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BACKGROUND OF THE | NVENTI ON Fi el d of the Invention

[0001] This invention relates to devices w

th
nanoc| ISEMIEONREETOR DY KIE W RN ANOE LA TERS02)
Sonme devices such as nenories (e.g. non volatile
menories) utilize di sabes Fchigle st or age el enent's
cal | ed nanocl ust er Rapechandodn Klutalicdbar, al um num gol d,
or germani um) for stowdyge Sh@agRonn a charge storage
l'ocation of a transistqgyehm J0e exanples, the

nanocl usters are | ocated.getwggnyt wo dielectric
| ayers, a bottomdiele ri.c%afpd a control dielectric.

Exanpl es of such transi a5 i'Mé ude thin film st orage

transistors. A nenory typically includes an array of
_JEM&QEM_YMEBAC_ FkidEdN s of nanocluster types
includes silicon nanocrystals, germani um nanocrystals,

Field gbtht Imaemiidnist ers, and al umi num nanocl usters. In some

exanpl es, nanoclusters are from 10-100 Angstrons in
[00013i zethiamdenuyn B&usfio doped vith umdolyedrsseni conduct or
mat eri al or made of conductive materials. [0003] Sone

D r,rer,mrifez Eggtt ligve charge storage transistors with
€scr ; r npl enented on integrated circuits
al so i.nclude high voltage transistors. in

t hat
(00024 1 cRATee Jeviees qugtors TBERPIAGSHE SRl YRILER Hegiaigsh lﬁténgﬁé%cgée

charg%%tgFaQ’g %leln%%?sgflag%a nﬂogﬂ@&rsﬁ(@.@ siBASA ngﬁliﬁﬁrﬁ,lnﬁjl&t& le8rmanium)

Charging or arging thecharge storage |ocations
for stdringth@tketi® aShage songe dscation of Hirtisisdr. iimbomerax dnoples, sird

may be referred to as programm ng or erasi ng. Tt&ese
nanodhisghs 4181l Ggss! between two ielectric layers, a bottom dielectric and a control
dielectric. Examples of such transistors include thin film storage transistors. A memory
typically includes an array of such transistors. Examples of nanocluster types includes silicon
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.



transistors typically include a relatively thick gate
oxide. This gate oxide may be grown by a steam
wWO02003486600 process. This steam oxi dati on proceBET/EN04/022508

penetrate the control dielectric of the charge storage

transi stors thereby undesirably oxidizing the
BRIEFDESCREVEIGN O THIRIPRAWEBNGSI ncr easi ng t he bottom

di el ectric thickness. [0004] Wat is needed is an
[0005] NPT eksemti hashtibe mayrlkibegeraindensiood, aridtits numerous objects,

nanocl ust ers. BRI EF DESCRI PTI ON. OF THE DRAWfNGS ‘[ 005]
featurephandidsaringesi MAASPPYRNTTRYNA5E SHHEY BY the AL &Y SE5EE S nglke

obj ects, features, and advantages nade

dccomgﬁnﬁ”p %t%&?g%%t hose skilled in the art by referencing

t he acconpanyi ng drawi ngs. [0006] Figure 1 is a
[0006Par WHi@lre $iigepatiesidd viaw o€ risenivdnditoosr waésdurtigra sm@ean the

stage in the manufacture of an_inte t ed
manufgeraigrafian dntegrag e Wit AREEEg Weﬁw@mb?mg‘wg ‘e%fjéﬁ‘% Pr‘ﬁse“t invention.
invention. [0007] Figure 2 is a partlal side view of a
[0007ﬁra Fﬁéﬁ%@% 9 1¥@lf e duhiRg s%ﬂ%ﬂ&ﬁct&l\@ﬁgr dd?lﬁgrh%other stage in the
ure an integrated circuit according to the
manufbtOfet ofetﬁbﬁtdgﬂmﬂtcn@ﬁlt hiverdingsetht firsesmbbdiorent pf)(h@&}resent
Figure 3 is a partial side view of a sem conductor
inventygf er during another stage in the manufacture of an
integrated circuit according to the first enbodi nent
[0008?c tFt?gurQ hes ? Bl P EDL Qe cl[SQIQQT%bdL%t&%ﬁelA'ddl’ﬁlgaanBa‘\rd‘ bt@ke in the
i de vi ew of "a sem conduct or during anct her
manufatt@ageotian ihldgram@ntac hevoediog tathe ifindt egrbatimeene bf thaipresent
accordi ng to the first enbodi nent of the present
inventigivent i on. [0010] Figure 5 is a partial side view of a
sem conduct or wafer during another stage in the
n r r : in the
e e b
manufat @ty 6 B ih®gauduaritcialacirdieg w e fodt canbweimant ot thetpoesent
waf er during another stage in the manufacture of an
inveniigit egrated circuit according to the first enbodi nent
of 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.



[0012] Figure 7 is a partial side view of a
sem conduct or wafer during a stage in the manufacture
woahosznsedsnt egrat ed circuit according to a secoORAT/US2004/022508
enbodi ment the present invention. [0013] Figure 8 is a
artial side view of a sem conductor wafer during _
[0014dnot Fignres? wgepairtial tstde vinen of asaniieendyftoa waferdagngaeeiher stage in the
ircuit according to the second enbodi neni
manuc R ol of ROGHFOR T SOk IR E SERRr Py o M gresent
invenYibgw of a sem conductor wafer during another stage in
the manufacture of an integrated circuit according to
t he second enbodi nent of the present invention. [0015]
[0015}i guFulk0l( is agpapay sidalviesy olen semigprelticlar weler durpg anqsher stage in

waf er during anot her stage i.n the manufa :
the iR G P ar PRI BB RaRy e b Trov ol Bt TadhoRBgpresen
inver@bnt he present invention. [0016] Figure 11 is a

partial side view of a sem conductor wafer during

anot her stage in the manufacture of an integrated ,
[001Qi r cHigureatcisradiartip] side tviray e samicensbei@r wafer dgfing prother stage in

resent invention., [[0017]_ Fi.qure .12 is.a ' '
e i B o AaRcEaaster SeerdfE fint SoRoZpgaiiat pfld Bresen
inven®@puf acture of an integrated circuit according to a
third enbodi nent of the present invention. [0018]
Figure 13 is a partial side view of a sem conductor
[001Taf eFigor 1 i aapieid sideyiengel 3 seripendygienvatar guEngp sigge in the
nt

mam{g;fct{?xﬁ ré)?tﬁr? grgcgglﬁrlt%# Iﬁ{}%ﬁf %c%ér%r?%ta%&?%r&?@b?%h%z? ?@tﬂg b%&{t invention.

partial side view of a sem conductor wafer during

[001§YNOt FRfurS I RBe: paitidl RRIc MW bEL tdtieorfuc@n wiafdr &griag atbther stage in
circuit according to the third enbodi ment of the

the mpneiettre ofrndntezuted JicoReFcorligea fetheshirderabeimentef the prgsent

vi ew of a sem conductor wafer during another stage in

T8 manuf acture of an integrated circuit according to

the third enbodi rent of the present invention. [0021]

(00197 QUFEsuEE 14 & BpPaitsiRIviel dRa Ydrgofucr safdrelanidy at@her stage in
waf er during another stage in ,

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

inve

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.



the manufacture of an integrated circuit according to

the third enbodi nent of the present invention. [0022]
WORNEguBes4d7 is a partial side view of a sen coORGUAISOI04/022508

waf er during another stage in the manufacture of an

integrated circuit according to the third enbodi nent .
[0023f t higupr Bsientpaitiw side ivem, $fo08licdridgame walr dyring prpthdr glage in

Si vi ew of a sem conduct or. fer duri not her
the mgp atieploRdn Redrsarty axsrinhty B LuierRb AP e present
invenaegording to the third enbodi nent of the present

invention [0024] Figure 19 is a partial side view of a

sem conductor wafer according to the present invention
(0024 c coFigiuregl % i atpagiabsids eiew ofrasenticanductoopaBy aqueeding &0 e present
. the sane lelciencc synbals in diffcient draw ngs
Iveniing pect §gﬂﬂéﬁPF§§W‘¥Yﬁﬁgnunless ot herwi se noted The

views shown in the Figures are not necessarily drawn

1002310 STat BsArTHY LRR {PRRGIRE RIth6dNs [O@26lenT hRuwi ®dsliadit gs identical
sets forth a detailed descnption of a node for _
itemsoanasy brigreige nothe The einwis ohoWhia We Seguirgstaronot necgssgrd i deavn to
. to beillustrative of the invention and should not be
scaley aken to be limtin g.- [0027] Figures 1-6 show
partial side views of a sem conductor wafer during

DETAIREESDESCRIPTI®ONUf acture of a nmenory i ncl uding
~— nanoclusters according to a first enbodi nent of the

[0026)" €SERL rdIGERE §fordiS: Mdiled RBsHiBBEHA bPS ﬂmh@if&rcmmg out the
nmet hod i ncludes utilizing an oxidation barrier [ayer

inverftion. Thhidedctiprign tshetenddddatbi ditusofiti vehef thaimyehtign adsshanld not be
bottom dielectric. [0028] Referring to Figuie 1, watei

takenjig peilimifil@es a seni conductor substrate 103. A bottom
dielectric 105 (e g o f silicon dioxide, silicon

[00278XY NiFfgufl&, 1 -0 3R dW YiRiaKdi@teviedb B B Odu@Rr WabdHdaARY Blages in the
oxi de,” or lanthanumsilicate) has been forned over
manugadvsre rofi b enebd8 y énajudity nawc hatersmecdingtie mifisstl emhpgonent of the

SRR D) BB SRS BB AL 63AL Do
barrid bk RGSRRBitNG (A BEakIRATSRMOS ustErs! Y o1t dielectric.

{0028] Referring to Figure 1, wafer 101 includes a semiconductor substrate 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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nanocl usters 107 (e.g. of silicon, alum num gold,
germanium or a silicon and gernmanium all oy or other
wotgasead conductive material o doped or undopew/US2004/022508
sem conductive material) is formed over bottom
di el ectnc 105 by e g chem cal vapor deposition
Howevet thringuedysiere frosiber fd@lmismcmb may e loh pdaeszesspidfer gher densities.

Nanoglugt% snlg)g e\gﬁ%dﬂiv?%oh q1|)fmep%nos<§}ahgé/ séﬁtg{ggefh@;i uen§ in if‘rgrbmstors (not
showR)& ERPedhBhticarddéh wWaRpehust ers 107 are silicon
nanocrystals. In one enbodi nent where the nanoclusters

are utilized in a non volatile nmenory, the
[002%anoREfesing to Figve 2aa pvereididlesit¢ matesial (. ocsiigon diaxidepsilicon

oxyniidiobtading P ol S59S0E Rrdet Pl T ORI G
forméd v cPARRE|1US bOES. LentA 8apSTRAEY A& {oSfoBY doftrelf didtehieit 209. In
si zes and/ or other densities. Nanoclusters 107 wll be

one emhotimzeeld coowoli dipkeneADP hes cthinkgesssif §r Hhymanpoiekers. brsmpy be of
nsi stors_(not of a nenory fabricated on
Other\}\!%he esﬁ?ﬁinc’h%b%ﬁ)o%@?ré%rl ng to Figure 2, a |ayer of
dielectric material (e.g. silicon dioxide, silicon

[0030XY Nirf $onsteembfiMEMEN tRX bEteom alelBFirituInsoXardR usteant (Ta Bk ontrol
oxi de, and | ant hanum si | i cat e) is formed over wafer

dieleaoq 269 may §e fermedibyapn varpi@mta@@p@g siligpn pbgeframmuai) into a layer of
) el ectri n,one_ epbodi nent
dicteqiippafirif s ST E N SRREESIREOATE Ms 5 R0l Ghnogrypuals i
the laF[@Nofbﬁelaftr]@m%lat hinChMe SEBSdinibn, BetiorR ARAEAE NG5S nanoclusters
00 I'n some enbodi nents, the bottomdielectric 105,

107 androctrelstidesrid 009 mapte e oy relingtabzation o egilieqy righ oxide layer

i SHES 2, LR B SRS P51 00 3 FRRAM s,

nanod 104t QYR EQ:Mn%pﬁb?ne%'[]ﬂielﬁ|n'uﬂ§pl@ﬁafeﬁﬂo¢z@&§aﬂ&e 1R BBttom dielectric. In
nanocrystals in the layer of dielectric material. In

other@m’wmmmmmrembslpstblmmmﬁwmmébsedemsmng@shmmmplhmstl@tes of
and coglt r ol gl el ectri

"‘1“0?'é%?‘y'§‘i‘tﬁ‘l‘ (30 SHTeBF ey G T SR ART Wgrds enealed s a

Subségl gﬂeatlwg layels of dielectric material to formthe
oc ust e S I'n other enbodi nents, the nanoclusters

may be inplenented in nultiple |ayers |ocated above
[0031]he boothenerlvcelimerits,iacthinl (a. got) hewnembior) st gationHeyer (not shown)
n noclustes are forned 05|t in

t hi h
made G MUROLRBG G P PEReEE OB 1 Mo duifdo NETEPEPr
dlele(\!mgp)gﬁ‘sﬁoﬂﬁe&@v?éﬂltﬂeaﬂhtss@ﬁtfdﬁQEW're is annealed is a

Su sequent anneal I Ng processor.

[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,

-5-



[0031] In other enbodinents, a thin (e.g. 0.5

nanonet ers) passivation |ayer (not shown) nade of e.g.
wonousBekad silicon oxide may be | ocated on t hePCT/US2004/022508

nanocl usters, wherein control dielectric 209 is forned

over the passivation layer. [0032] Referring to Figure
nickg), siligides xplopdts Fehmltsaliqiqee ifdinge ridium pxids, Wesaiin.aythgyidm oxide, and
titzmvvaf_er 101. In one enbodinent, layer 3 1 is made of

Y% con nitride. In other enbodinents barrier |ayer 3

11 may include any material or conbinations thereof
[oo3Bhat Ihehaesmbbiighedt, bhttr (yeod 1 LD rAXbEAbEEIsNBicRYENbthEO

the control dielectric surface. Such materials may
embpdigientielagén 3 1d onaynhe ¢fi agleer tirknesoningeingientioganends, [13yepAl 1 may

silicon mani um al |.oys, high K dielectrics e. o
haveL RS o PARTO TR RISy TS SRR nb AT 4 L is thick
enodgBib 8k A PABLLWI B0 “BinMHoMT deracs tol 6:afden td péHeharRWeneath barrier

silicate, alum num oxide, zirconiumoxide, zirconium
layes311i. datother emhodimenisokirder, lugnd H it el mateo k| ape wrwithstand

t al hat L1y i 0o t h [ f
emiradie? af ¢ i RhGeRBNSk R SRCiOtGdRe s lE Mhor e °
tantal um tungsten suicide, nolybdenum sui cide,

[003a] CKeofBirigls € FRiukd 418\ 3¢DRBhtre! Belbatit 269,/ Haibél@sters 107, and
iridium iridiumoxide, ruthenium ruthenium oxide,
bottemn diad¢ctian Qfnare pagedd todeawahasatsouétnisnin the anemasy afray ateas (c.g.

105 D RS RAA Bh SEa  EER TR B Q¥ s o)
of whay €01 3fhlon@R¥nbdaneen? (Lt Sk nesemelcbnaagrgéiehid 8bntrol dielectric
greater. In one enbodinment, barrier layer 311 is thick

209,avanemjisiere LBE andhpitpmeigeaiic h0hare rpnhoveddiyevetgedhe du gngtber

ersGHHRFD o SrBFAEHY B FoEFRRE} HeBBLPSH UM ubbaplipgrs may v
fornRRli€ remo hBshendud RRRF BidEQss of a furnace oxidation
process (e.g. 600C and greater). [0034] Referring to

Figure 4, layer 311, control dielectric 209, '
[0038hnoRafetrimgso F@pre anchiporelowe dieddceret ¥ idcis poBvmprsubstrate 103 in

. patterned tq | hose .structures.in the nenpry. . .
hi ghdfroﬁté%;: %\F‘ésa'@c} (‘18.83?5? 4 g)qec&ﬁc \é/}_lfJ lﬁﬂt]lgﬁa at 8 gfﬁg%‘;}%cmc for high
voltddR A8 RsiSbFUSUHB WG AL O BiSihe 8 BEA mkRts Jare Rt BR8P Benent
area 405) of wafer 101. In one enbodi nent, |ayer 311
progranmagomddrasy cacury fatcbhrgingrandelbwhamgingdheblrge storie®@ansistors to
.nanqclusters 107, and bottom.di el ecfri 5 .
be (TR B ECBTIES 40% 0 1 PR SRGHHGF e IBISErerlo 15 Grown by exposing

wafdr QP kRich @ RraRl st ok yBE L HES trBBY 038 S8Gdize the exposed
Mul'tipl € transi stors may bé

semiconductor 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



formed in menory area 403 during | ater processes.
[0035] Referring to Figure 5, a high voltage
wodioed/@e640i ¢ 515 is grown on substrate 103 in WAUS2004/022508
vol tage areas 407 and 405. Dielectric 5 15 will be
utilized as a gate dielectric for high voltage
a method it stiingzgsribe oxidaa) oftthenanochsisormmdéntvakaneng ¢f the pettom
ramm ng and erase circuitry

mek@ﬂfdBHBﬁ@Wﬁ@”%ﬁ%”BV@éﬁg gﬁg the charge storing

transistors to be forned in nenory area 403. In one
[oosﬂﬂbower@ﬂﬁe 1o ¥R @t bt thd Browsh BF MBA vBYaRXRAEdtHE SY&ftRFrier layer
to |dﬁ t enper ature steam and oxygen or nitrous
311 1@xarmre/ecio Iosadimieodi mentekposieldys Sl asowdmr:@ by Aseleet gl wesfetch. In
strate

3 and 405,
othercf1 éig{lerr]t% 1Ige atﬁgg@ pélasl‘ﬁlF% f&eé(g 8 ol?andeér l%eé E?]ﬁlﬁ protem? Hle’lectnc

515. NAMSMBLLB B1 ishbho @by awer ather dr% BicE KIAE pa@SMing r@4tE®dl is removed.
enbodi'nents. I n other enbodi nmen di electric 515 may

be formed by a bl anket dep03|t|on over wafer 101
[0038]o! | dweubseguenthroeespasvant shbwnhehaige btetage |tr@nw@rs ag¢ Eggmed in area
mat i o

403 5 e IR et P ed Mo 8198 AT 4L elef sbaamens.

olherFlglb;b%toﬁ‘ alhfibolsth S 0RHN& indir@ls&0Y hh@ 489D JuchANeHEIrEF Y circuit
1 and bottom'di el ectric 105. PrOV|d|ng a net hod

logictandtinfutlohpdesrcaithaotrthemi¢siyted ciower Reames| ali steedusias 107 are

Ll[]lléﬁg%%l laéﬁ Xi dll Oze n%fw&g orgt-&tilscg{b ré)gmﬁpggleg%%%}ﬂbg athsttopseof a memory. In
subsé@]‘u@r‘xt%&cre's&s %ﬁyorﬁé OYib&8 kRis8a MHENAGatchBiteTdINé B po8Red BRr wafer
oxi dati on of the nanocl usters” and/or thickening of the

101. Bldietlgyer df gdte otatarial, dandabgstarx il asndorontrol dielegirisr2d@ess e patterned
Referrin ure 6, after the h .of .hi gh
i sy A 0] OF Gueric g 50 e peagEn. cpeconr gl feleqtghgg iy Fharee
stora @ngﬁguggbodlnent barrier layer 3 11 is renoved by a
el ective wet etch. In other enbodinents, the wafer is
patterned to expose barrier |layer 311 and pr ot ect
[0035t]| el Edurésc/-Slilrowapargal sideyaewgdflu sesnic@miuoed w@ieraiuweg stages in the

tch or. dr et ch, ernin terial
mani GBI FPeGeri e B DL LBt O 2 Ry PGt of the
preseft f?n'i/é‘r&ﬁ)nt TeRSHAL & Bighfe®7, hAbB didle@fi€ @Offg%oﬁﬂéh LW&IQ substrate
vol tage transi stors are ‘forned in areas 405 and

703 dfrwab¢ritn . eNvnodiustent’®7 act then farype svafwaferditdi st or s rray

be fornmed in areas 407 and 405, such as transistors

ircuit I c.and i ut/out [ of, the

0041t oSeliiiee 1 P & MraraR e it 8D sl By water 701
on naibblbRY070 ThOLMdAG: GHAE UG 509 ?Q@f | @Fi@ichAfichhl i of

ch ar ge storlngtran5|stors of a menory. In
nanoclusters 707. In one embodiment layer 809 includes silicon nitride, but in other
embodiments, layer 809 may include 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
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subsequent processes of sone enbodi nents, a |ayer of
gate material is deposited over wafer 101. The | ayer
woboigase4orat eri al , nanocl usters 107 and cont r oPCT/US2004/022508
dielectric 209 are then patterned in area 405 to form
the gates, charge storage |ocations, and contro
exposeld sdneicomductonkulishrateci9dr gmist loyea$9 intabits aidieing Ao pm

Fi.gures 7- show side vie f .a sem conduct or
penetg R TR B G TR SRR BQer A0 8T R ARRREPg fer
dlelec'trﬁcllaW' 1095 RAINBE LIHBLRIS FAGEPp&HHiBE of f-heagR &EGHOBEric for transistors

nbodi ment of the present invention eferring to

tmﬂwEnQUMBSQQSaubﬁﬂton1d|eIectrlc 705 is fornmed over a
substrate 703 of wafer 701. Nanocl usters 707 are then

oo B L 1 e SR TSI 00 gmones
and d%%trf&nd%‘?n@ﬁ Hstfe25§teZQ)Zer wirer ‘70‘1' et ‘g R laly@r1013¥84

is of adfferent material than of nanocl usters
nanoc?L&Ve.rs 7\07orie oeﬂ‘ﬂm(ltodimﬁnt llayge Bo%egemncddMeeswsu Hifridgrstrip, but may be
nitri t.in other enbgdlnents

remofEH S PRI R e STOB0GenE IF o SRR Eeg Slecpigaver

1117 %W&’cﬁ oMsfifdoh @%Q%tdestxic—:@)b?rchg’mﬂel} vdp@PdddosiBeh e DidiB@rit Payer
Figure 9, layer 809, nanocClusters 707, and bottom

1117 diveilieed as the ZQBradelgatd @r nanisutorslfexamml in musseory tarray tige 883.

Nenory array areas and ,to re :
Dicleqtle 55  FLIIS 86 5 Ho RPOTRET HEacele % éle@m%?laﬂg Sdigeetric layer
0Q424 ifagoyo Figure 10, a dlelectrlc
10H”ﬁg§§?%%§%%ﬁ¥sggroﬁﬁggﬂkgreas 905 and 907 by the
oxi dation of the exposed seni conductor substrate 703.
[0044Dur i Ingubsequan ipdatssesn (nof slidveexpusgEdtaegd Immd;lt,m*s ore formed in area

rate 703,. barri | ayer 809 |nh|m

903 a%é@ﬁ S ORTSSTHPSAEET GPRRG OIMEY BPRAIdETHSOE & rsni i eas 905
and 9%’§)t if(g g%)% (g{ gbcgiro%luzgﬁs 70‘3’341(3!\%2 llml'le?fhl) @Eﬁﬂ'h%gﬁcq glrt ﬁt}‘bgige locations of
the chaggetsiangeafansiseor ga!t(emelmel)edh silosefj@mt preaasesdiorosnd ambreliments, a

in areas 905 and 907. O4%b Referrln to Figure 1
layer gff godsy mf‘ﬁ”é'“'g‘ls dhRasited OY%W\é‘}fe‘l 15,1 g T B 41%%?6“%@3?%01“%
T
storagéQdcatibiis ofitle elmdvgelitomgt (rahsiyrens f&@&diis thrag e ThbYayar vegate

nitride strip, but may be renoved t her technj ques
mater 3 sy REPAERBELIOTERT $1e S48E56H éheetﬁ%a O fRreeins ey $( cand 907.
| ayer

[0045] Figures 12-18 show 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



117 is made of silicon dioxide deposited by chem ca
vapor deposition. Dielectric layer 1 17 is utilized as
WO b@smedsio ol di el ectric for transistors fornedPCTUS2004/022508
menory array area 903. Dielectric layer 1117 al so
serves as a portion of the gate dielectric (along with
other ethbbdigienisclayayign 1 Hy5hclbder otheranaesdloe g. 4sahowdleserit@debgve with
905 and 907. [0044] In subsequent processes (not
respedd fRI§", 31dhar ge storage transistors are forned in area
903 and high voltage transistors (and/or other types
(00479 tRADS n%tté’i: @£ hPo indﬂ RbefRr Mer N i98Ridized to form
ortions &f € nanoc u ers 707 are utilized to form
oxidlzteh@oﬁhﬂlrlglEIS%c@rr%gerethMg porsonf4thef leyearldél. shmrwgambodlment,

transi stors of a nmenory. |n subseque ogesses of
layer Eblrfes emdirar veine € steam %fy%fimafpr‘éfé?%aiﬁﬂ’% elngpipasnt where barrier
93 Rlsaf! 1 Phic AL & mto%d ab
layer ﬁgﬁogﬁéﬁgggég%ﬁgﬂkﬁ ég%??%?ﬁélg¥§cﬁrﬁg 2096are \ npﬂme%
resultPat goeriove 4 liSrbeareegppBO3mtielyf HE mubdreetgatiesk amrdgemaﬂuemade of
st o;ﬂége | ocati ons of the charge storage transjstors

silicon gioprisk- {The tomportpeal Parken Lalbinclydesan & ypitidsi hre hgiprpportion
t of the transistors forned

of pofh AFLER et Bl RPN GIRBBHEE °Fi gures 12- 15 show
partial side views of a sem conductor wafer during

[00483t agBs: dieunt beidasonusracdss reelucds the nmmB;ys af nicd bEdi“imrglayeI (e g. from
nanocl usters according to a third &dl ment of th

8.5 nagpBsteA 011 RN DIAORETSE I A5 8 TeUSERY e £D25 SSEIPE GiRacity of

L dialhechrl ¢

g R S RO e P e R

predo)ﬂﬂﬁz@é cHbde sthDabfuciRedsewilli rghahoclEtgrd 1201 3nd aot tehy:erhcofl nitride
dielectric material (e.g. silicon. dioxi db%‘él S, for

(or otlesy amatey kel prroan Kii3e Ay %‘H@%SE&W passioy ks .st tlfbve a small
for [, 6l

effect ot r% ﬁm?&h{)@l veogt ?ﬁ! (gfcaltg%'élsao:}glg gm{tﬁp?&ﬁ%ﬁsﬁpg@ g_Bgﬁdmmlty to the gate

of thenamoB®E er s, but may have other thickness in other
errbodi ments. An oxidation barrier layer 1311 is then

eposi ted over wafer 1201 on dielectric 1309. In one
[0049énbo@gwdt5 shpyy wiafer 320 h aftgrqogipasl 4pihpg BeenHEmPY Sk, Intne

embo}_hrﬂ%e'ﬁp$ t?o'%b&%'?? ;nfoh/elg wei!‘gt%gé déml%‘n ﬁl}ﬂﬂ re;ghg{escv%ater) or by

ose escrl
dry etti® Iayer 311 [0047] Referring to Fi gure 14 the top
portlon of barrier layer 13 1 is oxidized to form

xi di zed portion 1415 | eaving a renai ni ngl ortion 3
(00503 | Rgfewingda Figure 1o meramnidd P ngamgrol diglpeiricy §§9,1ﬂcin§0‘ustefs 1207,

and bg%rg 8?&?@%(1{11(,3 |73 e gﬁtﬁmd(% hARL iR B QEGETSin the nf¥fory array areas
enbodi ment” whére parrier

(e.g. 1603) and to remove those structures from other areas (e.g. 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.



| ayer 131 is 8.5 nanoneters thick and is nmade of

silicon nitride, the steam oxi dation process results
wonogsmsédon 1415 bei ng approxi mately 3-5 nanonBPCENUS2004/022508

thick and generally made of silicon dioxide. The top

portion of portion 1413 includes an oxynitride. The

and erd§d di POk bAFrMhmPQrand @fusitdBe titargy R6ONE Matsdkots to be formed in
silicon nitride. [0048] The steam oxi dati on process

memaredige 4803 hla angicabndisrensdi¢lprrip Ay 1 isrl Ongyeipeters thicks r om
8.5 nanoneters to less than 4 nanoneters) as well as

[00521\C cop (&}? rmtllﬂg £&t Jﬁ%‘ilgg ﬁfs B]%[ecm% 53R at‘ﬁl'x L r{)%ﬁ“u&pféfl'ﬁﬂhli)‘}élgmdmmo

arg estoraetra Istors fornmed

agenty\@b@Ipedditing e cpﬁtﬁﬁi@i’ﬁlﬂ&h@lmﬂah@r&)oﬂs&m )75 tndibdteeme dielectric
will be nanoclusters 1207, and not the silicon nitride
1205.(or other mmterial) of portion 1413. Any charge stored
in portion 1413 will only have a small effect on the

[oossﬁhriﬁé}%‘% ‘{8% 9%@{ o@%ﬁ@é@b@éa nQP]fshle itdd d3erivafer 1201

ose rOXI e gate o e transi stor.

includi @& pbiturie 13 51 sbBovEnoghany 420 16(33 t Iarsub@lqtlem Iprdoédss, layer
has been renoved. I n one enbodi nent ifrtlon 1415 i s

lSOZ,,p@We]dllgycogtr@}eqhel@g@qq 1(3@9,g1an@q1]gstgrérll’20 pnd gog@mﬁiéqlfzcénc 1205 are
patterg\@ % fo}m ?la 4§a:y§esd&¥nt1%ﬁ 8{%16& it % roc ™ %g%gﬁgtl(gr% r}cgwtf%nil'gl’electrlc

ntro nanocl usters

of thekzﬁﬂxe s@iﬂ;s:l,gebﬁm]@m ihet@cltoos ¢ AlsZQﬁiyall‘ Bpaint eigiedrid¢ 0715 are
| eave those structures in the menory array areas

(e
patteri@n@)! omdwqgatrqs@n@\getetdmwI%@t?tb@tlav%§0*rsr<@m faghéplt%aeéé?@mtor5>

ol tage area 1605). In one enbodi ment,
'ndméoy?ﬁ %qu is renoved by a dry etch, and cont r ol

dlelectrlc 1309, nanoclusters 1207, and bottom

[00547li el RWne ietbbdPTend bRbRMRIedribY 265 Wetnagbobierdilcki pirerol
- transistors are forned in nenory area 1603 during{
dielectrig E¥090p S vereaeierslpobndReftEn 4 g it Hnmagaes rck glaygypr, these

s T SR GO0, 1) L2 e

gate dielectric for hi gh vol tage transistors (not

[0055$ howR)soméfdinfbiddinfensg e tareoiesld Werdge, shit @ueutbmharge trapging in portion
I mpl ement programm ng -and erase circuitry
1413 9& @@r@gﬁﬁt@r@g@ws@%ﬁﬁgbq Ieitechiy Ge paxtigh P’h‘éatﬁ"aﬁﬁ%@% K13,

the reglllct on m lil nfs/s cg‘ p%etr@by 418" 54 ¢ flg Br%x rh{l}e]&rl)? pg%(l)ldllﬂg 5 the gate

PP8LE ri'e nahomne
electrode (the portion of layer 1802 used to form the gate of a charge storage transistor).

[0056] One advantage that may occur with some embodiments utilizing 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] 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

-10 -



[0052] During the formation of dielectric 1715,
barrier portion 1413 inhibits oxidizing agents from
w@emstos@id ng i nto control dielectric 1309, nanPCT/US1004/822508
1207, and bottom di el ectric 1205. [0053] Referring to
Figure 18, a layer 1802 of gate material is deposited
1915 sdero1pakeforha®in dudbstratelil 9 owep. ipoimplantafidd 3Pomion 1823 is formed
menory array area 1603. |n subsequent processes, l er
from dIfEEON patT HeERIaN G AbY). df Eneerpedignpgansistor 190915
... hanocl ust er. 7, and. tam diel 1 re
il QAo B SRR D Gapdle R FLRA L FERRROM 8 e
storage | ocations, and bottomdielectric of the charge
[0058Ft OrRgesittbanXi7st @hizhi volageaarkB03. fohabin atayldn218osanm 1907
_ dielectric 1715 are patterned to formthe gates and
mclucgag@tedP%iS,@élterdle:le@flctlﬁél,tSP%fﬁESi 1&33 rad senrge ang Ringgeiag L937 and
t xansi - i ~ I
1939, GEEHARIE 1 HARR 1080 e R SBRric GRoLle, 10D Mown on the
exposkpéttion @O fHersabstdirehfes tiid forr30H dfshSperdoo fretrewsich ipoaton 1923 is
and portion 1413 is 4 nanoneters thick, However, these
formegdt Anciseipéen reaiPn@0d s loeded I PEie sABToF HoBYiRg transistors 1907
and 1&g$odi ments. [0055] In sonme enbodi nents, the threshold
vol'tage shift due to charge trapping in portion 1413
of a charge storage transistor nay be limted by the
[0059par tlndne @¥ibdainiean tehsipor 19@his h4hkdsistohm ¢ pagcim onerase circuit for
t hi ckness of portion 1413, and the proxi mately, of )
progragpminegndior esing theehagen worgd gt paegsiersnid 180 Iraistass 907 is
l.ayer u - :
charaq P & o gt Syt B 36 A B SRRSAGUBA O W R poistors
of theSAHR oQfPa0dEIBRAd Wddid Lizdung of the ineaed csebitf br éde dntbodiment,
Figures 12-18 is that a nitride strip is not necessary
transigtor | 3 rAPEIaiRy A Reyobafaripspvidiag @roghePmintgmndA135¢ vakiages to store
Jayer 13 11 is nade si.Licon nitride). i :
chareg BFop y e, Ty PRI 4900 BB e Puht yPSlos Py doyices
and ofheflogft (hb@sh();lv%@S?erIuB iacknesas.andngaioe 1 giehes hisd de ad frfa}/output
thickness. %OOS? Figure 19 is a side view of a wafer
transistacppedidting 8tYY e h¥ dh vol tage transistor and a charge
storage transistor nade froma nethod simlar to that

etgg th,i Fl..gur. 2- t . i Ofiii
o060 5 PSSl A R0 s B AR s
agent%%@*ﬂ-oxidizing nanoclusters is shown in making a memory, the same or similar
processes as described above may be utilized in the manufacture of other devices that utilize

nanoclusters such as e.g. opto electronic devices.

[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 -



Transi stor 1909 includes a gate 19 1, parti al
di ffusion barrier portion 1923, control dielectric
waamk/o3esanocl usters 1919, bottom di el ectric 19RGT/USZIN4/022508
spacers 1925. Source/drain regionsl915 and 1913 are
formed in substrate 1903 by e.g. ion inplantation.
[0062Por tlh @noth828nb&limherttne chefhodrof diakingsd devidedneledeslpayading a
portion (e.g. 1413). In one enbodi ment, transistor .
substratgdgving aptufiuscerf NaROAUHER ayd figtecire over Bt PLitg, gepositing an
- , , - ry 4 : LSt .
oxida BRI A GRER e Hr SRR RREREN p o0l AR HsBond aren
The fifdt arsiisdl @des UROKXidlnwnidater §akeeadkdB8 strgate aveethestbstate. The
1931, spacers 1935 and source and drain regions 1937
second arga hagthe omidagion barist tayercandggleastdhe panoslysiersath thhErygire
di,electric | ayer s ] .
removg AFE o el e Mot Rl o e il BerthPRRSHhes subsequen
to forPgl th@PatteirMAL Whd fdnPid dt0ehslORStibs of thersritiatibn barrier layer from
‘isolation region 1905 is located in substrate 1903 for
the firpicypasuibaggiuen dindhestosmingibe secapd diprgyic. [Ihgsopoying Mifeat least a
.. embodi nent . transi staqr o [ istor in a
Pm“°5?€8?%ﬁ$%¥b%ﬁQEQ“@?%@JP%ggéﬁkﬁﬁ%gééﬁ%ﬁﬁg and/ or
erasing the charge stored in nanoclusters 1919.
[0063T " ansiasb®er dHBNdimsnt¢ hafeamideyl inZakéh gasseaibbrglncwo e dggeincludes
‘transistor in that it operates at a voltage above the
providingasibstreieshagingrarserur wiruel nsnpgusterg apdl disdecoyeplying the substrate
, circuits of, t.he integrat Lreul I I
and oGy af gRiarbS oifkr B8R B SGlbee. b BTG BRBH P Rher

includek @Ol The geleiel RE MY EdgRENE Of Sticimenighial gHEcdmoxynitride,
charge storage transistor 1909 wherein the transistors

silicomfa silieoni gepuen vutapay. dgh-Kedielgpigic spaerialy angiagnetabt The method also
: hown) operate at 1.2 volts, [ : . . .
e IR AR P Bt Pat Lo BT OGP Y §gons o

the oxYdatioA®@er Alyeh@tiOie bigctbte] dnidzhé be@Bn@fire@ RaPPOLYEI of the oxidation
di ffusion barrier for inhibiting oxidizin%bagent from

barrieokiydi aridri laaatribe haschistery of thhaivustyra rerakyedg e meaiindyalso includes

.the sa 0 imlar processes as describ above .
ormi b R BT 9Bl BT 0 SRS P ARRLR, v
least Mpdrlibd B MROREIHEH BHiPicS UG RS EheTirsOREDsUBkERIEROMBIte forming the

devi ces. [0061] In one enbodi nent, a nethod of making
second dehdedite Thecleondemgphout leishy partiontes tepsitreduce i Higkgess of the
(ynangpyusters over the substrate, depositing an
oxidagon BUFIFOWYHarri er | ayer over the nanoclusters, and
patterning to forma first area and a second area. The

[0064 1 ' Sth ABERr EMBdMHARSL, h RRthod of making a semiconductor memory includes
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
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oxi dation barrier |ayer and the nanoclusters over the
substrate. The second area has the oxidation barrier
wo agsn3@ad t he nanocl usters renoved. The net hoBCBUSZN04/022508
i ncludes form ng a second dielectric over the first
area subsequent to the patterning. The nmethod further
nanocludetLid @s lipehmvi ahgraatstdregesibeaiopdot thenhage sthegexiadgistoonlhe

barrier layer fromthe first area subsequent ta
methogl gys¢i gl udeteOFRIBE AN | EREIF R IN R seOBRGH ?m‘é%f’ﬁhe second

t I he
dielclsEAghveR aPR o0 pBh o A3 e SRR B s A ot
a met hod of making a device includes providing a
um65$ub9Nhaépmhamhngnhxﬁmemsbﬂﬁepmﬁemanm@RMmﬁ@vsbamdhownand
dielectric over the subst e, siting an oxidat,i
descriih 0 Rt e SulGhm e P Ba trst EPnthy Shone
herein. ﬂfrrneiacl{dn?ﬁ arfl F18ldi ﬁ@ﬂloﬂ%%? @B ‘flna%E §AtholNEephltind!fréH @fs invention
des e oxldation barfier layer and the structure
and 1t@M©E\ddl hepesth sitd Aus. theliypesdaziona maneatoreasompass ovithimthescope all
barrier layer and at |east the nanqcl usters g.the .
such chpnges tapd @qdéfiﬁ%‘@'&ﬁ as PR WHBH B TH¢ SRt #d %a%%ot? B RuLn-
second dielectric over the first area subsequent to
formng 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. [0063] In
anot her enbodi nent, a nethod of making a sem conduct or
devi ce includes providing a substrate having a
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 al so includes patterning to
forma first area and a second area. The first area
i ncluding portions of the oxidation barrier |ayer and
the structure, and the second area has portions of the
oxi dation barrier |layer and at | east the nanoclusters
of the structure renoved. The net hod 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 banner |ayer 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



oxi dation barrier layer. [0064] In another enbodi nent,
a net hod of making a sem conductor nenory i ncludes

WwOopowwBeitng a substrate having a structure of PCT/US2004/022508
nanocl usters and dielectric overlying the substrate,
depositing an oxidation barrier |ayer over the
structure, and patterning to forma first area and a

nd area. The first area includes portions of the

oxi dation barrier |ayer and the structure, and the

What 8G0NFeatea has portions of the oxidation barrier
| ayer and at | east the nanoclusters of the structure
renoved. The nethod further includes form ng a second
di gl i rea subsequent to the

: pa§€§§ﬁ§%gf@%@%%gﬁ%3@§LSM?§{ %st a portion of the
oxpbatdima basstraey | ayer fromthe first area subsequent
to the form ng the second dielectric. The renoving the
at(FﬁwﬁﬂuﬁoﬂéﬁﬁﬁdwehweP@%@Pwpeduces a thickness of the

thgp‘%gftﬁ{@faﬁ%mﬁho% @Xﬁi@r 1) BB Adn Rl diskdrs; ur t her

i ncl'udes®formn storage transistor in the
fipatersingéo foffh d faasﬁremrp,m teicomd @ta,tthefisnaeh iusdwlisg ths oxidation
utilized as a charge staorage |location for the char ,
st or ag@”ﬁ?‘dméqfélﬂ%ﬁhe PPRRCI B R GUETANG SR HRE e 8RN Ag greg having

second, &8&11&1“1&%!}%8 %ﬂo@hﬁ@rs B 1 on of the

g
second r c ser eas as a portion of a

gafeemehged ﬁ!ébxﬁd giekbiricheesdedins atdaanbieguiait to fHRGREEmWWY; laad
particul ar enmbodi nents of the present invention have
beesmasiaw leasta Bergien obeg oxidatign pprrige layeiclayyhitheeldrst grea subsequent

those t%l%é her i %qthg h&:oﬁghleﬁ&ﬁa \A)i’l@tseﬁgthgl?&ﬁ \% Hg l}e at least a portion

t eachi ngs es and

may bean@deredhdRauhicReRant I!h@@xfda@ﬂn bditisr lapatent i on and
its broader aspects, and thus, the appended clains are

to enconpass within their scope all such changes and

2. MOGhE hRHIIQNS1AS 120/Bediid Mk RadREustidBicRBE hi fead e SEI6REI from a
of this invention. CLAIMS: What is clained s 1 A net hod

groupfeomakingg! ailidew nemoceompd, igsinmgiypn oviadiystpl | sdigbs tpdgamanium
formn anoclusﬁers over the substrate, depositing an
a“OXﬁﬂ"BQngﬁ ﬂEﬁT@%ﬁrW“89€ﬁd%ver t he nanocl usters;
patterning to forma first area and a second area, the
first area including the i dation barrie

3.t hEhhaRBER @ el loviiveipiee Bt woouhiclos Bﬂ%@%‘&ﬁ%@ subjecting
the o@(ﬁaea%op %Xrlrfgglayer 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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t he oxi dati on banner |ayer and the nanoclusters
renoved; formng a second dielectric over the first
woanBsaleusequent to the patterning; and renovPagUa2004/022508
| east a portion of the oxidation barrier layer from
the first area subsequent to the form ng the second
6. di Ehemethiod of ghemnéi Wh@h@ themsial igludee ahlteast en& gelected from a group
s a,thickne S

consf3fps PP byt AOSEs R Hin o e P S A ShREL, cobatt,

cobal@NREdeUstdiS, ity dLidat rutrRARin, ‘i’lﬁtﬁelﬁﬁlanﬁdi(%jarﬁd afhAim.
group conS|st|ng of silicon nanocrystals gei mani um

nanocrystals, silicon and gernmani um al | oy
7. na@ﬁ&ﬁ%ﬁ%@'o? claffd, WRERln (REBLRLYSH l?zlrﬁer:iayeﬂf'lﬁs Fedifafdséf 2
claimI wherein the formng the second dielectric
nanonetdrsidegrestabj ecti ng t he oxi dati on banner |ayer to a
tenperature of 600C or greater 4. The method of claim
1, wherein the oxidation barrier |ayer includes at
8. | e@Rd meedoekreh adfuithent dngisongd faamisd shisigorsfn gielfirstaind second
nitnde, silicon oxynitnde, silicon, a silicon
arcager mani um al l oy, a high-K di el ectnc matenal, and a
metal. 5 The nethod of claim4, wherein the high-K
dielectric material includes at |east one selected
9. frdhe methodwp chwonSi whete winstierhinihe Hxt deea inpdaedarge storage

transiﬁt?ré,oxm%%gté)oﬁ o&gt glth%rﬂélﬁ?ﬁg%%r%?ntq%lllgg# Qs crht sqgmigg locations for
the cB¥ilgl GsorZdetRAMKIoRg. OXi de, zirconi um sili cat e, tantal um '
oxi de, and titani um oxi de6. The net hod of cl ai m 4,

wherein the netal includes at | east one selected from

10. @ gﬁg APk Faﬁrh RIwRE: etnatﬂé fh M Rtors H'l‘i‘ %ts‘é&blﬁl' Jrézpl'ngﬁldes transistors

enum sil'icide, nickel, nickel silicide, cobalt,
havmg)h)ghtb dilddtidd dhet inchuidek pnmonsrqfcdlnammd dielectrigt heni um
rut heni um oxi de, and titanium 7. The nethod of claim
1, wherein the oxidation barrier |ayer has a thickness
11. of TRe AetARIf elasmdr, wheeat Be 1er180ving'|'iiteed“seﬁ bodionfofmﬁeabmmi,on
further conprising: formng transistors in the f
barrightayerdewntheditsbyed miclugipereroy Hgd! SRsiulstantal et é'ilf‘nomdatlorl

sistor,s e first area include charge storage
bmwf?% f§r§?§3ﬁVh%$% in portions of the nanoclusters are

utilized as charge storage | ocations for

12.  The method of claim 1, 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.



t he charge storage transistors. 10. The nethod of
claim8, wherein the transistors in the second area

WO 203/e8de® transi stors having a gate diel ectri edmizs2004/022508
i ncludes portions of the second dielectric. 1 . The
met hod of claim1, wherein the renoving at |east a

6. pCFitei oethod of Heinok? dathicoeorbirsiiger | ayer from the first

area includes rempving at | east substanti al |l |1 of .
form{ieg Tt GhEr oA P Nyt PR AR e PrrEn b o reppving the
secontN8ydFebiRf, of claim 1, wherein the oxidation barrier

[ ayer 'includes a first layer portion and a second

| ayer portion |ocated above the first |ayer portion,

wh ' ' .a portion of the
7. ox%gg%t&ﬁl&gg#n?@ypgg%%oﬁﬁﬁnﬁ%e first area includes

I eroviding o uesisee bandng ayeuctpe of hatochistels drlaliélectsit overytee

portion remaining. 13. The nethod claim 12 wherein the

oxi dat’H®afarri er |ayer is oxidized to formthe second

I ' ' a4 The. [ 12 wherein the

£ FEpoiTBE b Bk naFIE IERE RS B WD e, 15, The

megafechigf todban mfit? andaeandiarsetdne areytheifivgt dréreinsiadorgdhe oxidation

| ayer portion further includes etching the second ,

| ayer b iayer Wik e sEuduigipyaisthe sehstiate; Hslthe fecond igpayving the

furthes ifaf 0P B’tlﬁilep glé/exf A0 ﬂ:gst%é @%%Eluglfers%ttﬁe ﬁﬁ}cﬁf&: %moved;

over the TIrrst layer portion subsequent to the

I elFEMing G sebehdsielendc bastahe Aot hie@BubstquenAtonfeihog thé patterning;

maki ng a device conprising: providing a substrate

havi ngh8 structure of nanoclusters and dielectric over

t he trate;, I an. axi j V.

BB i 5ROPLLNP S AT A B0 DAL R sabsquen

and a (6 erRaBhiAk &ies sebbid dielestricawBaeinnkd rehidving the at least a portion

oxi dation barrier |ayer and the structure over the

subst raateast reguges phehigeesnef the eddaian hgrieriayesxi dat i on

barrier |layer and at |east the nanoclusters of the

structure renoved; formng a second dielectric over
18. t HEhef inetdbd af dains libsepuenthe mnpbdpsteagf thesstpatureingiudg 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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and renoving at |east a portion of the oxidation
barrier layer fromthe first area subsequent to the
wOof wp3n3agHot he second diel ectric, wherein the reeavis2004/022508
the at least a portion at |east reduces a thickness of
the oxidation barrier |layer. 18. The nethod of claim
22. 17Fhevm@h@d of dltien Kanderais thermanedlustere ast formedibya megiadde
| east one selected froma group consisting of
“”m%§V¥con nanocrystal s, germani um nanocrystals, silicon
angn ML HRMHaHB2 184k 0N BRNAGEN S Rl Bele@NE aRE §i@dsequently annealing the
nanocrystals. 19. The nethod of claim 17 wherein the
f or m ngudthe ts éhid pise semration 1 hyhudkmeclasibjsect i ng t he
oxi dation banner layer to a tenperature of 600C or
greater. 20. The nmethod of claim 17, wherein the
23. stTheatethed oisclfiar i dvHeyeim thesstinoidrecio figumesli ygr méthpdicomprasing:
bottom di el ectric | ayer over the substrate; form ng

naFﬁHE‘Inés}tb@FtdeU%‘FCtt‘ﬁQV‘HdP? HASE#& ectric I ayer; and
f Qfegb Qn 2t GO E‘Xé la%]%'f %QIHCLIIL%téI %Ya%na‘?\ﬁ%l thdBottom dielectric;
u 0

nan sters. e net of claim?20, wherein the
babimimg dicehedltdiélecttiayesr tang lesnbneohandtiebtec taiecial lay@r and
each incl ude one sel ect d fr gr ou nS|st|q
siannedimgdhoxigrst org ly g ﬁlbfel’ iTerte ‘%ﬁ“ﬂ?rﬂaéﬂ% 8%‘”5
al um num oxi de, | ant hanum oxi de, and | ant hanum
silicate.22. The nethod of claim1l7, wherein the

24. nakhsaneiBedeiclaime | T.aheean Bl devicsitederles ammmenyagd Wherein the first

aredmn‘g t#n@%ore}?frf’&a%ter material within the dielectric

Subsequ anneal ing the structure to induce
phase separation to form nanocl usters. 23 The net hod

of _cl ai in the structur

5. ekiigne BRdrsI8Rh LT Mhsieit HG S BUPD S LOELEF 1B Pdgast one
selec!eH@r(ﬁrUQ%Fcfuﬁtc@nmQW'SIHCBS nfAtidd, 8ARbn BRGhilrAKEE i, a silicon

nanocl uster material over the bottomdielectric;
germfronmi allgy a hegmKrdodledileheotnl, enduerctdlhe at | east one

nanocl uster material |ayer; and annealing the at | east

one | ayer of nanocluster material to form
26. narteaheriddobclaidd2s, erdietheddgloK ditlactnt batervharcdides hihleast one

devi ce includes a nenory and wher?ll n the fir sth .
selected from a group consisting of hafmum oxide, lanthanum oxide, lanthanum aluminate,
tantalum pentoxide, 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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area includes a nenory array area. 25. The nethod of
claim 17, wherein the oxidation barrier |ayer includes

woatnoid/@asth one sel ected from a group consi sti n@aafus2004/022508
silicon nitride, silicon oxynitride, silicon, a

silicon germanium alloy a high-K dielectric naterlm
30. anbheampibpdpf clzien 25 Hehangip HEBSIBPISAN HienfitpEareqis Ude Ghange Storage
di.el ectr t
trans{IF0 Wi LRl 8 @g%&@agﬂgsfeéwemﬁg qgﬁsfé#lﬁ@sgo%s%e@catmns for
mech@@égaﬂwgh@%$a@m Ianthanun1alun1nate t ant al um
pent oxi de, zirconiumsilicate, |anthanumsilicate,
al um num oxi de, zirconi um oxide, zirconiumsilicate,
.t aAh b @ %F d8im 80 dvﬂér&ﬁ'ﬂlétﬁln@?ékﬁ@m&ﬁe sebBrd aRb heuddks at
claim 25, wherein the nmetal includes at |east one
transs&irehzt\eng i poendilegtrouthaicoeledest pomigonsfof thenteadpnshdicleginigst en
silicide, nolybdenumsilicide, nickel, nicke
silicide, cobalt, cobalt silicide, iridium iridium
32. oXTldemethud beahimn$ | mirkleeniransisoocs dethe dindd atdatiaelndee2i@ge storage
The nmet hod of claim 17, wher ln the oxidatio ganner
transjsigyehainga BOYNR dIGRSEE fipvng hBiEReS eV BB gg"fee gleptricsgf
tre ans;gh)“?s gEhbd 0k dﬁelcﬁao% Jr?hlclfng!st J}Q{telctﬂgﬁpfh'e%leﬁnesg Bfﬁ%%gttom
transistors In irst and second areas
dielecr@thod of claim 29, wherein transistors in the flrst
area include charge storage transistors, wherein
portions of the nanoclusters are utilized as charge
33. StTHeagethb@6ptlaen$7,valferéiRehociomogmgt Waggepdrtiamsf kit Okilation
31. The net hod of cIa|n129 wherein the transistors in
barrmﬂéyeg sosnide dirg ardarin¢ludrsgempVing ahlens sebssantialy aY of theaaredation
ectri t. _includes portions of the second
bam%f I%Yeégt Fi tg’etf’é% %he nmethod of claim 1 wherein
transistors in the first area |nclude charge storage

o FREAEARS T ALY R SRS DR Ry g
port1$rh§nc§z?§é‘€89d %&&%Wlo@at&@ hlS‘dV@Qﬁeangf %géxﬁforﬁmﬂvﬁehﬁn the removing

hi ckness of "the bottom di el ectric. The net hod of
east aportidd of thieexalation harrieelmper fngn gte fireaata mcpdes reorvofg the

t he oxi dati o a er fromthe first area
seco Jﬂ’em&’@gqu‘e%qw ”ﬂﬁaxeégﬁftw&&ﬁ?t"amgr ally all of the
oxi dati on

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 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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barrier layer fromthe first area. 34. The nethod of
claim 17, wherein the oxidation barrier |ayer includes
wa2s/m3b4d ayer portion and a second | ayer por tR@IMUS2004/022508

| ocated above the first |ayer portion, wherein the
rennving at | east a portion of the oxidation barrier

39. | dyeethog efmalingfd segticandagior gRFee N EM8vi ng t he second
| ayer. .portion with.the firs tiqn. i i g,
3SR e ROt e S} of AYBROEL BRI, Bitling e
| ayer sitsergil di zed to formthe second | ayer portion.
36. The nethod of claim 34 wherein the first |ayer ,
palepostiEng an aKidriionbetrear dayer oyes she stypturepydiergip HiscPxddation barrier
cl ai m 34 wherein,the renpvj h - e [
Furt nber Hertaus e ERg e TS sR TP R0 R B B ofae.
an et gihicod8xynlthige M@lidbada Oficd gdrMasiinf Alfdyhehigh-K dielectric
conprising. formng a |ayer of gate material over the
first masgyet, apdptmiestl; subsequent to the renoving the
second. | ayer portion. 39, A nmethod of . in . .
S SR OMETECurT AU B anha rrar gt ook T udipe pogjogs of the
havi ngxRagdd bttt 18yRfand aRAehbGL hfid BRGecindll 26d Kaveng portions of
overlying the substrate, depositing an oxidation
bar ri 8re dxadagion bawier ayer aydraydaasiythe nenstusiens efitle structure removed;
oxi dation barrier layer includes at |ea ne sel ected
¢ Heas § oo ditatdt THige sroud FRE sfbssn Y ln e Bricingl S
0X¥Rblihk A€leastialpofifdh ofahSbAi AR HSHdFANeH Foal theYirst@rea subsequent
high-K dielectric material, and a netal; patterning to
f or m & thefetmiag g sarmhdaligdegondviarean the aolingghe afrlezst a portion

including portions. of the oxidation barrier |ayer and
t he sf‘?'ﬁgst‘lh‘? ',"eba‘h@“‘%ﬁﬁssé)gglf’n(a“ 108 DR K5 bor t i ons of
t he oxi dation banner |ayer and at |east the

nanocl usters of the structure renoved; formng a

40. st BlHNOgi b MEki g TSHCAHEC QBB A AT ¥BP S equent to the
P}ﬁ-&ﬁai%%gb&&% ERARV Qflicttbe bE 15?1?15@%%1'(1(21%1&]:&1'5 Berlying the
oxXi dation barrier Iayer fromthe first area subsequent
to theutisatirgt ng t he second dielectric, wherein the
renmoving the at |east a portion
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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at | east reduces a thickness of the oxidation banner

| ayer. 40. A nethod of making a sem conductor nenory
woo3keiong: provi ding a substrate havi ng a sPCTAtSae08/022508

of nanoclusters and dielectric overlying the

substrate; depositing an oxidation barrier |ayer over
41. t hEhesmetied af elaimy 49 WEEImiGe ogidedehPaTier hayer ingludes-h dpagt one

selec?e%ﬁ?ﬁr? a %go ' co%g‘sa’tir{ 4 JShicdh %@rihﬁ,(\slil%%'n R ?’lﬁ’]%&el, Qlﬂgoﬁfa sﬁlh:%n

oxi datien barrier 9 ayer and the structure, an he

germ@RiaANdiod! £Righay dRGcphiens, afd 4 inetapxi dati on barrier
| ayer and at | east the nanoclusters of the structure
renmoved; formng a second dielectric outside the first
area subsequent to the patterning; renoving at |east a
portion of the oxidation barrier layer fromthe first
area subsequent to the formng the second dielectric,
wherein the renoving the at |east a portion at | east
reduces a thickness of the oxidation banner | ayer;
formng a charge storage transistor in the first area,
wherein al |east a portion of the nanoclusters is
utilized as a charge storage |ocation for the charge
storage transistor; formng 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.4 . The nethod of
cl ai m 40 wherein the oxidation barrier layer includes
at | east one selected froma group consisting of
silicon nitride, silicon oxynitride, silicon, a
silicon geimanium alloy, a high-K dielectric naterial,
and a netal .



