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over t heetpLticgative gate erase) or between the floating gate and the substrate (channel erase). A source erase

operation is induced by applying a high positive voltage to the source region and grounding the control gate and
30 the substrate while floating the drain of the respective memory cell. '
Subsequently, SONOS (Silicon Oxide Nitride Oxide Silicon) type memory devices have been
introduced. See Chan et al, IEEE Electron Device Letters, Vol. 8, No. 3, p. 93, 1987. SONOS type flash
memory cells are constructed having a charge trapping non-conducting dielectric layer, typically a silicon
nitride layer, sandwiched between two silicon dioxide layers (insulating layers). The nonconducting dielectric
35 layer functions as an electrical charge trapping medium. A conducting gate layer is placed over the upper
silicon dioxide layer. Since the electrical charge is trapped locally near whichever side that is used as the drain,
this structure can be described as a two-transistor cell, or two-bits per cell. If multi-level is used, then four or
more bits per cell can be accomplished. Mulﬁ-bit cells enable SONOS type memory devices to have the
advantage over others in facilitating the continuing trend increasing the amount of information held/processed
40 on an integrated circuit chip.

-~ SONOS type memory devices offer various a_dvantages. In particular, the erase mechaﬁsm of the
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the tranghsh Rhikabs Thik if, Bfrusicif chusedtyMefinat cycling leads to undesirable leakage between bitlines.
Generally speaking, in the semiconductor industry, there is a continuing trend toward higher device
densities. To achieve these high densities ﬂxére has been and continues to be efforts toward scaling down the
30 device dimensions on semiconductor wafers. In order to accomplish such high device packing density, smaller
and smaller features sizes are required. This includes the width and spacing of such features. This trend
impacts the design and fabrication of non-volatile semiconductor memory devices, including SONOS type
memory devices.
Referring to Figure 1, a portion of the core region of a prior art SONOS type memory devices
35 according to Mitchell et al U.S. Patent 5,168,334 is shown. Figure 1 is analogous to Figure 5 of Mitchell et al
U.S. Patent 5,168,334. Figure 1 shows silicon substrate 25 having field oxide regions 38 and 40, bitlines 44 and
46, ONO trilayer 50/52/54, and polysilicon wordlines 56 and 66. As shown, the structure has unutilized space
between wordlines 56 and 66. There is an unmet need in the art to further scale semiconductor memory devices

‘ including SONOS type memory devices.
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each ad j gateeiwerdiinesrendyhe silicon dioxide layer and the insulation material layer are positioned between each
adjacent memory cell gate/wordline.

30 BRIEF DESCRIPTION OF DRAWINGS
Figure 1 illustrates a cross-sectional view of a portion of the core region of a prior art SONOS type
memory device.
Figure 2 illustrates a cross-sectional view of a portion of the core region while making 2 SONOS type
memory device in one aspect of the present invention.
35 Figure 3 illustrates a cross-sectional view of a portion of the core region while making a SONOS type
memory device in another aspect of the present invention.
Figure 4 illustrates a cross-sectional view of a portion of the core region while making a SONOS type
memory device in another aspect of the present invention.

Figure 5 illustrates a cross-sectional view of a portion of the core region while making a SONOS type

- 40 .~ memory device in another aspect of the present invention.
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achieved. Another aspect of the present invention involves a process for fabricating non-volatile semiconductor

25 memory devices that do not contain LOCOS in the core region. . As a result, undesirable bird’s beak and high
temperature thermal cycling associated with LOCOS formation is minimized and/or eliminated. The present
invention may also provide memory devices haw}ing substantially planar structures.

The present invention is now described with reference to the figures, wherein like features are referred
v to with like numbers throughout. Since the present invention involves increasing the density of gates/wordlines

30 in the core region, only the core region is shown in the figures (processing in the periphery region is not shown).
Standard processing can be conducted in the periphery region. The core region contains the memory cells and
the periphery region contains the rest of the chip such as the controlling logic and input/output devices.

One aspect of the present invention is described in Figures 2-6. Referring to Figure 2, a semiconductor
structure 110 is shown with a semiconductor substrate 112 under a charge trapping dielectric 114. As shown the

35 ' charge trapping dielectric 114 contains three layers; namely, a first silicon dioxide layer 114a, a silicon nitride
layer 114b, and a second silicon dioxide layer 114c (an ONO dielectric). Particularly in the case of an ONO
dielectric, the electron trapping occurs in the silicon nitride layer 114b.

The charge trapping dielectric 114, may be any dielectric layer or layers that are capable of or facilitate
electron trapping. In other words, to facilitate electron trapping, the charge trapping dielectric has a layer with a
40 lower barrier height than the layers sandwiching it (two layers with relatively higher barrier heights sandwiching g
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30 layer 114b has a thickness from about 30 A to about 70 A.
Although not shown, a threshold implant (V adjustment implant) step may be conducted before

formation of the charge trapping dielectric 114 over the structure. For example, a blanket implantation of boron
may be performed just prior to forming the charge trapping dielectric 114. As explained below, this threshold
implantation step may be conducted before or after the bitline implantation step.

35 Again, although not shown, a mask such as a suitable photoresist is used to partially cover the charge
trapping dielectric 114 in the core region while covering the periphery region of the structure 110. In the core
region, the mask is patterned such that there are openings to facilitate/correspond to the formation of the buried
bitlines (that is, areas of the charge trapping die;lecln'c 114 directly over the subsequently formed buried bitlines
are exposed by the openings in the mask). Ions are implanted, forming implanted regions. The semiconductor

40.: . . structure 110 is optionally annealed at a suitable temperature after implantation. . . - . -
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35 one embodiment, an oxide layer can be grown around the exposed portions patterned polysilicon

gates/wordlines 116 by one of dry oxidation, wet oxidation or rapid thermal oxidation at temperatures from
about 750 °C to about 1,100 °C.
In some instances during removal of portions of the top oxide layer 114c that are directly below the
portions of the polysilicon removed, portions of the top oxide layer 114c that are directly below the remaining
40 o pattemed polysilicon gates/wordlines 116 may a1§o “bal removed. This phenomenon is termed corner undercut.
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sol ution of hﬂgr of Ito 1£t{rg 7, g'gelcond polysilicon layer 122 is deposited over the structure 110. In place of

—y

polysilicon, doped polysilicon or doped amorphous silicon may be employed. The polysilicon layer 122 fills the
trenches formed by the patterned first polysilicon layer 116 and oxide layers.
Referring to Figure 8, the structure 110 is planarized using any suitable technique, including blanket

30 wet or dry etching and chemical mechanical polishing (CMP). The structure 110 is planarized or thinoned down
to the second insulation material 120 or the first insulation material 118. Optionally, a hard mask (not shown)
may be formed over the second polysilicon layer 122, the hard mask removed in the core regions, and then the
structure 110 is subject to CMP techniques to planarize or remove portions of the second polysilicon layer 122
in the core region and not the periphery region.

35 Referring to Figure 9, the remaining portions, if any, of the second insulation material 120 and/or the
first insulation material 118 are removed from the structure 110, leaving exposed the first formed polysilicon
layer 116 and the second polysilicon layer 122. The resultant structure 110 is planar or substantially planar @in
the core region). The first formed polysilicon layer 116 and the second polysilicon layer 122 subsequently form

the control gates/wordlines of the non-volatile memory cells.

i 40 ’ - The:remaining portions of the second insulation material 120 and/or the first insulation 118 can be
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has a t dibleditatieritiiéiornh aRRAPE. DiElQRMIRNASInbIE sililtn GORES SitiQh nitride, silicates
(such as FSG, TEOS, PSG, BPSG, BPTEOS), silicon oxynitride, and the like. Silicon nitride is a preferred
30 material. The spacers are formed by depositing the dielectric material, for example by CVD, and then
. planarizing by CMP or blanket wet etch.- Again, although not shown, further processing is performed to
complete the fabrication of SONOS type flash memory devices.

Referring to one or both of Figures 9 and 11, the control gates/wordlines of the non-volatile memory
cells (patterned polysilicon layer 116 and polysilicon layer 122) are spaced relatively close together, wherein the
35 core region of the memory device may contain up to about twice as many control gates/wordlines compared to a
memory device made in a conventional manner (especially those memory devices containing LOCOS in the
core region). This is evident comparing the core region shown in prior art Figure 1 and the core region shown in
one or both of Figures 9 and 11. Accordingly, in some instances the non-volatile memory devices made in
accordance with the present invention have “double densed” core gates.

-~ 40.: ... - . Inoneembodiment, the control gates/wordlines of the non-volatile memory cells (patterned polysilicon - - -
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the top oxide layer 1 14c, in enbodinents where an ONO charge trapping
-dielectric is enployed. In one enbodinent, the insulation material |ayer
120 is forned to have a thickness fromabout 30 A to  about 2%0MAX 2006n
anot her ogBegsB® . the insulation material |ayer 120 is peraReh/31930have a
t hi ckness from about 40 A to about 225 A In yet another enbodi nent, the
insulation material layer 120 is fornmed to have a thickness 25 from about

50 Ato ﬁ%‘?'ﬂfs 288b1yMicdReSyer f2b ﬂEbnE&bEﬂhQWlEneZ@ afl ﬁ?ﬁéﬁé@h aQ&lr&é&le kv&tﬁfﬁ@prlaséﬁfer 122
i s deposjt Qver the structure %50%0,«?3 ace .0 doped

on, :
pol ysi | i Ewu%haﬁdbaéift%ﬁ‘@?tﬁ’ﬁ msaf"?“it Gt 69 Adlesythap a “‘Gﬁﬂg gBEeLE | con
| ayer 12é&nHoiiines, thdventrol sadsilortlinds of thexbnBylatidu@enpay deBy el infatdomiinc @ity dresedn

ayer 1R sl GBS o TRGELE 1 A B alEhOUS & (B D BREHE U Gl S

planarlze using any sui nlque

et ehi ng erhedienes thecatroessberdiss oﬁm nogplefije eP) cellsmqfée intapagrdenge withthepresent
pl anar i zgendn thld sﬁd&&dhdﬂ&wﬁ'eentﬂbxﬂab&t mdgadbdxmul&@us@ﬁn wmRtgoo & 120 or the

first insulatjon terla tiaona

o md over -t hoaliRiEh: RorgaRietBier g e Sunal il Potohieh BRATAS TR | o
core regeftrisaketoll. tl‘lwnnﬂhease statwcbitmanoiyl®ll,becassa bick bit is storeOWRifemuthraxplits t o
pl anari zg, ko &&PM‘MPJ%&@H:% ﬁa&a%ﬁwﬁ&&%&@r ﬂQJ iy &k Lds S Qe lsANEEit tadidstor] n t he

core regjon and not the perip gle Referring to Figure 9,
r dfai ni nHowF 1P8ﬁ§0NPF t}@ﬁywmw d‘t"ﬁéﬁ °§ B ‘Wﬁ‘%ﬂ%ﬁ‘%‘ﬁh‘ﬁ’ﬁ?‘% ?f%FtS 3!‘2!9‘“5?16’)‘10r
t he fi rdiice thas i @ LOCOS itth€toraakeidnl 8 are renoved fromthe structure 110,

| eavi ng expo S%OLQR ezlh\yeﬁ.tlﬁlon hQJ HI‘?ﬁdngﬁ}a}@ !gesén%?(ﬂmth r%q g{ to ’al‘g'eg]mﬁ Ergfc;rmm%&ﬁtg&g

pol ysilicon |ayer ruc
subst ant ?T&anﬂfi“m“ﬁﬁhlﬁ olpviqys thetwemta&ﬂfeﬂt?retgpwy modffigatiqnp rvéltocwaﬁo yilers ghdfled ytheiagton
| ay er llgoahd ra%c’ﬁ@g He me&dtaﬂﬁﬂg)bﬁ thls Ls,s‘eemcahayaaa thd 2de:Bll b@eﬁgke I Jadticdl@ Fdghrd kd 1R

troI wor dl i atl T remai ni ng
oaBt 1 ons P S HnéRingeeri B i Abr TP hign i SE R cR s SF TRt | on
118 can (weslugingary TWMCQWGHW OB#CQ)@Z‘SQQWI@@F/CQHS@Q@@@@@@GM@MGBPQI@ migssa
bl anket &ﬁérwﬁé 1ﬁ¢hcatea-h@ a@%@ﬂﬁdﬂ&m 'w§1cl§[ﬁhﬁ% ﬁlg sﬂeﬁlﬁ&rfﬁﬁéh&%f §1E' H&&ﬂé&oﬁﬁn@& h'cv' t y

bet ween oxi de and ol l'icon (o anor phous, silicon) ﬁ;‘i
wHEh | e not

" etchant Y& l%fﬁ’f“f‘?f@PXFqP‘é e%"F’HYh%‘% f“?} é%“cf’ﬁgy sl enk ot disclassd wptap

-~ subst ant peaﬂohqp thiecmotionrgthel bgeimidlisugredabnyslar) enttotimedtsof diranvemnion dh addivbon, whikea second

~ pagysi | P hAUB I R PARERES RTINS P08 4510 AU Aa0RO 5 A

I n anot her e e second icon as a kness

" fr om abotheh feateye maybercgmbiped jith &nmemrwheq frptugesiof ‘&?\Qi{eﬁé‘?‘boé%%‘fsr@ﬁf’e degifsd andecond
pol ysi | i exintdgeyefor &g giveba partibur ajpi@6&. from about 1,500 A to about 3,500
A. Each gate/wordline of the first formed polysilicon layer 116 is adjacent
a gate/wordline of the second polysilicon |ayer 122; that is, the
gates/wordlines of first fordifDESTRIALARPEACABHEFY 116 alternate with the 10

gazges/ Worhk inBBsds 6ff thd et ﬁﬁaﬁd? Q@l}sb!fﬁ! dé ihe 881d bﬁuﬁoola&%t?se?lk&aﬁcm ﬁmtﬁﬁgn B&@%ﬁiﬂnt ]
ad] acen at €S/ Wor I N € nex ot her u e
ay havei’%%ﬁ@ms@f’%gﬁr REEHRENEE o i o e Sppiends; oo

| ayers). such as EEPROMs.




Al t hough not shown, when the polysilicon gates 116 and 122 are forned over
the structure 110, further processing is perfornmed to conplete the
fabrication of SONCS type flash nenory devices. For exanple, core 15 and
peri phery source/drain regions and gates are doped, spacers QGGMdeMbd,
salicidation, conpletion of formation of SONOS type flash nenory cells,
sel ect gatddAIMi:gh vol tage gates, and | ow voltage gates, and so on. The
gates in the core region and the periphery region my be forned

simul taneously or at different tines. For exanple, gates may be initially
formed inithe ganethoéof forminyth hat-eslafile semitohductdrengroiypleicy, thegictwdor
initially fornmed in the periphery region and |ater forned in the core
regi on. MePEBN®RE: i ndivi dual gates may be forned 20 sinultaneously or at
different tine i £ i . i r i . SONCS
ype memory oo TE ek e dufind BR1G0R PLIAAHERLE (Lo fosF e %
doubl e bi {11@¢hbvinReterregignt o Figure 10, in sone instances when renoving

the remaining portions of the secon insulation_ material 120 d/.or the
st T msol aci B SRR pecp Sneimtiih gt €5 thif oks o St Yppoa A4 Y
connectiomlqﬂﬁﬁhgbﬂqﬁgog; an undesirably |arge ambunt of the second
insulation material 120 and/or the first insulation 25 material_ 118 is
removed | eavi nipraiinga sonforma énsbasion mppserial fayer €14 Shargupdthpdirst seopf meyey 116
and the Seﬁ?ﬁ% @?%%Si icon |ayer 122. A planar structure is thus not

achi eved ' 8HEYS 8Pnces. Referring to Figure 11, structure 110 is nade
at | east subst gtii@d 4 YecBh@B@lof Byenidry kélhgated QR pinkRe cok trdpion, veieediwedohi C
material to form spacers 126. Dielectric materials include silicon dioxide,
si |'i con nimemoge celbgate ehthesecondsetoiaaermay celfgaies (1335]s Ippisentafpagiesont tagt| j con
oxynitrid i ke Silel it [ d i.ak . The
opacer s ara TR ey S paRarishic i b GIRLRTI el ot B o)
CVD, and ghiernf thel fasiaset af mgmbyy SlRates (bl @rikbdrizoatallgtadjacerhgalenst cak ieongh not

h , furth i i f dt lete t fabricati f
SONOS 1 y pel #2i8 R tRE TBIaPodel aBemoRerl €aien §l 20 A dhororomH g s os o and
11, the Cgﬁrté %& 1&??{@%)"@?@5’&8@&1 %ftwééheea@ﬁ)ﬁbf{ﬁn?éllyl R TehYmorsRkell $ate.

ysf[icon

(patterne pé yer 116 and polysilicon’l ayer 122) are spaced
relatively close together, wherein the 35 core region of the nenory device

may contai,n up.to ahout tw.ce as,many control es/wordlines conpared to a
menory de?ice_ﬁ%ﬁ&wgﬁﬁéwsﬂﬂygﬁPPBWEﬂaﬁ&ﬁﬁ&?gf8@§§EPQEP§S¥EE§$“WEﬂ@P§T

devi ces contgahi Nehidkae¥sTrdh abb\R 250 FFLaboRB6GNA: This is evident conparing
the core region shown in prior art Figure 1 and the core region shown in
one or both of Figures 9 and 11. Accordingly, in some instances the

non-vol at il e ry..devi ces. made, i.n ; aceordan i Nt | tion
have "doubl e d§ﬁ§8§mx)&PgnghngngWBlﬂﬁw%%@ggﬁ%%gﬁ%%gh%gﬁ?ﬁéﬁéﬁﬁgnHﬂ&ﬁ@
control : gadyesy/soRbohd e Firgfset dfemérsry\well@hick €1 1GBmory cells (patterned
polysilicon 8 WO 03/032393 0 3 MAY 2006 PCT/US02/31330 |ayer 116 and
polysilicon layer 122 in one or both of Figures 9 and 11) nade in

accordancg wt re ] i . about
25A to afout 8D EepeIRERng ETbhERTARSRopRAL R SRR M LPH P2
control gaieasiynwocltigateemdahe tdvend e¢t-of ddeaidry eclhgates gongmise Hnarafipoliysiliemgor dance

with the present o
poped polysilicon, and doped amorphous silicon.

5. The method according to any one of the preceding claims, further comprising
forming buried bitlines in the core region before forming the first set of memory cell gates

(116).

10



i nvention have spaces therebetween from about 100 A to about 550 A (less

t han about 550 A). In yet another 5 enbodi nent, the control gates/wordlines
of the non-volatile nmenory cells made in accordance with the present

i nvention have spaces therebetween from about 150 A to abbutMA6@MEA (1 ess

t han about 500 A). Typically when a sem conductor device is scaled, the
channel | engths becone shorter and short channel effects take hold. Thus,

in the case of t it nory cel | cause,.each. bi t. 1.s i n
different%areagﬁﬁpgﬂwgacggg ﬁé?8¥?n%%@$?pgﬁg% %%bg?%g%?§r§%§£%%% e

preval ent fsapResilitdaiitide shhRrLagRe@ hdrhensillp glacdit nehioay s¢lbt@itrol iteddonever ,
in the SONOS type nenory devices of the present invention, short channeling
ef fect s apBerfilafianizingd, since there is no LOCOS in the core region.

Al t hough the invention has been shown and described with respect to a
certain preferred enbodi nrent or enbodinents, it is obvious that equival ent
al teratiofs an@henditfddestording taahy oneofithe peecedihg clairsd itithetle provisoghairt  upon
t he readi ng and. understanding of this specification and the annexed

dr awi ngs. LREaismot rmed iniigcqra 68198 15 vari ous functions performed by the
above descri bed conponents (assenblies, devices, circuits, etc.), the terns
(including any reference to a "neans") used to describe such conponents are
i nt ended 80 coirmsthoddf ingreasisg cowtgatr deinsity imhaaradatjle semignydustrpesedty whi ch
perforns the specifﬁﬁg funct.ion of the described component (i.e., that is
functi onaPFycedif PEPEAFYTPEYB% t hough not structural |y equivalent to the

di scl osed st rugsiigy Mhdzbe trRfinOdidRectRe 11 nsiet HBubstrate(la 2?1, ehedubstrtk @SI2) at ed
exenpl ary enbodi nents of "the invention. In addition, while a 20 particul ar
f eat ur e ohatihgaicosegngivsn may have been di sclosed with respect to only one

f | enbadi h f i it h
ot her 1 cat ur oo foeh ik st sty T BB uORUGRRBES el R EhpITR! S oeous
for any gueRu@d (103)initeéibare réigd;i cation. | NDUSTRI AL APPLI CABI LI TY 25 The

met hods of the present _invention are useful in the field of non-volatile
seni conduct or 8GRy asiisen diexidsrayer phid)iaganngd ithe dirst 366 ohwemenscdk t he present

i nvention .y fabricating non-volatile flash nenory devi ces,
such as Eﬁ%‘/}éfﬁ&%glmw 2006 CLAIMS: 1. A nethod of formng a

non-vol ati |l e sdepasitinguntingulationonatedsayee (1200 eonfoinudly oveothprsildongliosdider mi ng a
char ge trappinq dielectric (114) over a substrate (112), the substrate
(112) havidygr € 8bre region; formng a first set of menory cell gates (116)

over the char ggeld ARl b1l o‘ﬁlqﬁ}Fé.r Over thd sulafloh Rt Al f%y&gg D@ and Or M ng a

conformal insulation eriral layer (118) around the fir set of menory
cel | gates (11@)anadzidg flersabsigteatosernnadesat sof ofmeemory cek ighteg/atordlines PI22) i n
the core region, wherein each .

in the core region, wherein each memory cell gate/wordline of the second set of memory

cell gates/wordlines (122) is horizontally adjacent at least one memory cell gate/wordline

of the first set of memory cellgates/wordlines (116), and the silicon dioxide layer (118) and

the insulation material layer (120) are positioned between each horizontally adjacent

memory cellgate/wordline.

9. The method according to claim 8, further comprising forming buried bitlines in the

core region before forming the first set of memory cell gates/wordlines (116).

11



menory cell gate of the second set of nenory cell gates (122) is

hori zontal |y adjacent to at |east one nenory cell gate of the first set of
menory cell gates (116), each nmenory cell gate of the fir E{efﬂﬂﬁ()f menory
cell gates (116) is horizontally adjacent at |east one ne rm el | gate of
the second set of nenory cell gates (122), and the conformal insulation
materi al [8yer The 1Rhadsacperding togkedmiSear e Bhersit the lsicon divecidel 1gyes 4] 180 bag a

menory cel,l. .gate, 2..T hod rdi to claim . [ onf or nmal
sl at i offipREe T bayar Xod fayt LA P Bl ADahd dad e S ohock

600 A. 3. thiflecsetrhadbaaur Alikmgbdu®@ 280 Aim 1 or claim 2, wherein two conformal
silicon dioxide |layers surround the first set of nenory cell gates (116).

4. The method according to any one of the preceding clains, wherein the

first set {of : 1 es
conpri se 326 o?ﬁ gg{%/hs". e%cé%rg,ﬁ{ge[gggggnégf?%?%%@ﬁwgﬁﬁﬁtope %ﬁﬁf‘%ﬁ%’u
silicon. bell gites/wetdhines hascothitkngss tionantouo 60 Afto aheut;t00el andjthesetomd set
further conprising, formng buried biflines in the core regi ef ore
form ng tREMEMOEY C%’egatﬁ%ﬂ‘%}iﬂ?%}laééltf’)lcg“ﬁ%gom(%?& 500:8 “oa%m%ﬁ%%%oe 6. The
met hod according to any one of the preceding clains, further conprising
formng silicon nitride spacers between horizontally adjacent nenory cell

control gafes Thé trethodl aapandirgj tngny dne Fhadainest8iby fatieercdinpysing fammgne of t he
preceding clains, with th ovi so, t hat O%QSis not fornmed in the core

r egi on. 8.51(fl O sPgeer ﬁ@gggﬁ“ﬁﬁn é%‘i‘%onéaé]t%'é‘ AL PGP Cﬁﬁ ﬁ‘S‘i‘??/l\WS@HeF e

sem condughQipl Rl device, the nmethod conprising: formng a charge
trapping dielectric (114) over a substrate(112), the substrate (112)

having a core region; formng a first set of nenory cell gates/wordlines

(116) over,the.charge trappin dielectric ( )i D i Qn;

gr ow ng alé’i | ggﬁ”%ﬁ%b iaﬁg&ﬁ%ﬁ’g? aﬂ%ﬁ Of;?l%%lr?agl %é” }felrerlé'lta% chqgf ft{aﬁgfrrrlgry cel l
gat es/ wor dleldease (1145dcmsieroend ofigh @QNOI thisdyeadicRbtrizparestiat/nitadetilayd0)
conformal |y over the silicon dioxide |ayer 8118 ; depositi ng_ a polysilicon
| ayer oveflielesiq, paifride/oside prlpvaridigleqtug ap oxudedyntalymyoxids bitayer dirkegrichan

Substrat e ke BILA SESONAS Rl JTRABLY of Sliac AL ASALAME ARV Akl D ¢ e

core region, erein each nenory ce I ne e second set of
menory anoxide/barium strontium titanate bilayer dielectric, an oxide/strontium titanate/oxide

trilayer dielectric, an oxide/strontiumtitanate/barium strontium titanate trilayer dielectric,

and an oxide/hafnium oxide/oxide trilayer dielectric.
14.  The method according to any one of claims 8-13, wherein the charge trapping
dielectric comprises an ONO dielectric comprising at least one of a nitrided oxide layer

and a silicon-rich silicon nitride layer.

15.  The method according to any one of claims 8-14, with the proviso that LOCOS is

not formed in the core region.

16. A method of forming a SONOS type non-volatile semiconductor memory device,

the method comprising:

12



cell gates/wordlines (122) is horizontally adjacent at |east one nenory
cell gate/wordline of the first set of nenory cell gates/wordlines (116),
and the silicon dioxide |layer (118) and the insulation matlérNsI706ayer
(120) are positioned between each horizontally adjacent nenory
cellgate/wordline. 9. The nmethod according to claim8, further conprising
form ng buri edfdsining are@NChcharge trapping dielgettin operfaofubstfase.hngpbstige hpyisg aset  of
menory cel |l gat.es/wordlines (116). 11 0 5 MAY 2006 10. The nethod accordi ng
to clain1§n8?q§?Lmherein the silicon dioxide |ayer (118) has a thickness
from about 50 Aepogitiab@ufirst3adysflicondajdn@vertheDa0 ourgetreppingd diekyeic; (120) has
a thickness fromabout 30 A to about 250 A. 11. The net hod accorfii ng to
any one of cl apaftsrgng the fyrepadyligordayqrie forg figst sehehpeiporygglf control gates

gat es/ wor d| i i f . . A to about 6,000 A and the
second se?L&gﬁ§9@@%@%“%%*%§§§§§g*§gﬁgﬁ?%géﬁﬁggoﬁ;thickness from about 500 A
to about 6, 000gAwid@a fifdeilicen Hivctidedayer dioupd tlee Bust/sed nEmefnocy eilinengoll 1,
further conprising formng silicon nitride spacers (126) between

hori zont aB¥§S:adj acent nenory cel|l gates/wordlines after planarizing. 13.
The met hod acc%ﬁygfg%%ta%e@dﬁﬂ ﬂ%n}?fi%ﬁnliéla &hlﬁ&na}@@%{/&'tﬁe FiRe sitibéd giexideappi ng

dielectric (11 rises one o trilayer  dielectric, an

oxi de/ ni t tayee bilayer dielectric, a nitride/oxide bilayer dielectric, an

oxi de/tant al um,oxi de bilayer dielectric, an, oxide/tantalu xi de/ gxi de
trilayer diel eé‘fms’gl,ngéi‘r‘?e‘b%%d?é’?%sfelfcé’ﬂtl?wwygglé\%%ﬁcgmﬁf“?lﬁ%&oﬁﬁsI? cegra’lng,
anoxi de/ bar i unpghi@ihd hNstibdtARAoToRh b 8¥&hd dbRIferdnidrg celDomid] gates i BBt i um
titanate/oxide trilayer dielectric, an oxide/strontiuntitanate/barium

st r ont i unceretegion,evherdin ggadrmemetyessilicontrol gatriofthe ssepadssiaf memarnselte/ oxi de
trilayer dielectric., 14 T h j i - 13,
wher o) n ¢ RO & Ga Solpn AR «fRAER BRSO RBALOAnBREe s of i@ R oot
conpri si nghediory €dbton®dEgAks, and tHerfirsheslliconi diexidager andnble gecend siticon dibxide
silicon nitride Iaéer. 15. The nmet hod according to any _one of clains 8-14,
with the Fwevats@osiHared obesncach Roizongllyediacentipemeny cell capfrddigatess. A net hod
of formng a SONOS type non-vol atil e sem conductor nenory device, the

met hod conprising: 12 0 5 MAY 2006 form ng an ONO charge trapping

di el ect ri ¢7.0veThansthodtacedrdingttt elafim i 6] whdreinhthe firsy sificorc diogidedayico has a

thickness from about 75 A to about 325 A and the second silicon dioxide layer has a
thickness from about 40 A to about 225 A.

18.  The method according to claim 16 or 17, wherein the memory cell control gates are

separated by a distance from about 125 A to about 550 A.

19.  The method according to claim 16, 17 or 18, wherein the ONO charge trapping
dielectric comprising at least one of a nitrided oxide layer and a silicon-rich silicon nitride

layer.

20.  The method according to any one of claims 16-19, wherein the first set of memory
cell control gates has a thickness from about 1,000 A to about 4,000 A and the second set
of memory cell control gates has a thickness from about 1,000 A to about 4,000 A.
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depositing a first polysilicon | ayer over the ONO charge trapping
dielectric; patterning the first polysilicon layer to forma first set of
menory cell control gates over the ONO charge trapping di&hiﬁﬁr@ﬁ in the
core region; growing a first silicon dioxide |ayer around {8t set of
menory cell control gates; depositing a second silicon dioxide |ayer
conformal ly over the first silicon dioxide |ayer; depositing a second
polysilic | a 1 i 1QX4 : j zi ng
Phe subst fat o fgt PIRdEs fc0gEaa83dy Sh LGRS R Rt Ehmprifs pRfANA g

cor e regi bianksthbreshald daplannmiaiy farelidg the @NOIchage dapping Helesamondr thet  of
menory cell, control gates is horizontally adjacent at |east one nenory
cel | cont P¥Ug%t e of the first set of nenory cell control gates, and the
first silicon dioxide |layer and the second silicon dioxide |ayer are
posi ti oned between each horizontally adjacent nmenory cell control gate. 17.
The met ho@2accdhdimeghadeccoming to Gy wheottlaimshe-2 1, figthes coinposinglfawine | ayer
has a thi knesg.éron1abgut 75hA'tOz§§%ﬁ§ 325 A and the ééco d ﬁilicon

di oxi de | Sy&PT RHLISSPALHP PRINESR DR ACqR TPV AE0 SPILFARE A8 The

net hod acepndiinggto claim16 or 17, wherein the nenory cell control gates
are separated by a distance fromabout 125 A to about 550 A. 19. The

met hod according to claim 16, 17 or 18, wherein the ONO charge trapping
dielectric conprising at | east one of a nitrided oxide |layer and a
silicon-rich silicon nitride |layer. 20. The nethod according to any one of
clainms 16-19, wherein the first set of nenory cell control gates has a

t hi ckness from about 1,000 A to about 4,000 A and the second set of nmenory
cell control gates has a thickness fromabout 1,000 A to about 4,000 A 13
0 5 MAY 2006 21. The nethod according to any one of clains 16-20, further
conprising performng a blanket threshold inplant prior to formng the ONO
charge trapping dielectric over the substrate. 22. The nethod according to
any one of clainms 16-21, further conprising formng silicon nitride
spacers between horizontally adjacent nmenory cell control gates after

pl anari zing. 14 '
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