such that the lower source/drain
region is isolated between the thicker insulator layer portions; and

a control gate formed over the insulator layer.

The memory array of claim 17 wherein the thicker insulator layer portions are a lower

oxide layer.

A vertical NROM flash memory array comprising:
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21.

22.

23.

of an oxide pillar, each ultra-thin silicon body
region being fully depleted; a polysilicon materi al

wo erosesh7an t op of each oxide pillar and each bpCUS2004/038261

region, the polysilicon natqﬁial acting as a second
source/drain region and having the sane conductivity
type as the first source/drain region; an oxide |ayer

f oa sebdtrate diavinp e doped tagidreof ddiffyrene@indastivieNgpsBan iR substrate
sour ce/ dr ai ions such that the oxide |ayer has a

gr eat er &t ‘Fﬂ‘ﬂ%gg%g gﬁeéﬁ Stafs the doped Ergion priingian adirstepurce/drain
areas; @ofyntride-oxide layer forned over the oxide

| ayer onFy on the opposing sides of the oxide pillar;
arﬁdplarq;}mj' y5otide pilasontendingfadra thefissesbupsegdrainegion;

Pt PTGl SLicoB g e L oG g o aposing Sdewal

second s dxededsiBh) A AR ShiRRIIREE B
The menory ar r?l fec | ai mvvhlerla n t%?fe%%ﬁeg@u%a%m%{ed

s upEsibieen maﬁe@gh formedwe t%ofwﬁeomdmpmar anvbeavhbedy mgion, the

22. The La am\/\,h rein the array
NGRS oot B Rl o HRE R Ptk FelcBind Bl e
conpri %aﬁ@coﬁdtﬁﬂtﬁﬁ?&ﬁﬁasﬁh@ﬁrs@@&ﬁéeﬂiﬁﬁl @it ol signals
for th ystem and menory array coupled to the
pr%gf‘ow%r rarmARd o Yeg tl%? bsfEae. body s7gipnsaard/seseid spurce/drain
conpr i
vt ng ons Seddrife bl LR LGl AR R Yo Blubstrae
nor mal Ityariiﬂdnyerdaeq:ﬁset ed body region; an OXI de Iayer
for d, aboye each of the sour e/dral ions; a
i o?x olygrdosned OY“'Héheo%ée La@a‘%y 8’?1 eHPPAENg agl%%of the
the gat&ld@ﬁﬁhlatagdj capabl e of storing a plurality of
charq andl4 a control gate formed on the gate

¥tilieon ceatrolgate farordfover the nitiidgozide dayeny of NROM
flash nenory cells, the nethod conprising: formng a
plurality of doped regions in an ultra-thin

SiTHeQDEMOIY-drAYWf @ladh, 19t4nE fedthdr §lnding 8@ BoAdiRHVAWAE coupling the
having a fully depleted body region; form ng an oxi cP

| #5eandoBire/dsiip Kegens orecash ekideipierof doped r egi ons:

The memory array of claim 19 wherein the first and second source/drain regions are

n+ type conductive material.

The memory array of claim 19 wherein the array has a NOR type architecture.

An electronic system comprising:
a processor that generates control signals for the system; and
a memory array coupled to the processor and having a plurality of memory cells
comprising:
an ultra-thin silicon-on-insulator layer having two source/drain regions
separated by a normally fully depleted body region;
an oxide layer formed above each of the source/drain regions;
a gate insulator formed over the body region and oxide layer, the gate insulator

capable of storing a plurality of charges; and



formng a gate insulator |ayer over the doped regions
and the fully depleted body region; and formng a

w@eiogesd7econ control gate over the gate insul aP@r/US2004/038261

24.

25.

26.

27.

28.

layer. 2 . The nmethod of claim 24 wherein form ng the
gate insulator conprises forfffng an
oxide-nitride-oxide |layer. 26. The nethod of claim 24

wher ei n atdBgtrildaysioring@6n Wgai&hsﬂ%ﬁ is formed such
that the array is a NOR flash nenory array. 27. The

met hod of claim 24 wherein the polysilicon control

te G t is a
TR R Y IR —
cofiqubiisg Aghaalfty of dbpddyregiony r dn ﬂﬁh—tmcﬁﬁﬁﬁﬁh’suﬁ@d)ﬂ fhe silicon-

t he net hod nprising: formn irst plurality of
doped r@ETIBﬂ’g tPWaé’l%@t“b’é’leﬁle%Q&ﬁ’db’ﬁ%mh gap exists

? ) er %?Bﬁdg Sagéfiaﬁcﬁfg'e%h oﬁtﬁﬁgﬂ?@ﬁg of 8 eﬁ?@ 15e}?s\,“ ng a

conductivity t
f oferimigg agatoxnsmmtqm llayeirovemdae dopesl @gmnb &ﬁd/\ﬁe fultshdepttogrisbdy
regions; formng an ultra-thin silicon body region by
epi t axi 58 19%@1“6\/\1 h extending from each doped region

al ediehiRPR PSlySilicSh S g&te%fvelttlﬁg Qﬁé'lﬁs%lé%xllh?err’ form ng
a second pluarality of oped regions in a polysilicon

rmterl al over the oxide p| Il ar and body regi ons such

illar are . .
eI ec? r caq%lo Cg%ﬁg%g‘e‘d eafﬁld ﬂ%@gﬁ}?gg%%%ulé{?ﬁ GRmpHSFS fQpming an
typﬁlda&lthhe-o&ideahydal urality of doped regions; formng
a gate insulator |ayer over the first plurality of
doped regions, the body regions, and the second

F‘B@ et HRReS, &ﬁé}{aﬁmf?e (ﬁggﬁéonf (toc{%lgjog%}tgisif%%neﬁdastugl% that the

I con control € ‘area’ over
adpmm;erstaN@Rethnm‘mdryen’agady regions. 29. The nethod
of claim 28 wherein the form ng of the polysilicon
control gate area includes formng the control gate as

a TROHHeMEAWT cl AN @H&émttﬁhspcg 1ﬁcdnrb%’ﬂ LB} %{ e is30rmed such that the

nmet hod for form ng a nenor ray conprising a
pl array istayNANDyBashi memonyROMymenory cel I's, the net hod
conpri si ng:
A method for forming a memory array comprising a plurality of vertical NROM
memory cells, the method comprising:
forming a first plurality of doped regions in a substrate such that a gap exists between
each doped region, the doped regions having a different conductivity type than
the substrate;
forming an oxide pillar over the gap between the doped regions;
forming an ultra-thin silicon body region by epitaxial regrowth extending from each
doped region along opposing sidewalls of the oxide pillar;
forming a second plurality of doped regions in a polysilicon material over the oxide
pillar and body regions such that the doped regions over the pillar are
electrically coupled and have the same conductivity type as the first plurality
of doped regions;
forming a gate insulator layer over the first plurality of doped regions, the body

regions, and the second plurality of doped regions; and



formng a first plurality of doped regions in a
substrate, the doped regions having a different

weondost7kvi ty type than the substrate; fornm ngPERUS2004@38261

29.

30.

31.

32.

pillar over each doped regi on such that each end of
each doped regi on extends béy%nd an adj acent si dewal
of the oxide pillar; formng an ultra-thin silicon

boghtrrigga ﬁélyﬁncﬁpédlﬁﬁﬁl hte ﬁ@aro%\(c the @SR G afdjaegﬂttt@ 8ach of the
ends of the doped regi ons and al ong opposi ng Si dewal |

of the bdyegionsd ar; forming a second plurality of
doped regions in a polysilicon nmaterial over the oxide
pillar and body regi ons such that the doped regions

oVEhe hiehodidf cRiim®8ewsdreia ttiid foahlng o d mlbcﬂyklm coairsl tbearea
same conduct|V|ty type as the first urality of doped
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plurality of doped regions, the body regions, and the

second plurality of doped regions, the gate insul ator

I aysemethadf forgomnihg \a/enerhxaxyelrr,ay adjppri€ing aphirgditg bf esrdc NROM
e first urality of doped regions,

ed re n_of t
Eie gf-‘é&ﬁbﬁ%@%@@m&e t han remai ni ng portions
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gate area over the gate insul ator ad)acent
t he bodghffeeagnt opductivith typathandhbe sn‘bstratal m 30 wherein the
a.co
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met hod gdgidil éxitdds Beydirr i 4ajdch@ sidewall dJf MeixideSpifiy; OXi de
'a o?*rrmng an ultra-thin silicon body region by epitaxial regrowth extending from the
ends of the doped regions and along opposing sidewalls of the oxide pillar;
forming a second plurality of doped regions in a polysilicon material over the oxide
pillar and body regions such that the doped regions over the pillar are
electrically coupled and have the same conductivity type as the first plurality
of doped regions; |
forming a gate insulator layer over the first plurality of doped regions, the body
regions, and the second plurality of doped regions, the gate insulator layer
having a lower layer, adjacent to each end of a doped region of the first
plurality of doped regions, that has a thickness greater than remaining portions
of the lower layer; and

forming a polysilicon control gate area over the gate insulator adjacent to each of the

body regions.

The method of claim 30 wherein the gate insulator layer is a composite oxide-nitride-

oxide layer and the lower layer is the oxide layer.

The method of claim 30 wherein the lower layer is an oxide layer.



