MULTI - LEVEL GATE SONOS FLASH MEMORY DEVICE WTH H GH VOLTAGE OXI DE AND
METHOD FOR THE FABRI CATI ON THEREOF TECHNI CAL FI ELD The present invention
rel ates generally to sem conductor integrated circuit devices 5 and

met hods for the production thereof, and nore particularly to devices having
"non-volatile nenories and associated circuits on the sanme device.

BACKGROUND, Over. the years, devel opnments and i nprovenents in
sem conducpﬁﬁfﬁéﬁ%\’% TEMWﬁWQRAX/D%@MT%HJGH de range

of disci ply ROkt TSR0 I j ' sul ted,
for exarrpl‘ez?ﬁ?lr‘%%%mgq?n&%?gt uri zgﬁ)ﬁ,T}\%ﬁiq‘%@%ﬁ%@ﬁ;@ e(gﬁ realized
by creating multifunction devices on a single sem conductor chip or die.

Hi storically, sem conductor devices can be broadly divided into two
categories: data processing (| 9gicginidoMmi fag nd data storage (nenory)
.devices. Devices that performthese tw different functions have

customaril ypbe cated.- on their o separat e physical devi.ces., 15
However, wi —tr% 5%3%@&??’%“3“’% rr?lfaéﬁsugeinf Yo %?HHCWﬁﬁI%éEﬂtF%f?tesﬁé’?B‘thW? ons
-ares i naicemsihogs forlied pdhaiat thereb @/l Reire BArcIRrS M BAEIH HaQ B UhOfol&lE P OF
die. Menory cel|ls, for exanple, wll typically be |located in one region (a
" cor e" MERGTisHInd a5sqcisied pirghis onpike samRdeyEs- wit h- surroundi ng supporti ng
devices in outer "periphery" regions. The periphery regions contain
functions that support the nmenory cells (functions such as address
decoders, read/wite 20 buffergacrok@GeRpeapiplifiers) that require

di fferent manufacturing procedures fromthose required for the core
regions. Th i i uctor. devices starts with growi ng a
first | ayerég&tg‘g&léﬁg’o%ﬁalgg %%g%?ﬂg&g’g MPRERts g S?%@%‘iﬁ}o?%&‘?r%?@’rcgmg? e the
semi cobencadhicvddvbye dodisingooher Madatr@the ofl lARscipiihes. 0X8ig@fibant asehblbdhdusiver t hat
al | ows, better adhesi on befween the overlying |ayers (to be 25 applied

| at®r ) IBEVERR AEYT TR, do1 pragppleThems devige miyaturigriogardiilexathiess dleve act s
A BB Ol BTN

device. Device perfornance Is 'y dep ness’ of the
first |ayerHotorgally seon¢adductvbdevicesdenitedsoatiyidivided ined tvetdtegirietr &asi st or
("FET")_ devices wi.th other logic devices on the sane sem conductagr die.
The di %”P&?SFW& %@A"ems W%W%eﬁﬁm g {RemgE) idstises.  Devices Hahpedem dsseluct or s

in t hervapdi€feron fiindtibitenaRe thBRaNIy RSN RWatel SAYRLIL ofA 62tk PRydidY BEwices.

15 However, with increasing miniaturization and complexity, these functions are increasingly

being located together on the same semiconductor chip or die. Memory cells, for example,
will typically be located in one region (a “core” region), but will also be provided with
surrounding supporting devices in outer “periphery” regions. The periphery regions contain
functions that support the memory cells (functions such as address decoders, read/write
20 buffers, and sense amplifiers) that require different manufacturing procedures from those
required for the core regions.
The creation of many semiconductor devices starts with growing a first layer of gate
oxide over the surface of the silicon wafer where the semiconductor device is to be located.
The gate oxide is a thin layer that allows better adhesion between the overlying layers (to be
25  applied later) and the underlying silicon. The first layer of gate oxide also acts as a stress
relaxation layer during manufacturing of the semiconductor device.
Device performance is highly dependent on the thickness of the first layer of gate
oxide. Modern devices combine field effect transistor (“FET”) devices with other logic

devices on the same semiconductor die. The differing functions provided by the various
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of different thicknesses. Typically, logic function devices require the use
of a thin layer of gate oxide to enhance overall device performance, while
a thicker gate oxide is required for the access transistors of dynamc

random access nenory ("DRAM') cells. As an exanple, 5 when the gate voltage

. i ' . lls is 7 yolts, t
cor o5 iRivia a8 SERRohd AR 84 A (it ahd o BR RIS ridiolselff bE il levems i
wi || bef dififeyenatidoitneSses. Typidally, Jopicf fuastiomiuviey rédudetiht aad bl a eI &f

rogranmmabl e and yead-only pepory _("EEPROM') devices, the gate oxide
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entry @gles. erase transistors typically require high data retention, which

al so 15 neans relatively thick | ayers of gate oxide. But the surrounding
peri phery | Byiashuneemerdis elgcgipailysrdshlh  ppegraminables podd reaghirdh  nmeamsy

rel ati i S 20f .oxide. Thus, high vol.tage devigces.such as
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Thus, | Pharray o b ant Ry Rl Db AL A B ISR ces
need t periphenf deliidekevidhin thehivekaleEEPROM dsvicd\diet i That 3afsamnavtatilé lmbmdrﬁ
becone ;snal | er d ever nore conplex, it _is becam ng increasingly inportant
Lo be GPMEt e Blibeminzame Sre FHESm bl Teite Ees 4e TeeRtabTtct 880 di o
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di f f er e AT GEssethah are- designer| foT Faersr Jeque iackun ilayer I@étOX@PR@WS@eW%lHBg can be
el ggotrj ' r r . Fl ices.are.siJnlar to
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© in the micron and sub-micron range). Thus, the layers of gate oxide that are required for

these various devices need to be of different thickness levels. As time passes and circuits

become smaller and ever more complex, it is becoming increasingly important to be able to

fabricate all these devices on the same semiconductor die regardless of such gate oxide
25  thickness differences.

Non-volatile memory devices are currently in widespread and increasing use in
electronic products. Non-volatile memory devices retain stored information after the
electrical power is terminated. In addition to EEPROM devices, non-volatile memory
devices include read-only-memory (“ROM”), programmable-read-only memory (“PROM™),

30 and erasable-programmable-read-only memory (“EPROM™) devices. EEPROM devices
differ from other non-volatile memory devices in that EEPROM devices can be electrically
programmed and erased. Flash EEPROM devices are similar to EEPROM devices in that the

memory cells can be programmed and erased electrically. However, flash EEPROM devices



menory cells can be programmed and erased electrically. However, flash
EEPROM devices 2 al so enable the erasing of all nenory cells in the device
using a single electrical current pulse. Product devel opnment efforts in
EEPROM devi ce technol ogy have focused on increasing the programm ng speed,

| ower i LOQr 1.ng. and. r,eadi ng vol tages, .increasing.5 data retention
time, % %glglﬁa%g%;ef lélrga%uﬁlﬁn{e ,Ceg%b'p ﬁ‘l?d@f?’il??g“%%g P SRgie siekieal cymenthi s
regar dpuls@ne i nportant dielectric material for the fabrication of the
EEPROM devi ces is an oxide- nitride-oxide ("ONO') structure. This structure
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oxi de (.S " L] LLrh "SI N and silicon oxide. Durin

progr a%%%ﬁr?g% gd eegfdrg%r %ng@fhgﬂé %édéqlggg]inrl%ﬁlé%gémalgt P rﬁ%‘ﬁgg |V]Oﬂﬁg?sn1nﬂ:qaggg| ayer
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been turned off. dgflash rrer;gry cell that wutilizes the ONO structure is

r ef er r 88F {BPYENL, diglqtnac, magsrial) domghe  fpbracatiop - the IREPROM( des@aeds yn toide- cel | .
An advand af thAse TERE. ' - hat . t.h may, have a

| ower pr%éggﬁ)gﬁié‘ri(ng VO %age than s;%;trn%crn%? Eée?}r%ﬁl\% gici Il%tielte%ﬁé?’%e%%\%é@g As
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vol tage of about _half .the volfa of, ot her._ nonvyo| atil e nenory technol ogy.
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devi cettilizenethe HWO 0ueiyree igi sefevahttages as Silieboh-Oxide-Domideinddagitiesn it i S

di fficpd f e charge trapping |ayer over a silicon substrate or
gate ogisgi)é\§ a))g%gvﬁte h precision, uniformty, high quality (no defects),

and wi t hout Aacaivambgab SONORIfasP megesHy StrakRtdre Mo it TRy ﬂaﬁqmslaylo%g
uniformy form ngi ONO, sub-1 ayers havi ng_predeterm ned "t hicknesses. Thus

i npor t BiCETAHRINg, Wliaghhan sermpi @bstmBonvoliile erquenmiadryiceSONSS avettammilech ude

t hes t hokirrs (W ' 25 the ONO.structure, i ch
caﬁsnot sge su??l}s%:t%r#tl %%begﬂggréa%@gdﬁd&ﬂ v(\jlly‘cfr ?\éar?gzr{\;‘/'% %‘nao‘\ﬁc/’nqtag%BF f%l%oé# %‘6 thet‘@’@'i%ﬁ? ques.
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sem copduekey die.

Although there are many advantages with SONOS type memory devices, there are

20  some disadvantages as well. In some instances, it is difficult to form the charge trapping

layer over a silicon substrate or gate oxide layer with precision, uniformity, high quality (no

defects), and without contamination. This presents challenges for precisely and uniformly

forming ONO sub-layers having predetermined thicknesses. Thus, important factors toward

achieving high performance SONOS cells include the thickness, quality, and cleanliness of

25 the ONO structure, which cannot be sufficiently guaranteed with many known fabrication
techniques.

Another disadvantage with SONOS type memory devices is the high temperature
process that is needed to make the ONO structures. This high heat can cause undesirable
distortion of prior structures already formed on the semiconductor die.

30 There is thus an unmet need for more advanced and economical methods for
producing SONOS-type nonvolatile memory devices having improved material purity
(Ieading to improved poly-to-source/drain isolation), little or no heat-induced distortion (such

as excessive diffusion of implants), and multiple gate oxide thicknesses on a single chip for




30 There is thus an unnet need for nore advanced and economnmi cal nethods for
produci ng SONCS -type nonvol atil e nenory devices having i nproved materi al
purity (leading to inproved poly-to-source/drain isolation), little or no
heat - i nduced distortion (such as excessive diffusion of inplants), and
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met hod Oggslgﬁn¢lf arﬁturi ng an integrated circuit structure. A sem conductor
substrate’is % &V 83%3 and a gate dielectric layer is forned over 10 the
sem conductor substrate. The gate dielectric layer is formed in a plurality
of ‘thicknesses in a plurality of devices regions over the sem conduct or

substrate. A second di el @SCOLOJUEREOF THEMRSENTORd over at | east one of
the devices regions. Athird dielectric layer is then formed over at |east
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Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art

from a reading of the following detailed description when taken with reference to the

20  accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of portions of a silicon wafer including a
semiconductor substrate, a gate dielectric layer, and a second diclectric layer, with a
photomask patterned and deposited over the second dielectric layer in accordance with the

25  present invention;

FIG. 2 is the structure of FIG. 1 following etching of the second dielectric layer and a
portion of the gate dielectric layer;

FIG. 3 is the structure of FIG. 2 with a second photomask patterned and deposited in

accordance with the present invention;



portion of the gate dielectric layer; FIG 3 is the structure of FIG 2
with a second phot omask patterned and deposited in accordance with the
present invention; 4 FIG 4 is the structure of FIG 3 after etching of the
remai ni ng unmasked gate dielectric |ayer and renoval of the second

phot omask; 1.8t r e -0 I A4 after formation of third
dielectric a(%iiezr‘ %ntﬁ%lspﬁ?ﬁ% Hﬁﬁ@bgsgf}éegg%%l&g @%Fdemémll%g tuﬁjénaﬁeau EP‘ﬁr e of
FI G Sdiekcaioiang ahdferhorll afthatseandphbiiagkt t er ni ng and deposition of a

third photo k |n accordance with the present invention; FIG 7 is the
structure ogﬁil G 1§e ghrvehre i iChh after domoeptionrnd & irddislediric davst onjallgthe

phot omaskeeskl&ond 1s the structure of FIG 7 after formation of a fourth
conductive layer ‘on all the 1o devices regions; and FIG 9 is a flowhart
of ihe met hblG.f &ris fthdstroettiengl HIGubtlieedieingl iopane|HONMOR Aftaspatterngm ayd devi ce

wi t h hi,gh-vol.t .oxide in.accordance wi.th the present invention. BEST MODE
FOR CAl Kl@nﬁ%%%ﬁ*ﬁgplf‘ﬁﬂfgﬂ?h TBRCHRE “ﬂﬂbtgf‘ B@S%'Rt”é‘@'iﬂﬂli‘;ogi es have |argely
evol ved al opW; SERAR Srik@dBSof FIG. ¢ AREETER ¥nplBRRAN a8y ’rcrh%ala&ytﬁ@%frﬂ.cu' ar

| i t hography and power supply voltage |level, the gate oxide thickness is

i m t eshasgmagkin oxi de reliability due to the stress of voltage-boosted

functi ons. a for i echnol ogy.. thinner t e .oxi de
t hi cknessesﬂg‘gsolgétﬁlee?[a e p F.iéﬂgsfﬁeag?‘a"a&lﬁﬁ of g fp ?fg’élgc Srlayr gy all the
pend or devies ragiohwrd | nternal operating voltages. Therefore, efforts to

merge the technol ogi es of nenory and Io%i@c_ onto a single chip create a 20
di | emma, i.BIG. ¥ e dlevchat ehdecaehpd dpr Fbricgtng & switi-daviek eatg S%Mogeﬂaehoxi de

t hi ck : ; ' . ' th
compl oarTioEL g BB B Dot BER DAY A R BhaehfhuBRBIT, 0° i Chcnesses

(thickness | evels) of gate oxides on a single chip. Another configuration
requiring multi-level gate oxide layers is netal oxide sem conductor
("MOS") devices, WAERT MOAPERQR g RN AeG QU6 THIPROSENTHON n- channel 25 MOS
("NMOS") devices are created. The majority carriers of PMOS devices are

hol es; the Nty tandchigid echnoibgdIaveeliRBs ctbiPe® |y’ dppratdiqgalis. haye

capabi Ty t5ePEHeeNE e arhe GHBN S8 B0 Supply volisge level the gate

oxide thickness is limited by thin oxide reliability due to the stress of voltage-boosted

fumctions. In contrast, for logic technology, thinner gate oxide thicknesses are generally the

standard due to the need for high performance at lower internal operating voltages.

Therefore, efforts to merge the technologies of memory and logic onto a single chip create a

20  dilemma, i.e., the design choice of either (1) compromising the gate oxide thickness for one

and/or both types of devices, or (2) assuming the complexities and expenses associated with
forming two separate thicknesses (thickness levels) of gate oxides on a single chip.

Another configuration requiring multi-level gate oxide layers is metal oxide

semiconductor (“MOS”) devices, when combined p-channel MOS (“*PMOS”) and n-channel

25 MOS (*NMOS”) devices are created. The majority carriers of PMOS devices are holes; the

majority carriers of NMOS devices are electrons. Holes have considerably lower mobility

than electrons, resulting in a lower drive capability for the PMOS device. To compensate for

this and to equalize the drive capability of the two types of devices, either the gate of the

PMOS device is widened (allowing more drive current for a given gate voltage), or the

30 thickness of the gate oxide layers for the two types of devices is adjusted to different

thickness levels (allowing for higher gate current while maintaining gate width the same). Of

these two solutions, the varying of the thicknesses of the gate oxide is the more promising
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this and to equalize the drive capability of the two types of devices,
either the gate of the PMOS device is wdened (allow ng nore drive current
for a given gate voltage), or the 30 thickness of the gate oxide |ayers for
the two types of devices is adjusted to different thickness |evels

e 1vo _ ted to different ess leve |
o tnene piler TPl RELRAH] Bl gl SRl a8 B Shlleg DB AR b

I S t henemrte ninandrgdenige devidesce W dening the gate el ectrode requires

i ncreased syurface area, which is contrary to the need to mniaturize the
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mul ti - heyedtedpsiide ih@u@ago1avi ng di fferent thicknesses is to use multiple
steps of masking and oxide etch. The first layer (usually a gate |ayer)
formed 10 Arother chrigureior fermipg mudii-loyet drade hiyeledweving aljffereniritiicksesser isi al | y

- fornmed, o SUr ne substrate. . This l.ayer is..mask W a |.ayer
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t hen forned over the surface of the substrate including the remaining first
layer 81bsHgtede Ihisylayen o masked: sdty @ dayes of phgteesist andicghed Hat rempyet tho
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rocessi se of photoresist. Since photoresist is
p P

I N t egs d the repeated )
not eaiayelg?go’flg?ro\az@lscﬂﬂfﬁsétr S aj@feé ofoxylei that Tye tygdhickness ilevelsmalhisesul t .
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ot th pEpel el Be Al SR AR AT FAIRES ROLAIES it diRluchal | 2
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have focused.on increasin he progra speed, ..l oweri ng .pr.ogr anm ng and
r eadi g Jihees il RESAR e Ferle® WBTHE PRNSRRSG SipaiitorsigeiSap Aobrag ur e
tines, t@apandvedtimhpleleseldyed BEBSIdeNS. pdod duBliy ﬁl@%@éﬁ:lt. DieridPOxiteNhyer
dielectric material for the fabrication of the EEPROM devices is an oxide
25 ni t Hiekaesses grn glsadvorhtained by fust @ paial eigh baskeef a depesited wixidsi layachutithis

MabLer i also ORFROE FrofAE BGhe disadvantages.

Product development efforts in EEPROM device technology have focused on
increasing the programming speed, lowering programming and reading voltages, increasing
data retention time, reducing cell erasure times, and reducing cell dimensions. In this regard,
one important dielectric material for the fabrication of the EEPROM devices is an oxide-

25  nitride-oxide (*ONO”) structure having three layers of dielectric material on one another,
such as silicon oxide (“Si0,™), silicon nitride (“SiN”), and silicon oxide. Conventional flash
memory cells made with this technology use a tunnel gate oxide layer and a poly-oxide-
nitride-oxide-poly (“poly-ONO-poly™) capacitor configuration for the floating gate. During
programming, clectrical charge is transferred from the substrate to the silicon nitride layer.

30 Voltages are applied to the gate and drain of the EEPROM device, creating vertical and
lateral electrical fields that accelerate the electrons as they flow along the length of the
channel from the source, past the gate, and to the drain. As the eclectrons move along the

channel, some of them gain sufficient energy to jump over the potential barrier of the bottom
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such as silicon oxide ("Si®2"), silicon nitride ("SIN'), and silicon
oxi de. Conventional flash nenory cells made with this technol ogy use a
tunnel gate oxide | ayer and a pol y-oxide- nitride-oxide-poly

("pol y-ONO pol y") capacitor configuration for the floating gate. During

pr ogr ag : ' r .S : nsf:erred. fromt ubstrate to the

sili co%@??%lgé?%géﬁﬁb%%%ﬁﬁ%%éﬁ g‘% e%%% Ilggld{ etlgyefrhzﬁl Sgef glse‘étﬁ ngreﬁ?lﬁe of the

EEPROMrdigpedaear the dedin regioneecigsalthadiectrit fieklks ale floggést nealthé dalmds t hat

accel erate {hglg'ﬁl ectrons, as . they flow al O%t he length_ of the channel from
h SN

the source, Yyetugese 8 1s dmpoiant that the drdeqtrie Pegvidst adsaBatadply-@ ong
the cHARBSHrairS 0. (TeMOR Lol \

potential barri g’gﬁg?ﬁt he bostlg1Ill mﬁ?#@gﬁ&(ﬁ%ﬁ@gﬁ%@gﬁ gﬁﬁmggeﬁ%ﬁcpr%ng%%ped in
t he5 si tidssinablyt bé¢adenel ay@rpordihe simte| anc tOMOs dizteroite willr dpgreskendrr pohie tér ai n
regi on_because the electric fjelds are strqngest _near the drain.. In such
struct e e?&lrla{n ilsé’?zft'r?ﬂor%ﬁ%ﬁl?y t‘#’?ﬁli’ea?’il% e[iﬁ@ﬁ@cf’fi ¢ JrgUPEe d%ﬂ%?fu&%age

pol y- t therevith. CEigsaispoci AR AXddn@8n Wilthbitlified 40 ForhAlbylREHBASE 3@k on
and dopalr'lt sli rrpllar?t sﬁ?_ha? 5nundesi ralgllye becone | nggr por at %gag}ﬁgggargﬁlgmo

di el ecefigrcthai@NOqdtieleetsis ds foranedol Howeveroifithe sdurapvidiais| ant implanted gmisipyto

decr eag] I ali L nenory..devices made. therewth. This is
especi gt'q@n ﬁ%o(?llgte)rcﬁgke d&?@%@%@lﬁ%’{cﬁsﬁg%% gt 8§ the ippkants ﬂ‘bcwésbéﬁxg’@st frai ns
af ter  sdverdDbidsdingdne thetrhal dysled adsotidted MiWENMEking bAd bfRaBQHHe SN M AEH&r €

I mpl ant ed pyrior, t fgir mng the ONO dielectric, unwanted excessive
di f f usi on oPctmile ﬁﬂﬁﬂ At (silicogrxigrgnifride-aodes silieem | SONOSGU Slash ©blkr nal

cyclesg |1 RS o lifR khd %%ﬂﬁc&?@?%ﬂo@&sr h?{o%rd Hﬂf&%%&h B&Seg ite

these limtations, silicon-oxide-ni -oxl de-silico ash cell
conf i gdedtdsamsthel sersicopduictor didhis stilvofraptitated dge for the differingqavditlectridti@gs at i on
wth o%h r devices (%n b@g %@3 conductor_die is still conplicated due to
the di FEEYPCRCGUTEmEte) BLePNOT Bymory eomfigumiions, B thin ORNRtayer; whishies
Mempr y nROad epy @t s énd b8 dhbiclds NQsbRY S the WY Ldd 1a0& tiRRs to

n }:rg[ys)(': har%ig | g@? S e Witintddy Qﬂﬁrgl‘%’td}é%e; 1a?§r. HfgrﬁH

trap and hol d S, Is use or the menory charge stora ayer.” Hi gh-
vol t agoliaggideriscang adgosformhent me theoyamersdlievmrmwalet far clpivingsthe mehmpory @ellssiand t he

menory 11S 1. t hese hi gh-vol t eyi ces .requir thick dielectric
| ayer . th%%% tlﬁ%l} ,%&ga&g’r pe‘fllc’%mr‘%llf © %o%%%i gbeﬁchﬁ% lyets abFer“irtg‘SIE’i G -Pevel

di el ectamplidatibak o€ Tataricatifig trheltiSave dléiecthierhicResses oh ftheemt didet inpRs, it
S addi{fgr)nal |y problematic to formand use an ONO | ayer for both the 20

menor yditferend funcsiops, iyis\addikionalbyprohlemsgic ttn domm amd vasl ana@N Qdlayercles botbgthen.

Thhs i § h éyé% | L1 r .defect s)  has not _

served feﬁﬁﬁg@g a%glé)o | ééﬁ%@ % T \iMé& Ita}ate;l(llalkﬁ fvgﬁaé%%&?%elg 3?%1% t%g‘&el)s (13’8%113%%1} t hus

requi r DINY taytr witB hétride traps (@bdéfeakehdshet I¥Rd @yl asa geqbdialetirit-layer for the
high-voltage devices, thus requiring extra steps to fabricate the ONO layers separately.

In contrast, the present invention provides an uncomplicated complimentary metal
oxide semiconductor (“CMOS™) process to fabricate multiple thickness dielectrics for
25 SONOS flash cell regions, high-voltage devices regions, input/output (“I/0”) devices regions
and core circuit devices regions. Further, the present invention produces the ONO film layer

for the SONOS memory devices and the high-voltage devices in the same process steps.
Referring now to FIG. 1, therein is shown a cross-section of a silicon wafer 100 in the
first stages of processing to fabricate a semiconductor device having multiple regions for
30 individual devices with differing gate dielectric layer thickness requirements. For example,
there are flash cell devices regions 102, /O devices regions 104, core devices regions 106,

and high-voltage devices regions 108. Typically, the I/O devices regions 104 tend to be



In contrast, the present invention provides an unconplicated conplinentary

nmetal oxide sem conductor ("CMOS') process to fabricate nultiple thickness
dielectrics for 25 SONCS flash cell regions, high-voltage devices regions,
i nput/output ("I/O") devices regions and core circuit devices regions.

Fur t Nefocaltli G BESSERY ﬁéegn%%n%f B0 RERHCHRC AR Ritd fd d B¥itie i vslfeae g VB

menory eV|ce voltage eV|ces I'n rocess st

Ref er.ramgndmwc:t thafb{Ghe H:J,rcmhMeB I(bcﬁteslhﬁ\ﬂﬁ: @r@dm&s&@bm@mmf a sili con

waf er 100 i fi r § es of r ocessi ng‘;eﬁ o fabricate a._sem conductor
Iy

devi ce havi F‘PI? B’i conglyciop g “&Wauodé\i‘?tb%%ﬂwqfh(‘@ff)f 8%i ng
gate diygicact ét@ dAY&hc izgv'ePlf@%? shR B RRISm ALK REGHR Been oRREEL ghE flash

cel | deV|ces regions 10 1/0 devices regions 104, core devices regions
1065  gatd dtnl@ltnwlabrclalglé devillyed silizgh ongle 08I0, Ty |has:a k¢opnd tliedeciiOlagevl les
regions 104 tend to.b l,ocated.in periphery re sof t he overall

e comitict SRR ol Bee GNP BRTS RReNe, Sh LA B RSp e CEeRIEal T he
ci reui aemﬂbﬁqscvgept Acﬁﬂstn% SRTE1 608 Vichgsatte Rl QRS ddRited BPerShé k&@Rg Waf er
100 has sem conduct or substrate 110, such as silicon ("Si"), on which a

gate dii@leétﬁcf lagen AlAbrbut 1gnlpfin b Elasth cel | deyicaniregions 103 ekhdbs highsvaitagn
f or med dielectric layer 112, usually of silicon oxide ("SI Q")
, has gev-sigbgg(ﬁé %ae éctric layer 114, such as silicon nitride ("SiN') formed

thes eover, Fhetermshbizamadtaedsqdrirsdn iedafinedias alplana parallde@até towRnfiodayD') . A
first photomask 116 ils then patter ned and deposited over the second

di el ecPiang of syrEgceof ghe Bﬁlfowf@enw t Freardlessipldls) qneﬁ@\?lp@eéfheé% ¥ertigal” and
the hi gl vqh Taa&?ecugﬁ\ﬁeﬁﬁ dic@et & 19(%120?1911 Ihend: & fih d’lO%ﬁg{lt ?&h a@Sopised

herein is defined as a plane parallel to the convent i ona ane or Surface
Of t he"dJIOIVc'b dhelwm",e footOfy”, ftegfar dide’s ¢asdf “isidswaﬂ’f)ﬁﬁhlgherb,rf‘loﬁl?été t@er, and

vertlgal ,,ref dlretlo endi cul ar tothe horlzontal asjust
def i ned ’ér’ﬁ'f? Efﬁwwétgresé’ﬁ“ QBP ﬁ)afp f-ow', "bottomt, "top", "side"
(agsin "sidengitdrm) “prodtk@ReT as usell HBin anchﬁ’d%rde oﬁlﬁ&h of Hﬁﬂ:‘f’ial or Bhdofigiki, ned
with respect to the horizontal plane. 15 The ?erm ‘processi ng® as used

her ei npattﬂlfmaaegxmws |dpveihplb¢ntnﬁt0émgalcl@mqgh@nd/loesmpval platiteematanig) or

exposu Q , Chl n ani_n and/or renoval of the material or
phot or @?tglggl\é%srrg ulferde 1?%8%65“1% gl Fbed structure. Referri ng now to

FIG 2, t heRefemngSncﬁhﬂy\EIG lz«;ﬂ&teﬁuest e.lfoamqhe Etrdeturk off @ilG oWk veRE Bichigag@f t he
second dielectric layer 114 and a portion of the gate dielectric |ayer 112

i n t hethe/sesonedielgatric sayer b yiksa R@ﬁoraﬁﬁthergétedbeléctaéW@éém Bghe HO daysepot
Pr 9% €Ct &bl o4 ifid fthd Sdre RBALLY 28Rk 188 not' MBtected by the first photomask 116. The -

remaining gate dielectric layer 112 is a thinner, unremoved gate dielectric layer 200.

Referring now to FIG. 3, therein is shown the structure of FIG. 2 having a second
photomask 300 patterned and deposited over the several layers in the flash cell devices
regions 102, I/O devices regions 104, and high-voltage devices regions 108, but not the core

25  devices regions 106.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 following etching of
the remaining gate dielectric layer 200 in the core devices regions 106, and removal of the
second photomask 300.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 following formation

30 - of a third dielectric layer 500, such as by rapid thermal oxidation (“RTO), on all the devices
- regions 102, 104, 106, and 108. The third dielectric layer 500 that is grown in the flash cell
devices regions 102 and the high-voltage devices regions 108 will show the thinnest growth
since it is grown on silicon nitride. The third dielectric layer 500 that is grown in the I/O



remai ning gate dielectric layer 112 is a thinner, unrenoved gate dielectric
| ayer 200. Referring nowto FIG 3, therein is shown the structure of FIG
2 having a second photonmask 300 patterned and deposited over the several

| ayers in the flash cell devices regions 102, 1/0O devices regions 104, and
hi gh- vglL.t: | el 08; he r 5, devices r.egi ons 106.
Referr ?‘%\‘Flg&%g\?ﬁ t(8 %é (IE?%WEIZ% ?@2%%‘, ﬁfhleg H%%@%t%ec%%%lag? Y E(():O[ ﬁll%lsogm?—z}"él $BF | owi ng
et chi ndevaées repivns d0aiinifregh gaide WhelseglomwincditaylerfradflGhé Bxpdred Gai@ndThees
regions 106,. and renoval of the secqnd photomask 300. Referring now to

FIG 5Senufeiductpr substtsyd Oy #nd herefire wilk befhigkest: 4 following formation 30 of
th d d i i | i i o o ,
on al | the: Secralnd PUPICRE M s vt Sl BEFTR, s RiLOR Blchuing )

| ay®er 8@Ddepwaitionoigr thind photdrheskfd08siver did varibav ilgess mehi UG dédesargdionkbe

hi gh-v age devi ces .regiLons 8 wil] show.the thinpes rowh since it is
ar own S 3P BHEG R eRe 1 04 Revolieddt Gicer ceniaprol TS Out prtathei Sl en | n
the 11Qedced@¥gions 1022 Tnlentdiih Mdvls 61 Allkede Emplzlg'tgtig?rgb{ find Ecﬁ'l chat g't{éﬁg ?y_e; :

500 that is grown in the core devices regions 1 resh oxi
grown Hi theeetopdidielestrin éayex pbk efithsiflask gell devicdseregivasri @b nBorca Hpiclibsbndt e

110, a r r iddbg t.hi ckest . ferring.now,to FI.G .6, therein is
shown ?%]eetcs rlg uﬁg"}ﬂ(ﬂéﬁr ée 1%1 p? %’I%f%% R{g@?cégfﬂ{% trags Iyge REFoSTHAYAE of
t hilo d HRONQrIS lor GXr eotRbinktivmsy artieOkspl hiaairSisi Rlcchee OISRV E VR cliregi 98S
104, cqre devices_regions 106, and hi gh-vol tage devi ces regions 108, but

not t heEcYifesdegieny 104, 1@Qsiand 4 08 dug ke ttoml photginaskio®0i on arrows 604 illustrate
i npl antatio fad far r: t " |8l | ayer 114
of the. 1 ash el MG B30 dfined Bub URSEROBFE SRR UDSHET o

| ayer feBibnsfl08j Whidhhis thensbmbiratioofwhd Linpmosted gatei di¢leéteic t1@P 200 indGhé ONS
contaipi.ng,.10 [.1+, N_ O " or ei.r conpinations, The inplantation is

sel ect flk}rrea %#8“&83@’%&995%@? I{é]laf’ﬂées 1g8IPne 484 28 ghosma 11151}?- 306s shown 108 due
t 014 heFidni 6, dhP BehBIHRS S Qqvdrl giot;t atierk [ kped gate
di (lal ectric layer 602 ?ﬁ@?ﬁgle%n%q%%é\iiaggslg %lﬁlggﬁrotﬁaédzjih&@%hﬁ%%&ﬁ%?%gw@

conbi néet oresciormpd inrthismegisn, gad ezaiewlly cintdrmediateethe2ickapstet o the hhird

di el ecly | er Q _for the 1./0O devic regi.ons. 104 as own in Fl 5. As
ahown el ENE 0% coBryie? ReT AERERHR idtiy pobaor B tReE R ¢ han
the t hitiltiretialifg inf the flasty &l dedibes tdp@dnsVIBS 2h@ B RolidPeeiREd RBiond 16S.
generally interpedi ate the thicknesses of the third dielectric |ayer 500

in the coreRefEymeaww wgilehd. thewimisshewe ther stegcives offdlGe 6dpBowingreroovapfr 112
20 the third photomask 600. The second dielectric layer 114 in the flash cell devices regions

102, following the implantation illustrated in FIG. 6, forms an implanted dielectric layer 700
having ion traps 702.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 following formation

“of a fourth conductive layer 800 on the scveral layers in all the devices regions. The fourth

25 conductive layer 800 will normally form the control gate layer for the several devices in each
region, and will typically be a polymorphous silicon (“poly”) material.

Referring now to FIG. 9, therein is shown a flowchart of a method 900 for fabricating

a multi-level gate SONOS flash memory device with high-voltage oxide. The method

includes a step 902 of providing a semiconductor substrate; a step 904 of forming a gate

30 dielectric layer over the semiconductor substrate, the gate dielectric layer being formed in a

plurality of thicknesses in a plurality of devices regions over the semiconductor substrate; a

step 906 of forming a second dielectric layer over at least one devices region of the

semiconductor substrate; a step 908 of forming a third dielectric layer over at least portions of

9



still remaining in the flash cell devices regions 102 and the high-voltage
devi ces regions 108. Referring nowto FIG 7, therein is shown the
structure of FIG 6 following renoval of 20 the third photonmask 600. The
second dielectric layer 114 in the flash cell devices regions 102,

fol | ow ks tiation 4 L Lustdat i N, i-npl ant

di el ec r?SgE ay%lrgg%%l %‘m&?\dggisoﬁ S{I?aoggejfggfélgg?jglra? {I%Eglot\%q)tsolﬁ%lo@nong%f

t her ei theisscaidaligiedttie lstr.ucture of FIG 7 following formation of a fourth
conductive | ayer 800 qn the several layers in all the devices rggg}ions. The

fourth 25 HOREAEE dFely Biepardertyhing matodp IRjoquse the multidvet ste gANOP ayer
for tNBaSPMenly dReGoth %igg%)%ﬁa%etéﬁ@é Rber@fbdidbuswel cal 1y be a

pol ynmor phous si‘licon ("p eria rring nowto FIG 9, thereinis
shotwn a f | ol hEhetsepficcandneohadbs®@0 1f101s fuitablycmepargd amd thel date dieleetricdagee SONCS

003" of pr ovi di g o SIS St Bieboaea Be soroad sfFegHC sl didioted Bate 30
dielectric |ayBfm&yevedt iR %ﬁ@&@@&ﬁ@tlweﬁu@t Nk s the Ners0 Phétofliast 94k ikC

| ayer being formed in a plurality of thicknesses in a plurality of devices
regi ons over tHtemediand frimed ovesilibseeomtlalielectrie laypr dbbingthe flesntaldevieecond

dielectric | ayer. tyl: one ices regho f .{he sem conductor
substrate; a sr?élgg%g(gz%?ddlgtr?'%glﬁagggéle?ﬁl%lif%%ﬂngﬁg%t ﬁ@ﬂ yer over at | east
ponbi ons of 29 THeesesembdidlediriz! lagdrild dndyeportiondf theSap dRIL R las& It kel y

inplanting ion traps in portions of the second dielectric |ayer. In
greater det ai |¢tchefdo mapriedbernin fg 1R deveestrssiops it end the cog devicpeiegiongat e

SONCS flash j i el oXd j |1 ows:
51 The se origt HSLEE ol b ek HRoUB R 62 TElE pRARRALTTSG RO |
dielectric | ayemovddlXF0G. Bi 02 is fonned thereon. Then the second

dielectric lLayer 114 of SiN.i farmed over the gate, dielectric |ayer 112.
Next, the f e S maskgh00ds 3&5&?@?%@% IRgristhg dlash SICEr
di gkectric | aygpiodd402,NthE RO fdedRbBs %%iéélsd%ﬂ, %g§ 2thé BPhOHaZO AeRREL region_s

hi gh-vol t age devi ces regi ons 108. The second dieleCtric
| ayer 114 and H8pdF¥s.30 of the gate dielectric layer 112 are etched to

erove ey G 0h0, P SR SR A0 I B e e ESR AL
then renoved.ddvideSreddnsd 108 hlioeaan dhdhotenEeknd $BOtohfisk 300 1k aehiRdedVer
the layers in (tF?& );)I ash cell devices

20 5. The third dielectric layer 500 is then formed over the layers in all the devices
regions 102, 104, 106, and 108. (FIG. 5)

6. The third photomask 600 is then formed over the layers in all the devices regions
except the flash cell devices regions 102, and the entire structure then receives
implantations for nitride traps, such as by ions containing H', N°, O™, or their

25 combinations. Due to the protection of the third photomask 600, the implantation
into the dielectric layers actually occurs only to the second dielectric layer 114 in
the flash cell devices regions 102. Also, in the I/O devices regions 104, the
unremoved gate dielectric layer 200 and the third dielectric layer 500 are now
combined to form the thicker gate dielectric layer 602. (FIG. 6)

30 7. The third photomask 600 is then removed. The structure at this point now
includes the implanted dielectric layer 700 in the flash cell devices regions 102,
which is the second dielectric layer 114 after receiving the implantation illustrated
by the implantation arrows 604 in FIG. 6. (FIG. 7)
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15 regions 102, the 1/0 devices regions 104, and the high-voltage devices

regions 108. (FIG 3) 4. The unrenoved gate dielectric |layer 200 is then
etched to renove it in the core devices regions 106, follow ng which the

second photomask 300 is renoved. (FIG 4) 20 5. The third dielectric

| ayer 500 ig then. formed, over,the rs inall the devices _regions_ 102,
104 106, akd %gf" cead ‘V%.lay?‘hébﬁ;‘?’F G BRRlFofRe 15 S BROEO BN over
the layers in ragibnd b tideddivi@s f6IRGIIAE Whiek BRPdevideis  doaile l@&hﬁ cOREREEFal

I
regions 102, and the entire structure then receives inplantations for
nitride trapsmaWeh(gsshopodGEhtaining W Y, 0- -, or their 25

conbi nati-on . Lon LLd _phot omask 00 h

i npl ant at i o?l\rhe ﬁi?o&@ﬁ@p%}sg Igl%ﬁﬂelc‘fgl %‘f‘@‘{e?‘éﬁ?ﬁ ﬂ%ﬁhl %}QIBSJE,YU es‘flc(?nqagn‘f%eiwghsecond

di e$ ectm uncdmyliztaitedl KAMIOS probess ftha sheldefdur dlﬁ'féréﬁsga&ﬁ@iieléﬂﬁich@ﬂmégssr@%ioﬁﬂ t he
te dielectric |layer 200 and the

116 deylcegspine 10 fho, wrerpved qate dflectric laver 2o an
di el ng@:@fAréﬂ{@ T/()G@Sripﬁe!:r#ﬁ[l%@es 30 ﬁﬁck-gﬂesiﬁé%' tﬁ%ﬁﬁ%@ﬁ?ﬁ@ﬁ%&ﬁ%fﬁggoh%ge&hﬁec tric

removed. The structure a i's point néw 1nc nte
| ayer @canple, twhee thhiaefhthe didh-gevd ces desgeanEvad tickenightel atesprohides ésrahe

dielectric layer, 114 after receiying. the inplantation illustrated by the
i mpl an&%hvé)huta § rdsvieeB 03U, af 1 %‘.e %‘#k‘ﬁdt?ézp fesngistoss, dhatyde  thec Baducellve
| ayer dohi@ingexanpl e, a poly gate) is then formed in all regions of the

device, follow ng which the device is conpleted in conventional manner
(not shown) Singfageousiy, Phiag fthe sdme pragesses.¢hé¢ SONORiflash tdl dielegtrios a8OMES f | ash

menorycdevi;ce | cat ] n.tnconpl i cat ed pracess that_vyields
four dr épé n}t\&g}g{n‘leachgi g?ecc etrﬁuh%;" ? ?ﬁrcclyrlpegsﬁierlg&q%ﬁ%?on%et‘{????ﬁi@pst i ®Rness
| evel flasH o¢ll 1ONO Hagh; teeedesshigVehédtd-Rgdingofu@ctitialifes mfdhRelSn HdRameat es
for the I/O (periphery) devices are thicker, since these devices operate at

vol t agB®eesSoptepe xinpitech the duch-waktagsr spise laypish 2ap demeshr e THevicsds . isEven

t higke i . i gh- . ' . h as..for the
e e

Si mul t teeblegivs tossinnigartehesly form gil the dsgiess repioes GOMESE.| ash cel | dielectrics
are al so

=

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

20 embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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formed. Additionally, by carefully controlling the inplantation of the
defects/traps in the flash cell ONO | ayer, the necessary charge-hol ding
functionality is inparted in the same process steps in which the

hi gh- voltage gate Iayers are formed. The result is a 15 straightforward,

econo INVEE}@ |(1th gld hi ghly versatile process using conventi onal
technologies To similtaneousTy formall the devices regions on the die.

Wi | h bed h f b
mde, 11 o BOEALER R ey R e bt one, “ana

vari ations mdvidlﬁgamaémbtdr@ubs&ﬁme Skl |led in the art in light of the

af oregoi ng description. Accordingly, is intended to 20 enbrace all such

al t er nat i veformingp srisadiplsaisic layer avar ﬂﬁ PR SOTKICtoR Sﬂbﬂtwatmth%gﬁetdm@e@pc rit

and; scope of th Is A et forth

herein or shown ?‘X%Eélﬂg:%gg%é% Hﬂr%]ltg\?ﬁtftr\&gc%?gesg gﬁbe&uﬁa?g? por%e S n an

iI'lustrative andragomsloiver the Begn'memhetorkﬂlbs'ﬁldE | NVENTION CLAIMED IS: 1. A

met hod far Fanuf act u“fi]gl,ef‘ g rated circuit structure, conprising:

provi di ng a  TEMREHIEEL IdpyeXoger gt dzast ong of thadevicrsatdensi ¢ | ayer over

the sem congigl a IRP HfRERIC 1 9& (9)%% 8t f@a&lae Sekibfi of thd 8%Ehd RRINE S Bkgf?d Ina

plurality of thicknesses in a plurality of devices Tregions over e

sem conductor sudtrate; formng a second dielectric |ayer over at |east
of the d vi.ce orm.n t hi di el ic.layer over at |east

a g%rtl on of® ?cﬁwe%é %3185&9%%?%"&8?%’39& o{tgﬁﬁﬁcofg%éeé cé%‘i %@I y inplanting

ion traps i por ons of, t d dielectric |ayer. The met hod of

claim 1 whefein %n}eg}?dt?fg‘g@ fé”r}leFFﬁ‘Péliﬁ’é’B tfﬁP?@EF‘anl?lﬁ@e@ I‘hrF’%h thedhisdt ri c

| ayer. d@lecﬂf&%ﬁ@%fi hod of claim1 further conprising fornming a fourth

conductive layer over the layers in the devices regi ons. 15 4. The net hod

of claim 3 whereirfe Jdo %’lﬂ? r ate

| ayer. 5. The matﬁ gtéﬁ% %‘%1%1@? elc\réﬁ?h% o ag%%‘%th(fgﬂ{l Vel efayer
i n a pbuardhd kyers af thehieckoeegeas.f urt her conpri ses initially for m ng t he
gate dielectric |ayer over the sem conductor substrate in a

15 4. The method of claim 3 wherein the fourth conductive layer is a poly control
gate layer.
5. The method of claim 1 wherein forming the gate dielectric layer in a plurality

of thicknesses farther comprises:
initially forming the gate dielectric layer over the semiconductor substrate in a
20 | substantially uniform thickness;
forming the second dielectric layer over the gate dielectric layer;
~ patterning and forming a photomask over at least one devices region;
removing the second dielectric layer in other devices regions;
removing at least portions of the gate dielectric layer in the other devices regions; and
25 forming the third dielectric layer over a plurality of the devices regions including at
least one of the other devices regions, the third dielectric layer combining with
unremoved portions of the gate dielectric layer in the other devices regions to

form a thicker dielectric layer therein.
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20 substantially uniformthickness; formng the second dielectric |ayer
over the gate dielectric layer; patterning and form ng a photomask over at
| east one devices region; renoving the second dielectric layer in other
devi ces regions; renoving at |east portions of the gate dielectric layer in

t he ot her device I ; for.n t:he. thir ielectric |ayer over
a plurali tyg'of t%erﬁﬁgé\)/(?gbzgn a?lggﬁcgﬁglgiaﬁé S%i% F]eélhcgﬁc{m F%a%t%eb%ﬂémgfsqg‘le ot her

devi ces regponiling Aaedohductbe betatraiechdvingest Rasrtfirgi, Rgcotd! Fhird) ke mey:ek
portions of the gate dielectric layer in the other devices regions to form
a thicker diel ecPy1eSIrege?s:t herein. 12 6. A nethod for manufacturing an

i ntegrated g J hSi ng: idi sem conduct or
substrate havin %%zﬁ% gggcﬁcﬁ%{r%g{e@%g ,mtoﬂ@jrc , Sgh%&%égurt h devices

regi ons; f ofomnngg @seganddigdiectredbydr ovemthe patoddrleditielagenyi conduct or substrat e;

5 formng a_secand diel ectric.layer over the te dielectrj¢c |ayer;

pat t er ni ng ]ééﬁ%n?lﬂg Wﬂ?owgr%ﬁrsgw&@%& 06’%?9%5tltg§?’tr3ttﬂl§f ?quftgt‘feé{ﬁﬁsf ourth
devi ces regi onsjeof@@DVi Ng the second dielectric layer in the second and
third devices regions; renoving a portion of the gate dielectric layer in
t he second wavivérssthe sgfiond dighestihlayerlio thsecomd guktbirdidevieestnegions;ayer in the
third devic region: form a third diel ectric |ayer. aver the first,
second. ¢ hi oVt ParioProtlt e SRR RT 5 IS s et et

com®i ni ng with t&eirdgatedvlesipRiyed drhothildRviceategicht el ectric |ayer in the
second devices region to forma thicker dielectric |ayer therein; and 15

sel ecti vel ylamngat thig diglectricayes gvem thes Besbneecand| déndy japd | fapeh devicepe
Tiret devi A _ _ o . Yo 1
1ot anted & hr ougl AR it eREHEI R ol W B dnoviS peffod 6B, B €

further conprisi gge fdordedtnig leyef outhehsecamndddsidey ecdioy &5 fordDa dhiekertdieedtdyers i n

the devices regi %gs. 9..The method of claim8 wherein the fourth conductive
layer is a poly Ghtthgiein; and
15 selectively implanting ion traps in the second dielectric layer in the first devices
region.

7. The method of claim 6 wherein the ion traps are implanted through the third

dielectric layer.

8. The method of claim 6 further comprising forming a fourth conductive layer

20  over the layers in the devices regions.

9. The method of claim 8 wherein the fourth conductive layer is a poly control
gate layer.
10. The method of claim 6 wherein the first devices region is a flash cell devices

region, the second devices region is an I/O devices region, the third devices region is a core

25  devices region, and the fourth devices region is a high-voltage devices region.,

11.  Anintegrated circuit structure, comprising:
a semiconductor substrate;
a gate dielectric layer over the semiconductor substrate, the gate dielectric layer being
formed in a pluorality of thicknesses in a plurality of devices regions over the
30 semiconductor substrate;

a second dielectric layer over at least one of the devices regions;

13




gate layer. 10. The nethod of claim6 wherein the first devices region is a
flash cell devices region, the second devices region is an |/ O devices
region, the third devices region is a core 25 devices region, and the
fourth devices region is a high-voltage devices region. 30 11. An

integrated gil:cui: : rjsing. em caonduct or substrate; a
gate di el ec%P{I@J#lglgéé&g@ée%?%g?%g%ac%dﬁgg%?%tﬁeg% 58 (raée?eec?mf {%ergg? dielectric
| ayer bei ngscléativalydmiptangedrbitraps inypofiorishif eheeesridiblocteicpyeral i ty of devices
“regions over the sem conductor substrate; a second dielectric |ayer over

at | east one.of TheifayhcesiréBGitRRAire dBclaint N WheliPIBGSS irfps AY Bhpla¥ed at
| east a portion of the second dielectric layer; and selectively iInplanted

i on t r tiyeughthe Byind delsctye layee second diel ectric layer. 12. The integrated
circuit structure of claim1l wherein the ion traps are inplanted through
theSthird di®l ecThe dnlegsatad cBeuiB strittord of egaiat dd furtheuicomptisingt airfeunh cl ai m

11 furfher. conmprising,a,four.t onducti.ve | ayer over the layers in the
devi ceégnrdgﬁﬁ“(’)e%yerﬂ@g*ﬁéaﬁefﬁ183?%&%"6%5ir‘?%?ﬁlst structure of claim 13 wherein

the fourth nduciive layer. is a pol ontrol _gate |ayer, 15. The .

i nt egr at ed @Pr cuﬁ‘e dRtPgrRted reyft %P’éfﬂ‘ﬁgf% &7 rwahqs@n ¢ dowithh cepductiye havi ng
to a playeeikiatpblydontdl eiBeseLs further conprises: a gate dielectric |ayer
having a portion thereof renoved in at | east one of the devices regions;

and a thirdygiel I . | TN j.C egi ons
i ncl udi ng t}fei' one ed\l/tI% é‘g"\&e{“e‘:gif%ﬁ? t e&f{%@dﬁdﬁlé?%gﬁlg%quacgeé?&%g YR ng
wi 1h t helualite obthecknpsses fuathenéorhiméses:15 gate dielectric layer in the one

devices region to forma thicker dielectri¢c |ayer, therein. 16. An,
i ntegrated @ﬁﬁ@ﬁ?ie%%ﬁeﬁ VIng 8 BOFH O Sr:eogreélé’ﬁ‘ie@é‘hah’@?%r‘m§ @bherdavicehavi ng
at least first, goeAROand hird, and fourth devices regions;

a third dielectric layer over a plurality of the devices regions including the one devices
region, the third dielectric layer combining with the unremoved portion of the
15 gate dielectric layer in the one devices region to form a thicker dielectric layer

therein.,

16. An integrated circuit structure, comprising:

a semiconductor substrate having at least first, second, third, and fourth devices
regions;

20 a gate dielectric layer over the semiconductor substrate in the first and fourth devices
regions;

the gate dielectric layer also being over the semiconductor substrate in the second
devices region, with a portion of the gate dielectric layer therein being
removed;

25 a second dielectric layer over the gate dielectric layer in the first and fourth devices
regions;

-a third dielectric layer over the first, second, third, and fourth devices regions, the
third dielectric layer combining with the unremoved portion of the gate
dielectric layer in the second devices region to form a thicker dielectric layer

30 therein; and
selectively implanted ion traps in the second dielectric layer in the first devices

region.
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20 a gate dielectric layer over the sem conductor substrate in the first
and fourth devices regions; the gate dielectric |ayer also being over the
sem conduct or substrate in the second devices region, with a portion of
the gate dielectric layer therein being renoved; 25 a second dielectric

| ayer over e g - di ric | i he first.and.fourth devi,ces
regions; a m r d?’[gf?léjl(?ée%%tfg?élr‘%ugg/sé[ﬁl\égl\r/%?ﬂfl%fgl 11% r feuéglfé%{,}lal?sl‘ﬁr? goRlaRtad s our t h
devi cethrowpdi thorthirdidielecttibidydr.di el ectric | ayer conbining with the unrenoved
portion of the gate dielectric layer in the second devices region to form
a thicker digl ectThé Gnlegd@d cB8hit RBLELR oRNGaise!18CHirtet Beohgﬁlsﬁ&%tg%hﬂﬂ traps
in the second dielectric layer in the first devices region. I4 17. The

i nt egr eQnslgcdve leygriover the davigrsendhie dgvadesragionsherein the ion traps are

i npl anted through the third dielectric layer. 18. The integrated circuit
struct ure oi9.cl ailthe iBegratretiharcugtostpiciige ng @aifro U8 tvhereiantie dbindle chadetivever
the layers. in henﬂerhge regions. 5 19. The integrated circuit structure
of cl alft™1'8 2Rer @Ot B 18t h conductive layer is a poly control gate

| ayer. 20. %Ee iiﬁegrated circuit structure of claim 16 wherein the first
devi ces regton i dhe Qiggrated creyf stguire Cﬁ@@ﬂ&ﬂwmﬁﬁét@%@ﬁﬁde@é@i@ﬁgmﬂégion
s an i i t T i r-eql i i
region%qgﬁgw%ﬁgﬁ?gﬁ??ﬂﬂg%Jﬁgé%a¥@5?3ﬁ§¥§£§ﬁﬂfg%@gnggagmg%éﬁggaﬁ%ggﬁéegion.
15 devices region is a core devices region, and the fourth devices region is a high-voltage

10  devices region.
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