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NONVOLATI LE FLASH MEMORY DEVI CE AND METHOD FOR

PRODUCI NG DI ELECTRI C OXI DE NANODOTS ON SI LI CON DI OXI DE
w@awkgssasnd This i nvention relates general |y tBCT/SG2005/000046

nonvol atile flash nenory devices. In particular, this

invention relates to a tradp+ng | ayer having
NONVEILSCHILECF OASFEMEMORY DEVIEE dddd METHOD FOR PRODUCING
—FUTTh—Tﬁ_—-—'_t‘_ﬁ_f_T_TW—T_b___t_'_’r‘_

|s||nven Ion relates 10O N a rIC% Ion O

oxi de nanodots’enbedded in S|I|con di oxi de as trapping
| ayer. Recently, the needs for high density

Pg@ratmue flash menory devices at a |low cost per bit

e .l ncrease remsndo Nonvo il e flash menor.

IRV diEigRo retesoBene . B AEBYORl G, dpSh oMb dsvites. In
parti r‘ s %Jénﬁ@ﬁ'r@&tésatbeé traﬁbﬁn@ ISP RaViYy Hiefadthid 8xidtrfanodots

tween the gate and channel regions for storin

emb@lom in s&pon mawdec Eurthem dhiseisvestion iralates o dae %abn@%tlon of

nonvh@%%bazsiﬁﬁgg'(&rgsé\:ﬁg éé{eﬁé&‘i“r dé éﬁa@ n t¥ eﬂfo‘@fda%a in silicon

dioxide asdeppiricplayehe future t he ' Internat| onal Technol ogy
Roadmap of Sem conductors” (1 TRS) 2003 shows that the
scal e down of nonvolatile flash nmenory devices wl|

?rméuﬁae‘élbsffét ﬁlghfchénsitﬁn@ﬁ\ﬁbléﬂnémakﬁ nﬁé\ﬂoﬁp@é\hé& at a low
dovvn of the feature size, @roaches i ncl udi ng

cost par bit hpug dcrepgediTPmenspusyt Pag@aw&vf@ﬁhe@@m%m devices make
use 3!’ £414 felffé@mraﬁ stk e hqws éoég)gﬂ/ detl%\?@t rl&lss lk%mnéé ﬁbatlng

I NCrease 1 n S or age ensit Ion pro ert
gate] betwaaenoh‘net gatenaryd chapoeltragionsdquistasingnelecirisal ¢ arge carriers

non e, Nul t nd nulti-bit nenory device
reprq_ﬁegn P% egﬂtfr%'t {@aﬂ??ﬁa( @torage Ires,lul ting f?/om Vi ces.
rpmllmmtﬁ/blﬁl tite Of!é&BSt)nNeﬁMy gew&e(s haveé bleaen aggressively scaled down in
ol ysi |l { con- i tride- -Silico e
the Ragt gy debaess FAE NG B G408 Bieiateoa, Leditoty Re2dmap of

SemftiopALELA] PR S 200Ms v iat iHR'scaled vt oftvoRfAiREBash memory
at er al mgratl on_of char(%fncarrl ers, hence stored

deviegsawil) nasi seriews difieuliyela W&bﬁéC@@WWV&%OMQP@m size,
apprSQEﬂ)ci?sr IlMI Q rﬁB@xl‘éVél' Qﬁ‘@'r?ﬁlﬁrﬂlf ETH; fHaRét t¥i ignificant

nonvo e menory v
attemibntb”m:auﬁe tlaeydleﬁdMO)Subﬂmtlalr iocttiaselin steraga density.

DBAH e T s e, U B R B lnguggments o
nonvditilé multhRvBEnd aludihbit arrhoalevivesV\Distpé/dhbsg2 Sarigr storage
resultlgg%wggggp%% deﬁCsﬁsanghg R/Slll%grr)r xide-Nitride> bmde Silicon
(SONOS) type memory devices has been developed because the discreteness of
charge carrier storage suppresses lateral migration of charge carriers, hence stored
charge carriers are less vulnerable to oxide defects compared with conventional
continuous floating gate memory devices.

Examples of nonvolatile memory devices of the NC- and SONOS-type are
disclosed in U.S. patents US 6,351,411 B2, US 6,407,424 B2, US 6,413,819 B1,
US 6,545,314 B2, and US 6,724,038 B2, and in the PCT patent application
WO 2004/048923 A2.

' In NC-type memory devices, charge carriers are stored in NCs formed using Si,
Ge, or metallic materials, which are embedded in various dielectric materials such as
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Ge, or netallic materials, which are enbedded in

various dielectric materials such asSi 2, Hf O and
woiboab/@B84BoWever, charge carriers mgrate | aterBtT/yGu05000046

direct tunneling (DT) and trap assisted tunneling

(Frenkel - Pool e (F-P) tunnel2rg). Therefore, the object

SlOg‘?Hf@E‘ hfid HXI HoWeVes, dﬁér@é exiridPs midlaty Ritérall ﬁlafdn%%htunnelmg
device and a method for fabricati n%m he sane,

(DTMnd:ha@a§$l§tedetuan@llrwo€\r@nh¢hﬁ¢qiﬂéﬁ-%)ﬁynn@ Jngs and
o Rl et LR 5 Dt I el YR mory

devit@and aandthed ﬂ»reﬂabnd:atmg th& isdmen aumichodveroome the above mentioned

s o 8 e R R,

for storage, which largely inproves the data retention
and reliabi Iit¥_ of flash menory devices. The novel
IPAventi on can be perforned with

C?H% ﬁ%hf?&?éroﬂ@ T%ﬁ%g%{sggﬁﬁé Jl@%rc?rfcclf)@de ﬁé}f‘odots on

probl ens pr sente e over
sﬂwdn(t\é)dnmim@?bloz) ter anmailmemprpstrdemra ummglalhextdlélectnc oxide

v A3 R 005 SRl P SR b B e Ftenion

and b@lidﬂﬂlt?%’ﬂﬂd&?ﬁwérﬂoﬁldé\ﬁﬁs( n“ﬁ)edwel #eethSt @ )this ifVigfiion can be

di el ectric oxide nanodots enmbedded i n

perf@.rnnq:d;wtmqmeawb?é GO praseys fachniavest Thersfargethe problems
pres@méebgﬂl |:’|;n‘$% @hga,{ BeldVer&ig@nd aspect of this

i's described bel ow. Therefore, the )
nbmadirat aspeatethsr investios grovidesias npnvelatlleoﬂasinmemgry device

comh@%ﬁgy \?éﬁedérﬁﬁ ([ﬂfg? 'ﬂ%nﬁgé’ﬁlﬁgia;/eﬁ hgﬁa“egrc{lélg&rl%to%oaegﬁanodots

bemgl bmbwsdb&’) ieli emcdql‘@ﬂl@z%e (S@ﬂpdlﬂmke/\/ldme@:ﬁw akide annodots
. NOS- ; . evi at.er m gration vi

embR 57 15 D B T e Bl S P hotdng o

the &H&ﬁe{%%@t SEhRIINVEhTor WHRALis Aescrivst Belspared with the
known pe mermréddew ces, this invention can al so

prbeiea@rea@aﬁ nopMalatitednamenydevice o0& hisi iInxentions gmploys trappy
dlelé)cﬁltlcv,"‘ﬁﬁﬁugé‘tﬁra%ecl?gé'd:érrﬁer"‘étﬁ)rég{ﬁ REEEs qnﬁlhﬁearétlﬁélﬂﬁfgd by high-

er advantages s I nvention are
qualdy|smcna(IV)§i1oxwe ($i®2dlel et eri ous di ffusion and chemi cal

t ab t
kB it 2o SRR kndis SONS Mnel maPGn Beblees, ateral
mlgrfa@bﬁ Wid tedp asséétéd |(F<‘ﬂ)lttlgﬁ?4ll'@f cam)“eé@g?irl:chatlymum{mssed lthmg this
evi ces. can be i urt her i s inventjon, the
Ve STBOHEHINY ETOWE NP ey HEHERS LhR Hyention can
alsorg@gie:q%(ﬁdiﬁdlﬁr%d%ﬁtdg@iﬁeélbctn%éipfhs@l%ttl@ﬁt bétaRaRecHARge carriers

within each charge storage node. Further advantages of this invention are the

Su

elimination of the deleterious diffusion and chemical instability of elemental NCs, such
as Ni and Ge NCs.

Due to the fact that, compared with the prior art, the retention and reliability of
nonvolatile memory devices can be improved further by this invention, the nonvolatile
memory devices of this invention can be used in extreme environment, such as
astrospace and radiation.

This invention even results in low cost per stored bit.

In a second aspect, the invention provides a method of producing dielectric
oxide nanodots embedded in silicon(IV)dioxide (SiOy).
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This invention even results in | ow cost per stored

bit. In a second aspect, the invention provides a
woredokosB4ed produci ng di el ectric oxi de nanodot SPENBeZUS 000046

in silicon(lV)dioxide (SiQ2) .This nethod includes the

follow ng steps: First, a-sBbstrate covered with a

fThn%tm@luhQHeﬁémd@s ih@wenowfngsstép§ cml(st \4 slissticie cb%@d&)nth a first
vi ded. Secon a net al | m (which can be

dielagfig E‘yﬁhpfrﬁlhfiqf\(‘yV)ﬁ@xtﬂf@d&@z)éﬁ pwed Geqareli, a metal film (which
can Bé%{neﬁltnra' thirl ﬁ\ffﬁ lis dé}?@é\tec{ SerTRE FrstididBLir I?gé}e él'lh%ﬂ tHE metal

f1rst "annea a tenperature
film mnne@edm mflrsd)énndaaiu'@stﬁdp raﬂaatbmp@mture]balmw imermegmg point of

LRl &) Btk aof pBbinc blare bR AsiBby Y3 Shbignt which
is sdb@fafmiausa axydf@m-freé SWIeﬁillﬁ:l rfriddots Aryfermen dﬂi&ﬁé $|r§tfd|éIE§trlc layer
|rst anne ing step due to rel axatiaon of

by mgans$§ W&ﬁnn%m@&p dye tq relpxaignisf laves SH@$$ zw,luch however,
is Ilng?]l%l byttHe shfScd RiBMAftg! YhE té’tﬁgeréwféo?gec?]ahﬁné ltl‘ilétflrst st annealing

step provites fhe
steptprevides tha;xtanhs uf thetragtal used ini thi (slira)thin asmtakﬂim wdb sufficient

surfgeg bl S5 b (L8 St el it Shif B el Rio 4 Ipyerstotal-

ene@yrs%tédmhg@éttsss relaxatien prG&éséeTiol e@mdeethe Iedﬁﬁtubcenergy carried

by e SHSRITHAGIE S Hst) SHDIAYNG P depptitp EiePaihd (i)-thin metal
film f@?\td@to Bkéam lhﬁﬂﬁélvtdi’la%%ﬂbs' AEPndtalic WaﬁH@d)ts' AbAY thitial tHiekness

'1'c nanodots, along_initial thickness
pertpréxettlgna aciingas eystahguelei. Jhjssiral annealieg steptis samiedsut in an inert

oes LA 20s3 S S008I b Beh 1S bR aaE Ol i

metalHfikh dl'lhagésnrttm metallic nanedais, |fe Istrch tzatdies ultret-thinmertegal film is not

xR et bR BB B Bl s b e

maxirhlm atbuRtot dSb(ﬁygEh 612) &Wﬂ@ﬁ'mé\,gbétp@‘@sen'ﬂ&iriﬁigﬁhmt anneallng
anount of oxy be present duri

step; fiie tﬁmmra%m eaw &@n@ﬂ %@d twrﬁa% ef thefiret %@aluamﬁeﬁgiepend
on t?‘a%d uk8§ Hfa?t?rﬂﬁ cah bee %bfrﬁ:tallﬁ‘rﬁﬁé}rhﬁ%dsbﬂédj%?\e'ﬂﬁ’e Qi?\osen

use and can e enpiri cal y det erm ned based
exp@meml ctonsiidionsx phe resapisicalc detirmination phethenpuitalklal reaction

o4 45l BB R4 8 G 90 p r v
gasécbusrramstplrnere)ne Mtellgaﬂmmtme Masmlenge 1of the pemsehlskilledhinthe art. If
aluréirqﬁmk R s s ety PG IR LBt et T, B sarientration of

@,)fd tlyﬁ'lcallth%SQ Wbbﬁ{ arthefteMmpeastird 19 typitally chosen to be

ypl caIIy | ess than 5 8 m and the tenperature is
betW%&ﬂ aboytypedemboyt BRUKet ween about 5000C to about

8888 wardk! é"ﬁfe@aﬁ‘lc hQﬁo?&%aér agr}riél%g%fm a s%ﬁ:@n@%%%ﬁﬁg step,

in a secohd anneal1ng s y I'n an oxygeni
prefarahilyeim an Skygemit ambiemt.i Blemmmd)ade nanedbtsraredooned ba the first

oSy G SR PR b G BR BRI o o caredou
in an oxygenic ambient. The concentration of oxygen (O,) in this second annealing
step is chosen such that the metallic nanodots completely change into dielectric oxide
nanodots. It should be made sure that the duration of this second annealing step is
sufficiently long for completely oxidizing the metallic nanodots, but not for a too
extended period of time such that an oxidation of the substrate by oxygen (Oy)
diffused through the first dielectric layer is prevented. Further, it should be noted that
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I n an oxygeni c anbient. The concentration of oxygen
(@) in this second annealing step is chosen such that

W b@ones4ad | i ¢ nanodots conpl etely change i nto PCT/SG2005/000046
di el ectric oxide nanodots. It should be nmade sure that
the duration of this secordtannealing step is

the dwéfmm&rthisyséwrr@ borealingpstepeay welli as thglstel‘jeconcentratlon of

oxyah (DehlSa BERSI ai tam ised tateidhr e DRETLAARIGARLS Thy dimension
of th@’fﬁ@t%ﬂlc(r%')od@'tg s ?éinﬁ aﬁdgr% e Sli!]l* ﬁlﬂ%aﬂ s%'c%ﬁH (frfheallng step,

[ayer iIs prevented F not e
etc. Likewigectheufirat aomeaimgtsiea sntamj canaitians fior theeyecendvasinealing

step G5, HE A FBR ERBPE ekl Ty & B0 SicsPadd KPR the art. 1

alurrﬁhl!imr(ﬂl)ois wsed he metahfdr thenaltracthirs metalefi Ihﬁl'ther(aintfeﬁtratlon of

I
oxygBndOe) 1 PIEaIE 2PPHES 000 5PMa s Abe ErmBatatie s SHISTM dosen to
be béﬁ&é&?ﬂat%lﬂ%@bpogo 866 BRPCHn 4 IS SRAuAKRRNIAH8lbuling

person of average skill 1n the art. If alum
dlele@mca oxu@e naeedets typically have atm@amum dimansiomefiess thranmr equal to

abo@qggéﬁﬂ;ﬁ%?érgﬁly% a@Bupﬁé?‘nngr} é@gl)élo §th|5§§ @ﬁ%*nﬁlosen %nanodots
usuzilg Haee\eelesighbofiat r:é@ﬁ@(hmo anbané dadifded Itwotd(}memsmgﬂil on the
A t [ ct t
first et FyShith 2 dehailiat AnarRareP LR Tecs than o
ecinally, ttRe aabatalelé@@mnayerpérﬁf fHeadielechric alagetngnoddts Afe covered
addi t1 on, these al umi num oxi de nanodots_usual |

with ﬁes@end(;helgptrqcégger af siigondNadigxideSi®e) 4 lr}ygdtheyd|2Iec’mc oxide
nanddiis %ké*@lgﬁie%eh'lﬂ gﬂl%ﬁ%dﬂ%&é It naz;) %) Efhé Tuﬁsé'o?%ﬂ?éttrw IAerdof the

ensity about
nonutilatile fash menagryof thednv&rénodmﬁ;eba\te myﬁumblmﬂaiakdessam ean be

adiu§RA°RE oA 16 178 SR, ShICARE. 15YBme embodiments this first
dielettio thyes canmpriseh el deicknasssofl adew(ﬁe\f)oinebersi,em(:ﬁdw but by no
meanaiBitads. 3 RN ST N6 1S OfAcRbestARA 24isn §nd aBout @ nm. In

somb mfeheﬁ%m@émneafs PR tAtkHes€dr ahs arstidi Id‘@e&t@.ctlayeerdﬁé¥ bethbout
plication. In sone enbodinents this first dielectric

4.5 nraylekeweﬁpihemoad drﬁleqtﬂe@yemf the penvelatis flash pyemory device of

e NS A s SRR 1R 8 A 1 o on

the appiisatidn. $nsbmerdrolidodiments thesetbnd dietestriolayetihas 4 thickness that

di, el |
o AT D58 RO o I s, o
thlcm‘%@? rof tﬂevxlr,ﬁng:l:ﬁé g"set&tmm% :n rﬁﬂ¥ Orb?yggbem?hwg Inggﬁgtrl‘lcutlell’lrelf the
Sui
th"’"&}%ﬁﬁlog ﬁ'ﬁt dlerIP‘“éﬂ?n?Y@Frb% ﬁ%’.‘ﬁ%aPWétagBand dielectric
| 3y&@loutPSe ofe'?d'tﬁgﬂﬁéfinéthé& ab%e‘sﬁhl’ié‘c?ébé\féaé‘s éé&n@ P@Et of this

the first ﬁle lectric layer. In exenpl ar¥ nmbodi nen
inventien can easitydie intonperated bruthe conunest pradgiciiery ef nenwplaliée memory

PP Ypof A utol el hETOTHAESEs ethihoy
These and other features of the invention will be better understood in light of the
following drawings and detailed description.

Brief Description of the Drawings

Fig.1A to Fig.1D illustrate four steps of the method according to an embodiment
of this invention.



10

15

20

25

30

35

It should be noted that the nethod as descri bed above
as second aspect of this invention can easily be

w0 pwengsas@t ed i n the conmmon production of nonvPCESEGL5/000046
menory devices since this nethod is conpatible to the
CMOS process technol ogy. Fese and ot her features of

t Rig. ZINVterﬁlg@C \ahb\lrv dteniietfbree mim‘es@cb QAFM)hn'gigbs%ken from

Samggé I I ovm n ﬁét%} iwgg@%g‘t“ iy i& crl t| on. Brief
' F|9U§A (i ? i@éﬁoﬁkf‘rﬂgvﬁBtdet’l@ctﬂéﬁtéb%@trégkpsgtdk%ntﬂ%n?ﬁe sample

nbodi nmen his | ention

surfa@eﬁwfierfeaobestam dlustrataslin(AGNA torfeigelC.t aken from sanpl e

1Hd £Fude SRS RoBifhnemidgort AsERah Bubiedpby Nl fhage of
a noi(rMIBGEllldr ﬁéét@gmérrmny ﬁbgg&?&?@?ftﬂﬁgﬂf?@;?mb&d Rﬂer&saﬁghstlﬁ%ntlon
FsiEA 8B Fioo R showpammeasisNieepinaniolatia fashmpmoregpvices
of tHennee aﬁ& sa)nesth)atacb&d‘mgﬁmr%ﬁ&wevi ce according
he enbodi nen hi s 1nvention. Fig.dA and Fig.dB

sﬁWﬁéeﬁf@fy@cﬁl perspeetive aiew @f ibeanenvolatilesitashe mangory device
accdlad g‘r:t%zor,g IIEBSdIE%nt%?%eS%@Hpe according to the

pri hows™ a 'perspecti ve view of the
nBigv@A and IFég. 6B dkistratanthe)ladealimigratiovosfdlecirérs witterespect to the

di pent . of t t . QA d Fig.
eneidh ] Sfctiiessntbe storB0siapactaingre 3he nopdaBEls fash memory
devit8S BR6WN P FidISA @narmly. 5m esgddtivelyur e of the storage
capacitor inside the nonvol atile flash nmenory devi ces

sﬁtgf\ﬁipullwsp%e%t&edﬁtﬁrﬂ gigtation et glestrons with FeS@estjto the energy
band 'stideiuré bf g‘l%ré%ér gé citdr Hside e H&n\g#lﬁftﬁﬁrf%%ﬁ ﬁ’l‘éﬁm%ry device

respect to t e en and structure e storag
showapa€ig.9C. i nsi de the nonvolatile flash nenory deV| ce

+ B4 Pa e Fi R nusta (et detion 5t 8k ons Wigh reppect to the
quamummv\rgﬁwlabﬂur@ of tkmtsmmgefcatdaeutsrf/ n:agggetgﬁg%m;btﬁmlt:el ﬁlar?jkﬁemory
de"'&ﬁﬁ SP—PH"SI'B ?Fsgég e;g{e@g ¥elVi | | ustrat es theg

VEd.7C ﬁlusfrafe%rthe QBrtRbl @t@\@ﬂdrpcsf%lé\tﬁdhsrwm RsdpelcPtoithg quantum
uantun1me structure of the st or age capaC|tor i nsi de

welltstwcm;rﬁxnﬂtaeﬁt@ragpmam&hwwd@eth dronietatte ifiaskingemery device
shO\!w:/hQn ﬁg, ghows a conparison diagram of the threshold
oltage shifts of the nonvolatile flash nenory devices
sEagsz*Ausinonga adBnarisohi diag@mi afttheekdweshold ovoltage shifts of the

nonvolatile flash memory devices shown in Fig.5B and Fig.5C with respect to
retention time for different temperatures.

Fig.8B shows a comparison diagram of the threshold voltages of the nonvolatile
flash memory devices shown in Fig.5B and Fig.5C with respect to retention time for
multi-level storage.

Fig.9A shows a comparison diagram of the threshold voltage shifts of the
nonvolatile flash memory device shown in Fig.5C with respect to pulse width for
different pulse voltages.

Fig.9B shows a comparison diagram of the threshold voltage shifts of the
nonvolatile flash memory device shown in Fig.5B with respect to pulse width for
different pulse voltages.
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retention tinme for different tenperatures. Fig.dB

shows a conpari son di agram of the threshold voltages
w@booslgs4ponvol atil e flash menory devi ces shownP@TISG2005/000046

Fig.dB and Fig.dC with respect to retention tinme for

multi-level storage. Fig.98shows a conparison di agram

Deta@fecllb@séﬂ'_ﬁl gomol d voltage shifts of the nonvolatile
nenory device shown in Fig.dC with respect to
dmtbe foqumg fetailgdrdeseaptionof e mwmta@*egeferre@cealg rapgado the
accogr{gﬁ#im&i '%Wh%‘?ﬁ’éﬁﬁ fla baR HPESE 8R4 th \X/HLE%QS sﬁgﬁwg%gay of

onvol nennr device s
illustvatidm ordy spetific embddiraenisaf this mvedtlcbrﬁ én ﬁ‘radna\Mmgs like numerals

i) De [ n t f ol X
desciP:siatnele sl GamonEnls Prodbials e sl fiews: <
PSS telr édb%trafé:@émnxh@wl@w aescripfion efeps 8 anypdéped and/or
hereof , and in which are shown, byway of illustratign

undqnﬂqfsergls@admt@r s,imunemrzg 9 exprsed w@mei fghthe farmation of an
mte@é@?f cﬂ%ﬁ{t S’Slﬁ'\ l?cﬁgres‘iﬁfc'tt% n?&’él&é‘ %EPﬁlrlEé‘ oﬁ%éﬂéy&s that

onen e sever al
haves bbem fatbricatesd whereupdma Futheontheytatminals ;assoaat@f wﬂb the terms

s 2Bl RSBy M ALY B romlat

flasH Fﬁé?ﬁdil?tcwlnéé forHidd aSectiansiston o ntheclepmnssddurcs Wne dmiin are
corrprl se ot her |ayers thg have been fabrj cated

mterfshemﬁam@r Agelifionadly, themonvelaiifeqfiash memary devige peshribetherein
may g% eﬂ;ﬁ;r% (?%fg{ %fga | By 2Rdn ﬁ}l"ﬂ{érl‘:oﬁﬁtngé %B%rﬁl’e cwcwtryfor

t1ons of the onvol atile fl ash
driving ahd eontseliing thesnenvolatite flastomemoryg devige, wbwlrguﬁw&s such is

oendl B PR 4 RO il DBRA Yoo 4yt s
useddn [the tprefertnspedifivationnmayr ynaredystaljing yrartides cxaghr haeing a
R B Ao 50 P8 SEBA LA S abou

5 nn¥. U dddlit@an ekl wahi@twﬂma@/ hige & theight ohat Qé@sfte‘l mm These
descri bed herein. The term nanodots as used in

nanegrystafinepaetisles er@tsqmraiﬁg fieameaey athery s domat h?w gantact with
eacl‘iggﬁ Y| é?ﬂref" tﬂ@’félﬁ‘r‘fﬁq 'Fjg diithd &%%eh{"@ébd?ﬁca@’%%p?é%ents a

ess ‘or equa nm or about
matamhwhm\nraa@a@l:m tpireflecablyrityan @xpgenia @menbAddtthneaﬁ,tm the

ot e B RT3 515 SIS BRALY Ao s

dioxIe(8iO,)Mor eover, the term oxide used in the present
oRetaag nouf dp B 0 i O PRt Bl Seps of a method
accd¥dffid foAdPbinbodinterititT thi lilvamtibe (hBRcdferm the present method) are
desgr!@tlyqldaggialta}j/& ?—'§ rll-\csgmws tLelrgsu%tbgfrae%llrls?tst%% of){hetz present method, i.e.
after growing a first dielectric layer 101 comprising silicon dioxide (SiO.) on a
substrate 100 comprising silicon (Si), and after depositing an ultra-thin metal film 102
over the first dielectric layer 101. The substrate 100 consists of a p-type silicon wafer
with its exposed surface being oriented according to the Miller indices (100). The first
dielectric layer 101 has a thickness of about 4.5 nm and was grown in a pure oxygen
ambient at a temperature of about 1,000°C. The ultra-thin metal film 102 has a
thickness of about 2 nm, comprises aluminum (Al) and has been deposited by
sputtering. Other deposition processes such as atomic layer deposition (ALD) can
alternatively be used for depositing the ultra-thin metal film 102. It should be noted
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dioxide (SiQ2) . Referring nowto Fig.1A to Fig.1C,

the results of four steps of a nethod according to an
werwoedssrent of this invention (henceforth: theP@I/E6HENS/000046

nmet hod) are described in detail. Fig.1A shows the

result of a first step of +he present nethod, i.e.

that ﬂfé @sagy @leit@na(g) fostheislﬁism&é 1 00 laddest aleHhintedpAl) { ﬁirﬂﬁe ultra-
on di oxi de on a supstrate 100 conprisin

thin énetai d‘Hm( 0%, a&nweélf @%rtheeﬁaiﬁq ithigkn@sse@st aadtqiﬁppmga{growth
procE%%s : o gt%‘{ggusttﬂéﬁvé.' F&t egérﬁbfe‘:tlﬁétéah Hlurhthu g{ﬁ\ﬂwopﬁ of the

consists o a p ype SI I con wa
folloivirg materialsl canrdlae debdspusited i asnuléra-thoc onedialfidmt $02:hdtrium (Y),

lantiignue (i STt CFhtialtim @Oy hafiiniED' ahenfti @) tungsten
(W), Hiciee] (Niy geatirur (B | ruttierfuing Rig hainadiune (Va salybderRPO (o), and

The ultra-thin netal film 102 has a thi ckness of about
""d'LQ“r(m- conprises aluminum (Al) and has been deposited

b#l(%;i’ﬂts‘lrﬁﬁﬁs“ﬂw (i ofjﬁ%%ﬁogﬂ%eﬁrd?ctﬁéﬁﬁéséhtcﬁ\eﬂ%d i.e. after

ayer e03|t|on can alternatlvey
annegling ther eumﬁﬁi uitra;tmrmgneta! rfldamt‘rﬂa imetraingrt gas 1@nbient, i.e. a

o SH P v, oo e B, o
substahtidilyfoxdygeddize aabisnt maisly cbmpsisat enttrdg'em(lmpélmwwantnany
ory oA SIS i b pLocsazos are dusl LLLYSr alivey, for oo

ppfnﬁ’ kﬁ@ﬁ@zmlﬁéé ﬂ1|§aﬁﬁé‘alﬁ‘ig$ﬁ a%bgﬁ?ﬁiéllﬁ Sﬁyg%ﬁ—free ambient takes

-t hin net al yttrium (Y), I'ant hanum
place Laé)a tetrrmrattum t(ekafy th@ m%{hngu peintiof the aisad imetakfor,the ultra-thin

met%llg[lz;hlr ﬁ"‘één Iéﬁ%ah'-tpﬁg\‘uﬁ%%lgﬁg&\gg rrl]s?(?;f Bﬁfdl ?c]to QE@W@ultra-thm

metalrakide fikhn bort {dl transférrged B‘ltehnatalltchmnmmhsk 1108fdue tweretmation of

layed oS mhier, HeberaT o e oy fis, Shivee HRGRY Hrbindter this

ann@él‘bigaﬁta subsﬂanl@afl@%%)%/gghlf;fr@ gglbtém%ﬁ atgor méﬂbitaﬁbtiot formation
re.o S is su an

ann%ggy@gﬁ ﬂ'? %&W@ﬂneﬁﬁ% edemperaide lr'ﬁ ﬁj;gformatlon

anné@ﬂﬁm%‘sgi@éé ﬂiététBHé’oﬂhégﬁé‘rai (68 ﬁ‘f‘ﬂ%b%ﬁra-@ﬁiﬁﬁﬁé@?ﬁln@% 02 enough
[1ttle as possib oxygen (O) preferably | ess than

surface pebdlity g@@h (I‘@)the ugraTﬂ'gn metal fg{mﬂ;@g salf-asgembles lnto a lower-

I
totaf A7 S48 dunB st S Rss AR Bidhet 15 (I REINE oistig eneray
carriedrbytthe stress builttinto the uétra-thih met@lZﬂImtﬁlQ duringghe ldieposition step,

the (ftitig mefaldim Togttnds 16 etk Mo rRyiEi, ShGeythe metati
nano@btal 103; dl@gﬁﬁﬁél tﬁféﬁné@@péﬂumltlaﬁgtdcﬂﬁ%@s ¢rgytal nuclei. In the
whi

stress, however () i mted e surface
presemb remhoﬁlm%fr ihemetalic hanedels 193 FRcAmInuMm-nanodots.

SHPa A J ?éd ¥f fhe BRIehE ffethSR) t‘ﬁ% | ReBIIROna TS 103 are then
nanodot  format I on"annea ing or ormat | on anneal i ng.
anngaledtie ap oxygenie apddenialsd ata teinpembﬂmmﬁﬁﬂ%ﬁ for 30 s. Thus, the
metallic nanodots 103 are oxidized into dielectric oxide nanodots 104. For this
annealing in oxygenic ambient (the result thereof being shown in Fig.1C), which
hereinafter is also named oxidation annealing, the ambient contains nitrogen (N,) and
approximately 5,000 ppm oxygen (O,). Therefore, in this embodiment, the aluminum-
nanodots are oxidized into nanodots (NDs) containing aluminum(lil)oxide (Al,Os). The
concentration of oxygen (Oz) used in and the duration of the oxidation annealing are

chosen such that the metallic nanodots 103 are completely oxidized into dielectric
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anneal ing gives the atons of the netal used in the
ultra-thin nmetal film 102 enough surface nobility such

wWao b@b/osd3go ul tra-thin netal film 102 sel f - assenmpdESGR005/000046
a lowertotal - energy state during a stress-rel axation
process. To reduce the el as8ic energy carried by the

omdéhbﬂ&doi%mdtﬁ bunsgeH thait Bhbétantléﬂlyrhdmky?deﬁq éztﬂfﬂ%e@lthtdﬂ@h the
e03|t|on ste the ultra

frst flBipee BYer Loinion g subSEratarig. The asuns disieiis aride panodots
104 %08 A0 Sxihiin d?tlngﬂglo'nnéftlé?% t &k&?.gaq t690b rhasfvh%ﬂsmaxmum

actrng as crystal nucle sent e odlne
dimersiomistdild todhe setabieds cmmcﬂtlmsadanlmgﬁahnmhanoﬂﬂtesdlelactm oxide

t e f. the t et th taI
nanddbts 168k, Bhis, SRpRATRS 405 sllErirc SEFo TEARddIS, 104, have a
maxﬁfhéim oﬁmeﬂsbﬂlmab@ﬂw amafucio B0 sélected@hisknddsust 2 mhfﬁorthe ultra-
i c nanodots 103 are oxidized into gle ect

thin m@tabf” Irna @0t wihesa therdielaatiic oxidgenanasiots 106,85 distibuted two-
dlmé\;’ﬁ%rﬁéﬂk 6h NRe st dield& E:GIQ e §0 7 Owith WVhanBdbt Qle:nlg?t]y of about

ereinafter 1s a aned oxl dation annea
5x19Yeminbi ent cont ai ns ni trogen (N2) and appr oxi mat eI y

SR e b G BL G ad st 38 AR v
zircdfrmmhé(Zr)l fumgeiem /iy aidke! ONi) ptégin(d @{&Iﬁ}utheﬁhm (Ru), vanadium (V),
mollarEn (4o SF MR ANDSUSK] ThEd 76 e BUEHATHER meteralfor the

ultraﬂiﬁrﬁhbté! firaAog %én%@éd@l&tﬁ@&ﬁbéh@hﬁd@w mﬂrﬂﬁN hi¥ifly comprise
di el ectri coxi de nanodots but such

yttrigndHoxide e(VhQa)ndaBWm(U@Q)ﬂdél fliaz6} temtelugﬂvb%de (Taz0s),

tltaniﬁLe {r/)esucﬁill eqtléa)l Ebaﬁﬁl ({1% I%% H&ZO%@bﬁwe (ZI'Oz),

tungshed(\ﬂ)uxider(rwas)amcbél(lllkmde (NizO9)r platioain(iM)oxide penaxide (PtO3),

et U T abDe HE sy R dRgbBEERb TR oxie M=)
or iriiuradnfoxideOdr,Os)) rébpéct&@mmhwrhouhhef ohyejenc(O,) owleish d€ used
na odota 104 hav

duripg, the exigalionannea '@&q@ﬁ%w @gg‘l"?)f“ { ﬁ@%PF%'Fﬁ? Rne of
the 56‘6\@ mém'.dnemﬁetﬁybﬁ .Q%rmédwom tﬁéﬁ%{dl Ge?éh&’@oﬁ O Pmetal

are distributed twodi mensionally on first
and@amb@c@mptﬂca&ydetexmnem expesinmemMallot  density of about

5$ 68196 S},lowgqhe %5915 & ifafﬂn@n\@te gﬁé@%ﬁgﬁ{ﬁ'@ hO(fZ? t &ttt nally

tani um rconi um
cov&nngjbbeaprﬁ&d first diédacttlcllla)yer pDatandLihe (dli%tlﬁectnc wixfdenhamodots 104

withs8on] JeleHt P 0P I e L ige (P AF ot to this
embddirhént fhe%@@hﬂ'démbmd@?y T0BeRs A thickrRise ©f Bb6utdX heeand was
nanodots 104 now nai nl y conprise m(11.1)oxi de

disppsedon thedistdiglastng layex 184 a(ﬁatﬁeséltel%c?rmﬁ% MeDPdeisyto4 by
me%@%g%tra—eiztilyz ggh(ldun}':ﬁ%’(’ﬁ@(pg:b%s)at altéipledtlle\0rabbtfs75°C.

t Thg first mpdispoand diejeutds layers tkk1100Itbgethedwith thedigjectric oxide
nangdt")’]tt '%rm gxtl'a%%n?ge 'ia‘%I léﬁsq%ed for storing the charge carriers
instead of a floating gate in a nonvolatile flash memory device. Therein, the first
dielectric layer 101 acts for the dielectric oxide nanodots 104 as tunneling dielectric,
and the second dielectric layer 105 acts for the dielectric oxide nanodots 104 as
blocking dielectric. For completing the nonvolatile flash memory device (not shown in
Fig.1D), generally known processing steps are used. A detailed description of these
generally known processing steps is omitted herein. Firstly, a gate layer is deposited
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rut heni un(1V)oxide (RuC) , vanadi un(V)oxide (V205) ,
nmol ybdenunm( V) oxi de (Mb206) , or iridiun(ll1)oxide
W@ ko039 respectively. The anpbunt of oxygen ¥CR¥G2005/000046

whi ch i s used during the oxidation annealing of the
ultra-thin metal film 102 -t8at conprises one of the

on thé seeomd diclectdc layer 4105, secordly, oatriedstfthergatda dayems phtterned to

epends, 0

formy8 BEf% EipBote bl e nPicR pritfa fpalbmar fosBekithe spbstrate

100 @nfopipbkite Sides with rebgedtte aRNGateRIdbdel ad, fidkllEan improvement
finally coveri eg t he ex&?sed first dielectric | ayer
defeeerding

anne@ingJs dperieemg thigeinMantierbitse gate layenisaabout 150 nm

thlclf‘ %%%ls%%ﬁfaﬁlghﬂg rﬁtﬁ@%é*gﬁ%ﬁ%@fé &‘?-f?& %H s gﬁgg Xhfering.

Furtber| thet smwceagm‘ dtés regiorss tahe diormaed iaf tInabeubst?at&nﬂ&@oby an

. was di spose rst el ectr.ic,.|layer nd the

mplgEieD el Aerie e (i bialBlredsy sBctisiaHieatng st tempSrature

of dbdut at,e0tna fer tEpeusido §aFQrtbérE@e Phec ks, o@én‘@nt annealing is
terrperature of about 675C. The first and second

perfgiraed at ajtempglatyke aftabout 426°¢ da & fleening 93s ambient for improving
the %ﬁﬁ)ﬁ&ﬁthé %t@ﬁé?%b@&%é‘?ﬂhé s&ﬁéfr&tﬁffﬁoaar{d tABRi? auéléé‘cﬁé layer 101.

IS use r storin arge carriers i1 ns
oReferfingatomntp Fig.2Ai to Enmaﬁval@nld brm asibraseopy (AFM) images

e iort Rambli BidtesceBriebf b il o w8 P i £ A5 e shown

Thesé ARt magesa@rékentsadcpdgmpﬁlyealﬁailygs|@f)/ﬂfe ié@amtlé sample

for e dielectri xi de napodots, 104 as
surfeas. d PSSP SEBIRIF SUTAGS 1318 SRohFors 1he SURRGR AFthe Ultra-thin

metdRAPEY1 (ReypS&sitetAk fl%”t(?j‘i‘élebﬁ‘lc"féﬁér 1](13) wlﬁ‘?@ﬁﬁﬁ'c‘age S ‘F‘M‘ 2A the

processing steps are used. A detailed description of
surfaergbthgatiEa-#hin ynetablamen? 02 isasmpletaly pacovered whekein in case of

Flg.gg(r:tglﬁ%ug:éb% o kl’?’el léﬁ)r 98 r?rﬂf@%efé)ééerzl ﬁﬁ?%ﬁrﬁfﬁ&ér&? ‘f)ly the metallic
nangdats 1108yand whepsin iremamloftﬁlgfm thesswrtetoe ofltee tiltaethin metal layer
t.hi sour jnre t he

.d
102 §5,pefth ¢ eh B (AG HReRE St opfht, L& JBiparbolhE the AFM
imaged eorsfirartheddematididlof ﬂfblaitﬂicloxldé_nami@d@’;eewzﬂbndﬁ@ﬁﬁétld’&ectrlc
erformed. According to this invention, the gate

Iaye}iQEf is about 150 nmthick, conprises
t ARt InUHE b'e‘a}ly'téﬁéﬁjﬁoﬁ‘l—rﬂ@ AFWﬁnééesdﬁ%\ﬁh 'ir?#@!A to Fig.2C, a

reactive sputterin Fur source and draln

nane@@trwedrtepwanbm can bewsgu@;d QQiY aftepihedyD dormation anneahng

[ Hel
and RGN At SERLE nePand s o #hagpe. i
mea‘nsrthachDs Sre forfued lbyrter ND fonmatiopranneating, anddhéisige and
about 4200C i

dentify Wt Seatnind disq BYBE Rt fofmetioR SRl sep. Bnfin gimilar to

the fdrhﬁtf)ﬁ?@f iRgit \Wesal hBRo&yBEls AlEs)LBR sitdnt diexit er(Sioz) in which
dielectric |ayer 101. Referring now to Fig.2A t

stress gelaxationiof aideppsited il by @%l&ﬁguemawealW@g’@§ult3alnénpture of the

ﬁ.[%] ter each step illustrated in

depé%'galﬁ o] %? g&é%’gg@éns lown. These AFM i mages represent
aFigBAdhodhiigy3 Guishbys iirs anklogydorig2i to Fig 28pt-my photoelectron

spectra (XPS) taken from the sample surfaces after each step illustrated in Fig.1A to

Fig.1C. The XPS of Fig.3A to Fig.3C are taken for the present embodiment of this
invention, i.e. for a ultra-thin metallic film 101 comprising aluminum and for dielectric

oxide nanodots 104 comprising aluminum(lll)oxide (Al.O3). Therefore, the XPS of
Fig.3A shows that the initial ultra-thin metallic film 102 illustrated in Fig.1A contains
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surfaces. The respective sanple surface is in each

case the surface of the ultra-thin netal |ayer 102
woppossdsao t he first dielectric layer 10 1, wheP&i/6G2005/000046

case of Fig.2A the surface of the ultra-thin netal

|l ayer 102 is conpletely unc®ered, wherein in case of
bothrlgmirBim k&l) and ahureinam(tiBexide(AbOshThisiebatausmthe smﬁace ofthe

e Bl RAIO8 £36, 5 55080 15D (958t i e

atmcs&;irfeaet Névertileds, |b@E§ﬂsé6?fUrﬁ1e‘P%ldd1MuﬁP(¢ﬂf Qﬁdé\iﬁefah? the ultra-
ectri c _oxide nanodots . %artl cul ar, the AFM

thin mﬁiglé@ fity A2 sHil AR CPBglemrate during Bd&Dﬁpﬁn@tmruennealmg The
XPSBIE! ?ﬂe% Pt fI'Lé ra?ﬁmﬂwﬁlu ﬁ*}?ﬁé‘sel cf%\Y'F‘sr’u}1 i)gjdetec%d after the

can r om mages s
ND férrgaﬂam anne‘allggmence amtlmeitammlahm@stepmptbmgeg (@@)ns berformed

Fin 8$§g§)9?fiﬂ’§bt | t%ﬁaNDf A @SI) g{we%ll_&l Eﬁg%ﬂfﬂy OX|d|zed to

alunmsuﬁh@mm@nd@m@@!;)' NDs a‘frawae mduhgtthéits wap?mﬁ Y8 (O») in

ND formati on anneal i n and the size an

nltroa@néNe)ys suifigient tas thie AKGaHPR 87 NPs Hewrrer, supde Fhﬁhlnfmd uction of
only2\GAal bﬁ*ﬂ)tﬂ Spméfcar@y;%z? Sr?d( még@[lréb?e r{l: Pod <Y HRhb ‘?lglcf?lf\ess of the

inert netal nan st on sili1con diox
first (isilezetiic layeniiDd lcomprising siticarx dtoxiste (§iOg) echrpbaiobsdnfeidl m

o SO fRA ka8 R PRABiS of fhe UBHIGAeidiFgm, 102, the
initicg trigknass ofitted witra-thin rhetalldAilinol 02 ahd2iBe tempayature used during the
ND Biipplic §harAibe Sren GtdeleconaBiratuoniroling i and density
of thEidikelbéiric RRISHAR oAbt 4. Itk il thidkneds®f H%(tﬂfiaftﬁih rh&Billic film

present enbodi nent of this invention, i.e
102 @pmmsm uminEn (A isithim qt@p%lér‘rmmsNE?@ @amn@it han‘paqu by the

subeféﬁ‘l{tjjeﬂi L{ )agl)r(@él'uﬂf A{% (Jggﬁﬁé'ﬂlwler 2 %{H{%ﬁl&slhﬂggg% ND formation

anne*a?lmgsll?hﬁmvwobaby hevausei thealltranthin anetailic fitet 402 hasfbeen fully

ool 44 54680 i SR AP BT S e v

thin mﬂtél?ic @mfi thﬁ ;bt)tjt 8 rtrﬁlr&ut&tlﬁﬂér‘g@; fgleTEﬁﬂiérlmtéJeesults also
oxi di ze |

prova R RS FampsRer wBIEal etk BlsCercinRct Reformestiannealing

ultratthin fikisl 8bRGGHY of Bﬁmhihhﬁﬂtl iybﬂdém\etjs) CTHié hémﬂé@ becalke the

can congl onerat'e during t formati on anneal i n

surfageemgpiityef ahur@lr@m(éllb@wet(ﬁ\’mosﬁ ﬁéowaff@aaltbaﬁqf@mrnmuyn (Al), and .
oo G o BFEROAnE AlO R B BAb L ompared
aluntinzm (Af). ﬂtalsfnotedshhat iFlerrabItmg temperdddeaf akinginB@® @)de860°C and

of algwmbﬂﬁqcﬁn@q% q%}% rﬁﬂmnﬁj |JnI Iéi ty a{x&ﬁn}@(lll)oxide

(ALOYIA Sy18MaEe sbmpreieon (iids that 812t ird €tk (RB)-thirsmetallic film 102
suffici ent for the oxidation of NDs. However, due to

compRgingnalugtiniemi ) &% likalyyto, benpear the eptimym daijigh sopditipn for
assemBihgHiéetie Bk MahbaBRS 04 tdndktihd bESIRRTurRIdXRie (ALOs) with

high areal density using the inventive two step annealing method. An annealing at
700°C was also performed for 2 nm and 6 nm thick ultra-thin metallic films 102
comprising aluminum (Al). The results show that the higher temperature of the ND
formation annealing tends to increase the size of the NDs, but to decrease the density
of the NDs, especially for the ultra-thin metallic films 102 comprising aluminum (Al).
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first dielectric layer 101 conprising silicon dioxide

(Si @) can be observed. It should be noted that the
w@z2i0dass46m | evel of the ultra-thin netallic fiP@T/8GR05/000046

the initial thickness of the ultra-thin nmetallic film

102 and the tenperature usdd -during the ND formation

Figeashogs 8 crosadiaetibadlitenearision elestrbw microstoy (TIEM) i lmage of
the size ﬁnd densi t\}/?of t he. di el

) ctrlc Xi d nodot
a nogalatlefiasAaNeRON dFYienPereTard Brthe raniadingnt af fis invention. In
paﬂlﬁllé?lth%l% i5 showAbte Qfﬂﬂ%'té (?’9 o%'n'éféd‘wm\ (g %lnbé cbr'iﬁ:eﬂ&ﬁb silicon

NDs cannot by the subseque
in the present emhmhhentj,, thie figst amtse@ndrchelégtr@rlamrs;ﬂ 1nd0% édenoted

10l %428 iAo BRERAL e e SRR G decose

(den@fédi\MtI@W’i gigcd cormpesiag malhm(ﬂl)nﬁdd |heh@pi’wenhaﬂﬁodlment)

and Al dielastis g genoipil D4e3dspotarbnith Rk s I Sispmbrising
alunfth@h Ilscg@d? ilthe FHEé"nt ét‘nBBdﬁ“élﬂ) %%'Edn' Héé@@rﬁﬁ Fﬁé’\hzﬂ?é)dlelectnc

cann orne h&hannea I Ng ultra-thin f
OXIde svagiogot 194 ¢fAIzOuNIA)hes [ mxnmwn(dmmpn ofrhetyvaesr,l 5 nm and

10 5545355 143 1 BRI il o W b, Furver,

Fig.4nshdwsithat e agfgimme Irgfddmnedf wahhaxm lmueelfltldm_I )isxcatapatible with
t ;

comienyiong Gtk Prdvess taaacay SiY doss spGhave any Sl pirdst o other

dewéé\' %truc&u@@ooéb afhdht ofhid! iHv@rmtioH | ddn) Be dsadiipl dpBlled by current

C, resulting in less fluidity of
semmulﬁlﬂﬁism(ndus;rax. de (Al 208).) A systematic conparison

4 oﬁipgﬁ ahﬁqflg?.iu sIﬁ‘(FmeE Aﬂécﬂbé fnéws@f HOHF%IQ{IIE ash hLéH\&rg%!evices

rising e near the
of thepNCnand SDtN@S tmsnaccwrdmg‘ tor tl"ffspmbartng/hereaSeEig.SG shows a

4 ' ' f ;al.um | ' .
oG R SR R VAT BT 3 Gfoimn
of thighmvehtign.anneal i ng method. An annealing at 7000C was

v eaiculr; Kig5A Shos dLPePRELINR Lismhihe (any SiabiRflash memory
dev16§ 980 0 tH Q- t&Bébcéé}ﬁlrﬁ t818E pliSPRe AHdFig.5B shb®s |é@erspectlve

formati on annéaling tends to_increase the size of

viewnpisa ngmolatﬂedlg@hé@@@omﬁe\d@]gww the PRNQBdypre accordmg to the
prloreéﬁ e§6ﬁ|| HéhvEFJtllé ﬁ&ﬁ”&rﬁﬁor&'&‘e@ fé@tzﬁd hqofdrk '?Errﬂ&?as s transistors

hows "a cross- sect
havrng arsima@elcapaeitmdiatweenim gate@bgctioteN305 ala@weafhaannel region of

e QAR PR3 B il Zop aconprso

'serrﬁémwﬂmtd?%wdﬁétd 20 whdde (cleswsection parallsl to therdrawing plane of

Fig AN BIGSR JiasRIHARE WhIOH S CORPrabIE G A BESiaEBrLTrshape
havm | £ ce?fté}‘:ﬁa&leHHoGT-l%qesbét‘sc&ﬂeﬁﬂlﬁg'Igl%rélﬂl fr&® ﬂ%éQfoﬁ%Pn end

odi nent the gate el ectrode oted with
reglen néﬂwe:b'mntemaegtlmnTm top(end mlqn ptibe hrcenter gseefs@hforms the

chalargeg %lggg{]w itlp]ea?r%lng@év %h% %10 ggg%rwp ‘raréém' 1%3 Jh%ngﬁi?t 289%f the

tranéiswﬂa’n@ fdriidd aimp@esitéls‘dbe obﬂﬁ'ﬁnbn’@rbedilmabwe ihe Teside bars.
Above t?1(<aae'rll-c:lerrll‘[eFrI gecﬁlont ere||§ llce)gétgd a gate dielectric layer 204, which
separates the channel region and the source and drain regions 202, 203 from the
gate electrode 205. The difference between the nonvolatile flash memory devices
200, 210 is that metallic or semiconductor nanocrystals (NCs) 206 are embedded in

the gate dielectric layer 204 of the nonvolatile flash memory device 200 of the NC-
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oxi de nanodot 104 ("Al2G3 ND') has a maxi mum di mensi on
of between 5 nmand 10 nmdue to the controlled two
W@ e@p/ossapeal i ng net hod of this invention. FurtP@&r/$SG2005/000046
Fig.4 shows that the nethod introduced in this
invention is conpatible wfli—conventi onal CMOS process

type (ﬁéﬂglm)/aﬁﬂ d’lai@ﬁcﬁelé@tnclb@hﬁnaﬁus liyde2 ¢1 fsssandwicingdiieside the
devi ce structures, so that t@ﬁg i nvention c

gate diglesiyic Iayer 28¢ of jhe nppwdlatilediash sneimensreyicy ggPR? the SONOS-

typeK 1@ Fi g. dB show perspective views of
onvolfatii'e fl ash menory devices of the NC- and

smmnmimulaﬂam tiemprydevice 220 ancording tadherpreset egmbqﬂlment

o LR AR 8 115% 3 APBRBHPBLPSEp e copacion

betWe@MQl"ﬂé Pﬁﬁa eléatr@@é pPs lahdrthe Ehagnnkd rebionofhe traapistdri Vlaerefore
a nonvol atile flash rrem)ré/s devi ce 200, of

the navplAble TRy s VicRe 20 GOPPERSS  SHEIGarE UFeT Sirage 221
who%@%r%‘%?%ci’&gga?%ﬂé?fto %@Gmhgwléﬁe bf FEFSGBﬁ@é ] éi'%\‘ﬁec\ﬁhlch is

type accord to the prior art. Both
companabls with ae upskishdewnd) rgha@@\havm atﬁs:emrcsemtl@nf%\drﬂé@lde bars

otk G545 BB KA R SR Ll BB o enc

reg I(gf @ﬂ”thesﬂ-%ntefr Seativihdoams thecharmed rajlgnh ef ﬂieetmngnﬁnnr'lihe source
evi ces se .a sen conduct pr _su

and 5N ipaioRs 3785223 &8 e hapsietar i Tonet ot pBU e, SibS e the T-

centQF sé;éﬂbnda‘boi‘r@C{hE'Tgsﬁg H3@s. MoRape TBbater secigimrald Peated a

an ug de- down sha e havin a T-center section
trapmng Iay%r a 4b&f@lreg<ttb<ﬁogaig qilaleartﬂ igyer; ¥high drapping dayer 224

sepaergféts {Hd! ‘?\Enﬂ | fiffor] 2 ﬁ&@ﬁ?%oﬁ&%t% aTH‘?egPBHs?Q@ pogifdin the

cen er sec lon forns t anne glon 0
gateteiecttodar 225 inside Hiedtrapping byana%ltha&ra areginbedded dielewdc oxide

vl 1P LB 8324 P RSP S48 e Renodors

104 has pekA falsieiteéd by thepresent nettaddas degertbeddvith sespeictto Fig.1A
Ia er 204, which separates the channel region and the
to FighlPce and drain regi ons 202, 203 fromthe gate

fgﬁA WEig. %@: ild&eatdithé %&@mm@%wﬁ%m eldtfrons wm .@spb@t to the

menory devices 200, 2 10 is that netall
enelfgyrhamlrﬂiumtwe afdhe sfgregaicapasite)inside the @OQM%'@Hl?eféﬁﬁihwmemOW

t tile flash
devikgE 203 S 2SSt BUSA S Figse, aEmriveNet | 0 Py
ahmaatneuiar iFég.6Anshawsothe latayal engrgylbargd stwnﬂwecimihof the storage

capaiy ol et rend Eeyic e B stidh o KigpA Therein

the lﬁél‘?&:rfétﬁlsqms)'ﬁ% dreneplestnted by NEhemergy bpnds B0dearitRhe gate
accordi ng to the present egodl ment  of thlé i nventi era:
(o) s 206

dieleqttjc laysb 04 elestrinally s URtingAlestEans, Whish 5 ol dge
in lafétBRSitdcRbN is represented by inter-NC dielectric energy bands 302. Due to the

metallic or semiconductor nature of the NCs 2086, there exists a high conduction band
offset AE¢ between the NC energy bands 301 and the inter-NC dielectric energy
bands 302. In the NCs 206 there are stored electrons represented by the energy level
303. Electrons can laterally migrate between adjacent NCs 206 by direct tunneling
(DT).

The lateral energy band structure 310 of the storage capacitor inside the
nonvolatile flash memory device 210 shown in Fig.5B is shown in Fig.6B. Therein,
the gate dielectric layer 204 is represented by dielectric energy bands 311. The
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between the gate el ectrode 225 and the channel region
of the transistor. Therefore, the nonvolatile flash
WOoreovo/0g848evi ce 220 conpri ses a sem conduct or SPOBESGENE000046
221 whose cross-section parallel to the drawi ng pl ane
of Fig.dC has a shape whi€l3is conparable with an
electuprsd steretbinthd dﬁt@cﬂac bammnmus Ayere2teareseptesantediBy the energy

erol 53 s B A o Bt 48 5 35 B socron
storé(ﬁ?n he &t %IS&tn%e&Sﬁtm&oD@rlﬁgeF b%%‘r@r‘@@c’trfﬁgg%smhtéd“% lateral

transi st or he source an drain re%l ons
direction. Duentd theodicleairie maﬁuzr@ af thepgisigatec continuaus fayer 211, the

ctooS0AR TR FERSP 08 EFbE et i ey 211

Elecfrongicam tdterafintmigraied Gn:ltlﬁe Cdldala;tﬁic covtintiousr myprrzgm by direct

runngils (B and B8P cazrleclinnalfg (ErsrkReP Galedcp b iridta)

ﬁ&gcaﬁ Beidindrea fidm e weﬂa@éﬁérg%%naf&mt%%m@eédﬂg 6C) of

[ ectri'c oxi de nanodots 104 he trappi ng | ayer
the siorage kapaeitnsdnsidedihel benvolatilexfiash manaeryt devica 2Z28sshown in

ra BT 88548088 ACE i SS9l i memary

devitéd 290121@Mtherebpeetrtal theirdateral @neody bbadtstmnﬁnrastﬂﬁm 310 are

compiFBRaf s Bioiel aBo P ahotyaiia 24 pELR pirBny faffiae nash

n‘?&? devikd 22(29«@#3@% Fig\5€1 Q’h@a‘bm OthEi dleledffic oxide nanodots (NDs)
bA shows the |

respectively. articul ar
104 @ne fgpresentedsby st Lﬁr@rgb@aafisﬁ% apdtheg @aé%&i%lﬁpmc layer 224
elecfri‘?:%:'ly?j ﬁ]sg%‘ﬁng%ﬂé’dﬁo@k' bvﬁl 2 a?é'%td?@ﬂ‘ﬂ{ D§99429Qat%i’é]‘ﬂﬂectlon is

herei n e nanocrysta are
repremmed bytinter-Hip dielentec gyemrhmd:s@ﬁaﬁwettndhg a*uedectrlc nature of

e bS1B8. e Yo MR HERR 2L oon o 0 v

band 32t &hdthe inter<hiD eiislotted eaprgyadsNi22ivieich ¢t much digheg shan in
em conductor, ,na

band 0 t t t
the o a7t Indae g 104che e giecttors flegfons FRIEERaRa B IE Sneray
leveP333 %Ie@ﬁfnsﬂf&ﬂﬁ@?aﬂﬁﬁd\@t@iﬁ@ﬁﬁ&th@ NIDE1 308 ﬁdiﬁéctttbﬁnelmg (DT)
inter-NC dielectric ener%)é0 ands 302. Int

and treprassisted inneling ¢ enkebReoledbrB: bianeling), wheseas glegirons can
orr g el ook 8 ol By dtrkrbghoge).
eﬁrg M to &gl 76 |Husitateéhewertmal netentionofdectunsaith mspect to the

qualptHn'HNsll agu @?@ﬁgﬁt tﬂ%g{ g@%%cﬂmﬁgeﬁﬁg' %glvégﬂqnesﬁé)é’}@memory
devides o0} 210, A20ysHovddih Fiy.5AR 10 Fig50; dedpedivelyect ri ¢
e ptict i B 7 Awsoaus s e85 P ciBl Sficrengoo of he
storéi%rg'iﬁ{) Hs%g?ﬁgoﬁ#ﬁe{hrﬂﬁgwg%\ﬂge P0OShEWR in Fig.5A for
vertical reféntion of electrons stored in the nanocrystals (NCs) 206. Therein, the NCs
206 are represented by the NC quantum well base 401 and the gate dielectric layer
204 electrically retaining the electrons, which are stored in the NCs 206, in vertical
direction is represented by confinement quantum well barriers 402. In the NCs 206
there are stored electrons 403. Electrons 403 can vertically escape 404 from the NC
quantum well base 401 only by direct tunneling (DT).
The vertical quantum well structure 410 of the storage capacitor inside the

nonvolatile flash memory device 210 shown in Fig.5B is shown in Fig.7B for vertical



10

15

20

25

30

stored in the dielectric continuous |ayer 2 11 are
electrically insulated in lateral direction. Due to
W b@onigsaBect ri c nature of the dielectric contiPCD862005000046
| ayer 2 11, the electrons are confined by the trap
| evel E7-inside the dielectt4t continuous layer 2 11.
reteftiee tof lecicens stfred ah Ithie digieatrie contirumudi lalyec 2riiic The vertical

quaﬁﬁigrﬁ, @%%é{m%ﬁqﬁﬁlq%ﬁ Ei 1 éfs ts%&?rgbqgeggpca?%%antum well
stru MPé‘ 20 ghowrf$h £ hel-&@éhﬁfee%uér'itgm s Beﬁsteellﬂ réprisBifts the

and structure3 (see F the stora

dlelexatp@contmuqussslawmeand)ﬂm@tm iejeclrigdayaraidr e@telcaldysretalnmg
the ééﬁ@ﬂgmﬂlrhéh Bt Ffﬂ)ﬁeﬁi éﬁftp agﬁ&@&ﬁﬂe& nutorﬂlg '%02?2’15' vertical

ype nonvo Wenor ev ces
diregfidrisrrepresantédby benﬁnémem @llar&unnggll barriérs énactruthesdielectric

condipucis Ve BT TS BrceIpIRTLABETR T §hgcP AR IR AIEs continuous

IayeFQ‘W hasteYfeaferdZRtic e nsibrithandhe NG¥E268 thelfi@ntum weII base
di el ectriC oxi de nanodots (NDS% 104 are represented

411 hesengiegjeruidifsinaertical direpdon at henavetatile aﬁlamﬂmqw evices
tharfl{tll%%gﬁ%bﬁh l%ggéeﬁg? LEFLELRP3 cén‘i‘véilﬂcél fe géﬂ%tﬁ'&m the

|rect|on I's rep
quantnﬁwwel“lbaﬂ;e@‘lelcbmlybydmcgwmmhdg (BTR. Due to the

di.el ectric n ure, of t.he, NDs, k104 er
0 A% sebita se o nd bodies dBhd el RBLFLBUA BB Fig 70) of the
storf &apééﬁﬂoranﬁdé litee hoheslaiie flﬂisﬁ'rﬁéﬁ\bnﬁdéﬂeé @2 ObeHshn ﬁmg 5C,
i's much higher than in the prior

the ?@4’"@'3@ 423,318 @E’Eﬁde'@ tapctielestiic 9’@?)? @§Qﬁ @‘lP%)hBM which are
repr%@@ﬁ%g ByEND) cbu?'% '%lé(—ﬂ%é%’s%?ﬁﬁnél afé é@c‘tﬂcdﬁy%ﬁhﬁed in vertical

I NSI t'he direct tunneling (DT ap
direatir of the nonvmatilm@a%mmv deyigee20rbyPihet gﬁtﬁ@i'ﬁ’"ﬂgtf'c layer 224

reprgg%t%éfﬁye@%%%%éﬁﬁgn%m \&Eﬁ‘é%%ﬁeggu%%‘ttﬁj&%?%?{élictnc L}%ure of
the NrDsFrIQ4 7tﬁeré exsty ameudhbwarrduandlmreelbdifferenad between the ND
o LA

pnoF"éﬁD rré(SlﬂﬁHg wea la%r vaﬂt&aug%%céb@m4l of EledtreAs 423 from the ND
respectivel n particular, FigJA shows the

quao‘@m “@gﬂlbﬁ?&rﬂ%nﬁ’mmdéwwmr@ 100 of the storage
%A@a WitR1HE b rp BRNYRE ArldrGy fdﬁﬂﬂaﬁar%r}fcﬂeau&mum well

own In Fig for’ verticaf retention
struetuses 820,420 m\ajtherlmghe@t abilityctoystparess(latesal migsation and vertical

csodF bR PR R 5P o D AR B

resuﬂmgtn" hongéf seté@ticm ﬁnne@rﬁhﬁettéreehab)lrty wnM‘mesbeatle théqmad art.

o3 8t i RPATAOR L GBI By A SMGoFIa- 9B ¢ RENYgicte flash

merRBR d&\AESs 21 ¢ 220YHeWnah F5§ rsmd% 5C! Rl REh féBﬁc&téB as test

vertically escape 404 fromthe quantum wel | base
devicgs t@ mvpségetgth%@lecﬁngalrmppw@eg pfithe nonvolatile flash memory devices

210, 220. In order to compare this invention with the prior art, these test devices make
use either of dielectric oxide nanodots (NDs) 104 comprising aluminum(lil)oxide
(Al20s), hereinafter AlO3 NDs device, or of a dielectric continuous trapping layer (CL)
211 comprising aluminum(lil)oxide (Al,Oz), hereinafter Al,O3 CL device. Except for
the trapping layers (either NDs or CL), all the other details of the structure of the test
devices were the same, as shown in Fig.5B and Fig.5C together with Fig.4.
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The vertical quantumwel| structure 410 of the storage

capacitor inside the nonvolatile flash nenory device 2
waooshgsaso i n Fig.dB is shown in Fig.7B for PCT/SG2005/000046

verticalretention of electrons stored in the

di el ectric continuous |ayert®—11. The vertical quantum

wElg.8At shaws aecdmoaﬂhmwuilagram ofl the $hrgsholdavoltaget Bkifts of the

non@%ﬁl’ecﬁ%sé\ ﬁﬁl‘g’h %]PF& Lszr;@g/tnﬂrﬁ f4 g? ggs §ﬁ \%Ith respect to

retedtioh efrhei t‘oerlﬁeréhDLtén'ipéVaﬁUre% 1k @iadnddn@r gﬂfee charge retention
dielectric Ia&r 204 el ectri cal I% r et ai ni
e

chageiRregh ! hihG:Nds devicencot e Als@s Bhidacs at 207K (24°C)
and 423K (A%QYE) Eagé’ E{)mﬁ; dd. Ao tth Aedioh %%é ?&e'o?th {203 NDs
y Cco 1? InI ﬁ .

represent ed I nenent uan um we arrier
device is hmuali lowet tharcthad of thmAlg@s IClydeviee byet Iumgepearrcms Since the

Bl B TBRHE 89y nh B b e S GRS, FACHHBHEMS must
origiNgte 6, the lifferenos imhedbierdl dvpeAsibh. A8 thelc@idstioh band edges
vert direction of_ the nvol atile fl ash

of alygiitym e LB Pid s Hoxide SIs) Areisk sbokbthe Same level,
the BlIiRFER T fhe‘ﬁaﬁﬁiﬂey & %Uﬁﬁrlelsglnﬁsé‘l@@ﬁoﬁ I%rélrrﬂlgréhgxrwa DT is

quant um wel base 4 direct tunnel
insignificamnt vwb@nstbe Wﬁneilngﬂmtb@ata tbalsaqw whereagthe A|203 NDs device

o oA S S5 A b o BBEERREE, urneing

becausd-sificatCdiddde (Bi€x) containk2diuah deweptragsithan atuminum(lihoxide

oS s Rt PSRl A SRl Sppabity reite

the Bétesitréiehfibh bf SHRALOS NDdaidd Thilis gu;swrtédm/ tﬁé Iér’@ér difference
nonvol atile flash nenory device 220 t he

in charge seteptien pigrartios of ﬂwgrnggmgse@‘ tggt Qnylﬁ er temperature,
e_g_q;%p(t_um well barriers 422. Due to the dielectric
nature of the NDs 104, there exists a nuch | ower
qbigh8Bnshavd adcompreser dirgrareof thee thiesholdnvaltages| (Vi) of the

rorf338, 45 ARSE R AFBA PR BHE W fospec

retedtion tlmelfblymeﬁslepel staﬁag@f Thé gobdd estenti@d pfapsrtiédi@ermbnstrated by

the AR NHRASie ST %éreb'ﬁaaf SbRationa Gyltbavaliace. In Fig.oB,

mult(-%vfel §fé|ra%é‘ aﬁé#aib\“ﬁif'thé Nz@%tNID§863|§Q e théw@zéJ@L device at

hest to suppress lateral mgration and
roorp é¢mp@éatuv@s,l§ aﬁ@mmstrat%% tngase@ Flate aeaptherfiesh sigtedis defined

as s‘fé’t@r“g?” %tn‘&rﬂ?&% BY §4 \ for! 1@ 22 t\? ‘fére’l:d %Eid{fztsylfw ?ﬁo us are

in |onder re ron time a er re
used deperite the tremanyi states of "+t “Ohe apde‘@@f’ ataspectively. From the

extraidafioh gEbR1Enyeh bros e i rvrig R thd P gligEasvice can

achieg¥ 2-iggsericall m@tiedk| sfragswith aniexpectcd reterftivh Itmé 6f 10 years
the el ectrical roPOer |es of the nonvaolatile flas

ifa ﬁfé%ﬁﬁrﬁ%ﬂﬂ @ngelsq pl , b of gachiple & "ﬂ%‘ﬂtﬁ'ned without
ol 354 U R, SIS MBS IOCY RS s
that(tlm’pnghhn progednomiedstdtel (T005Kndeges into the neighboring state (“01”) after

10 years, resuiting in a memory error.

Fig.9A and Fig.9B show comparison diagrams of the threshold voltage shifts of
the Al;03 NDs device and of the Al.O3; CL device, respectively, with respect to pulse
width for different pulse voltages. In particular, programming and erasing (P/E)
efficiencies of the Al;O3 NDs device and of the Al,O3 CL device are shown. Assuming
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(AI233) , hereinafter AlI203 NDs device, or of a

dielectric continuous trapping layer (CL) 2 11
w@oovpossEBsng al um nun(l11)oxi de (Al 2G3), herei neET/862005/000046

Al 2083 CL device. Except for the trapping |ayers

(either NDs or CL), all thel®ther detaiis of the
thatstheuisap denstty irh buﬂ@amndeumﬂé&om e(Atzma) fsathe sames fumsnth test

sl i R 8 4 AR, el ety tEaming

speea dﬂme PUOPNBS devite @hbumem@wuaembﬁetﬁas BPWE A'|503 CL device
and Fig.dC with respect to retention tine

becam eﬁeﬁﬂowgntb@mm rayer cw\ergaet fesylting in {qvéercqmﬂg@ efflmency of

o RIS o it ong A g R ygffing

efficieneycs Wi NDs Aevnze’rqubsemeé iretherfast progremmaing (sf100ngs) region.

ch Jl.ower t the
For BB BB EGH} 6l (AT FoeYE & el chysShalvatibe trnishit by a
12 \,e100 g€ bukel AqQiogsiblelexpRinatibr 4 tHiR he R5st 8aPs tfifin $8dBced area
thls(g Lﬂgrenc myst |g|nate fromthe difference in
coverage ok plrminum(iReie Xas) indee AR Nes davise ate cameenssted by
the RicHEE Jrejrfa)c@ﬂéiﬁ; (AI 2@B) and silicon dioxide (S Q2)

are at about the sane |level, the difference in their
aBithouglethis inventipn bas bagn deecribashiniteies af prefeyrexd embodlments

: [ LS+ L 08l £ ths

e i B SR 0 Pl RR DB R TRABER GRS, BE nace

wﬂheﬁf eepartieg fronstheepiritaned seope ofitHigineeatiomag set dutin the&followmg
F- P tunnel ing because silicon dioxide (Si Q) contains

Cm"ﬂﬁch fewer traps than al um nun(l11)oxide (Al 2C3).
Hence, it is very plausible that the reduced F-P
tunneling probability results in the better retention
of the Al 20 NDs device. This is supported by the
| arger difference in charge retention properties of
the two types of test devices at higher tenperature,
e.g. 423K Fig.dB shows a conparison di agram of the
threshol d voltages (Vth) of the nonvolatile flash
menory devices shown in Fig.dB and Fig.dC with respect
to retention tine for nulti-Ilevel storage. The good
retention properties denonstrated by the Al 203 NDs
device enable its potential application in nulti-Ievel
storage. In Fig.dB, multi-level storage operation of
the Al 20 NDs device and of the Al203 CL device at room
tenperature is denonstrated. The erased state near the
fresh state is defined as state " 1 1", and pul ses of
11 V for 10 ns, 12 V for 10 ns and 12 V for 100 ns are
used to wite the nenory states of "10", "01" and
"00", respectively. Fromthe extrapol ation of the
retention property as shown in Fig.dB, the Al 203 NDs
devi ce can achieve 2-bits per cell multi-level storage
with an expected retention tinme of 10 years if a
proper sensing range is provided, because Vith of each
state i s mai ntai ned w thout
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overl apping with neighboring states. Meanwhile, in the
A28 CL device, it is shown that the highly

W(p)mmgmmmed state ("00") nerges into the nei ghbOI/EGL05/000046

state ("01") after 10 years,_resulting in a nmenory
error. Fig.9A and Fig.9B S'hﬂ/\r'con'parlson di agr ans of

Clainkee threshold voltage shifts of the Al 203 NDs device

e Al 208 CL device, respectively, with respect

Wh%ds 8‘1'@5’ MPdth for different pulse voltages. In

partl cul ar, programm ng and erasing (P/E) efficiencies

of the Al ZCB NDs devi ce and of the Al20C3CL _device are
shofronxekatile flgemenemarny devige ersmilising prirapping layer, the trapping
alu

dewm F%ngpsﬁfg'tﬂéletﬁ@lrc%f ac%e b?gé@@tg%’?ﬂn ?ecic%d f?loélfbér?é*omde
the theoreti cal pr ogranm ng speed of the Al ZCB NDs

dev eshou b r than that of, the Al 2 .
GovTE HARARE Sasf EombE elie af HAEd ah “TRIpL 1, yiherein the
res dlélécﬂﬂc bRidedisRbd6@Rire %‘mtﬁd‘de@ iteenfa ﬂrb@@léﬁﬁi%'lam and a
el ectrons. However, no SI&\I’]I ficant de radation in

pr o§eeend diglegtic avendye frskiand qasend alisleeiriedavais compiising the
in ogranm ng (< 100 ns) region. For
exa%?oa%bgﬁxt"ﬁé't est devices can achieve a 1.85 V

t hreshol d voltage (vth) shift by a 12 V, 100 ns pul se.

I t' i t he .| ost. t f . ,
Fen ] BEerbelbt BB dhURk dntiairn Rt b8Tpn the first
t he diligétic Mirerdmprisesr @ tihickpests of bdtvimert Abouh2reasatt about
i nt grf ace traps. Although this invention has been
des€fBed in terms of preferred enmbodiments, it wll

be understood that nunerous variations and
nodi fications may be nmade, w thout departing fromthe

. spi The nawvoladisBasst memosy davieamasalpimediaciaii 3, whengin the first

fol hfﬁ%ﬁﬁfﬁéyﬁr Wgri@ WQ;%erFEBbﬁTLE@ 5, 1. A

nonvo conprising a trapping
| ayer, the trapping Iayer conprising dielectric oxide

- mond DR Bate hehindingh 86y R S SBiraea it iy of dima 2 to 4,

V\he&me‘ﬁehf’tﬁe@eebﬁ@tﬁelmtmiIlai,%rl‘(ﬁifmﬂm atiiclagsedtiptter than the
between a first dielectric layer and a second

di efiEtdiglectrigyayer. the first and second dielectric
| ayers conprising the silicon dioxide. 3. The
nonvol atil e flash nenory device as claimed in claim2,

. wherdemarvelatie #ashanemesy device as slaimeehin claigs & to 5, wherein the

t hi 4. The
T R s A S
wherein the first

The nonvolatile flash memory device as claimed in any of claims 1 to 6,

wherein the trapping layer is arranged on a substrate.

The nonvolatile flash memory device as claimed in claim 7, wherein the
substrate comprises silicon.

The nonvolatile flash memory device as claimed in claim 7 or 8, wherein a
control gate layer is located above the trapping layer, and wherein source
and drain regions are located on opposite sides of the trapping layer on
and/or in the substrate.
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dielectric |ayer conprises a thickness of about 4.5
nm 5. The nonvolatile flash nenory device as cl ai ned

WO pooatngs4ed clainms 2 to 4, wherein the second dPEI/8G1005/600046

10.

1.

12.

13.

15.

| ayer conprises a thickness thicker than the first
dielectric layer. 6. The motfolatile flash menory
device as clained in clains 2 to 5, wherein the second

di elLectric er, conpri ses ,a .t hickness of about, 7 nm

O SRS kol TinS? TReloRR, a8ube Ao RRaedin 3 ghdaiie 1 to o,
anywhbrdih fidBieledtic OxidehahetsotsiddmpristPR ritdetialsledtéd from the
arranged on_a substrate. 8. The nonvolatile h

fl
nengwqupor@ﬂsﬁlnasvfeltﬁninﬁm(uhoﬂdgjmriwm(uh@xidedanﬁ%num(lll)oxide,
b ' Sili ) ] ti. | .
- OBHRA RIS oSl pPRiP oL, A SV o,
conturgistegVBokideer i nickeikj@ddabov eplatieurn(lepmiide peroxide,
o e O SOREReT SRR ARt o SBMRalR e anc
andirfurh(MljoxRiesubst rat e. 10. The nonvol atile flash

menory device as clained in any of clains 1 to 9,
wherein the dielectric oxide nanodots conprise a

T 0 A 0B 1R M B s 1t 1,

| anwhearainthé dipteciribsoxideanarddotg SHroriiskea maximum dimension of less
titani I id ' I i de,
21 061 Tt A OB o W1 o e

ni ckel (I'11)oxide, platinun(lV)oxide peroxide,

rut heni un(l V) oxide, vanadi V) oxi de, ) ) .

ol 58@&%@@@%"6@ BRMPRY E&?@ @ﬁﬁ%mﬂeln gigim 7ie wherein the
nonyRiéiic SXiHbﬁﬁho@%@édmﬁgé’é Bfn&@anftin? diREnsiBn ¥ ¥bout 5 nm.

claims 1 to 10, wherein t di el ectric oxi de nanodots
conprise a maxi num di nensi on of |less than or equal to

b . ' . '
200 he PP e T ROGYALILL L8 AR FEARY ¥ B o 12
nanwtietein tregielextricoxide nemotols meadistribubéd msdiménsionally in the
13., The. | at,ile flash ' | ai med i

any "BPPEBIAVE W 8 9epSy ALABOR PH (FE ot i ¢ oxi de |

nanodots are distributed two-dinmensionally in the

trapping layer with a density of about 5 11/cnR. . .
- 14, AA“ﬁ&'PH&i pERdygingidieleshicn %'@qu@t%ﬁmggéaﬁﬁ% BRdicon dioxide,

CooEoRgReng oLy, 00 e, perr o0, ), ey @
si | popiding esubsirate covered with a first dielectric Iayeryo?‘rsili%on dioxide;
depositing an metal film over the first dielectric layer;
annealing the metal film at a temperature below the melting point of the used
metal and in an inert gas ambient, thereby forming metallic nanodots on the
first dielectric layer,;
annealing the metallic nanodots in an oxygenic ambient, thereby forming
dielectric oxide nanodots on the first dielectric layer; and
covering the first dielectric layer and the dielectric oxide nanodots with a
second dielectric layer of silicon dioxide, thereby forming dielectric oxide

nanodots embedded in silicon dioxide.

The method as claimed in claim 14, wherein step c) is carried out in a
substantially oxygen-free ambient.
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b) depositing an netal filmover the first dielectric
| ayer; c) annealing the netal filmat a tenperature

whedoomnsdaso mel ti ng point of the used netal and PEI/&6G2005/000046

16.

17.

18. C

19.

20.

21.

22.

23.

inert gas anbient, thereby formng netallic nanodots

on the first dielectric Iay8 d) annealing the

nmetal lic nanodots in an oxygeni c anbi ent, thereby

forpmn electrlc oxi.de nanodots on the first . .

i ol Tathod Fgeriaagtl o Pt Lo Whe R S5 £ barisc pyiin an
Iay b@ﬂ%&ﬂ?r@h@'léﬁ fHeh HPpAoxRRAdOt s wi th a second
dielectric yer “of silicon dioxXide, thereby formng
dlelectrlc oxi de nanodots enbedded in silicon dioxide.

o 'Ié é;ﬁegiﬁcgtggg cPaim%ld | %@9 ok? %? Qmotg();‘/‘l’g% rSiianté;B &PisSarried
antouti ah@miieat sebdtantially cdnaprighal hitrogeai m 15 wher ei n

step c) is carried out in an anbient conprising |ess
than 5 ppm oxygen. 17. The nethod as clained in any of

| af H@rrﬂa‘i!héc?aé@lau%%ﬁrlﬁ'aﬂ Y eRiiks 14StoCHT, f\/\lrr%iei‘htgt@rp @) Ricarried
anbi ent substantia corrgrlom ng ni trogen
netmd@tademmrmeubﬁ{mw P0G angB0PACt 0 17, wherein
step c) is carried out at a tenperature between 5000C

and 8000C. 19. The nethod as clainmed in any of clains
14 Tiee ifdthodhas elaimeddp aty of slaias rli4<a‘n 18, whereinrstepd) isntarried

r| sin 5, 000. pp . Jhe nethod as
‘l'f'é'a ain%rgﬁ LPOBPEFW@ arpf"iy%qi[gj e@%@%ni n step b)
a rretal IS used that is chosen fromthe group
consi st ng of al um num yttrl um | ant han tant

ti t e mathedasclainediin apkioh plaimadgde 9, W ?@eeun {3 t]'a metal
p' a.*s' %@H tﬁé{t Eeéhége %Hﬁgﬂé@}owlcﬁh@%ﬂw analluhﬂmhurvttnum

N &ne any of clainms 14
\Aheiaethanum ﬂarﬁplua) tltammrechafnwrrmlre@muan@m%emmkel piatmum

or el yBTRFULE mPYRlEhER o AGhAE, = Trom e

yttrium(l11)oxide, |anthanun(lIl)oxide,

tzf‘? aI H,'}ig%’%@é' d te{ittl aﬁ@)lé%qv%ﬂ thﬁfod%é‘ %\flherem in step é)ddeelectnc

ni CKﬂHé 'nbhb@éﬂs@ﬁe f@l‘n@édl ftH@Hé(é@éﬂldi GNH?@H Rdelssted from the group
r ut heni unt | V)

W@éﬁmﬁ( \9 oﬂ'%'wm)pmpu nxtmu%w%de 2ianthgpum(lioxide,
Imst S‘i‘l | (‘Qgﬁﬂcf%g{télﬁigﬁgy)gild@ RaffBurhivickide 12wdﬁﬁﬁfn¢4l‘0)omde

nanodots afe formed
rraxtumgstelh(\i’éomden i shickel§llhddge,or eRiatuﬁum(IV)omde peroxmle
ruthenium(IV)oxide,  vanadium(V)oxide, molybdenum(V)oxide and

iridium(lif)oxide.

The method as claimed in any of claims 14 to 21, wherein in step d) dielectric
oxide nanodots are formed, whose maximum dimension is less than or equal
to about 100 nm.

The method as claimed in claim 22, wherein in step d) dielectric oxide
nanodots are formed, whose maximum dimension is about 5 nm.



to about 100 nm 23. The nmethod as clained in claim
22, wherein in step d) dielectric oxide nanodots are
WO e00a®egR43mhose maxi mum di nension i s about 5 nnPQESGH&000046
nmethod as clainmed in any of clainms 14 to 23, wherein
in step d) dielectric oxia&0ranodots are forned, which
24. ar eThe stethbdibe dldimed ¢h amyesi claiedd 14 23 Ivehdreirsih step d) dielectric

dielecgtric l.ayer with density of about 5*]10 11/cn®.
25Ol NRBEHBIF 216 ToImPReunEn Ak hrbded the-dimarsiaglly on the
whefiiat Bicldtrié idyer withel eéﬁéitgcoflm 5xA0SY&GRZ2) |1S

provided with a thickness of between about 2 nm and

about 9 nm 26. The nethod as clained in claim 25,

wh ' first di Gy ) Iy 4l ) QS e . .
25. 26 g o i B PS5 524 frdh th gt et

et lagdr iastep a) isprovidednithefthickaess ofldetiveed @bout2 he ind about

the ultra-thin netal filmin step b) is deposited with

a tA"kness of about 2 nm 28. The nethod as cl ai med

in any of clains 14 to 27, wherein the second

dielectric layer in step e) is deposited wth a i
26. t hi Theamsthedas rlaimed imclaine 25 wherein thedirst digleckicdayering step a)

Theisgiﬁéﬁpgd@ﬁthcé ﬂﬁ@%ﬁ%srbfad%u?ﬁ.schﬁ{@ 14 to 28,

wher € secon ectric l'ayer in step e) is
deposited with a thickness of about 7 nm 30. The

thod L ai npd _in. | ai 4. tq 29 in.
27. (ot piztngg 8 Bimed i et o Dhtags mbespiia i hinmeta
SUbfilir it Step BN HEpokdtedl Witte @Mhickness of about 2 nm.

28. The method as claimed in any of claims 14 to 27, wherein the second
dielectric layer in step e) is deposited with a thickness thicker than the first

dielectric layer.

29. The method as claimed in any of claims 14 to 28, wherein the second
dielectric layer in step e) is deposited with a thickness of about 7 nm.

30. The method as claimed in any of claims 14 to 29, wherein the first dielectric
layer in step a) is provided on a substrate comprising silicon.



