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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
30 more bits per cell can be accomplished. Multi-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
on an integrated circuit chip. |
For simplicity, a two-bit per cell implementation of SONOS is described. While both bits of SONOS
type memory devices are programmed in a conventional manner, such as using hot electron programming, each

<35 bit is read in a direction opposite that in which it is programmed with a relatively low gate voltage. For ’
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Programming in the forward direction and reading in the reverse direction permits limiting the width of the

charge trapping region to a narrow region near the drain (right bit) or the source. This allows for much more
efficient erasing of the memory cell.

35 Another advantage of localized charge trapping is that during erase, the region of the nitride away from
the drain does not experience deep depletion since the erase occurs near the drain only. The final threshold of
the cell after erasing is self limited by the device structure itself. This is in direct contrast to conventional single
transistor floating gate flash memory cells which often have deep depletion problems,

Although many advantages are described above, there are at least two disadvantages associated with

40 SONOS type memory devices. One disadvantage is that isolation by LOCOS (LOCal Oxidation of Silicon)
: 2



30 direction than when the cell is read in the forward directiod. 8 MAR 20055 €
BP0 i s enhanced when the charge trapping region is made as narrow as
possible. Programming in the forward direction and reading in the reverse
direction permts limting the wwdth of the <charge trapping region to a
nargow region near the drain (right bit) er the source. This allows for
much nore efficient erasing of the nenory cell. 35 Another advantage of

| ocal i zed charge trapping is that during erase, the region of the nitride
away from the drain does not experience deep depletion since the erase
occurs near ke dpai flailety 1dig8 dnhdidk JNRBNGHR! e REREAL ALIToWRIAS! NG
is self limted by the device structure i'tself. This is indirect contrast
to conventi JRENANIIZAIOB and iessased intepration wg dpatces fonaah integrateyt cteultschi ch

of ten have e | ens. Al t hough nmany adyant ages are descri bed
above, ther g&gggﬂgﬁﬁlﬁgggﬁ ({Fv\%g%ﬁ 15,90 457585 ’55’?5%5‘% i%?lwophby ﬁ@%@@ot ype
menory devi casses@ndesifablobiagdssiag of dopdidd. | Sol ati on by LOCOS (LOCal
Oxidatipon of Silicon) 2 68-0 1 -'2003 3 2 6 MAR 2005 takes up a relatively
| ar ge unt of T disgdvantage witht $ONOSg type emembryndedses isi thanlOC8t i on
and i ncreasggg, g ' ' an integrated circuit chip, .
efficient util |§§a°ti| %ﬁk%?%é‘%%‘cé‘f%g@?& ?ﬁé“’l’%a"é‘? J‘dg*f ABPTANES, asseeipted; withpy

LOCOS al so L2008 Sormatimi, ndieh éram 18985 i1, 100°C1 OBRGH %haiﬁeﬂé)ishz?ﬁec\[%&sg ipONOS
type menory evg:%f [ th%t LOCOS, formation causes short channeling. There
are high tefpefit V§s°i’§§§ cieagtiqofier represented as dreralt/neseessefilyedeckeasing8h6' C t o

1, 100' C. SheffectehastaghéN@nl 1 s Eia:%f tive channel |ength,
- often represented as Lff.n nn@é‘gggf?‘f;?‘“%%g?@gs' § ¢ gnt E?S!s’é‘&tgwg%htggnel
| engt HOr esutmgsistar atrlowrgits voltdgey suchrayevhen thetmnsistords igthe WefPughiet he 10
transistor at |lo ol.t ages such as he transistor is in the
-"of f' state. Th\g‘rh%%gﬁccé'gﬁ% SS%‘S%@‘X@&&?&?%%CLW PBP&&Y%C@HH‘@@@S@MS%

an i ncreasebitline ko bitlimepiehbthtdu Qeﬂdle&hfﬁalf“is?H% lirﬁaa&%gf'd Fr i
di ffusion caused by, t her nal cy(ﬂgiﬁng eads to uno?e3| ra ebﬂe}%'%%l}yﬁlel?%\een
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manner. In 15 334, . EEPROM nenory cells are

formed with bur :\/telgggglg?lsr@‘? M?%grggéxﬁ% %Pgogﬁﬁlé%éa QEEC E‘?CMW% Brei“ are

for medSi n t Metchell ef aklYiS Patdnt 5168, 334PEEPROM Ricn@ty cells &6 Toinedwith blieg ONO

-~ dielectric. N.ternatively, . Mtchell .et al forns., EEPROM nenory cells by
form.ng an Pﬁg‘%i gﬁ%(pppleg ,bl%ﬁ%gﬁ“h ibﬁgn‘bSWQ? Precfrmed én the enge opgion of the

di el ectri c, sytatra®rpriongo Edrenatioh V:Fithd i oL Lt L and.

20 renovi ng L{;ﬁ@%’giodi electric: cove?ﬁ%d{e%gmgp%lﬁeﬁgﬁa?hﬁ%cpgﬁlL{Jg.]ggnln-’sat ent

5, 966, 603, & mRrapRcealls by formingran OOVQ didlérris udepbsiting polysilicbh iover mask

i s pattenedmaveNnd el | e, Lncore wWhile canpletely.covering the
periphery, portions %%ﬁ’e%tag%ﬁgg e bglySﬂcomV\lPormmg U oiiEa bifinds |
20 removing the ONO dielectric covering the bitlines. In Eitan U.S. Patent 5,966,603, an

ONO dielectric is formed over the substrate, a bitline mask is patterned over the ONO
dielectric in core while completely covering the periphery, portions of the top oxide
and nitride layers left exposed by the bitline mask are etched/removed, the bitlines are
implanted, then bitline oxides are formed over the bitlines. In Eitan PCT International
25 Publication Number WO 99/60631, memory cells are formed by forming an ONO
dielectric, a bitline mask with openings for the bitlines is formed over the ONO
dielectric, the top oxide and nitride layers left exposed by the bitline mask are
etched/removed, the bitlines are implanted, the bitline mask is removed, the exposed
portions of the bottom oxide of the ONO dielectric are removed, gate oxides are
30 grown including thick oxide growth over the bitlines, and polysilicon gates and

wordlines are formed.
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and nitride layers left exposed by the bitline nmask are etched/ d he
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and in particular, a sinplified process rmng a8 #hn
soNos 1y pe BV Silertis fermedior y devi ces. The SONGS type 15 nonvol atile menory

devices lead to the effici ' n robust single- poly

devi ces, having a substant %@@gm&t%&dﬁ?ﬁN&%r ed to conventional

SONCS nenory fabfheairestit diveaess Pfoviddica RIBSHMA hra¥aR P gab‘gic-gﬁhgggﬁ@oghe
efec or

.need for a _core re i,i)n etch step thus reduci ng costs an mat i on.
The pr esent BPRPORVPFHIC BEmaDhdgdceshanthin parpevlar, arsmplificdratocesscfor fgrming

associ at ed whtidd BHEES GiRr ' | qcore region thare 1.Ai M zi ng
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t her mal cycBONOS memory fabrication processes, the present invention eliminates the need for a

core region etch step thus reducing costs and defect formation. The present invention
eliminates high temperature thermal cycling associated with LOCOS fdrmation in the
.20 core region, thereby minimizing and/or eliminating short éhanhcling. The present
invention also eliminates undesirable bird's beak associated with LOCOS formation
which may lead to fewer defects and/or improved scaling. Another advantage is that
in some instances the biﬂine implant does not experience the periphery gate oxide

| thermal cycle.
25 One aspect of the present invention relates to a method of forming a
nonvolatile semiconductor memory device, involving the sequential or non-sequential
steps of forming a charge trapping dielectric over a substrate, the substrate having a

core region and a periphery region; removing at least a portion of the charge
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nvention. )
of” anot her "aspect of a nethod in accordance with the present
Figure 3 illustrates a cross-sectional view of yet another aspect of a method in accordance with the

present invention.
Figure 4 illustrates a cross-sectional view of still yet another aspect of a method in accordance with the
present invention.
30 Figure 5 illustrates a cross-sectional view of another aspect of a method in accordance with the present
invention.
Figure 6 illustrates a cross-sectional view of a SONOS type memory cell in accordance with one aspect
of the invention.
Figure 7 illustrates a cross-sectional view of one aspect of another method in accordance with the
35 present invention.
Figure 8 illustrates a cross-sectional view of another aspect of another method in accordance with the

present invention.

Figure 9 illustrates a cross-sectional view of yet another aspect of another method in accordance with

the present invention.
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20 another aspect of the invention.
’ MODES FOR CARRYING OUT THE INVENTION
The present invention involves a process for fabricating SONOS type nonvolatile memory devices, and
in particular, a simplified process for forming bitlines in SONOS type nonvolatile memory devices. The
SONOS type memory cells of an array are coupled to wordlines and bitlines. In particular, the drains and the
25 sources of the SONOS type memory cells are connected to the bitlines. Using peripheral decoders and control
circuitry, each memory cell can be addressed for programming, reading or erasing functions. Formation of
bitlines is therefore necessary to the operation of the SONOS type nonvolatile memory devices.
One aspect of the present invention involves a process for fabricating non-volatile semiconductor
memory devices that do not contain LOCOS in the core region. As a result, undesirable bird’s beak and high
30 temperature thermal cycling associated with LOCOS formation is minimized and/or eliminated. The processes
of the present invention may also provide memory devices having substantially planar structures.
The present invention is now described with reference to the figures, wherein like features are referred
to with like numbers throughout. One aspect of the present invention is described in Figures 1-6. Referring to
Figure 1, a semiconductor structure 10 is shown with a semiconductor substrate 12 under a charge trapping
35 dielectric 14. Semiconductor structure 10 contains two regions, the core region 16 containing the memory cells
and the periphery region 18 containing the rest of the chip such as the controlling logic and input/output devices.
As shown the charge trapping dielectric 14 contains three layers; namely, a first silicon dioxide layer 14a, a
silicon nitride layer 14b, and a second silicon dioxide layer 14c (an ONO dielectric). Particularly in the case of

an ONO diclec;tric, the electron trapping is in the silicon nitride layer 14b.
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dielectric 14 in the core region 16 leaving the charge trapping dielectric 14 exposed in the periphery region 18
35 of the structure 10. The charge trapping dielectric 14 exposed in the periphery region 18 is etched down to the
substrate 12 (the first silicon dioxide layer 14a, the silicon nitride layer 14b, and the second silicon dioxide layer
14c are removed in the periphery region 18 of the structure 10). Multiple etching steps may be employed to
remove the charge trapping dielectric 14.

Referring to Figure 3, a gate dielectric 22 such as an oxide layer is provided using any suitable means,

40 such as chemical vapor deposition (CVD), dry oxidation, wet oxidation or rapid thermal oxidation, on at least a
6
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subsequently formed bitlines) is from about 0.15 um to about 1.5 pm. In another embodiment, the width of the
implanted regions 26 (and the subsequently formed bitlines) is from about 0.18 pm to about 1 pm. In yet
another embodiment, the width of the implanted regions 26 (and the subsequently formed bitlines) is from about
0.2 pm to about 0.75 pm.

35 Although not shown, 2 Vr adjustment implant step may optionally be conducted before or after the
bitline implantation step. For example, the structure 10 may be tilted relative to the angle of implantation and
implantation of boron may occur through openings 25 in the photoresist 24 in the core region 16 to form
implanted regions (not shown) adjacent implanted regions 26. The Vy adjustment implant step typically

employs a type dopant opposite that of the bitline implantation species.
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of the electron trapping. For example, charge trapping dielectrics include an ONO trilayer dielectric, an oxide/nitride

bilayer dielectric, a nitride/oxide bilayer dielectric, an oxide/tantalum oxide bilayer dielectric, an oxide/tantalum
oxide/oxide trilayer dielectric, an oxide/strontium titanate bilayer dielectric, an oxide/barium strontium titanate
bilayer dielectric, an oxide/strontium titanate/oxide trilayer dielectric, an oxide/strontium titanate/barium
35 strontium titanate trilayer dielectric, an oxide/hafnium oxide/oxide trilayer dielectric, and the like.
Moreover, in the embodiments where the charge trapping dielectric is an ONO dielectric, one or both
of the silicon dioxide layers 14a and 14c may be a silicon-rich silicon dioxide layer. One or both of the silicon
dioxide layers 14a and 14c may also be an oxygen-rich silicon dioxide layer. One or both of the silicon dioxide

layers 14a and 14c may be a thermally grown or a deposited oxide. One or both of the silicon dioxide layers
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the charge trapping dielectric 14 exposed in the periphery region 18 of the structure 10. The charge trapping
dielectric 14 exposed in the periphery region 18 is etched down to the substrate 12 (the first silicon dioxide layer
35 14a, the silicon nitride layer 14b, and the second silicon dioxide layer 14¢ are removed in the periphery region
18 of the structure 10). Multiple etching steps may be employed to remove the charge trapping dielectric 14.
Referring to Figure 10, a gate dielectric 22 such as an oxide layer is provided using any suitable means,
such as CVD, dry oxidation, wet oxidation or rapid thermal oxidation, on at least a portion of the exposed
portions of the substrate 12 (over the periphery region 18). Dry oxidation, wet oxidation, and rapid thermal

- 40 oxidation are preferred, especially when gate dielectric 22 contains silicon dioxide. CVD techniques are
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after the bitline inplantation step. Referring to Figure 8, a nmask such as
a suitabl eWpHRHdISEsi st 36 is used to partially cover the chargesoihigppi ng
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first S|I(+l\fon dloxthe | ayer and the
second siTYEGHeH% ?‘é‘?@%%?‘“&ﬁt“tﬂﬁsém?‘b‘ﬁﬁé“elﬂyef i he periphery region 18 of
the structure Th@)harg%rhﬁplqgld&leahcm ngy etaepdcletale 1er @r&p&:@&iﬁdretcﬁpamlem)@cxht&e
charge try e Ling to Fi ed| tric
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t
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CVD t echrifreptiem tlgg_qaa@e tailayer dielectric, an oxide/hafnium oxide/oxide trilayer dielectric, and the like.
Moreover, in the embodiments where the charge trapping dielectric is an ONO dielectric, one or both
35 of the silicon dioxide layers 14a and 14c may be a silicon-rich silicon dioxide layer. One or both of the silicon
dioxide layers 14a and 14c may also be an oxygen-rich silicon dioxide layer. One or both of the silicon dioxide
layers 14a and 14c may be a thermally grown or a deposited oxide. One or both of the silicon dioxide layers
14a and 14c may be nitrided oxide layers. The nitride 14b may be a silicon-rich silicon nitride layer. The
nitride 14b may also be an nitrogen-rich silicon nitride layer.
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be a sili (-:+Oor n—)I Exampfes ofC m&anctiatlon matcrlals 1r}/cﬁ1de one or more ofle)xr%gnl;]c, boront, gln% P c!spl{ogu? n

t%e Sfﬂi‘tﬁx‘% cStd():f sguct

The implantation materials are implanted at a dosage suitable to form buried bitlines. In one
embodiment, the implantation materials are implanted at a dosage from about 1 x 10* to about 1 x 10"

35 - atoms/cm®. In another embodiment, the implantation materials are implanted at a dosage from about 5 x 10" to
about 7 x 10 atoms/cm®. In yet another embodiment, the implantation materials are implanted at a dosage
from about 1 x 10" to about 5 x 10'° atoms/cm?.

Implanted regions 26, which correspond to the openings 25, form the buried bitlines in the resultant
SONGOS type nonvolatile memory device. The width of the implanted regions 26 at least substantially

40 correspond to the width of the openings 25.
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di oxi de |l ayers 14a and 14c nmay al so be an oxygen-rich silicon MW&E'G%
| ayer. One or both of the silicon dioxide |ayers 14a and 1l4c Z
thermally grown or a deposited oxide. One or both of the silicon dioxide

| ayers WAm02a3t5714c may be nitrided oxide | ayers. The nitparesgidasiyay be a
silicon-rich silicon nitride layer. The nitride 14b may al so be an
nitrogen-rich silicon nitride layer., 10 2 0 MAR 2005 WD 02/ 45157
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i gur e a
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any sui tsaipdcero iR 3xigation Bédtitn@he SHe¥ncd ¥ tﬁg%tlic&{hlmwfayep Mbqa;sfaﬁ)cﬁll ﬁ?fﬁgﬂtgé 0? : he

oxi dat i portion e exposed

subst r a?) goxic% o8 &ancmi' ﬁ‘@"‘%"é?y"‘gﬁ & P@‘e GG i%)cwnlﬁ&?s&ﬁtefnﬁﬁy edjpdpstagsasdat i on,
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215 cont %isﬁﬁce§%llel’c£@\n) lefﬂ?ﬁ]'uggre e&M@eﬁ %m&%@ to'HR¥%k tReec JIOQ ed I n instances

where the gatT dielectric 22 contains one or nore ofe con OXI de,
silicon nitridesoYAar gy eladdiionglprinhpry gate diplectripapateriafi S@W@éq mvedezzlearm gate
serves dsletttieovgawitchdd abeqichiydorirpatestBaataR theycmfcﬁfemdth@ g@m&@ﬁém the OW

vol t age L S e nel. AT e
Lol 00 i g1 xbily 81Nl 1EBSLLRRS Ml B e St el ¢,
~about 38usion of FPC g'ﬁ‘&e I‘féﬁla“ésrr%lﬂ? erebadiment e sipg erhanfedgateciialdciric 2Phah athicknessfrapk nes s
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di el ect Si.st  20.1S

sem coné&’% %)r%{ R tIg Qoﬁé ur%‘e I f5t anphge §Irn€ ‘Jrorg’ © e gaéceféatc gfﬂfﬁ”ff 40 h?f'&étkc@i?é Retas a
sui t abl & 3kt 2ypwd9% largathingha hidldess gfgp@ﬂkleahd@z cover the charge trapping

di el ectric lahdugh iR sHo@h, Qn dofnd in@tﬁhcg@ [ygﬂlohgf tﬁ@é’a?erdléi@mt: Bﬁm% Ei qg:rgl'e%%ai ¢ 22
mtheg}géephervye/{ gq? 8 of the structure . q

phot or e &PEe HROVPLuEaE for F’f?glalc’s}ﬂt?ﬁaﬁhf?é‘f"h‘!‘%?)éea}é}P%ﬂ‘%)H‘é‘ﬁli'eﬂgSg“ZBwﬁ’ﬁé? ’é’lcﬁvereQS The
@Yot or eby bt gAlidleirp 42 Wemnigdrdwth dr Fe@ro@0ir'of add@igh=0 Peripfier§ ghtef dldctrit indck:@4 gOT r espond
to the E&B\QS&‘B' erfhegémgtgl@es% bt ?mnﬁabltuhﬂm g(it% E%fec die22 1? 5 m(t)f ! I?z% el(l:hhar 9 €

trappi ng. glectrlc 14 direct er the -su UertT Y o hedt G \
bitline& ?“@x%é‘&“t&frtef"ﬁlémﬁd’i ff”é‘}eﬁé’dhegﬂ*?m%?r‘@@teéhe gzm)helech ispreviqustp| ant ed,

gs sh O}Anr?yidt isis & BdvaktBzeous Hiher diFebrent Eabsaqub @6 form@OdaRE m21§; p\e{bh%rkl GogioH b@k&@gle I 12

I rect for structure 10 1S ptlona Yy
neal e%at % l&mcgﬁ?me%ﬁt tgémess 21?05 "ﬁt?née’ a’lgg é‘ﬁtagengﬁ eérﬁ?séffofsd’?f‘y regpireci e gate pides

Ui t abl ©23 lﬁﬁ W%lﬁswrecsﬁnm% At Rhfrss instangesthe sizaphioyced gatéididecsio M@ oy lave @b or more

i mpl ant eck@SsedTBIhE frlo@thr regrowth of additional periphery gate dielectric material is therefore conducted in

one or more steps, two or more steps, efc.

Referring to Figure 18, polysilicon gates 28 are formed over the structure 10. In particular, polysilicon
(or doped amorphous silicon) is deposited over the charge trapping dielectric 14 in the core region 16 and the
35 size enhanced gate dielectric 40 (increased thickness) in the periphery region 18 by suitable techniques. The
polysilicon layer is then patterned using suitable techniques to form polysilicon gates 28. For example, a
photoresist (not shown) may be deposited and patterned using standard lithographic techniques covering a
portion and exposing a portion of the polysilicon layer. The exposed portions of the polysilicon layer are

remc - . by standard techniques, such as using anisotropic etching.
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primarily depends on the type of substrate enpl oyed, for exarrpég, g@eﬁ@gr a
p-type or n-type is used (p+, p-, n+, or n-). Exanples of inp n%’ﬁ i
material s include one or nore of arsenic, boron, and phosphorus. The

i npl ant atiwo omases7i al s are inplanted at a dosage sui tabl e tgr406d1).lM461 €d
bitlines. In one enbodinent, the inplantation materials are Inplanted at a
dosage from about 1 x 1014 to about 1 x 1016 35 atons/cnR. I n anot her
enbodi ment, t hélﬂiomill reishew, whenieetpolybiidos gaiesd8 pnyfiirmet ot timtstrectugoafgehef prosessabout

5 x 1014 fs@erfoﬁ'm% co. Pétel%QJf@n@JanD&/s@N%s typB ﬂ%ﬁheﬁ&?tj@%@s enbodi nent, the
i npl antation materlalps are mBgante at” a dosage fromabout 1 x 1015 to

about 5 x 1015RHtEREP Eispre 19-a5PHR? bae P@fg%ffé‘ 396)%%? %c"é"dF%‘S‘ﬁéﬁElN%‘Y?%e
openi ngs d&morf davite s Ki@whUTheael] dintainé chage traippfnﬁi&lelécﬁ&uhlg’aﬁtw sQkBICE, ahy @in 34.

nonyol at i The w dt.h of thel ng 26 at | east
subgt antia bﬁNé?gﬁer eé%r%'r glg?oocr?& SR RS R B 25t léceo %‘?"h“ég{’g n 11 2 8 MAR
2005 WD 02/ 45 1@%1@@wmgaquomewmagshle¢a&ec@nmmngﬂa bygpme sfjouies eprshert dhempélant

s: ep rrlgy et axea{oldy Tb@ i6 R due bado Q@:E&ﬁdi"y &It RENBkach BRis sBiell Il d¥@rdni R85 Rt | ON
step. For

ex e ruct be tilted relative t he angl e of
ot ant t FERHIRHO! FSRLRE P PGB PO: Ry BECORe FaF Suisings BhigEo08 |
t he phot oHewsvgt in B SDNOS bype memey daegesmﬁ thi Greseot ifvontion, sharpphamtliag effeeq e minifiaal

shepn) adhﬁ’c@%@&ﬁﬂ'@@&%é%% A%, 26. The VT adjustnent inplant step
typically 5 enploys a t opant opposite that of the bitline inplantation

speci es.  Ref er flthogshthe ‘F‘feﬂttﬂ“ é‘asi’?en Sb%t’f"t 28 frsetivphwitharsesst te ¢ cotainipecforrgdrembagiment om
t he st rucbrembodidentspinid olvitals thhteqatalegiailiratiofl £l @odifidator8BilBchR o ditersisandmeind 4t t he

Dot oo R Bl Rl ol NS0 Pl Sl Rot el o SROARGE U, ROLERE L FA0 )

and/ or cl eaner r| c ot i et e ma? eri al
i s prefer &Py f‘#‘b‘?%ﬁlﬁ%‘;m@ hleﬁhf’rﬂllo"@‘éwvbﬁ COWEqﬂmﬁéaW}bbﬁsﬂ Cter'le‘?ﬁ cirguits. ety ethpyterms

suilfabl e gRabdsg ar@U&chx@S todr h‘lea@?.(") ghad toQQscnm{xchQ&hﬂﬁénts% iREndERP kel pBRd, HiMdss
oxi dat i onbthe}‘g al &ca? ation,

CVD t echn X
O dat 1 e R e o R R B e S R B b OB e e L
di el ectri tbatzis(fm@omaéy WBW@FDIDL porthelighrdt deictutafly ¢quivilem bdls disklesed sttuamreoviichr e
Struct ur epdrdrms %mrﬁ% ut Qe helgn @axct-lad éx&?pl£r§ BBt ofﬁﬁ@%v@ﬁtﬁ’ﬁ eﬂ%@duﬂ)fn Wifi€a

silicon nltrlde subst antj al npedes the growth of oxide in the
silicon dP¥¥H arefeﬁ“ﬁ%/l%fr‘hci%’&‘“"(?f‘ may have brprd ‘W@@?dd‘ﬁ‘h 1sgPecte Al Qg ARt embpdigents,
enpboyed suoh ferst anciesombifdivéth biter gate@thel felneaiof heotdd cai@ninghts 8s miy Ge osirddaie Of
silicon d Ll silicon oxynitride. In 15 instances
wher e C,\/Déd?geg(t:a%%ua%}e@y I(r%e]n({e} rfl&ug?a ﬂé}ﬁ s preferable to mask the core.

regi on (not shown). The growth or regromﬂh of additional periphery gate
dielectric material serves to pNDUFﬂH&LAﬁBﬁMM%H&ﬁ&e di el ectric over which
E:lloelsg(t:tsregggn;[ ln }f n%léhnlis%? he ﬁresae tqév%ntxoln Qr%rf% Ethc 1€1d op 1% %K/Qle tassemacon ugtg %n%?ry40 in
t we3 st epsfabisationi Bmlfé@rlx, @13315ﬁ‘é@l9§lh13 peseitinveRiing pre eaﬁful ldlfaﬁrﬁmnmnaﬁlaulh@asbu tline

i mpl ant s. médrpdeic@dals MeptoMms. he si ze enhanced gate dielectric 40 has a

t hi ckness from 20 about 30 A to about 350 A. In another enbodi nent, the

si ze enhanced gate dielectric 40 has a thickness from about 40 A to about
300 A In yet another enbodinent, the size enhanced gate dielectric 40 has
a thickness that 1is at |east about 10% Il arger than the thickness of gate
dielectric 22. Al though not shown, in sone instances, a portion of the gate
dielectric 22 in the periphery region 18 may be renoved (using, for
exanpl e, lithographic techniques) |eaving the periphery region 18 partially
covered ‘
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25 by the gate dielectric 22 when the growth or regrowth of athtEgﬁaé
periphery gate dielectric material is conducted. In these inst ! ﬁ%
remai ning portion of the gate dielectric 22 is formed into the size
enhanced gate dielectric, while fresh gate dielectric is formed in the
portions mhep%fgwg*gate dielectric 22 is previously renoved. This is
advant ageous when different subsequently forned gates in the periphery
region 18 require gate dielectrics of different thickness. For instance,

hi gh vol t agelgat eAtmethed sf formingeaynanevplatile s¢thicokdrctayatemary ideheise,30 t han | ow
voltage gate transistors. In these instances, the size enhanced gate
dielectric 48°HEV"Mave two or nmore thicknesses. The growth or regrowth of
addi ti osal peri phesihifed enaddeSbrfipidd GelBBiR (1A _cdrﬁpﬁshng@aiere@tr&qayaﬂea@@wn one
or nore steps, two or nore steps, etc. Referring to Figure 18,” polysilicon
gates 28 ar eof decirsa trappingt deer atsnbsttate @ 2).0he $ubstoatie (120 hheng agoteyrsgiondm  (or

doped anor ph is posited over the charge trapping dielectric

ous silicaon ?
14 in the co?léds?gﬁfp&ﬁryl N é he 35 size enhanced gate dielectric 40
(i ncreased thi cknpssdvidgatidiSt E6rkiBA OF thelcBaige rapSinB YiekdetdAUpid e hni ques.
The polysilicon layer is then patterned using suitable techniques to form
pol ysi | i con Bipkeryggiondt8exanpl e, a photoresist (not shown) may be

deposi t,gd and pat ; i i r ic teghni ques covering a
portio%ﬁand expos#ﬁ%mgg%%ié?%Hégﬁngzggﬁ%+%@ﬁg$§§%%ﬁ%§§%? The exposed
portions of the pfirinsigd hueed bitkiyey (26) @ thé eofe rélosidxdadd t echni ques, such as
usi ng ani sotropic _etching. 12 2 8 MAR 2005 WO 02/ 45157 PCT/ US01/ 24829

Al t hough not showPrmigegatesH@8)is|thecqre segionyEbe andibe peidphiesy FAZIPIRI8E t he
structure 10, fur S ) - - { j.cation
of SONGS type f1 acheienp BRAREE Blind TPt Mol e SRR E L EphibE eV
menory cel | @@)fwhthat LOCOBés natrferniciyibone e tariSObIHEhdsY(PE) in nisnaory ragdon ce | S
shown. The C?|g contains charge trapping dielectric 14, gate 29, source 32,
and drdPn 34(16)5 sonos type nmenory cell 30 can function and operate as a
single bit cell or a double bit cell. Typically when a sem conductor device
is scaled, the channel |engths becone shorter and short channel effects
take hol d. Thus, Am¢thed sndeinefl it viairbilt whesor igmowing at restaysetiemcfthbi t i s
stored in different areas of. the. transi stor, .sh .channel effects may
becone pr evafEES S kol Hin e HEiees eidn (i Beh At afestfie; or
However, in {heisMNeRclitRe4)T8 BBf tclitbdVih @RScodd rdoltm (Peesent invention, short
channel i ng ef%g)cts are mRni)rn]iigzed, 10 since te%ere( i)z no LOCCS in the core
regi on20Al t hough the invention has been shown and described with respect to
a certain pregferred I gent . .or. enhodi Sy 1L I [Io] .

equi val ent aftera i%‘%gg(g%aﬁ%{)n(ﬁl fn?((flaafrﬁgr% 2\[7\,1‘FV E%re@c%ﬁgﬂlﬁ%ggﬁﬁﬁgﬁ%gé Eﬁ%ﬁug in
the art upogielebgicr(@4rinnke pdi@hé@d@gﬁhﬁ[&iiﬁg:nﬁveﬂ beforsRemidd K onliasnd t he
annexed drawi ngs. In particular regard to the various functions perforned
by the above(Z§¢&ttheiser regiapbHont s (assenblies, devices, circuits, etc.),
the terns 15 (including any reference to a "neans") used to describe such
conponents are intended to correspond, unless otherw se indicated, to any
conpon@st which parhahodad dsinkedee thimd dr2neheeih Wiriet bitlifasQs) e dommdponent
(i.e., that is functLonaII% equi val ent), even thog%grnot structurally

equi val ent t B thegorgiregipp 6loy befors remavingfhe pertiop of thecharee k@ppins dislentris n” t he

herein ill USElﬁ?Efﬂe%ﬁWf&imgfi nents of the invention. In addition,

while a

5. A method as claimed in claim 1, 2 or 3, wherein the gate dielectric (22) is
30 formed in the periphery region (18) before forming buried bitlines (26) in the core
region (16).
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particular feature of the invention may have been discl osed ML%B &ggﬁﬁ@ﬁ to
only one of several enbodinents, 20 such feature nay be conbi e
or nore other features of the other enbodi nents as nmay be desired and
advant ageous for any given or particular application. |NDUSTRI AL
APPLI CABI LI TY The nmet hods of the present invention are useful in the field

of non-vol at sl e SAThGRRIUEH AR 137 2f AhElehipbirR bifAkd @6)Ai@tbihed! he

nmet hods of the present invention are useful in fabricating non-volatile
flash nenorin tievoreaegios (K1) baforefePRngsthe gate RlicdeaiR(228 SEthCpatiNBrY tegiod net hod
of form ng a&& n-vol atil e sem conductor nenory device, conprising: 5
formng a ch g'e trapping dielectric (14), conprising a dielectric |ayer
capabl es of electron trapping, over a substrate (12), the substrate (12)
having a core region g16) and a periphery region (18); renoving at |east a
portion of the chéargethed abiormined ranevalatile sgmigpndustaride vicpeomprising r egi on
(18); 10 forgg ﬂgﬂtﬁugate dielectric (22) in the periphery region (18);

form ng buri & Bi 117 hes (26) in the core region (16); and form ng gates

(28) in the core fegigthé thirgatdpiihedipRireth@syovet Bedsbstidd (12);wher eby t he
buried bitlines (26) are isolated by the charge trapping dielectric (14)
such that LOCOS i Emying ¥leasta agrgien of te chage d@pping dickssnq dd) inthe t he core

regi on 1015 ( : d as claimed in claim1, wherein renoving at
| east aloport’fjjég'}riphgﬁlrteﬁleomg@gr ge trapping dielectric (14) in the periphery

region (18) is sufdimirdpathe ighte didiectde (22) iraghpipagplehre kepgdir (18);( 14) is not etched
inthe core region (16). 20 .3, A nmethod as clained in claiml1l or 2, wherein
a portion of the g’r’fﬁ’r“ﬁ:’ethf’%aﬁfﬁW&lneai(gﬁgé‘&ﬁ}eicé’re(rfﬁoni(ﬁ&ﬁ peri phery region
(18) is removed bﬁJorgﬁr?gtthr R ;ﬁ%ihg@of@&%i'og‘r?%g aﬁa@ﬁeﬁéﬁﬁm%r_eglaﬁ(fsf}g' on

(16). 25 4. A net as clainme l'al m wherein baried bitlines
(26) are formed in the core region (16) before renoving the portion of the

charge trapppng dielectric, (14). in.the periphery regi 18). 5.. A net hod
o e aitea T B 21 atngiobagclatedin i 4 pREeYE st edT A conisgs stal v
formed in theopariiBhaida pephery £didh (Pef ore formng buried bitlines (26) in
the core region (16). 14
9. A method as claimed in claim 7 or 8, wherein forming the gates (28) in the
core region (16) and the periphery region (18) is such that LOCOS is not formed in the
20 core region (16).

10.  The method as claimed in claim 7, 8 or 9, wherein the charge trapping

dielectric has a thickness from about 75 A to about 300 A.

25 11. A method as claimed in any preceding claim, wherein the buried bitlines (26)

are formed by implanting at least one of arsenic, boron, and phosphorus

12.  The method as claimed in claim 7, 8 or 9, wherein the charge trapping
dielectric has a thickness from about 304 to about 300 A.
30

13. A method as claimed in claim 11, wherein at least one of arsenic, boron, and
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2 0 VAR 2005 6. A method as claimed in claim1l or 2, wherein bQr§ ¢d2 20 205
bitlines (26) are formed in the core region (16) beforeformngthe gate
dielectric (22) in the periphery region (18). 5 7. A method of formnga

non-vol atile conduct o Vi C co in (o] I I orm ng,th
charge tr apppﬁfﬁn}ﬂ‘i’r«gf %r&”tnlp 21\9%%6[}% Sli?blgll ?‘:@ L{ %‘3“6% ’ﬁa Q}P’ﬁ@q gl[ | east
a portion of the charge trapplng dielectric (14) in the 10 peri phery

region (18); formng the gate dielectric (22) in the periphery region (18);
form ng the bhried mheéthed &ﬁe@lal(@@)m ARy pigecding elains gihsreig lf@)oha@qdrapnmg] ng t he

et hod as. cl elaFe e LR ol bt ot BRGL PR i SR bt

core r@ggi ondielkbirican ditdddIexitld bayer ERWcaL, bd 8Yide/BntAuriRixiebidgercliclenie i n
claim7 or 8, wherein formn t he igates (28 inthe core region_(16) and

t he peri phergn mg@/tﬁma(lmapmdg oxigletirifayat dleb@@s, Jrsoxidsy/straptinafitanate pdayepo core
regi on (16) r dt he

char ge trappfhr%lgc cITr a1 & PI’I c sﬁ&rﬂ%f@h@%? 621%7%%:%(? a’}Z”‘fmo about 300 A
25 11. A net ﬁ@data@xmbanmz& dlﬂeaﬁy, g @xididtrogtical tinateibetuen strdrtinbtitanael
bitlines (26) _ are forned mpl anting at | east one of arsenic, boron, and
phosphorus 1 aypﬁélem%an%n %’Flﬁ?/héf(&“}%oélﬂ‘é/ioﬁﬁd? trilgyesdidectiifer ei n t he char ge
trapping di electric has a thickness from about 30A to about 300 A 30 13.
A method as clainmed in claim11l, wherein at |east one of arsenic, boron,
and 15 2 0 MAR ZOQSn@hoxswrdmmda'n eny petatiteclaint, whetds dgechbroerrappmgt 1 x

1014 to about . 1016 at om;/c 1 A nethod as c]ained iin an ecedi ng
claim wher efhﬁ (3 r’ESF%I?‘}b iale@'iﬂéépmpesmaj {ee%fr?ar: tesitgled oiden oo

trilayer die g&t 5|ngo]@glcg>§ﬂig§,ll Hitltlaé Hd§e0i | ayer 5 dielectric, a nitride/oxide
bil ayer dielectric, an oxide/tantal um oxide bilayer dielectric, an

oxi de/ tant al um oxi de/ OXI de tril ayer dielectric, an OXI de/strontiumtitanate
bi | ayer . dielectr] xi d um.st ntlum blla er dielectric,

an oxi da/ st I‘iﬁtl u ﬁ 1/% ‘{i'é“{l%linl{§é’rr9df' éf}att P/ st rontium
titanate/ bar ﬂ1'éféb§{cr(@m)t1‘s Hot étbﬁe@riﬁttlﬁe cdré HgtdnalioHi el ect “ C and an

oxi de/ haf ni um oxi de/ oxide trilayer dielectric. 10

17. A method of forming a non-volatile semiconductor memory device,
comprising sequentially:
20 forming the charge trapping dielectric (14) over the substrate (12);
forming the buried bitlines (26) in the core region (16);
removing at least a portion of the charge trapping dielectric (14) in the
periphery region (18);
forming the gate dielectric (22) in the periphery region (18); and
25 forming the gates (28) in the core region (16) and the periphery region (18).

18. A method as claimed in claim 17, wherein the substrate (12) comprises of a

core region (16) and a periphery region (18).

30 19. A method as claimed in claim 17 or 18, wherein forming the gates (28) in the

core region (16) and the periphery region (18) is such that LOCOS is not formed in the
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15. A method as clained in any preceding claim wherein the cha?gp hgaﬂggng
dielectric (14) conprises an ONO dielectric conprising at | east ng f
nitrided oxide layer, a silicon-rich silicon nitride |layer. 15 16. The

met hod as clained.in aim7, 8 or 9, such that the charge trapping
dielectric (1% &M etched in the core region (16). 17. A method of
formng a non-volatile sem conductor nenory device, conprising
sequentially: 20 form ng the charge trapping dielectric (14% over the

substrate (129 Adnethadas dlaimedrin elimily| | heslq, »diraimtheharied pislines 209rg 16) ;
i t . . h ' i ic (14) in th
o ohesyr TR PRt B SURLOE WORRPMIHSSISR, | Fe 02 ety

region 618); and 25 forming the gates (28) in the core region (16) and the
peri phery region %ﬁ)- 18. A method as clained in claim1l7, wherein.the
substrate (12} cofpnthed ayelameddnelaimddi Bhor Kb ywhrean the satei dislestitic f223imn

(18) 30 19 4 ABHAAY 850 18 WEEH AR kol 38 WRKSY AL 7 it e

gates (28) int e periphery region (18) is such
that LOCOS is not fornmed in the 16 2 8 VAR 2005 core region (16). 20. A
method as clagined in claim17, 18 or 19, wherein the buried bitljnes (26)
are forned i I NP gs dlaimedda any, preceding flain, hergip thechacgedrapRphor us. 5
21. A ngt hod i A ' : - eddodifni igel ectric
(22§ I e e B O e Y o “about
300 A 22. Adielchidaagridé/axidedilayer divjecpics ar dkidg/taitaim oxidedriyer didlectabar ge
trapping 10 dielectric (14) conpr.ises.one of an . trilayer dielectric,
an ox e/ ni P B AR R B BT e LR ) Onirleb ek, Wana BT o an
oxi de/ t ant al giQR¥iden BkidamefiudisebRfil tifanateMMaPer! EQEIAN R Tl oAGIAX | de
trilayer dielectric, an oxide/strontiumtitanate bilayer dielectric, an

oxi de/ bar i untitnatefoxidertritayendieleetribi 4nagrade/stiasitigny tithrate/harius pigentismny Gianatam
titanate/ oxi tril . dielectri an oxide/strontium.titanatel/ barium

St roncianr md gredic ang pEh i Batalin B S i B T o ol el oxi de
trilayer dielectric. 23. A nmethod as clained in claim17, 18 or 19, wherein
the buried bitlines (26) have a width fromabout 0.18ltmto about 11lim 20
24. A net hod23s cAanethed phclgimedin elaim 18, by onk®, whereimie bugagpbitkinas§26)

performng a |.an resh I ior to formng the charge
trappi ng di ePaeV(t:%taﬁ\Fgﬁi ?fgi%‘ a%égfd.?%ﬁ?i%ﬂoé{ fli)[é?lé (12).
20 24. A method as claimed in claim 17, 18 or 19, further comprising performing a
blanket threshold implant prior to forming the charge trapping dielectric (14) over the
substrate (12). '

25. A method as claimed in claim 17, 18 or 19, further comprising performing a
25 threshold implant after forming the charge trapping dielectric (14) over the substrate
(12) and prior to forming buried bitlines (26) in the core region (16).

26. A method as claimed in claim 17, 18 or 19, such that the charge trapping
dielectric (14) is not etched in the core region (16).
30

27. A method as claimed in claim 1, comprising sequentially:

17




25. A nethod as clainmed in claim17, 18 or 19, further conpri 5'2 2005
performng a 25 threshold inplant after form ng the charge tr %W
dielectric (14) over the substrate (12) and prior toform'ng buri ed

bitli 26) i h 26, th | aj di | ai 17,
T8 or 15, ' subh ¢ TG g Crpeigg tilsciria LR e pesW3ioy et ched | n
the core region (Pe@ovl\%atg%ag%ﬁ?%'bﬁ%@t&%hﬁﬂg@tﬁﬁ F'ﬂle@écﬁﬁé@ﬂl ) ifk@EPr i Si ng

sequentially: 17 2 0 | orm ng the Charge trapping dielectric (14)
over the subperiphery 1eg@n,(18) enovi ng at | east a portion of the charge

trapping dielectrjc (14 her 0 for

i ol ect i (22) niavring denf pileSid Geh B e n FER ek S 2688 15
form ngsthe gy ied bitlines (26) in the core region (16) i ncreasing the

t hi ckness of t ate d| electric (22) in at least a portion of the
periphery regi on opgjng the pried didings een iesoerregion (102) having a second

t hi ckness; and formn h e 8 t he
periphery region ](nf@)amg%g] g{% hE %ﬁ"e)cgakedl &nﬁg%ﬁllﬁg g%?ﬁ](p%g On?dg(r?li‘e‘lﬁer
conprising p rfphemre oﬁ(l$1)ft6§)k‘&|1dbagif@kiﬁﬁﬁctrﬁf@e}hzf dgmmoh@mladmagsgaad
trapping die ectrlc%1 over the substrate ((12 an prior to formng
buried bitlines (fzaalynn&f ¢ Batet (123 in bgicers region (10)znd dhe peripbeygegiar (Mai med in
claim 234, further conprising performng a threshold inplant after formng
buried bitlines (26) in the core region (16) and prior to form ng gates
(28) in the 2&re Aandthod §slé@inmiddn claem 281 fupther gontpeBingpetfb8hing h8hreshold

implant after forming the charge trapping dielectric (14) over the substrate (12) and

prior to forming buried bitlines (26) in the core region (16).
15 29. A method as claimed in claim 27, further comprising performing a threshold

implant after forming buried bitlines (26) in the core region (16) and prior to forming

gates (28) in the core region (16) and the periphery region (18).
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