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Field of the Invention 01] This invention rel ates

to dewSﬁMWﬂNDHQrT&URM\é « WHH NANOCIUSFERRe

Rel ated Art [0002] Sone devices such as nmenories (e.qg.
non vol atil e menori es)Rabeitlf. Simlescrete charge
storage el enents cddneghaainocMustighsr (e. g. of silicon,
al um num gold, or gemnmAtNMPauk6ii storing charge in
it charge storage |ocatp oo Raot ransistor. In some

exanpl es, the nanocl %'1:. &rﬁs VW\‘? j;ocated between two
dielectric layers, rwm efect ric and a control
dielectric. Exanpl es of “'suc tranS| stors include thin

filmstorage transistors. A menory typically includes
_JEBQEEM@EH&MBAC Vi ors. Exanpl es of nanocl uster

types includes silicon nanocrystals, germani um

Field phtlwdmnyentidrs, gol d nanocl usters, and al um num

nanocl usters. In sone exanpl es, nanoclusters are from
[000110- 100s Arvgsdaromkitdsno sk viech vairtidnamylubiersof doped or
undoped sem conductor material or made of conductive

D rraterlalhs. 0003] Sone nenories that have charge
,_gmgé—ﬁ&ﬁﬂéﬁigé&escr s with nanoclusters are inplenent ed

on integrated circuits that al so |ncl ude high volta
[0002{ r anxqra¢ @ \ees AUt BEPRIUASF§- nofsway! smemrgwr gizg fetc

chargg%tgfag;"él tstJ\ﬁex%: H?nrogﬁr&%rso(%%ggf 4iRGARL LivRin @, éch@ d?%@rrn%lum)

ransi st ors. arging or discharging t
for stér hﬁrrcgran oslinhapdgt eaigk dorsitios olis eansiswors tioseme ammplesmlree
bits of |nforrrat|on and may be referred

nanochsss armwwcbbet»ére@éw.eghequﬁ@% KBS hbRtEAM § @&Cmc and a control

drelec&rrlc];a I St %s ofts}/r&e Fr%l)r(s osz %l&%th?l il é?%ﬂaé’eelrynsh%&k Agrﬂ&ﬁory

typrc@P&'rﬁ’rﬂDdd@%nQﬁ@? @BﬁjchTﬁhﬁst@t‘seéﬂnampﬂﬁaif InMCpIscmeﬁEs fiecyudes silicon
penetrate the control dielectric of

nanocrystals, germanium nanocrystals, gold nanoclusters, and aluminum nanoclusters. In

some examples, nanoclusters are from 10-100 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 circuits 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 voltage
transistors typically include a relatively thick gate oxide. This gate oxide may be grown by a
steam oxidation 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.



the charge storage transi stors thereby undesirably
oxi di zi ng the nanocrystals and undesirably increasing
wo h@shodssom di el ectric thickness. [0004] What PeT/eBO®022508
is an inproved nmethod for making a device with
nanocl usters. -1 W) .2005/036640 PCT/ US2004/ 022508
BRIEBRESCRETIR WD IORHI-DRABVDORESR! NGS [ 0005] The present
invention may be better understood, and its numnerous
[000510b] €BE preseiftaatdaties magrvd badmamﬁag&mdnmetsapmmrem otj@ts,
those skilled in the art by referencin
featur %c@&ﬁﬂdﬁ@ﬁ%@ e AIPRYSN! tp@%e]sklﬁ%m‘ée i b§ r%\febﬁ‘é‘ﬂ"ugé'ﬂe
a sem conductor wafer during a stage in
dccom?ﬁ@'m%%rqwf agct ure of an integrated circuit according to
a first enbodiment of the present invention. [0007]
[0006Fi gWi@ird | iiSa parfiardideaViewiofl@ semonddctar veafen duomglacttage in the
waf er during another stage in the uf acture of an
manuR e 4D SRCER IS TEUh SEOrRATRED 4 BrSL FEDIITRE! HIG BRI vention.
of the present invention. [0008] Figure 3 is a
[0007§ar tH; @Jle 5i;de gyﬂnglv\ét ﬁg viewSE ! %%H&ﬁc@ér \V‘ﬁ&e&urmérdneﬂler stage in the
not h Stag manu act ure of an integrated
manufaéttfeldflanamegrackidregctio atdoedihg testhe Eindd ochbogimienodf thiagresent
present invention. [0009] Figure 4 is a partial side
inventirew of a seni conduct or wafer duri ng another stage in
the manufacture of an integrated circuit according to
[00081:he i/ Lﬂgt% F!FE?‘EW%&‘& vily dt h%elmfc%ﬁgg&ox WANEN H RMnolHPd@Ee in the
fal side view of a sem conductor
anuM@tﬁEH ofdidrihldgragdatloeit asdoadjeg atht fiest embodinaot of depiresamnt
integrated circuit according to the first enbodi nent
invenigin.t he present invention. [0011] Figure 6 is a
partial side view of a sem conductor wafer during
[0009g.n0tlﬂg{re atiégﬁélltﬂl § E@wewléfs@ﬁ'ié%@u&ér i¥el MR (ﬁﬁ)%x stage in the
ircu according to the first enbodi nent of the
manufE@EEHTan ihteygrdd creuit (0T Phg Fo defiest 2mitedangraot ihelpreseae
view of a sem conductor wafer during a stage in the
inven@@huf acture of an integrated circuit according to a
second enbodi ment the present invention.

[0010] Figure S 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.

[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 embodiment the present invention.

[0013] 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.



[0013] Figure 8 is a partial side view of a

sem conduct or wafer during another stage in the
worreesBeab ur e of an integrated circuit accordi RGTIUS260A©22508

second enbodi nent of the present invention. -2 WO

2005/ 036640 PCT/ US2004/ 022508 [0014] Figure 9 is a ,
[0014)ar t Figlres? den paictealsisle vievs ehd scameensdueior wafesduging ppRfher stage in the

not her stage in the mnufacture of, an integqr d
manu?qcpga I()f a B‘@%lr ?}F(ﬂ&]f?u& E{Cﬁ%l%g@8&l’be Sgﬁ%lbd(ﬁrﬁ%(ﬁ{l]mgﬁ (?tﬁ}ge present
invenPbgsent invention. [0015] Figure 10 is a partial side

view of a sem conduct or wafer during another stage in

the manufacture of an integrated circuit according to ,
[001%lhe Beoont) entidivside vistv efhesepriewlnetor wafes defipghanother stage in

0016] Figure 11 is.a partial si view of a
e g CrRicl op caatgi BuP ks B BF iR sbaBmagyof he present
inverff@puf acture of an integrated circuit according to the
second enbodi nent of the present invention. [0017]
Figure 12 is a partial side view of a sem conductor ,
[0016daf eFiguea | hig apagia gideiview plea semipridaetonvafesdugpg another stage in

. | g sepes § | e anoer
he S RGeSl GRS sbdah B gltehd sTRRARIER} (i prosom

inversioe vi ew of a sem conductor wafer during another
stage in the manufacture of an integrated circuit
according to the third enbodi nent of the present )
[0017]nv eFitguon!?2 {sGoopgjal sidguiav alia sesnigonsiaetor yafesidyeng p siaeefn the

' duct f dur . 1 . ' : :
man B B S L AR BB B8 g by grvencion.
third enbodi rent of the present invention. [0020]

[0018]1 QURRUED13 B aBpapdl kidelviei Bfa Wngvorfuc@r safsrearidg at@her stage in
waf er during another stage in the manufacture of an
the mantfagiuat efchnoiteguitad o retaiging & theshithenpodmsadRiHaspresent
. of the present invention. [0021] Figure 16 is a
mveniidPt i al side vi ew of a seniconductor wafer during
anot her stage in the manufacture of an integrated

(0019 ' C¥ dur@ ¢4 QrdbungaltsRiet i@y bhi sdhniestdior®nateraurinf@nother stage in
pr esent I nvent 1 on. ) ) )
the manufacture 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.

[0022] Figure 17 is a partial side view of a semiconductor wafer during another stage in
the manufacture of an integrated circuil according to the third embodiment of the present

invention.



[0022] Figure 17 is a partial side view of a

sem conduct or wafer during another stage in the
worreesBeab ur e of an integrated circuit accordi RGTIUS260A©22508

third enbodi mrent of the present invention. -3 WO

2005/ 036640 PCT/ US2004/ 022508 [0023] Figure 18 is a
[0023dar t Fiuresi&die avpasinl oitle sicserf ct:smd@mdgctomﬁ@r ddiimg mrpther stage in

n the manuf in r at
the mifftachite B graeas ey e P petue Jirant PR oo present
invenBbgsent invention. [0024] Figure 19 is a partial side
view of a sem conduct or wafer according to the present
i nvention according to the present invention. [0025]
[0024Ihe Hipereol9 istalpartyhsde visheplansmiesndbetios wiafer @eqording i the present
i ndi cates i.dentical itens unless otherw se

dr awi ng
invenygp agro ;‘H% QANERESEHIMFIANt he Fi gures are not
necessarily drawn to scale. DETAI LED DESCRI PTI ON

[oozi]OOZ%e Theofied L.oW RErsRE SyhBslt Ih &rdeinaiifa@dndasgiapd idefiical
a node for carrying out the invention. The

1tcmsdm$ass ppieivvine neteil nTendied s sloovwein the Hsgurestary eotgfecgssarily drawn to
i nventi on and shoul d not be taken to be limting.

scaley 0027] Figures 1-6 show partial side views of a
sem conduct or wafer during st ages in the manufacture

DETAILEDPERCRIPTEONDI ng nanocl usters according to a
first enbodi nent of the present invention. As will be

[oozﬂeSCFth%ild“ﬁﬁggets a'?ehhl%g deRFIpHEE BF Mokl Zor@rr§ihg out the
oxidation bafrier layer for inhibiting the oxidation

inveroiont fée destdptiorstseénendaudo ot iustradvedfabe mventigrogrighould not be
Referring to Figure 1, wafer 101 includes a

take“s‘@r??é‘érﬂﬂg@tor substrate 103. A bottomdielectric 105
(e.g. of silicon dioxide, silicon oxynitride, hafnium

[OOZ’HX' e o3 sUME BT p i O8de VidRh BRASEMiGSA AR ior WafdrafutiAgBtaBes in the
|ca% has been formed over substrate 103 e. by

g.
mamrﬁxatdatoﬁ amncmnorg e g nmpmstecﬁe}go@rimbdﬁ a first e@it@dlment of the

enbodi pent ttomdie ri.c ha ness
prescRRORELEr <15 BILDS R HEaf b fraPehng e HEESBTI7iRe gt Ridation
bam q'f(gﬁﬂltn%rtn@ th@¥&HatRln of TRNRMbERLEFSnd Bbitb B dFele@fic.
i con, alum™num gold, germanium or a silicon and
ger mani um all oy or other types of conductive nmateri al
(0028 d®eé&driog tuidapdd wetaril 0 bnatlisies v eemipedicginsupsrate 103. A

bottom dielectric 105 (e.g. of silicon dioxide, silicon oxynitride, hafnium oxide, aluminum
oxide, lanthanum oxide, or lanthanum silicate) has been formed over substrate 103 e.g. by
oxidation or chemical 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 ¢.g. chemical vapor deposition technigues, 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 10712 cm”2 with a size of 5 to 7

nanometers. In some embodiments, nanoclusters are from 10-100 Angstroms in size.
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formed over bottomdielectric 105 by e.g. chemni cal
vapor deposition techni ques, aerosol deposition
wotzeedmss@ues, spin on coating techni ques, or selCi/US2004/022508
assenbly techni ques such e.g. annealing a thin film
to form nanoclusters. In one enbodi nent, the .
HoweyanidieInaseadusers Ovothereembyidimenh magho of gdensises and/oggeher densities.

o B B AR BT bR Qs oo
showBESYS f¥mefy fbrcalQdwa2omi th a size of 5 to 7
nanoneters. In sonme enbodi nents, nanoclusters are from
10-100 Angstroms in size. -4 WO 2005/ 036640 o o
[002%%CT/ Bezotny 02508 2, Hwenaidiglerériqaatseialiese sHicPh disiiss silicon
oxyn e PGl S REBET ISP i Gt G e Py siicate i
formdd e MR 1109 b9 Iaagr Eteensit4 rv@:?@r dep6atibRSfoln alcoansl Géle¢tsic 209. In
(not shown) a nenorﬁ abricated on wafer 101.
one ep@@@@@enR@ewoh Chgiectcc 20Yhisen thickaedsayf ér | fangimeless bpt @ay be of
on di oxide, silicon oxynitride,
mhaﬂ@?ﬂFﬁﬁ?é@Pﬁ%’mﬁbﬂh?ﬁﬁ%1OX|de | ant hanum oxi de, and
| ant hanum silicate) is formed over wafer 101 by e.g.
[003(2hen1rp@lmevémwd1ﬂ@m@&hé b&orh Bicleetr® W3¢ pRidchistedy B)7eaid édhtrol
one enbodi nent, control dielectric 209 has a
dlelthhc eRhory b@ffmaeﬂcbynam EnBIERAKON (512 Sty Peg@maniyhaRto a layer of
knes i,n odi ment s
dieleg i GUTERTE! S ERR S O oF aniesl et SoB ars o R Mhpagpgoysals in
the 1a¥9r70f cﬁé]gctﬁé)mdf&ial G RhS hiboBindd%s, HB&’orﬁﬁlefl&ﬁrﬁmmﬂohalh@'ﬂmters
inmplantation (e.g. silicon or gernanlun) into a | ayer
107 apfl conlir@|degdeatiic 7&%101@17 bafor (detbysmyw)lhi?mdﬂ(ﬂﬁ/@dllwnm oxide layer
anneal ons tgFﬁorn1nanocrésta

vets TR B T BT P G EatK) I (o GORR rbbaTRERE Bodiments. the

nanoQQst&@ M geli ﬁ%wnh&ue’%gﬁ,mLUﬁﬂ@(leyé?stl@&a‘ied dddle bRt ditlectric. In
dielectric 209 may be forned by recrystallization of a

otherssinlbiodoments, ¢iie lmnpdestblayteer formped haeéwommgldabmrzsnmﬁhous layer of
ielectri.c natﬁ al to fgrn1t e . nanocl usters, %
é disa

nano QAP HERTSE & e TRIRBETVSPERS: Hay-BL" REF et daee

bsdtUldiiRh&lindvhesssdopcat ed above the bottom diel ectric.
mls#ﬂ 6& erlgﬁ%odlnents the nanoclusters are forned by

depositing a thin annrphous | ayer of nanocl uster
[003Tiat efi athei(@nlgndimbes nethonetged S)nandroeteisn pabevatesdiyea ot shown)

structur. s..anneal ed i subsequent .anneal .
madefseeatipied SEGTaseat e oabion i echgemhifiz contro
dlelepmg’ 208 0OIRHES SVer RASSAsY At ANajeryer (not shown) nmade of

nitrided silicon oxide may be | ocated on the
nanoclusters wherein contro
[0032] Referring to Figure 3, an oxidation barrier layer 311 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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dielectric 209 is fornmed over the passivation |ayer.

[0032] Referring to Figure 3, an oxidation barrier
wobep®Be63dl i s deposited over wafer 101. | n ORET/US2004/022508

enbodi nent, |ayer 311 is nade of silicon nitride. In

ot her enbodinments barrier layer 311 may include any
nickefestlegidealcolentt, eotrati silzaife iidinmeitslm ohige, rudieaiidn.trrgienium oxide, and
titandiffusio‘n of the oxidizing agent to the contro

&l ectric surface. Such materials may include silicon

nitride, silicon oxynitride, silicon, silicon
[00338T MHRioHBERbb@Yient, Dagler kuyet Bl 166 OIHaGSmEte - thitdf M titfier

oxi de, | ant hanum oxi de, | anthanum al um nate, tantal um
embpdinteoisi bzer Hil meanaurhoshdritiigkness. | larsomgeorhodangnty daysr 311 may

_al um num oxi de zj[c‘QLu oxide, zirconiumsilicate, . ..
rav LA D BB P R O S Bes AR B b s ik
enohQo 8€B&TAubYs WITRAb YHidUD|d Atk BRESYRH td@perirate beneath barrier

oxi di zing agent. Exanples of such nmetals include

layet At dh @ier cmhgdimentssbariigi ldeer bl oidematerial gbiejogwithstand

ni ckel . . -5 WD 2005/.036640 PCT/ 04/022508 ni ckel
remigritEp BLA PurBs RO BRECRS FEcPEC I BERREE 1 df am
oxi de, ruthenium rutheniumoxide, and titanium

[0034PO3 ReftMmingREF lilRAB1 1, RanAtbIaliclb@er0SB hnb&uders 107, and
nanoneters thick. In other enbodinents, |ayer 311 nay

bottgye digflectichEdS arhipatiaresskto leayedioose sendivigh reie snenery érragargas (e.g.

' 1y h a . thickness of 2 nanonmeters of greater. |n

403 Gy d RN sap et oGy R 1R O i E Bllghadiporea 409

of whRr G0Nt Il s bdinkenQaydp 31 ReRovEalebes HS, dieH, aRX ¥@rffdl dRlectric
penetrate beneath barrier layer 3 11. I'n other

209,eabodisieratl 87, apdbpiten diclgasric 305 aregeropved byavareichl lalshether

embidpieat 3 2B iperigt BERE T L sfhes o BOSRT. REDERE Rsipigrs may be
fornfet S FRnfbry hrdY 803 ddidng 1GRAPFREssEd el ectric 209,
nanocl ust’ers 107, and bottomdielectric 105 are

patterned to | eave those structures in the nmenory '
(0034 r ayRederiag t¢ Eigyre 5,4083h véltagatstectidlS nd gtavr empubstrate 103 in

. those structur o ot her egs, (e.d. high voltage .
nigh PSS B Sr DIOACITT ATORA ReBURerant B Sy for ieh
voltdg® tFRTRYRAnBYs WS ¥haBli§ Bom@Bb&ARhQ! arfliug i &t tiimpledR9t

nanocl usters 107, and bottom di el ectric 105 are

programmmingchnl grasetiretich forlchargmg dndrdiwhivgigtbei tharge storing transistors to

.comhi.nati on of nd dry etches . be used. .
be TG TBrATSS S0or 00 R RS G n e e rdrtas Groaey cipsing
wafdduDl RPhilgRt&RpRABREFS S and (9@/%&] o8 {r8id 618 foDXiHiFMTHR eRposed
a high voltage dielectric 5 1s grown on substrate
semitO@ductor material of substrate 103 in areas 407 and 405. In one embodiment, dielectric
515 has a thickness of between 7-14 nanometers, but may have other thicknesses in other
embodiments. In other embodiments, dielectric 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 nanoclusters, control dielectric, and bottom dielectric may provide for



hi gh vol tage areas 407 and 405. Dielectric 515 will be
utilized as a gate dielectric for high voltage
wotnedissiecetoor s (not shown) that, in sonme enbodi PETIES20@022508
utilized to inplenment progranm ng and erase circuitry
for charging and di scharging the charge storing
a method it stiningzesghe peidfigemedhe nangelvsleys andés tolgeningofghe bottom
ectric 515 is grown by exposing wafer

mekT@idPU”%PéﬁaT%h%@PgﬁdF%x§$ﬁan1and oxygen or nitrous

oxi de to oxidize the exposed sem conductor materia
[003:’7%f SRQ?EH@J ® HifdrcidNafé@RS %_ U th 8Nkl gH O8ladei@B&ric 515, barrier layer
nmbodi nent”, di él ectric 5 has a thlckness of Dbetween
311 me:nzuowdn chnemeefrrsbocbmr:ntn’aamhrawer&tlhe? remrigivedk Ar 8 §@lgctw¢ wet etch. In

enb rig. .
other Ty T o REt By BN Bogb g Fr<o 1 B0 PRI Bjetctric
515. Ierfigel QY\EQ @Yot dieoy £WBVEath & drly BRhdine lpgedrhing M&rial is removed.

area 403. [0036] During the formation of dielectric
515, barrier layer 311 inhibits oxidizing agents from
[003%e nein subiseapennprocessast(nel shaive), barge stopge trapgisees are fasmsd in area

103 g e gt e s A o pepoisgh R G ohe Brpfimens

other (PHUsRIf traRsdiBisZhAYbeABENEFin dréLAOPEAGLOALLEDas PankREOrs for circuit
nanocl usters, control dielectric, and bottom

loglcduné|nqmt/pur¢>uh<a5pupr)o@h tU@nﬂ@g dtc@uwplQdﬁgﬁ@g@ﬁm@noclusters 107 are

USZO 4/ 022508 that m n' m zes the i
iz T e ISR LRt &1 L aRaRS A THECRBRT RE Y THEOr: In
subséafgtaﬁtgﬂbcegée@ loB&drhé EmBsi Rt O agat dfQhtef RAtBI N Gs BERSREPSRr wafer

Referring to Figure 6, after the growh of high

101. vTchIetla)ge otigat ewteriat n516s: ushas 10Band @ywpl digikttrice0Penpthenl patterned

RS SIROELTER e LAYEr, SAE Lo LTEEL N e

stora énggkhggned to expose barrier layer 311 and protect

lelectric 515. After layer 311 is renoved by a wet

etch or dry etch, the patterning material is renoved.
(00391003 8] guras %memialmdm‘ésxsesf { seoricatioono) wabdnangeg stages in the

tora transi st are formed in .area 403 an i gh
mandJRtE 0% & (T é’tcg?cﬁ“%P%‘oF@’F%&‘CF?ng‘ﬁéﬁé‘ SHGRAZApoRtent of the
prese'npm%rnﬁfn REARh IR FSure ’Pta%ftoﬁlycﬁﬁ&tﬁé 705 RS HBdPEer ARYbstrate
forned in areas 07 and 405, such as transistors

703 cffovafm’/IOdwNano(clogens Tahdrd mpufdrmad putr veafeccifllt ry of the
integrated circuit. Portions of nanoclusters 107 are

tilized, to f rmthe charge stor at ons f the
(004(8har BEREH B toriGe i iy Stgn BT Rnge HRs 608 MdePOS A sublEater 701
on na‘?n'b@lﬁﬁ%u%ei@70fl"h§ %m%laﬁ&p& 1Erel%§ 808 id &yﬁlﬁelfengﬁitaﬁtrlal than of
material is deposited over Wwafer he | ayer of
nanogjastersi¥f eitn aie, emianiooenisayer §09.LWILaln$JISIbcmt mioidedbetl ieother c
embod?n%enalg ?d)'/:ell']§89 Rmtytn?crltrl]cFe other materials e.g. such as those described 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 (e.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

-7



in area 405 to formthe gates, charge storage
| ocations, and control dielectric of the charge
wat@sag@4t r ansi stors. [0039] Figures 7-11 show@rUS2004/022508
side views of a sem conductor wafer during stages in
the manufacture of a nenory including nanocl usters
exposed saniddmiycton sebsseedidd, earbeaday$09 Mhibitseoxiqliz@geigtnts from

penc S et BBy BB s 8L B e
dielechl?cnl‘agén Ul €531 EQZU?H&I b & & gél‘fr%ﬁ o@\’r% avediglectfi@ ¥or transistors
[ 0040] Referring to Figure an OXI ation barrier

formeklay ercu89® arsl W&posi t ed over wafer 701 on nanocl usters
707 The oxi dation barrier layer 809 is of a different

t han. of ocl ust er 7. ope_.enbodi
10043 3y k< Broeith it L STter b e of e flo” PimEt e 405 1 removed
and dl%m@%' f{fyerﬂtﬁn Is’ckbésss,léﬁ%v&&yafbmd 1u19l@|ua¢n?<%fvem9@rruoabSmd
.g. such as those described above w respect to

ndnocﬂta;eesr 7@ 1n on@embpdiReshedayeng0q & rEinguadebyx Wbtaylc_trde8©g) but may be
nocl ust ec%s 707, nd bottom di Iectrl

remos Ay G aE o LS TR GEROLT TP UP £8° FROVAE AR s spiric aver

" E&nf & RionSDidEdHE
1 14 088 8 B AT AR e

1117 Refti¢ized mghe oorfiad dredectis; foa ttdnmttemstfommdl inywamar bfay grea 903.
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osed sem conductor substrate 703, barrier |ayer 809
[ nh| bits oxidizing agents from penetrating into
[0044han oIa:I subgegnent pAxessas (Moo shom)ditelgctorage t?@ﬁistoﬂis axgi fofmégkin area

descri bed I ater ric layer 1015 wi
903 ayf] hgh 8°8cg ooy %ﬁlﬂ?ﬂ PR Spestier g O e b s 905
and 984. a@oﬁhﬁﬁ ObShe ang{ogﬁlglcl S{zIE o l%%% Gl MZChll@Qﬂ@}age locations of

eferring to Figure 11, after the growth of “| ayer
the chh@ESorbger irinsistdrayler m8OBIy. sinsebroyecht peocesseds efl ®oteréngbodiments, a
| ayer 1117 is deposited gver waf er 701 i ncl udi ngngove

layer plagai mYiSS! i AEPOSHEBAT N Er 91707 1936r BhesCPisHRaRRoclusters
107 at@é{cﬁ{troggl%léaﬁbcr ﬁf@a}\ﬁgﬁ\epécﬁeﬁﬁ\@c} inHrdd 9(%8( $6nk égi:éts aH@thrge

removed by ot her t niques in ot her e I ment
storageNocarieneoftbel tivegd stodipe trensistors foayerin 1l dreas 'Hmdig/eotbf gate
silicon dioxide dep05| ted by cheni ca

apor
matergé B ibe iPatenes @1 feep F'?%M%%;Pér‘he ti@wtqr%fq&mﬁﬁ i a2y g 907
control dielectric for transistors fornmed in nmenory

[00453" T aﬁg@%?%—qg%how partial side views of a semiconductor wafer during stages in
the manufacture of a memory including nanoclusters according to a third embodiment 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 ¢.g. chemical vapor deposition to form control 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 layer 1311 is then deposited over

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



Dielectric layer 1117 al so serves as a portion of the
gate dielectric (along with dielectric layer 1015)
wé esoss@asi stors forned in areas 905 and 907. PpODW&3004/022508
subsequent processes (not shown), charge storage
transistors are forned in area 903 and hi gh vol t age
other ¢mbodiimeher laydrandl arayohdiede dtigasatefialt e.gnasi tboserdelcribred above with
fornmed in areas 905 and 905. Portions of the
respech ihbefiutitler s 707 are utilized to formthe charge
storage | ocations of the charge storage transistors
f Iy
100478 1 RATER Yo Pl L IR B RICTERERT LY ERTas gaicjzgg to form
oxidized @ortiuaf e 5 1c€hillmgTd‘|xterriaayl@ pafiogdd B ofdbwrildl]. In one embodiment,
nanocl usters 107 and control dielectric 2&9 are th
layer bikhltis phidirer Hsiag @41e9onOt GO INEHe TgQne SMRRGMAThPEET arrier
layer fbthr@g%. rlaﬂgﬁ e%ntﬁlcﬁfanhh@m?c‘i@&%ﬂwﬂw%tﬁﬁ@ th& ﬁ@%%tx?ﬂ'aﬁon process
orned’in at area ayer of gate material may
resultb faatidre tischel iy fpprovinbelyght esn@hettisehitk ams gatearly made of
formed in areas 905 and 907. . [0045] Fi gurg %é‘f‘r 18 .
silicos Hiowi dsarite 40P RITHen of RAobE+E iwehreuirrerBridgat b bottom portion
cture of a nenory
Ofpm%g 1&%3% %gﬁaéﬁagﬁ2§§n§§§g?d.ng to a third enbodi nent
of t he present invention. Referring to Figure 12, a
[0048pot t D Wéueh exidatan A205s relut@arthe thidwess majlbm*tieralugex (e g. from
1203 of wafer 1201. hbnoclusters 1207 are then forne
8.5 nuggmetefpairdess opn 4 ['Wmefﬁéﬁs&eﬂ a3 gequsesihg Ghasg slorige F%Rf@’r‘y of
f el [
porticf A G AECLENELT Rh R L s PR BBty Rlerho0L, the
predoS@RAS EHdr@stbiond Qrudteanyilidle rdinetlegensil@07,3@8 nol the sdiven nitride

enmbodi nent, control dielectric 1309 has a thlckn ss of
(or other Tpterhboferosi@n 140Gt Amychresgstored Warortion Mddewidl gnly have a small

| I r. !
e UL SRR Py A9 BBaNss R Xty e e
of theQR@siewbodi nment, | ayer 1311 includes silicon nitride,

but in -8 WD 2005/ 036640 PCT/ US2004/ 022508 ot her

enbodi ments, layer 1311 may include other materials
[00493; g. Flasletlﬁcﬁbewawteﬁ|1B%dfé%\9>é“% kS hag Bgsadempyed: apeme

embogl:ll’igenx PP 0(?’07n] léﬁ% %r%';irlovgd le F\}eggtr (elé' onte:%%t té)% %drgq;vzﬁ?ér) or by

dized for
dry etplRr ti on 1415 | eaving a remai ning portion 1413 of layer
1311. In one enbodi ment, layer 1311 is OX|d|zed u5|ng

a steam oxidation process. |In one enbodi nent
[0050par r Refermingag &eu1e3a, Pogian, s Agonatrel @F@C‘t‘ﬁlléw’dhﬁo?lé‘“ers 1207,

£ .S
and bg'@oqﬁ d? Yech ﬁé l%ﬁ[ﬁl@h&t% 4%21 tBtl(Qﬁa ﬁ{gg%%@ﬁﬁg?&l t@@ gféé%?? Aty areas
(e.g. HS@BPiiﬂii t@ﬁ&mb% tlsseeqiticgeaerah byherm@es @fg. high voltage area 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

LY.



silicon dioxide. The top portion of portion 1413
i ncl udes an oxynitride. The bottom portion of portion
waQ4di3/08&4pr edoni nately silicon nitride. [0048] PTh&s2004/022508
st eam oxi dati on process reduces the thickness of the
barrier layer (e.g. from 8.5 nanoneters to |ess than
and exésd’kﬁfwl't%t i%f PlogAsnRiglandsr JsB@UB@Shdréﬁt@xhr&g‘ @EnsBt@as tanlge formed in
capaci g portion 1413. Accordlnqr , for char%e
memosy aiead 603 r rpsie smbodiment fiRle@HC WAk eis 192gnometRes thic
predon1nate charge storing structures will be
an . My [ o
[00522 019 rl’lﬁi%t t@% ?01?1%93? of’"ng eBQ‘FC 172? @Jnk%xgﬁ'ﬂth%}fr féfel3gt?tng§5x1dlzm
agent@@éﬁlpéﬁetﬂafhhg 11Wo|cbnt@cb’l|cyelé‘t&n@ 130% madclusedr§ €207, amd béteom dielectric
threshold voltage of a transistor as portion 1413 is
1205.in cl ose proximty to the gate of the transistor.
[0049] Figure 15 shows wafer 1201 after portion 1415
as r
[oossﬁ1 Q%gﬁgm)ﬁg‘% V@?e 12{ Qy%‘? 18@2'3’6’[@&4‘@?{@1 Q d&bc%ge&pégés\hﬁer 1201

includi@d €vel poftionyl 418ty thetngdmorly @ﬁ5ﬁ)}1reR&6@3 rinrsgbdequérit guscessks, layer
portion 1413, control dielectric 1309, nanocl usters
1802, ppoion 14dAd-asirot dileairs! 1889 magoalpgiers 4247, ﬁaétbeﬁ%dilfﬂ%cmc 1205 are

patter?(? & f%lrliélge3§atésst WFOVHI%§GC {cltnla(? oliur %é( IR0 GHS, %{Cﬁ?{ﬁto dlelectrlc

renove’ uctures Trom O

of the@hB@s s{ofagg-tranbigldrvialatage0ar adscl 696 | 802mnd @igectric 1715 are
enbodi nent , portion 1413 is renoved by a dry etch, and

pattem@hfpr etm dmc@étdmi GuigZodectiaAlBE (fapeyier 819e7h1gaﬁalt4£@ttfaéﬁlﬁtors)
ﬁ! }205 are renoved by a wet etch. Miltiple
'ndmf% ﬁ) §9 g are fornmed in nenory area 1603 during
| ater processes. [0051] Referring to Figure 17, a high

[0054Y 0! tIagme @hdbedidnt, bolidrhi¢lsctgt QRS isrd ingMmeteed ﬂhﬁgEControl
~areas 1607 and 1605. Dielectric 1715 will be utilized
dielecaic B3094 & ndneneersrhiek fae PRItEH WP isgBanamesss fyelpdowever, these

not sho ONE... ' s, are utilized
s ¥y PR PPkl AT BB BBk 26
PCT/USZOO4/022508 and erase circuitry for progranmm ng

[00553nd Brs3ficRehbobiendiiatiganskilil Rgliigeanit ddeoShiuge @pping in portion
formed in nenory area 1603. |In one enbodi nent,
1413 gff ceqzl@cgerst@raaem@sa%ormamw@nﬁ@cbwh@ iRl oxidaigyy ofmmwglm

the refilﬁch%OB iy Lhid] In%g& (%fpodt o%l le4gltr?]>tr ésn tilig é?)'xngﬁﬂyat Ipoﬂ%rn Jt4q|3q t(]‘fh]e%ate

ene

electr@&&"(&l’(@éorﬁbﬁbﬁl@yd‘rl 1@01 35& to m@mmletgatewfa chafyé ,stoa.igé thrb i ).
dielectric 1205. [0053] Referring to Figure 18, a

[00565_?6?6n6} sc?vzant%fge i %E ﬁqaggct:ceurr Iwaitlh sloﬁnede%)b%%ilingeen?s St\i/liezringvglfeerrrlethod 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] Figure 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, nanoclusters 1919, bottom dielectric 1917, and spacers 1925. Source/drain regions
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i ncluding over portion 1413 in the nenory array area
1603. In subsequent processes, |ayer 1802, portion
wa4di3/03eamt r ol di el ectric 1309, nanocl usters 1POV/USZNH022508

bottomdielectric 1205 are pattered to formthe
gates, control dielectric, charge storage |ocations,

1915 @i D otakOfor i regibbirate 1903 b)htﬁg dbaigplastago@gRortion 1923 is formed
transistors in area 1603. Al so, |ayer 1802 and .

from ¢iffesige bpirier Frgispasrien (et #&Pndd O%eme@mﬁre trgasigter g is

T T e (o LV
enbodi nent, bottomdielectric 1205 is 5 nanoneters

[00581 hi CRangiQot ra7 is dih@ha(ciltngdstrdrﬁfkﬁ)rifsrrﬁed’iammﬁelt%ﬂs "HrEhis'ISer 1907

and portion 1413 is 4 nanoneters thick. Wﬁver f&

includgg geﬁeﬂa%gamels@nafwa RBICCSHI“ER HBd seycs #ndy ﬂ@rregwns 37 and
i

1939. G’ﬁ{?g AR 193100 Tkl jiougiis é&;ﬁgg%ﬁg@?a}er (ehe 16055500 &n the
exposed p@m@h ar g sabafmﬁtdrnmrmmwn afale patibn fiotreahioy potteon 1923 is

partial oxidation of portion 1413, the reduction in
formeghiArkisrlggorregior 05 is lpgared ingyylstiae LYder aladng tgpsistors 1907
andlﬁgft'on 1413 to the gate electrode (the portion of

yer 1802 used to formthe gate of a charge storage

transistor). [0056] One advantage that may occur with
[00593 ONElneyib @diboRintcht, Utankisor Y7 ke traatibwdiseprogfant dherase circuit for

Figures 12-18 is that a nitride sfrip is not neces 85
progrzrr@mlrrgefﬁrémrﬁglsmgéh%hqrgf‘e%toqeéyze?ﬂHOﬁblﬁerSoW1?4 TRansity r@
charactex¥zed cf%%:h oé‘n %oﬁ g@q'gns(?sftoﬁlnltlllaq fatt\{s aqg)vglta—%' a%oU@%e transistors

rocess CO

of the%’;ﬂhb@lpuﬂd&h@:@taﬁd %Qda%@ﬂts bhthékﬂteg@teﬂmiichat B one embodiment,
dielectric (1715) thickness. [0057] %ure 19 is a
tfdnSl@ID!db90«7| QRIS 4 OWaTLE ForipreN i tiaR NEPSHHT N HId§Hase ot agse to store

chalg% %gli,%gs%m?ﬁnmnsxs% r\?p@%hg ?r{ @9%41&'{138% %ttlg)é’ 111@@1@%%1%5

ort

and ofRBATGR (BbOIBYR) bpamsiast 0fvoﬂt909rah§lsﬂﬁ)§3l1w7dmhyl aldo BeARinput/output
array area 1951 of wafer 1901. Transistor 1909
transistacppetiamngaat gaxteortd®IV. partial di ffusion barrier
portion 1923, control dielectric 1921, nanoclusters

[0060 gﬁrg% é%ﬁg&q € lrme lbzlaglﬁr‘is of %rb&%% Bgﬂ.lfdsk@g%ﬁrgerﬁmjlﬁ%% ting oxidizing

agent Pofd 83300 143808ers 19dowand miig amembey, Rckaiie or similar
substrate 1903 by e.g. ion inplantation. Portion 1923

procepsss ﬁsadqﬁerdbedf wb@m diap batibredoarid mrnyfagraie ob ofher gaviges that utilize
tranS|stor 1909 is utilized

4
“a“OO}W%eég o] %Iga{)i’ Oe?ecélomc devicey | y erasabl e read only

menory ( EEPROV) .
[0061] In one embodiment, a method of making a device includes providing a substrate,

forming nanoclusters over the substrate, 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.

-1l -



[0058] Transistor 1907 is a high voltage transistor
formed in area 1952. Transistor 1907 includes gate
waaB3/03¢at e di el ectric 1931, spacers 1935 and BODMUSE04/022508
and drain regions 1937 and 1939. Gate dielectric 1931
is formed fromthe gate dielectric |ayer (e.g. 1602)
[0062Pr OVIA afdthEh@mb@kpesed mediodiod ma(kfngtah@vmbsctlndﬁsqna\ﬁdmg a
the formation of the portion fromwhich portion 192
substrat@ hayige mestructare efaanagiivers peg tisicsoryer gﬁ%@%&ﬁé‘a dFl?PS‘““g an

oncs 4B, BT LB AP 085 90 R scond v

The fitdt areaiisdledesitie @1thgrlﬁmemna>ef agkthe istradtite dver the substrate. The
progranmm ng and/ or erasing the charge stored
seconhaisd dputeoxidation barrer ke ad af leagghe n@ocwﬁfﬁf%tfttaff prEtere
o, B O AR DS ARED SR el R QPRS0 e
to forael tﬁ@{Sdt&ﬁﬁing QM EenSdvigUAttiGasod péien bhthegixédaeidn bml’rml:lletyer from
I n one enbod nent, transi stor 1907 oper ates at
the firgiodreassuberquenioites fogmpreche easrngiclesice rT:i@ée%Ylfla&é%dlt st a
har a tor 1909
pmnowﬁg%éﬁﬁe?ﬁs 995%%%5 %3@30%8&ﬁ%qm“] ?5itput devi ces
and other logic (not shown) operate at 1.2 volts.

(0063 angiasboer & By, &hfethddef amkinynudehtodauttor device includes
transi stor operating at 2.5V or 3.3 V., [0060] Although
providing a gebstraedtay g Wrugrmqu)qu@@ﬁclmt@lﬁ 84 8islasHic ¥eFlyg the Substrate

and d?%?ﬁlél@gdgtn gl,aglﬁorg b 1glglay91%%n} &( SRH&Q?&' dIlh%'oQg;iaHon bamer lalyer

'S S

includeh 81 ledt on® E@@cﬁ&ﬁﬁ§m@3grdlﬁ£wnlsi§ﬁﬁlg abﬂuﬁ)mmdaemumﬂ bxa@dride,
in the manufacture of other devices that utilize

smcommoleqqngeen@lswwoasl @gng dpleetrisredienabning agBgipk ekhe method also

mcluc{ers] grlt%' d%@cbﬁz g%p&}nﬁlagaxea ﬁ%ds 2 sec?‘ﬁaé Qr%? o?ﬁ? ﬂgslf 'ﬁ%%orgﬁlg(giﬂr pgrtions of

the ox@&ﬁlﬁ)ntbﬂﬁ“uﬁ WRet it Be sEERAS! ddnBe 80X hidahhoportiany dfethe oxidation
| ayer over the nanoclusters, and patterning to forma

barrief layst analrag feastritie aannebeieds @Crtbgstrumge mm@\teda Tag matkod @egincludes
t he

rormipgg seeRU ARIEDT i wEuhiaruRohishl BiBEPREUER Fhg M ing a

least JP Hib®bf {haYRIdaBbf bhlier REITEIrH Bl St dreaibechued® tn@tdmdqg the
so includes formng a second dielectric over the

seconﬂ idredectiag. Bhesighosngant attlenst heorpian relepstneducThe thiekngesdof the
4 _éher i ncludes renoving at |east a portion of the
OX'JB%P UUFOMBarrier layer fromthe first area subsequent
to the formng the second dielectric. The renoving

[0064'] he @tanb&RSEmBodMehi, @ hediod (ﬂ“&ﬁdklﬁgeedwhﬂéorﬂiutfdﬁ elen®H§ includes
of the oxidation barrier |ayer. -tl

providing a substrate having a structure of nanoclusters and dielectric overlying the substrate,
depositing an oxidation 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

S12-



WD 2005/ 036640 PCT/ US2004/ 022508 [0062] In anot her
enbodi nent, a nethod of making a device includes
wOr@siodécay a substrate having a structure of PCT/US2004/022508
nanocl usters and di el ectric over the substrate,
depositing an oxidation barrier |ayer over the
ndnocﬁtsrel,lscits wriéizedusch Patdeastaragegotaiohdomntha chargs stosage &rapsistom The
econd area. The first area |ncludes t he %Cldat
V]

methog i iggludesieFmiaad SF%dé'taPﬁé‘meb‘ 690N s ApRYTRGE 8 the second
dleleczl;[leﬁer\%gﬁp@gstatg i oR df%)ﬂ g@zﬁh@ Bf BRIk thaYiSlor.and

at lTeast the na uste e structure renoved.

The nethod al so |ncludes forn1ng a second dielectric
[0065PVerwhlie piiticsthr aneadi meis eﬁthemresemdnf/miwh g ve b@n shown and

atterni ng and renovi ng ortlon of
deSC”g%i é‘a‘t“u“o‘??qﬁ%ﬁgfnﬂéfl 19 Hip&s S'ﬂ?\s?fl‘h” ”E“h%f L F@f‘seé‘r@é’“ the’ (Bachings
herein Hpﬁl%gyl%g st&dtrn d1f19zﬁmn991 g%@ ﬁﬁ@%%@li @ép‘ﬁﬁt g‘f?om?lh?mvention
novi ng east rtion at | east uces a
and itd bllioG&K&TaS[Seccsf, ammﬁuaxhdaﬂpemtedhﬂmms are dowynemmp{s@&ﬁ&ﬁn thair scope all
anot her enbodi nent, a nmethod of making, a se %onductor
such changes and MAdifiFesionsyscis Withig the TuHSHIPLITE $7905 55?91 1§ 1nvention.
structure of nanoclusters and dielectric overlying the
substrate and depositing an oxidation barrier |ayer
over the structure. The oxidation barrier |ayer
i ncludes at |east one selected froma group consisting
of silicon nitride, silicon oxynitride, silicon, a
silicon germanium all oy, a high-K dielectric material,
and a netal. The nethod also includes patterning to
forma first area and a second area. The first area
including portions of the oxidation barrier |ayer 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 al so incl udes
form ng a second dielectric in the second area
subsequent to the patterning and renoving at |east a
portion of the oxidation barrier layer fromthe first
area subsequent to the formng the second dielectric.
The renoving the at |east a portion at |east reduces a
t hi ckness of the oxidation barrier layer. [0064] In
anot her enbodi nent, a nethod of making 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
renmoved. The nethod further includes form ng a second
dielectric outside the



first area subsequent to the patterning and renovi ng
at least a portion of the oxidation barrier |ayer
wobhewrsédae first area subsequent to the form nBCTE2004/022508
second dielectric. The renoving the at |east a
portion at |east reduces a thickness of the oxidation
barrier layer. The nethod still further includes
Fing a charge storage transistor in the first area.
At | east a portion of the -12 WD 2005/ 036640
WmdPEYﬁ%ﬁg@Qﬂ/022508 nanocl usters is utilized as a
charge storage |l ocation for the charge storage
transi stor. The nethod al so |ncludes form ng a second
L. tr%’lﬁétﬁ&&BfﬂanlkD‘%d%%? ?1 A portion of the second
di el ectric serves &t Teast as a portion of a gate
di plortdiid £sfstrhdee second transistor. [0065] Wile
partlcular enbodi ments of the present invention have
MEKIOGIHBCTS S LINE SBRETAI% Wi | | be recogni zed to

g@sﬁlhg'ah%q idafloh BE@f fa b Bkr 1B3SRGILRAL 1

ur changes and nodifications
rrayatttemﬁgdefdmmzmxut arelepal 4 seognd aneamthehﬁst ey értludimg thardidation
its broader aspects, and thus, the appended clains are .
to encompadayariRahine wan@qlvst%ré e tm FUbSEf"EfEhﬂ‘@HB‘ﬁ gfeend Aga having

dif d
T i o oo
PCldrkb200c0R2 810 fctriclordtMbe fithaieal sabedjaented the&pattﬂ:mldg and

met hod of making a device conprising: providing
s umcrvartgeat Igast aPOIGOR /A eI Qidatipy beryist layerciramisks Wit éfea subsequent

deposi f eqf()%ln%k]? @éco%‘ dgferg[ﬁ% e(vhe@tf{he? 5v1kgﬂ1e a leg least a portion

nanoclus ers irst are

secondata¢Reredtidts afthll’cBrﬁesabE@xelomﬂaLidm pgriehayaxi dat i on
barrier |layer and the nanoclusters over the substrate,
and the second area having the oxidation barrier

2. | ayRE rRndtdnel AANO GBS nhRPAMES intRIUFLNGad 0hE6aBEed from a
dielectric over the first area subsequent to the

group @bt estimigrog silianul narrcenpmlsqgexmanh wastna@rysty s sdigonfind permanium
oxidatio Eron1the first area subsequent

ﬂknpgmpﬂéﬁﬁgrﬂﬁH@e%‘ éSﬁ di el ectric, wherein the
renovi ng the at Ieast a portion

3. The method of claim 1 wherein the forming the second dielectric includes subjecting

the oxidation barrier layer to a temperature 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.

5. 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, zirconium oxide,

zirconium silicate, tantalum oxide, and titanium oxide.
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at | east reduces a thickness of the oxidation barrier
| ayer. 2. The nethod of claim1l, wherein the
wonemsmséasst er s i ncl ude at | east one sel ect ed fPOMU&2004/022508
group consisting of silicon nanocrystals, germanium
nanocrystals, silicon and germanium all oy
6. na"ﬁbﬁ:mélpéloé clagnd, wherain thamstal jnsiuges at Igast Phe sqleaterbiiomra group

he.f or the s
COHS]SHB$ gﬁtggv\@%jtg%gsiwgmq%e ”bo%béig?ﬁ‘%ﬁﬁﬁ&?r["g%‘ %mléerl S{hcxde cobalt,
cobalt@MREdeatriHi 8mOfi dARP 6x QE, AfRAS, ruthenilROXT®RS, Bﬁ’djtlﬁfnlﬁﬂ aim
1, wherein the oxidation barrier | ayer i ncl udes at
| east one selected froma group consisting of silicon
7. NiThd ook LGAR lo%ﬁ&leinrthggmd%éd e Aer 18yct ihh Qﬂﬂckness of 2
germani um al oy, ‘a high-K dielectric materi al a
nanoffetas or freatdhe net hod of claim 4, wherein the h| gh K
dielectric material includes at |east one selected
froma group consisting of hafniumoxide, |anthanum
8. OxTHemethaatohanumafum nadneprisiteafdralitgnrpeidt@xiidene first and second
zirconiumsilicate, lanthanumsilicate, alum num
areapxi de, zirconi um oxide, zirconiumsilicate, tantalum
oxi de, and titanium oxide. -14 WD 2005/ 036640
PCT/ US2004/ 022508 6. The nethod of claim4, wherein
9.t h&hereediodiofilaird s where|nezisistrieindbe Bext arpafindwdeachgrasisprrage

tranSéﬁ?(i)I‘IS,Cs%Blé‘gl ﬁ)%%ti(ot&%% ﬂ]eéglh?cglgﬁq Stér%gutﬁllzgéi %éa ﬁ}a’rgens%rlflgff E)%'tnans for

the cRhrlgk GlofSe thankidiown i ridium oxide, ruthenium ruthenium -
oxide, and titanium 7. The nmethod of claim1, wherein
the oxidation barrier |layer has a thickness of 2

10. na@ﬂﬂﬁ'ﬁ%ﬁ{oﬁ oPtia8h %a(zv‘ﬁélemSthe Th85i 16 iR theQbcGldairen ﬂacludes transistors

further conprising: formng transistors in the first

haviana gate dahdt triatheainclubes pdrgonsatl imdseobnccdialentri®, wher ei n
transistors in the first area include charge storage
transi stors, wherein portions of the nanoclusters are

11. ut Thé ArthodSf chandewhtemage rdmeatd arsast ®p01 tioh@f a:l’rtecmjdntion
st or age tranS| stors. 10. The_ nethod of cl

bar ﬂﬂh@b’@lffpm He urﬁhzvf@a geydes femovig %@@%bﬁﬁ@&lhm@l Qi dassoxidation

oo BORRLRLR RED 2,2 2 et ectrlc that ncl udes
claiml, wherein the renoving at |east a portion of

12. t hefhg)r%let %tdlo?rglaim l,' wherein 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.



barrier layer fromthe first area includes renoving at
| east substantially all of the oxidation barrier
wo myRe366400m t he first area. 12. The met hod of pdtaisrody/022508
wherein the oxidation barrier |ayer includes a first
| ayer portion and a second | ayer portion | ocated
6. abbhem¢thed bf ¢lsitm l%lfkemepmmli)ldﬁhng wherein the r ermvi ng

at least a portio th i dation b rrler a
formiga Fver of Suf @srRbp tieks Fish e Rg i Piaugh ol oo iHE the
seaang%g Rt h the first layer portion remaining. 13.
thod claim 12 wherein the oxidation barrier
Iayer is oxidized to formthe second |ayer portion.

17, Jﬁﬁod@t@;ﬁgmﬁﬁ da&)ia w"ﬁ%‘ Y‘% rein the first |ayer

port| on Is oneters 15. The net hod of
cnabwu&%zmmamenmhxmmgnemmymn@fhmﬁmﬁeaanmdkaMeaﬁpowmnbn
further includes etching the second | ayer portion
with &RO®ER. - 15 WO 2005/ 036640 PCT/ US2004/ 022508

16 rising: formng
a (feg&elﬁn%ﬁ Q)gtg ‘ét%r?a@g?%lgw%sg%ﬁ{lﬂ%%@g? | ayer portion
iteNlo fHom b iestraesaanidngetdnd arse derfitst zm@‘aemc}md'rrtgi theroxidation

17 A net hod of meking a device conprising: provid %,
a subdRFEr éayﬁam%t@eangths@warrtée SMDSHAIS0RI B¢ sgcond aea Mving the

di _eI e%&gdaﬁ n%ﬁfn& nxsex ﬁﬂgﬂeﬁﬁttﬁ%nﬁ%{?f?ﬁﬂ&s' Jfghéag}ructure removed;

oxi dati on Barr e structure; patterning

t Ofoftﬁfn@a@e&brfdsdlelaclftﬁa oaﬂdh@h&em@ﬁl dutaeqaent tchfer Ifllrfgshe pateAning;
including the oxidation barrier [ayer and the
strucﬂﬂﬂe over the substrate, and the second area

%91 r&?leaaxqc&)@ﬁ)nogf tlﬂg‘r £ Idg{lOfl @M 8Er lgﬂaq f’ng)trm mlhh%gﬁgt Jrghesubsequent

nanoclu ucture re
secondo tHegtbetinkitite @¥6dd dlBchﬁﬂcr@her&m&Be feniis @B tat Iedst a portion
formng the patterning, and renpving at |east a
por t i chleast reduscor itugitesObhe PRIdRIANAAEHCTIAYSH t he fir st
area subsequent to the formng the second dielectric,
wherein the renoving the at least a portion at |east

18. r €thecssthad pheleim s svighein e wwpdastes ! Brstiveiurd mglide at least one

selected from a group consisting of silicon nanocrystals, germanium nanocrystals, silicon and

germanium alloy nanocrystals, and metal nanocrystals.

19.  The method of claim 17 wherein the forming the second dielectric includes subjecting

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 over 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 control dielectric
layer each include one selected from a group consisting of silicon dioxide, silicon oxynitride,

hafnium oxide, aluminum oxide, lanthanum oxide, and lanthanum silicate.
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18. The nethod of claim 17, wherein the nanoclusters
of the structure include at | east one selected froma
wogoelBseeonsi sting of silicon nanocrystals, gerpeavia2ne4/022508
nanocrystals, silicon and germanium all oy
nanocrystal s, and netal nanocrystals. 19. The net hod
22. ofThelra¢thod af chiier &1, whebrin fhemanejustere ardfooned by amestodi ¢
i ncl udes subjecting the oxidation barrier layer to a
COMPI&M8er at ure of 600C or greater. 20. The nethod of
cl ghpMhrkihg MABEIBLS: hli8ri StWikGh teRlitiSctFio b sutRYq@n TR hitdling the
conprising: formng a bottomdielectric |ayer over
t he suatrstinatiejnduge phasg sernsenus f@nmsnapeelusterse bot t om
dielectric layer; and formng a control dielectric
| ayer over the nanoclusters. 21. The nmethod of claim
23. 20Thewhehed of ¢lhien bbmrmmiml'trel seottuiecs fayred tyredmetbnd comprising:
dielectric |ayer each i de one selected froma
gr@Uﬁmédﬁ§ﬁQW| @eﬁFCQV@'E 8i"Y&i de, silicon

| d
o

P%frhlﬁg @@éhﬁ)@&ﬁﬂ&m 2BverTheatrtedshonk Mnoclluallemn}ltk,n alhgereamd
t he nanoc| usters are for.ned ﬁg a net hod SP éin?:
i ARG AR HARRSEPURSIRET ArieRac Usier MAHI 1Q i?ém ApPARLEFC

and subsequently annealing the structure to induce

phase separation to form nanoclusters. 23. The nethod
24. ofTheiragthed of clgifret bivheraie therdeyice iftcdides aMmgmhIY apg wheren the first

[ formng a bottomdielectric over
aredlgﬁléllasu %?Iglg{y §rra€(geldrr)%a3|t| ng at | east one | ayer of

nanocl uster material over the bottomdielectric;

C di.el ec er t he | east, 0
5. nalBerduge SOl 7 SR b SidaliSh niEs et FRfegft Feast one
selecleﬁ"ﬁ%tm Qg%ulp%)éﬁ{lsl g JTaNReh Wakied, sIRbROk Mitride, §iREdN, a silicon
nanocl ust ers. c‘T he nmethod of claim 17, wherein the
gnmdmumc@oyndmydﬁshéﬁmeﬂnrvAahdnmh@n@ﬂn the first area
includes a nenory array area. 25. The nethod of claim
17, wherein the oxidation barrier |ayer includes at
20. | eBetmahed oSdhiec?®dviferomtte ngml{prhdeﬂsc atatengal ofchgleb acloast one
nitride, silicaon, oxy nl%rlde Sili

selecigg fiphil BFAURICOBY SUENEHT GAIKIMOEIdE clpg i oxtk aﬁdnglawaﬂélummdte

tantal“ﬁ1t ﬁémomde, zirconium silicate, lanthanum silicate, aluminum oxide, zirconium oxide,

zirconium silicate, tantalum oxide, and titanium oxide

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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26. The nmethod of claim?25, wherein the high-K
dielectric material includes at |east one selected

WOf20031038649r oup consi sting of hafni um oxi de, | amdTars2m4/022508
oxi de, | ant hanum al um nat e, tantalun1pentoxide

zirconiumsilicate, lanthanumsilicate, alunm nu
30. oxThgemethpg ebelnimm?dxyhiesein ANy HONiiD Hesie wead @CIU@SHP%FBEI shorage

trans2 réj whezﬁletrl1 d 881:#9%9?#% ?lxﬁogzgus?e? ar, Pﬂlﬁ zﬁoc arge s@rgéfnl?gzﬁrr%ns for

erein AP RET one sel ect
thecmngéguﬁmeg@mﬁggﬁlng of tantalum tungsten silicide,
ybdenum silicide, nickel, nickel silicide, cobalt,
cobalt silicide, iridium |r|d|un1OX|de rut heni um
r ubREnbHBY BKEIGEn 2@ Rehdrdih A thiRsiébrs ihhBe BRLAOGre@findthidds @
17, wherein the oxidation barrier |ayer has a
transtshirs knessa gite dielaranotiret neclgd@rpogtn@sswé the segonddieleptsichod
of claim17, further conprising: formng transistors
in the first and second areas. - 17 WD 2005/ 036640
32. PCHdus2006d 60225081 wBereinTtasivedrk odtheffirst lasdarmdGde eltaegesstorage
transistors in the first are& i ncl ude char

transyspokh a3 R BOUQHR HIedCH! Cdafwmcch PR hEIGER (el eapE
tr ansﬁﬂdlé bizt(ﬁg s@&dnd hf%[lg‘HVétl 9{1&9\%% tQQcﬁ& tﬂ'&?th@%wkrﬁé@?opmgrbgﬁom
orage transi stors. of claim?2
meMMMereln the transistors in the second area includes at
transi stors having a gate dielectric that includes
portions of the second dielectric. 32. The nethod of
33. clBidmehodVbeElgind 11 vaeseis ki 1BmioRinghe ldabrasforasear thaokiddgon
charge storage transistors having a bottomdielectric
barrigrdgyendromn thhiliex neag ncligesremaviga nelegst shlasgantially apf the oxidation
mwnmﬂaQ§'St°% 9&(&&@ second area have a thickness
%%{ % THE ™t hi ckness of the bottom dielectric.
33 The nethod of claim17, wherein the renDV|ng at

34. th efrpetggg lerr]n gil‘}(}g‘g@“ | dat | Icﬁlé) é)?%{erégagf{rar mc?/u%les a%rsmlayer

port1§r\15’r§f ARchA 13)]61%0'111(91‘ loﬁﬂ@d dvdaihd ORt 1P gor§dn, MAkRsin tHeQBMoving
first aréea. 34. The nethod of claim 17, wherein

edshaepcmaoni af therxiatipn bamlempeq:r fromo Ithecférst ared inchides eep@yving the
ortion and conq ortion | ocated above the
seconq Iaxgr POLHRR, Wi &Ffﬁﬂ aﬁﬁéP@P "R énoving at |east a
portion of the oxidation barrier layer fromthe first
area includes renoving the
35.  The method claim 34 wherein the ox1dat10n 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 etch.

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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second | ayer portion wth the first |ayer portion
remai ni ng. 35. The nethod claim 34 wherein the

waioslatseen barrier |layer is oxidized to form tHE/US2004/022508

39.

40.

second | ayer portion. 36. The nethod of claim 34
wherein the first layer portion is 4 nanoneters or
| ¢sBiethod Pf MAKESresCHBEPNGFICIET G3VRCTAMRIBIG n t he renpvi ng

h d | aye [el} T - 1l
soton Payur BB REl | SR e ORI, AR e

cl ai m@doghidrther conprising: formng a |ayer of gate
material over the first |ayer portion subsequent to ,

t leposéma/Anyidation bewieo tyer ayes thepwiueiugh Whegeipghe oxidation barrier
2005/ 036640 PCT/ US2004/ 022 : 0 ' -

2 sorDentip 3251 O FRRRTonl e TBh Ry MRSk Mhrce,
subst gigten BRI thide 3ilsdonUE §ilESh &rmAANAEcAIust @ highakdielectric

di el ectric overlying the substrate, depositing an

oxi damiagmiaband penctilayer over the structure, wherein

t he oxidati.on barrier | ayer inclu .at _le an .

S REETIEE P 1O & TG B6p “BOAST e RGP el R greions of he
si | i coRidaxdMbdrfitdayer ahd teQfructres ahd GRReGRITMREH WiVing portions of
alloy, a high-K dielectric material, and a netal;

pat t ethei axgdation berrier fayei anstat dgasihe nenaglusecoefithe peectureigmoved;

fiorst. area including portions of the oxjdation .
pdPPTiBE @ eperl derhiEe perehd pes subiiowait e paleraipgsand
hayhpanpar feh@Apoftfon ke Sxitislan ARiRALYel Bon RY B stard s@bsequent
| east the nanoclusters of the structure renoved;

f or m mytha femvogthedeetneatielearic nvhenein secromg vingahe at least a portion
subsequent to the patterning; .and renoving at |east a
por L1 anent ERF S0 By o ZIRIE H 5B t he 1 r st

area subsequent to the formng the second dielectric,
wherein the renoving the at |least a portion at |east

r YOOt kg e EIINAUHET BIRMER SBWPTBHE i er | ayer .
4311‘0\%‘&%5'196*5&1@6 B '%lﬁ'l r?lgstﬂlcﬁggbf:%%‘l%@fs AR ¥ wric overlging the
conprisPng: providing a substrate having a structur
of namastusters and dielectric overlying the
substr at e; o .
depositing an oxidation barrier layer over the structure;
patterning to form a first area and a second area, the first area including portions of the
oxidation barrier layer and the structure, and the second area having portions of
the oxidation barrier layer and at least the nanoclusters of the structure removed,
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 transistor 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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depositing an oxidation barrier |ayer over the

structure; patterning to forma first area and a
woecunsdedar ea, the first area including porti omeTafS2edam22508

oxi dation barrier |ayer and the structure, and the

second area having portions of the oxjidation barrier
41. | alhe mehed af clp@aég wheksimibia 919 e barigy laygrdnalpdescat Igagt one
ved; or ni. _di.el [ [ i
selecle TR e b B SRR MRS b R i, HBcor sfeon
germb@iast alRyPOhilch d0 defectrivemastigadidanmbar.ri er | ayer from
the first area subsequent to the form ng the second
di el ectric, wherein the renoving the at |east a
portion at |east reduces a thickness of the oxidation
barrier layer; formng a charge storage transistor in
the first area, wherein at |east a portion of the
nanocl usters is utilized as a charge storage | ocation
for the charge storage transistor; formng a second
transi stor in the second area, wherein a portion of
the second dielectric serves at |east as a portion of
a gate dielectric of the second transistor. -19 WO
2005/ 036640 PCT/ US2004/ 022508 41. The nethod of claim
40 wherein the oxidation barrier |ayer includes at
| east one selected froma group consisting of silicon
nitride, silicon oxynitride, silicon, a silicon
germani um al l oy, a high-K dielectric material, and a
metal . -20



