PATTERNI NG NANOCRYSTAL LAYERS BACKGROUND W)11Nanocrystal device |ayers,
such as silicon nanocrystals or germani um anoerystals are used in

sem conduct or processing. For exanple, nanocrystal device |ayers have been
wi dely used in Non-volatile nenory (WM devices. WM devi ces have achi eved
wi despread adoptions for code and data storage applications. The use of
nanocrystal device |layers as the storage nedi um has denonstrated fast

i njection progranm ng, fast tunnel erase into the gate, and robust data
retention. [0002]1n the 'ratification of devices, the nanocrystal |ayer is
patterned. Patterning sel BAITERNING NANOERYSOALIINYERS the riancicrysta

| ayer in order to obtain the desired structure. However, conventi onal
patterrneffective in conpletely r 3ASKGRPWEZI red portions of the
nanocrystal |ayer. This | eaves nanoerystal re ants on other device |ayers
or subst r atl@0015ucNanvamiere dygeediyers exeiens siicaamenpestpls ofpcmppiviaanosykiale quent
processes. Fornple, nanocrystal remants on the substrate or on device

| ayer hi ndefe wied ift SFHTongucior Progsssinenppreritmrls apnosrgital deyieiyer 81y beparékyor
substrate to form squrce/drajn regions of transistors. 'This

undesi r abl yS¥d8 P it LR %V-“f‘)p’g“EFﬁ-sN(} }V‘c‘fe&‘é“é&‘lefd}“‘evg‘? ?P&ﬁﬁif’%& hi gh biteell
contact resjst.ance S Il as large. resistance on 0ss..t he fer.
SomaRy [ ootP PR TospRSat e« e B Rich IR LB R RO s R cent ea.
The met hod S[ORI%L }ﬁgﬁém has demonstrated fast injection programming, fast tunnel erase into the gate, and

robust data retention.
[0002] In the fabrication of devices, the nanocrystal layer is patterned. Patterning selectively
removes portions of the nanocrystal layer in order to obtain the desired structure. However,
conventional patterning processes have been ineffective in completely removing desired portions
of the nanocrystal layer. This leaves nanocrystal remnants on other device layers or substrate.
Such nanocrystal remnants create problems for subsequent processes. For example, nanocrystal
remnants on the substrate or on device layer hinder uniformity of ion implantation for doping
poly gates or substrate to form source/drain regions of transistors. This may undesirably result in
high n+/p+ unsilicide poly resistance, high bitcell contact resistance, as well as large resistance
variation across the wafer.

SUMMARY
[0003] A method for forming a semiconductor device is presented. The method includes
providing a substrate prepared with first and second regions with a first device layer. A second
device layer including nanocrystals is also formed. A cover layer is provided over the second
device layer. The cover layer is patterned to expose portions of the second device layer in the
first and second regions. The exposed portions of the second device layer in the first and second

regions are processed to form modified portions. The processing of the exposed portions at least



providing a substrate prepared with first and second regions with a first
device layer. A second device layer including nanoerystals is also forned.
A cover |ayer is provided over the second device |ayer. The cover layer is
patterned to expose portions of the second device layer in the first and
second regions. The exposed portions of the second device layer in the
first and second regions are processed to formnodified portions. The
processi ng of the exposed portions at |east reduces the nanocrystals to a
di aneter below a threshold dianeter in the nodified portions. The nodified
portions areduc®mMasherykild 4] didheRNBldies thepdadii iR ek in 1@ mairRegordies. Tier M ng a
device is disclosed. The nethod includes providing a substrate and form ng
a nanocr ystmddifite pordéns h@yatioveh t he substrate. The nanomystal device |ayer is
processed to forma processed nanocrystal device | ayer. The nanonystals are
converted tl6004] di &l actheriemborirhet, iaalethddifor fogming e dqyice GalsssloseThEhepregwdssed
nanocrystal device |layer is renoved using a wet etch. [0005] A device is
present ed iipclusiaerrediess syasimte adfernpes A naeocryyiel dedieslager suhesubgrate: Te substrat e
has a device structure in a device structure area. The device structure

i ncl udes a 'ﬁna‘{cfyétﬁlri’éﬂcﬂﬁ?bwgof%wedd‘éﬁ?%éw%?%? ngnperysb dyisg e dbs uct ure area.
The device al so i ncI udes ﬁﬂ ‘ﬂ devi ce .sﬂt(@ucttgr eglg ThedFatter ed
nanecr yst al"EUFRS 2 SPTSA° § HE TSRS CENSDF RIRTEST & F BETEHR FROT B bved wit h
no nartecry | ant s 06JThese and ot her objects, along with

advant ages dg‘tﬁ% l?ye?isre oved mF% te;{(tglsent i nvention herein disclosed, wll

becone appgpdaf th@H&h F%erJe £ G én%o&nﬁ;@nt' Phd RWENGc d%§§§u‘b {eOR and the

acconpanyi ng draw ngs. ernore, It Is to be understood that the

features ofgufshfe Ha%'h'd@\ﬁé sﬁﬁmﬂgin%&tlé sH8S6E AREARDENRE RnRiuR iRRidedrt Ual ly
excl usive and can exist in various conbinations and pernutations. BRI EF

DESCRI PTI Oaftdmed ntmoEXRAMINGS 14y0600 the ldévideRRuctliratba) 08¢ ddvick f1sd igdl@leangon-
characters generally refer to the sane parts throughout the different

Vi ews. Al sdlevitdrgudurawigiogsTiampettanetl nimecess devideyaytian the adredevienphiagics | nst ead
general ly being placed upon illustrating the principles of the invention.
I'n the fol Iresdnrigretiesd mithn pmmocrysal rrmsagrbodi ment s of the present invention

are descri bed with reference to the followi ng drawi ngs, in which:
[0006] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0008] Figs. 1a-c show a process for patterning nanocrystal materials;

[0009] Fig. 2 shows an embodiment of a memory cell;



[ 0008] Figs. la-c show a process for patterning nanocrystal materials;

[ 0009] Fig. 2 shows an enbodi nent of a nenory cell; 100(Fig. 3 shows an
enbodi ment of a nmenory array; [0011]Fig. 4 shows a cross-sectional view of
an enbodi ment of a nenory cell; [00121Figs. 5a-m show an enbodi nent of a
process for formng a nenory cell; and [0013]Figs. 6a-d show

anot her enbodi nent of a process for formng a nenory cell. DETAILED
DESCRI PTI ON [ 9014] Enbodi nents generally relate to sem conductor processing
and fabricating sem conductor devices. Sone enbodinents relate to nmenory

devi ces, syediops hen ¥ewSdnichBodiBERbYA ARMIERSy; Such nenory devices, for
exanpl e, can be incorporated into standal one nenory devi ces, such as USB or

ot her typedqoafl] poFigadxdhewsd @sagetichal Gy ofah ethksdlimetithd A ndtotyicgll;i cr ocontrol i ers
or systemon chips (SoCs). Processing of other types of devices are al so
ef ul . The d@0RL esFigs. Si-Gshoam dpebodimen opopradegsdon fotmingormanseceelh andy, f or
exanpl e, consuner electronic products, such as conputers, cell phones, and
personal dil@8h| Hss bzt shewangtppamhodiriqpaf3ipricess for Faaming 8 momersinelenbodi ment  of

a process for formng a device, such as a
DETAILED DESCRIPTION

[0014] Embodiments generally relate to semiconductor processing and fabricating
semiconductor devices. Some embodiments relate to memory devices, such as non-volatile
memory devices. Such memory devices, for example, can be incorporated into standalone
memory devices, such as USB or other types of portable storage units, or ICs, such as
microcontrollers or system on chips (SoCs). Processing of other types of devices are also useful.
The devices or ICs can be incorporated into or used with, for example, consumer electronic
products, such as computers, cell phones, and personal digital assistants (PDAs).

[0015] Figs. la-c show an embodiment of a process for forming a device, such as a
semiconductor device. Forming other types of devices is also useful. As shown, a substrate 105
is provided. The substrate, for example, comprises a semiconductor substrate, such as silicon.
The substrate can be lightly doped with p-type dopants. Other types of substrates, such as silicon
germanium, silicon-on-insulator (SOI) or n-type doped substrates, are also useful.

[0016] In one embodiment, a device layer 28 comprising nanocrystals 48 is provided over
the substrate. The device layer, for example, comprises a dielectric layer with nanocrystals. In
one embodiment, the device layer comprises silicon oxide with silicon nanocrystals. Providing
device layers with other types of dielectric material or nanocrystals is also useful. For example,
the device layer can comprise germanium nanocrystals. The device layer can be about 230-600A
thick with the diameter of the nanocrystals being from about a few nm to about 40 nm.

Providing a device layer with other thicknesses or diameters of nanocrystals is also useful.



sem conductor device. Form ng other types of devices is also useful. As
shown, a substrate 105 is provided. The substrate, for exanple, conprises a
sem conductor substrate, such as silicon. The substrate can be lightly
doped with p-type dopants. Other types of substrates, such as silicon
germani um silicon-on-insulator (SOD or n-type doped substrates, are al so
useful. [0016] 1 n one enbodi nent, a device |ayer 28 conprising nanoerystals
48 is provided over the substrate. The device |ayer, for exanple, conprises
a dielectric layer with nanocrystals. In one enbodi nent, the device |ayer
conpri ses Sob17¢0N vaxdud @ciMidubls 8 bd B&ITo RAAAET¥HEAhB: will RMbciisad. Havi ce | ayers
with othertypes of dielectric material or nanocrystals is also useful. For
exanpl e, t heady iaGetdnylRbn &ade iCHBIPriviied gehambitid) TRty &lidlcan beThe devi ce
| ayer can he about 230-600A thick with the dianeter of the nanocrystals
bei ng fr omfatedby tedrelwxiinidnosualdirtet dQiry axidlafmo W silicoiglager,deahiag polyséligeriswi t h
ot her thicknesses or dianeters of inanocrystals is also useful. exanple, a
bot t om si | ifewred oxihebotiom ofkide.sThepsiionn lastlis precasted by erbanneahodormmprocwhthls.con oxi de
can be forned by thermal oxidation, such as wet or dry oxidation. A silicon
| ayer, such® & °puPgsflq lpxepspnibe formedaver ternaparersBist Tisrtrb R idelor expmple c&} | j con
| ayer is processed by an anneal to form panocyrstals. A cap or top oxide
| ayer can 0% a?‘tﬁf‘me%vgroxﬁﬁQﬂﬁynﬁ’c‘?"?5?‘%{1‘15‘?6“‘1'?‘:%‘“@8%5}‘8])1(?‘@'&6 FiedRanpl e, can
be a high tenperature oxide. (FITO. In.one enbodi iLride hel | may be
rovi deq oo B SR it Geiion BB RERS AT ARG S | ayer
deposi tion. . i of..f 1 . | are al so
usef ul . 3ugﬁg?§§ﬁﬁ%§%@§?ﬂ 0?“%&%%5%@?’§335@§g§?§ﬂgé%?%@E%%§%§%§“§|_,
“Chemi cal VigRare: SRR hichioR &h?gﬁﬁ&@m@um%&@tﬁs_ S5i& Oppliediplids@dudthysi cs
Letters 83, p. 1444-1446, 500 , Which is herein incorporated by reference
for all purgaosesd-1ud)2&BAShiGNOMMein InbB@pdRd 1y eefbdite for ulbplrgsd¥ed on t he
substrate. It is understood that the substrate nay include device |ayer or
| ayers whi dho18hy RBestpahtterdeeice layedisCankd@ombanbumey gis undpogdaphyie [ 0019] Above
the device layer is another device layer 75, referred to as a covering
| ayer. The sglouar imaygintlagealevicdmyeher layars ivbigh may premitteredded/¢opi@injanyeaven The
covering layer can conprise, for exanple, polysilicon. O her types nmay al so
be used forioroB@Ptovering | ayer. For exanple, the covering |ayer may
conprise dielectric or conductive materjials. In other enbodi nents, the
covering | dY8P1 nmabvs Mhsdp e layeris mopiendyvise Qs ThaISTRg 1O pEUERTE [BX - of | ayers.
For exanpl the.%gverin st.ack na&.'nc“ude ol%sLlHecin mﬁth.a?

v B tIhg" ?%ﬁ&)’“%%"é? Vit et ﬁ% S DEOVRFTTRY st Acks may

anti-refl ectrve

al'so be “S%@chql%ﬁﬁgsiﬁ%%’.%tké}%f';ésa%?‘%ratlsﬁ%QEs%ﬁ [ thé‘c@g{i&ggéef. ‘ggi ?Q(Q@@f?,'u%c“ vely

exposes a por rporuons € nanocrys a In an

openi ng 22 -coJeQiQ%Q}é?ﬁIa?E&ﬂpﬂge di@ecklcr cdnBuctivd BReBRDR iRt Entodinitbiugct ed to
processi ng nodify the exposed

covering layer may comprise a covering stack having a plurality of layers. For example, the

covering stack may include polysilicon with an anti-reflective coating (ARC) over it. Other
types of covering stacks may also be useful. The covering layer contains a pattern which
selectively exposes a portion or portions 22 of the nanocrystal device layer in an opening 22.
[0020] Referring to Fig. 1b, the substrate is subjected to processing to modify the exposed
portion of the device layer to form a modified portion or portions 24 of the device layer. The
unexposed portion or portions are unmodified portion or portions. In one embodiment,

processing comprises oxidizing the exposed portion or portions of the nanocrystal device layer to



portion of the device layer to forma nodified portion or portions 24 of
the device |ayer. 'The unexposed portic r portions are unnodified portion
oris. in one enbodi nent, processing conprises oxidizing the exposed portion
or portions of the nanocrystal device layer to at |east reduce the size of
the nanocrystals. O he 1Yl of processing to reduce the size of the
raanonystals may al so be useful. Preferably, the processing at |east
reduces the size of the nano vestals to a size below a threshold di aneter
to enable their renmoval w thout remants. For exanple, the threshold

di anmet er i Sat &b®tbduck theisiRBof thd MABdcryistals OMed tohedl bIRERME At Ricaths9zews @b ul . I n

ot her enbodi nents, the exposed portion of the device |ayer is oxidized,
consuni ng traeocnanbany sk@ieiseflHO Prexalypihe protengexposeducpahd dienfths oxi di zed to
forman oxide |ayer, 1190211The processing, in one enbodi ment, conprises an
oxi di zi ng amiwcentls tesarids belsw e dyggheld dienttaitndnalge Bipibicantal wiElgut exeansl Eor t he
oxygen cont ai ni ng anbi ent can be oxygen (02) or ozone (03). In one

ermbodi nent ,exghge, fedaesselil digmeterriptiostds nan Ogohesheldgipmeteriage app gtsdilclnean can be
performed at a tenperature of about 400 C. Processing the device |ayer

usi ng ot her°tl§ﬁﬂ1“§’ﬁ‘t‘r’§nt6r‘heteé?ﬂ§@rpé’f‘lﬁ’f‘85“‘? devigp layer {xxfdiged: CqnsaisePAs shown, in
Fig. Ic, the process continues. The praces ont i nues. sel ectively

Femovi ng t HEMEBARE: B SRBIEl SR Sispeed Reborde PR P Hr Rt pent ng Lo’ expose
t he surfac th [ at. i } t,- I, f j on of

t he nanonyg?alldes?%%&%%§lfg8%ﬁﬂgggﬁﬁﬁq§§gggﬁgé¥ﬁéggyggghﬁﬁggmEg&%{met etch

Wi t hout  any. Ranae hisilRlr.f SIRAR kS A sBRing AnfdRni@ebd (;x? nl9) bi Bbnccan easily
be selectively renoved with diluted hydrofluoric acid and standard

clean | (SQol)) mnk BmbBRGRSO e Groccblify Walpri@l &lozodeQlea® XA PLAe cl6ARatR per f or med
at about 40 - 60C for about 10 - 30 m nutes, Megasortic serves to increase
the wet et qlarfefibd fria@nyratiye Jf @EDV400GC.aPrycekstiFBiienie g 1T iis0loyhst adbiehe st due or
un- oxi di zed nanocrystal core. O her processes or wet. etch process

par anet er s teraperaglrsds 4o usrddf ul . 1 00231As descri bed, the nodified portion of
the device layer in the opening is conpletely renoved, avoiding any

nanocr yst al[0¢28kmaAs showrHe Figbic| the grogees confinptse fTd groqeesispriaueidp ealgetitell s enabl es
the use of l|arger nanocrystals and inproves subsequent processing. This can
resul t in drMYKBAdRYifisparEen Hgreie ierdiveria thy openfngde @poss i §rERmeiR speed) and

i nproved subsequent prqQcessing, i.ch enhances reliability and yi el ds,
P substrate. In onep em%ogiment, tge mg\é}}ied portion (%r{he nanocrystal device la%r can easYly e

selectively removed by a wet etch without any nanocrystal remnants. In one embodiment, the
modified portion can easily be selectively removed with diluted hydrofluoric acid (DHF) and
standard clean 1 (SC1) with megasonic. The wet etch, for example, can be performed at about
40 — 60 °C for about 10 — 30 minutes. Megasonic serves to increase the wet etch efficiency by
removing any remaining nanocrystal residue or un-oxidized nanocrystal core. Other processes or
wet etch process parameters may also be useful.

[0023] As described, the modified portion of the device layer in the opening is completely
removed, avoiding any nanocrystal remnants. The ability to completely remove nanocrystals
enables the use of larger nanocrystals and improves subsequent processing. This can result in an
expanded operating window (e.g., faster programming speed) and improved subsequent

processing, which enhances reliability and yields.



[0024] I n one enbodi ment, the process is enployed in form ng non-voenory
cells with a nanocrystal storage |ayer. For exanple, the process is
enployed in formng a split gate non- y cell. Fonning other types of
non-vol atile menory cells or devices is also useful. [0025]Fig. 2 shows a
schemati c diagram of an enbodi rent of a nenory cell 100. The nenory cell,

i n one enbodi nent, conprises a non--volatile nmenory cell. The nmenory cell
conprises a transistor with a gate 130 over a channel 114 and between first
and second termnals 111 and 116. The gate conprises a split gate having a
first gal e [@4] anth e sREAMENQY BAE Prods3Bis ethploy@d én fefidgdion®oiktile inbrdorf LISt  gat e
conprises a control gate, the first termnal conprises a source termnal,

t he second vwjataeamorypalispege hyseFeckangdd te piockst ihemgeed imdoteéngm spiétlgateonpr i ses a
drain termnal. Oher configur lions of termnals are al so useful. For
exanpl e, t henfplatde menagryriaila [Foryang difer apad obian-velatilaimaabry cellyer devicesriglaltoer ni nal
can be a source termnal. [0026]In one einhod nent, the first gate is

adj acent td¥dHd partially overlaps the second gate. For exanple, the
control gate is adjacent to and partially overlaps the select gate. In one
enbodi nent ,[S(Et'sbor F’{go?rfhf)‘f’s % Sl‘i'é"“@%@%‘fm &fé’PémP%d“‘éﬁnggé‘é%’H‘OB'\félr‘ i Oh gg"c hannel

regi on and parti aehli[\( OVGIE)(L({%ES t he sel ect gate in an O\fggrlnalﬁ)oreegli on 6. A

. . emory cell, ne em COMPIISES, a NON-V emory cell,
di el ectric Tayer or ?ayers 6 PEBFE T HE gates fromeach o fier and the

channel . [ QG240 AN STHAULHE o o bG8l IR Lid bRl JhBOLAN LAGufiNe gt es

conprises nanocry-sta exanpl e, the nanocrysta ectric layer can

conpri se sijlji 6N 10X @t drtbriS& RN L MOhNAR QY ShA38 and X L&hd fXPLS. Bf
dielectric materials arid/or nanocrystals are al so useful. in one

enbodi ment ,onp@fidod@is:, @ fifsBteNBNPGEYSofdol dit€ kR tetmihayefiprihiaGhurar € to be
patterned or renoved are first oxidized prior to renoval. [0028] The control
gate i s coughadl, the s@orctighat kahpriataselva kitagd tieGedotdtem/@l sompkike agalnect gate i s
coupled to a select gate voltage source (Vag), the source termnal is
coupl ed t o tamgelurQtier vofiagensdwromalf Me plso sl tHeeexdmple, rthei fgst coniphleeh t 0 a
drain voltage source (Vvd). For exanple, Vcg can be

be a drain terminal, the second terminal can be a source terminal.

[0026] In one embodiment, the first gate is adjacent to and partially overlaps the second gate.

For example, the control gate is adjacent to and partially overlaps the select gate. In one

embodiment, a portion of the control gate is disposed over the channel region and partially

overlaps the select gate in an overlap region 136. A dielectric layer or layers 120 isolate the

gates from each other and the channel.

[0027] In one embodiment, the dielectric layer isolating the gates comprises nanocrystals.

For example, the nanocrystal dielectric layer can comprise silicon oxide with germanium

nanocrystals. Other types of dielectric materials and/or nanocrystals are also useful. In one

embodiment, portions of the nanocrystal dielectric layer which are to be patterned or removed

are first oxidized prior to removal.

[0028] The control gate is coupled to a control gate voltage source (V), the select gate is

coupled to a select gate voltage source (Vs;), the source terminal is coupled to a source voltage

source (V;), and the drain is coupled to a drain voltage source (Vq). For example, V., can be



about 0-15 V or about 8-9.5V, Vsg can be about 0-3V or about 0.6-1.5V, Yd
can be about 0-3V or about 0-3V and V, can be about 0-3 V or about 0-6 V.
O her voltage val ues can be supplied to the nenory cell, for exanple,
dependi ng on the technol ogy. The appropriate voltages are supplied to the
menory cell to access the nmenory cell, such as progranm ng and readi ng.
100291Fi g. 3 shows an enbodi nent of a nenory array 300. In one enbodi nent,
the nenory array conprises a non-volatile nmenory array. The menory array
conprises a plurality of nenory cells arranged in rows and colums. The
menory cel |soutfoors ¥aBRi 8-9.5900P EdnTe abBRIPEY otBblt 0.6 0O vas, descdbhady n Fi g.
2. Arow corresponds to, for exanple, a wordline (W) 260 and a col um

cor r espondsor tibueD-bV tiddi near(Blahou? 8B 0 abhie 0-:61vR\Othdr Molapeyatisdxad bepglied t he BLS
are coupled to the second or drain termnals 116 while Wis are coupled to
the first oo theonmprylcely&iresmpB4depéndingen tie reolinglogye | The appFapriate x@wapdsare WS
provide V,8, -BLs provide \rd. Source lines (Stis) 274 nmay be enployed to
provi de V, steplipdie thejnegroryeell tosagessethe memrrneellssudhias progamenng apgdrceding nes or
SA.,s 276 malg be used |l o provide V,the second or select gates 138 of ihe
menory cel 118929 | Eigghdowyanembodimgns of apamsmeaay 800 AronesmBrdmabthes as desired.
The nenory cells may be confi i l%y e arr§¥ architectFre.

red in a
AT angi ng tPRORRHBY CPRREREA nph IR RpAEY: o The e mery SpLerPERE EPREIY cuch as
NAND, is al eful . 1100301Fi sh a portion 400 of an.enbodi nent of
el G TS R S e

a devi ce or ron’inclu a Su

substrate, ARb L gES I do S : ate can be
lightly dopriféeg{ovr\}n? ‘%éh p- tg Sy%g&l opgﬁfg'sz.'%cxﬁ)wgr ﬁ%@%’ggg&#f és:}h‘g;s’l% }gfﬁ) é‘g ?p%ﬁc)h as

silicon gergemditoRin Sédekfolf-t9NbitiAS 1308 ofthe@Ray. 3F BnedhdQiiM&HE fité!BLs[ 0031] The
substrate can be prepared with a region 301 containing nmenory cells 100. In
one enbodi mebuplddie theedtBridybr BRInltGEMGARIE Wigle WIR-aQbaildd tetheBRDIrYot@l | s. O her
types of nmenory cells are also useful. The region can be referred to as an
arny regi orgates[t#d ofithe aymorg g¢lBNFS avpleadjLapenitle Vigils progigk Vs . Sofdct iesigh onl y
two nenory cells are shown, it is understood that nmany nore nenory cells
are i ncl ude8ls) A74rhry bd emploxed toTievider Vs soythe Byl oo poucca teribisala il asslyeldbate ndsave sub-
regi ons corres;é)ondi ng to, for exanple, groups of menory cells. The array

regi on conpidls 8% madgutey iaspeds \nelP [thegpcongeqrisaect gais 13hdwis)maioptrefiophht s of a
first polari type, The first polarity type can be n-type or p-type,
di—:-pend!ong d‘lﬁé %(We*y"%é{h‘b‘i"ypl‘éde‘:" Fhet“ifg‘QW “f*;lfé‘zfi‘isg TBoPePeTy ¢ells é‘g’ébevﬁgl‘t%é‘reﬁfe used
for second.po ity type ry, cel.ls, For ex | n-type wells are used
for p-type lﬁﬁﬁgi{ﬁy pg 3?%2“\?)2% F’ge' é’fa%g t\}/’\%ﬁnf“swré?eiﬁgg'sogiﬁr Yo %ﬁﬂa?/' pe nmenory

cells. P'tyaFcﬁite@%?e@,%&x&&W%Iaﬂgﬁsegﬂr on (B), alum num (Al) or a conbination

t hereof while n-type dopants can 1 nclude phosphorus (P), arsenic (As),

ant i mony (S0Pr_AgCATBINAoROR AR ARAR AU Lf ROAL Lijwn e sUDS T at e

may i nclude non-array regions (not shown), such as logic portion for

support ci ek Yluded B EubSEHRSIOB ATIR sOBMatlf§Qxdnipld, sd@ritds Beillicdhe@sens fer ot her
types of circuitry, depending on the type of device or IC. The logic

porti on, f atbsexassplbelightighored@ithipleypt Gapamto| Othd@ypbdN)f sublstiatda, sudl o sigeon( HT) and
dual gate oxide 03(30) devices. The DClO devices, for exanple, are used for
| /0 circui tgeimagium or silicon-on-insulator (SOI), are also useful.

[0031] The substrate can be prepared with a region 301 containing memory cells 100. In one

embodiment, the memory cells comprise non-volatile memory cells. Other types of memory

cells are also useful. The region can be referred to as an array region. The array region shows

adjacent memory cells. Although only two memory cells are shown, it is understood that many

more memory cells are included in the device. The array region can be arranged to have sub-



| 00331The substrate includes isolation regions (not shown) to isolate
active device regions fromother active device regions, as required. The

i sol ation regions, for exanple, conprise shallow trench isolation (STI)
regions. Other types of isolation regions are also useful. 100341l n one
enbodi ment, a nenory cell conprises a transistor with a gate 130 between
first and second tenninals IIl and 116 formed by, for exanple diffusion
regions. The first termnal, for exanple, serves as a source and the second
term nal serves as a drain. The source and drain conprise, for exanple,
second pol atdidny cériRndled PABE KamplE) @ops U ek Qellsi Mhel@y REBOPERE, conpri ses
a split gate with first and second gates 134 8. For exanple, the first
gate can beeavilg dsiied atll gatels @oichdvg wik a@adls ofatfest palirithgpa Thekigctolagat e. | n one
enbodi ment, the first gate is adjacent to and overlaps the second gate in
an over | ap tyregomr.n-type oo péypedopddingort the iéngory etlsype g Eliedirst polarily soewtllst o and
overlaps a portion of the second gate in the overlap region, |eaving a
portion of aftisedfarseenid gy typeosreareet!ly yFor pramplernstypagedle are psed faigrivpover | ap
region. The adjacent portion of the first gate is over the first gate

regi on of tPEB ALY W*&@@:typeé‘i’?ﬂ%fd‘f yieshior nyReMEMY el F-/Pt dipaits @b ifpiiSes a

luralit f dielectric ers. .For exanple, the CCo. pri.ses a second
P e i of o dprh 05 Ayt PR IS ie B e aae Mgt e e Py PRSBoR: ou dod
t o separat eyt firnst rrom t he. second gate and substrate. The second
gate (I?Ii el eglt))r‘ %}genlcéééffnggéls (égzgrn’?)%oéﬁnnlg%onggelrwggat e dielectric layer. Oher

types of sqsmaf 9Rksudlif). BE Ll AXSHRTRY Ao RN FBLANEden B BligCt i ©

side,wall spacers 354 can be prov 0 e gal es.

di el ectric pshidemabppSPACRIry, THe Qhibs@AANB) o i RAPHthe Gegihd fof SRk @pbde. Ot her
types of dielectric material can also be used to formthe spacers. EO0037]In

one enbodi realditry, tdpendidptot the@ipk of diviet @IC) Tig: 1bAy Biitic IPIxhSES, caindekyst al s 348.
The voltage (LV), high voltage (HV) and dual gate oxide (DGO) devices. The DGO devices, for
example, are used for I/O circuitries.
[0033} The substrate includes isolation regions (not shown) to isolate active device regions
from other active device regions, as required. The isolation regions, for example, comprise
shallow trench isolation (STT) regions. Other types of isolation regions are also useful.
[0034] In one embodiment, a memory cell comprises a transistor with a gate 130 between
first and second terminals 111 and 116 formed by, for example diffusion regions. The first
terminal, for example, serves as a source and the second terminal serves as a drain. The source
and drain comprise, for example, second polarity type dopants.
[0035] The gate, in one embodiment, comprises a split gate with first and second gates 134
and 138. For example, the first gate can be a control gate and the second gate can be a select
gate. In one embodiment, the first gate is adjacent to and overlaps the second gate in an overlap
region. In one embodiment, the first gate is adjacent to and overlaps a portion of the second gate

in the overlap region, leaving a portion of the second gate uncovered by the first gate in a non-

overlap region. The adjacent portion of the first gate is over the first gate region of the substrate.



inter-gate dielectric layer, for exanple, conprises oxide with silicon
nanocrystals. O her types of inter-gamdielectric |ayers are also useful.
For exanple, the inter-gate dielectric |ayer can conprise a high-K
dielectric material and/or other types of nanoczystals, such as gernani um
nanocrystals. The nanocrystals may include a nitrided |ayer surrounding the
nanocrystals. 100381l n one enbodi nent, portions of the inter-gate
dielectric layer with nanocrystals which are patterned or renoved are first
sel ectively processed prior to renoval to formnodified portions. The
processi ng,[0036] ON&hefikee thic BRATd G Pich SBS: a5€1he bkt by a@kictikig 1afg. e porti ons
of the inter-gate dielectric |ayer which are renoved. By sel ectively

pr ocessi ng dnthedimemolxr digdcalc ldyanyemptisos £ glumtitpothidléced 19yenst Fodasympethbave

di scovered that the nodified portions can easily be renoved using a wet

et ch wi t houtielestrigdayer] comprmsnitesend grie diflectintinod?¥and axitdigedidramobyySeal | ayer
can be easily side/y and conpletely renoved with a tncgasoni c process using
DHF and SCIProvides togpparata te firgf 2ate fypmaiteapapnd gatroApd subgifitse s eegad gaip figfgadc
subsequent Fro essing.. For exanple, this can result in jnproved process

wi ndow, 1 el PADFFREPR a3 J gh e e g G BT FO s pIseEnd B REHE AIFF FBY m ty i n
source and drain inplant of the nor el | can. he achi eve This results
in more uni Sgig?nem l(greéfl'a]rglélg?tg'f%%%ﬁrfe%?e\rl%g%c &ﬁpﬁ?éld%‘ﬁo& S{?F‘ﬁaﬁlﬁf’ﬂ&%éer& advant ages
may, for e N e | §i-Cl Lo f I egi ons,
more e v eyt S SATRY B GBI TS hELR W0 AR T T

to tighter cRRLIQh a0 beddMdto fofistet@ReE as well as enabling higher coverage
or use of larger rianoerystals which contributes to a | arger program w ndow
and faster [po3opr am capessbdiniehadhd Beer itk Sitlc@ad Byer EMpriedy asHBLSstaldAY. PR @ gate
conductor which serves as a common gate for a row of nenory cells. Adjacent
menory cel listergate dz@:cgio hifyérglor &xdmpls, coinprisey oxiatvéth elli@ahimaesaldiad typayy share a
comon di ffusion region. Qther configurations or |ayouts of nenory cells
are al so uséingr-gatd tieleqyat legrsmegyalsalusstul bEor prampledéel inwir-gdie Gelbdtnx laper ont act s ( not
shown) .

comprise a high-K dielectric material and/or other types of nanocrystals, such as germanium
nanocrystals. The nanocrystals may include a nitrided layer surrounding the nanocrystals.
[0038] In one embodiment, portions of the inter-gate dielectric layer with nanocrystals which
are patterned or removed are first selectively processed prior to removal to form modified
portions. The processing, in one embodiment, comprises selectively oxidizing the portions of
the inter-gate dielectric layer which are removed. By selectively processing the nanocrystal
layer to form modified portions, we have discovered that the modified portions can easily be
removed using a wet etch without crystal remnants. In one embodiment, the oxidized
nanocrystal layer can be easily selectively and completely removed with a megasonic process
using DHF and SC1. The ability to completely remove nanocrystals improves subsequent
processing. For example, this can result in improved process window, reliability and yields.
[0039] For example, improving uniformity in source and drain implant of the memory cell
can be achieved. This results in more uniform sheet resistance between source and drain. Other

advantages may, for example, include more complete salicidation of contact regions, more



[ 0041] Fi gs. 5a-m show cross-sectional views of an enbodi nent of a process
for formng a device or IC 500. Referring to Fig. 5a, a substrate 105 is
provi ded. The substrate can conprise a silicon substrate, such as a lightly
p-type doped substrate. Other types of substrates, including silicon
germani um or silicon-on-insulator (SO0 are also useful. [0042] The
substrate is prepared with an array region containing nenory cells. In one
enbodi ment, the nenory cells conprise non-volatile nenory cells. O her
types of nmenory cells are also useful. The array region conprises heavily
doped wel | @ifoMelakeSeldeiidit irBi@M)reswit tnhprdR@P@iMoiniQfin @nsfitibst gae@ds@fahdeYcrbyipe. The
first polarity type can be n-type or p-type, depending on the nenory cell
type. The fihé sife,k paripheyal tiyqne raf@éncs cuaiert vaisad ity de tosigBendngd bSgatet y t ype
menory cells, For exanple, n-type wells are used for p-type nenory cells
whi | e p-typesiswkt & vatles ergldulg higher pevesageor meemd faygec einbgystaB-wihyoh eordiip@ntos can

i nclude boron (B), alum num &AI ) or a conbination thereof while n-type

cl opant s cahlaigporessen WhesHine fagisr gregram gpegeni ¢ (As), antinmony (Sb) or a
conbi nati on_t hereof. ‘[0043‘] Additionally, the substrate may include a |ogic
portion (nofP04%howdfe freteas fBirdprmpleimey bF ¢ AE condelon e FHEES AEYBIESE| nel ude
regions for,other .types of circuitry, depending.on the type of device or
1C [ 0oad) CEHEF af PR fills, €4iskRmiaily PR RS BOPROT PSS second
type wells t shown). To formth d wel i mpl.ant at |

tobnni ques, VRALRSARA ot (B (L5oR BRE Meddocel Bl TRLARRY B o ana
second type, Bl Sefb@ndiet AR teBrdRBRALA! GlRIERARE R0 sidWaE!  t echni ques for
form ng the active regions are al so useful 100451The substrate can be

prepared W fphu1i SOIFg. 152 Jh6 9 bRRSsedtidR visROWD) embRImBXAAPIoBoss foPfoBfRAL at e t he
active regions fromeach other and other active device regions. In one

enbodi ment , deVibeori IS 600 tRe@fring @PFiQ.I53, 2abEREtE $E5 iSpravilcdWThe @btbie cmQbprison S
(STIs). Various processes can be enployed to formtheregions. For exanple,
t he subst r alleocahsthe, stichedightlyiprgpesipdd setntlateretker typedv swpsteesiachidingr m
trenches which are then filled with dielectric materials such as silicon
oxi de. Chenlisat gompahianérciiconpatipssiiaion (POUCYRR) usefah be perforned to renove
excess oxide and provide a planar substrate top surface. The Si] regions
can be for 82l ¢ o%h%%@asme é PrgpRied pith #1 ARy EpioR pontapgng memory cells. In one

embodiment, the memory cells comprise non-volatile memory cells. Other types of memory
cells are also useful. The array region comprises heavily doped well or wells (not shown) with
dopants of a first polarity type. The first polarity type can be n-type or p-type, depending on the
memory cell type. The first polarity type wells are used for second polarity type memory cells.
For example, n-type wells are used for p-type memory cells while p-type wells are used for n-
type memory cells. P-type dopants can include boron (B), aluminum (Al) or a combination
thereof while n-type dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a
combination thereof.

[0043] Additionally, the substrate may include a logic portion (not shown) for support
circuitry. The substrate may also include regions for other types of circuitry, depending on the

type of device or IC.
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formati on of the doped wells, Qther processes or materriton the STis.

[ 0046] I n one enbodi nent, various |ayers of the second gatwit on the
substrate. The second gate, for exanple, serves as the select gate. in one
enbodi ment, a second gate dielectric layer 422 is formed on the substrate.
The gate dielectric layer, in one enbodi nent, conprises silicon oxide.

QO her types of gate dielectric |ayers, such as silicon oxymride, may al so
be used. Various techniques can be enployed to formthe gate dielectric

| ayer. For exanple, the gate dielectric |ayer can be fornmed by thernmal

oxi dati on i[nodagr aeivedlyake Idriychasdrt@ets with bah it Makdcom tgawebenpehdvan.med at a
tenperature range of about 750 - 1100C with a pressure range of about 0-760
T. In an alTodpbmetht depedwmdiiodomimptantatidnecconiquets, 2uchgs aphantetiin vohn nfaek, pmdwi ded wi t h
nitrogen. The thickness of the second gate dielectric layer is about 15 to
100. A. The usek dhdfiggeane sedpratene twellceah by/formed dinsebrsatd prpqeesds. (1hen tpchyidiesfor ypes of
dielectric materials, thicknesses or techniques, [0047] A second gate

el ect rode |fagire thagtiyedegiapasilsee®h t he second gate dielectric layer. The

gate el ectr | ayer conprises, in one enbodi nent, polysilicopn. The gate
el ectrode I[ﬁ‘g"g} Brupa Bar“r?éarea‘geda‘ﬁ“hdff’gar“ﬁ%?}&g“SJPOtﬁlg’r‘?'-nia/ F’ﬁﬂ‘@[}stol ayer .

Al ternativel ot her. types .of te electrodes ,can be used. The.,thickness of
the- second SR Bl HRER PR Pefnd ST R it e Mgl "G

t hi cknesse : o hS e sHflo Dei _ O EGLS | ayer,
t echni ques:sthe‘gl%(g tﬁggegcﬁée%&g%ﬁ %-gp&ogg'g}ééglg?%?%ﬁﬁ V% ,Qcpgéfl%%&e gg%d. O her

techni ques @pRy@ 15 B JRISUY regidR048] dchin ) e SIROAL FRBL etcHelMBsirREAARN Ak €
el ectrode | ayer conprises a doped gale el ectrode | ayer. For exanple, the

second gat aeddhigeds fod8eh theaYRE wEIOHRE ihSeSlcd with PRlcflapamt fmiskadhiafgli@neaacent rat i on
of about 1 - 9E15 ionicnR2. Oher types of dopants and concentrations are

al so usef ulCherhleel nebolpaitlpolishing (EMRITEPL I, pedvrercd NGO kb dxidand ptokide gat e

el ectrode | ayer by ion inplantation. Qher techniques, such as insitu

dopi ng, carplabrsabshae g edfato Thi AElorgens atn badormpd fad opanpiesprioPlogv ifhr thg undoped
gate electrode |ayers may al so be useful. 100491Referring to Fig. 5b, the
vari ous sedomatient ejdegpd wsllsy Qshepprpeessenerdnateripls gagalse ke ﬁg?ﬁ",thet -vari ous

| ayers are Eatter ned to formgate stacks. Techni ques, such as mask and
etch, can H&§kednye F‘B‘?"ﬁi“feﬁ‘e"aé'él‘séa@fsé’éw sqegyd gé‘ﬁéﬁ“rﬁ?r@?d%{ltbffﬂ?s&f“ési st | ayer

481 is f d t te | it d ' di f th
gate | ayer o KORETOORTES SPR ® CUET R a1 AR T R OR Br R R E), 15
porfor ed (R LATRAE. SYRISTH AR LODR 4Tk 21 ANEORLE 1 BSAoghI50l [ one

enbodi nment , | ayer rmed o op o e’ secon € el ectrode

comprises silicon oxide. Other types of gate dielectric layers, such as silicon oxynitride, may
also be used. Various techniques can be employed to form the gate dielectric layer. For
example, the gate dielectric layer can be formed by thermal oxidation in either a wet or dry
ambient. The oxidation can be performed at a temperature range of about 750 — 1100°C with a
pressure range of about 0-760 T. In an alternative embodiment, the oxidizing ambient can be
provided with nitrogen. The thickness of the second gate dielectric layer is about 15 to 100A.
The second gate dielectric layer can be formed using other types of dielectric materials,
thicknesses or techniques.

[0047] A second gate electrode layer 438 is deposited on the second gate dielectric layer.

The gate electrode layer comprises, in one embodiment, polysilicon. The gate electrode layer



| ayer bel ow the photoresist |ayer 481. The ARC | ayer inproves |ithographic
resolution and gate etch profile, it also enhances the isol ati on between
the sel ect gate and control gate. The ARC |l ayer, for exanple, conprises
silicon nitride. O her types of ARC | ayers are al so useful. The thickness
of the ARC | ayer is, for exanple, about 10-.500A. After patterning, the
phot oresi st layer is renoved, |eaving the ARC | ayer over the gate stack.

[ 0051] As shown in Fig. 5e, an inter--gate dielectric |ayer 428 is forned.
The inter-gate dielectric layers line the gate stacks, sidewalls, and
substrate sup B@féﬁned'zpin%ﬁﬂ)h&ﬁ%r hdﬂtaﬁfor;ﬂé\ls@ayerd |A¢tleﬁ5-‘tf-vélbr%tﬂeﬁ6jr s of gakk ONe

enbodi nent, conprises formng nultiple |ayers wherein at | east one of the
| ayers inl ca@esdemaﬁeeﬁsy&tﬁiemcld]&ewlxd cond gatesratde®pt, for Baaplefit fougat e
dielectric layer conprises an inter-gate dielectric stack having miltiple
sub-1| ayers %bl—amumcxbtudeﬂsckaesmm(arsyssteml 'E;ubnﬂtag'semndgkteelequbwlayegat e
dielectric stack, in one enbodi nent, conprises three |ayers. The first

| ayer is, ftmhniemmmheis Clanﬁdab\fanfuldbgﬂsig@d@NDb(@m@w@xiqti@r gthniques atelyisekness of
about 50-100 A. The bottom oxi de can be forned by either wet or dry

oxi dati on, U8l second |ayer is a |ayer of tianoerystals deposited on top of
the first b for ex , CVD an neal . The second | ayer can
conprise a @%"&/Sl I}Q?Sﬁm?ﬂdm&ggfhﬁﬁ%&%d ggielefj &‘S’H |a§?é‘?m%ﬁ‘?s€ﬁi°?° Ll %{ggg d by an
anneal to fonn |2|nocr sta

e range of ocrystals can be
about. 304003 1t BPREGHS-Pul e DR aSel BNPReEt oh SRR )

t al
1y Sy 004 | ST O Y TR
t hi ckness QIseftllh &hd (hlylpﬁrgs k@yﬁ&plesar@lﬁwor%(?mg e gﬁe elé&o@]%e%@rd' ment, the cap

| ayer conprises a | ayer. In one enbodinent, a nitrided shell may be
provi ded t ampMithtddNOthbNEchRigieGhudhSh akiSu-qopingfcak ﬂsoq;amseaﬂformprpaxmr@ehd ayer
deposition. Providing other configurations of the dielectric stack nay al so
be useful . depantse Raniding pndobdichte RRtteNdE AYSs miyhilsolbaestes or deposition

techni ques can be used. [0053]In Fig. 5d, a first gate electrode |ayer 434
i s deposit d8049h t Refesinpbittigbie theVhouf jocad ggfatagereireptticne Ihayeer, in one
enbodi nent, conprises a confomml |ayer of 1)613:silicon. The gate el ectrode
| ayer can trEnbpdmprs dhosigTions lager pip R lgTCHTO f@r@rgaﬁﬁ@?liﬁhwbmﬂl&yévch aThHeskget e

el ectrode | ayer, in one enbodi nent, conprises a dope ate el ectrode | ayer.
For exanpl €t° t‘}‘i%bb‘éff‘btoé‘rr@ékﬁergﬁ’&éﬁ@‘ G:Bb%‘éf“w tamhﬁorf%@mé L fasmedqygrihe s

hosphor us a concentration of .ab 9E15 i onsfcnR.. Th opants can
b heor porEiE o T PaCeT OB b 1 A B P B ek BN at | g e

dopants car a 1‘§e 10 e?ch?ﬁﬁ% O%paegfornreggo er te)gq%sei% %1%0% 4%?51[ th gedtevl\ﬂyEQ otheres of

gate el ect rode mat
[0050] In one embodiment, an ARC layer 429 is formed on top of the second gate electrode

layer below the photoresist layer 481. The ARC layer improves lithographic resolution and gate
etch profile, it also enhances the isolation between the select gate and control gate. The ARC
layer, for example, comprises silicon nitride. Other types of ARC layers are also useful. The
thickness of the ARC layer is, for example, about 10-500A. After patterning, the photoresist
layer is removed, leaving the ARC layer over the gate stack.

[0051] As shown in Fig. 5c, an inter-gate dielectric layer 428 is formed. The inter-gate

dielectric layers line the gate stacks, sidewalls, and substrate surface. Forming the inter-gate
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[ 0054]in one enbodi ment, the first gate el ectrode conprises a thickness
which is simlar to that of the second gate. The thickness of the first and
second gate el ectrode |ayers, for exanple, is about 400-2000 A. O her

t hi cknesses or configurations of gate el ectrode |ayers may al so be useful.
For exanple, the gate electrode |layer may have different thicknesses, To
"Cormthe first gate el ectrode | ayer, techni ques, such as chem cal vapor
deposition (CVO, can he used. O her techniques are al so useful. [0055]As
shown, an ARC | ayer 439 is formed over the first gate el ectrode layer. The

ARC, for ©X2MRAr 8 1ay6rOiBhd hiSdisbht] ©@Prised fofrhi mﬁlﬁ 0%y SewhEdiMRleadt ¥RAS Of ARC
| ayers are also useful. The thickness of t ayer is, for exanple,

about 10- 50@AayekhiicudRGah@yehlsser ves to i npr ove l'ithogr aphi c resol ution and
gate etch profile. [0056] Referring to Fig. 5e, the first gate el ectrode and
ARC | ayer s (@52 palntog¢ arglghdin@nicthp dse gpoditleadislayef contpesed hreinecgatd dielagaiaocr yst al

| ayer. As shown, the layers are patterned to formfirst gate el ectrodes
over secondtagaltasing mpltivle sehelaystsadich incindesrsanaraetysrdi sretaver. Thednti-gagt gat e

el ectrode Ia¥ers are patterned to overlap the second gate el ectrode stacks.
' Techni quedliclestiie pagksinppssmbadiment RPrivaiep &yers ebhedigt ut iseloneemplegubst r at e.
For exanpl e, hot or esi st i.S rmed o the ARC | a The

phot oxesi si ?%?Ggﬁ’g?’tb&tf%éﬂ‘“{?y & afﬂ{ﬂ@?sglgf{%%&utééi‘ﬁﬂﬁ q%gottofh‘g‘ydﬁéfntbér n of the
photore3|st San be transferre and gate. el ectroge Ia ers by, for

exanpl e, an AR ot FEpIt PR gttﬂc T}’eseﬁﬂngg 16" KD S TBUT RS PR EPOHET St esi st can

e oo e T oy 0 i = e
the first %@ iy&1i&h epénr&ﬁleusesmaaﬁ@?er RAHER 4 gfaéesgeﬁ by Eueanhaﬁ @rforglalta&c@ktayer
W tY. over ate el ectrode unprotected by the first gate el ectrode. In one
ernbodi t erme §zdNing@¥PAShaAEerfshie chibE®sY S6-#0SA. A Qifrided layer can be provided to

surround the nanocrystals. The third layer is an oxide layer formed to cap the nanocrystals by,

for example, CVD or rapid thermal CVD (RTCVD). The thickness of the third layer is about

100-250 A. In one embodiment, the cap layer comprises a HTO layer. In one embodiment, a

nitrided shell may be provided to surround the nanocrystals prior to cap or top oxide layer

deposition. Providing other configurations of the dielectric stack may also be useful. For

example, other materials, thicknesses or deposition techniques can be used.

[0053] In Fig. 54, a first gate electrode layer 434 is deposited on the substrate. The first gate

electrode layer, in one embodiment, comprises a conformal layer of polysilicon. The gate

electrode layer can be formed as an amorphous or non-amorphous layer. The gate electrode

layer, in one embodiment, comprises a doped gate electrode layer. For example, the gate

electrode layer can be doped with n-type dopants, such as phosphorus, at a concentration of

about 1 - 9E15 ions/cm® The dopants can be incorporated by ion implantation. Other

techniques for incorporating the dopants can also be employed. Forming the gate electrode with

other types of gate electrode materials may also be useful.
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exanple, in the case of an inter-gate dielectric stack, the top oxide
sub-layer is renoved to expose the nanocrystals. 100501The substrate is
subj ected to processing to nodify the exposed portions of the nanocrystai

| ayer to formnodified portions of the nanocrystal |ayer. The unexposed
portions are unnodified portions. in one enbodi nent, processing conprises
oxi di zi ng the exposed portions of the nanocrystal |ayer to at |east reduce
the size of the rianocrystals. O her types of processing to reduce. the
size of the nanocrystals nmay al so be useful. Preferably, the processing at
| east reduq@gsal henSdng BmBdinteh© thB BFsNRFNRLRbdS cdiprilesitA&knRe Wakh & strllibashol d

di ameter to enable their removal wthout remants. For exanpl e, the
threshol d dhabEhEdecdn8 gl Qué thitbnekd bl the ENQId stdonEgmbicdirddic aiyat, Gsrexaipe, al So
useful. In other enbodinments, the exposed portion of the nanocrystal |ayer
i s oxi di zeds fboutf400-2§00C0 I hEmEhidkessen amoniStagbrs of Faorclexa@iyers mhhasodx posed
portion is oxidized to forman oxide |ayer. [0059] The processing, in one
embodi ment ,usefeimber esenple e dite Flerodainicemey, haguditerers thivkyegesn Bofmnaﬂmfilﬁg anbi ent .
For exanpl e, the oxygen containing anbi ent can be ox% or ozone
(03). In ortétcalipeds ?‘;‘ﬁﬁ{mht“ﬂ‘@s prdaeesmitg \eprgercsdn (GN gf’t‘iﬁ@ ugde QHer The ozone
cl ean can be perforned at a tenperature of about 400 C. to oxidize the
nanocrystalt?hmﬂ’feééréélé??f@f“{ he device | ayer using other anbients or

t enper at ur al so, usefu 0 F el ecti val of
the nodi fi ﬁgﬂgsgrtlesﬁkéowélf +1Rec n’éng%}lisg“ ‘fdolg%fsﬂé&% e?rgl?/% éeel'f‘yef \rlllg’eﬁ’ggo 1 fied

portions i %oreelxgﬁré)é }é(?'n;;ngestsngoﬁﬁgdea&gmgé’it(ﬁheqIﬁggstc{fz%%% l{l/}@%‘é%%;?les? Q{e uf AP l'e, the

renmoval of the ortions exposes t e second gate
el ectrode |@¥&kss oftlﬂe fRE lﬁ@ﬁ@@dr@%ple ;Ibb@t lb%m/ai'he Ctlgﬁr tt)'irﬁ‘;g Waor ti ons
conprises a wet etch. Thé wet etch conpletely removes the nodified portions
W t hout anyltﬂa,gﬂgﬁy&;@iuoﬁamgateretshprbﬂe,one enbodi ment, the wet etch conprises
DHF and SC | with ntgasonic process. The wet etch, for exanple, can be.
performed d005abouReféfing to@. Se, the firsafta diectt@lle-anBOR Mriapett &6 patt@hkd expo@cesses or
wet etch process paraneters may al so be useful. [00611In Fig, 5h, the
second gat eogbwat thedelebtay mmodrgsta hydre Angdwi,oheflgremasphitdmed &t fergn ot gatenor y
cells. In one enbodi ment, the second gate el ectrode |layer is patterned to
form split elfarasdss Qypr seepdi &%WCUP&@W?W Ig @elegibodinent. shedhi @atg dlecrods Iwetsr ode | ayer

is patterned, and the paiterrung is, |br exanple, selective to oxide. The
patt erni ng a&rpaﬁwdé%%vsﬂ@ theseeone PaeHIscBere stege fechRiiss suchapmask gpdiichy at e
dielectric | on he substrate_betwe

e used; t m the s Of €Xa E: D)eresglll trlg%tmelesdo%er} eAq{% L

gate di el ecbtiecod gty i g v SHIPPregag:

layer. The photoresist layer can be selectively patterned by lithographic techniques. The pattern

of the photoresist can be transferred to the ARC and gate electrode layers by, for example, an

anisotropic etch such as RIE. The various layers beneath the photoresist can be patterned to

form the memory cells. The photoresist layer is removed after forming the memory cells.

[0057] As shown in Fig. 5f, patterning of the first gate electrode exposes portions of the

inter-gate dielectric layer with nanocrystals over the second gate electrode unprotected by the

first gate electrode. In one embodiment the process continues by exposing the nanocrystals. For

example, in the case of an inter-gate dielectric stack, the top oxide sub-layer is removed to

expose the nanocrystals.
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| 00621 To pattern the second gate el ectrode, techniques such as nmask and
etch can be used. For exanple, a photoresist layer is fornmed over the
substrate. An ARC | ayer can be provided beneath the photoresist. The

phot oresi st | ayer can be selectively patterned by |ithographic techniques.
The pattern of the photoresist can be transferred to the |ayers beneath by,
for exanple, an anisotropie etch such as RIE. The various | ayers beneath

t he photoresist can be patterned as desired. The photoresist |ayer is
removed after formng the nmenory cells. [0063] As shown, the device includes
a | ogi ¢ regjooss] SOGhé tibWateGsubiedled B Pteysifab S diff i SxpssBBsbriohdI&F the0Qi C T egi on,
for exanple, conprises circuitry to facilitate accessing the nenory cells.
Ot her typesnaabcrysagiager ebefvinCasdifesd @ordibis@f the efnddrystdl Ry@NEBheambpdicapattions e gat e
electrode in the logic region is protected fromthe patterning process of

t he nmenory wslofiicd ponticnsm en emddbodimert, prachwink ogieisg akidiziep te exposkd ppsortshe sane
as the second gate el ectrode. The logic gate el ectrode, for exanple,

conpri ses aff hsREndcytellayehie pdenserduce ho 4L s narieervimals. OtRIr gypessf progratinger ni ng of
the first gate el ectrode | ayer exposes a ponon of the inter-gate dielectric
| ayer on t hie rsiygsdhersice of Wneaneerisks niay lse bepiefal: Ereéeitive the Progsjere 413t peen

renoved. I n one enbodinment, th raocess conti nues by exposing the
nanocr yst al @8“0?86?6 ER BT BANOGTY SR %‘%ngéﬁ’gfa t&ﬁShPlei@F‘-eéé'a’f’ E’B‘glf éhleg &V st ack,

the top OX! vgi ogt%gﬁxgaag.elg rie)§an{ ?emg%gesﬁo?({ (ﬁz)i(rpe?gles aE)(t)1 ?Il|§' I?HQO(S&]& elzsg(g‘]g 5.1 The
substrate i s subjected t6 protessing to nDdlfyli e exposed portion of the

(1 an0Ct ySt Al AYEL 119 SR LG hOB0.0l po 1 SPADRGENN P yer . I

one enbodi nent, processing conprises oxidlzlng e exposed portions of the

nanocryst al oxi@¥%&fo thif Bhsuln€ 88 hado&GHAE Hoh&aspig hdxpdsttEpotilda iokfi¥slbal s. O her
types of processing to reduce the size of the nariocrystals may al so be

usef ul . Prebei aldxyie 1dyle processing at | east reduces the size of the
nanocrystals to a size below a threshold dianeter to enable their renova
wi t hout renifédd s. Thopro@xsingpih epe ditbveditnbiteomptlisds ohi caidizingrmbisntadodids odyfgedM L Ot her
threshol d di anetersal so useful. In other enbodiments, the exposed portion
of the nanoweniiging pmbignys.dior ¢xgmplg.itiehi oxggen contfining ambioheuheoxyire (Aanowryest ai s.  Por
exanpl e, the exposed portion is oxidized to forman oxide |ayer. [00661The
pr ocessi ng, Opn&htrs aMpsirent. s REpcssiag comprissk privzeiaripaanbicopne cleicehn s oxygen
cont ai ni ng anbi ent. For exaqple, t he oxxpen cont ai ni ng anbi ent. can be
oxygen ( Oz)peg?rmgi #jdemperature o about 400 °C to oxidize the nanocrystals. Processing the device

layer using other ambients or temperatures is also useful.

[0060] Fig. 5g shows the selective removal of the modified portions of the nanocrystal layer.

Removal of the modified portions is selective to the ARC and gate electrode layer. For example,

the removal of the modified portions exposes the ARC layer over the second gate electrode

layer. In one embodiment, the removal of the modified portions comprises a wet etch. The wet

etch completely removes the modified portions without any nanocrystal remnants. In one

embodiment, the wet etch comprises DHF and SC1 with megasonic process. The wet etch, for

example, can be performed at about 40 — 60 °C for about 10 — 30 minutes. Other processes or

wet etch process parameters may also be useful.

[0061] In Fig. 5h, the second gate electrode layer is patterned to form split gates of memory

cells. In one embodiment, the second gate electrode layer is patterned to form split gates of
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one enbodi nent, the processing conprises an ozone clean. The ozone cl ean
can be perforated at a tenperature of about 400 C. to oxidize the
nanocrystats. Processing the device Layer using other anbients or
tenperatures is also useful. 100671Fi g, 55 shows the renoval of the

nodi fied portion of the dielectric nanocrystal |ayer. Renoval of the

nodi fied portion of the dielectric nanocrystal |ayer is selective to the
ARC gate el ectrode | ayer and substrate. For exanple, the renoval of the
oxi di zed di el ectric nanocrystal |ayer exposes the substrate and | eaves the
ARC | ayer ra@ﬁ&inﬂhaﬂ)rp&ﬂ§. ThD GecBitf Bre @leQFSIE RGR id pAYEKe; andl the pARmMEIFROEH MENt , t he
renmoval of the nodified portion conprises a wet etch. The wet etch

conpl et el y ek@ffky &8ectiviao oadh, fThephttpr@ing bfxhe atdnh @até eledyderiaanspyssd tad ineermant s.

I n one enbodi nent, the wet etch conprises DiiF and SC1 with negasonic
process. Tipetevigtectet tigr ofi de subxtaangteayeerchnspliegafes pmisll satond prtadicleb@ic-laye60C f or
about 10 30 m nutes, O her processes or wet etch process paraneters nay

al so be usefligtent th 0OEHItTHe- r enoval of the nodified portion of the ielectric
nanomystat | ayer al so renoves exposed portions of the second gate

di el ectric [P0gbr Torasispdicaeqopbea plrsadgtteehnigprs such armask pd ech G WS U8 sel ect ed
to avoid undercutting of the unexpgsed second gat jelectric layer beneath
the second [§aP@mEF¢ ?t%%ﬁt?alﬁdsafg‘f‘%gf’éﬁrﬁeﬁ Strage- F%U&R(gl??'er f??ebeﬂﬁﬁdf%yer 439 on
top of the first te 434, second gate 438 and | ogic 1,0n is renoved.
| one enbdai BN TE " B B e R e R B R (ecei g

the | ogic rté‘cﬂhiﬁ%%t ﬁgrpatmgle%hotwe&ste ﬁ,%%gﬁﬁagowa%s béhefEBRYSEd prior to

| ogic poly iInp ation and l'ogic poly etch. Renpval of the ARC | ayer can

be achi evedx¥ple, h4niS¥&HHU @ sud a0REDAhe Qlioh 18R} B6dchii BelpRorSitdist &Ame The et ch,
for exanple, conprises a plasma etch. Qther techniques can al so be useful.

11007011Af tpatiertca BDISikedOThd ghetoARE Idyaniefemotdl afidragintg iR Gieadrypecessed, as
shown in Fig. 51. To protect the nmenory region from being processed during
pr ocessi ng [6631 heAb ggive, tiealgvionipclalesabkic regise H0%i8 waicp hotromesy &tls mask, can be
used. In one enbodi nent, processing of the |ogic region conprises doping

t he gate elfewted.obie ldgipyregionpfor thamplercampiiss aregitry keefpailitpic aCespingthamphery doparits
of a first polarity tyPe are inplanted into the gate el ectrode | ayer

(i ndi cat ed PN Sepingss of lppe devicesare Y vaslply Yo g pabedapenp the gate glecsrodsyin fiet ype
depending on the transistor type. The first pol aritﬁ tgpe d E(gnts are used
for first pPOAISFFIPRSPiRlseted frm P Batisming presyss ehBrpreery (s d ﬁ%ﬁf{@ Petused for
n-type fhTs i.l e pt dopards are used for p- e .FETs. Ot her canfigurations
of dopants ﬂée\rygg“t' $aé%§ei°§?d§rls tg‘i/sﬁ‘é'g asﬁg g 5at%£eiechr§%f Elfeﬁoﬁg-%agf ﬁg Ctéoélﬁ’g%rt s can

i ncl ude bor | um a conbi nation thereof while n-type
dopant s paﬁgé}nrf&‘%%(gnﬁf)%g]égﬁgp{ygt%eﬁ%?erar senic (As), antinony (Sty) or a
combi nat i ofjegelfr €Qf shol R HOBAP LAY CEML FiRl JaRRIELAR: ra?agfpogéwg&maﬁ&Eﬁ cm 2.
O her dopant concentration ranges may al so be useful. f00711lin other
enmbodi nent ,ihdihkStatediit 8 LRGN dRRARrait YRESHERB: AR clcbRdany@dasiveén first and

removed. In one embodiment, the process continues by exposing the nanocrystals. For example,
in the case of an inter-gate dielectric stack, the top oxide sub-layer is removed to expose the
nanocrystals.

[0065] The substrate is subjected to processing to modify the exposed portion of the
nanocrystal layer to form modified portions of the nanocrystal layer. In one embodiment,
processing comprises oxidizing the exposed portions of the nanocrystal layer to at least reduce

the size of the nanocrystals. Other types of processing to reduce the size of the nanocrystals may
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second transistor types, formng a CMOS | ogic region. The first and second
dopant types can be inplanted using different inplant processes, 'M
dopants can be selectively inplanted using inplant masks. [0072] After
doping the gate electrode layer in the logic region 509, the gate el ectrode
| ayer is patterned to formgates of transistors, as shown in Fig. 5m

Al t hough only one gate is shown, it is understood that nunerous gates may
be formed in the logic region. The gates may include gates of both p-type
and n-type transisw.rs to fornconpl enentary e, such as a conplenentary
met al  oxi deals%%%&ﬁiﬂdki%ﬁﬁly,(t%}ssﬁgwlgaﬁ,re(@égﬂfe seOfthdrRs@R & Lfzcgat es are
al so useful. f00731Spacers 460 can he forned on sidewalls of thethe |ogic
and nenory teRgi QhsshollildRMSPAC efasle tHeren@vaatheyt reaMafY. i Beexample,@heeCt ri C

materi al such as silicon oxide and/or silicon nitride. Qher types of

di el ectri c thmthekdid@hsteniayboal Sonb @thes éifaghold darhapnyare e uwsqfalc &r gher Var i ous

techni ques can be enployed to form he spacers. For exanple, a spacer |ayer
i s deposi t edhbodimetie ths gkposad @priomefdherandeestaldayet i oxidipgvelutlheonkigreitheont al
portions of the spacer |ayer, |eaving spacers on the sidewal k of the gates.
in other erf3bynitelit Eor cxampleshaewpsd pyhote oidirpd dxfompansiride e wi t h mul ti pl e

| ayers. O yp of spacers are_ also useful. [0074] Source and drain
(source/ dr gﬁ%‘ﬂ re %H{%C“’%TF‘@’ if 81ROt 3P L REPTSP SR SHE R 8PP, B 8RBT ment

the source/drain regi are forned after .forming the spacers. The source
and o i n 1 yraeEAR S Bafih TR hot R SRRIED BrontllT, ST e

sour ce/ dr ai gy @0l - oL A, redi, c formed by
. (Bi’)' 80,2 BRncitk §ﬁx‘é%{bﬁe EXQ&@H&E GiELHhehed ﬁ? g 19a%'lﬁr¥e)t?e

separate I npl'ant processes. er configurations of ormng t

sour ce/ dr ai farfb@di RNSerieinud ¥ AIdBR YL to dxlizS HERaRERQSlE. BEESing ke@blidey doped
extensions (not shown) can be provided for the source/drain regions. The

i ghtly dopa®r@xizemst Hibken€ anecperd@tsedsqusétar to form ng the spacers.

[ 0075] The process continues to formthe IC. For exanple, additional

processi ng [6@67] i nEigui ehowe Krirdngpvalak ihe imdéifiaipottae bthé ditlbdtmchagapystabiayieh
dielectric material, formng one or nore interconnect |evels, final

passi vat i orRengivat pfife medifsedpbitipn efrik ddeckmghnvgryst@idyeris preoitessibs ABE @atal so
useful . [0076] Figs. 6a-d shows an alternative process. As shown in Fig. 6a,
a devi ce GWCV%degqyeraméswqa@r Forsrapie fhe s d 95 ihp gridizedidiclgetrie prrpeaal of Fi g.

Se. Referring to Fig. 6b, the first and second gate el ectrode | ayers in the
menory r egil®i FPEeHET tBiREIY B2 ro PR Bl laver e ovedhs Blsslermdpa iy gties, such

as mask ang' etch. can be empl o e%g}efor. tterning.the substrate to formthe
Spl it gat ed” SRHRSURG ISP ORLT O FHIR Pder et W PR e PEAP exposes
portions Ofcoﬁlplgtefy@én?orvésgtﬁet rgodgfileﬁ ngr?ll:)l{ \ivﬁhout any nanocrystal remnants. In one

embodiment, the wet etch comprises DHF and SC1 with megasonic process. The wet etch, for

example, can be performed at about 40 — 60 °C for about 10 — 30 minutes. Other processes or

wet etch process parameters may also be useful.

[0068] The removal of the modified portion of the dielectric nanocrystal layer also removes

exposed portions of the second gate dielectric layer to expose the substrate. The etch time

should be selected to avoid undercutting of the unexposed second gate dielectric layer beneath

the second gate electrode.

[0069] Referring to Fig. 5k, the ARC layer 439 on top of the first gate 434, second gate 438

and logic region 509 is removed. In one embodiment, the exposed ARC layer is removed prior
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| ayer while renoving portions of the second gate el ectrode | ayer exposes
portions of the second gate dielectric |layer. The mask al so protects the

| ogi c region during patternng processes. [WPMAlter patterning to formthe
split gates, the mask is renoved. As shown in Fig. 6c, renoving the mask
exposes portions of the inter-gate dielectric layer and ARC | ayer. The

|l ogic region may also have the inter-gate dielectric |ayer over the ARC

| ayer and gate el ectrode. In one enbodi nent, the process continues by
exposi ng the nanonystals. For exanple, in the case of an inter-gate

di el ectri ¢ (§pB&kKsinglthQodiORgiOX | L e:aMPle] RY&PosbSAREC M LkehéVe@ KRR SR odiIe
nanonystal s. [0075)1The substrate Is then subjected to processing nodify

t he exposegoRanpla@iion indibpe: FHRNOAI Rebh@lal df AR 1Qyet ein e nabidivddibgdopor ti ons of

t he nanoctystal layer. In one enbodi ment, the processing conprises
oxi di zi ng tehenpix pelold ettthelertiva aesilicst. alhe kaly, dor ekanpixt cdngpaiss a peshuoecht he si ze of
the nanocrystals. Other types of processing to reduce the size of the
nanocr yst al&hargpghniduesrabdsaisafafl. Preferably, the processing at | east
reduces the size of the titillate tals to a size below a threshold di aneter
to enabl e tIMEP} r&fitsvemrovaliof the AMRCrlayam iR dogic rezim ivregsised as shpwn infigedhol d

di aneter is_ _about 15 am Qher threshol d diameters ar | so useful. In

ot her enbodPRERTCEe PRROT ISR O™ SERg RBT7s61 l{nﬁ%prﬁgﬁs%@&iqgwp%a i s oxidized
to fully consune,the nanocrystal s. Fqr. exanpl t he expos grtion is

oxi i zedl 1 G RBITD o BRPRES S o o e B Sk P AR e B ¥t e
conpri ses - [ ng t

xanpl ot A M B e AR LRI 8k 03). 11

one embodi rEeRfiys iaetynm%mmuﬁ&meig%élea;adazﬁpgmﬁéa@aay ardNg). ARONE: Cl ean
can be perfornmed at "a tenperature of about 400 'C. to oxidize the

nanot t r yst gb&rity 3pe 6898 nfighe bh@tyd€ i e fiidpay @i tasdisig typt.Mete fiTpéI@N} §pOT
tenperatures is also useful. [0080] As shown in Fig. 6d, the nodified
porti ons ofdopdae atdiveddéatfirit poliraNQgpe tyditistbrs.| Boy exaniple, d-+hiepanesrmpr ugedafuch-typgi €
regions are removed. Renoval of the nodified portions of the dielectric
nanocr yst alFETaykite pi+slomets ectuied éorpayeiETARGher gertfigureticas ofrdopkats|apd/ieansistemd
substrate. For exanple, the

types may also be useful. P-type dopants can include boron (B), aluminum (Al) or a

combination thereof while n-type dopants can include phosphorus (P), arsenic (As), antimony

(Sb) or a combination thereof. The dopant concentration can range about 1-9E15 cm. Other

dopant concentration ranges may also be useful.

[0071] In other embodiment, first and second dopant types can be implanted for first and

second transistor types, forming a CMOS logic region. The first and second dopant types can be

implanted using different implant processes. The dopants can be selectively implanted using

implant masks.

[0072] After doping the gate electrode layer in the logic region 509, the gate electrode layer

is patterned to form gates of transistors, as shown in Fig. Sm. Although only one gate is shown,

it is understood that numerous gates may be formed in the logic region. The gates may include

gates of both p-type and n-type transistors to form a complementary type device, such as a
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removal of the oxidized dielectric nanocrystal Layer exposes substrate and
| eaves the ARC | ayer remai ning over the gate el ectrode | ayers. [0081]in one
enbodi ment, the renoval of the nodified portion conprise- a wet etch. The
wet etch conpletely renoves the nodified portions wthout any nam erystal
remmants. I n one enbodinent, the wet etch conprises DHF and SCI with
nmegasoni ¢ process. The wet etch, kw exanple, can be perforned at about 40 -
60 C. for about 10- 30 m nutes. Ot her processes or wet etch process
parameters may al so be useful. 100821The renoval of the nodified portions

of the di e'c@ﬁﬁl@ﬁl&ltdﬁﬁﬁ&ﬁl'&(ﬁ& amidoAdRIor @M 8Svide N OB S Jusbkibns of Fhtes @IFE
enbodi nent, the renoval of the nodified portions also renoves exposed

portions ofasvhefsecond gate dielectric | ayer to expose the substrate. The
etch time should he selected to avoid undercutting of the unexposed second
gate di el ed007BL | aSpecersyién emtbh fdrinel gesclondls ghhegagds écthe logie andhirgnopr ocess
continues as described with respect to Fig. 5 and onwards. 1110831As
descri bed, redws ARE shaggre forgnannha pasenriyest didlestrigmeaterielisasheae sipipon oxide aydior ocessi ng
the logic region. Furthernore, the nanocrystals are conpletely renoved.
Conpl et el y SHEPRITiAY Qthrs biRarRb delpetigmaeriidnaXRiso peypelpl tpfargthesprcyi-ocessi ng t he
| ogi c regi hhas been found to inprove uniformty in gate el ectrode

resi stance \AEPTSAITHHES S8 PHEEPIPYE 1 ?SPE@E?SET'FH%“RI%Q TE¥ Yy he enbodi ed

in other specifi.c 'forns wthout parti fromthe spi.rit or. essential
charact er Spieises g Sapactio Mthed RN I o Bihindio Rl b hesBl B0 2T %
consi der ed i@l L ESRRS BN HAL LALT e KLl AR LA LGt he T nvent i on

descri bed here Scope o e invention is thus ated by the appended
clains, rathaposhdipieRNvith RRiIHRNISIR] DHheAGRE b sB&c%nQQveaﬁ@ﬁlseﬁl.l changes that cone

wi thin the nmeaning and range of equivalency of the clains are intended to

be enbr acedqod7apr esdurce aMd@hin tsSurd/@hiMBekidnS are @eMbdMBr the transistors. In one
embodiment, the source/drain regions are formed after forming the spacers. The source and
drain regions are formed by, for example, ion implantation. First type source/drain regions and
second type source/drain regions can be formed by separate implant processes. Other
configurations of forming the source/drain regions are also useful. In some embodiments, lightly
doped extensions (not shown) can be provided for the source/drain regions. The lightly doped
extensions can be formed prior to forming the spacers.
[0075] The process continues to form the IC. For example, additional processing can include
forming salicide contacts, filling gaps with dielectric material, forming one or more interconnect
levels, final passivation, dicing, assembly and packaging. Other processes are also useful.
[0076] Figs. 6a-d shows an alternative process. As shown in Fig. 6a, a device 600 is at a
similar point of processing similar to that of Fig. 5e. Referring to Fig. 6b, the first and second
gate electrode layers in the memory region are patterned to form split gates. Various techniques,

such as mask and etch can be employed for patterning the substrate to form the split gates.

Removing portions of the first gate electrode layer exposes portions of the inter-gate dielectric
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A nmethod for formng a sem conductor device conprising: providing a
substrate prepared with first and second regions wWilh a first device |ayer;
form ng a second device |ayer conprising nanocrystals; providing a cover

| ayer over the second device |ayer, wherein the cover |ayer conprises a
patterned cover |ayer which exposes a portion of the second device |ayer in
the first regi on and exposes the second device |ayer in the second region;
processi ng the exposed portions of the second device layer in the first and
second regions to formnodified portions, wherein processing atreduces the

nanocryst al 18yef Qhi rQﬁ&IﬁE tp@r‘fiprg_%k AWseBodd¥he SRQIofe Y eRABBLEE pdriont b@hdRhb i ed
portions. renoving the nodified portions; and processing the second region

after renoaRdicleb@ic MG The RRK hkOfStects the logid REioMBIrAE Pat@fning Ipaicéikes. Wher ei n t he

nodi fied portions are renoved w thout | eaving nanocrystal remmants. 3. The

met hod of qb@7mM | Ankrgairding to form the split gates, the mask is removed. As shown in Fig. 6c,
removing the mask exposes portions of the inter-gate dielectric layer and ARC layer. The logic
region may also have the inter-gate dielectric layer over the ARC layer and gate electrode. In
one embodiment, the process continues by exposing the nanocrystals. For example, in the case
of an inter-gate dielectric stack, the top oxide sub-layer is removed to expose the nanocrystals.
[0078] The substrate is then subjected to processing to modify the exposed portion of the
nanocrystal layer to form modified portions of the nanocrystal layer. In one embodiment, the
processing comprises oxidizing the exposed portions of the nanocrystal layer to at least reduce
the size of the nanocrystals. Other types of processing to reduce the size of the nanocrystals may
also be useful. Preferably, the processing at least reduces the size of the nanocrystals to a size
below a threshold diameter to enable their removal without remnants. For example, the
threshold diameter is about 15 nm. Other threshold diameters are also useful. In other
embodiments, the exposed portion of the nanocrystal layer is oxidized to fully consume the
nanocrystals. For example, the exposed portion is oxidized to form an oxide layer.
[0079] The processing, in one embodiment, comprises an oxidizing ambient, such as oxygen
containing ambient. For example, the oxygen containing ambient can be oxygen (O>) or ozone
(03). In one embodiment, the processing comprises an ozone clean. The ozone clean can be
performed at a temperature of about 400 °C to oxidize the nanocrystals. Processing the device
layer using other ambients or temperatures is also useful.
[0080] As shown in Fig. 6d, the modified portions of the dielectric nanocrystal layer in the
memory and logic regions are removed. Removal of the modified portions of the dielectric

nanocrystal layer is selective to the ARC, gate electrode layers and substrate. For example, the
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t he second region conprises a second region gate el ectrode |layer with an
anti-reflective coating over the second region gate el ectrode | ayer; and
further conprises renoving the anti-reflective coating after renoving t: he
nodi fied portions and prior to processing the second gate el ectrode | ayer
in the second region. 4. The nethod of claim3 wherein the first region is
patterned to forma split at structure of a nenory cell with first and
second sub-gates, wherein: the second sub-gatc k separated fromthe
substrate by a second sub-gate dielectric; and the first sub-gate is

separ at ed fr@al dFeheoiiastd @di&ranandchSals8eoRfossdbabgat enddyavishe: secnipg | ayer .
5. The nmethod of claim| wherein; the first region conprises an array

regi on whi lremiitieg sechaghtd dgirata lagapri ses a | ogi ¢ regi on; t he second
regi on conprises a second region gate el trode layer with an
anti-refl edf98le céaine pgbwinent, thh eenwed ofide medjfiaipogiat eongriess e wedech| dAlrer ; and
further conprises renoving the anti-reflective coating after renoving the
modi fi ed pord Peh@malsglprieies bomptibrlesgiongitne agerarrysybcenadiseétede | ayer
in the second region. 6. The nethod of claimb5 wherein the arr%y region is
pat t er ned WO‘?‘B‘P%‘%F %F??CW?S DHF ged frlevigrmegasopinBiosest dbe Weicth 5 r st and
second sub- second sub-g separated fromthe
Substrat e By E s Sme s proiDades i asoutiod biun ey SRR Sk T s
isepar at ed f&e?é?c“‘r@ce%pQI%Blret@}s%a?Eigoﬁeu?eﬁﬁ.econd sub-gate by the second device
ayer

[0082] The removal of the modified portions of the dielectric nanocrystal layer exposes the
substrate. In some embodiment, the removal of the modified portions also removes exposed
portions of the second gate dielectric layer to expose the substrate. The etch time should be
selected to avoid undercutting of the unexposed second gate dielectric layer beneath the second
gate electrode. The process continues as described with respect to Fig. 5j and onwards.

[0083] As described, the ARC layer and nanocrystals are removed prior to processing the
logic region. Furthermore, the nanocrystals are completely removed. Completely removing the
nanocrystals and ARC layer prior to processing the logic region has been found to improve
uniformity in gate electrode resistance variations across the wafer.

[0084] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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The met hod of claim5 wheremm the enory cell - atterued to forma split
gate structure the second sub--gate is separatedthe substrate by a s&ond
sub--gate dielectric; and the first sub-ga:ed fromthe substrate and the
second sub-gate by the second device |layer. The nethod of claim7 whe the
first sub-gate can serve as the patterned cover |ayer; and the first
devi ce | ayer serves as the second sub-gate and a second region gate

el ectrode | ayer in the second region.

What is claimed is:
CLAIMS

1. A method for forming a semiconductor device comprising:

providing a substrate prepared with first and second regions with a first device layer;

forming a second device layer comprising nanocrystals;

providing a cover layer over the second device layer, wherein the cover layer comprises a
patterned cover layer which exposes a portion of the second device layer in the first region and
exposes the second device layer in the second region;

processing the exposed portions of the second device layer in the first and second regions
to form modified portions, wherein processing at least reduces the nanocrystals to a diameter
below a threshold diameter in the modified portions;

removing the modified portions; and

processing the second region after removing the modified portions.

2. The method of claim 1 wherein the modified portions are removed without leaving

nanocrystal remnants.

3. The method of claim 1 wherein:

the second region comprises a second region gate electrode layer with an anti-reflective
coating over the second region gate electrode layer; and

further comprises removing the anti-reflective coating after removing the modified

portions and prior to processing the second gate electrode layer in the second region.

4. The method of claim 3 wherein the first region is patterned to form a split gate structure

of a memory cell with first and second sub-gates, wherein:
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9. The method of claim7 wherein the first gate partially overlaps the
second gate. 10. The nmethod of claim7 wherein the first gate conprises a
control gate and the second gate conprises a select gate and the second
device | ayer serves as a storage |layer of the nenory cell. 11. The nethod
of claim1l wherein the second device |ayer conprises silicon nanocrystals.
12. The nmethod of claimii wherein processing of the second region
conprises inplanting ions into the gate el ectrode layer. 13. The method of
claim 11l wherein mng the nodified portions conprises an oxidi zing anbi ent.

14. The method @e SdedldRhib-dade MBERED S Bie 6kiEtkeZdyRGe BRI Bhte GiOIRRAJ; 8RS OXYygen
or ozone. The nethod of claim 13 wherein the oxidizing anbient oxidizes the

nanocrystals, &bfirstde gitelskQdra@fl from dicrubbBaii@rieisecohd@b QX By e stgondnbi ent
conpletely or partially oxidizes the nanocrystals. 17. The method of claim
11 wher ei n deepieyeng t he nodi fied portions conprises a wet etch. SCl1 with
ncgasoni c. 19. The nethod of claim| wherein formng the nodified portions
conpri ses oxidizing anbient.
5. The method of claim 1 wherein:
the first region comprises an array region while the second region comprises a logic
region;
the second region comprises a second region gate electrode layer with an anti-reflective
coating over the second region gate electrode layer; and

further comprises removing the anti-reflective coating after removing the modified

portions and prior to processing the second gate electrode layer in the second region.

6. The method of claim 5 wherein the array region is patterned to form a split gate structure
of a memory cell with first and second sub-gates, wherein:
the second sub-gate is separated from the substrate by a second sub-gate dielectric; and
the first sub-gate is separated from the substrate and the second sub-gate by the second

device layer.

7. The method of claim 5 wherein the first region is patterned to form a split gate structure
of a memory cell with first and second sub-gates, wherein:
the second sub-gate is separated from the substrate by a second sub-gate dielectric; and
the first sub-gate is separated from the substrate and the second sub-gate by the second

device layer.

8. The method of claim 7 wherein:
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A nmethod for formng a deviee conprising; providing a substrate; formng a
nanocrystal device |ayer on the substrate; processi ng the nanoerystal
device layer to forma processed nanocrystal device |ayer wherein the
nanocrystals are converted to a dielectric nmaterial; and renoving the
processed nanocrystal device |ayer using a wet etch.

the first sub-gate can serve as the patterned cover layer; and
the first device layer serves as the second sub-gate and a second region gate electrode
Iayer in the second region.

9. The method of claim 7 wherein the first gate partially overlaps the second gate.

10.  The method of claim 7 wherein the first gate comprises a control gate and the second gate

comprises a select gate and the second device layer serves as a storage layer of the memory cell.

11.  The method of claim 1 wherein the second device layer comprises silicon nanocrystals.

12.  The method of claim 11 wherein processing of the second region comprises implanting

ions into the gate electrode layer.

13.  The method of claim 11 wherein forming the modified portions comprises an oxidizing

ambient.

14.  The method of claim 13 wherein the oxidizing ambient comprises oxygen or ozone.

15.  The method of claim 13 wherein the oxidizing ambient oxidizes the nanocrystals.

16.  The method of claim 13 wherein the oxidizing ambient completely or partially oxidizes

the nanocrystals.

17.  The method of claim 11 wherein removing the modified portions comprises a wet etch.
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18.  The method of claim 11 wherein removing the modified portions comprises a DHF and

SC1 with megasonic.

19.  The method of claim 1 wherein forming the modified portions comprises an oxidizing

ambient.

20. A method for forming a device comprising:

providing a substrate;

forming a nanocrystal device layer on the substrate;

processing the nanocrystal device layer to form a processed nanocrystal device layer
wherein the nanocrystals are converted to a dielectric material; and

removing the processed nanocrystal device layer using a wet etch.
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