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BACKGROUND OF THE | NVENTION Field of the | nventi on
[0001] This invention relates to devices Wt

nanocl USEMIEONREETIOR DIV KFE YHETERA AN @@WsTFB@OZ]
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 ShaagBohn a charge storage
l'ocation of a transistqgyehm J0e exanples, the
nanocl usters are | ocated.getwggnyt wo dielectric
| ayers, abottomdlelenlgrlc d acontrol di el ectric.
Exanpl es of such transi Wén% i'n¢l ude thin filmstor age

transistors. A nenory typically includes an array of
_BW_Y@MAC LdN s of nanocluster types
i ncludes silicon nanocrystal s, germani um nanocrystals,

Field gbtht Inaemtédnust ers, and al umi num nanocl usters. In sone

exanpl es, nanoclusters are from 10-100 Angstrons in
[0001%i zéﬂyiahd/emmn eeitafto deped with tamdoledrssenmi conduct or
mat eri al or made of conductive materials. [0003] Sone

b mermrlfez Egz‘tt ligve charge storage transistors with
€scr npl enented on integrated ci rCUI ts
al so i nclude high voltage transl stors.in

t
[0002&. ?&mm gevigse queors TBFAPHSHE ZohRI IR, SEGiniGsh lHélZ@ﬁia%C&ée
charg%%t%f . 3981hRAAL dfaﬂ inﬂocfulgt%l <GB G6siBLA %g%lﬁﬁrﬁ@@td’?rg@rmamum)

rgrng or arging the“charge $torage 1ocations
for storfnglis@ebeti® aghae songe dscaion of Hirtisisdr. iimbomeratanypies, sird
may be referred to as ,r ranm ng or erasin t&
nanochisigs i1 ecisl et wers e %l%ﬁi 3ot dtgiecttic and a control

d1elecér?| )I(%ns[;lgs cgflyugl#(tr%gs?org)%c%e tﬂ_lﬂ'fﬁmgs‘%&ﬁgé)?fbr%%tﬁy Abrﬁemory
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.



st eam oxi dati on process. This steam oxi dati on process
may penetrate the control dielectric of the charge
W@ @sAg&40 r ansi stors thereby undesirably oxi di BCTVS200€022508
nanocrystals and undesirably increasing the bottom
di el ectric thickness. [0004] Wat is needed is an
BRIEF MESORIPTEON @F TofE BRAWENGSdevi ce wi t h nanocl usters.
- 1- BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] The
[0005]0r eg®Blprdsemantdntion My bedeheat ineersiod cargiticatimeaogs otjsts,
numer ous obj ects, features, and advant ages rmade.
featur %spmfémnttlgpsm@@elpgwm tadhqsp skifjed Hy the Bgigoe/é? SFERERRe
ying drawi ngs. [0006] Figure 1 is a
dccomﬁénytlﬁgaﬁ?rqw'% vi ew of a sem conductor wafer during a
stage in the manufacture of an integrated circuit
[0006pCCFElira'd i$ ®patihli sidd v1ewtm®dlsamr¢bnmictdrh/eafprcksmlgta stage in the
I nvention. [0007] Figure 2 is a parti e view of
manufgesHieca i it Siatodg VIt AcrorHe %@ﬁ&mg@ﬁ@@ thymresent invention.
manuf act ure of an integrated circuit according to the
[00071:I F ¥ %Lﬁg:%%jé cfie f’ B, 03 L eSRondRYGE W AreNdurlid0P8lher stage in the
i gur e view of a sem conduct or
manufa@ies ofdu ﬁht@ga&ﬂ@hhent a&io&t;&g tontht fiest embodiatnuptthefpreaant
integrated circuit according to the first enbodi nent
inventgin. t he present invention. [0009] Figure 4 is a parti al
side view of a sem conductor wafer during another
ta t. f I T the
0008 ST 3 PR B L B e o G e Ul ther st in
manuﬂa&\d&rﬁﬂa@nntcéﬂ&]‘.l(b]ncﬁir geuoedibg istha fiparetribablingindef thiegwesoft a
sem conduct or wafer during another stage in the
inventiginuf act ure of an integrated circuit according to the
first embodi ment of the present invention. [0011]
[00095@9%1& € 41iS 2 Bk &i %H@Llew 48 sWn?é@n@uct@r WEE EANHUGI/er stage in the
uring anot her stage 1 n the manufacture of an
manufaBluggsfaingtegiateaiiicuaacardng g the firsienftiordsbene obddipresant
of the present invention. [0012] Figure 7 is a partial
inven#9mde vi ew of a semiconductor wafer during a stage in
t he

[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.



manuf acture of an integrated circuit according to a
second enbodi nent the present invention. [0013] Figure
wOoRoos#3esaparti al side view of a sem conduct or wrafaIS2004/022508

during another stage in the manufacture of an

integrated circuit according to the second enbodi nent
[00143f t Higurer Liserpartiad islgtviemof a semicoolyeWf wafegdpeng apathey stage in the

artial side view of a sem conductor f er ri

maniibine 8 o2 SV pREr e ReRTa Dbt g prosen
invenGibhcuit according to the second enbodi nent of the

present invention. [0015] Figure is a partial side

vi ew of a sem conductor wafer during another stage in ,
[001%]he Fewuf Heisarpertof sida viaw elgr srmiebneluelon vafeaduongiprghergtage in

th d enbodi nent. of th t
the me R G Q4 pagtim s e TEnE TS ookl KRR ERgy bLRpgeser

inveridhi Ng anot her stage in the manufacture of an

integrated circuit according to the second enbodi nent

of the present invention.ﬁ}OOl?] Figure 12 is a ,
[0016]ar t Figures] is aviagtial eide yieyent xsamicendostlonsater dyripg prpther stage in

stage in the manufacture of .an integrat ' [
the QR o BEL e bnaoarERE B SRR BBt bt he presen
invenidyention. [0018] Figure 13 is a partial side view of

a sem conductor wafer during another stage in the

manuf acture of an integrated circuit according to the
[00171hi r i gend blisraerartia Bide yésvp pled samiconsyeler wafer duong aptage in the

Figure.14.is arti.al side vi f ' . -

mara e B g BB P B o T R B A B invention.
integrated circuit according to the third enbodi nent

(0018f t IFRuRs €5 RN partid S1tleividv of H2torfdugter &vafdy duBing@ another stage in
partial side view of a sem conductor wafer durin

the manofahiere oft iagetegntadmarcpi nedading fethefthighempedigeat @‘ghe present

circuit according to the third enbodi nent of the

WiP8sent invention. [0021] Figure 16 is a partial side

vi ew of a sem conductor wafer during another stage in

[00191he MRS affsUr @@l sriR vidW 804 adngidotiut@iiwtafaciasingunghéstage in
the third enbodi nent of the present ,

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.



i nvention. [0022] Figure 17 is a partial side view of
a sem conductor wafer during another stage in the
worreesBeab ur e of an integrated circuit accordi RGTIUS260A©22508
third enbodi mrent of the present invention. - 3 -[0023]
Figure 18 s a partial side view of a sem conductor
[0023}af eFi gdterl&mg agrdtaheide steagef cnsetm@ondactgf aafem derieg angther stage in

d circuit acc rd| nbod
e myRuE et au S BRI SRER DA OTabP BF GuiderhEp ERER ST ypsem
invenBibfe Vi ew of a sem conduct or mafer according to the
present invention according to the present invention.
[ 0025] The use of the same ielciencc synbols n
[0024d| f f Eigeret 1%is avnartg:é sida dle@a@feassemwtduetar wiafes geconging &xsthe present
hermn e no@ ﬁs shown n the Figures are not
I"VCHHQEQ%%O ‘P%;P Fa?xbﬁ?e‘&td“%eé‘ P& DETAI LED DESCRI PTI ON [ 0026]
The followi ng sets forth a detail ed descnption of a
[002310deThOUseCAT hY Lang: REerdcB8yhBYIE MM dibferchberadlesdrih@tatedidentical
i'ntended to be illustrative of the invention and
itemssimdash dthaorisbaotedk Ehe viewbehdwmint the §iguFace potFiegessady firgvn to
show partial side views of a sem conductor wafer
during stages n the manufacture of a nenory including
nanocl usters according to a first enbodi nent of the

DETRIEEDDESOYEPTION. As will be described |ater, the
— nmet hod 1 ncludes ut

scale

Includes utilizing an oxidation barri er | ayer
[OOZ(EO r irgh ?&lot\dlﬂgsét@ﬁ)rt‘ﬂ)% cﬂt@il le@ 'Hleé?:%phbﬁ oN2RRAk BStRRGin@RAdt the
ottomdielectiric Referring to Figuie 1, watei

lnven].l@ih iThe Kesdeptian semeudmldudptmlﬂussubm ofathe imvegtionsgahpelgnot be
' %Jﬁctrlc 105 (e g of silicon dioxide, silicon oxynit
Mkmﬁé, HHPEm oxi de, al umi num oxi de, | ant hanum oxi de, or

| ant hanum si |l i cate) has been fornmed over substrate 103

[00275] g. F@ﬁré%xll 6330 ParBihl GMERLGHRbF ¥ FRNCoRRBRS Waf@MurihP s@B& in the
iment, bottomdielectric has thickness of 5

man uﬁfmmﬁeﬁ e rrmmdwmqhtayng)@armf:luetlemccmﬁmgm @sf S&@Iﬁboétrh@ﬁ of the
enbodi nent s. | ayer .of .nan

clusters
prescBl FTVEBT. 2 HeHeSGBce. NG Fer g 51 ieks e igation
bam&qﬁ)@%ﬁmnbmng the oxidation of the nanoclusters and bottom 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.

-4 .



all oy or other types of conductive material o doped or
undoped sem conductive material) s fornmed over bottom
woadbelsedsni ¢ 105 by ¢ g chem cal vapor deposit iPGm/US2004/022508
t echni ques, aerosol deposition techniques, spin on
coating techniques, or self assenbly techniques such
Howee/egtheamn@cémamg naothhn gmbqdiments Mag benoh aetsizesta@gder ofhgr densities.
lusters 107 are Emkno

Nano&lgﬁtslcsnfg)gt\g e Li[lIJf/ 1or1]anolccgmeﬂténo ¢ e SéOlfl%G Cal Onglm T, fms1stors (not

showﬁf&%bhb%&%ﬁcﬁed@ﬂw’d@l abi.l e nenory, the nanoclusters
have a planar density of 1 X 10 12 cm2 with a size of

to 7 nanoneters I n sone enbodi nents, nanocl usters
[0029dr e Rp@mlmg)tommmgstawrmf dieleqtematerigl (erowigen digde, silicon

sters. r nts I
oyl BB b O R TR R0 5oRlyrPlehl A5 i
forméd dvlet 2@k 01 bl BRI aﬂ@rﬂt:am/@?@r’ft&b@ﬁu&{ @ fagf alcoa@bl deIsctiib 209. In
transi stors (not shown a menory fabricated on

one embétmelmlcorl[r@loﬂg}%ct%ﬂ@? ham«gthncdmsssgnﬁ pel (pnangmietgyse bubmay be of
ectri.c silicon dioxide, silicon
mhaﬁ%ﬁﬂF?%?d%omﬁh?ﬂbﬂhW%Q ®de, al uni num oxi de, | ant hanum
oxi de, and | anthanumsilicate) is forned over wafer

[0030501 BYsoBncemSdBMEME thy BREM dRRRE&ID 103N nirdcfudler® BO7, and control
control dielectric 209. In one enbodi nent, contro

dielegtiie 82 maly de Fomeaddy ian trplantaess (e s@cqmorhmm)snww@yer of

T N SR e
the la?mléé&ﬁé $halddidl. RNhG @AHLAIMGEb8Edh |di‘€lé7€(919c @8, nBfoclusters

ormed by ion inplantation (e.g. silicon or gernanlun)
107 cundtcontaolldaqlemn@ﬂOQjmy geforined rivutl@mysa«ilh(znw 0§ laeviispn rich oxide layer

e RSP BRBRLLD B e bBR kS L eesprmogimens. e

nano&hﬂ@nrs n@fmqhmﬁétedhﬁtrﬁ@n%lg'lﬁle?sCIb&dté‘d dddve ARG LUGERESicC. In
7 and control dielectric 209 'may be forned by

otherreatodatatd, itheatdanodlugtrsarsiorinedhy déphitiogiadhin| zmlyephous layer of

t t | f {
nanofl GG HST & |1 G NBR BRSO e So U Y SHAHOE epaped is
sub&ﬁﬁ&nbﬁn&ﬁmggﬁﬁgkgg in multiple layers |ocated above

bottom di el ectric. In other enbodinents, the
nanocl usters are fornmed by depositing a thln.anorphous
[0031]ay ein athenemioslimeitera tivat (erg 815 nagometers) Papsavasivatieyes (not shown)

masELELT ANE FesUlLart SLLOL UGS s amnehed LR convo
dleleftm?@@b bfed Qvémgba(;ﬁv&xon%érnanormter s) passivation

ayer not sh ovvn

[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-



made of e.g. nitrided silicon oxide may be | ocated on

t he nanocl usters, wherein control dielectric 209 is
wo baisreeb4over the passivation |layer. [0032] RePerTmusmg4/0I2508

Figure 3, an oxidation barrier layer 3 is deposited

over wafer 101. In one enbodinent, |ayer 3 is made of
nickel; silicidm cobal cekalt silipidy, Hedivmpissdimenids, wateniun, pigaumoxide, and
Gitan'T incl'ude any material or conbinations thereof that

Metard the diffusion of the oxidizing agent to the

control dielectric surface. Such materials may include
[00331 | | dARNBEMbbEfhens ibhire® hyeX YN it DirdGoméstetsi thieR, Isbthecon

germani um al | oys, high K dielectrics e.g. hafnium
embodiimgats, lagen Hdruan oafdsher|thipkiean ulh samg gnentaiaygr dhi may
Johent oxi de.. ozi rconi um.si | i cate, | ant hanu I l.icat €qq1:
a3 Rt b 2SRl et o T ane SRR Rrab sy 1 i ek

enodgBb 8k U EXbEEWiRRE “pint RN WRFRK fdeodn I@péHetralelRheaR Barrier
generally inpervious to the passing of an oxidizing

layengjentln ofhea ppbed mehtss bighchleyal3d Linel vaetetialibig ignyithstand
tungst ep sui ci de | ybdenum suiGide, nickel, - 5
tempepiitigs s findts o1 daiBaProcees S OEG R gt} i s
i ndi um oxi de, ruthenium ruthenium oxide, and

[0034] t arRfBRring RO BiRlurd A 192 3€ROHiIrsMEAElectRan0LnaheyEsters 09, and
nanoneters thick. In other enbodinents, |ayer 3 nay be

bottgrh disidwenic 10 ark patsmned 19 lepygshasaisauitmsninsthe nagpeqry 3ray agys (.8

~have a thickness of 2 nanoneters of greater. ln one

103 B eSO B Foug PO ST Bl BB Bl g e area 409)

of waRR1 0 NURUsheWhitddmeent Aliyer ROL &'refRl&EHPa BBl et&h ¥B& Bortthdl dielectric
penetrate beneath barrier |ayer n other "enbodi nents,

209, lmanedlesters dQarand Yovdmaligiedtee il & argltraoted by weistchndn another

t eratures of a.furnace oxjdatio rqc (€e.9. .600
embp R, &Birbiefion Pou SRRy BFp oy B el FEigheidhyapor may be
formaddn neRIHY fea dDEL&GH lnfer RZessBaNOC] usters 107, and
bottomdielectric 1 are patterned to | eave those

structures in the menory array areas (e.g. 403) of '
[003¢84f erRefatingnel Figore Brdveh véloge distactot UrSels graym on khstrate 103 in

. . hi t . . f f 101., | .
e O L5 0 SR B o
voltARAr 8 Qb FAho 8 WG tHal, Gn 208 cMBRRRIHST RE Biti kE0 to@ﬁhﬁlement

bottom di el ectric 105 are renoved by wet etch.
progaamonvgrand ghod cirantry fa chargi geadidisshafgingghe alrrtgalstyring transistors to

e A AL B B
wafer 101 to high temperature steam and oxygen or nitrous oxide to oxidize the exposed
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



[0035] Refemmg to Figure 5, a high voltage dielectric
515 is grown on substrate 103 in high vol tage areas
WO0Ts/e0640405. Dielectric 5 will be utilized a®ca/gave/ 022508
dielectric for high voltage transistors (not shown)
that, in some enbodi ments, are utilized to inplenent
a metbmdghaammmgmrtue exlslsteowfrtb@mnﬂylw@rs apidéor ghipkenangiof the bottom

i.schargi ng the. charge storlng transi stors to be
mek@ﬂfﬁﬂﬂ”?ﬂxﬁ% @"@F@g’ %I n one enbodi nent,

dielectric 515 is grown by exposi ng waf er 101 to hi gh
(003718 TP REALHAE 101 SRR R rAKY SR P BF i KOS WidIeRriE 815, barrier layer
oxi di ze the exposed semi conduct or material of
311 is pdrsevedt én Ql(l)ﬂemlvpcbmelasbdﬁl?f layed 3405%s removeshby 8stloeti eerit etch. In
ctric 515 a th ness of betwee . .
other ESRaTaLS T Shiy HageS SLREPs b cg ad | Ad projest dietecric
515. @(@dé}@?@l Bis kMo 2 RBlQEH Sredry Sichdihg p8Cdrhing rakériATRYremoved.
formed by a bl anket deposition over wafer 101
follomed by the renoval of the dielectric over area
[003&]03. If s@zs@]uemrpmsqsr(eotfsdapwai icharge ftogige [tiansiptors &5q formed in area
rrier b|t OXIdI ts.fro
403 PR iRy Fha e ot et o ara 38 Th it Fbegimenc.
otherkQdos ARAnHQbL M yheebBfd inCard:d207 Rh@4Oisheh & hlisRRSAs for circuit
that includes abarrier |ayer over nanocl usters to
loglCidnh|1rmut/001>pud¢lmung/ eigbaingedr at@mlp(entetﬁcmwrrsg)fmenqqh@ters 107 are
utilizg?gqoééqwr fn(ggtﬁjwcsg&é;c? 894%? o? t|§ C%élgﬁé Oﬁlé’lé trtaﬂgtstms of a memory. In
subséﬁ'ﬁgﬂxtrﬁt B&R8sek e e SabbAMeRts, 4 RGeNANAR! HEESSs AEPHsREd over wafer
thi ckeni ng of the bottom dieléctric during oxidation
101. t'rdnertu)mg Obgm: onges, npmw}el Réd2and qngtrobdiFieguice208 arathee patterned
of high voltage dielectric 515  barr.ie
i argagfPdo SR GpiGh SanER oG BB, rECon SR P S e cparee
uma%?n&%%ﬁ%@d by a selective wet etch. In other
nbodi nents, the wafer is patterned to expose barrier
| ayer 311 and protect dielectric 515. After |layer 311
[0039]s r Ermwvesd - by stowpidrtialtsede oewslolu mntjhondtlht@r pafardnringetages in the

terial is reno 003 In su uent Proc
man g frgtTe chA RO R g bEPA el ST & s B RGRRessof the
presefl BifetR. Eﬁb@erhh%lfb Fl%hteaﬂﬁ bbft@ﬂ%hél&&ﬁ@ 768 & ff)ﬁﬁé'ﬁz-‘@vér A substrate

areas 405 and n ot her enbodi nents, other types
703 affwadferatdi Nanpdusterp 70@ afectheme tbrinad av@agafd070 land 405,

such as transistors for circuit Iogic and i nput/ out put

ircuitr nt e ted C|rc ns. of

(004§ o feliitido T g o R ndiii Tt 80F frleBniiegover water 701
on na@bOLAER 709Caqht QRR1aOén Bttﬁe.qh%rgm $d ord J]Qfeﬁeh@%te%"aptrhﬁn of

a menory. |In subsequent processes of sone enbodi nents,
nanoau$tag g7 oln gat @bl mentddyer §0% apbsles sticovarrideaberin 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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101. The | ayer of gate material, nanoclusters 107 and
control dielectric 209 are then patterned in area 405
W0 0005mB6o4t he gat es, charge storage | ocations, BROTUS2004/022508
control dielectric of the charge storage transistors.
[0039] Figures 7-1 show partial side views of a
exposs@mrniomtimctom subsaher70dubdrrier lsyea$e9 inmbitsexidramgfagents from

nmenory. i ncl udi nanoc|. ster C ord 0 .
penctQlnG S BRSE IR TD it RO BT UERHEC FaS R mal B dbaPed g
dielecht G IF%&LW)?S {ill Be DOLiIQM %I% ‘?%lrtl'oﬁ of e gafe dioeemd rev@insators

substrate 703 of wafer 701. Nanocl usters 707 are then

formeflom meds 20emdf7er 701. [0040] Referring to Figure 8,
an oxidation barrier |ayer 809 is deposited over wafer

oo R0-BRRRS ek £l e AR S IGH BN SDBHEk b B8 removeo
and d%f&mcnaﬁrﬂq 1 m%g@{éﬁ olvéy»%feﬁ% infRld@ves |dgél‘q@rl5 and
but 1n other enbodi nents, |ayer 8

nanocilusoelrm@ dhivee emhbdimnieal, dayer §09 suchows! hyowet deiersiim dut may be

R R AT Tt
1117 g'rﬁlcﬁcotf sl o AR xflcQlep&difca rb?%ﬂer%f%ai \@%B?déﬂfb@ﬁ%nsbiélﬁétiﬁlﬁ ®er

I'n the nenory array areas and to renove
1117 tshxD&eed;msrtbe tomtes dfelamiofon eanastelas”or(rmdgn nirﬂnghy\ao‘ay alge 903.
are 5 0042 Referrin o Fi re 10, e
Dielegtgg & penbl 49 SGPSaAS P RORBAL IS SHiEions (Mg ¢ i etecic layer

1015)8\1#?%‘% s@(fmfeg@n%m@ej@yconductor substrate 703.

e oxidation of the - 7 -exposed sem conduct or
substrate 703, barrier layer 809 inhibits oxidizing
[0044agenmsubseqmrpepmb$sa$ {1y s}h(rwr() mmtmrsgeeur@sms arecformed in area
ttomdielectric be described. |a ,
003 agf BiEBaPHIE edyeiot GBSO BEEAT TSR e g rn areas 905
and 9B9" bdrBn Ly thpﬁang)@tu@lcpé ﬁhecﬁ"é ][1 IIQLCEQB fdhPRE 'cmlg& StofE M&tions of

in areas Referring to Figure-,
the chafgeerox ngeal asowihofof mbanybe_,r Im@m&eqlbﬁam piceessEayieson80gnb@liments, a
enoved and dielectric | I S deposited ove

¢
layer ghgts Haeaa GURTErd P‘éﬁféﬁ“‘?ﬂlo‘i)é 448 1998 Bt TafeE s ganociysters
107 arg@rg?ngmp gféie'&mtzod Y fen ?9:3 rtn)éd hEIOVRA (B¥odh U sgafé'staﬁﬂi Bfarge

ut may be reno y other techniques In other
storagelfbadbneot the changonerageradiinenfornttideh et niea. Tay &ryeivofi gate
made of silicon d| oxi de deposited. by ?hem cal

vapo
mater%a@g,bp iparerney @ fapp ,tl?ecgcqteéy)é the tran31st0rs ormed 1n areas &Og and 907.
[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



7 is utilized as the control dielectric for
transistors forned in nmenory array area 903.
wor@sesdond c | ayer 1117 al so serves as a porti oPnCDUS200€022508
gate dielectric (along with dielectric layer 1015) for
transi stors formed in areas 905 and 907. [0044] In
other siibsdimesn} laperaces sey ifciode ahawniieridhepges Bowrdegaibed above with
transistors are forned in area 903 and hi gh vol tage
respeqt {[84¢'stldr s (and/ or other types of transistors) are
formed in areas 905 and 905. Portions of the
an er, I
0047 T B S e o B PR Pt EbE P A NEDERized 10 form
oxidizd rpefmfnyMlB easifpsegmantinppades $¢53 of lagoriél Entoaticregritogjment,
a | ayer of gate material |is deposited ov r wafer O% .
layer Hd ip ay@rzeeﬁmgataét%a} @HIRION PRRRSSY] 11NE FRBRGGR y here Barrier
layer fﬂqtlggli ah&ln@&k thfk 38 fﬁ‘lgdé(l)'}%ﬂldaﬂtntllﬁlaQQQ€ bt@alﬂroﬁ?daggliiprocess
formt ates an arge storage | ocations of
result§ hﬁf@&orﬁt@lﬁa@eﬂ dpprsdi sitetys3-5 onmedete tmlbmncagmralryhnade of
| ayer of gate materi al e patterned to formthe ,
silicogydiogileofThe P PATHAS PERPYHEN X‘&ﬁﬂé‘a‘“ﬁ?ﬁ Hr Y8156 t%b@@ﬁ? portion
rtial side views of a
Ofpmkgﬁﬁgd%gdgg£ﬁén%§g ﬁﬁﬁﬁg gtages in the manufacture
of a nenory including nanoclusters according to a
[00481 hi r'Theehmdlbxemiorofrotdie rqpiuessahd thicknesstaf ol baReérlayérgg. from
to Figure 12, a bottomdielectric 120i8|s formed over

8.5 nagogaist todess hoGNBOMETSrS PN S RgitEL G ShuEs SPppg oapagity of
. N f e
poric 915" AL Q4E T ML R0 AR (el o s 26
predohigé €le)red Sorfi yTRA@Uossewi | Maf reihodld@drs bQOE agd nohgrisdabn nitride
vapor de 03|t|on to formcontrol dielectric 1309

In

(or otbm i irRowiion Kot o1y diRegesiarsd @ PRSI S A iy e small
effec e e HBANTRAEL St o Rt PO T Is th EE PRI D 1o the e
ofuw&h@msﬁﬁp03|ted over wafer 1201 on dlelectrlc 1309. In

one enbodi nent, layer 131 includes silicon nitride,

i not her enbodlnents | ayer 131 may. include other
[0049ﬂrat digatied Seshgws yafer Hé@bdf&%"é@ﬁi%’eld“%‘d% beaR remoyV ek pane
13, <[ Fi

emboal%enf’%)%l tloﬁ'r %1 al r'5 03 so %f‘no?vg-!;g? & \[ogzi 88 t(eg & d&mg;f)eﬁ I—tﬂlf)ltof f;dl%r{s%ter) or by
(hyapmldlzed portion 1415 | eaving a remai ning portion 1413

of | ayer 1311. In one enbodi nent, |ayer 131 |s

xi di zed using a steam oxj dation Erocess
(00508 b okl BTRE (hieiee Bmortean 14y egonirg d‘iehec%‘csl398ﬁb#'?@?‘é?‘§fs 1207,

and bE)(%ngla e‘%&gnd f’?(ﬁaﬂg pﬁ er %dl tb %%Qe 'EHo‘sti Etﬁ&tlg%pﬁ @il %mory array areas
oXl process " resu I on pelng

(e.g. FHOBY M mémbye Boe AR onEt recms otHar alcagfed. gaherodtdfy aemde0s). In
of

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. from8.5 nanoneters to |less than 4
and efAS@FRIEN ) paAsrihingasdeedingase thegchad geratsitéri g be formed in
capacitg of portion 1413. Acqordinglﬁ, for charge
memosy aiead 603 r rnsie smbodimeat.fiele@c WAk eis 197gnometges thick.
predom nate charge storing structures wll be
anacgl L Y t . ni i . T
oos2 35U B8Rk oL Rk, 18 LSRN LSRR
agentPR6hipeRetlAihg ito lcbnwsll dyelbane 130% maddclstere £2070and battom dielectric
threshol d 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 s - : |
0053] £ R 5 EPEL L4 A BRE S B iR Uy P s Pafer 1201
includi@d 6ve} poftionY4dB yn Bk Glemdr @by aldefl 603.i Ingubseqhérg precedsds, layer
portion 1413, control dielectric 1309, nanoclusters .
1802, pppion 4. gswtrebdielerisicdsPyy nanaclpsiers 120hang dptiey digdectric 1205 are
| eave those . st { . [ ; -
parcerg Rl W FuSt SELURRSLD. SOGCRIPRY BT, B g iccuic

of the(cBai@e stdrg (@bt @Geinar@a 6080 3)so, layeorsd2emt detilcoetic 1715 are
portion 1413 is renoved by a dry etch, and contr ol .
patterggcetodet the guggand ,gaqq(§1¢qlggntl@p%thg_gtglys:mtgrﬁde.golpgg pltage transistors)
inamdiﬁi %}rhg }205 are renoved by a wet etch. Miltiple
f%aﬁ)iggorg'are formed in nmenory area 1603 during
| ater processes. [0051] Referring to Figure 17, a high

[0054Y 0l tlagme dhdbeieidnt, bolidhali¢lsctgt QS isid ingmeted thagecanteas
1607 and 1605. Dielectric 1715 will be utilized as a
dielecgig B30%iiap agremetendhickiage peBianalgd 3 iy ARanosressrs tiglptHowever, these
shown) , ich j.n,s di e utilized to
seve S PRk BV RRETEs SN SRRl e 0 10 G
progranm ng and erasing the charge storing transistors

[0055) 0 b sbekmatholimdyTtethasksd 1603e shift dreoeigditmapping in portion
dielectric 1715 is 10 nanoneters thick. [0052] During

1413 plyechasgenyieiapniratsisarenache imitadsthe partia) exidginn ofqertion BH3,
Lnhi bi.ts.gxidi zi ng. s, fr t] | At

v ol P L5 QB AT RIS B 135 o

electr8de(tiRChdriién d2@%er 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
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[0053] Referring to Figure 18, a |layer 1802 of gate
material is deposited over wafer 1201 including over
W@eu05i086640413 in the nenory array area 1603. | RPCT/US2004/022508
subsequent processes, |layer 1802, portion 1413,
control dielectric 1309, nanoclusters 1207, and bottom
1915 sidel G tard forha®m aubstrpat 963 vde.p.aof dmmamlaaoxgaP@sipn 1923 is formed
control dielectric, charge storage | ocati ons,
from djEfusiembanrier By pastiof (cthd &Haﬂ@en%%rab%c@@e% gﬁ%ﬁlg%l%” i,
: 03, 1 are
MU AR ROt SR R N G S S
transistors (e.g. high voltage transistors) in areas
[00581605Tandstd6 037 ik Q(aﬁﬂa] voltageooman sesndyddimneeinit, ardaolt%@mTransistor 1907
dielectric 1205 is nanoneters t hi ck,

0
includgp aptedP33 eaebgestyc 59%1aﬁ6%f3§f5e1r9§51‘1ﬁ?1 éwm%?fdf %‘r“th%‘ﬁ“S 1937 and
t
19% 12 e ATE B e AR MBEE, )58 n
exposE@Q&’@bn lof t1ecBst Ik nienfosmatidneoftthe patioh d“om)‘lzvhag epomon 1923 is
shift due to charge trapping in portion 1413 of
formedhdvgeolgtigr @@@nth‘)gﬁﬁ loeased HesybHES L 9% foR1SB{tNG éfa“SIStorS 1907
and 1 tial oxidation of portion 1413, the reduction in
I'ckness of portion 1413, and the proxi mately of
portion 1413 to the gate electrode (the portion of
[0059 ay elh ch8@zhbddmtknt,arahsisu 1YGT ig attﬁmsiﬁtoaimmlam)gﬁmsbmra@e:ircuit for
transistor). [0056] One advant age, t hat, may _occur b|7"|
progr@bwgefmsémehaémgéhwhqrgezﬁt%dﬂm@af}%kuﬁfé:fﬁ 19dP” fTganspstqr 907 is

chara<ftex$zue 453 a:hg%hl\%%]{]g Lgr%st& iRiehd: 1tdo%e§atts{ 'a?a'v? H%t ﬁ@&%%%n&stors

arrier ayer portion

of thelid@loudbut &eﬂ@dﬂ&n@ﬂog&t tirm ofiherintdgoated Ticsit. Mayorereanbodiément,
for better process control of both the control

trans@pvel%thnemte(smégfplt@ FIr kMG diaS RINETYBINENSHNE) cEvse vPBages 1A Sipre
chalgﬁ: chﬁhagq%ss O]bﬁci thdnslsh 1955 h{axselnalh?.'thﬁsdto ng(?lge] pW Egut devices

ransi S or an

and ofkPK o?&@nbi SIS bHdT: dtaade 9fvbm§n RraiEible doET MY alko be ah hf}iut/output
set forth in Figures 12-18. Charge storage transistor

transigtQO@peragingont A ¢13-AVimenory array area 1951 of wafer
1901. Transistor 1909 includes a gate 191 , parti al

i ff [ri.e i.0 t (<) ' e
A A PR
agent FRAC 6Xi8izif2noStE S 8¢ eHodin'in rn%hr%ﬂ&ﬁmﬁmib@ tHexhmeastdindi®it3

are fornmed in substrate 1903 ion inplantation.

procefgs i dmcnlgez@hose frov ﬁeﬁtnh:@nﬂ dhe ma@%mﬁm@aﬁ réier dayjegs that utilize

ort on @ ohil LD enbodi nent, transistor
nano SPL&C dSB optoe ctlomc E€VICES.

[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.
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utilized in a non volatile, electrically erasable read
only nmenory (EEPROM . [0058] Transistor 1907 is a high
WO obisages4e r ansi stor forned in area 1952. Tr ansPET/WK2004/022508
1907 includes gate 1933, gate dielectric 1931, spacers
1935 and source and drain regions 1937 and 1939. Gate
[0062{3” eIIﬁ@t(mﬂher ok mentf o meeddfof arakinge: @avice idéledeqtroviding a
ayer (e.g. 1602 rown on the exposed portion of the
SUbSterﬁMY‘PgtaétfaFWErOf%%gocfl W%PF%H‘C@F[QF)CI‘F&%S&SP%W‘? gfpositing an
- n.porti. o 0 ' L @n. Legi .
oxsaf 04EL4H HenBE Sy L e S50 h a8 88 A3 v
The fi#? Qe aamnduded A% oi @0 ]barricd heyeenmibitie sRndturetavanthie stimstrate. The
1907 is a transistor in a programor erase circuit for

secongh pisghanthiersicatian brrrier Baerigdian Eagihe panoghugiersPfithe structure
nanqcl ust.er 91 Tr I St Qr 0 LS [
oo BB WSS 802 eSS BACaRL i 389 sscque
to forM@tgltAg Pate@VE abhd erfdvaisitséer $patioh bethenpitation bputer layer from
~devices and logic circuits of the integrated circuit.
the firsiraresnesibaeeve i trapr formingriae secgprd i@@?“‘t?p@ﬁ’&tré@oélﬂg she lgast a
.. for providin oqr.amm al ) tages to store
porch L AL E L0 ATTLES, AU ERSa U GhLo0es Lo <t o
transistors of the input/output devices and other
[0063] 001 & 4(GBGEr SHEYIhe@Pe hidtidall ndak?hgviodelnsiconBiuamns dstios includes
11907 may al so be an input/output transistor operating
providing 2 sehstrgie IRvmgw suoeD! nane¢Btigfls anthdielaciiq overlypyg tag Substrate
, an oxyaen dj f.f usi on rier.f Lphi Bt L el 74
s o YA PP PR SR MO SRR e
includ¥® BDIeYst ohé 6clSAEEf adagrmilﬂ @sRting 85skSonasi ritiesslicdieek ynitride,
~ above may be utilized in the manufacture of other
silicopjensilieos getratniumialloy.e highdclilse@esnaeret, ang agmegal. ghtegmethod also
: lectronic devices. [006 In e ' . 1 .
o) AR o RELT B PR T ROk R s o
the oXi@ftidh M rRANGet Wit BE Sir@y @, indehs tdeshd ale@ hadp0shd dMie axidation
~oxidation barrier layer over the nanoclusters, and .
barriep byt eandi at deastahé oanpchisfery eftthasteusturpseraowde dig matieed alshiacludes
first area includes the oxidation parrier. |aver :
rormipy Seabarcletr & By orhEebametarb o fhuca i Rovine
least D@StibRNB B ioH flatiON bABEF 1a§&r kY &l MBChréhaibb@esl tdIhEfoPming the
renmoved. The nethod al so includes formng a second
secondidedl@titie. i Bheogamovingdhd itrletst aperaios ablsasjuedices o thigkmess of the
(yFat eyning_ The nmet hod further includes renoving at
oxidapuhRerrigr ¥t i on of the oxidation barrier |ayer from
the first area subsequent to the
[0064] In another embodiment, a method 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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form ng the second dielectric. The renoving the at
| east a portion at |east reduces a thickness of the
woz2oidaséan barrier layer. - 11 -[0062] |n anot R€T/US2004/022508
enbodi nent, a nethod of making a device includes
providing a substrate having a structure of
nanocharecis usitiegdasanthacicat@ager locatiovdor thhehagbstorage éransistor. The
depositing an oxidation barrier |ayer over

t he .
methogifsedpelHees faming ASEAitHESIFEr ohfeeope AEg- ﬁy%ﬁ“% gf e second
dlClGCE‘%CS%R%S %{ R8st aa-gﬁaﬁdo%%tf a d%%él@&h&'g?ﬁe%ﬁ%nﬁ’ﬁaﬁ%ﬂoﬁ?”

arrier layer and the structure over t substrate.
The second area has the oxidation barrier |ayer and at
Um651eagwhﬂhpmﬂamachu&mﬁmsmsbfﬂhqwsﬁnﬂonnbnmeWDvﬂmshTWeand
od_al so i ncludes form a secgnd di el ectrjc ove
describ i i Tar s 54 58 Bt 10 mRBE A G AR b R thes
helembﬂgtr{eﬁgﬁ\ﬁgé@dr@tm&ﬁﬂéﬁloﬂ? Hﬁgtbb hdefwithdGr @phaflel fidn th1s invention
yer fromt I rst area subsequent to th
and it§ Broadler@spdees, setong thi gipesdadi atainbhes toe@moompass mhémathelr scope all
| east a portion at |east reduces a .thickness. of the .
such changesng ﬁﬂqﬁlaffqaflevs Pz Ithinghg gye spiribauk srape %fnﬁgﬁdrlheé‘ﬂf’?-
a nmet hod of maki ng a sem conduct or device incl udes
providing a substrate having a structure of
nanocl usters and dielectric overlying the substrate
and depositing an oxidation barrier |ayer over the
structure. The oxidation barrier |ayer includes 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
metal . The nethod al so 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
oxi dation barrier layer and at |east the nanoclusters
of the structure renoved. The nethod al so incl udes
formng 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 form ng 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 method of maki ng a sem conduct or
menory includes providing a substrate having a
structure of nanoclusters and dielectric overlying the
substrate, depositing an oxidation barrier |ayer over
the structure, and patterning to forma first area and



a second area. The first area includes portions of the
oxi dation barrier |layer and the structure, and the
woaBsmaeh4ar ea has portions of the oxidation baPCT@K2004/022508
| ayer and at | east the nanoclusters of the structure
removed. The nmethod further includes formng a second
dielectric outside the first area subsequent to the
:erni ng and renoving at | east a portion of the
oxidation barrier layer fromthe first area subsequent
what & ddigefi: m ng the second dielectric. The renoving the
at least a portion at |east reduces a thickness of the
oxi dati on banner l|ayer. The method still further
i ngl mng. har. orage transistor in the
R H S R S A A
- npReclivst artstrig; utilized as a charge storage | ocation
for the charge storage transistor. The nethod al so
in8¥UW&%mW6ﬂHﬂﬁ§CHeE%EéW§“PWansistor in the second
ar [ - - [ [ L Co.serves at
|e§§¥“§@gghg%39Pgﬁb%?géﬁgggggaﬁgﬁgﬁgﬁ%ﬁﬁ%f t he second
t r pnsrsih@to folrMQGHEt M hrel pacdncarbathefiisoaiemirdeding theloaidation
present invention have been shown and described, it ,
wi || berfedagiape thengnoHedes oxsn thesubsHate nandghe sgoegg area having
based e b, ' nges and
modi f | ‘ggtgg‘ghgg“n%@ﬂg‘e'“2‘%3‘83%{% a@ﬁ%lt‘%‘%g‘?‘??ﬁé&?f rom this
| NKEinONseaoed diefechicapdethe dgf@edasubsqderitholthe gaterning; and
appended clains are to enconpass within their scope
al Fereqydite ¥ HeasheBOTEAA ORHgi idation bugienkayer fEomjthefifst prga subsequent
true spifj f. 4 Qi s, | ' = i3z ; -
et oS ot RE SRBRE AT, VRKEM bR Temyite 1814 a porion

conpi i gil&gt s dithigkaess bbst baldaiiod barienN@y#ranocl usters
over the substrate, depositing an oxidation barrier
| ayer over the nanoclusters; patterning to forma

2. fiMet nRIRA ALMAIA 1SREERG @EB@roctliRrd intRide aF RastioRE keledi&¥from a
the oxidation barrier |ayer and the nanoclusters over

group lkenssiingtaf atliepn ambet el s geomaiam eandeaysiahy stligen and germanium
oxi dation banner |ayer and the nanoclusters renoved,

alloy pngeryya ’@g@aﬂﬁlﬁw Fed#i c over the first area
subsequent to the patterning; and renoving at |east a
portion of the oxidation banner |ayer fromthe first .=

3. ar éhe g{gg@gd{ﬁémm I 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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to the formng the second dielectric, wherein the
renoving the at |least a portion at |east reduces a
wothisokerdss of the oxidation barrier |ayer 2 TheTmstdoad22508
of claim1l vvheiein the nunoclusteis include at |east
one selected froma group consisting of silicon
6. na"ﬁbﬁ:mélpéloé clage Anﬂhmm tﬁ@m@&)ﬂ ynstuges at lepdtjopd pelegierd from a group

cons SR ST T B, RO e, conu

cobaft@ARIUE, HH RhBCHTafurh 6921|dé"1*ﬁ§1eﬁilthhi @Gthér) Gmtdxeded ¥hdlBiahRith.
banner | ayer to a tenperature of 600 C or greater 4.

The nmethod of claim 1, wherein the oxidation barrier

7. | ayRL m'eﬂ'\%hlé‘#gﬁmﬁtl WvR&ein RO6xARHGLERHe 1R RPhEs FERMEhess of 2
consisting o I'1con nitnde, silicon oXxynitnde,

nanosiekdreongreatesi | i con germani um al | oy, a hi gh-K di el ectnc
matenal, and a netal. 5 The nethod of claim4, wherein
the high-K dielectric material includes at |east one

8. sefReinethotirodBasm gr Aude camsprisirign Gorafinhadmi stors o ihddirst and second
| ant hanum oxi de, | ant hanum al um nate, tantal um

arcapent oxi de, zirconiumsilicate, lanthanumsilicate,
al um num oxi de, zirconi um oxide, zirconiumsilicate,
tantal um oxi de, and titaniumoxide - 14 -6. The nethod

9. of Th¢ miethod of whem &i whelse tmsiglors mche fiess aepa incuda chapge storage

tran Sé%)r& \&tge(%elﬁé%gb%g ?f& %e@wﬁé’g S Lgesrts :%{negﬁlgllzeé %{1 % L@%ngto}agg %%Bt%hs for
mecﬁﬁ%ék&wa qh@kiktosui ci de, iridium iridium oxide,
rutheni um rutheniumoxide, and titanium 7. The

nmet hod of claim 1, wherein the oxidation barrier |ayer

10. RZ?R%E%EHOQW eBSm Rl WA RANAPRLAifoRlin HeQRE&Hd: aré indh@es transistors

of claim, further conprising: formng
haviig apst sltedecsrid that 1Ineluﬁeymjrtlmcbfslmcwnmchdlehsmw The
nmet hod of claim8, wherein transistors in the first
area include charge storage transistors, wherein
. POThé ARehodlof themnanaelelisthe Fen@vigg attledst 2 edrtiaa of Iuaercgedation
storage locations for the charge storage transistor

barrigplayerHeormsheriiyat a5ea B hidgs BMAXHEraEisast HHbStiptiaabha ke pidation

cludes transi stors having a gate
bMﬂEISV %f gheqrrlrgeale%cludes portions of the second

dlelectrlc.
12.  The method of claim 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.



The nethod of claim1, wherein the renoving at | east
a portion of the oxidation barrier |layer fromthe
woflopse3eamoea i ncl udes renovi ng at | east subst amdTard2go4/022508
all of the oxidation barrier layer fromthe first
area. 12. The nethod of claim1, wherein the oxidation
6. bdFlre methbaptelairme? Oadsr eorhprssing:| ayer portion and a
second | ayer portion | ocated above the first |ayer .
form 3G atrisn o Wiie B e BBy atabscup il el B Hpoving the
Seunkngfg§bgﬁh[on barrier layer fromthe first area
incYu es renoving the second | ayer portion with the
first layer portion remaining. 13. The nethod claim 12
wh ' ' i jef,.l ayer is oxidized to
7. f o&ﬁtlﬁbéf@%ﬁﬁog?%\g% %g]?[ﬁso . 14. The method of claim
12orehidingi asublieatd haetg h syerturpof haraolusersandahelsetie osehe
| ess. 15. The nethod of claim 12 wherein the renoving
the séEBWd % ayer portion further includes etching the
se . - [RreTaNgY +walb. The nmethod
oﬁ%@ngh$%§6?g?%ﬁQ$Q%%”5F?gpﬂgﬁg 8%&?%@ a | ayer of
g apatefit otoi fatm aVviest atdaeantiiarsstondaye, thedirtt oen muldegubabdxidation
to the renoving the second Iaxer portion., 17. A net

hod,
of malbRRT SYEEHICIEE EEIIVESVRENC SRS g the sensad Apdiaving the
having,, aﬁ!&>§ H&rlrigF By arBAP RGLUEE BA e ROE HrGhEGhIchfre Q4R ved;
t he substrat e; ep33|1|ng An oxldation barrier l"ayer
OVieFminig& sstdndcdiele@iic padittae fiisngreh ousequanatd forimingahepatterning;
and a second area, the first area including the
oxi dat®@n barrier |ayer and the structure over the

substrat d - arl € j ' i
SRR A0 R R0 A ARSI, 88 subsequen
st r uctiplfiR fHENMY ek seboididivgc@icseratid thd Rinksing the @avhst a portion
the first area subsequent to form ng the patterning;
and r efipastieduges p gngltness ¢fdhe pudatish Rapgerdaicdat i on
barrier layer fromthe first area subsequent to the
form ng the second dielectric, wherein the renoving
18. t hBheanethedsf clainpd? twihemein the nanoclusters of the structure include 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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at | east reduces a thickness of the oxidation barrier
| ayer. 18. The nethod of claim 17, wherein the
wonanteda®t er s of the structure include at | eaPCTONER2004/022508

selected froma group consisting of silicon
nanocrystal s, germani um nanocrystals, silicon and

22. géfheaméthed af dlayn Handersjs thel nenociwiiersateaormerhby.# ysthads
19. The method of claim 17 wherein the form ng the

COMPIEYEnd di el ectric includes subjecting the oxidation
bafrﬁél_@r{nr’g@%ﬁ&lhﬁelamﬁt@mﬂ%ﬂ{lhlﬂ% @é1eQAP afd AIbsefRALI ¢ bnnealing the

he et hod of claim 17, wherein the structure is

f or medtrbgtuiz toetduoel psapenasitivg:to fammangclastonst t om
dielectric |ayer over the substrate; formng
nanocl usters over the bottomdielectric |ayer; and

23. f drhe mghad cfixrihilnol7 dﬂ&l @ thei sﬁuttayeeis foveed Hyrremethod comprising:
nanoc| usters. g of claim 20, wherein the
bd?FBW%dﬂ@ﬂ@@ﬁF@EaPﬁyé?” ¢6HEr ol dielectric |ayer
eﬂ%poélpﬁ%ﬂqgaspgt?e %) (l[l%?'h%cflJSMt&{a@ HQelftF?@%t?Jrh A1k,
siltcon di oxi de icon oxynitride, hafnium oxide,
alfomingmcoxircelielbarit basruhe Meneon@mwlamtbhmawml layer; and
silicate. - 16 -22. The nethod of claim wher ein
th@“?fé‘r‘i‘éé'l‘%%‘t'%‘}%"“afr'éyff‘&fﬁé’%?cg‘vteé”?‘?é‘?lh’bEP BN esHgers.
i npl anting nanocluster material within the dielectric
and subsequently annealing the structure to induce

24. prﬁ@en@bgchefactlfllahl¥ ovhestimriedsster ingldes a megnoryaad MeerrRythe first

i m17 rein the structure is forned by a
aredmduﬁ oar@(e)rrrr“pn;yl Aﬁaﬁl ? orm' ng a bottomdielectric over

t he substrate; dep05|ti ng at |east one Iayer of
o

I th t di
25, PR TR AP B S b B et o
selec!%ﬁ'?ﬁﬁrln HEtRD cORS QlHoalf sl RYEhitridNdiIRBA %Q%ﬂlﬁgiet §8cAH, alsBroh
one | ayer of nanocCl uster material to form

germaanoclllog tér gh- K2UglecThe misrhbdnof nedtdi m 17, wherein the
device includes a nenory and wherein the first area
i ncludes a nenory array area. 25. The nmethod of claim

26. 17Thewhahed of ¢llien DX ivdetdiorhebaglr-Kedieleayie matercll udhdsgieatt least one
| east one selected froma group consisting of SI|ICP .

selecirl iy SrUPICPRYHINGSS BT TR X 1de] T BgRHm X LR) lapgAnum 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.

S17 -



germanium all oy a high-K dielectric material, and a
nmetal. 26. The nethod of claim25, wherein the high-K
wodioed/@e640i ¢ materi al i ncludes at | east one selpeatet004/022508

froma group consisting of hafniumoxide, |anthanum

oxi de, | anthanum al um nate, tantal um pentoxide,
30. zi Fheompthd of ¢lnieme, wheasin HaRuFPSiin thediat areg eludg gharge storage
zrrconlu C
tranms%%)réj whererrl g p?l tltog%noﬁt)r% g%ﬁo 1 s&e%?@e%@l?%{ z}?ocgntarge sécﬁggeﬂogzg?’ons for
mecmmgégbﬂméhﬁnﬁﬁb@| i ncl udes at | east one selected from
a group consisting of tantalum tungsten suicide,
mol ybdenum sui ci de, nickel, nickel suicide, cobalt,
cop@l thedbl 6f Agim b9, villcdTh the thfisitBrON tHE secobd Bl%ﬁhrh)dnldes at
rut heni um oxi de, and titanium28. The nethod of claim
transibfors iengei patt Heeleskicthnt ioplubesrpostionsaf ¢re sgagnddiclericikness
of 2 nanoneters or greater. 29. The nethod of claim
17, further conprising: formng transistors in the
32. fiTist mahdd sEcloind3 amdasin warkidtor80 th fiest metahod udd clelrgd storage
29, wherein transistors in the first area in

ude.
transisiost BaviRg & Pollan dielsciichaing @ WEpessnWBIE %?FFSC%S‘FC?W%Of
tr dnsggppswég oRd aFS h%é L {8988, ENaT E&n ﬁre%erar%sr emebeném

e charge storage transistors. . The method of
dielectkial m 29, wherein the transistors in the second area
i ncludes at transistors having a gate dielectric that
i ncludes portions of the second dielectric. 32. The

33. nmettode@bd of @b 31 wheesigitie remaniigst ast d gortibieof the kidation
area i ncl ude charge storage transistors havin

a
bamebd@xe@ o e ditLiares 1AalvigsgeaoYing dkisas subsigdialy Hﬁ @hthe oxidation

barri rm ﬁ}ﬁ&%fﬁ& E&@nsrstors of the second area have a
t'h yf1<ness greater than the thickness of the bottom

dielectric. 33. The nethod of claim 17, wherein the

vin | eas ortion of th ation, barri.er
. | SPmeladb a7 R s Ba SOk SRR B raver
portr§r\15’r§f ARchA 13)]61%0'111(91‘ loﬁﬂ@d dvdahd @Rt RPEFPoRtiod, MRFeih EHRMemoving
first aréea. 34. The nethod of claim 17, wherein
edshaepcmaoni af therxiatipn bamlew@rzr fromo Ithecférst ared inchides eep@yving the
ortion and ﬁFcon ortion | ocated above the

seco i TP o G P BicR TR ot ng

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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at least a portion of the oxidation barrier |ayer from
the first area includes renoving the second | ayer

wEmosHzwa4oM th the first |ayer portion renai ni MLCT/B&004/022508

39.

40.

The nethod claim 34 wherein the oxidation barrier

| ayer is oxidized to formthe second |ayer portion.

36\ mﬁ@d@ém@swbwfsem@nm@m dfveqecsommBEet i r st | ayer

%récg r'r‘? 135 Y \RIH St él?ennoc{\r/ﬁntéea: Str u%[uré stnfﬁqgaégtg%%gd :agetl%?rqc Qverlymrg the
furt hegbsirae! udes etchlng the second | ayer portion with

an etch. 38. The method of claim 34 further o ,
c ohrpositi g oXidition g rier lapeeves thegdtuatuimdicrean thevaxidatige barrier

SecontPEgEP BRI PBHSHREEME Rort L eldP DATRIENE fiEn pirice

sen Comdee boyniGiay, SifcorOABINitSi fgmapiu@viliiyng highskl lali:‘etleroaﬁce
having a structure of nanocl usters and dielectric

overlyumghdh@dgmmgﬂrate deposi ting an oxidation

barrier truct t.he . .
s O £ g GpT b i ale O R oo Auding popigys of the
from gxQh@sPbHFABSIaFdriand tlféfstl‘élbﬂukéJ @fid tHetseédh@, aréd Rdver@portions of
oxynitride, silicon, a silicon gernanlun1alloy a

h| gh- Kedixedasion baiemityer dnal at legsid anmwsterqo@ftth@ﬁtmmcm@retr@noved;
rm.a first

d t
| Roiie ngeereidRuon BrSTE0f Sl SRealo bt By dpigapa
t hemslihY Gt WE®a pﬁnﬂ)nt(ﬂeheS&GQﬁQ)nafaﬁ?ern@éi ABnPAE Fir@RfaGhibsequent
the oxidation barrier |layer and at |east the

nanoc taught dosniog thehsecadrdigdeairie Whﬂmv@ﬁ: refrowinigribe at least a portion
second dielectric ,in the _.secon sequent to the

pat t ePhiEHY) CARes & WHSDFSPTHIE 9% aBbeﬂF‘fYSh of the

oxi dation barrier |ayer fromthe flrst area subsequent
to the formng the second dielectric, wherein the

r hBFIheg of MakiRg 4 aUEOUEGE PEBIRTAEO PRGNS r educes a
L Br ﬁﬁg&ﬁg% sQbstfallen KX AL RO BF RdrBEIub@%Ed dfectAt H?érl}@r?o

a sem conduct or nmenory conprising: providing
a substahe,haV|ng a structure of nanoclusters and
di el ectric overlying. the
depositing an oxidation bairier 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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substrate; 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 oxidation barrier
41. | alhe mehed af clp@aég whprsimilia 9 1d3aer barigy laygrdnglpdescat Igagt one
ved: T na. ; . Cda fi
selecle IR Gipr s hP9 FRRSE ok Rekioh DOl e SO gl 2h
germBAUE QyOd hiche& axicdald omelal fided meayer 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 barrier |ayer;
formng a charge storage transistor in the first area,
wherein at |east a portion of the nanoclusters is
utilized as a charge storage |location 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. - 19 -4 . The
met hod of claim 40 wherein 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 naterial,
and a netal. - 20 -



