Met hod For SONOS EFLASH Integrated Crcuit Background
of Invention 1) Field of the Invention This invention
rel ates generally to fabrication of non-volatile
menory devices and to inproved nethods of fabricating
SONCS type non-vol atile nmenory devices. 2) Description
of the Prior Art Electrically erasabl e programuabl e
non-vol atile nmenory cones in different types, for
exanpl e, EEPROM of a floating gate type, a
metal -nitride-oxide-silicon (MNOS) type, a
nmet al - oxi de-nitride-oxide-silicon (MONOS) type, and a
si | i con- oMtbodhFor SHRUXERRASH Indegrated (GONDE) t ype.
The SONCS-type EEPROM has a stacked structure
typically conprising a |ower oxide |layer, a nitride
| ayer, an upper oxide |layer, and a polysilicon |ayer.
The | ower oxide |layer is a tunnel oxide |ayer, the
nitride layer 30 is a nenory (storage) |layer, and the
upper oxide layer 40 is a bl ocking | ayer for
preventing the | oss of a stored charge. The
polysilicon layer is a gate. The | ower oxide |ayer,
the nitride Iayer,B&mgnH&@qﬁlg%g ﬁ .l ayer, and the
pol ysilicon | ayer sequentla y forned on a
1) Ficeldaflsh¢ Frateetiom whi ch i sol ation regi ons are forned.
Sour ce/.dr.ai n ot h SI of the, .
st acked U pepiFee S eiSul T BlonRitadi Dt fypanfevices
and to inffrNRQVh@Bsshe fatsRdtindhS@NOSNPRCIonSEMt RO AL Odcvid¥BNDr Y
cell because it needs | ess voltage to program and
erase than an EEPROM of the floating gate type. To
achieve a nore highly integrated SONOS-type EEPROM
the size of a nmenory cell needs to be reduced. There
2) Descriigticn ¢ Pelegérto produce SONCS devices with increase
[)th Ieﬁ?l ]%Zle%l}e[iir:zg E(J!rrgcs\{lggét 1’(%:22%]':1]{111'%@ earg %\éﬁl fc):pmcmm Y comeg Ql different
types, for example, EEPROM of a floating gate type, a mctai nitride-oxide-silicon (MNOS) type,

a metal-oxide-nitride-oxide-silicon (MONOS) type, and a silicon-oxide-nitride-oxide-silicon
(SONOS) type.

The SONOS-type EEPROM has a stacked structure typically comprising a
lower oxide layer, a nifride layer, an upper oxide layer, and a polysilicon layer. The lower oxide
layer ts a tunnel oxide layer, the nitride layer 30 is 2a memory (storage) layer, and the upper
oxide layer 40 is a blocking layer for preventing the loss of a stored charge. The polysilicon layer
is a gétc‘ The lower oxide layer, the nitride layer, the upper oxide layer, and the polysilicon layer
are sequentially formed on a substrate in which isolation regions are formed. Source/drain
regions are formed at both sides of the stacked structure in the substrate.

The SONOS-type EEPROM can be used in a compact semiconductor
meimory cell because it needs less voltage to program and crase than an EEPROM of the floating
gate type. To achieve a more highly integrated SONOS-type EEPROM, the size of a memory
cell needs to be reduced.

There is a challenge to produce SONOS devices with increase reliability.
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considering the followng. United States Patent
Application 2002 0192910 - Al - Ransbey, Mark T. et
al . Decenber 19, 2002 - Sinmultaneous formation of
charge storage and bitline to wordline isolation -
the patent fornms a charge trapping dielectric over a
substrate, the substrate havi ng a core region and a

per i ph J.8 i gn; renoving at. | east ortion of It)he
Char e T BETRE LRt el B REt g Bgelsed by
considerin@r the ﬂgloa“ at e dielectric | n the peri phery reg| on
formn burled bitlines he core region;
for m nnggﬁifiééat%r{’qt% %ﬁah@ltwéép%{)%l@ heAé)e}i%ilrpW@Vderk T.
et al. DeESQE)(QQQ M@Zt egjmﬁtlt@;m%%s rah&ibn 86 J}%Qg(;@@)‘}agﬁaﬁ%’ﬁne toe&lordlm(,
- Salicided gate for virtual Tground arrays -
ISoiatmns I'tbv\@atantrfﬁm@s’:s@dfggtrtimp@@ij@ctﬂm@vep atseimtra@p]:j@an@smaty having a
core re 1§ ! D Lhe O\lCI) AL By l%asqa B%SI tfl nc,gcht hec:t ) l%ﬂ'} diclectric
EI5R O OO THEY A LG ’\%H&é. VB E ot R FRRY G TG
in the peS@iere Qﬂﬂiﬂiﬁi IM1@eilgeﬁcedlan:dtrichﬁ tidgpetipleery Refi@n formishomsedditlines
pr ocess g VONOS/ S device.  United States Patent
in the covsaﬂsazl%a?@f* HID0RAVBOYEAGCRE [eelomyd heRRDRGRTBE % hows a
EEPROM and net hod of fabricating the sane a net hod of
fabricating a SONOS-type EEPROM increases nenory cell
per f or rhimiee States Ragant e 83 Opidro Rpnskey . st 2le - S2ligdeheaty fagfvirtual
ground a&dg an V()%v@ta ?gc\:/clq%g)éﬁ‘raé(ﬁ‘ane(?%a% &S[Eﬂng;?p&?i tto }%ttchlp Eac,péﬁ%)elaym
before dctﬂxemhﬂgtimmot}h is characterized. provi d| ng a subst r at e
having a logic region and a nenory region;. formng a
charge trapping layer over the substrate; the charge
trappi ngs hayaiogogpr hsewosf wanwic digk®el FhGnd YR Sing

that can trap el ectron char ges;
semiconductor device and the device thereof - shows a process for MONOS/SONOS device.

United States Patent Application 20040009645 Al - Yoo, Tae-kwang -
shows a EEPROM and method of fabricating the same a method of fabricating a SONOS-type

EEPROM increases memory cell performance and reduces memory cell size.




formng a first gate |layer over the charge trapping
| ayer; patterning the first gate |ayer and the charge
trapping layer to renove | eave the first gate |ayer
and the charge trapping layer only in the nmenory
region; the first gate |ayer over the charge trapping
| ayer in the nenory region thereby protecting the
charge trapping |ayer; formng | ogic device conprised
of a logic gate dielectric and a | ogic gate and | ogic
source/drains in the logic region and a nenory device
conprised of the charge trapping |ayer, the first
gate | ayer, and nennry source/drain regions in the
menory region. Agl i E%mw e qpodlnent of the
present invention 6Wg%|§e WP of  manufact uri ng
a nenory device which is characterized as foll ows:
provi ding a substrate having a cell region, a l/O
region and a core region; formng a charge trapping
| ayer over the substrate; the charge trapping | ayer
conprised of any dielectric layers that can trap
el ect r ohn c*mm@@sfmbpémﬂnh gi the propgtt inyanieor piyeideoy methoRef
charge trapping. a |l ogic mask over the
manufac i Andrr AR Pfe N i BRI g opent ngs over at
providinf; @@abstrateltavigradogn &gﬁdiﬁddegnan&y r&ionovi ng the top
dielectric | ayer an m d Ie nitride layer in the

forming EGP‘B g%H@)Hu}@a ‘f‘ré)df’lo §3 SL gﬂtﬁv § 5 }qrﬁ%tipwgcld §igmp1:scd of any
re”DV'ﬂQdE&ﬁcD@ERQ&h@h@hﬁ?&E&ﬁnﬁﬁM@&st0 expose the

substrate surface in the core and I/ regi ons;

forming a first gate layer over the charge trapping layer;

patterning the first gate layer and the charge trapping layer to remove leave the first gate layer
and the charge trapping layer only in the memory region; the first gate layer
over the charge trapping layer in the memory region thereby protecting the
charge trapping layer;

forming logic device comprised of a logic gate dielectric and a logic gate and logic source/drains
in the logic region and a memory device comprised of the charge trapping
layer, the first gate layer, and memory source/drain regions in the memory

region.

Another example embodiment of the present mvention provides a method of
manufacturing a memory device which is characterized as follows:

providing a substrate having a cell region, a 1/ region and a core region;

forming a charge trapping layer over the substrate; the charge trapping layer comprised of

any dielectric layers that can trap electron charges;
forming a first gate layer over the charge trapping layer;
forming a logic mask over the cell region; the logic mask having openings over at least

the core and VO regions;
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formng a first gate dielectric |layer over the core
and I /O regions and over the first gate |layer in the
menory region; formng a dual gate oxide mask at | east
over the first gate dielectric in the I/Oregion and
the cell region; etching the first gate dielectric
layer to forman |I/O gate dielectric |ayer over the
I/O region; the first gate | ayer over the charge
remeippg g Wmyiislccie lars a Hmlyldﬁé@w@ﬁe lavgeindlg coreand /O
protecting h%flgharge trapping |layer; renoving the
dual oxide S formng a second gate dielectric
radryerg tbybpidihaskcore region; fornming a second gate
| aye r.th ubst r at formn I se
reﬁoé% gdgceg t[(\ﬁ'lé&gé&%ﬁdd}’é&éfd “’1?3§,°g1.h g&lkﬁga‘“ﬁ p&dn ltlbcgc()éc and I/O
mask coverk@@nﬁhe core and 1/0 reglons renDV|ng the
second _gate | ayer and the first gate dielectric
fospie 4 et gbhdiF e}{d“?é@&b PVeide COERPhY Y FrEIUEABR aV@éb%hfsf gate

| ayer to foq @mqgggkggggcg%gr the second gate
dielectric er 1nthe core region, a |I/O gate over

foringl 9 @dgasﬂem@ide naslt atileasbeear thehiersy fa@ dielegfriom Hied/O region and
patt erning Qeeg[{sg gate layer and the charge storing
layer to form'a #Hbry gate in the menory region. 4

ctdiigg akave @rdlifielidwliadvanbages [Andatt datdtr@sapdrevef the /O
representative enbodinments only, and are not
exhaustive &#fl"or exclusive. They are presented only

to assist iy iy %&,Sﬁl?&%‘v@tghts BRarb WS OBy er ih th%hﬁéﬂlgxy region
be understood that they are not représentative of al

t he thereby protecting the charge trapping layer;

removing the dual oxide mask;

forming a second gate dielectric layer over the core region;

forming a second gate layer over the substrate;

forming an inverse logic mask over the second gate layer; the inverse logic mask
covering the core and /O regions;

removing the second gate layer and the {irst gate dielectric layer over the memory
region;

patterning the second gate layer to form a core gate over the second gate dielectric layer
in the core region, a /O gate over the 1/0O gate diclectric over the VO
region and patterning the first gate layer and the charge storing layer

to form a memory gate in the memory region.
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5 inventions defined by the clains, to be considered

[imtations on the invention as defined by the

claims, or limtations on equivalents to the clains.

For instance, sonme of these advantages may be

mutual Iy contradictory, in that they cannot be

si mul taneously present in a single enbodi nent.

Simlarly, some advantages are applicable to one

aspect of the invention, and inapplicable to others.

Fur t herRIBovCeId iRl ARRAGELS: Al th8E Ll:%'m&f):ésn}{ﬁﬂ% on

have not been di scussed herein. 10 However,
embodinienfsemenaed sisawt ekhigestiye antor @@zmsmen Ghityhaos ercdqersm@ﬂe ¢b assist in
understancﬁ hf‘ 15\%n?}m \sthoRE bbaqagcr%t%od 5 ﬁl%ﬁ%?cﬁxgot P%:S&thtap ive otr all the
inventionkRigSned HSN Ehc Slﬁlﬁﬁﬁn(y b@éonsdeﬂi:lUflﬁ&ltl@ﬂdoladl\éa:meatj@fs a§nitﬂ1ﬂ1|cﬁi by the

laims nat be consi gﬁéﬁltlve i,n determ ning
claims, Oéﬁml%?f&?&ecquw lfaistt? a%aﬁ%e@éanaﬁéoawé%@&faaws may
be 1nutudl[|5}%ohtﬁ‘t€ﬁ‘&51‘yoﬁa Wl tha%ﬁﬁmcaﬁﬁﬁfﬁ%usﬂﬁp&%t anJ d; 1913% Bfbodiment.
description, fromthe draw ngs, fromthe clains.
Similarly) so1Be Bfvanfageese ppIptcRin tcn«ﬁnetasecqbpémen@@nmpn laad ireaplivabls to
others. F@l@fgcn%g U&r@&?i géts tﬁg maﬁxg&?1%9§1q{01lq]§ g(ﬁ b%c,n &Egqu& hercm
résen ﬁven I on an h
Howevupn@ uﬂ‘srsncm,fshﬁ@lb bk datwmggautl thoss eliiccand um,mn cldava ©eahbde not
cordaﬂce with the present ?ventlon W

. I nor e
discusso g Ry G S RGP YT S P OF waf@pﬂa@@erjr Tt Summary of
features Andike@RarthlzeS ORGUMDESH HRRoMdiddted (i8p AHGRNTR ABKHME P gWivARScd. N

which like reference nunerals designate simlar or
Additiongldestaeep andldygn@pesrrifisinvendignoril baprmpapareohis thafpliowing

[ S are cross sectional views

(mﬁnmu*h{&?]vﬁgkggﬁ na&gﬂﬁé?ﬁgﬂdléi 10 manufacturing a

menory device according to the present invention. 6

Det ai | ed Description of the Exanpl e Enbodi nents SONOS

nonvol atile nenories are close relatives of

traditional floating-gate
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5 nenories, but they replace the floating-gate wwth a
thin silicon nitride film The stored charge is

| ocalized in isolated sites within the silicon nitride
di el ectric, as opposed to a del ocalized charge

storage in the conductive polysilicon of a standard
floatinb gate. This is a key reliability advantage
for SONCS. In a traditional floating-gate structure

i f the oxi de becones perneable to charge, then the
entire conducti f charged. In
SONCS, only a fﬁe/l%fldgg%fl zed 139?ﬁ§‘r"g{ traps can be
affectehwﬂyuatbm@thzadgﬁxﬂdemhaphmﬂﬁqchmﬁehmbuﬁmakﬂbn

present iRyl s Er S RIRRr p pRE LI LA RRU NS p gtinis T s G

accmdanﬁ@ wﬁ& EscAoehtRRtiliok ngreekhogdundfstdabidg aid fonowiga
evi ce, conprises the general steps of: figure
descripthn takfofr BORIME IR Wk EERSEENPEIY RE Py nES lpld@}v?ﬁ likegiebrence 4
numer alé‘tﬁ’)ﬂ AR s@nilE @PEMTCS?&%‘L@I&%!@ S8l anﬁ%gh%e 32 in Aflch:
#lng a charge trapping ayergéo (2024 28) over the
substrate the charge trapping |ayer conprlsed of any
?: Slureztfggum? R tE aa}rc, gx%?s stec, 2 nafv;%gvt f%;é llgs\?rgx[z%t %glcthod for
manufac@fiag gemdmcapﬁmge hayeling30;thd 1b1@wlem3uﬂnﬂ. 4 -patterning
the first gate layer 32 and the charge trapping | ayer
to renove |eave the first gate layer 32 and the
charge trapping layer only in the 25 nenory region;
the first gate |l ayer over the charge trapping layer in
the nenory region thereby protecting the charge
trapping layer; 30 figures 5to 10 - formng logic
device (68C or 68B) conprised of a |logic gate
dielectric and a logic gate and | ogi c source/drains
inthe logic region (14 or 16) and a nenory device
conpri sed of the charge trapping |ayer 30, the

O
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7 first gate |layer 32, and nenory source/drain regions
in the nenory region 12. 5 I1. Another Exanple

enbodi ment An exanpl e nmethod of fabrication of a SONOS
EFLASH device is shown in figures | to 10. A feature
of the enbodinent is the polysilicon layer 32 is
formed over the 10 charge storing layer (ONO 30
before the charge storing layer is patterned. The
polysilicon layer 32 protects the charge storing

I ayer ( process to
patter not%mﬁ{/(gg%s\gu?hggt%gﬁ%%%ﬁ??gnq@y‘tgr'gtson ot her
regi ons of substrate. A. substrate having a cel

2000 S Dt SRR B DO

memonelé &Qﬂt iy tehlac thd ﬂbatifngg;iaﬁilvlilﬂa ﬁﬂﬂmﬁuﬁﬂh&ﬂe&ﬂiﬂoﬂ h @tored charge is
olation regions 13 preferably separate the reg

Eocahzcd—r:H ésogm%sthcétvélh}nsthg 5%?‘? %185110@01%‘0%(6 r qsm—p@psgd top dpl@@qlb’ed charge
storage :ﬁ %' | BRIV polysilifod opa LQSPH ﬂoa]t‘hbi%ge g hRQ§ & kéﬁig:'h%h%ﬁ)

a nenory fegion (S
advanlagp érim Pheoal Inreetgatmmnabﬁmﬂtm zawtmetgreoﬁ ibct tvérdc blramet hgmeable to

charge, tl%ug?ﬁcré Xsﬁgree E)gaﬁ%ci%e ﬂy]g% %atc ]D gzl%‘cs%}g% lél% l§§§ 0nﬂ¥ 6ﬁcw localized

charge trk([Qi dea@e affadtebby andalbtdiexiderfpitié, autl ﬁlﬂbnﬁdtﬁﬂ@t&i@é is degraded,
Menor devi ces such as SONOS nenory devices are
but not degiox¥ed in the nenory region 12. In the cell area,
SONCS type nmenory devices can he forned. In the 1/0
region, thick gate dielectric devices and/or
transi stors can be forned. For exanple, thick gate 25
dielectric devices (e.g., high V) can be fornmed in the

I/Ore e region 16, _thin gate
1. Qj; %; @%%Uﬁ n%qlé

dlelectrlc type devi ces can be forned.
For exanple, thin gate dlelectric devices (e.g., Low

V) can be fornmed in the I/0O region.
Referring generally to figures 1 to 10, An example embodiment of a method

of fabrication of a memory device, comprises the general steps of

figure | - providing a substrate 10 having a logic region (14 16) and a memory
region;{SONOS cell region 12).

forming a charge trapping layer 30 (20 24 28) over the substrate; the charge trapping
fayer comprised of any dielectric layers that can trap electron charges;

figure 2 - forming a first gate layer 32 over the charge trapping layer 30;

figure 3 and 4 -patterning the first gate layer 32 and the charge trapping layer to remove
leave the first gate layer 32 and the charge trapping layer only in the
memory region; the first gate layer over the charge trapping layer in
the memory region thereby protecting the charge trapping layer; 30

figures 5 to 10 - forming logic device (68C or 68B) comprised of a logic gate dielectric
and a logic gate and logic source/drains in the logic region (14 or 16)

and a memory device comprised of the charge trapping layer 30, the
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8 B. a charge trapping |layer We form a charge trapping
| ayer 30 (20 24 28) over the substrate. The charge
trappi ng |l ayer conprised of any dielectric |ayers that
can trap el ectron charges. The charge trapping | ayer
is preferably conprised of a ONO trilayer (ONO 5 32
Al 45A 45A) conprised of a bottomdielectric |ayer 20,
a mddle nitride layer 24 and a top dielectric |ayer
28. The bot tispheglcd e BEi and| ragreeryisqurpy/ dfagy gijops in the memory
conpri sed 0f6§§$2? and has a thickness of between
about 24 and , the mddle nitride |layer and has a
t hi ckness of between about 40 and 80 A and a top
dielectric layer is conprised of oxide and has a
t hi ckness of 10 between about 40 and 80 A. The
above-nentioned range is the preferred range for the
ONO | ayer dielectric for the SONOS cell to work. The
charge trapping dielectric can be any dielectric |ayer
IL. or | ayetsotipiExapple ephpdinentot or facilitate el ectron
trappi ng. For exanple, charge trapping dielectrics
include an 15 ONO trilayer dielectric, Although the
t er m SONOEkdng IS mghesd bl Rdriodticarnf NONGY EFLASS] dise is shown in
herein the term enconpasses nonvol atil e_nepor
figures 1dé\}Pc%#%‘&ﬁpéﬁﬁieﬁg’oéw%ﬁ ﬂtl%éoq)ﬁﬁ%%oaéasfef 3%& ﬁ'&ngﬂ over the
charge stq)'riﬁ% eGLF IO 30 bOREMhe WRLES st_oﬁng,sg?ms bMR@nJ&Q‘FH@!ﬂﬂ%iii&m layer
menory device contains any dielectric |ayer or |ayers
32 protechdhe draegecapaty leyeofONP) o vdroas elckdsased miribe pappishgpatiern the
gy and .does not require a ge trapping 20
Va“ous%ﬁ%$%@f¥$é@mVWg§gm?ﬁ%*cEﬁ%g%&ﬁggbping dielectric is an
ONO di el ectric, one or both of the silicon dioxide
A.ayabstreenhdpdng as¢ell cagion] 2 WOskdgicn andl goterdgionr .
One or both of the silicon

Referring to figure 1, we provide a substrate 10 having a cell region 12, a /O
region 14 and a core region 16. Isolation regions 13 preferably separate the regions.

The substrate is comprised of a peripheral or logic region (e.g., , a /O region
14 and a core region 16) and a memory region (SONOS cell region 12). The peripheral region
can be any region other than the memory region 12. The peripheral region can include logic
devices, such as low voltage gates, high voltage gates, and other input/output circuitry. Memory

devices such as SONOS memory devices are formed in the memory region 12.

In the cell area, SONOS type memory devices can be formed. In the /O
region, thick gate diclectric devices and/or transistors can be formed. For example, thick gate
dielectric devices (e.g., high V) can be formed in the VO region.  In the Core region 16, _thin
gate dielectric of both n & p type devices can be formed. For example, thin gate dielectric

devices (e.g., Low V) can be formed in the I/O region.
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30

di oxi de | ayers can al so be an oxygen-rich silicon

di oxi de |l ayer. One or both of the silicon dioxide

| ayers can be a thernmally grown or a deposited oxide.

One or both of the silicon dioxide 25 |layers can be
nitrided oxide layers. N tride Layer can be graded

such that Si rich near Bottom oxide & Nitrogen rich

near Top Oxide. Nitride |ayer can be nitrogen rich

By asbasge Gappinhlayesne. Top oxi de can be for msd by

Low Pre em cal Vapour osition(e.qg

Tenper Worem eRpe twmpey) gy 3535’%54 ﬁ@(ﬁﬁl thsw% % Tge charge

trapping PYELc A LX bﬁﬁly%c M&kc @?S/bgsqp-ﬁ al¥afelb@RindknhAes mal
oxXidation(e.g., dry or l'ow pressure wet oxidation such

as | ssdherrhaice @rasmléa&nygm@r%f@rabmcpmmxﬁedaraf ad AP totayprgeBIO-
32 N45%ﬁgﬁgé€) fifiisclDe 8BRGH RS g&%' YIS RAMALDE o Mo, op

achi eve esire
dielectrid hyelki8ess as | SSG oxi dati on consunes the nitride

| ayer. . forma fi er over, the. cha
A AT N A oA AR e S A
tluckncsﬁﬂﬂ:ﬁt&&%%&o&zzcﬁ)?{rﬁf 34 Renhe hadde nlifidPRL&%nd |h§'é/£ lthidkhess d¥hetween
te layer 32 can be conprised of polysilicon,

g
about 4%@%\?30 fgarﬁb@ peidibecdiic Wyeopeempmsedof gxide pd i al thigkpess of
(olapesd) Wi d and/or p type Inplants). The |ayer 32
between gé er%é$ Q%gs t hi ckness of between about 1800 and
The dbO\Q;Zﬁ@ltmncle anforsrthapiletgied ragskooe ONMyeeditlcetagif@nhASONOS
T shown in figure 3, we forma logic (ONO mask 36
e (jw?g‘ resist) over the 10 cell region 12. The |ogic

rras k 36r asaQpenbfes dRwRricdan lbeagy dkh@tricq%@ of RGEQthal 4re
renpve the top dielectric layer and the mddle

capable q{ ioF rfcitiﬂlédqcaiﬁémimkrflrrpgn%ﬁ%?wp%h@% PRig ficlgairies Bicluge an

ONOtnﬁﬁ&Wﬁ%k&F@ top dielectric layer and the mddle
ride |ayer and preferably a portion (or all) of

bot tom ditbdne;htthfr ©rih @)&NOEM sugyestive héanﬁéhiﬁ)r py@edd used herein the
term cn{:(ixggalsﬁcs non%[ ltugbdértl(irg ﬁ]uai:cesl Cgﬁiﬂ?i] %;3 imé/yoé r[hCZ% '&r%sga]pgit:lgtéi?el?éctl‘ic.
In other W6i@s rHDNOSIgpanshveti®: memory device contains any diclectric layer or layers
that are capable ol or facilitate clectron trapping, and does not require an ONO charge trapping
dielectric.

Where the charge trapping diclectric is an ONO dielectric, one or both of the
silicon dioxide layers can be a silicon-rich silicon dioxide layer. One or both of the silicon
dioxide layers can also be an oxygen-rich silicon dioxide layer. One or both of the silicon
dioxide layers can be a thermally grown or a deposited oxide. One or both of the silicon dioxide
layers can be nitrided oxide layers. Nitride Layer can be graded such that Si rich near Bottom
oxide & Nitrogen rich near Top Oxide. Nitride layer can be nitrogen rich alone or Si rich alone.
Top oxide can be formed by Low Pressure Chemical Vapour Deposition(e.g., High Temperature
Oxide (HTO)) or by a thermal oxide (e.g., pure dry oxide or wet oxide)or by a rapid thermal
oxidation{e.g., dry or low pressure wet oxidation such as ISSG(In-situ Steam Generation)). In
case of ISSG Top oxide, as deposited nitride layer should be thick enough to achieve the desired

target of final nitride thickness as ISSG oxidation consumes the nitride layer.

9
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region 16 preferably has a thickness of between about
0 and 20 A. There is a concern over the renoval of
bottom oxi de | ayer during nitride etch is the silicon
pitting. Hence the wet etch is preferred conpared to
dry etch. As shown in figure 4, we renove the |logic
(ONO nmask 36 using a 20 photoresist strip process
and we renove the remant bottom di el ectric |ayer 20A.
F. renove the bottomdielectric |ayer using an etch
process We renove the bottomdielectric |ayer 20

' dilute HF
e G S R A A SRS

SC2" arsg dpash GxahLLVrca wREGANC 68 g,at&'ﬂ't@eﬂkléafbl }iltc('n}‘;lad;eudrapping3
can be considered thus as "DHF(§CA
layer 30. a1 W TSl BgAg ENebStsGTsat of Bartliay mﬁhﬁé amﬁj& & ploped
poly sﬂi(Brl g@@??{gg@ &ih gsdﬁé/oia b b StmRAN TRO1a9E: BFFRREMY has thickness

en péroxide, and water and a second

otbdue@DMmmté&0®ﬁmﬁga@ hloric acid, hydrogen peroxide, and

wat er. The RCA cl eani ng solutions typically are m xed

in separate tanks. The wafers are first 10 subjected

to cl eaning by the amoni um hydroxi de sol ution, then

Dafermanviedid maskrovesdheael reghem to a tank cont ai ni ng

the hydrochloric acid cl eaning solution, and the

final rAndevnanlgue3, peforma fagisONd sag 3 e F%@t) over the

cell regloalalélerfh 05 Cf gskI ?%q%%g\pé %%Hro%usﬂ 10y ﬂ&@ﬁg[@r%l t4 gate

r-c ectrlc
or thick gate dlelectrlc) over the logic re |on 14 16
Eanempiviertbe tgpt dietiattiedayercard Bye nuddle nidde iaysar l{ﬁit‘fﬁ an etch
| ayer 32. The first gate dielectric, |ayer 40A 4
(e.g., AniherngafisugideMecery e fon fislegfs lay df“éﬂﬁ“éﬂ‘dﬁl&
W ' f
nitride laglelj\/z!nggagci?%@ﬂ/ha e&)lrt?(% @e gt ¢ l%tﬁ)'n? Qlte[c'cﬁ'm i%rer EQIQ)VIG(' ®e memory cell

gion 14, H formad dual gate
regions 10Xk ge remsds [4 16) of the using an ct(,l

The remnant bottom dielectric layer 20A over the 1/O region 14 and core
region 16 preferably has a thickness of between about 0 and 20 A.

There is a concern over the removal of bottom oxide layer during nitride etch
is the silicon pitting. Hence the wet ctch is preferred compared to dry etch.

As shown in figure 4, we remove the logic (ONO) mask 36 using a

photoresist strip process and we remove the remnant bottom dielectric layer 20A.

F. remove the bottom dielectric layer using an etch process
We remove the bottom dielectric layer 20 preferably using an etch process,
such as a dilute HF etch followed by SC1 & SC2 clean step. The “SC1 & SC2” are basically a
RCA Clean. The clean provided can be considered thus as “DHF+RCA”. The RCA clean also
cleans the substrate surface.
The "RCA clean" process which uses a first solution of ammonium hydroxide,
hydrogen peroxide, and water and a second solution of hydrochloric acid, hydrogen peroxide,

and water. The RCA cleaning solutions typically are mixed in separate tanks. The wafers are first

i0
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As shown in figure 6, we forma dual gate oxi de mask

44 over the first gate dielectric 40 in the 1/0

region 14 and the cell region 12. 15 1. etch the first

gate dielectric layer to forman I/O gate dielectric

We then etch the first gate dielectric layer 40 to

forma 1/0 gate dielectric 40C over the I/0O region

14. We renove the dual oxide mask 44. 20 J. forma
subjectedsioclgingdy dherameeiva lydrarjds soban. thRe aEdRey el &yt HRseiank, then

o a tank SPQWRid ﬂh% h & e W& HOIR Ao @ EANSh At odl Bl Ghid Gnk.
"ayer X8 e.g., t%

gat e oxi de) over the core region
16. The second gate dielectric layer 48 will be used
as a gate dielectric layer in the core region 16. 25

Cg %%?fﬁ‘sf@ggnﬁl:e%:tt@ |;% gr over the substrate i

rrrng forma second gate (e.qg.

pol ysi IgGQfhe k@ﬁ re 32we QWM a EREeSYBRIERL A d}k@élOA-ftOBC{E@ /O
a reverse logic (ONO mask over the secon ate | ayer

gate dieldric lpoitnck grtd fliglgeisicBoveapgheflogimresioe it sand @gﬁitcgaf@dwctm 40B)

the 5 second gate |ayer 52. The reverse
OVQWIGEP§Fm°ﬁﬁ§i£%4 preferably covers the active areas in

the peri pheral (Iogic) regions 14 16 preferably

@ the. 11 TEgror Mg B AR B e Sl bt e o €10

region if{ ﬁxﬂgbe uR@hYds @é’at@@&l@!@@ﬁ ﬂ:nhlﬁc ]J(ﬂk,vg,@t‘. & @k eloaekibha4l ayer
40C and bottomdielectric layer 20 will be etched

during the second gate |ayer 52 etch.

H. form a dual gate oxide mask

As shown in figure 6, we form a dual gate oxide mask 44 over the first gate

diclectric 40 in the [/O region 14 and the cell region 12.

I. etch the first gate dielectric layer to form an I/O gate dielectric

We then etch the first gate dielectric layer 40 to form a /O gate diclectric
40C over the I/O region 14.

We remove the dual oxide mask 44.

J. form a second gate dielectric layer over the core region

As shown in figure 7, we form a second gate diclectric layer 48 (e.g., thin
gate oxide) over the core region 16. The second gate dielectric layer 48 will be used as a gate

dielectric layer in the core region 16.

K. form a second gate layer over the substrate

11
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10 M renove the second gate |ayer and the first gate
dielectric over the cell region As shown in figure 9,
we renove the second gate (e.g., polysilicon) |ayer 52
and the first gate dielectric 40B over the cell region
12. This exposes the top of the first gate |ayer 32.
Al so, preferably there is a gap between the second
gate (e.g., polysilicon) layer 52 and 15 the charge
trappi Rgldrayeto ((2ored wag jormheponegateraisal tsHEP bfiver 52
] sk .3 N. performa RCA clean As shown figure 9, we
Ovcrthcsglg?sihaﬁ%fq‘orm an etch and a cl ean process (e. g.g,
"DHF+RCA" cl ean) to renove an oxi de | ayer on
Lpfirgsal revens&gid{ONSYirdask aoverdbie secopd gafediyerss of
about -30A. 0. forma |logic device and _a nenory device
Fi gur e ABGhewpilsligHE 8ewe Kapst B gpstozivd MY Pisknyiatpihe
O8A r » lf O L. [ 1 bl O
sccond 0 Ay MR BB Wk ol PO EO 1 RE (P rk e
peripheral (ogin) eoganpl ld légpefetaplyt hecepetbonga ghpay bayes b&RegnsONO
ateeric U SRS ST Y PR Sl R v
gate diel@4{ 10y@u0Chad secondicl @hiciagiralestll brettiayeluridd theNexdnd gate
silicide regions (nmenory silicide region 60A 1/0
layer 52 ¢¢h.j cji de region 60B and core silicide region 68C) are
formed on the nenory gate 32, the 1/0 gate 54B and the

M FefhR thalscond qé“t@ur dhdithefR8t 8k (iERIRIiY oVePthe cell
regi ons 64A 64B, 1/0 S/D regions 64C 64D, and core

S/'D r@jPGns 64E 64F are forned adjacent their

;ﬁgggﬂsﬁle%ﬁox%g tir? ﬁgurg 9!vlwc Egr?gv%rtl(lees scg(fm gt,]a%e &a).(ga.l,rgg)liy%ilicon) layer 52
and the first gate diclectric 40B over the cell region 12. This exposes the top of the first gate
layer 32. Also, preferably there is a gap between the second gate (e.g., polysilicon) layer 52 and
the charge trapping layer (20 24 28).

Then we removed the logic mask 36.

N. perform a RCA clean

As shown figure 9, we can perform an etch and a clean process (e.g.,
“DHF+RCA” clean) to remove an oxide layer on polysilicon 52. The oxide can have a

thickness of about ~30A,

0. form a logic device and a memory device

Figure 10 shows three transistors: memory transistor 68A in memory area
12, I/O transistor 68B in the I/O area 14 and core transistor 68C in the core area [6.

In an example aspect, the second gate layer 52 is patterned to form /O gate
54B over the /O gate dielectric 40C over the I/O region 14 and a core gate 54C over the second
gate dielectric layer 48. Next silicide regions (memory silicide region 60A, 1O silictde region

60B and core silicide region 68C) are formed on the memory gate 32, the /O gate 54B and the

12
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The enbodi nents provide for the followng. ii Better
top dielectric (1SSG oxide or HTO Oxide) 28 integrity
due to the 10 protection of the degradation of the
TOP oxide 28 by 2 RCA cleans. This in turn results
superior endurance (<ICK) & data retention ™ Easy to
monitor the final nitride 24 thickness using HTO
oxi dation method since HTO process doesn't consune
core gate BEC-fHotrcedeain syperns (@endie SA? Ferons RAAPHS H S/Riregiped4C 64D,
and coratMHGKNES S AFO Jd.s di fficulit. faor 1.SSG oxidation
and (’m(’l\i?ﬁgg&i%mgﬁ%ﬁagé éddﬁm? Séj F}t(}r?]]ygltéiri i[(%i)i:éotﬁé lQ:i&('ncom' ng as
deposited nitride thickness. Leaving aside the fina
nitride thickness fluctuation, |1SSG Method can stil
gi ve consistent Top oxide thickness Unless explicitly
stated ot herwi se, each nunerical value and range
should be 20 interpreted as being approximate as if
the word about or approximately preceded the val ue of
the value or range. Gven the variety of enbodi nents
m.  of the presRRbr V&IpMehbsdindgscri bed, the above
description and illustrations show not be taken as
The emBodmdniNgotibe faciop@liokvidghe present 25 invention defined
by the clains. Wiile the invention._has heen_ . .
part i cullaPicierdppiisiesiits ( P?%@Braﬁ¥%§¥@$b2%ﬁ@€@“5§”e“”he
the pref enradigARedicnRphdatlAIreRf ToP bxidk bk e RCA cleans.
under stood by those skilled in the art that "various
30 changedhisrinfuwn nesahgsupetien dndurrnge (5é Okahdedali rehotien
plepar ting Efa§ o ntl(nﬁto? Blerd bl x?iﬂgdcsﬁo&?ckggsstdg%g%‘o oxidation
i nvention. Tt s 1Nt ended to cdver various
nmodi f i cat nansdande HTO bakcardoamngementnse doditride layer. On the other
procedur e%’gquﬁgaéglggdtg@o easggn({nhhtgr %?ﬂg@gg@?mﬁggb ré?cidation Method

t herefore

i nterpret ahi QN n§lodsn {Ai00E MRS ds dep@ted nitride thickness.
nmodi fications and sim|ar arrangenments and ,
Leaving aside the final nitride thickness fluctuation, ISSG Method can still

give consistent Top oxide thickness

Unless explicitly stated otherwise, each numerical value and range should be
interpreted as being approximate as il the word about or approximately preceded the value of

the value or range.

Given the variety of embodiments of the present invention just described, the
above description and illustrations show not be taken as limiting the scope of the present

invention defined by the claims.

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made without departing from the spirit and scope of the
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procedures. 5 14 What is clained: 1. A nmethod of
fabrication of a nenory device, conprising the steps
of : a) providing a substrate having a | ogic region
and a nenory region;. b) formng a charge trapping
| ayer over the substrate; said charge trapping |ayer
conprised of any dielectric |ayers that can trap
el ectron charges; c) formng a first _gate |layer over
inventiont fiels diairdge t@ eeysplaTepus aypsificaipnyrmg sBRitdr g aBEaEEnEs gt
procedurc%a£n31 thé xc,e()trpe ap ﬁ]@tap en(fllaé%gigntg @11@1‘%?%9 Oh Y &I ac‘i:grdleg HeSDroadest
sal I'rSt" gate Fayer and the charge trapping layer
interpretafinh Yo antosacdnpesoll yuchrreglifotiosairdl finfletargagentrayard
over said charge trapping layer in said nenory region
procedurgSher epy protecting sai d charge trapping | ayer: e)
formng | ogic device conprised of a logic gate
dielectric and a logic gate and | ogic source/drains
in said logic region and a nenory devi ce conprised of
said charge trapping |ayer, said first gate |layer, and
menory source/drain regions in said nenory region. 2.
The nethod of claim1 wherein in the nenory area,
SONCS type nmenory device are forned; in the logic
regions thick dielectric I/O devices or thin gate
dielectric NMOS and PMOS type device are forned. 3.
The nmethod of claim 1 wherein said charge trapping
| ayer is conprised of a bottomdielectric Ilayer, a
mddle nitride layer and a top dielectric |ayer. 4.
The nmethod of claim| wherein said charge trapping
| ayer is conprised of an Oxide - Nitride-

14




Oxide tri-layer conprised of a bottomdielectric
layer, a mddle nitride layer and a top dielectric
| ayer; said bottomdielectric |ayer conprised of oxide
has a thickness of between about 24 and 38 A, the
mddle nitride |ayer has a thickness of between about
40 and 80 A and a top dielectric Ilayer conprised of
Whaxd glgeinfzds a thi ckness of between about 40 and 80 A 15
5. A nmethod of fabrication of a SONOS EFLASH devi ce,

1. AGRERGA S M8ridahen 8t £RRPLy devide, RINBMIsHicNBe @eiUfpst rat e
having a cell region, d I/Oregion and a core region;

b) form ng a charge trapping | ayer over the substrate;

said ¢ h}aptgwdmgamubngitd: g a l@gwpcglsleahcbé mamyly region;.

di el ec yers t can tra

o o chu R Ppa§R ikt ARy fsRRiaT: FAERARE wirblne aver
Ni tride- Ogbigridetof atypyielecteioleissed cad tray BedtidPharges;
dielectric |ayer, a mddle nitride |ayer and a top

di el ectt ﬁ%mmweﬁrst 1 fPnTYRg the chings tragirglayglyer over

the chay Qﬁtef’rﬁ@é)ﬂﬁ‘ﬂrslt gAE ay cg)m(f ‘H{er@hgtggk efra E@Q% ) fayBPRMeave

over said cell " region; salid logic g “openi ngs
over at Saehfértst SH da}womui awcthh!lg,@tmmgng)hwr el)lyn@smd/imglmy
said top d4e ec and s

aver | e G an Sy B Wl e P Releit K Pidmgrory

| ogi c I’mﬁghon@eré@@&ﬂtﬂﬂlg&%lcﬂ:h@@b&rﬁmldg ﬁiyelc;t rl c layer

to expose the sybstrate surface in said e and 1/0O

r egi on§) FORTINEAPHT Agier qumrétsefé;%ﬂaeloaaﬂ‘féaa@dkfflfzfémr et logiggiate and

said core ﬁ)%@ §0{n@cfd?eghs°1ﬂ%a1§r!gglg}"e%fonsﬁklq mdhdr$ e Somprised of

|l ayer in said menory region;
said charge trapping layer, said first gate layer, and memory source/drain

regions in said memory region.

2. The method of claim | wherein in the memory area, SONOS type memory device are formed;
in the logic regions thick dielectric /O devices or thin gate dielectric NMOS and PMOS type

device are formed.

3. The method of claim | wherein said charge trapping layer is comprised of a bottom dielectric

layer, a middle nitride layer and a top dielectric layer.

4. The method of clatm 1 wherein said charge trapping layer is comprised of an Oxide — Nitride-
Oxide tri-layer comprised of a bottom dielectric layer, a middle nitride layer and a top
dielectric layer,

said bottom dielectric layer comprised of oxide has a thickness of between about 24 and 38 A,

the middle nitride layer has a thickness of between about 40 and 80 A and a top dielectric

layer comprised of oxide has a thickness of between about 40 and 80 A.

15




i) formng a dual gate oxide mask at | east over said
first gate dielectric in said I/O region and said
cell region; j) etching said first gate dielectric
| ayer to forman 1/O gate dielectric | ayer over said
/O region; said first gate |ayer over said char ge

n € .
5.A 15%58&1 gfal)l%/a%o% Opﬁgélgg)s{@g%%;g% éie%ge):/ ngpﬁj‘.mg Ey steps 8’["
said dlaabromdhidgal substkite hyvifox e8linggian SELO RELi a4 a core rcg,lon
di el ec éIC | ayer over SaI? core region; in) formn

ng.a
second YRR ARIES PP Eg; afes%‘%ﬁ}eéelestraﬁﬁ Sffiepmra@trawmg layer

i nverse | oghGp/Ra ks MedicRatid 18RRARM 9l El@&tﬁfwchﬁ@eg
inverse logic mask covering said core and

regions; ? renovi ng said second gate | ayer and said
first gaté)dnidichege frappiag byeoy epmptaied of awsidg -+ Migiidsn Oxide tri-

p) patter 'I‘elg:@ rgeégﬁé’ﬂkﬂto%%x Ft@% Gr‘{ryeP 9 Iﬁlﬂﬁ@nﬁ‘mﬁ@ Ta?ar and a top

gate over econd gate ect l'ayer

core regldmeandmymgate over said I/0O gate di el ectric
16 over said I/Oregion and patterning said first gate
| ayer and said charge storing |layer to forma menory
gate im®) &Jamdlgrmfn*@trgater &yroener e civge frepifiogllayr; cl ai m 5

For e O FemiEa B8 6B P R il PR w8 e Ui

devi ces arev&arm&dsmamdmndeMEnﬁnme region, thin gate

di el ectric NMOS e device are forne

The nmefhGHoBMEsh! *ﬁl? si%e%@ﬁmaaﬂaa*éﬁaiiﬂ@ﬂt%fplﬁmgn said core and
llayer is compghiegd of an Oxide - Nitride- Oxide

tri-layer conprlsed of a bottomdielectric |ayer, a

m ddl e fhicmpvige stidyesic magk:a t op

g) removing said bottom dielectric layer to expose the substrate surface in said
core and I/O regions;

h) forming a first gate dielectric layer over said core and I/O regions and over said
first gate layer in said memory region;

i} forming a dual gate oxide mask at least over said first gate dielectric in said I/O
region and said cell region;

J) etching said first gate dielectric layer to form an /O gate dielectric layer over
said I/O region;
said first gate layer over said charge trapping layer in said memory region
thereby protecting said charge trapping layer;

k) removing said dual oxide mask;

[} forming a second gate dielectric layer over said core region;

m) forming a second gate layer over said substrate;

n) forming an inverse logic mask over said second gate layer; said inverse logic
mask covering said core and I/O regions;

0) removing said second gate layer and said first gate dielectric tayer over said
memory region,;

p) patterning said second gate layer to form a core gate over said second gate

dielectric layer in said core region, a /0 gate over said [/O gate dielectric
16




dielectric |ayer; said bottomdielectric |ayer

conpri sed of oxide has a thickness of between about 24
and 38 A the mddle nitride |layer has a thickness of
bet ween about 40 and 80 A and a top dielectric |ayer
conpri sed of oxide has a thickness of between about 40
and 80 A 8. The nethod of claim5 wherein the step of

renovin i ottom ectric, er. to expgse the ,
subst r 8 =] Sgiﬁquf(gb‘é’“ Ri% éﬁalﬁer&‘%éa‘élrmg/t ﬁ‘éé@l aé‘a§f“d e ge storing
furt henayengl UL n%{(frﬁ%_ Wsa@cﬂm%ﬂe? to clean the
substrate surface he method of claim5 wherein
the | ast step conprises: renoving said reverse |ogic
mask with openings over at |east said nmenory region;
performng a RCA clean of the exposed surfaces;

6. Thomeihod of aking b déereggindhe cn’ll sed, SONDRtygatremosadaide & formed, in

.. sai d .nen ! . form nd drai.n
“?ea%@é?%mb SRRl s ik Bringh iyl 1165 G aceian,tein gate
AR YN JED Sand M8ty d&tcetaée Riméabrication of a SONGS
EFLASH devi ce, conprising the steps of: a) providing a
substrate having a nenory region, a 1/0 region and a
core region; (1) in the nenory area, SONOS type
7. Themeothpd dédlnige S aheretiovaredar geﬁraph'mglﬁﬂi isrcogipamgd dffaindkeide — Nitride-
O)gldee i E}tyernl c?c]nn:%)/l 19e0d (EGIV a bé)?tgina(léglﬁtgc . gdilﬁrﬂ]/agl]ete ’)?g% and a top
dﬂ&wwme@&re forned b) formng a charge trappi ng | ayer
ubstrate sai d charge trapping | ayer

r the
5?:‘8??(‘3??’%‘&5%%“%’@’/“ grwpEzadqfoxidsyasa t lﬁ%neswfrbetwa about 24 and 38
Aelheedingn nﬁhéé 9@& ha£ %)théﬂhéis 8{“9&9@%(%39%6‘ th %M eA ahéa top

conprlsed NIt
diglgatpicilaysd ccaﬁprased of @X:ld‘i: hlcaseﬂ tbknéss of bgreegn aévom éi@llaed 80 A.
nitride |ayer and

8. The method of claim 5 wherein the step of removing said bottom dielectric layer to expose
the substrate surface in said core and I/O regions; further includes performing an RCA clean

to clean the substrate surface.

9. The method of claim 5 wherein the last step comprises:
removing said reverse logic mask with openings over at least said memory region;
performing a RCA clean of the exposed surfaces;
forming salicide region on said core gate, said /O gate, said memory gate;
forming source and drain regions adjacent said core gate, said /O gate, said

memory gate,

17



10.

a top dielectric layer; c) formng a first gate |ayer
over the charge trapping |ayer; said first gate |ayer
is conprised of polysilicon; d) form ng a | ogic mask
over said nmenory region; said |ogic mask having

. QVer .. ' d 1/0.regj :
SBSL T QUL o SN A AU B P

ni tri de) payeling Nsu®dirde BONE: @dmoly EeioR0A DO réEbmghdBdcore region;
etch; t) renoving said |logic nask; g) renobving said

bottomdielectric |ayer t xpese the substrate .
surface i hs{ai“ef BEPEY YUhY SRS B gH&orh ge‘flfﬁﬁff? ffgmgds in the O
first gat e%gibxﬁluq@ﬁ BlelechiBYRY dONRS aRAbAn&PR LR ANBe EdrEregion, thin
regions and over said first gate |ayer; Hé form ng a

dual gat e gaeidideqtis RVEVeandRVIESTtypasdeviggtaee igia¢dctri c

insaid I/Oregion and said nenory region; j) etching

said first gate dielectric layer to forma |/O gate |

di el ect? {EMIRYRFIBIFFAPPEgilRY el PYSTHREGTUBRIAIG Saifl SRRGF Hgpping layer
sai d dual Qxiffsdimgkny dibllQLMARE Bar2eh 226 iel%?ﬁ'd;h chargrt]as;

dielectric layer over said core region; formhg a

second gate | ayer over said substrate, 18 ii n) '

form ng anl) saxrérh@@elt!@gpieg rerskis gvprisediod ag Besied- Yitide- Oxide

g%e; y Za'ixﬁ-déy{%}e’g@ﬁ-iss'?&’% Eostonl BRI FRYK el W SflehiGAL Bayer and
a top dielectric layer;

¢} forming a first gate layer over the charge trapping layer; said first gate layer is
comprised of polysilicon;

d) forming a logic mask over said memory region; said logic mask having
openings over at least said core and /O regions;

¢) removing said top dielectric layer and said middle nitride layer in said core and
I/O region using an etch;

{) removing said logic mask;

g) removing said bottom dielectric layer to expose the substrate surface in said core
and I/O regions;

h) forming a first gate dielectric layer over said core and I/O regions and over said
first gate layer;

1) forming a dual gate oxide mask over said first gate dielectric in said I/O region
and said memory region;

j) etching said first gate dielectric layer to form a I/O gate dielectric layer over
said [/O region;

k) removing said dual oxide mask;

f) forming a second gate dielectric layer over said core region;

m) forming a second gate layer over said substrate;
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0) renoving said second gate |ayer and said first gate

dielectric layer over said } nenory region; p)

renmoving said inverse |ogic nmask; ) patterning said

second gate layer to forma core gate over said second

gate dielectric layer in said core region, a 1/0 gate

over said I/O gate dielectric over said 1/0 region

and patterning said first gate |l ayer and sai d charge

stori ng) foayely dndnf@EdTogic MRRR oY cOAlEsdebnB@itdl af@ MR Y inverse logic

region; r) form ng salicide region on said core gate,

sai d |/ O g8wek cayaTag pradrafry 2pdsed e)regighsyi ng source and

drain regi ' j t¢ [ . i

and. "8 ARt AR G ERRP BRI By SR Fkiiit #5bbver wid

wher ei n saigioog tegmndi el ectric | ayer conprised of

oxi de has a thickness Olf bet ween about 24 and 38 A,

the ni Bgiegmﬁ’ﬂgrsla'diem}”eé@eef’glﬁé%as * t hi ckness of between

about ﬁ@p@fé%i&@szﬁd anen@gdtORiyeh 16| Beh faicord @Wesvee HIPst&Rd gate

of oxide has a thickness of between about 40 and 80 )

A 12. Thediptachisdlager is saf spreoesiprel/ R gakieovst e O gate diclectric

renovi ng saj t i gl ayars. XPOS. L4 charo

Gubstrate B fane el phle ik R Ra RS Ank B charge

furt her i netoridgbypeoffomm mgmary gdRCA wldeaemony regiean t he

substr %tt%riﬁilflléfsgl?c?de r]égggion on said core gate, said I/O gate, said memory gate;
s) forming source and drain regions adjacent said core gate, said /O gate, and, said

memory gate,

11. The method of claim 10 wherein said bottom dielectric layer comprised of oxide has a
thickness of between about 24 and 38 A, the middle nitride layer has a thickness of between
about 40 and 80 A and a top dielectric layer comprised of oxide has a thickness of between

about 40 and 80 A.

12. The method of claim 10 wherein the step of yvemoving said bottom dielectric layer to
expose the substrate surface in said core and [/O regions; further includes performing an

RCA clean to clean the substrate surface.




