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Wiite Jr. Erwin J. Prinz BACKGROUND OF THE | NVENTI ON
Field of the |nvention [000&& This invention relates

to devi cBEMIGONBLCKORIEVICE WEBE NARQGTUSTE

Rel ated Art [0002] Sone devices such as nenories (e.qg.
non vol atil e nenories) ReteriEzSteimderete charge

storage el enents calRadachambyan Merdidhag e. g. of silicon,

al um num gold, or ger Waynadj. Palsonstoring charge in a
charge storage |ocation Rfjesh ArRasi stor. In sone

exanpl es, the nanocl usigiSE avRid pcat ed bet ween two

dielectric layers, a botg ighectric and a control
dielectric. Exanples of Such'transistors include thin
j | a ' 1 A nmenory typically includes
BA % r] % rs. Exanpl es of nanocl uster

. .types includes silicon nanocrystals, germanium
Eﬂﬂ&ﬁ&&%@&&!&} gol d nanocl usters, and al um num
nanocl usters. In sone exanpl es, nanoclusters are from
[0001d- 10Bhinmysniamisldtes e deveesanish nanpchistes® doped or
undoped sem conductor material or made of conductive

Des@ttegi @@ geiéqgih Eome menori es that have charge
wi th nanoclusters are inplenented
integrated circuits that also include hi | tage
10003 o, S e S oo 2 ARNPHF TP g grocree
chargé §6H@E gie’?&nfsh;_@lI@ﬂn@@lu%ﬁr(é‘%@oﬂ 6@ ANmiRfm, gy, o gé@tnium)

Storage transistors. Charging or discharging the
for sedvinggbargedn agkarposiatigo iealien olsedansistet dn soromexamplow the
nan%’%&n%%l%?%ﬁ&%ﬁltwg f&ge}qrﬁr:gg(‘eg%réfg %{@g tg%c%% and a control
dieldclrRI 2SS SXRUFRIsidrd IR in T dr @ arlsftrk. AFhémory
oxi de. Thnis gate oxide may be grown by a steam
typicaldy dretlndes ap noepstsucl hiassisomsa fixemptta of omoghuste sypesragludes silicon
penetrate the control dielectric of th? char ge
nancepysaky SSTRAET 8ERAe St se(slwaaﬂfda%?fﬁa%ndf YR ARGCippers- In
somEBNRAGIYS hahcI AR MBASH [@POY Angstroms in sized and may be of doped or

undoped semiconductor material or made of conductive materials,

[0003] Some memories that have charge storage transistors with nanoclusters are
implemented on integrated ci-rcuits that also include high voltage transistors in the circuitry
used for charging and discharging the charge storage locations of the charge storage
transistors. Charging or discharging the charge storage locations is used to store one or more
bits of information, and may be referred to as programming or erasing. These high voitage
transistors typically include a relatively thick gate oxide. This gate oxide may be grown by a
steam bxidatiOn process. This steam oxidation process may penetrate the control dielectric of
the charge storage transistors thereby undesirably oxidizing the nanocrystals and undesirably

increasing the bottom dielectric thickness.

[0004] What is needed is an improved method for making a device with nanoclusters.
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i ncreasing the bottomdielectric thickness. [0004]
VWhat is needed is an inproved nethod for naking a
WO208%038640h nanocl usters. -1 WD 2005/ 036640 PCT/US2004/022508
PCTI US2004/ 022508 BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0005] The esent invention nay be better understood,
. FEODQF AHE RRAWINGS ur es, and advant ages
made apparent to those skilled in the art by
[0005¢f er Birecpragpnt ineentanooayplzatiegunticaspory and {tO00BroEs ghiees,
lis artial side view OE aé?ﬁl:g c:orhductor fer h
featygs, if'Hga vaptaggmade apparentiofipss 4 1p fhe it by el raangfhe
acco?rhfaﬁ#h& daeRpsding to a first enbodi ment of the present
I nvention. 0007] Figure 2 is a partial side view of
a sem conductor wafer during another stage in the
[0006hnufBigonerlas efpacial side egnanfacsenicandittonwefer dimng a gagehip the
first embadi nent. of the present . invention. 008 . .
managiireotaan lgtegra'%,ctq'c&}t agq%cél ng .9, gt egn%gélmegbﬂéi?}g lpl‘)(%sent invention.
waf er during another stage in the manufacture of an
[000"7!1t eorighed is htrpﬁHi_ai siflé GRS ehfcdnBctb? Wafer SNRRCUITRIE stage in the
of the presen invention. [0009] Figure 4 is a
manpfacturad! @i idegiitealeirhitaceeding ththe dirgtrenvimtinend of thegresent
.__another stage in the manufacture of an integrated
Imvepliotyit according to the first enbodi ment of the
present invention. [0010] Figure 5 is a partial side
[OOO‘SLGW BEurR 358 WpaRafsad v aeemidontidoPR e @lrirf #@thet Btage in the
the manufacture of an integrated circuit according to
mantifagtufé ofsin isrehodidrircuitatcardieg pr dedinst embodimant o the[pdeen]
Fi.(%gre 6 is a partial side view of a sem conduct or
WAFBr duri ng anot her stage in the manufacture of an
integrated circuit according to the first enbodi nent
[oooof t mﬁﬂ%_eﬁ%bartiaﬂéiﬁ@(rie%f.a[s@ﬁ:lc%ﬂnd&ét&%@fe? ditngdanother stage in the
partial side view of a sem conductor wafer during a
mangfagtyee ofrantintsgrateddidcais mogosding tatheifinstegrbetiooend of theipresent
. according to a second enbodi nent the present
MVEPUfnt i on.  [0013] Figure 8 is a partial side view of
a sem conductor wafer during another stage in the
[0010RNUf@EHMIsEs @hadial éi?é oAl rete flidontidroRw Ser Qi dndtHeR Stage in the

second enbodi nent of the present ]
manufacture of an integrated circuit according to the first embodiment of the present

invention.

{0011]  Figure 6 is a partial side view of a semiconductor wafer during another stage in the
manufacture of an integrated circuit according to the first embodiment of the present

invention.

[0012)  Figure 7 is a partial side view of a semiconductor wafer during a stage in the

manufacture of an integrated circuit according to a second embaodiment the present invention.

f0013]  Figure 8 is a partial side view of a semiconductor wafer during another stage in the
manufacture of an integrated circuit according to the second embodiment of the present

invention.
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invention. 2 WD 2005/ 036640 PCT/ US2004/ 022508 [0014]
Figure 9 is a partial side view of a sem conduct or
WiER3085/038640i ng anot her stage in the manufact ur eeaiusano4/022508
integrated circuit according to the second enbodi nent
of the present invention. [0015] Figure 10 is a
0084 ¢ i djiguwse Qes a/pastinl sideview of & seraigordictagaraer dnging ggother stage in the

a9 or 3h RRFern R o b RO Eseb T b fPaFhGfe presen

inv@fteaent invention. [0016] Figure 11 is a partial side
view of a sem conductor wafer during another stage in

the manufacture of an integrated circuit according to
(0013 &gl 1@ irsomrtivd stde yiew pke preisenstuctor wagsitdugng another stage in
the L)%%ﬁlza]gtﬁn uglfz[n%l\]%g?akeﬁ czlceﬁ I:&o%mg 'todﬁle\éa': oVrYH%];nb%ghn& ent o hhre Jresent
inv@ftionn i ntegrated circuit accordi ng to athird

enbodi ment of the present invention. [0018] Figure 13

artial_ side view of a sem conductor wafer during
WOHﬂot h%&gugﬁ hhjis i partial gide yign pha sareonguctan waler gyring appther stage in
I

the bt 0Pl agpdifl IR SRR koot ofphg gresent
invétitiew, of a sem conduct or wafer during another stage in

the manufacture of an integrated circuit according to

the third enbodi nent, of the present invention. [0020]
(00X lgur Egpee [ %is 3 nautiad side viewyel wequ\duatowﬁfeé GHEDR & lage 1n the
marf e BF 1 e PN ORGSR o o' R SO AL EH 2 brthe ivention.

of the present invention. [0021] Figure 16 is a
[00183r t i Bigusd Liisaipamiabiide viendfeosthicinductonivafer duﬁhglmother stage in

anot her stage in the manufacgture of an |ntegrate
the E!aPEfGFﬁUTEané’Gﬁ%FngQtCﬂG"PWé 4909rHBE Enihe Hirdspbashimepfeof the present
mv&rugﬁent invention. [0022] Figure 17 is a partial side

ew of a sem conductor wafer during another stage in

the manufacture of an integrated circuit according to

{0019 e t Riguck Bhibagurihtidelichhe’ pyeadaniductonwelel dorng another stage in

the manutacture of an integrated circuit according to the third embodiment of the present

invention.

[0020]  Figure 15 is a partial side view of a semiconductor wafer during another stage in
the manufacture of an integrated circuit according to the third embodiment of the present

invention.

[0021]  Figure 16 is a partial side view of a semiconductor wafer during another stage in
the manufacture of an integrated circuit according to the third embodiment of the present

invention.

[6022] Figure 17 is a partial side view of a semiconductor wafer during another stage in
the manufacture of an integrated circuit according to the third embodiment of the present

invention.




-3 WD 2005/ 036640 PCT/ US2004/ 022508 [0023] Figure 18
is a partial side view of a sem conductor wafer during
WORG0HEI6640t age in the manufacture of an i nt egP&TEE2004/022508
circuit according to the third enbodi nent of the
resent invention. [0024] Figure 19 is a partial sjde ,
[00£ﬂew Sguze b s acrsdnl s1ds vieNapled Seapicnduriog waterdyEng a&t@?&stage 1n
' i on_Acc - . i ' 0]
the {RNERLL Do AT RloBl iyt ARG Bl NP Rich LRI presen
invéhtiani ngs i ndicates identical itens unless otherw se
noted. The views shown in the Figures are not
necessari | Y drawn _to scal e, DETAILED DESCRI PTI ON }
[0024)026 Figme19 t514 parial gids vieyv plot samigongucter waler gecsdingt¢ Hg present
. of . . f ] the invention. The
mv%'éls(%ralg%qqlglgﬁqlg tsh%?p%{%%tgg‘éﬂq}ﬁénbe illustrative of the
i nvention and should not be taken to be limting.
(0029027 ThEugtisfatic danfe @hwamcpaymhbalk s didferant emsviods iadicates identical
~ sem conductor wafer during stages in the manufacture
itengsy urdessoHsFYise Aptedd The viws SROWR trethe Figusesraie pef negessarily drawn to
scalfi rst enbodi ment of the present invention. As will be
Gescribed later, the method i ncludes utilizing an
oxidation barrier layer for inhibiting the oxidation

DETAILED DESCRIPIIONs and bottom diel ectric. [0028]

Referring to Figure 1, wafer 101 includes a

(003617 C IRE Bsltowing sdistorihtalelRd déscriptibh offa dode értdatrgink@fut the
~ (e.g. of silicon dioxide, silicon oxynitride, hafnium
investioge Thaeseriptian isdntended tp Bt Isiaiyeol the Inventignaaid-shauih not be
takeSitloi ce}tngiﬁngas been formed over substrate 103 e.g. by
O &)SH r chem cal vapor deposition. In one
enbodi nent, bottomdielectric has thickness of 5
[002ZHN O MER i s, 1-6 Showrpattibissidy viewhef a temicentas e svafer doting stages in the
enbodi nents. A | ayer of nanoclusters 107 (e.g. of
mangifaqtersrof 2anemer dieiudies eproglpleEAcERRing to 4 fsygmbodimgy of the
ermani um Al l 0 h j : L3k
pre L BT, A e R by o S BEREL R RELFBhiBhtion

barfi Q18RS f@vighibRR e di/loadf theenah8Blubigrseing boabrardieledtric.
vapor deposition techniques, aerosol deposition

t echni ques, spin on coatin?_techniques, or self
[0028]s e miBieferring tnfiigued . waten 1 @1 ncludsma semicaplustarsupstatg (3. A
to f. S o e.: ' . .
oy RBP4l on S B EL e e o, tuminur
oxi@TahHa R oMie be lahirannariiche hey Iseea fe@medidvezadsirate 403 e.g. by

oxicri]egirgmvo(l)‘ lcﬁé%ilcgl vapor deposition. In one embodiment, bottom dielectric has thickness
of 5 nanometers, but may be of other thicknesses in other embodiments. A layer of
nanoclusters 107 (e.g. of silicon, aluminum, gold, germanium, or a silicon and germanium
alloy or other types of conductive material or doped or undoped semiconductive material) is
formed over bottom dielectric 105 by c.g. chemical vapor deposition techniques, aerosol
deposition techniques, spin on coating techniques, or self assembly techniques such e.g.
annealing a thin film to form nanoclusters. In one embodiment, the nanoclusters 107 are
silicon nanocrystals. In one embodiment where the nanoclusters are utilized in a non volatile

memory, the nanoclusters have a planar density of 1 X 10~12 cm”2 with a size of 5to 7

nanometers. In some embodiments, nanoclusters are from 10-100 Angstroms in size.
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menory, the nanoclusters have a planar density of 1 X

10"12 cnA2 with a size of 5 to 7 nanoneters. In sone
VEQRHF0aEHe s, nanocl usters are from 10- 100 AngsECUS20041022508

size. -4 WD 2005/ 036640 PCT/ US2004/ 022508 However the
_nanoclusters in other enbodi nents may be of other .
Hogieyerthe Agosiusisisa othee paibpdiaents marscfipshasisizes arri/ox other densities.
, i) & i L enent | harge stora atians .
Nafithdrs A7t B wlfBR PR MG b R e BBy B siscors oon
shovaf e a Hekmor OAb2RhclReh avardrnglt o Figure 2, a layer of

dielectric material (e.g. silicon dioxide, silicon

nitride, hafnium oxide, alum num oxide, |anthanum

OX
Wﬂ&?i/de,Rfefﬁamg&hﬁganer ebdigleciric materiakbers ikigonslipxide, silicon

by @ hem cal: itiaon to f . .
ox ety SO MER A0R L GRISA B Bk oy
forte@logeit wifer AISyas cherhithC¥dpos Gepdkition IO fdranodmit@l dicldatitc 209. In

may be of other thicknesses in other enbodinents.
onq @OBTYMER. euiEe!l distseticAbithes a thieknsst efor Gnenasmaters cbut oy be of
o BPRRSHUSLEL S LBt Nt rol - dielectic 209 may be
of med y 1on irplan 8t'ron (e.g. silicon or gernmani um
into a layer of ".. ~ dielectric material (not shown)
[0080] | oviedoray einbedigiane atht bgtierth didketi® 1G5, handodistérs 107, and control

. hanocrystals in the |ayer of dielectric material. In
dielsetrier208aydherferined byjen topleniadpR (e¢.isticonsr serampiimkiny slayer of
dieljegt?ic%%eﬁ@%&%o»gﬁ)eﬂ ﬁg\%&ﬁ A InfBY; E%f Ih%rigi?sdtoqgnn nanocrystals in

recrystallization of '@ &1 Con TTcheoxi de I"ayer

the bjleveldiclev®ic ngy@iss. If orHéradneidithéndTabesmaliclédrié 00 ahsclusters
nanocl usters. In other enbodi nents, the nanoclusters

107hand qggtrphsgg]gﬁgm’z@@ may benfipreg| by rpqy@glgzqgtmgtf@@ilm\;@h oxide layer
ek 08 L G G885 ey B REARD gl Bppagipens.

nanbdiietersahay iRt &l inMdifpledbye(Llotated aove ANOBR iR ielectric. In
wherein the resultant structure is annealed is a

othey grakagifaerts. dhmeanior usiesrase Esmed by femsiting|athist avegrphous layer of

narBERSEH PR AL G0 nliabi YR R RN soBRRRL N Al i o
subﬁﬁ;\ﬁeﬂ&mh_@élﬁn%%@oc{é&ohhe nanocl usters, vvh_erei_n cont r ol
dielectric 9 is forned over the passivation |ayer.

{90032 Referring to Figure 3, an oxidation barrier
[003Hy er T3othes n ents.athineg. (amapomelers) passivaiton layer (not shown)

dj man ayer 311 i fosilli itride. .|
ma NS BB HEHFLoR g PTG on el bfGreig oo
diele®tier208 ks frmeDor il paesisatidnaaref that retard the

di ffusion of the oxidizing agent to the control

dielectric surface. Such materials may include silicon
[0032); r i &eferring to Figure 3, an oxidation barrier layer g 11 is deposited over wafer 101.
In one embodiment, layer 311 is made of silicon nitride. In other embodiments barrier layer
311 may include any material or combinations thereof that retard the diffusion of the
oxidizing agent to the control dielectric surface. Such materials may include silicon nitride,
silicon oxynitride, silicon, silicon germanium alloys, high K dielectrics e.g. hafnium oxide,
lanthanum oxide, lanthanum aluminate, tantalum pentoxide, zirconium silicate, lanthanum
silicate, aluminum oxide, zirconium oxide, zirconium silicate, tantalum oxide, and titanium

oxide and metals that are generally impervious to the passing of an oxidizing agent.

Examples of such metals include tantalum, tungsten silicide, molybdenum silicide, nickel,
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silicon oxynitride, silicon, silicon germanium all oys,

hi gh K dielectrics e.g. hafniumoxide, |anthanum
WOR0eH036649nt hanum al um nat e, tant al um pent oxi d@CT/US2004/022508

zirconiumsilicate, |anthanum silicate, alum num

oxide,. zirconium oxide, zirconiumsilicate, tantalum
nigkel Hlcidg rabalf.cabrltsticiditdivan iridiwnaxide; maleniyra, ruthenium oxide, and
oTTal=ly ally inpervious to the passing of an oxidizing

agent. Exanples of such netals include tantal um

tungsten silicide, nolybdenumsilicide, nickel, -5 WO
[0@3R)5/ OBGERQ@nRGHInkin? Hadi 222081 1 Bi%ale@bmsicts ioke In other

cobalt, cobalt silicide, iridium iridium oxide,
embhogd Bt MYer 3t vaay bewigtherdhickegss. I someienhodjmegs]layes 311 may

[ | &r . en ' nan Ny
A G ano B B A BB BOREF e 311 i i
enOligheto telRbAkMRSS with MoSPIEh@ETAdoIEdl 5xydeR Y& perelrhtd Waneath barrier

have a thickness of 2 nanoneters of greater. In one

layerBbhi lnetiher cadbpdimants, hyaer Byar 314 is of amategpoahn ta withsand
j | "od ts.for o en to
RS AL B BBEkste LORIAE bR
enbodi nents, barrier layer 311 is of a material able

[0034] W t Refeatng to Farped dhysr 831 onaolf diglsade 20X mdabilosters 107, and
rocess (e.g. 600C and@ﬂreater). [0034] Referring to
bottomy dideciric ﬂ&%ﬁ paternedigreavelthese siraiuses i thggnemory array areas (e.g.

AI'OW'rf*elﬁgﬁIa%d 3(9 Zemoa)gqhosg %Il'ﬁlameq{'oﬁ-li §ﬁ\%{] £r§ﬁsé ggéﬁﬁyvoltage area 405)

er ne O l'eave thoSe 'structu

of aaferY 0&r Beche(etnt@dimetd)iyed BB | Waf remoléilbypadryteic, @B ¥6ntrol dielectric
t hose structure fromother areas (e.g. high voltage

20rmagociosgrs 187, anderomaticleqtric dibare srpeNedeiytivetieighe lIn 3nather

S 1 r , .80 0 | di.e ric. 2
e SRR STt e AR SRRl s may v
forhI0N efbnidyy Weh 463 alring 18teR pRIcEREs. enbodi ment, a

conbi nation of wet and dry etches may be used.

Mul tiple transistors may be formed in nmenory area 403

(0031 | nReferriag tpFigvesS el ngbs drkicaia ligs ewwr gusubsgate 103 in
il Y095 B BIOLT P ) B ey TR Al fag e

voldgeltrdngisigts (nbz@dwaP thar, gRtEmeeBbREmeAS, O Ltifte@No implement

vol tage transistors }not shown) that, in sone i )
Prograsyalineend $rase piscuilry fargharging anlisshareing the Sy gmstpmeg transistors to
L. ' ' or ¢C ing.a i.S (o] t.he .
e BSR4 B s A BB IS R Yo
wafr 261 40Bigh kdinRfuR ERAM MRIxyesH & REbs okidlid dxidisk MéRxposed
by exposing wafer 101 to high tenperature steam and

sergiggRemstomatirtal elisnbetxate¢03 in agasdiO7 and HES.eJopaneeanbodiment, dielectric
' m.conduct or., materigl of substrate 103 in aregs 407.

1 SR BRGSO heshbo e an GRS Ve oheP HiEkhessedin other
-embodiments. In other embodiments, diclectric 515 may be formed by a blanket deposition

over wafer 101 followed by the removal of the dielectric over area 403.

[0036]  During the formation of dielectric 515, barrier layer 311 inhibits oxidizing agents
from penetrating into control dielectric 209, nanoclusters 107, and bottom dielectric 105.
Providing a method that includes a barrier layer over nanoclusters to inhibit oxidizing agents

from penetrating to the nanoctusters, control dielectric, and bottom dielectric may provide for




e

‘on WinBt18§E51707.7 Phe bRidh@EBETiIQVSYer 80 1Tl

515 has a thickness of between 7-14 nanoneters, but
may have ot her thicknesses in other enbodinents. In
Wi pes0dekiodi ments, dielectric 515 may be for neCToyS2004/022508

bl anket deposition over wafer 101 foll owed by the
renoval of the dielectric over area 403. [0036] Durin%

a mewdftbatmpininoigesothe @kidpien ofi the samclupigrsrandfor thigkgnimg af the bottom

. inhi bjtss oxid].zi agents from penetrating into

mekﬁ&?ﬁ@ﬂ“ﬁPéF@hW}ﬁ%m TORAPScl ust ers 107, and bott om
dielectric 105. Providing a nethod that includes a

[00B7Y I | RefdrA}g o Bgtie 0)afaahy siodis of Kigh RBlRietdiCXdtHE i HDarrier layer
agents from penetrating to the nanoclustcrs, contro

31 lgis e¢raeveadi dn oamembedimgnt, gm'émel@wfii*é 1 iasgmeved by @ seleetive widetch. In

2005/ 0 0 .PCTI MJS2004/ 022508 met.had. t mni m zes, ..
othGLETTES ST RemBE Pl ool SRRy DR olf Rt Bfetectric
513. h&fidrahjep 31 1 (b remBOEd bEa Gt dittdoritl e@h] BB phtedriiin@Gnaterial is removed.

processes. [0037] Referring to Figure 6, after the

gr ow h of high voltage dielectric 515, barrier |ayer )
(0038 i dn pubrseausdt progessesnetabownheharge parage sansigipesrargformed in arca

' b . j h .
403 Sl BT g Y i Gls PR ol Bed I s 105 ab 00 38 Sl spppgiments.
othédygds of in@ftersh St RClonHe®inerds 1407 and 805, Ahéeds ta¥RIors ok circuit
is renmoved by a wet etch or dry etch, the patterning

logigpnd inpai/oleput @rpyieiof the pueesited ¢iraith Sortinnstof parensdustass 107 are

(N ho charge stor.age ansistors. are f.orned in
oritgbglo FopR RS it e A of LRERLRE RERnR LAy Rl afemory. 1
subfdcRast pHidesas df ddhie ehBodi R, LIARQYS BRI nSateri A i@ pobi¥dRSver wafer

of transistors may be fornmed in areas 407 and 405,

101s (ldwe layer of gate matesial npegclusiars 101 and cggire! diglgetric 209 are then patterned

- input/output circuptry of the i.ntegrated circuit. . )
in ap BP0 SR 0B g G et s g Jocalibns” Hnf Py et g gharee
storaPMralRistdrer age | ocations of the charge storing

transi stors of a nenory. In subsequent processes of

sone enbodi nents, a | ayer of gate material is . _
(003 os Figsieesoly bf shear partialspde, viawieof| cagaicaptlugfar waten duringstages in the

cl ers 107 and control dielectric 209 gre. then
a8 b ol A b R BB e RpR o fentof the
presthOMERidn0 Q@‘férﬁﬁ? to FigfreCOBbbRbm dickdctsd T0FisFhrniddover a substrate
char storage transistors. [0039] Flgures 7-11 show

e
703|c£¥fr\’tﬁ%%(170éi dNano¢lasiers g7 aredher foomerieveswalerfZ8. dur i ng
stages in the mnufacture of a nenory including

00RA e RERFTHE R ETERe Srlfatifn Ry WBERETyEr R8s Wil shftuater 701
rdifr&rentBaefhi than of
waf er 701. Nanoclusters 707 are then fornmed over wafer

nanggjasters §040]n wefesbddirgert deyei Y iocl8desailiapni rdaideoput in other
emb% Enrlén%st hlxy%¥ §ho %9)? iﬁc?ucged?hoe?' In%a?e?ia sve?é. s\tlx\&f aesrthgsoeldescri bed above with

respect to layer 311.

[0041] Referring to Figure 9, layer 809, nanoclusters 707, and bottom dielectric 705 are
patterned to leave those structures in the memory array areas (¢.g. 903) and to remove those

structures from other areas (e.g. high voltage area 905).

[0042] Referring to Figure 10, a dielectric layer 1015 is grown in areas 905 and 907 by

the oxidation of the exposed semiconductor substrate 703. During the oxidation of the




!

on nanocl usters 707. The oxidation barrier |ayer 809
is.of adifferent material than of nanoclusters 707.
W 2005@3ebodi nent | ayer 809 includes silicon rnPCT/Us)4/022508
but in other enbodinents, layer 809 may include other
materials e.g. such as those descri bed above with

expased mmomdzxctoay@strﬁtet’f‘oﬁ biroedayer Re9 eﬁubltsgmcbzmgggwés fom

| Yyst 707, d.b
pency iR it P ero T g olaidRing 0, At M bEfitserBrd P
diel REHEMy@ 1938 Wil b8 uti RRWto kieh 4 PorkiBBY M lohRWeleQHE WeiitkinSStors
fromother areas (e.g. high voltage area 905). [0042]

formRdfienreun g0t edfli0jure 10, a dielectric layer 1015 is
grown in areas 905 and 907 by the oxidation of the

0S sSem c nduc r.substrat 3. ing . .

00 e PR 5B B e B s sy oo
and 8%RRERNay® T EPRAUSBSSHed %u&awfat W1iRdudiR@ovérdhydrapes afdO

I nhibits oxidizing agents from penetrating into
ndnqwarscm ’i&l eInsme embadicnenbiayend@f i removeddy 208t nisidgisirip, but may be

ter dielectric |layer 1015 w.l| Dbe. .

romyeR Y Etr o5 hp g1 iy i EbRAGrenh B0 g Embdhimgnr fietecps; laver
111t fs@ﬁ‘zﬁie%tf Qﬂﬁon Rk ﬂﬁdje[;l)@su@ﬂ %?%hé?@i@aia)ﬁﬁm% 031[1919 4Bjelectric layer

Referring to Figure er the gromh of |ayer
1 1171Iswhzdzrhasrthecodtay dielgotr fos transinture formed dn memoer; arriyarea 903.

Dl )t SRR 0 S0 S A5 DA 1B e

1015)%@@:%@&”5?orﬁ;@&fwsfea@osaanu@mmtrl de strip, but may
renoved by other techniques in other enbodi nents.

In one enbodi nent, dielectric |ayer 1117 is made of
{0044] | | doisubkequant grqgtepgs{rl_oesﬁdy\yl)mheme@mragpamgmstors are formed in area

003 i iz vofift et Bf eifior MiRyed sl borSitheicTSimfinyitis s0s

and 909, WorBbiReo FIMSnanobhuGlk BC0Tiake hi¥zed itk (R &ihr§@£t¥ﬁ§e fations of
a portion of the gate dielectric (along with

the ciinege stragedransiyiers of kon&hofyodn sutseqiest proseskes ofsgmerembodiments, a
eSS

e R ek R e RO S

107 %Qﬁccﬁh&‘éi &b&l&m\‘:%@)%@th&ﬁ Eil%én%d% Srea @09 k@forRi e gaﬁey B¥Bcharge
of transistors) are in areas 905 and 905.

stora@aﬂ@qaum affthe ﬁargm@agmmrmrsmr? rmed & il drez e’ﬂhee lay«f:rmrfrgate

mater Ay B BReeril G PRmn i e AT UGBt o OB C el TP and 907.

sone enbodi nents, a |layer of gate material is
[004§]3p°5f‘=’1§1ﬁ€s PY.§8 SNW Bhrtialskde ViB®s bAY &mibndaeiop \J’ﬁ?éeruhﬁk stages in
nanocl Usters 7 and control dielectric 209 are then
the muatufeture of a mearmﬁlr@ll@lntgmmo:tlmtem ecgpadiog tanthichembpliment of the
present invention. Referring to Figure 12, a bottom dielectric 1205 is formed over a substrate

1203 of wafer 1201. Nanoclusters 1207 are then formed over wafer 101.

{0046) Referring to Figure 13, a layer of dielectric material (e.g. silicon dioxide) is
formed over wafer 1201 by e.g. chemical vapor deposition to form controf dielectric 1309. In
one embodiment, control dielectric 1309 has a thickness of 5-10 nanometers, but may have

other thickness in other embodiments. An oxidation barrier Jayer 1311 is then deposited over

_ : wafer 1201 on dielectric 1309. In one embodiment, layer 1311 includes silicon nitride, but in




storage | ocations of the charge storage transistors

formed in that area. The |ayer of gate material may

we 2pestserned to formthe gates of the transi st BCEUS2004/022508

formed in areas 905 and 907. [0045] Figures 12-18

show partial side views of a sem conductor wafer
othedambodjmehagiaged 181 1 trhey inelodd atherumaterddls e.gnmsitbose described above with

i ncl udi ng nanocl usters according to a third enbodi nment
resP%‘f”‘P%er%rlesent invention. Referring to Figure 12, a

bott om di eI ectric 1205 is forned over a substrate

03 r

0045 er RerptPedh PG 4 af RERERIR R R{IGERLIT I o R, fom
oxndﬁiedqioahﬁclttlﬁdeavﬁxtg reaian(l@ portisa 14 ko6t layepx B k) Inione embod1ment

formed over wafer 1201 . chem cal v p(?_r :
layeg &;blds'ﬁpr{wefiélsmararﬁte@ah%%qﬂoaméw&% in one smlodiment whese barrier
laye [@lgqnano oS @IECR%H'ISEI%L&é & sHROH n lﬂ?a ¢ bk %ﬁﬁﬁtl&fl process

meters, but nmay have ot her neSS|

resubé regoresrd MIIM§app%klmXﬂe@a'i b eandimgters elnclk aybgent Y msle of
. then deposited over wafer 1201 on dielectric 1309. In |
silicgmdicgidso dinfeeR Porrigy ef parian 14 inelgdss an axyaiide; the kpstom portion
[ / US2004/ 022508 ot her
Ofpsélﬁr%géﬁm 1s§3r¥¥%n%99t§ y%%%%ﬁq“ﬁgncl ude other materials
e.g. as those descrl bed above wWth respect to |ayer

[004811 Tie0etim Keitlaion progcdsorddugusitiee thitknedsef thebapdertlayen (@f. from
barrier layer 1311 is oxidized to form oxi di

zed
3.5 SBPTIFISTS (94955 hafA THImStarS) 1 el 15 TeSiPeS B A e gring sgpapity of
pom])ﬁ]l;!llS I ﬂc@d}g gl}b ﬂﬂ'cﬂﬁ?& storzlg?Y:%ﬁs@tngs]f }n?jerﬂ’}ﬂ \gbfg\:ﬁ S kg
st eam oxI dn process. -In one Sbod; ment ere

predbmﬁrfaltﬁhdrgee&]@ﬁ nglstduttures Willemanouiedies $20°hiand nautte smcon nitride
made of _siljicon nitride, the steam oxidati] on pr.oces

(or othes aterialyo ril?ﬂ"t“i"b’ff‘1§4f5’¥t§é‘f“i®§ stapst 18 PofHanel4) 3 vt only have a small
e MR iRt BB Yol A sty o e g
of thexmnsittor.de. The bottom porti on of portion 1413 is
pr edom' nately silicon nitride. [0048] The steam
dati on process reduces the thickness of the barrl er

[004Playerﬁsl€89}5 shewivater S200aisrperion 1AdS hasheep gRoved. In one
7
embBERRHE SR 15 Mooy pERWRERSH U EE PP L s water) or by
dry &a¢tor age transi stors forned on wafer 1201, the
predom nate charge storing structures will be

nanocl usters 1207, and not the silicon nitride (or
[0058Y he RefgrisgitaFieuit LG ppitiond 413 pentroljeleqirs é%"’%tna?%cgustﬁs 1207,

and l?(%otnﬁ giréleéf} 31 205 ake #Je%eﬁ%’ feafe @H@é drucfhdSfi the @ﬁﬁ@ﬁ( array areas

ta e fransistor as portion

' (e.£.i1603) mglao perrﬁcxvermbse stractubes g etheocfredsf(e of Highvbhdgerarea 1605). In

one embodiment, portion 1413 is removed by a dry etch, and control dielectric 1309,
nanoclusters 1207, and bottom dielectric 1205 are removed by a wet etch. Multiple

transistors are formed in memory area 1603 during later processes.

[0051] Referring to Figure 17, a high voltage dielectric 1715 is grown in high voltage

 areas 1607 and 1605. Dielectric 1715 will be utilized as a gate dielectric for high voltage

transistors (not shown), which in some embodiments, are utilized to implement programming

Y.




)

[0049] Figure 15 shows wafer 1201 after portion 1415
has been renoved. In one enbodi nent, portion 1415 is
WhYPB6e40 a wet etch (e.g. one part HF to 50 [PAITVES2004/022508
water) or by dry etch. [0050] Referring to Figure 16,
portion 1413, control dielectric 1309, nanoclusters

andle245E circainng fbmmgnmﬂilieg end en’am‘ng geThame swding erangstofsao be formed in
| eave t e structur Menory array areas

memgryAreg In Ape egbe wav%dteﬁsgr@ WP i lQpasemetssitigkner

areas (e.g. high voltage area 1605). In one
00§20 IRk thdRfhhiddh detitdedeic T PP B&S Y1 Plibi izi
[ gjoﬁﬁtrol dlgel ectrlhc 1309, ¢ n%\noc I'ust 3%0%07, at}n@fbns%ﬁ%zmg
agebwtftoompeheahtng ml:cccdtﬁ(b!idmteetmdﬁﬁQ,erﬁnbgluﬁemﬂﬂO‘Etauﬂ bottom dielectric

Itiple transistors are formed in nenory area 1603

1209yr ng | ater processes. [0051] Referring to Figure 17,

a high voltage dielectric 1715 is grown in high
0059 t a@ererdh LAFiSHE 18200 éﬁl%%z 2k fifutdrlof islde ldvePFater 1201
[ ﬁ:ﬂ li zede asgaa gl%te di el ctrl copg ﬁ%{%{avas éés*t%dvel afer 1
includiag oivert porgor{ hlt3 is hioawmgmontiraly araa léﬂﬁreh'emb@ej;unmrnrecesses layer

180 pufoisbl Conshl s Dn9BERt BarsaRgZ ent s disieptgic 1205 are
patt@fe@% ?HFH? {19 8&99 c@ﬁ@&'ﬂe&tﬁ@ cﬁa & %r%ﬁe P8dafGnd, Eﬁﬁ‘ 56t§3n9 URslectric

fornme menory ar ea n one enbodr ment

of tlmb @dgﬂstmmgelt?aﬂr&stcss ﬂr(hrazatﬁﬂ’jetﬁdscs lat)hr £802 drdQbapctBoi v h‘:’gare
tric 1 barri er portlon113

e formatjon of diele
pdttg:ﬁlﬁqim md %“itﬁsi"ﬁ'gji adggcgﬁlpgmpp WFé’é‘ﬁ%FtPﬁt(Pﬁg ightvgltage transistors)
ina gmg@ar@l ®ogctric 1309, nanoclusters 1207, and bottom
lelectric 1205. [0053] Referring to Figure 18, a
| ayer 1802 of gate material is deposited over wafer
[003001 Ini ovel emhodgnmdrotqom diclectrit 4285 isrb nadnenmeEnothyckacorasol

. .area | n subsegu roces .. Layer 1802,
dielprgre { *iéf@m)@smsrtgicﬁ et RO '&@3@@ ncy*m@]s il Flowever, these

strué‘taf%z’m r!:@: &%El{e‘?mlﬁ{ng REH difiernfiRdfhéus Pattered to form
he ga ontro ectrl c, charge storage .
I ocations, and bottomdielectric of the charge
[0055] or a@xesomeaﬁnﬁ]osltmms ithme ﬁar&eholﬂl@ﬁﬁage,%hia‘odud @\yhargt @fpiapdn portion
ielectric 1715 are atte nedtoform ates, and
14139? olfires seraps wansystpraay belimjted by e partig! Oﬁfigtw'vbﬁaogtg@ 1413,
the fel@#n3h ik é&;ﬁﬁﬁtﬁﬁltﬂi 0
© enbodi rrentI nkf)%tt m di el eg %d?ﬂg %atcg%@i)élgﬁ}gnlg?g% the gate
electrdlecfthe paotion of layeti 1802 oted to fa:&oalengatc&bf aahauge sw@ragettiansikor).
and portion 1413 is 4 nanoneters thick. Fbmever t hese

uc e e of other .thickness in ot
[Oﬂsglrb d¢ ;Lff@ntaﬁe that may occur with some em ?lfments utlllzmg the method set

forth in Figures 12-18 is that a nitride strip is not necessary for removing the barrier layer

- portion 1413 (where layer 1311 is made of silicon nitride). This may provide for better

process control of both the control dielectric (1309) thickness and gate dielectric (1715)

thickness.

[0057}  TFigure 19 is a side view of a wafer including both a high voltage transistor and a
charge storage transistor made from a method similar to that set forth in Figures 12-18.
Charge storage transistor 1909 is formed in a memory array area 1951 of wafer 1901.
Transistor 1909 includes a gate 1911, partial diffusion barrier portion 1923, control dielectric

1921, nanociusters 1919, bottom dielectric 1917, and spacers 1925. Source/drain regions

- 10 -




e

forming nanoclusters over the su

[ 0055] In sone.enbodi nents, the threshold voltage
shift due to charge trapping in portion 1413 of a
WHLQ036440r age transi stor may be |limted by theCT/US2004/022508
partial oxidation of portion 1413, the reduction in '
t hi ckness of portion 1413, and the proxi mately of ‘
191pand 1943 4rd f@nted it bbsgait d 902 beegriodémplanmtipor PowiondH23 is formed
| ayer, 1802 used to formthe._gate of a charge stora ,
from ﬂ%ﬁ@n%ﬁam@r layep payEPn (5@ 13&%% Lgecmhedimeal TaRTYPT I00rs
S . 1RO eFeckidal1y &laBfbid REd BRI GG YREPROMY, | N
util [ g]url:dp%gjjﬁaiezecywéﬂtya‘ l%?)tlr{%ge SPYI p ?Crgt(not ng@essary
for renoving the barrier layer portion 1413 (where
[00983y er Td:Bdidior $90d@ hogh willage wansmtentocedd inHetasl A58y Transistor 1907
[ f | . of h, th )
incl # Oélfl%ﬁg’aé);gag%e%litpﬁaétrie Flirggg)esf)gcﬁ?sgﬁ):}réggd gﬂlggg%qqaérai% regions 1937 and
i i ' -gatd AL (rib 1R &.2L 960D & th
1939 GaChélbctit lgi%fﬂé'wdﬁﬁ?ﬁg’?ﬁgé’ bot h&tggﬁ%h&\%u 02 govn on the
expdsedpoitpharf tlendibstrate aorgke Srmoatdgeofithapatien frormwbiehfpodion 1923 is

a nmethod simlar to.that sef forth i Fi gures. 12-18.
fommarﬂgblsghaasaw@lqwla?ﬁéifsskosate tscybitiats G90dar FRlagin figfors 1907
and oy area 1951 of wafer 1901. Transistor 1909

includes a gate 1911, partial diffusion barrier

portion 1923, control dielectric 1921, nanoclusters
[0059919, Inboie teorbodindnt,dtansistot 9907, is anchnsiptac By spro@@ or erase circuit for

DrOP RS A G5 ne Qe ST ORGSR Ry Trapsistor 1907 is
charlﬁés’tg?ié'daatsg h:@?gor% ¢ Fl‘?l%l sthiGA thi R c@}@?ﬁi a0y 'voﬁé)%e,tdbeﬁe &l%%.%nsistors

or me usi on barri yer portion (e.g
of the4d@jt .output dendcezrdnd dogiecitcuits phthsiistegmted20Buit.sIn areidnibodinent,
i.n a non volatile, el e_ct‘ri,%_al |y erasable read o #g
trangiiab P 7(QPERE & YoBD BB Praviding Prgs Mg AR srage wPE es to store
char¥Ol L transl S) stdr Lo 4 ' devi
charf gt A AL T Bl TGI8 by A E s o RS Gliput dovices
and sghackepir: (h6BHoand osoue ael.avdltdr Biansistegl 207smaPaso bedn input/output
1939. Gate dielectric 1931 is forned fromthe gate
rangigtay QREFHNG At &y 023 §: 1602) grown on the exposed
portion of the substrate after the formation of the
rti i . d . ch S i ﬁl‘ﬁbt idizi
10068811 R TR Th SnPAGBEL! ArPypelrdifufion bR for 1 Mbiigy opidiine
agent SrohradAidigirg ranscladies s hBOM in analtingA0Bemndry] 0@591ne lon siom kar
enmbodi nent, transistor 1907 .is a transistgr .in_a. s
proc&s,sg@gsaqiﬁsg? begl aboye way bg piilized,in tlﬁr@@}ugqﬁtﬁrﬁ Q? gthgy devices that utilize

nanc@iﬁ%@&cﬁ'21@f.gagﬁtlggle%gﬁﬁiﬁﬁe\iri&s[‘a”OC' usters 1919.

ransi st or aracterized as a high voltage
transistor in that it operates at a voltage above the

[0061} anshsheembodimenha method ofmaking a device sludadiplovigiing a substrate,

circuits of the | nte%rat' d cjrcuit.‘c} n oge enpodi ment ,
bstrate, depositing an oxidation barrier layer over the

"nanoclusters, and patterning to form a first area and a second area. The first area includes the

oxidation barrier layer and the nanoclusters over the substrate. The second area has the

oxidation barrier layer and the nanoclusters removed. The method also includes forming a

second dielectric over the first area subsequent to the patterning. The method further includes

removing at least a portion of the oxidation barrier layer from the first area subsequent to the

forming the second dielectric. The removing the at least a portion at least reduces a thickness

~ of the oxidation barrier layer.

-11 -




transi stor 1907 operates at 6 volts for providing
progranm ng and erase voltages to store charge in
WIOR00#036640r age transi stor 1909 wherei n t he traReTASINNG022508
of the input/output devices and other |ogic (not
shown) operate at 1.2 volts. Transistor 1907 may al so
[00623 anin amptHet embpdiment, aamshet afmakivey adé vig: iatludessidodding a
3.3 V. [0060] Although the utilization of ap oxygen _,
subggrafe hayingp Yaichirept ’F%‘?’C'iuﬁﬁ‘fs@ﬂfl id}?éccB}G i 2 Fﬂ?g““b%fﬁfé‘h CRASHHE an
oxio%ﬁbﬁbé‘ri@gla?a%k SBUSuteS ard R ifk (EBHRY £st Y42 second area.
the same orf simlar processes as described above nmay
Thelfgstuiréa inzlades the biieatimmbi-datl ayee and thetshrectutbawvecths stibsatate, The
utilize nanoclusters such as e.g. opto electronic

secopdreadys theopedation hapies layRLag asast thanspachiserott thaxrusgre
rem@veq{? VII*h%?nétﬁ]&cl Mgc?ﬁcﬁ{c]@é’ fogllnﬂ% aaseé&ﬁ?iél@&ﬂ{: .ovéﬂﬁmiﬁg area subsequent
nanocl usters over € substrate, depositing an
to fanpiigiathe audiaingiad rémy\eng aMedst i pertion ah el disdatios badietiayer from
jatterning to forma first area and a second area. The
the #isst yrea shsgguentiouhe forping the secaad dislechis: riheremayiag thepd least a
por‘tLolﬂedt!k%Q[qghdﬁ%E ﬁruﬁclg}ég{ oﬁﬂ@oﬁpﬁ’tﬁ [y l% ¢ second area
as e oxldation barrier [ayer and e nanocl usters
removed. The nmethod al so includes formng a second
[0063] el eBtanbtheosrabodimend, i hiethodrof anakitysespudodnductot Bevice includes
patterni ng. The nethod further includes renoving at
providing  sbsyatethaymeck StuRTLK TaapeTBsters ard disfecirigayerlying the substrate
S r
and kel h oRIdiloR YRREHRH ik Eine Byt THB el BB aver
inclideaat leit dti€ ededed fribmlangssp conbistimeofsilictat ivile pdlidonex ynitride,

... layer. -11 WD 2005/036640_ PCTI US2004/ 022508 [0062] In
silicgmck Wagonasraeniwerloy s high-Kodiclssrigaasiiplangayngtal. The method also
e . provi.di . i :
A b B5 XA s UL SRUE B, TR, Ao Wef Bt orions o
the @eduvivh tbarter fdyer md WA bineutud 2dnklithe sdcay®ire@ U &y pditiéns of the oxidation

structure, and patterning to forma first area and a |
barrige lagercangrabteast trmsarochustersfdbe stiushuieieanaved. dhe methogiplso includes
r yer. e .
oro ol B O AR L WIS oA B poving

leastad pdre@sbf thb oxiRNeE baifitClager@font the fRdtranat Mbﬁaguémn@moming the
The nmethod al so includes formng a second dielectric

secopd dielactiic. fThegemayiag the g deagUiepartion at least sedyges ikickness of the
Oxidgﬁgl;&w&qg eand renmoving at |east a portion of the
ox1dation barrier | ayer from the first area
subsequent to the form ng the second dielectric. The
{0064 MOV AgothBeerabodi@amt a fethodiof MARingta defASInduQ@dtREMory includes
thi ckness of the oxidation barrier layer. [0063] In
proviging & egbstatsddy mgrtstrugturaeftnggodnsters Ridhdielecisifved ag shegtubstrate,

vice i

_ dcpo%ﬁmg an oxi aki%ﬁj Barrier layer over the structure, and patterning to form a first area and

a second area. The first area includes portions of the oxidation barrier layer and the structure,

and the second area has portions of the oxidation barrier layer and at least the nanoclusters of

the structure removed. The method further includes forming a second dielectric outside the

first area subsequent to the patterning and removing at least a portion of the oxidation barrier

layer from the first area subsequent to the forming the second dielectric. The removing the at

‘least a portion at least reduces a thickness of the oxidation barrier layer. The method still

further includes forming a charge storage transistor in the first area. At least a portion of the

12 -




pR—

providing a substrate having a structure of

nanocl usters and dielectric overlying the substrate

V03030840t i ng an oxi dation barrier |ayer overPCHES2004/022508

structure. The oxidation barrier layer includes at

| east one selected froma group consisting of silicon
nanag]usierslie utibized esonchargerstaragedecatiosifp thoaharge stordge dransistor. The

mettiglfo e fotlia dobe fonEh GuEChh ool ity A borhah of e second
dielectricSdervak @RleaN Gs @ poRfAN adhRaielddific bf the se@nB@aranBislotdi Ng
portions of the oxidation barrier |layer and the

structure, and the second area has portions of the
[0066%i daWhie pabaulai embodiments afithe preseeidnyentibe havherenishown and

Q he structure r ved...Th th Lso Jnclude .
descfed iy TLpebmireH R MoSe s e 0l 5 the achings
herefy RF@@H &N g LarddNBod At RND AP ba Rthde W‘ﬁhﬁhﬂ(ﬂ:pﬁhiﬂﬁ'fﬁﬂﬁthiéiinvention

portion of 'the oxidation barrier layer fromthe first

and 4y bradarbspegiseand thos,thearpendridredpink are togpoeripass siibin theig scope all
suend e X RBo R bl B S gl fN oGl

anot her enbodi nent, a method of maki ng a sem conduct or
menory includes providing a substrate having a
structure of nanoclusters and dielectric overlying the
substrate, depositing an oxidation barrier |ayer over
the structure, and patterning to forma first area and
a second area. The first area includes portions of the
oxi dation barrier layer and the structure, and the
second area has portions of the oxidation barrier

| ayer and at |east the nanoclusters of the structure
renoved. The nethod further includes formng a second
dielectric outside the first area subsequent to the
patterning and renoving at |east a portion of the
oxidation barrier layer fromthe first area
subsequent to the form ng the second dielectric. The
renoving the at |east a portion at |east reduces a

t hi ckness of the oxidation barrier |layer. The nethod
still further includes formng a charge storage
transistor in the first area. At |least a portion of
the -12 WD 2005/ 036640 PCT/ US2004/ 022508 nanocl usters
is utilized as a charge storage |ocation for the
charge storage transistor. The nethod al so includes
formng a second transistor in the second area. A
portion of the second dielectric serves at |east as a
portion of a gate dielectric of the second transistor.
[0065] While particular enbodi nents of the present

i nventi on have been shown and described, it will be
recogni zed to those skilled in the art that, based
upon the teachings herein, further changes and

nodi ficati ons may be nade w t hout departing fromthis
i nvention




and its broader aspects, and thus, the appended cl ains
are to enconpass within their scope all such changes
and nodifications as are within the true spirit and
scope of this invention. -13 CLAIM5S 1. A nethod of
maki ng a devi ce conprising. providing a substrate;
form ng nanocl usters over the substrate; depositing an
oxi daLAIMS barrier | ayer over the nanocl usters;
patterning to forma first area and a second area, the
first area including the oxidation barrier |ayer and

‘the manoﬂﬂémﬁﬂﬁfﬂm_ﬁ%gai&%ic%%ﬁ\?ﬁﬁﬁ . and the second

area having the oxidation barfier®layer and the

nanocl| uspervidingasubsttte;f or mi ng a second diel ectric over

the second area subsequent to the patterning; and

r enovi ng?%ﬁm%%@ﬁi&sﬁﬁ*spwmsabm% oxi dation barrier

| ayer frg@&jtﬁ ah beiaht ' [ enovi ng
the at | east agporti%ﬁz{an%g@?r re ucj'elé}mg Pekness of

t he oxi d@efesning knsform e firdt asee und 2 secdiideares theditstakeadheliding the oxidation
1, wherein the.nanocl tEaers i.ncl ude %t!‘i | east on§ )
sel ected froffirar @FBE‘EIS SRneClustery opsr tag supsteite, and the second area having

nanocryst al Sthe S RIGRRIN D eP BRECHnY eﬁJaﬁmcIfs 1 febvadd

germani um al l oy nanocrystals, and nmetal nanocrystals.

3. The nfuming aecondaliciectriowner thesecone aen sulisequente the patterning; and
second dj e 1.ncludes  subject.i .the oxidatign )
barrier #ﬂ%ogﬁé A(g feggttaé’r?ﬁ@r“é{f ﬁpé@“%n%@“gﬂaﬁf g"ﬁf"éﬁ"? g’ﬁ'ﬁt ared, wherein
The et hod ahe finiviighhe MIREE foriidifat R4ktdaduced BRIEER of the oxidation
| ayer includes_at | east one 'selected froma group

consi sting JRATSTIaNEBN nitride, silicon oxynitride,

silicon, a silicon germaniumalloy, a high-K

dielectric material, and a netal. 5. The nethod of

cl aPm 4, Thamedpd of elainnl, yhercinthe haotisters imthede aleast one selected from 2
i nc «one selected froma gro - .
con gbg ? i%ﬁ]gsgsgltu £ %gglﬁ?(ﬂ]rﬁag%%sgés’ |g§1?{f-3ﬂ‘é%‘}ﬁng%’y§&5- silicon and germanium

| anthaymannaiystals b enetal haivcaktal pent oxi de, zirconi um

silicate, lanthanumsilicate, alum num oxide,

zirconiumoxide, zirconiumsilicate, tantal um oxide,

and3t i t alhesitetsd 8FclaimlPwherein the forming the second dielectric includes subjecting
the oxidation barrier layer to a terperature of 600°C or greater.

4. The method of claim 1, wherein the oxidation barrier layer includes at least one
selected from a group consisting of silicon nitride, silicon oxynitride, silicon, a silicon
germanium alloy, a high-K dielectric material, and a metal.

3 The method of claim 4, wherein the high-K dielectric material includes at least one )
selected from a group consisting of hafnium oxide, lanthanum oxide, lanthanum aluminate, |
tantalum pentoxide, zirconium silicate, lanthanum silicate, aluminum oxide, zirconjum oxide,
zirconiurm silicate, tantalum oxide, and titanium oxide.

L]
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WD 2005/ 036640 PCT/ US2004/ 022508 6. The net hod of
wo Rbdasgssowherein the netal includes at | east 9&%/[]82004/022508
sel ected froma group consisting of tantalu
tungsten silicide, nolybdenumsilicide, ni ckel ni ckel
6. si | Tk eethodalieldim 4, WaBk the imekat ifhudeks i BhstBne lbatbdlFom 2 group
oxi de, ruthenium ruthenium oxide, and titanium 7.
consiigingf FoRlwn, Wnasten Slicidh émcéybdcﬂwa stliciidtanickel, higkelisdicide, cobalt,

oot Ty I RAMRER Rt ryfren BT AR RD & Rio B8 b

transistors in the first and second areas. 9. The
erein transistors in the first
- ar oA 7% Fginefs? el e WBE L KRR CorebStick layer e ehipkness of 2
narm&érg)6§ ehtet.ne nanocl usters are utilized as charge :
st orage %ocatl ons for the charge storage transistors.
10. The nmethod of claim8, wherein the transistors in
8. theTﬁ@ﬁﬁfh@d%&@ﬁlchfﬁ@n@&& H?Hos n Ez?ﬁ’s'is'?&s?n §2%fst and second
dielectric t I ncl udes por tldfn % e secon
aregi.el ectric. 11. The nmethod of cl ai m 1, wherein the
renmoving at |least a portion of the oxidation barrier
| ayer fromthe first area includes renoving at | east
9. subThaiikihaliloy clalrh 8pivhérlen iakidRtd iMthe RAE hief indl@eDhaige @ibrage
the first area, 12. The nethod of claim1, wherein the
trangiStora: Whsnteip 2pricns of hpawngolastarsars usiliped as chargpestorage locations for
ond | ayer portion |ocated above the .
the?ﬂﬁr&%gﬁa@gﬁdgsor i&on wherein the renoving at |east a
portl on of the oxi datl on barrier layer fromthe first

o PO B By Pl B gy ¢ B e o hancitors

| hawﬁgaa gatéalevaa@rcqhat aha@déwoﬁﬂinls%mr#a%édnardléléatﬁé i s

oxidrzed to formthe second |ayer portion. 14. The
nmet hod of claim 12 wherein the first |ayer portlon i's

11.5 NBROREHBE 8f Qhinh ‘fséhm h3ne Ry taiﬂ%sloj cﬁ Ligh B¥ e tohudatmn

wherein the renoving t e second [Fayer tlon
barfierdhyst éwnethe Hirstgrdaieclsdesoadoviay er lepo sntbsmntlwlly hH afithe oxidation
mrme mmem——--- 16. The method of claim 12

etch. -1S -

b"‘”F‘E}ﬁ?l‘?él‘cmEb firstia formng a layer of gate materi al
1 g

over the first Iayer portion subsequent to the

renovi ng the
12, The méthod of claim 1, whez ein the oxidation barrier layer includes a first layer
portion and a second layer portion located above the first layer portion, wherein the removing
at least a portion of the oxidation barrier layer from the first area includes removing the

second layer portion with the first layer portion remaining.

13.  The method claim 12 wherein the oxidation barrier layer is oxidized to form the

second layer portion.
14.  The method of claim 12 wherein the first layer portion is 5 nanometers or less.

15.  The method of claim 12 wherein the removing the second layer portion further

includes etching the second layer portion with an etch.

1
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second | ayer portion. 17. A nethod of making a device
conprising: providing a substrate having a structure

of nanoclusters and dielectric over the substrate;

depositing an oxidation barrier |ayer over the

structure; patterning to forma first area and a

secohﬁi ar'ﬁmmtﬂ)edibﬁdlzﬁm 1arfesher bthpiidingd t he oxi dation

barr | d the structure over the substrate,

and f@é‘)cll gs%maw ex the firsblayeraortion spbseqveat to the removing the

Iayegm@,mja'@,%‘.gb Afnt the nanocl usters of the structure

renoved; rmng a second dielectric over the second

area subsequent to the patterning; and renoving at

| easis tion barrler | ayer from

t he ;I rstggéégg’ﬁom*@%ﬁ%% hg the at least a

portion qimhdikgta sﬁ%&%ﬁgh%ﬁﬂ@éﬁn&&cmﬁ&s i 8ialeb(®ie over the
e

barrier |ayer. S. The nmethod of claim 17 rein
t he nanocl usﬁ%bsﬁﬂ@f the structure include at |east one

lected § f .sil
nanoor y st POt AR R In ple 5 o anc
ger mani u rpaabﬂntng tO & f1eE BbSandARECONE bith, e ARE hﬁéﬁ in%hﬁmg the oxidation

19. The method of claim 17 wherein the forni ng
second di el e&irieglayerand destracipe overthysubstrde, an &msmnd area having the

The mot hod o i SR HRt it by 4 By 6 st removes

formed byfoaning & bemnd dishetiriione: the dcoord Heh sabQbém B the pattemmg, and
dielectric | gyer over t he saqt_)‘strate form ng

nanoc!| usfEReVIBE aklegsh a pergen ﬁP@ﬂWWWW@WﬁmﬁﬂE first area, wherein

formng a co

nanocl dst er o HesmotnE el fehd  piiGh s rlois o tickness of the oxidation
bot t om di el ebaarieclayeryer and control dielectric |ayer

each include one selected froma group consisting of

silicon dioxide, silicon oxynitride, haf ni um oxi de,

al urida u mToheinabthod afivldisarl O wieriin the ramsthistens bitheisiructure include at least one
silig 16 WD 2005/ 036640 PCT/ US2004/ 022508 " 22.

The SBFROGOBY Goup Fpmpiptn OR B0 YR o SHTRSRIMFINaR Perystals, silicon and
f or reemiud a6y hffhe i ng nanocl uster

mat er| al within theryg egfﬂrﬂ&%n%dgﬂgu sequent |y

anneal i ng the

19.  The method of ¢laim 17 wherein the forming the second dielectric includes subjecung
the oxidation barrier layer to a temperature of 600°C or greater.

20.  The method of claim 17, wherein the structure is formed by a method comprising:
forming a bottom dielectric layer over the substrate;
forming nanoclusters aver the bottom dielectric layer; and

forming a control dielectric layer over the nanoclusters,

21, The method of claim 20, wherein the bottom dielectric layer and contral dielectric
layer each include one selected from a group consisting of silicon dioxide, silicon oxynitride,
hafnium oxide, alaminum oxide, Ianthanum oxide, and lanthanum silicate.
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structure to induce phase separation to form
W BRSlshker s- 23. The method of claim 17, whergfubR6so22508
structure is formed by a nethod conprising: formng a
bottom di el ectric over the substrate; depositing at
22.] ea¥he MBthol dY elaiRfl 7/ Va@&ih Uisd RinobREEFs 3¢ fonred bl Agnethod
bottomdielectric; formng a control dielectric over
comprising: | east one nanocl uster material | ayer and
annea the at | east .one.l.ayer nan
o &Pl o iR sieE ARl 0P DB YR 8es R 8 B Bty ampoing the
17, wheg@kiird RAndRYEIphSsel sApriusifSioFor Aot BRGs, Wher ei n
the first area includes a nenory array area. 25. The
met hod of claim 17, wherein the oxidation barrier
23.| ayBhe hl@fl‘lloH%?élaﬁﬁ lbe@%elﬁ@ﬁe stiRRPE GO B é‘rn@fh%ﬁ%ompnsmg
consisting of silicon nitride, silicon oxynitrid
si | foomimg abatiom dielectrigevamthe umbsa‘aicoy a hi gh-K
di el ectric terlal and a netal . The
cl a‘i‘k‘rﬂ‘)%'é‘“g\ﬂhn@?%uoﬁe e Hinghe féT‘BéE'i“l" Oé’ehtﬂggf’ﬁt%fp d‘clecmc’
| ncfodddes a%on#r%ﬂél%lc&?i@ ovéﬁh@ﬁltlggstt) Qﬂﬁlﬁcﬁfsf&‘ﬂ‘aawna! layer; and
consisting o Nl um oxi I ant anum oxi d
| andrimaslury the anfessabes lay¢rari nahaeocho spermbaseiad ¢ fczrmrtamnclusters
silicate, |anthanum silicate, alum num oxide,
zi rconium oxide, zirconiumsilicate, tantal um oxide,
24.andTHe maphod of chaintl €7, Avherdih ¢hendelvive dnadiides laahemay, andivdiesgimthe first
the netal includes at |east one selected froma group
aregigalidss 3 AGMOrY AEH M tungsten silicide, nol ybdenum
silicide, nickel, nickel silicide, cobalt, cobalt
silicide, iridium iridiumoxide, ruthenium ruthenium
25. oxi B, meghiad of elam Lfnvdgreimhe aredation barrics layiernglpdes at least one

rein the OXIdtIO arrier..l ayer has hi.ckness.,of
sel eSS (Rt & e Sip o Silecdt s fRoh bifiad AiRhn BRSnifide” W0 2 3iidon
gerhbifitiRed10§ QMAREH-RI di@lecirif @faferag ahd asdgt ors in the first
and second areas. -17 WD 2005/ 036640
PCT/ US2004/ 022508 30. The nethod of claim 29, wherein

26.Ur aﬂ?e.' RERLS of élaltnhz?s fuHesdin ?rchﬁ‘gH Redidtd@rie Rt HlcidRY &t least one
transi stors, wherein portions of the nanoclusters are

selegted|fianed gampmloasn gpngsif dxaﬁryﬂn oetlas anthenio Dxubhkamhlamrg @luminate,
S raetran3|stors od of cla

The net
tan R ZFF%IH%’F’§t'k9P@ lapthappm §l§’&6‘ﬁdﬂla‘ﬁ’é‘3‘rﬁ‘ Hé‘Fﬁo"é’é‘Oﬁle oxide,

z1rcbﬁﬂﬂ§é:ﬁ$"96 fialﬁﬁl(hlrlﬂucﬁ: 9% Grafliuf] §Gad 1 ¢ that includes
portions of the second dielectric.

27.  The method of claim 25, wherein the metal includes at least one selected from a group

consisting of tantalum, tungsten silicide, molybdenum silicide, nickel, nickel silicide, cobalt,

- cobalt silicide, iridium, iridium oxide, ruthenium, ruthenium oxide, and titanium

- 28.  The method of claim 17, wherein the oxidation barrier layer has a thickness of 2

nanometers or greater.

29, The method of claim 17, further comprising:

forming transistors in the first and second areas.
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32. The nethod of claim 31 wherein transistors in the
wo imkoRsRA | ncl ude charge storage transi st or Spdyayé64/022508
a bottomdielectric having a thickness, wherein gate
di el ectrics of transistors of the second area have a
30.t hi Thaasthod lof alaéh 20 halertineranbisokniadbe fifst e idehide@harge storage
dielectric. 33, The nethod of claim17, wherein the
transgsiers. Wiprein pogiens ohthssaredusters areriilized agharss stesags loggtions for
I . fisst area includes renoving at | east
thegﬁ%@%gﬁ){%}t{aﬁgg I'S' of the oxidation barrier |ayer from
the first area. 34. The nethod of claim 17, wherein

t he..oxi dati.,o arnher, |l a i ncludes first _lay ,
3L por PR ey OB B esdt i I T Becbioh atsfiRlipges o
trarfsistérs hh@mga gRRdidISic INAEINBIuaed RRtibRABNthd&comd dieRagic. a

portion of the oxidation barrier layer fromthe first

area includes renoving the second |ayer portion with
32,1 heThd Fstholi @Y Bhid? 81 WHERA GHR6rEth td Tirst kG iHBLAOEharge storage

claim 34 wherein the oxidation barrier layer is
trangistats bedng @ bbwormdidietricknongm thigkarsspwhercorgatdicletiries of

nmet hod.of cl aim 34 wherein the first layer portjion is
eI Bh D SFOTGATRdLe & HagkNes GepiEk BEHUBINEK SRR BE boiom
meM@@%gin the renmoving the second layer portion further

I ncl udes etching the second | ayer portion with an

etch. 38. The nmethod of claim 34 further conprising:
33.f Or fhd\Beo %Y@l'éin‘?{l7,qme¢?1imeel%hﬁ)k/ingva?zeﬁgthaﬁtfrﬁéﬁ&l’ th@¥kldation

portion subsequent to the renovin e second | ayer
barpariuyeeirom 48 fir@reQ0A(A3G6M0VIRE Rt 1656 Q0K 4RIAR0 811 oBthe dkidation

nmet hod of maki ng a sem conductor device conpri sing:
barpigrdgyedifionn hedu 92t e having a structure of

nanocl usters and dielectric overlying the substrate,

depositing an oxidation barrier |ayer over the

34. st r The mebod phelaisn h7.iwheron theeaxidaiiopdarries layer ipgludes a first layer

por i s P st ST RFE SISO o PR SR tiemoving
at |&isl & fEEoH BF fRYxARisH b&¥ier ﬁ{éﬂfﬁtﬁh heki @ £64 ik Rudes removing the
material, and a netal; patterning to forma first area

 secemitiagerqonimavish the firstayer pegionaemaininge| udi ng portions

of the

35.  The method claim 34 wherein the oxidation barrier layer is oxidized to form the

second layer portion.
36.  The method of claim 34 wherein the first layer portion is 4 nanometers or less,

37.  The method of claim 34 wherein the removing the second layer portion further

includes etching the second layer portion with an eich.

38.  The method of claim 34 further comprising:
forming a layer of gate material over the first layer portion subsequent to the removing

the second layer portion.
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oxi dation barrier layer and the structure, and the
WwOeeRh3gdea having portions of the oxidation Pe?ﬁ]is%omzzsos
| ayer and at | east the nanoclusters of the structure
renoved; formng a second dielectric in the second

39.ar eA wethskofuraling @ sdmicomhictd? devibgcorapitking:enovi ng at

40.

| east a portion of the oxidation barrier [ayer from

t hePPVIAHIE HFUEBTHe Badeg i pructyrs of Renoclsternandidielectsie @merlying the
di el ectsrui)é:[ a[Wher ein the renoving the at |east a

portion a¥ Teast reduces a thickness of the oxidation

bar depekitih@ e bxiddibn thﬁa{lgyw o0fr theutuRelird, WiRdTeis eRelbiGtifiion barrier
menory conprising: providing a substrate having a_ o

st r uct Up¥er srclyden aidpass pre selepied fipra pgeoup eongiverg 9ff siicanhstride,

substr ; [ L an i dat | rher laye vierl, .
The. st OEeD PSR ety SO b AhaRh b, ap ik g
second mdt@dl, dride rhéthist area includi ng portions of the

oxidation barrier layer and the structure, and the
sedmigrmines faaw p figst gtpatand aseed arggetheirer¢adnclvdingiportions of the

| ayer east, t he oclusters.gf the structure .

r omove ditafibn RS 1 ol TR TS e st etd e portions of
first aneexigatonddHfRlayePatdR 108L the hAhdtUistdr€H0ME RSudiire removed;
| east a portion of the oxidation barrier |layer from

t hformingta sgeand diglenteyinethe seoopd atea shksequang ta the pederoing; and

dielectri erein t remving the at leas

ottt 1o Bt ol Ind SR a1y FBRE e Bt arsepbscavent
bar ri efip tha)8ihming HerSeétthdai€lb@ 8 SvIsdr&h @aaer_eh{oang thé 8 lehst a portion
the first area, wherein at |east a portion of the

nanoc| ésleastsedusean fhiokpess of sheaoxadimirog dbagicotayge | ocat i on

for the charge storage transistor; formng a second

transi stor in the second area, wherein a portion of

t heA seduddf nuikeigectemicomslecteeneniory @agirisag; a porti on of

a gate diel e‘gtfi c of the seqonipl tra]nsi stor. . 19 .41.
Th B & BRI NG SIRGHEY Al TMECHSPR A0F GiFIgRLs pislying the
layer pnghyg@es at | east one selected froma group
consisting of silicon nitride, silicon oxynitride,

si |depasitingansaxidation bageer heyar over dlel soyctuge; hi gh4K

dielectric terjal, and a netal. ;ﬁ The net hod of .

I RATHINgHHR AT FREARE AR SE5ORE dicadht Fist BSAITPIBE DpRions of the
oxi dat j I , I ek .

"l dos ARG lafeP A ST kd S ot Atk B porions of
bar ri ethe dxidagion barvier kaler dnidras eastrtbansoblaegtseaftthé strddnge removed,;
form nggthe second di el egtri C.

forming a second dielectric outside the first area subsequent to the patterning;

removing at least a portion of the oxidation barrier layer from the first area subsequent
to the forming the second dielectric, wherein the removing the at least a portion
at least reduces a thickness of the oxidation barrier layer;

forming a charge storage trunsistlor in the first area, wherein at least a portion of the
nanoclusters is utilized as a charge storage location for the charge storage
transistor;

forming a second transistor in the second area, wherein a portion of the second

dielectric serves at least as a portion of a gate dielectric of the second transistor.
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43. The nethod of claim1 wherein the formng the

second dielectric over the second area subsequent to
the patterning includes formng the second dielectric
over the first area subsequent to the patterning. 44.

The relntheformng he se
ai o1 Bt ¢+ Eheesfodt laled al erei o o s aprranciaces at oast one

pat t @ledteldr
Aot Slotetdion § k08 contRtibtfSi3i1lc0h i, {ifiCon R fHie, sticon, a silicon
pat t garmimigm a6y, 2 High-Kuidhwtiicahateiad amd 3 faegdier ei n t he

renoving at |east a portion of the oxidation barrier
| ayer fromthe first area further includes renoving at

| easd2.a [Tetnaiodast claime 1 etiefbirt the Femd¥aigrat Rlastladdoetion! oY @8 oxidation bacrier
the fir area subsequent to the formng the second
di el l@:gqr&; the fjrst area er includes removing at least a portion of the oxidation barrier

layer from the first area subsequent to the forming the second dielectric.

43.  The method of claim 1 wherein the forming the second dielectric over the second area

subsequent to the patterning includes forming the second dielectric over the first area
subsequent to the patterning.

44.  The method of claim 17 wherein the forming the second dielectric over the second
area subsequent the patterning further includes forming the second dielectric over the first
area subsequeﬁt the patterning.

45.  The method of claim 17 wherein the removing at least a portion of the oxidation
barrier layer from the first area further includes removing at least a portion of the oxidation
barrier layer from the first ares subsequent to the forming the second dielectric.




