MEMORY CELL W TH | MPROVED RETENTI ON BACKGROUND [ 0001] Non-vol ati |l e( NVM
circuits have achi eved w despread adoptions for code and data storage
applications. An inportant aspect of NViMcircuits is their performance,
whi ch includes endurance (nunber of programring or wite/erase cycles) and
data retention after wite/erase cycling. Wthin the industry, the
performance of NI VM technol ogy has been characterized extensively.
Generally, the NVMcircuits should be able to endure over 100 thousand to |
mllion progranm ng cycles with data retention exceeding 20 years, even at

extreme anbient tenper ajpoRy CHAOORAITHANPROVEIOREDENTRROIY t0 a program
state involves, for exanple, injecting hot electrons into the gate

dielectric of the floating or sel eshicgerOURD the nenory cell, while erasing
i nvol ves discharging the gate dielectric by (Fow er-Nordheim EN tunneling.
Leakage patposol]n tNoe-volh@lé eehéry NVMy@rcuicaavedelgead iviigsptehdadoptioanfor axde of t he
menory cell. SUMVARY 100031A nethod for formng a device is presented. A
substrat e pmégdar gorageiaphlicatiohe atnimgorraidsprgt df INVM cignicth isbdoprdfomeipeecehith sur f aces
is provided. A device layer is formed on the first and second adjacent
surfaces ofinglpfss ¢ndpmuge gnumherfof prograpming ibyirileferagerfacigpe yriddata resgpdon ger the first
adj acent surface includes nano-crystal whereas a second portion of the

: . S S
devi ce | ayeYnitgiaie yHiae sWEbRge fpsie et pegfgrpageet NY MyiechBelgeydrs bsho- cr ystal s.
[ 000411 n angt her . epbodi.ment, an alt tive od for formng .a device is
di scl osed. %“éﬁm%eésli@ep%%alwh? ﬁ*]&f’l Céré%‘gﬁg’%yaheémf gaef‘%urreeovlcrsﬁ)f;r ovi ded. The
second gate, feat.ur s side and t.op . [ e dielectric
| ayer is fotF1 %ﬁldg?/g?uhﬁ%? rgeconc C&%llf sgmfh eg{ai%%%%ghéc‘%ﬂlﬁg %(% %t%’. ev%ag first gate

dielectric Layeli.PERs8sg8d to formnano-crystals and third portions of
the first gate dielectric |layer over the top surface of the second gate

feature andogi2pst PR i thmeéino?£6 APEHgRAY stakeOfvoDids, ki 8xaBripCinptiinpases of the
second gate feature are devoid of nano-crystals. A
electrons into the gate dielectric of the floating or select gate of the memory cell, while erasing
involves discharging the gate dielectric by (Fowler-Nordheim) FN tunneling. Leakage paths in
the dielectric layer can exist, degrading the retention of the memory cell.
SUMMARY
[0003] A method for forming a device is presented. A substrate prepared with a feature
having first and second adjacent surfaces is provided. A device layer is formed on the first and
second adjacent surfaces of the feature. A first portion of the device layer over the first adjacent
surface includes nano-crystals, whereas a second portion of the device layer over the second
adjacent surface is devoid of nano-crystals.
[0004] In another embodiment, an alternative method for forming a device is disclosed. A
substrate prepared with a second gate feature is provided. The second gate feature has side and
top surfaces. A first gate dielectric layer is formed over the second gate feature and substrate.
The first gate dielectric layer is processed to form nano-crystals in first and third portions of the

first gate dielectric layer over the top surface of the second gate feature and substrate, while a

second portion on the side surfaces of the second gate feature are devoid of nano-crystals. A



first gate electrode layer is fornmed over the substrate. The first gate

el ectrode layer, first gate dielectric |ayer and second gate feature are
patterned to forma nenory cell with a split gate. [0005]1n yet another
enbodi ment, a device is presented. The device includes a feature di sposed
on a substrate. The feature has first and second adjacent surfaces. The
devi ce al so includes a device layer on the first and second adjacent
surfaces of the feature. A first portion of the device |ayer over the first
adj acent surface includes nano-crystals, whereas a second portion over the

second ad] ag@iYaeSWEFRAE BydrSs @@L BE siRRR:. ahY BisPdat-clcL @0 R)er QSR and ot her
obj ects, along with advantages and features of the present invention herein

di scl osed, wklkdiridIge@oim sappbdgaeiTtanld1ir® p@brméEh Branc@nios k@it Hipliogteng
description and the acconpanyi ng drawi ngs. Fw herinoze, it is to be
under st ood [0héf] t Heydt emthar @sbodiineiithedevia¢ is presenebiididaveetischdieschatlved her ei n
are not 'nutually exclusive arid can exist in various conbinations and
per mut at i ondispoBRICER sUDESERITRT fe@ie@rs fiFsEnDRAN NBSe)tO0GFYs| ifihe dericgalspni ngs. |
i ke reference characters generally refer to the same parts throughout the
di fferent vingliiges a dgvics laverpa thefissipivigecoad adiasent siess s5the feptyret O fisE BITEON % nphasi s
i nstead generally being placed upon il]lustrating the principles of the
i nvention. YPRIFKEagorSweist adeersparoRcludrs e Stélﬁ’ﬂﬁ’ﬁﬁe?fé‘rff‘g’“‘b?or?%e present
invention are gescri referqp eto th Rifle-wing drawings, in
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bed wit
whi ch: | 9008FH ‘Q?"CT“éﬁB‘iXE{ISS‘E“%%SW 85T % enory cel I: [0009] Fig. 2

shovs an_ oGl AulPIBLY, A6L3h obARIEL Eldteardes G AT S0t | ona

vi ew of an di nent o

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] Fig. 1 shows an embodiment of a memory cell;
[0009] Fig. 2 shows an embodiment of a memory array;
[0010] Fig. 3 shows a cross-sectional view of an embodiment of a memory cell;
[0011] Figs. 4a-g show an embodiment of a process for forming a memory cell; and
[0012] Figs. 5a-f show another embodiment of a process for forming a memory cell.

DETAILED DESCRIPTION



[ 0011] Fi gs. 4a-g show an enbodi nent of a process for firmng a nmenory cell;
and 1001211Fi gs. 5a-f show anot her enbodi nent of a process for formng a
menory cell. DETAIl ED DESCRI PTION [0013] Enbodi nents generally relate to
sem conduct or devices. Mom partcul arly, some enbodinments relate to nenory
devi ces, such as non-volatile nmenory devices. Such nmenory devices, for
exanpl e, can be incorporated into standal one nenory devi ces, such as USD or
ot her types of portable storage units, or /Cs, such as mcrocontrallers or
system on chips (SoCs). The devices or ICs can be incorporated into or used
with, for epamyl e enfofFEBsenGhIBGELE Y EmRERHMEdSvices UNBreartiGRIRULRES, cel |
phones, and personal digital assistants (FBAs). [0014]Fig. 1 shows a
schemati ¢ dém@daiEhefeladto @6 ideRnt, stdh adndBRRIY nefbly dd0&s. Shemememry cel |,
in one enbodi ment, conprises a nonvolatile Elle:MCHy cell. The nenory cell
conpri ses addvices)Bir stampleydat be icogmtaaed i3 Qardviere reenohatenieds, shdidas@is8 obethareen

first and second term nals 1 and 116. The gate conprises a split gate
havi ng a fi tysts oferriebld 8dragervdita oslE’s owrtl agaicecd@@llerd o1 syptpen @rvhipel(Sa€sit Thet he fir st
gate conprises a control gate, the first temanal conprises a source

term nal , t#Ricee ofricagybipcomorpse ideer sl vi| ferpexagple. conEerelfergis PENEF er ni nal
conprises a drain term nfg. Q her configurations of gates and temanals are
al so uset bi SUChERCORRUGTH FRT Phees apd Peéstonﬁg‘cgéaléﬁiﬁtabté(PéP‘Aggl ect gate, the first

term ng can a drain termnal, the secon at an be a trol gate and
t he second p@ﬁ]d ng'{gcg%“’ﬁ’éa§°h§’8ﬁ'r¢éhé’grf"é'r°§?"neglq’f’g1“5‘8fgaff‘?{“oé’(‘n‘éeng%o Cment, the
first gate | g:Te X p I QV.el e. For
exanpl e, t hlélgmc%g%e?lbﬁ%g%{ngm?@ggd‘? gl%g%% d %l%gﬁgfe%%?]f) {yggllliﬁl gxq}{egg'f’%{%@ t he sel ect
gate. In ong orRQAIIRRr with PRI 130BvePh cHlahf1 FIARKA QRhwldREiS: dnd sddbRRQRGdisover the
channel region and partially overlaps the select gate in an overlap region
136. A gate;diafd €16t ThegaledY@prised a pAyRIehavkh m?!nam dnln & sed@lagsie iz m each

ot her and the channel. O her cong’i gurations of the gates, for exanple,

non- over | apgicR@Gbgahes tH¥aiyst gdtSa@nlpdses 8 ednttbl. gate, the first terminal comprises a source

terminal, the second gate comprises a select gate and the second terminal comprises a drain
terminal. Other configurations of gates and terminals are also useful. For example, the first gate
can be a select gate, the first terminal can be a drain terminal, the second gate can be a control
gate and the second terminal can be a source terminal.

[0015] 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 gate dielectric layer or layers 120 isolate the
gates from each other and the channel. Other configurations of the gates, for example, non-
overlapping gates may also be useful.

[0016] The control gate is coupled to a control gate voltage source (V.g), 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 (Vg). For example, V¢, can be

about 0-14 V or about 8-9.5V, V, can be about 0-3V or about 1-1.5V, V4 can be about 0-7.5V or



| 00161The control gate is coupled to a control gate voltage source (Ved,
the select gate is coupled to a select gate voltage source (Vsg), the
source termnal is coupled to a source voltage source (Vs), and the drain
is coupled to a drain voltage source (Vs). For exanple, Vey, can be about
0-14 V or about 8-9.5V, V,g can be about 0-3V or about 1-1.5V, vt? Id can
be about 0-7,5V or about 03V and V, can be about 0-5V or about 0-0.5V. To
program for exanple? V, can be about 5V, V,5 can be about 9V, Vsg can be
about 1.2V, Vd can be about OV. To erase, for exanple, Vcg can he about

14V, Vs8 ¢ %0&%—%@ IVS Lo byaboﬂftQS\)‘/gn abm b—@)rSV' o ﬁ{%gl‘zd{n/, fayexaﬁl;ﬁ’le,r\es ashbef OF

exanple, V, can be about 0V, Ves can be about 1.2V. V,g can be about .2V
and vd can Xb%u@b?\‘}g chh b%\(boug‘h,evrsg MPbd A8 128 VeSn 68dbot@VS Upplicedr t 0 t he
menory cell, for exanple, depending on the technol ogy. The appropriate
vol t ages ar&asplppl.i @d be idutt1ne, Vg by eqhallth Vi d &G.Geisch idddeut 0B N6 ead &drl , such
as programm ng and readi ng. 01017iin one enbodi nent, the gate dielectric

| ayer conpr é¢xample,fV;esitbe abvat 8\ doyren bradbeutdi2¥] Bg bande biyer. 3V anfitVe cade arrdt gat e
dielectric layer isolates the second gate fromthe substrate; the first
gat e di el ec®-PY.cOtheryeliag satea tande sypeliddite be mgmers cflk toretapeleslspydiae gathe as wel |
as the first gate fromthe substrate. {;‘0018]in O fe enbodi nent, the first
gate di el ectsinglogyayas aPERHE wabasen af sUpeligide dp memary celNg access (e megmeryichlhr ove
charge storage of the_rrengrey cell. in one enbodi nent, the nano-crystals
conpri se si {'FREPWEAGUREAPEIATE: Ot her types of nanoserystals may al so be
useful . For npl.e e ni or. qt her. es of no-crystals.. . be used.
The first g%\)ﬁ i &f cén(?t% Irmlg’((’:1 %llfjiregﬂre ggtgniglrgftgce%y%f??flseasﬁ%t grléiégna‘sf)alf)er({le:%ﬁjsc . For

exanmpl e, t hﬁ%cﬁ'é. r’[%% 36@(?1%1%%&% Qi%lea]:icela?elr 2 te?thé ée%:é{d ﬁgﬂz Fr@nﬁttﬂeqm)swé,% ff.rs? geﬁ@[ ﬁlel el

(e.,g., horizonta e nmaj or surface o e substrate on whic

nmenory cel | gibiseudIRRELoMN theérirkhBe §66 ARABRY fateQR FeihsOndIBiiRARHHAWar (e. g.,
vertical). In accordance with one enbodi nent, the first portions of the
first gate goeheoric | ayer conprise nano-crystals while the nano-crystals
are absent fromthe second portions. It has been discovered that, by

avoi di ng najoorsgr y i éle chbsdiradnt, e fad gdthdiclvexic layeadonprises nohevwghbthls &48. tNao-cont r ol
gal e and sel ect gate, |eakage path can be elim nated, thereby inproving
retenti on chpstadsomeroisthigs storhgetdfi e mempryyelt dh bne grdOdifrgi ey, nago-ghrtals  an

enbodi mrent of a menory array 200. In one enbodi nent, the nenory array
conpri ses acomprisesdicer japectisdp rQihes pipghof napeyekery 2la feayefd o Ry erasmple. a

plurality of menory cells arranged in rows and col ums. The menor.y cells,
for exanpl egene%yﬁ;ﬁ}.qrggler types of nano-Crystals may be used. The first gate dielectric layer comprises

first and second portions. For example, the first portions are along a first direction which is
parallel (e.g., horizontal) to the major surface of the substrate on which the memory cell is
formed while the second portions are perpendicular (e.g., vertical). In accordance with one
embodiment, the first portions of the first gate dielectric layer comprise nano-crystals while the
nano-crystals are absent from the second portions. It has been discovered that, by avoiding
nano-crystal formation at the vertical or sidewall of the control gate and select gate, leakage path
can be eliminated, thereby improving retention characteristics of the memory cell.

[0019] Fig. 2 shows an embodiment of a memory array 200. In one embodiment, the
memory array comprises a non-volatile memory array. The memory array comprises a plurality

of memory cells arranged in rows and columns. The memory cells, for example, comprise



menory cells 100 as described in FigA row corresponds to, for exanple, a
wordline (W.) 276 and a columm corresponds to a bitline (BL) 289 of the
array. In one enbodi ment, the BL5 are coupled to the second or drain
termnals 116 while Wts 276 are coupled to the second or select gates 138
of the menory cells. For exanmple, Wis provide V', Blis provide Vd. Source
lines (SLs) 274 may be enployed to provide Vs to the first or source
teminals 1 1; conmml gate lines or CGs 260 may be used to provide Vc3 to
the control gates 134 of the nmenory cells. SLs and CrilLs maybe coupled to
the menory Gehdrpcas 1608 uésetbed TNy, MEAREWY cde@ipbids IR Yor BRnpRNM Watiedwin a NOR
type array architecture. Arranging the menory cells in other types of array
ar chi t ect ur 8% ansa@unasoNAPNIAds 1o balie BB uf the aAHAY.20 bt @ubodimsOWSBIas porti on
300 of an enbodi nent of a device or IC. As shown, the portion includes a
substrat e 186&couplhétoshelssdondivreiraif emidsaipiviile Wbdyoiasesupledsd the @omdsubst r at e.
The substrate can be lightly doped with p-type dopants. O her types of
subst r at es, sckdEhtea389f the memory e¢llmFor oxpipkes WiLa providg BB Ls aropide Ve cSowsef ul .

[ 0021] The substrate can be prepared with a regioncontaining nenory cells
100. In oneh@h{%&%my betfm Prywé@w tg the & P sg'trcerf@ﬁuﬂ?lﬁllégicvlémh@

cells. Clhert ypes of |s are al so useful, The region_ c be
referred to “ﬁ%"raﬁplétz?%?aﬁ@df‘iﬁiﬁo PrPY“il)"chéﬁ"ﬁlbe Cam&’E EE ‘éfﬂif’r“éeﬂ%ﬂecdu%%ﬁlﬁ ot her

types of re e useful i on adj.acent menory
cells. Ath maibe b b TR R She RS B PR S

mermory cel 'rﬁa%rcﬁz Shdd 0, g%ﬂgmgﬁgmm@ (AL LRGN be arranged

to have sub- reglo respon or exanp menory cel | s.

[ 0022] The affi@Ycdr&IiueasOARRb, |lssgss,uglg‘ped wel |'s (not shown) wi thpo type. The
doped wells may be internediately or heavily doped. The first polarity type

can be n typeoer Pig yRRws 6 fREMHB00 G MRmbsEMETR I déviedriiC.t iBownlbe fi rst
polarity type wells are used for second polarity type nenory eons. For

exanpl e, n-joytpa inBidés salfseattl $@d ThoOsubrate! fpPexamplenedyiprsed d sicwhiuberagp- Type wel | s
are used for n-type nenory cells. rnmvidirig an array region with a

conbi nat i onsubdtrafeicansite lightty dopsglovidh pttygselopretyo Pthemsgiek of selppiraps suglags sdicgo  he
useful. P-type &pants can include boron (B), alumnum (A), indium(In) or
a conbi nat i grmankyar @ sificaptrintiesulytor (BOY). efe plamitssiutan i ncl ude phosphorus (P),
arsenic (ASI%) anti rm (Sb) or a combination thereof. [0023] Addi tionally,
the subst r 2%ty Thorp @cgp hecERpared Wi 3 KS5EOT HYCORHBIMETVY ol Ko i1t 0ne

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. Providing a substrate
prepared with other types of regions may also be useful. 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-regions
corresponding to, for example, groups of memory cells.

[0022] The array region comprises doped wells (not shown) with dopants of a first polarity
type. The doped wells may be intermediately or heavily doped. 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. Providing an array region with a



circuitry. The substrate may al so include regions for other types of
circuitry, depending on the type of device or IC. [00241The substrate

el udes isol ation regions (not shown) to isolate active device regions from
ot her active device regions, as required. The isolation regions, for
exanpl e, conprise shallow trench isolation (511) regions. O her types of
isolation regions are also useful. 100251l n one enbodi nent, a nenory cel
conprises a transistor with a gate 130 between first and second termi nals
111 and 116. The first termnal, for exanple, serves as a source and the

second t er ndidlnaSRIo¥ 88t A8 sRofl tileMembRel Qe BN 8¢ @bl FoRRI dofds f or
exanpl e, second polarity type dopants. [0026] The gate, in one enbodi nent,

conpri ses acasciutle igadngBaluhinkinr(Al), iadidh 480 A dongtatagsn th3ébf ahitk k3@ For

exanple, the first gate conprises a control gate and the second gate

conpri ses adwpaltert ingladephosphagug@i, essnid (As), axianmt Eh) @ o nprtimegorpbdrgedi | 1 con.

QO her gate materials are also useful. 'The gates are isolated from each

ot her and tR&23ubgiddidprallpyhegusatemdy efledetarlome fogipafnot shawerier seprgtdi ment, t he
gate dielectric layer conprises a first gate dielectric |ayer 328
separat i ng ff@ity- ﬂmsmmEﬁﬁF@%W%”§%F%“¥P t qiRer HREOh e Y4 SeBgna o libst rat e or
channel 114 anq seco ., select) gate dielectric |ayer 322

separ ati ng PR §@@5 cgate fromthe channel. The first gate dielectric

layer conpr fgﬁﬁi‘p € su%qra %lu%clssel:s ?a%torli 1|'e(g"10n goq sho]yvnptg) 1s0t‘£1%§§ év6 ’&9/1 d Irefegko?lgt ric

| ayer, for I con-oxXi urn Ick. In one

enbodi ment , $Ipaha%aﬁ@f1?v93@tr@glgon% LS e&Ofmuanal BubRoMALhAG kI g2t e

dielectric ayer i kKt "ga ectric a er, e, can conprise silicon

oxi de havi nga@w h 088 ATH3RME. dBerkiHes &moﬁl&e&gl&ﬁt&ralsah&f@ses may al so
be useful for the gate dielectiic |ayers.

[0025] In one embodiment, a memory cell comprises a transistor with a gate 130 between
first and second terminals 111 and 116. 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.

[0026] The gate, in one embodiment, comprises a split gate with first and second gates 134
and 138. For example, the first gate comprises a control gate and the second gate comprises a
select gate. The gates, for example, comprise polysilicon. Other gate materials are also useful.
The gates are isolated from each other and the substrate by a gate dielectric layer. In one
embodiment, the gate dielectric layer comprises a first gate dielectric layer 328 separating the
first (e.g., control) gate from the second gate and a substrate or channel 114 and a second (e.g.,
select) gate dielectric layer 322 separating the second gate from the channel. The first gate
dielectric layer comprises a tunneling dielectric layer. The tunneling dielectric layer, for
example, comprises silicon oxide of about 6-20 nm thick. In one embodiment, the second gate
dielectric layer comprises a low voltage (LV) gate dielectric layer. The LV gate dielectric layer,
for example, can comprise silicon oxide having a thickness of about 10-100 A. Other materials

or thicknesses may also be useful for the gate dielectric layers.



row of nmenory cells. Adjacent nenory cells can be configured as mrror gate
el ectrodes which may share a common diffusion region. O her configurations
or layouts of nenory cells are al so useful. [0028] The list or control gate
dielectric layer conprises first andnd portiot and second directions due to
the contour of the gates. 'The first direction, for exanple, is parallel or
hori zontal to the nmajor surface of the substrate while the second direction
i s perpendicular or vertical. Nano-crystals are provided in the first gate
dielectric to inprove charge retention in one enbodi nent, the nano-crystals
conpri se si foo2AN. 16k BRY, fdr ¥R@HIOhayRAQatE bR vhiFh Yeratk 80 damdﬁgﬂe foFor

exanpl e, nano-crystals may conprise germaniumor other types of crystalline
mat eri al . | pwail el odis M ahcennanenCdelSdad bScoafigirdnb yirfok g8edMctrbdes ahich east
sonme of the first portions of the first gate dielectric |ayer while absent
from t he sewmendaperémmoegliffision cigen.efithedonfiytatiors helayranof nemsy edlls ampleo onl y
present in at |east sone of the horizontal portions of the first gate

di el ectric vsafpbr while absent fromthe vertical portions j00291Figs. 4a-g
show cross-sectional views of an enbodi ment of a process for formng a

devi ce or | @028ﬂzef ang flﬁbortceimpl gte digdeetrig layesemprisesefirgt@nd %egons P‘Eﬂ}?"d &firstThe

substrate ca con su rate ch. as pe doped
substrat e. %ﬁ@?nw ‘E"Ptﬁtlre‘)g CiBpEY J&?H “B’F‘f“i°& cf?f 8@? HPE‘%%

silicomon-i n%UI at O{t {hglqlg orgl aceo e SIHJI tlra(?e wlrll\t/:\g}:ns-econ ngglt%%%o%?siﬁ%rples 1091{ae&ar ed with

orizonta
an array regdion COI’l{)aI ni one e evo atile

menory cell & g¥ R&ho- é%&?ﬁéasrﬁﬁro\fhgiﬁ‘?x{ t}{%ﬁx‘é‘ dafd d?eie‘é?q@losiﬁ.f;}d%eéhhﬁ retkfifon@fd @Y T egi on

conpri ses dope ants o rst p arlty type. The

doped wel | Son@%ﬁﬁb&ﬁnénﬂ Qf%rngﬁ)ddrﬁtaﬁlcymﬂ{se Elﬁébw b}tﬁeﬁ?ﬁ:@gf ARd- &r§stalsTIh§_‘y alsb bSt
polarity type can he n-type or p-type, depending on the nenory cell type.

The first p@tariot yxainpPhai®drstalsahad coiGfthe f@hmat@s onthepbalof Erysidijiee nMenory
cells. For crinple, n--type wells are used for p--type nenory cells while
p- -type vei hgerél. €nuseshbbdimem; nato/qrestaienoenyy @eskitsn at Rast sopef de fisnpsticman
include boron (B), alum num (Al), indium(ln) or a conbination thereof
whi t e nt ypeofdegasese éialnctiiﬂeieudhilephwsmmrtbsseéﬂ)i por8dris SE; dng pbodiseht, thant i nony
(Sb) or a conbination thereof. [0031] Additionally, the substrate may
include a | ®Bgp-erypay 4 oy Prawet ik#dsappomnef thedhpiyeontel portions of the first gate

dielectric layer while absent from the vertical portions.

[0029] Figs. 4a-g show cross-sectional views of an embodiment of a process for forming a
device or IC. Referring to Fig. 4a, a substrate 105 is provided. The substrate can comprise a
silicon substrate, such as a lightly p-type doped substrate. Other types of substrates, including
silicon germanium or silicon-on-insulator (SOI), are also useful.

[0030] The substrate is prepared with an array region containing 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 doped wells (not shown) with dopants of a first
polarity type. The doped wells may be intermediately or heavily doped wells. 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



circuitry. The substrate may al so include regions for other types of
circuit', depending on the type of device or IC, 1:0032,1Cenerally, the IC
i ncludes regions with both first and second type wells. To formthe doped
well's, ion inplantation techniques, such as inplantation with a mask, can
be used. The first and second type wells can be forned in separate
processes. Ot her techniques for formng the active regions are al so useful.
[ 0933] The substrate can be prepared with isolation regions (not shown), for
exanple, to separate the active regions fromeach other and other active
devi ce regi 8&8n (B),A@i@nBADOEHiGR Th) orlakEmbisBbAInERS Whadh-8PS ddp@iPdahse STl s.

Vari ous processes can be enployed to formthe STl regions. For exanple, the
substrat e callutephedpahiedPy Siséng: (@k)Citialnay RS a t@minticesedfo form trenches
which are then filled with dielectric materials such as silicon oxide.

Chem cal ne@édri calddpiohadlighhaxgbsgaviRhy talnddwogepdriomr(sd stogn) fenmp@rtexcess oxi de
and provide a planar substrate top surCce. The STl regions can be forned,

f or exanpl ecirgpitiyoihe sbsgrate gy alpo indhede fragromafor ether tifpet i eiradpyedtpending on thex her
processes or materials can also be used. to :formthe STN. [00341The
substrate niye Heevisasrdhted with dopants to define the initial gate

t hreshol d Vﬁlggage Various | ayers of the second or se]ect ggte are

bi nned on t H8dpd et“%[%‘lé’ the 1€ grdes Frsions Wirhoth figst andsgrpgd gpe ‘§"é’ISeE‘f fo

di el ectric I iy\é(?\l;v lﬂ%gn 1m antaﬁgrrl'atechr%n tshse hsals'll Stl E nw1-|l-1h masl? can ge%t q‘hdl electric
| ayer, for & fe FitsEs A fif>g PEETTYC BV & FiE % edond gate

di el ectric fmfa%map @g%ﬁmg fmd feﬁcoé b@&%e?'édwg?e@hn%&g roffifier types

of gate dielectric such as si n - oxynitri e used. .
Vari ous techpha¥eRrionUshi@Sisdrtier mal oxi dation or CVD, can be enployed to
formthe second gate dielectric layer. The thickness of the second gate

dielectric foaysr nmy sdderadhasibe pkéhnblithisoldiA r&@mO (e Balm, 6 Rhfld,id C | ayer
can be forned using other types of dielectric materials or thicknesses.
100351A seceapgaigai ectivt egibfistelen dasly@lier 4aiditiesactiedasicd eglon It due esieciomd:, gat e
dielectric layer. The second gate el ectrode |ayer conprises, in one

enbodi nment , thpablyin|r¢giamm coniphies $jd4. 6/ seibwpracode chreheempogad thfor e 8D as an

anor phous or non-anor phous | ayer. The gate el ectrode nmay be doped. Various
t echni ques ayIshERTPIDY it stsirdogse be pehcdaties cdhaed Pelechhayes exampl e, insitu
doping or ion inplantation. Providing an_undoped gate el ectrode | ayer may
al so be usefgrhes H"ﬁ’éf‘re fhep Blledgyith iclegtrip magglpyeh aﬁﬁ‘t“é‘?“loéld§ Gemical so usef ul .

The thi ckness  of. e) ectrode Ia er about 50 ---500 A
e R R it R R L WOEE aryer my
be about 50s(%b tra%q aéacF.%eSrH %egloﬁskcgr? gesfe rme% fﬁr am;gc:iﬁégc?r to ?r “after th orm the

second gate el ect ayer ues suc vapor deposition

(0,217), cap RfioMSEAL aofd dh&ﬁlst&ﬁ%%}og&ge% o%ﬁtﬁr% s§9n Hs%%@'dée glfgl(-l)n?'tﬁlg- vari ous

second gate | ayers are patterne I'n one e I ment various |ayers
[0034] The substrate may be implanted with dopants to define the initial gate threshold

voltage (VT). Various layers of the second or select gate are formed on the substrate. In one
embodiment, a second or select gate dielectric layer 422 is formed on the substrate. The second
gate dielectric layer, for example, comprises a LV gate dielectric layer. The second gate
dielectric layer, in one embodiment, comprises silicon oxide. Other types of gate dielectric
layers, such as silicon oxynitride, may also be used. Various techniques, such as thermal

oxidation or CVD, can be employed to form the second gate dielectric layer. The thickness of



are patterned to forma dual second or select gate stack. Techni ques, such
as mask and etch, can he used to formthe dual select gate stack. For
exanpl e, a photoresist layer is formed over the gate | ayers and patterned,
exposing portions of the gate | ayers. An ardsotnpic etch, such as a
reactive ion etch (KIE), is perfCEThell to renove exposed portions of the
gate layers. To inprove lithographic resolution, an anti fiective coating
(ARC) can be provi ded beneath the photoresist. /00371Referring to Fig. 46,
a first gale dielectric layer is forned on the substrate, covering the dual
sel ect gat eihst@6dd.gatd BRIcEHE Bfer Ry Be Mo@|18C00 A CThRYRAA S0 N trd Sayar cavibenel i ng
oxide. In one enbodinent. the first gate dielectric COWfiSeS first and
second sub- foayersing dihe tfpky Eicktibe hayeds of Ricknds@s. exanpl e, conprises silicon
oxi de. O her types of dielectric materials are also useful. The first
sub- | ayer 4MD835hay besetad g@elelyrodd lgyer 438angeh@jted dnelrerredondgatedbdlécais laykm one
enbodi nent, the first sub--layer is fornmed by furnace deposition. The wet
or dry oxi d&heisenend gaqrdacaedgdayercampiires. o emigganenigpolGiliserr The edihglestreds f or
form ng the sub-layer can al so he useful. The thickness of the firs

sub- | ayer 428 earbeiamed 2B PO ROmamephoEt layeRi Biersats gedrofaydicso be
useful. 003 . 4c he, second sub-|ayer. 42i |s. formed over
the first ooy ‘%&Pu%ezhmquﬁh a%%ﬂp&y‘*edrtg %vf3*6@6%gl&ﬁ{?ﬁ%ﬁfffxaﬂwkcla%@ed to
provi de nan st al s

fi trol a? li el ectyic fIlayer I n one
Erbod ment  CPE LR BbT haaR e PR SO BV ERO B GARYPT - o

nano- cryst abﬁleﬂt@sz &egafegia&roqé &@rlla?sagcia%o%géfﬁl'q??]é (s oms S60QRd sub-layer,

for exanple rises anorphous I con types of S|I|con conpri si ng
layers may alsddigerBacthe 26500 Gond. &f IRk ehidtRnQfheBicRd oBubsayighs for
different types of nano-crystals, for exanple, gerM3T01101, is also useful.
[ 0039] The s&&abdt isdbmiyabout 500S @b@CA.i otBdryhicka@es afeato ueful. fyfomcktheon t he
substrate. The second sub-layer, as will be described in detail, is
subsequent | yc@pu gate slsddd layef, odchniqueatutioasehansitahbapor deposine (@) oxn bewstd. t he
second sub-1ayer conprises a non-conformal |ayer which Iims on the

hori zont al Qbertecbmguef erc glsq usafubng or substantially al ong the plane of the
substrate) of the substrate nore selectively than the non-horizont al
portions. F@P36dxarfht eriopsecogdgadmiayesi b natigred. {nsong apkadimepie fhy varighs lafon t he
first or horizontal portions of the substrate. |In one enbodi ne sel ectively
formng t he“%%‘ﬁﬁ’i&d‘§fﬂSmIaé’f}?éFecﬂ’é’p%é‘?l"’tcégaferf?dge%ﬁlﬁ‘bqugﬁjﬁlci‘ ?kaﬁﬂefchéaql r st
portions at, a %r ter %e t han t he cond portlo S. nore of

the sub- | aytrrlo ogrsd® ﬁel%%at%%aﬁk s%’f f’ss bafphf’*ﬁewgt&ysr lagaa"t%%ﬁ*& Substrate

deposi tion %or con ness’ on or| zont al

portions to refw%(r%ﬁ‘@:ﬂp([]{ﬁi)}’é La%oﬁnémgfem%%samhloxs R cgﬁéwaswfu robd1e

non- hori zontal or vertical portions have a thickness |1ess than that which

f orms nano- ghpsdpic Ses RN, RRELBISRTe colfMsIARYPIaf Se prERdd BE¥Eh tie Ph&¥bresist.
nano-crystals on the si des of the gate. For exanple, the second sub-I|ayer

i s sel ecti v@b3yr] depesiring tb 1y, 48, 4Fhyt ghte diklestaiayer dé@pmsd dn tidsupdthd)coptiogess. Pl M
processes can include, for exanple, sputtering. PAI D processes can deposit
t he the dual select gate stack. The first gate dielectric layer serves as a tunneling oxide. In one

embodiment, the first gate dielectric comprises first and second sub-layers. The first sub-layer

426, for example, comprises silicon oxide. Other types of dielectric materials are also useful.

The first sub-layer 426 maybe formed by, for example, thermal oxidation. In one embodiment,

the first sub-layer is formed by furnace deposition. The wet or dry oxidation temperature can be

about 800 °C. Other techniques for forming the sub-layer can also be useful. The thickness of



| ayer with greater than or equal to 6:1 horizontal to vertical deposition
rate ratio. Ot her selective deposition processes nay al so be useful.

[ 0041] As shown in Fig, 4d, nano-crystats 448 are fornmed in the first gate
dielectric layer. To form nanoorystals, the substrate is processed to
consune sone of the horizontal portions of the second sub--layer 428 to
form nanocrystals therein while fully consum ng the non-hori zont al
portions. Fully c:onsiorting the non:-horizontal portions prevents

formati on of nano-crystals therein. In one enbodi ment, an oxidation
process, SugbqRSuRihy@18688h be inS rRFPLOBEA 16- %@X'@h@r%ék'ﬂé‘ssé%?&@o geub- 1 ayer
428. The oxl dation 1yorms nano-crystals in sonme of the horizontal portions
of the secoggml sub--1ayer 428 while fully consuming the FiOifOi ZOE3t ai
portions. 1004211In one enbodi nent, a dielectric cap |ayer can be fornmed
over the naoo3sgry s ahssun il Fig. 4¢AaRe deevye kubdayar 408 if fofniee dvddyhe fifsosubeayarqibe, CAT or
rapid thermal CVO (RTCVD). The dielectric cap |ayer inproves tunneling
vol t age. [ OO%3htAlafdry B¢ sugatendl podessedie proaide nand-34sthls indepfostiot exltrgdatt he
substrate, as shown in Fig. 4e, The first gate el ectrode layer, in one
embodi ment , didentrsrliysedn p@leylbpdlm@érﬁle sttvad gratleycrdomprtisepaiicon mwc@aﬁcqﬂe For med
as an anor phous or non-anor phous | ayer. The gate el ectrode | ayer can be
doped or un’éfﬂ?ré‘élsmlﬂnﬁté‘rc"‘tt%@ée %?lecﬁ'&tl@’%ITQEECF?iﬂé“brTlﬁi’eérfi’re?l"@“%‘i’ EmPES usef ul .

The thi ckne e control el ectrod about
100-500 A & ustsﬂice%fgé%é@es&? R I M
el ectrode |ayer sec gsub 1a ers%br dsf%le]?etllt t?f‘ses%P eaIm) (c:r?"%ﬂ 4Zf(é[eafng)r f’ %h:}néugnp E(an:I}ID) can

€S O
be used. O &Y s are a s.the
substrate ig, ﬂaptterned to form adjacent nenory cells fromthe dual gate
stack. Technr gques, such as mask and etch, can be used to pattern the

substrate. (g9 eXmle@ond%tﬂﬁf&lls@a&lﬁv&ﬂ&pbﬁed&%e&r Hend @bk @Bl sBRYd be
patterned by a photoresist nmask. Using the patterned hard mask, an

ani sot r opi CsuBli#ykr, asSHE be @scribddin dpal, tseitisqued® pgdseedli@fpal Banb-oryeiiiealhend he
desired structure. in one enbodi nent, patterning of the substrate to form
adj acent cedntedigain, aptay sudayer daipass e nen-toafohmil tyesvhickdormexathpl e, first
patterning process patterns the first gate

horizontal portions (e.g., along or substantially along the plane of the substrate) of the substrate

more selectively than the non-horizontal portions. For example, the second sub-layer is

selectively formed on the first or horizontal portions of the substrate. In one embodiment,

selectively forming the second sub-layer deposits the second sub-layer on the first portions at a

greater rate than the second portions. For example, more of the sub-layer is formed on the top

surface of the second gate and substrate than the sides of the second gate.

[0040] In one embodiment, the selective deposition forms a second sub-layer of sufficient

thickness on horizontal portions to form nano-crystals when subsequently processed while the

non-horizontal or vertical portions have a thickness less than that which forms nano-crystals

when processed. This avoids the formation of nano-crystals on the sides of the gate. For

example, the second sub-layer is selectively deposited by a physical vapor deposition (PVD)

process. PVD processes can include, for example, sputtering. PVD processes can deposit the
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and first gate dielectric layer, as shown in Fig. 4f. A second patterning
process patterns the dual second gate stack, as slamin Fig. 4g. 100451The
process continues to formthe device.. For exanple, additional processing
can include renoving of the mask | ayer, form ng gate sidewall spacers,
source/drain diffusion regions and salicide contacts, filling gaps with
dielectric material, forma one or nore interconnect |evels, final

passi vation, dicing, assenbly and packagi ng. Qther processes are al so
useful . For exanple, other conponents, such as DV, 1Wand 110 devices can
be formed ppi@tid PrediQih Bedull®o b: Nh&GRN AR HIARSposiiEradBAB! Pineakblgivean be
formed as a nenory device or enbedded into a part of ICs. [0046] Figs. b5a-f
show an al t @paaton pecasbady ide uedtult he process. Referring to Fig. 5a, a
substrate 105 is processed to forma second dual gate stack on the
substrat e a@o4hoWAsisiibwhiigFigda, nalhrerysecaiddredoraded akedfirgigate Kicleonplnyeses a
second gate dielectric |layer 422 and a second gate el ectrode 438. The . P-
cOE3t i ules Byfofronambagystals fthersgbstrgatseraoessidng emsungaeee ditelhettonfalportayedt on t he
substrate. in one enbodinent, the first gate dielectric |ayer conprises a
di el ectric @¢gepdnptriayerd?dtp fﬂﬂ@ nangtyrysialsyheredn Wf[‘@@&f?]cﬂ@u@ﬁém nornghofipgnig]
sub-layer 526 is forned on the substrate, covering t and the dual gate
stack. The Baricgs Iyjpcqnsipeipe %Wé@%ogtahpor%oahﬁéwﬁ &’f'a%ioa g na*‘r%fYﬁF%‘Sr st

sub- | ayer, enbaodi nment conp rises a ect.r.ic Iayer

The si11 conttFEn ianbRREHpER: f“’a&%‘&i? Podtbrr oud & b T RS,
wher es. Var| sle(c)ou sutmelC thﬁu%‘ﬁé oxida on S stngr%rﬁ%la’_ga?%ﬁ)%%}&g Erﬁgl E&gong of SI D or

| ow pressure chem vapor dep osltion ( to deposit

the Si-rich hgge%n%%wfa Mé vmﬂ@\ﬁ% céaJa&mﬁgméhmxoﬁzdn& Dp&@on@n‘oodl ment, the

Si-rich dleﬁectrlc filmi.s depoOsited using | The LPCND is at a

pressure of pafQut Pent elnBodWidrk, AlilelclRE cp 14y@ma@5eafbuﬁea o®dr tRRMstcr2@R. tre: 600C.
O her technlques for foiwng the first sub-iayer are also useful. The

t hi ckness ofaptidper coi bertorlad 8y, Bdredniples CVDlonapia hetieal CNDERT@VINE Toé dielbadc exanpl e,
about 6 to 20 nin.
cap layer improves tunneling voltage.
[0043] A first gate electrode layer 434 is deposited on the substrate, as shown in Fig. 4e.
The first gate electrode layer, in one embodiment, comprises polysilicon. The gate electrode
layer can be formed as an amorphous or non-amorphous layer. The gate electrode layer can be
doped or undoped. Other types of gate electrode materials are also useful. The thickness of the
control gate electrode layer is, for example, about 100-500 A. Other thicknesses are also useful.
To form the first gate electrode layer, techniques, such as chemical vapor deposition (CVD), can
be used. Other techniques are also useful.
[0044] Referring to Figs. 4f-g, the substrate is patterned to form adjacent memory cells from
the dual gate stack. Techniques, such as mask and etch, can be used to pattern the substrate. For
example, a hard mask can be used. The hard mask may be patterned by a photoresist mask.
Using the patterned hard mask, an anisotropic etch, such as RIE, patterns the gate layers to create

the desired structure. In one embodiment, patterning of the substrate to form adjacent cells can

employ dual damascene techniques. For example, first patterning process patterns the first gate
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[0048]In Fig. 5b, dielectric side -all spacers 510 are provided on sidewal k
of the second dual gate stack. The sidewall spacers should be sufficient to
prevent formation of nano-crystals on non-horizontal portions of the first
sub-layer of the first gate dielectric layer. In one enbodi nent, the
dielectric sidewall spacers conprise oxygen-rich dielectric material. In
one enbodi nent, the dielectric sidewall spacers conprise oxygen-rich oxide.
For exanple, the sidewall spacers conprise oxygen-rich SiON. O her types of
oxygen-rich dielectric material can also be used to formthe spacers. The

t hi ckness 0ofindth® cSP&EIBH %o lafellas BXFRI . 4. A REAM barkBhelpfbcRO Patbrns Bt AN

t hi cknesses may al so be useful. [0049] To form sidewal| spacers, a spacer

di el ectric kayfrgatk stadeparivinal Fgnigt he substrate. The spacers can be forned
by using various techniques, such as plasma enhanced chem cal vapor

deposi ti on [(0BEIVD)The Gtob®s caneahtio du@shekBvif«o Mor dxhepls padidmalgreetseiag canc | ayer
are al so useful. The spacer dielectric layer is subsequently

a. ni sot r ot hmalufleremovitpend the saekasgs fdyping gate siflayall spppers s@idedgin(dfEon t o renove
hori zontal portions., |eavi n% non-horizontal portions on sidewal k as
spacers. [0BBOpyxed sthpidhconiictritiging geps with diclseiri¢ mgpréal. Sgrmingeng grmefe sub- | ayer
exposed or unprotected t he spacers are processed. |n one enbodi nent, the

by ]
exposed por tFERECEF el ] Rt valindifiag, ayseralpang Pas e PRep PPEFss are also
nano-crystals., 948 thefeln, th.one %H;D?ﬂiv”ﬁ{}ta 4 b B8 EXPO5 6k PO LONs of the
first sub-lSVer aF &PPECEEEETPPE S lEtE elly FOIATYIFT BBR° RENSPEYYSt al s

therein. FOFol‘iﬁﬂﬁgggﬁdlge%onﬁelé{i’o%?gﬂfe &%@}f&nﬁ}%ﬁ& B Brnle as:) {Yerbdr] c?ekic?b{b' layer may

al so be use rotecting the n ori zontal portions of the first
sub- | ayer wihfadddensPps&ifcs. t he nano-crystals are selectively forned only
in the exposed portions of the first sub-layer. [0051]1n one enbodi nent,
processi Ng [0044]0r MiIAAGESWY Sl aBtbrSativ O B HREt R HE Padkdsk RdrdMEngIbIBigt Japd €. The
annealing is performed at about 600 to 10009C thr about a few m|Iliseconds
to a. few hunbgredosBpandsad loheh scashaeladlightg sthak 5P eHe aliHdt e Brhodun@Figolns my
al so be useful. The processing forns nano-crystals as well as an oxide

| ayer on t h€heesxodddl porstaclosrsnpofes b korfdi gats dicketbe lagard?2 and p §Q&REFRe process
continues as illustrated in Figs. 4e-g, for exanple, as shown in Figs.
5d-1. in Figectsés 43% Therpsacesg aerngingsh by forrpaga firgheate osBigr-paie delgserisilayetbnghe t he
substrate. The first gate el ectrode |ayer, in one enbodi nent, conprises
pol ysi | i conSUbsiE- uing crabodiment Hie firshgats diclegicdayer (ompRtgs adicleqyicate Bibus or
non- anor phous .| a er. The gate el ectrode | ayer can be doped or ne: |l oped.
Q her types™ lf‘plﬁg‘l d%T%ectrode nmaterials are also useful. The thickness of
the control ygghe ol CRhOfRsl B Bherlsds s FRhe MR S 8OO ind 000300 Ot Per
t hi cknesses aré al'S§ Uset Ul T8 Form the T4 r st gate eleciro eelayer,

techni ques, ga’%ék%ic.&ﬁqe%?s‘? gﬂblglgjer XAROLs 14RRARE b 160N sub £38, REndiSed. Ot her

techni ques are al so usefu
embodiment, comprises a silicon-rich dielectric layer. The silicon-rich dielectric layer

comprises, in one embodiment, Six, where x = 1-1.5. Various techniques, such as thermal
vacuum evaporation of SiO or low pressure chemical vapor deposition (LPCVD), can be used to
deposit the Si-rich dielectric film over the substrate. In one embodiment, the Si-rich dielectric
film is deposited using LPCVD. The LPCVD is at a pressure of about 0.1 to 100 torr and a
temperature of about 200 to 600°C. Other techniques for forming the first sub-layer are also
useful. The thickness of the Si-rich dielectric film can be in a range of, for example, about 6 to

20 nm.
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[ 0053] Referring to Figs. 5e-f, the substrate is patterned to form adj acent
menory cells fromthe dual gate stack. Techni ques, such as mask and etch
can be used to pattern the substrate. For exanple, a hard nask can he used,
The hard mask may he patterned by a photoresist nmask. Using the patterned
hard mask, an anisotropic etch, such as Rifi, patterns the gate layers to
create the desired structure. In one enbodi nent, patterning of the
substrate to form adjacent cells can enpl oy dual damascene techni ques. For
exanple, first patterning process patterns the first gate and first gate

dielectric fog¥g", 1RBigSIHONRedic sfde@all PhoersA168E POHAIRRL LRENIING: (R L&RSS patterns
the dual second gate stack, as shown in Fig. 51 [0054] Additional processing

can be i ncl adeghdseck. Ol'kﬁklaevdﬂ\épeﬁ&s shoia Be asfidiaf WipRYens AlhLibeler e draelss,
filling gaps with dielectric material, form ng one or nore interconnect

| evel s, fi nal ngpassiowal goaions diteifing subdsgesbhe)firande fieleduaghyeg. InGeher processes
are al so useful. The nenory cells can he forned as a nenory device or
enbedded i nerbodinpat the difledi@ssidepv@lD§BIeTrempnise exviztonchvigjectie mairhddinede i n ot her
specific forms without departing fromthe spirit or essential

characteri s?IFl@émtehteﬁhéélPlectWe é‘? BYETITEMPD G¥ispETthexideniy efagpk; thare to be
considered in all respects illustrative rather than |[imting the invention

descri bed h¥fdil spageisapete orreen Pl R Gt 4P ALRYEHAICR deledi ik ppended
L o et R Bl S L SR 53611 B 90 S, B RIS,
i ntended tog bgthemmrg%ss X M} aisglbpusefu}{\hat IS cI ained is: CLAINM

[0049] To form sidewall spacers, a spacer dielectric layer is deposited on the substrate. The

spacers can be formed by using various techniques, such as plasma enhanced chemical vapor

deposition (PECVD). Other techniques to form the spacer dielectric layer are also useful. The

spacer dielectric layer is subsequently anisotropically etched, such as by reactive ion etching

(RIE), to remove horizontal portions, leaving non-horizontal portions on sidewalls as spacers.

[0050] As shown in Fig. 5c, the portions of the first sub-layer exposed or unprotected by the

spacers are processed. In one embodiment, the exposed portions of the first sub-layer are

processed to form nano-crystals 548 therein. In one embodiment, the exposed portions of the

first sub-layer are processed to selectively form silicon nano-crystals therein. Forming other

types of nano-crystals in the first sub-layer may also be useful. By protecting the non-horizontal

portions of the first sub-layer with the spacers, the nano-crystals are selectively formed only in

the exposed portions of the first sub-layer.

[0051] In one embodiment, processing to form nano-crystals comprises annealing the

substrate. The annealing is performed at about 600 to 1000 °C for about a few milliseconds to a

few hundred seconds. Other annealing temperature or durations may also be useful. The

processing forms nano-crystals as well as an oxide layer on the exposed portions of the first sub-

layer.
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|. A nethod for form ng a device conprising: providing a substrate prepared
wth a feature having to ) and side surfaces; and formng a
continuous device layer on the top and side surfaces of the feature and a
top surface of the substrate; processing the continuous device |ayer to
form nano-crystals along first: and third portions the device |ayer over
the top surface of the feature and the substrate and a second portion over
the side surface of the feature is devoid of :nano-crystals, wherein

the first and third portions of the device |ayer are fornmed with a
sufficient fobs2gknasspb&ss @hihuibal QuaRen il RS /04 eRtiyhpR! RACRSEASI Figd balf.

the second portion of the device layer is formed wth a thickness
i nsuf fici enih Figd5d, affin granectsdy Sdyad 534 whiepvsisdd los eng weaddiey The tisegsettcirod2. The
nmet hod of claim| wherein the device conprises a nenory cell with split
gate. 3. Theyenet frodmbddirgdnaicompriseswiolysibeon. Thregadeleriode laparean tedorped @8 a gat e
dielectric layer 4. The nmethod of claim| wherein the device | ayer
conpri ses s#qrRhgys o porgamamEiaisUasicn alie g gledtradledayer @n bergppedratupdofco Oter ai m |
wherein the second portion of the device layer is fully consuned.

types of gate electrode materials are also useful. The thickness of the control gate electrode layer

is, for example, about 100-500 A. Other thicknesses are also useful. To form the first gate

electrode layer, techniques, such as chemical vapor deposition (CVD), can be used. Other

techniques are also useful.

[0053] Referring to Figs. Se-f, the substrate is patterned to form adjacent memory cells from

the dual gate stack. Techniques, such as mask and etch, can be used to pattern the substrate. For

example, a hard mask can be used. The hard mask may be patterned by a photoresist mask.

Using the patterned hard mask, an anisotropic etch, such as RIE, patterns the gate layers to create

the desired structure. In one embodiment, patterning of the substrate to form adjacent cells can

employ dual damascene techniques. For example, first patterning process patterns the first gate

and first gate dielectric layer, as shown in Fig. 5e. A second patterning process patterns the dual

second gate stack, as shown in Fig. 5f.

[0054] Additional processing can be included to form a device, such as 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. The memory cells

can be formed as a memory device or embedded into a part of ICs.

[0055] 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
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6. The nethod of claiml| wherein the device |ayer conprises first and
second sub-layers. 7. The nethod of claim6 wherein the formation of the
nano-crystals conprises oxidation. 8 The nethod of claim?7 wherein the
second portion of the device layer is fully consuned. 1 6 A nethod of
form ng a device conprising: providing a substrate prepared with a feature
havi ng top and side surfaces; and formng a continuous device |ayer
covering the top and side sur& ces of the feature and a top surface of the
substrate; form ng a spacer on a second portion of the device |ayer overde
surface of §QipfiGRLAIR chAR that come WRRRGRSRaRBe 4l Sanp oS UQMSy dexi ce |ayer to
formnano -crystals in first and third portions of the device |ayer over
the top surfiasesree ahentidago beaibic&l @dhien.t he substrate, wherein the spacer
prevents formation of nano-crystals in the second portion ot the device

| ayer over the side surface of the feature during processing of the

conti nuous device layer. 10. A nethod for form ng a sem conductor device
conpri si ng.
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providing a substrate prepared with a second gate feature having side and
top surfaces; formng a first gate dielectric |layer having first and second
sub-1l ayers over the second gate feature and substrate, processing the first
gate dielectric layer to formnano-crystals inand hird portions of the
first gate dielectric layer over the top surface of the second gate feature
and substﬁﬁiﬁ mpjlg.a second portion on the side surfaces of the second
gate feat Urd AF@™§&V0i d of nano-crystals. wherein the first and third
portions of the second sub-layer of the first gate dielectric |ayer are foi
used with a sufficient thickness to f6¥ﬁ#W§no-crystals when subsequently
processed, and the second portion of the second sub-layer of the first gate
di el ectrile | ay®pethed fo5fomine g depicq camrsitfess insufficient to fbm.1 crystals
when subsequent|y processed; formng a first gate electrode |ayer over the
substrate; androviding a yibstrals pepged W 4 feptute hgypgtoppatidoysatesyl | first gate
dielectric |layer .and second. gate feature to forma nenory cell with a
split gate. 17Ormipga cROFIAMYS 85Vice layenn e (pnaned pidnmamassy of B feapusnpidiadersugface
non-vol ati |l e menory cell. 17 The met hod of claim 10 wherein the
first gatdth§iseps#eieric | ayer conprises silicon or germani um nano-crystals.
13. The nmethod of clajm 10 wherein_ the first sub-layer of the first gate

di el ectric | ayEecesssiging watnuops deviss laygs igdorm nppo-crypfals glops Bt @y thirdpoops ot
wherein the second sub-layer of the first gate dielectric |layer is .

pr ocessedn® $Vice 1FTRYROhE [oh sprfacs of the fagrirg anf dhe sybitrateiand g sqoemd ROFHE AXpf theside s

econd portion is fully consuned. )
surface of the featur¢ is devoid of nano-crystals, wherein

the first and third portions of the device layer are formed with a sufficient thickness to form
nano-crystals when subsequently processed; and
the second portion of the device layer is formed with a thickness insufficient to form nano-

crystals when subsequently processed.

2. The method of claim 1 wherein the device comprises a memory cell with a split gate.

3. The method of claim 2 wherein the device layer comprises a gate dielectric layer.

4. The method of claim 1 wherein the device layer comprises silicon or germanium nano-
crystals.

5. The method of claim 1 wherein the second portion of the device layer is fully consumed.
6. The method of claim 1 wherein the device layer comprises first and second sub-layers.
7. The method of claim 6 wherein the formation of the nano-crystals comprises oxidation.
8. The method of claim 7 wherein the second portion of the device layer is fully consumed.
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15. The nmethod of claim 14 wherein the formalion of the riano-cnjstals
conpri ses oxidation. The nmet hod of dam 14 wherein the fal
consunption of the second portion of the first gate dielectric |ayer
conprises oxidation, wet etch, or a conbination thereof. 17.The method of
claim 10 wherein the fonnation olthc first gate dielectric |ayer conprises
a PIID process. A device conprising: a feature disposed on a substrate
having top and side surfaces; and a continuous device |layer on the

top and §;de zgrf cgs ff the feature .and op su:rfice of the substrate,
whcei n hoti zo EFEB PHCBRLE BACYHOBBYT ™% | ayer di sposed over the top

f f the feat th bst r at pr | - tal,s th hout
rurTace, of e SRS, LR SO LSRR 35, PRIEI gyl e (I ovahout

ti t Side surf .of the feat is,d i f - t al
portion over e .Sl dae s.ur age 0 e 1Tea tﬁl‘e 1S VOl ngggtgl??i%u%ﬁzyﬂ?ﬁ opS

wherein the cofitTR&BEVUHRS GV ITePEr CTEToE O IPEBHT SR,

hori zont al or%hgnﬁggq¥jng a thickness greater than the non-horizontal
portion. ““I¥R HECHEd*For fornming a semiconductor device conprising:

providing a substrate prepared with a second gate feature %@vi ége_and
op. sur f aces. aHbET g o8 orread PapEoARERaee Aot e B “ierSid Redbfe ga o
feature ang substrat e;
an
processing the continuous device layer to form nano-crystals in first and third portions of the
device layer over the top surfaces of the feature and the substrate, wherein the spacer prevents
formation of nano-crystals in the second portion of the device layer over the side surface of the feature

during processing of the continuous device layer.

10. A method for forming a semiconductor device comprising:

providing a substrate prepared with a second gate feature having side and top surfaces;

forming a first gate dielectric layer having first and second sub-layers over the second gate
feature and substrate;

processing the first gate dielectric layer to form nano-crystals in first and third portions of the
first gate dielectric layer over the top surface of the second gate feature and substrate while a second
portion on the side surfaces of the second gate feature are devoid of nano-crystals, wherein the first
and third portions of the second sub-layer of the first gate dielectric layer are formed with a sufficient
thickness to form nano-crystals when subsequently processed, and the second portion of the second
sub-layer of the first gate dielectric layer is formed with a thickness insufficient to form nano-crystals
when subsequently processed;

forming a first gate electrode layer over the substrate; and

patterning the first gate electrode layer, first gate dielectric layer and second gate feature to

form a memory cell with a split gate.

11. The method of claim 10 wherein the memory cell comprises a non-volatile memory cell.
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processing the as-deposited first gate dielectric layer to foul
nano-crystals in first and third portions of the first gate dielectric

| ayer over the top surface of the second gate feature and substrate while
not form ng nano-crystals in a second portion of thet gate dielectric |ayer
on the side surfaces of the second gate feature; foirising a first gate

el ectrode | ayer over the substrate; and patterning the first gate

el ectrode |l ayer, first gate dielectric layer and second gate feature to
forma nmenory cell wt .spli ate.. The hod.of clai.m 19. wherein:.the
(et -andni v egisebashafisy B whertR sy e THleBPE Ber Subrts 3 el v

t hi ckness to form nano-crystal s when subsequently processed; and the second
portion PRI EFrst gate dielectric layer is frunmed with a thi ckness
insufficii formnano-crystals when subsequently processed. 21. The method of
claim19 conp! form ng a spacer on the second portion of the first

her ein the Spieareracar ' Brat het e T o PYSr RS iy PRk Farb gt

portion oH.the,first gate dielectric layer during processing of the
as- deposi V¥ P¥f%t gate dielectric |ayer.

14. The method of claim 10 wherein the second sub-layer of the first gate dielectric layer is
processed to form nano-crystals in the first and third portions while its second portion is fully

consumed.
15. The method of claim 14 wherein the formation of the nano-crystals comprises oxidation.

16. The method of claim 14 wherein the full consumption of the second portion of the first gate

dielectric layer comprises oxidation, wet etch, or a combination thereof.

17. The method of claim 10 wherein the formation of the first gate dielectric layer comprises a
PVD process.
18. A device comprising:

a feature disposed on a substrate having top and side surfaces; and

a continuous device layer on the top and side surfaces of the feature and a top surface of the
substrate, wherein horizontal portions of the device layer disposed over the top surface of the feature
and the substrate comprise nano-crystals throughout the horizontal portions along a plane of the
substrate and a non-horizontal portion over the side surface of the feature is devoid of nano-crystals,
wherein the continuous device layer is a non-conformal layer with the horizontal portions having a

thickness greater than the non-horizontal portion.
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19. A method for forming a semiconductor device comprising:

providing a substrate prepared with a second gate feature having side and top surfaces;

depositing a first gate dielectric layer over the second gate feature and substrate;

processing the as-deposited first gate dielectric layer to form nano-crystals in first and third
portions of the first gate dielectric layer over the top surface of the second gate feature and substrate
while not forming nano-crystals in a second portion of the first gate dielectric layer on the side
surfaces of the second gate feature;

forming a first gate electrode layer over the substrate; and

patterning the first gate electrode layer, first gate dielectric layer and second gate feature to

form a memory cell with a split gate.

20. The method of claim 19 wherein:

the first and third portions of the first gate dielectric layer are formed with a sufficient
thickness to form nano-crystals when subsequently processed; and

the second portion of the first gate dielectric layer is formed with a thickness insufficient to

form nano-crystals when subsequently processed.

21. The method of claim 19 comprising:

forming a spacer on the second portion of the first gate dielectric layer over the side surface of
the second gate feature, wherein the spacer prevents formation of nano-crystals in the second portion

of the first gate dielectric layer during processing of the as-deposited first gate dielectric layer.
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