 sem conduct or Hisorreseat ventipg €hifscaenFragy

e3eTAJ&p6Tkz[17 AUG 2004 METHOD FOR MANUFACTURI NG DUAL VOLTAGE FLASH ‘

INTEGRATED Cl RCUI T' TECHNI CAL Fl ELD The present invention relates generally
to the manuf act uri ng of dual voltage flash 5 integrated C|rezéts and nore
particularly to a method in which the mask steps may be reducdd
conventi onal processing used. BACKGROUND ART Fl ash .el ectri-cally- erasé@ble
progranmabl e and read-only nenories (flash EEPROVs) are a class of
non-vol atile nenory deV|ces that are programred by hot electron injection
and 10 erased by Fogforaiier (BRIM wﬁmélwmt&fmetzare
r ead/ progr amred byte yte or word- and are erased globally (ful
chip erase) or parti al I y byFbAﬁﬂrfﬂ‘iTcEﬁﬁATE@r@WHt the overall array
‘(sector erase). These integrated circuits generally require dual voltages
for operation and have peripheral sem conductor devices along with the
flash menory cell which use thes 15 Each menory cell is
formed on a sem conduct or substrﬁ?gﬂ?ﬁCQEfﬁgﬂglIlcon die or chlp) having a
heavi |y doped drain region and a source region e

b et o dief Bhoegfer, doped
deepl y; di Inftég?ﬁéh GRSt OMdaRske ?aﬂi@ﬁl@rlfﬂ &ﬂa/tnleﬂﬁodidecrsthalrﬂa@mebsﬁﬁ@%dedmegi on
enbedded 1 nthe substrate. channel region separates the drain region and
the sour cend egveniionafipeocsingypetel | furt her includes a 20 multilayer
structure, commonly referred to as a "stacked gate" structure by which the
charge indicative of the state of the flash EEPROMis controlled. In the
past, in manufacturing a dual voBAGHGRIAASH ARAHPROM after active and
floating gate polysilicon areas are forned, alternating | ayers of
oxi de-nitride- mme&m%-eﬁﬁsetb&cgmmmbmamteamﬂtytmmomb (Basty Eﬁmomn he
polysilicon and the 5|I|con substrate,

hot
then i nt r ERACEHS CHYBY UL PEPPIAETE R Fhéh‘?fga%g%%%?‘%ﬁie tltﬁjgelgatfo 1 Jg& %{val de

layer 540f cfl& wikaNbRweth hnnemoomge ESPRODD 53¢ reﬁﬂ/@fbgtziﬁuﬁmm@bjt bﬁe bot t om
oxi de of the at the peri pheral gﬁon of t e |nt 8/rat ed Ci cw

oxi de (f oror Roghbxr§Pidaged %re&r%%&%ﬁ%ﬂ b%?fﬁi? gF BRI P YRR B BT 4 'l°8n 1)
~after remyygle Qferdiingr Pﬁ%ﬁtor Lrase)” 11%5%0%Q&ﬁc1rcult§b@ﬁﬁﬂy Qéﬁvjﬂy ,dusl volager of
masks had to be used for the | ow voItage (LV) vel T, hannel , and

vol t age t Hpreereertign (apd hayepirpheral gemipongictpgdeyicsy alpag “tl \f} REPPTYi S ant

a second far AR sPald ehidotPf1 d) inplant, a third mask for an LV thin gate
(tirst voltalgl‘{%L S‘lfzt)anane ~ i nplant, a fourth mask for an LV fhick-gate

(second vol tagé)icmmalrfrﬁeﬂ is/forged ﬁmaéﬁmlcoefimtor EpsHRE K- §-0t SiiFPRI e P gat e
(first vol @ s éﬁ@mﬁ@tﬁ'édfﬁﬁhea&nﬁéé thktitdrk - gat e
(second vo a)mﬁ-gﬁ%ﬁéeil Mam %%ngthd ai\g%fq{lrt %r mask |slthen i nt rnoduced for
the LV t hlsukstga:l eTh)b(stJdaielr@%IO@ rﬁemer entainnal lightlddonsd [depply diffusesl ©aioRta8d 2 o
renove the_gate t eat eV R

thermal |y g&oml}nea‘flfé/ &' &glg%oga(ﬁl %%%IJF%{OEE%}%?@&%?D%% ﬁg ttéjeAmas © i 0 0_n '
Finally, asepirhes tktmﬂ#auvmmsmﬁ fier squbre tegfonhi Fha ateaonx icdlk fethentindifearnd a

further oxide, stri Fi nal | St Jafef ethe
‘r emai nfthg nglHtFé’ ﬂg’ﬁ%t < §?%$‘§h15fref{eheé& Ir?r)taaﬁliﬁf ac%'(url % gtr‘%%‘érgy?@{r‘ %ﬂ
EEPROM ar eingratfverofetd. stald st thoftash EEPR}QMchanddl emati ¢ because of the nurrber

of masks required and inc atab|I| indi M 0 e y

di fferent foundP%&s"agW@é‘ ? ‘i%l X%l 151?%1 %#%/If (%{Fer%g@‘?eﬁ%fiq?g& nor e
uni versal prOpEISSlitATrE9AE: PEBR, 2Qk@ing 1oydrs he@clmm&ldewxicmd@h@)tdd@@tmmose
skilled inthe art. DI SCLOSURE OF THE | NVENTI ON Ttl F tt %nttor

provi des AnagRHoHas bemiedyi Aetn o8 thaaAlyPleet rhie S ts}%&%& *voltP tage Phsh

Menory ;4 nt &gy nﬁﬁk)%ﬁscmbﬁ irftlot ek b %el@éhv@lyszﬁmt@ﬁtdmt@ﬁhesmbSixfdatmd métddan g a
20 plurality o | ow trench isolations _and a floati [h%&)%ate stJucittHre

first dielBgempiof thea@ep follopst (P incxéfeSIRANG Gfh PeTTBEY PG BT ons of

the sem Coeﬂtdf&t%eﬁﬁe Bﬁérmtgotetmt idtskat@drcond | ow vol tage devices. A
second dielectric 1ayer formed over the first dielectric. a d the

~ sem conduct or s&ubemdat(@rélr@ wolisae draeest wapthsamally gepsde géteroé‘tﬂaé?fl Brithe
~sem conduct for. the second | ow voltage device. Athird
dielectric é“%ﬁgﬁégg%%ned 25 over the second dielectric layer to foama
floating gate including the first, second, and third dielectric layers; a
first voltage device including t he first, second, and third dielectric

| ayers; a second voltage device including the second and third dielectric
llayers; and a third voltage device including the third dielectric layer.

- This method is sinplified over the prior art and uses individual processes
whi ch are conventional and well-known to those skilled in the art. 30 The
- above and additional advantages of the present invention will becone
'apparent to those skllled |n the art fronta readlng of the follomnng

o, = 1 o




0 ~1 | AUG ZOOzl BRI EF DESCRI PTION OF THE DRAWNGS FIG | A thr Ough I D———-_—.

shows .various cross-sections of a wafer in an intermediate sta@ Ef%y[; 2004
manuf acturing after deposition of alternating dielectric |ayers

t hrough 2D shows various cross-sections of the wafer after the dep05|t| on s
and processing of a photoresist |ayer and renoval of a portion of the
alternating dielectric materials; FIG 3A through 3D shows vari ous
cross-sections of the wafer after deposition and processing of a

phot or esi st | agerscquantly, Fplmbeatfingsks Fdep bapsqdﬁerothglrpmwl@a@ Vvl ald,
cross-sections of f osigd kan, Sﬁ&g tﬂgqqu%ag arfl

phot or esi sb nInayerd %1%15 F%lﬁf(‘ia{l Oﬁﬂﬂ;& gA throu SD shows v:';?[{ Etl)usaL

Cross- sectsem@ns fafant e Pv@a‘i@(PfEdD timplaoke p dlgiid ek fof araLéﬁ téinaﬂtﬁrﬁfnfstl‘faii@e ) P-

deposi tion, and in yer, ' npahlQR; I G 6A
through 605"EHGha" \}B?agtUsgfgr o}égﬂgg%l oﬁ?%?hl{;‘ﬁ aq\g/va(t?e%&gi %gparg@)depos@tl on and
processi Ngmefan@ apifol masgksios tm LAY thin-gatel (ﬁmqahmagfaﬁi-omﬂndlw Fin@lan7 And krspdigh 7D
shows various .cro tio s of t r osition and processing
of a phot d?aéglf%rta“ig/%?& feﬁﬁ? c’?téli ﬁlgﬂﬁgh %‘-ﬁr ough 8D shows vari ous
cross-sections pruﬁhétena&aﬁﬁherafmzedu@e}ﬁﬁshé LUnhlak]gatpbKldEtEml angpiiof, aad oxide

phot oresi st | ayer and i npl antati on hows wvari ous

cr oss- secttghs gl e’tnﬁ’éte‘%l\ﬁlfrg?m?ﬂ Slgatﬁé’ﬁ’g%“m @aﬁt&én[gyg@ Dro‘tgé%tgl PRGE g0 as

phot 0res'StherlT@M?ErroWﬂQaBaﬁﬂ'@kiaétlcﬁlfﬂ)atﬁéﬂﬁh@@ﬂbfﬁlehﬁ:}ﬂer FIG 10A t hrough 10D
shows variQus_ cross-sections %? fer af ter deposi n andbé) cessi ng
of a pHot dnels tnoRey BRskaHeR HepBs HEILORh 24 OeA SREPR 8] 4 Gapeiicere. 11
through 11D shoynyad fulth éf@h@ﬁﬁaors%(‘dep&lﬂsd aid thbeonadies cafvb@lonslepsofiven of a
sem conductor materi al BEST MODE FOR CAERYI NG OQUT THE | NVENTI ON

Ref er ri ng mew «’tcélfFlgtBFocissﬁmtth? BHGEEF ROM preacEPISSr e shown vari ous

cross-sections #gf fold %z% %}%PB@Mehml@q;@@Ju@éioslﬂ{ecaﬂi&lbeatofamagket:ediﬁmdlaaltie
stage of manufacture. . hows -a nenory_region upan cogﬂgl etion

of pr ocessinpgnpdtdbility orﬁthainﬁwai%l DOSFSF ISy sEH bﬁeiﬁﬁ?fﬁﬂtcféw@eil A‘Fﬂ‘é‘“?ﬂ Rty of

menor y e' Lv uth. a?iow‘flnj a O i1ﬂ5@%té)ﬁlx@er§@ pRREs RN HAG thREn SHRAL Hat s LGually

, general I con tpo whi ch shal | ow trench isol ations 18, generally of
an oxi de, lwagelub@eth%fe@klﬂﬂé@llntﬁﬁé‘tl npl antati ons for form ng the channel s,

wells, 3 @B.7 AUK 204 and/or junctions of the plurality of nenory ceIIs

11 will have been conpleted. A gate dielectric layer, generally an oxide

| ayer 20, has been fornmed ovESCLOSUREKVHBUNYVENTRONStrate 16 and the

shal l ow trench isolations 18. The oxide | ayer 20 generally becones a part

of the oxide Wﬁ@éen@fmv&ﬁﬂi@n%ﬂ@]ﬂéﬂm nfegtivais |pﬁﬁicﬁtilf6£n§1aﬂlﬁ‘acnﬁcﬁlg5i1mMﬁple
“polysilicon has been 5 dep05|ted over the oxide |ayer, 20 aqﬁ gatterned to
forma pl ureltaseyilagh MsEI9s IpteEeRd Ireut SRy hgacas? ﬁnlé?fﬂi“‘étﬂ STHERE Y P Byer s of

di el ectpic FE?}IE;( bf"ghall@v?trgl\.@ kAYiRIns 26d 2 MBMEDRBNLIERAS] A Gkt AudctddiByer is
pl urallty 5 ysilicon floating gates 22 and the shallow trench

“isol ations fmsxed Thba ONOon sYRIVeR I BPRET SEINDYE th SaRFRARHY TATEIS BTt Ride,
nitride ang %ﬁi ijo%v vﬁé\i v?}é%g AQUdn8 dE:le@mc]i%ler Esh@ﬁﬁ:‘d%vbﬁh@ h%\f‘@eﬁc@l@ rlzty'e@n of

a peripheral Tregion to upon conpletion of processing will' contain a
plurality ahd thksemuiontag@rdwh’ﬁtc@é% ang. a TeetidnnpimavedtPofPosol 8 /8§ thhe

channe s ha‘g’g&{gggduat%%u%%@ty B bR Aok BEILRUEALL LY bl Alibay Bl LAGRde] ces

N co € r'emai ni ng hose
el ements V\kaivex’rthas@onméelsm laysr. torfOpn ewﬂ@ysg BrteScluiing He Sirgrrgeand, #nd thiié same

Com contuctbpessttiGirar A e Tesb AR PR PGNP Bl 9 alheA RS
~second voltage device including the second and third dlelectnc layers and a third voltage
device including the third dielectric layer. This method is simplified over the prior art and
uses individual processes which are conventional and well-known to those skilled in the art.

370 The above and additional advantages of the present invention will become apparenf to
those skilled in the art from a reading of the following detailed description when taken in
conjunction with the accompanying drawings.
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- Referring nowto FIG 1C therein is shown a peripheral region; which upeh—r
conpl'eti on of processing will contain a plurality of first |ow vHI,Zag@S'ggg?
~ devices 13. At this stage of manufacture, the structure is the same as FlI
- 1 B. Referring nowto FIG 1D, therein is shown a portion of the peripheral
region, which 20 upon conpletion of processing will contain a plurality of
second | ow vol tage devices 14. Wien conpleted, the plurality of second | ow
vol tage devices 14 will operate at a |l ower voltage than the plurality of
first |1 ow voltage devi c@RIES DERGRIBTIE O 1EE BRAKIEGCT A through 1D are
formed by conventional processes well known to those skilled in the art. 25
Ref erring nowHRiG. FA Grodh, 11} Hemeivaripes astrowprtioheofst Vet ifrae iBermdate $98%havi ng
a phot oresj st k or.a i r the ONO | ayer 24.
Referri ng"flﬁ’éwug‘gg"ﬁf‘@aﬁei%,e %@@?Elt‘%’gﬁ@%gﬁ&%ﬁgaﬁﬁ'ucture of FIG 1B after
removal of therlgxdehmngh ADt shbete vhagusraosksomipnhel RO/ Afeyedicr the degoditave a
bottom oxi de | ayer 2 ich is. integr hth. the. :  d tions
18 and® t hE9sR¥RT 8’&%8%?\gﬂc’@%‘gﬁaﬁreanﬁé%gﬁm IQEF é]rlarﬁfoﬁlgﬁJ ﬁ%%vwgégﬁ%?%%%%?ﬁc?her ein
i's shown fherskructure of FIG 1C after the sane renoval process of FIG 2B
to show t'he bottom oxi de, I r 28 of the | aver i IR he
shal | ow t r enchfiCs oGRS ’%S%ﬁwa V?ﬂ%usscé?ﬁg'%ﬁ Illjsc%(tgtrheévu fésr'?l trﬁgxtg?a&f%l%%&& ~'P,,
A~~ 700~ Fi%f:é‘s@{fn'glaﬂapméﬁstl’?i;@rmﬂﬁ;nplalﬂaﬁeﬁ;n is shown the structure of FIG
1D after the same renpoval g c;](éess of FIG 2B to\%s{?low tfr}eaﬁkélo?é %ggﬁ%ia%g | ayer
28 of the ONO Flkydp BrpughLyhers WEE At RS SHACIOW YFefich 1 Sol at i ons and
the sggic Hﬂh&%ﬁg%ﬁgi@&weﬁgﬁaﬁ@anﬁafﬁnwiﬂ@; now to FIG 3A therein is shown
. the structure of FlI

G. 2. A having the ONO s nmask tﬁg‘ re vgtdﬁ:‘?ngsign gk%\ell
mask 30 deposi F&H Sévisrough sDONOWE 39aeusossiFians Phge ign ™t B “tferein
1's shown G §ids 1&5%&,%e§osﬁfon':ah@?m%%sﬁ§\bifaghét&@sied ek landBsiadficdeposi ted on
‘the bottom oxide 1ayer 28. Referring now to FIG ?}’g t herei {EPI s.shown the
structure of FFI§ G@CthenshrftP shRvsNREPYS FraSIeey aap B YU, 2iF5LERFHRE 2% nd

devel oped ks QPEM A irdiddediogn N-wel | 10 inplantation 32

“ through t-ﬁé&‘:ﬁ%ﬁ%ﬁgﬁesﬁ ag%rr 28miﬁjnto 1tohe sem cgnduct or substrate fg an

" ‘oxi de Bt ch hasFHaeh: ferishr ahays Yasnsy EoshechEs vbMcoXildealieayierost®nidglex pose
the sem conduct : g now to FIG 3D, therein is shown
- the structpﬁ?cggsﬁ)%@é%%%gﬁgl\#ﬁgn?ﬁ%ﬁN wel I mask 30 deposited, patterned,
and devel oped FOGfk thraugme®k shpenianigus Aosesectidrs ofthgerpfen aftgr Aspeiion 6n 32
through the bottom oxide | ] e sem conductor substrate 16, an
oxi de -etcP'PrﬂcﬁSl%%ée?ﬁpglg{r%feglrsﬁég&taég}I{leﬁ%[\%&({hhe bottom oxi de | ayer 28 to expose
the seni conductras. SAlbisbugt 2D BowRedrious cregs-seotiprs e frhaGvatepatierticpesitien adshown

‘the structure of FI G, 3A haying the N | & renmoved and a P-well
mask 3% deWB%?STI%Oéoa\Pé’P%ﬁ‘fg’?&ﬁgﬂngﬁr?ov ggéazdd %e%%lr%%xhg now to FI G 4B,
“therein i s showiGt it girdugatiODeshofs FriBus 8Bsshaviiang of He Wiepsitier dapotitigyand
deposited on the bottom oxide |ayer 28. Referrin FIG 4C, therein
i s .shown tPECSHPER "uﬁ’hé’tod?mlt—“faé?r aé%%ﬁ%({?%ﬁ)& 0? gle -Cuv\{/egllélgyr:%&s 34 deposited,
" patterned, and meyelQpesighd 1DahowavirRak copestigs offiteeyafer dftenddppsition of a
i'npl antation 36 through the bottom oxide |ayer 28 into the sem conduct or
substrate seucEduaer BEFRHA- et ch has been perforned to renove the bottom
oxide | ayer 28 to expose the sem conductor substrate 16. Referring nowto
FIG 4D, therein is shown the structure of FIG 3D having the P well mask
34 depasited, patter n8ESTAMADEARR EPER Y G @ MTEERRMEN ng. After an
N-wel | inplantation 37 through the bottom dxide |ayer 28 into the-

~ seni conduct or SREBirnghewt6 FI@n! S throwghddd,ehartin hesshowe rvaperst GeBections petove

t he bottomo igﬁg{ﬁ&er 28 to. expose.the sem F.oapbstrate 16. As

woul d be uﬁﬂé‘r B'ﬂlte?ﬁt&éélr%‘ﬁoﬁ F%H‘ttﬁnﬁe?lﬁtg S%g?, g%rtqhactﬁ‘ﬁé first and second

1 ow vol tage devigegAlshoand mehot tgiomgnitaciuginwetnpletiamdf Frovgssing walbcamin above

FIGS 3Ct rzlirIg)lllfr(”gllriltysof memory cells 11. The plurality of memory cells 11 will be formed on a '
30  semiconductor substrate 16, generally of silicon, into which shallow trench isolations 18,

generally of an oxide, have been formed. The implantations for forming the channels, wells,



RS

-devel oped t'0°
“t hr eshol d bych¢ ae© laygpl2ant at| on is perfoned through the openings in the

.under st oo

sem conduct or substrate 16 so only

~ ABlI ~ 200p 3D and FIGS. 4C through 4D show representations of
~.inplantations through openings in the respective masks 30 and 3
@@@@mm

actual ly expose different portions of the sem conductor substra

only one type of well is inplanted in each portion. Further, the N-wells
and P-wells may be inplanted in any order. 5 Referring nowto FIG SA,
therein is shown the structure of FIG 4A having a first gate oxi de | ayer

38 d he 4 d k 40
dopost { s BUEEHE It GHPL bl dnny ar sa i Mgt cUPRRE LA &

therei n i giekhgioNialéte gshdralbt wi exilk tayﬁ 20} Bhala abeie goried cﬁver she gatigomiucide | ayer

38 deposited over the botfom oxide er .28 .and St v \ge P- channel
to V, mas R‘ﬁj ﬁaaéﬁﬁfiﬁ%%@b‘é‘? At ‘F?lf‘g‘{“sgla%t gnt?x(t‘ﬁ} nt‘yﬂé’p %ergdlfy PPFst gate
oxi de | aygﬁn 3Bthk Bxib@a0He] dTkkeshiaBog tromdh ﬁdbatﬁmi b cA(mquiolmmnhammr ring
now to FlI e str ur e of . FIL.G the first

therein is shown t i ng
vol t agé PdEIPPaﬁWePVGV the,grdgle l?@'e’deopﬁ%cr pagme a‘P ‘é@h%(ﬁimﬂ% ﬁ@?/lé'f‘ﬁ 24192578 or m a
mask openigh@s 2AaRt SRaNReE 1dyeR| Adledclimédiflom ORe 1kt estolv bml de@@ﬁed

,lrrplantatlonls erfomed through the t5 openlng n heflrst v e
Sﬁ’ah?‘tﬂéfetl Ci %‘Ehe

P- channel over thagheradiyy aiheply s gleatinpesass st angdhe dyigolaunns;ig
sem condugigs | thﬁtéoﬂglas 3BaiteRakigs lyBe oPOMAS, QithidandSRidet herein i s shown the

stnctur.e of Fi 4D having_the first gate oxide |ayer 38 deEosMed over the

bott om oxi de | By@rrinzgnosnty Flke 18 thereiy &1 thaye arpastipmdfer peprhaakese: WaisBsi t ed
over tfe fi r AN W Jodafd Gevild 12t eeein is
shown {6 he E{n?tlfg%gfregog)&%%&%yr% wgglc %‘gﬁ?ﬁe g?& vltlt)gl1 tage N—cﬁgnne‘ll1 V~ mask 44
deposi t ed 1mpbntatl¢n§ for rfgrmigattee odnaels| wyls apd/or RercBetsi ol thoblttalityrpichishp,
therein ig, ﬁ!?o% §$1§%H%w Geeﬁfcoﬁlb@redsﬁntﬁw 78 4BGnd ternatnu\{«ot:t@sqehose

N- channel 4 deposited over the first gate oxide |ayer :
Referring dmntsovtﬁd:@reﬁ@samheav @i previensdhGmare dreigaated fest @Péﬁ%ﬁfmm‘?@.fs dtuhavi ng
the first 1S, ¥lelttoa the sﬁmm%qch 150%%&%_ Fﬁﬂ%ﬂ?&b&@&m Qltstu%Ech@éjié @tﬂ@red

orm a nmask openin anne antatlon 46 for the

first vol tage hannel V~ 4 and thr h t d ayer
38 into the se:ﬁl_ g%‘?ﬁté‘f)or %s (b3t rlét éhe 'Re §‘%r|§n§§%‘%ﬂe¥"‘§ re%%éi Wg%lh S%"Ié‘rel n
i's shown tdoepsdtibniof pioeessibg FilGeonSih tnaturarhnyy viiesiflow stlidde deabesdge Axkiohdgeel V-~
mask 44 deposited over the fir ate i | ayer 38. As woul d be

o‘P ﬁ‘B £ |Sfr|l(‘ett‘fmsn§’fﬁ%na?stﬁé “plurality of first |ow voltage
devices 13 w | |Re€@ﬂ1ﬁg’:1hd’w R ElanDethsrefok shdven Npoveibh eftaadexaﬁdrall\ke(gh‘anrvéﬁ@l for

the P-wells so the aboye FIGS. SC t hrough SD.an h_6D,show
r epr es&ht HROBFEMRICPIIK AFRCETS N Hscontaqn pAﬁgltﬁdnge?% é) |%%s |?4t he
respect i vewnBs ksmpiRieaNthe 4hunttiiyCdT REdrdalolyvtapeo aevietst e @it opitt ia0aslowér t he
pe of channel of the opposite
conduct i vi t8jtagsthaniie ahraty phitsgien ‘ﬁgf‘%fi‘t’?ﬁwﬁ %he plurality of first Iow
vol tage devi cesrpl3iuBMrd RrRIGt hR heignne seabghdd- BhannehsonaByrobesdsmaiant ed
in any order. s Referring nowto FIG 7A, therein is shown the structure of
FIG 6A hamort‘gltoﬁwsﬁhﬂ%ftdlvéﬂetaa‘ge N-channel V~ mask 44 renmpved and the first
gate oxide |ayqf.y e’f§ Qsid efh O¥Er el QRIAYEE caRdof FEECOAthavbtage
P—channel V~ mask eposited over the first gate oxide |ayer 38.
Ref erri ng IﬂmMrt:mtlﬁlanﬂ@ONﬁen@k%ﬂsp%ﬁWetﬁé%@{@ #¥e*e of FIG 6B having
the first 10 v V7 e18 Lisiredadf oOXi de
| ayer 38 depos%éefﬁgg%g?&?ﬁ?ngoﬁ }rﬁgﬁﬁﬁﬁéérg%%@%gﬁﬁﬁelégggnd vol t age
P- channel We omiisknd! BitdkEdasirt om dvePNOHeyek R4 &t legietachogirindxidedyyar 28 gvhich is

Fﬁfee; r Ir 2? g‘lf}lé/{ata%étll:ll\lfgi ﬁ:éw h@h%on at{?%iz{'%}hg l‘lz 1§c¥ngﬁl&éltuslﬁ§st&fte % G 6C havi ng

g Hannel rem)ve irst gate oxide
| ayer 38 and th@efs:emgmdwltﬁ RIG| 2@gbe®incih ahovel thdsunetgtc AFGe positcetic64@F t he

first gate oxide |a e Q. 1t he
structure BIFRQ@ %éé‘ ﬂ%éll%n 7§etﬂ5ﬂ(ﬁ’ ?‘gtbov?)'fltomdl: g IR°E %gﬂ%ttél %ﬁb %} 1§2 izﬁ]& nmoved
and the sec»ﬁmdhe/ghbma»geed%hemeé 1wmdnnsten4&ndmmubmte Igat t er ned, and

devel oped to form a nmask opening. A P-channel inplantation 50 for t he
t hreshol d vol tage inplantation is perfonmed through the openings in the

~ second voltage . 20 P-channel V~ mask 48 and through the first gate oxide
- layer 38 into the sem conductor substrgte 16. Referring nowto FIG 8A,
therein is shown the structure of FIG 7A having the second voltage

P-channel V, mask 48 renoved and a second vol tage N-channel V, mask 52
deposited over the first gate oxide |layer 38. 25 Referring nowto FIG 8B,
therein is shown the structure of FIG 7B having the second voltage
P-channel WVt mask 48 renoved and the second vol tage N-channel V~ mask 52
depos&ted over the first gate OXI de | ayer 38 Ref err| ng now to FI G 8C,

- o, 1 o~ — e~ 1. . - T



As woul d be understood by those skilled in the art, the pl uraléit_ of second— |
| ow voltage 5 devices 14 will contain P-channels for the N wel s}% 3nd
N-channels for the P-wells so the above FIGS. 7C through 7D and F : M
t hrough 8D show representations of inplantations through openings in the
respective masks 48 and 52 which actually expose dfferent portions of the

sem conduct or substrate 16 so only one type of channel of the opposite

conductivity i=s.inpl i e d.4 ecapd | ow
vol t age devi ceésetéfﬁ}.?? I&_&ﬁ?ﬁgtrd' ﬁﬂgﬁlﬁ{la%é %@gﬁﬁf&%ﬁgtﬁlﬁé gfgﬂhén?e ser may be '
i mpl ant edremovanyocessadFIGREE ér shiomghabettanpofdcCaygAS of ter @NQ lager Sthovieeralhe
structure of 4£l G 8Anchanged Recause Lhs.aerond.val iage N channel WL mask
52 protects e structuré froma renoval operation i ch has been conpl eted
as expl ai ned lredtaring Ref er Ficng Antwreimis Bhdein @Bstrichae ef FiQ. § Adhwing the@NO

structure of FIG 8B unch 15 because,t he..s vol t age N-channel V,
mask 52 p‘F’Bikejtlfﬁtrgm%e agd %ﬁjﬁagmﬁ?‘o%%??sé‘ﬁ%%ﬁr thc?gg“?(gg%yc%‘hi‘{mi ch has been
conpl eted as exgirEhgacwhelFow 3Rahatini inghdwawnht atrkdniEe 09 EIG1 He hevimg s dhown
the structure of FlG _8$ ur}tcj:r anged be?aulﬁgﬁi’t he second vol tage N channel V,
mask ~2 pPot BrEs3q ¢rRodief GR if PRSI Pehtbal operation which has been
Cﬁrfpl eted as qx&%f xﬁhgﬁdwbﬁﬁ(l)@/, 3@,0th8eﬁ1]9§ hdVeh me\&trh@urHoGiFIGDZCﬂlhﬁﬁgm Ns ts)hown
the structure of FI G 8D having the first te oxide |ayer 38 repov y a
process, ¥6EHagE 3G EMeMiY; Pf’tt@mégxfﬁgéieﬁj@eg éﬁf‘l’&‘} 8?3@{\;%5 [A}?f g &ng'gﬂd t he
shal | qw t (85&hatcn0d 2t HSbotRef 6%i8E NYNVinkd the| seichQduictdr REbiaft T6Sars hown
the structure of FIG O9A after renoval of the second voltage N-chaggel V~

mask ~2, aNde #igabes SrdaETSTed |10 WY hherHlR| il ST 2525 sR%Bhd Gat e
oxi de | aygL,ip&dabot 88stfdd 8. gate oxide-layer 38. Referring now to FIG 10B,
therein is shown the structure of FIG 9B after renoval of the second
vol tage N chanhelerive negsik FS. dRdthersa i§shevn begiuses af Flghehagepds s the
second ga 15880 1Y Elted Batfincd Nl Bo il G sk mB&IBEALDI ARWLE -FUG |
CC, there?ﬁllﬁﬁgsshom%t ﬁee’g%ructhre_gf HG 9C af?er.or%er;ogal of 30 the
secondsvolimplgetatiprclia tnaich Vhe hettin opidatrdet Heingathe soricaaducon spistesi [Ohan
_.deposits the seco e _0xi | ay LiBe FhGr 4908y $pose -thd PUG
200i Ref er’ ?‘ﬁﬁg&%}o&gﬁ %@%ﬂ &g@&%% f’é’t Eﬁrerr}ogignﬁ?sb%?ﬁl\gnmﬂhg%g ')Strructureepogfc FIG 9D
af t er the sgatcendxiodatbstonie 4., whi ch deposits the second gate oxide |ayer 58

on the shallow{rench i L ONS .and ] - “’Qﬁ” 16. -

After renoval o eﬁ?ﬂré’ géevzgéngkt’i(ﬁ ’égzelﬁl?scﬂltg%ﬁetﬁee&u%ﬁ%g%%% "a ¢ er%ie%gf\I (i.e.
RCA- | i ke Svatllreshi’ngemsoled tndnl-vellesask A dgnositelsyenthe OO [aydnZdr ogen fl uori de -
dip is_inplenented. prior t her.nal.l L OW,.N n. QXi e oxd datii on
1 R er e ng MRE ol @F 1 A Wep b oL BN PR B RRhE R AL 7
havi ng a seskcoddusiialron thy esttoauetidalsy«a 2ol ysil i con. | ayer 60 deposited over

a gate oxide 6 i.ch consi st f the l.ayer 24, first te oxide
| ayer 38, and &ﬁgn“?%ﬁatoé'géef%g?e&%n I‘Sagg\’c’) ngY SS'BCWIS of E@Btdn avﬁjlggg%]l?i“ieg of .
menory celhsikld dbgekies iphgerayah® deldioped 1B, fotrher fiask bpenidpowafiche Biwellct ur e
of FIG 10B having_the paqlysilicon laﬁer gg.deposited ver a. gate. oxide 62
whi ch consf@tangfior fe Ugees SRitemR oxilgdayes é‘?totﬂFFeseﬁ‘@n gy SubsTaty H 9 1 sy
gate oy de,didy eich IBs WRE JhARSAr aNQefidi tiRXbélRdnl ayrle Rfert 28 ftor ékpbkethe
plurality of high voltage devices 12. 15 -Referring nowto FIG 11C, therein-
i s shown tsfauen ‘EF&QTG?‘@UB? g G 10C having the polysilicon layer 60

deposi ted over rgahEn i kAeIEUDNGEnGONTIEL S Hrudil® of FIEG.SID Gatigg Gel He.
- layer 38 and the second gate oxide |ayer 58 to formthe plurality of first
| ow vol t agecitimasicisdepgsitcRenasiemphgnd dardepet tcforn e myskioperiagnAfer Tl he
structure ﬂple@taﬁbn l37%0ﬁ%¥ fh@g)ogtg'ﬁ PR eYigdd: 128 Qo (BY Bmiflhad@BOSIbk@Me Q¥ dn t he
second gate ‘oxide l'ayer 58 to formthe plurality of 20 second | ow voltage
devi ceso 14oxidthesh g behepasformed do FE@sve HkAbetarowryidel laper 28 tmgxngee dfown
that sem cgnd [ V] have been fornmed having a plurality of gate
t hi cknesse%mdgoglﬁ %Orssﬁléétﬁ%ge?gf ed structures 58, 61, 62, 63 for different
vol tages. |n pakd ivoulbare, undhmstoptl tyathoseyskited i dgire st bosly Gredst amlssetond low

voltage devices 13 and 14 will contain N-wells and P-wells so the above FIGs. 3C through



. for the highest voltage, the plurality of first Iom1vo|tage devﬁi Ségéc@ﬁ
next for the next highest 25 voltage, and finally, the plurality of a4
l-ow vol tage devices 14 is appropriate for the | owest voltage. In the
present invention, the manufacturing nmethod to produce the plurality of
menory cells 11, the plurality of high voltage devices 12, the plurality of
first Iom/voltage devices 13, and the plurality of second | ow voltage

cevt e Lot 2o FRS! SETRRF 0300l PP W GRTOUBI SRR P 16 1

E for the pﬂespfaahvet masicfs or@emﬂr?gn welchsacmallly axghsé¢ Héerphwmxwrlswfdhe Isnnghorxdm:ttnage
devi ces 12,perforned., The pl ural 0 SI i co fl
al so form%‘& ?‘5 ﬁ%oﬁyﬁpﬁpg’effwfe ﬁ% Ei/r&?:de Chﬂo IQU%QP el R”%ai‘)%%j The

-alternati Pl-gvedl; alag Gk frhsladtayRrayofdet.he ONO | ayer 24 are ther mal ly grown on
the plurality of polysili floating. gates 22 and t

isol ations 18 lfnq{ergnggp‘g tﬂéﬂ@r 7o @*ﬁfe&fhls%ﬁP‘Eﬂ eSS éﬁ?}@ %Mav “igtayglgt1
Menory cekpdtsodide R er@SerJ)sﬁe@-BGbr&lﬁeS@Nofla}IehedfSlﬁfﬁm@ﬂdﬂmg@li’ clsambat\r,maacm and

‘the shallow trench isql ations of __a peripheral region shown 5 in FIGS. 1B

t hr ough 188PORtdOVREIPE {175t S3LRaXi Fdfer can be formed by depositing nitride

and oxide fil nBestiginh oD FIG! S AGereid-is MmO tiRSlte 3BFICH m&@ﬁigtteaﬁﬁver the
ONO | ayer 24 and is patterned and devel oped to eXpOSﬁ %he perlg) raI regl on
g?p dthet 7e

for renovaite grde et Fhiwepitrd ARttAibpieaexidejars2Hn B fagy

exposgyt e hatd mgpsh&e dveyere ﬁ¥§ ol GxRWAydr N8 FITeSfirs? Batk bkidy Wyen 3 mTtB@ to
ONO mask 26 is renoved. 4. vveII mask 30 is dep05|ted over the ONO
| ayer 24 awﬂpwswﬂdmaéwlﬁ@sﬁ%fﬁ@r -28 and is patterned and devel oped to

~ expose the botkgmp¥ide tbafsf@r 5@8th&\ér%rls %K&éﬁ%ﬁ%ﬂ%?pm SUbsdvirt ge Bt a
first selected plurality of first and second | ow voltage devices 13 and .

14. 15 5. vitese N-ehahnel |pr1aahﬁatipm1te!2 phtserpasy prst drveloped dorma "shepnitask 30
into the fl I I8

dovi ces 15 Enpeh EHERBDIT bY bb e e

oxi de isayeper@sfin dm fitvevadtaat P@hﬂ@ﬁbﬁcmaaks’tﬂ aditomsghl Be dindl getgeoxiiedivesAduct or

substratemltgitﬂ‘eosre ”o‘:?du LS s{tﬂ%\f{gee%t ed plurality of the first and second | ow

vol t age devi ces PEOAnG 14 ch have the Newells inplanted. 20 7. The

N-wel | mask 3O0Refringmowed. F16. SThiefine showmthk sBdctirs of EFHs4D? baving/de firie ONO

| ayer 24 and th bot oxi.de |ayer, 28 and. is 3 to
expose t h& Bt gﬁyeﬁﬁggeqogg}%cfogg vbé}r% PadedA egg%\éﬁ{:{ﬁgqir%{}%lst?g%\g!e ?Ega
second selgaieid4pldpositddtoyenhe ﬁi‘negafte ositle apet 38econd | ow vol tage devices 13

d 14. 25 9. The P-well i : 36 f k
22 intd a secoﬁﬁg’%g\gﬁl"é(ﬂé gﬁﬁ?@‘l“’l {hﬁx%g‘f lstslkillg"svfl Er t?ué:ﬁ?e gg?wngs‘%‘g‘\%vmﬁ agemaIS

devi ces 13roﬁ£gﬂci\1réhaniaﬁVAﬁhsl@&hd@oﬁi’td’dd&mﬂﬁelﬁﬁsﬁ@ﬂéﬁﬁde tagerr3@nove the bottom

oxi de | ayer 28 f omthe s trench {sol ations 18 uct or
substrate 16 f&ee% R9eto h@@oﬁg Herut s sao%r e |?t§}reo°ffq:?ﬁe§$?‘f“§?g§ﬁ$]§econd
| ow vol ta%n@l@vm@ﬁ@néﬁvmkkéfdmsﬁéu dwmetﬁmgaemﬁkraya@sl rrpl anted. 11. The
steps 4 through | eave the structure as shown in FI hrou%l]rff I%D and

the steps 8 t hF@ﬁ’&P\“gﬂo"T BaVIS. Ofe thetsithistSHP D e SEHERF 9 rf Iﬁl DEARE tfgh 4D.
12. Thg P-wahde mﬁﬁméldf\/' &agkeim&'e%gsueéopattemed' A Feddd @foﬁk@rnﬁdkrcﬁkmﬁ@t e

oxi de | ayer iIs thermally grown over the ONO | ayer 24 of rrermr#Icell 11,
the bott on%lbklr@enﬂebyeﬁn@@tﬁfomﬁﬁ&ﬁf Iﬂ%f&ﬁ’éldd‘é‘b‘?%f‘e‘énpi@tat‘aﬂéf Repemed revgiduct or

substrat e IA-39RIRNE RS, b £hdnd HiGuch hStist g wlhi gl
P- channel tégo%“lggwbéﬁg epégét over tlﬁ% first gatéel 5 o§<S| %ytél aye?ag38 and
is patter @dﬂ@ﬁhb@evwndwe@twbst@@l&se the first gate oxide |layer 38 over the
N-wel I's for th fd 1&35DdRvind AR first
P- channel V; %Féaﬂqnl{l%(%‘%%ogc} o %er%ug\fgnsegaum nsg F%&&c?ﬁ?iif vol ?lgge Prghannel
V~ masko 4qulmg®N{chmn16h‘ég tthslveﬂdrlcbpdsacd @\reeﬂplﬁnst&hﬁetoyldeﬂwﬁr ¥&t | ow vol t age

devices 13. 16., The fir W ag e KA eRyes: 10
17. The first IASW Qloﬁi;bgélgdﬁ{@ %%%ﬁg kﬂlecd f(lrhi Jm\{h%glﬁom t(gfdﬁ%tvlgr the&;‘l rst
gat e oxi deddvayet3 381 amehin 8- qhatxieerfnettﬂe Mel&eanélaoqbﬂdcmme&xﬁooﬁe Prwellsfsorta gat e

8)(;1/ Id g e !S a)]/_ gz{b 3% F Pdsﬁ éC ké]rg %F (195#8{: EWPE%I-‘U@ it giesett{}#t%%l% d1mLP\S{a%ltatt%?§ e

first low voltage N channel V~ mask 44 into the P-vveI |'s for the pl urality
noof first low voltage devices 13. t5 "' 19. The steps 12 through 15 | eave the
it structure as shown in FIGS. 5A through 5D and the steps 16 through 18 | eave

' the structure as shown in FIGs. 6A t hrough 6D. 20. The first voltage

‘: ?,_ N- channel V~ mask 44 is renopved.



21. The second | ow vol tage P-channel V~ nmask 48 is deposited over the first !
gate ‘oxide layer 38 and is patterned and devel oped to expose the &/lrégb g

- oxide layer 38 over the 20 Nwells for the plurality of second I tg@

" devices 14. 22. The P-channel V-~ inplantation 50 is perfoaned using the
second | ow voltage P-channel V, nmask 48 into the the Nwells for the
plurality of second | ow voltage devices 14. 23. An oxi de stri p is perforned

to renove f I f I 4 ations
18 and 1 RarEhiophiedf bR R o B LT Bl B R B Ly
of secondof thevsanpkdrdgeodabitoes | Qb 0n2}40ne'l’chlae sfebamd! ¢fote v@oﬁ@@n&@haﬁmel Vv,
mask 48 15 hemoved, #3ombh G 3ECNg I ¥4 8 otheCcI‘e%I‘c%e' teﬁw

deposi ted over dt]h 1 PEY gat e oxl Ia er lgg &5 S pafterne ahérl evel oped

t 0 exposecHahecl$ andRt-clgahds mxyblelnhmgmafd 188n30cvreer. t he P-wells for the plurality

< porformed ULTRGAERBYRERRT AW DRI BG R RRRE SOy BRI e

o p-wells f 0sitdsb&-fHabfia [V, asiohd secord ahd)We\mIttga@e)xde\Aamss Xdposited overthe 7 Al G

200 27, A de strip is perfor enove the first gate oxide.|ayer 38
rom t he ORG oot Tregiaresosl vali rechaeh Y ahesat i wish Bt Sl vl 36
‘over the Ryveld s for- the pl urallty of second | ow vol tage devices 14. 28.

- The steps 20 through 22 | eave_ the structure as shown_ in FEIGS. 7A through 7D

5 and the st ep%efQWHEWPHLF@IEIQf 7B, dhsreinihosp b itearaef ShoRR haxing tedfirsga
through- 8Qoitad@ -N- Iﬁhﬁn&%ﬂx&ag@%@&ﬂo&& ah® Beenirb RS Ch i & 3aRpSdtedBydr ind1 Gs.
9A t hrough 9 30. An RCA clean with 30" at 100:1 hydrogen fluoride is

i mpl ement BOMQR oxigadvEr Ah#isk thosecopd vejfgp RichunehY graskeiSislsapsishoverdhe fishe
second gat,gtegggdg é,[ﬁa%er 58 is dep05| ted over the ONO | ayer 24, the first to

‘gate oxi d€ layer 38, and the sem conductor substrate 16 of the menory cel |
11: 32. The poR§fsiringcer P&yEr 7@0htrginde phosin theistowpare phBlG é6dnaingdbelivki de

| ayer 58. bﬁao%&@cﬁmadvg@@gk @b&ngdeﬁ%d@?ctﬂrhpgitg%x @) er%§ dnd Vﬁ@@&%hied to

a thickness of 80 Is cleaned to a t ness of” 65 et
,secondSQaWeltmlPd@amafyé’ﬁ megk 43sdedespiod pree thetfostaatelviisk ryss3 Hf 30 ~. The
polysilicon |ayer 89 |5 daResh et‘ﬁeée @ iU CHOSSR éoﬁﬁfw Qhé rst 1
Wil e the invention~has been escrl ed 1 n conj un I-on WI ecl |c bes

mode, it iveltige Behamdb s ool 44hamovehynditieesarond veltage rﬁachatmetla‘t’d apsk 48nd
variati ONSe Wlsltled p%%tgggfl ra.ﬁég Eé%\%egxlp%&g] F;l%nlg l%' &esﬁ%ﬁﬁrﬂrﬁ%hg @E].Ixanlnr% 1mggp&a ?xg 56 he

af or egoi ng Heserifptt on such
al t er nat i \feisthe ﬂmﬂhéiﬂw&t&g&ﬁmplaaﬂaﬂomiambﬁm@ﬁhmm@h thh opadingsun thiaisecohdeolsyger.i t

e 588 Sl 0L S IR S A SR
illustrat |swsstram16non limting sense. ~1 7 AUG 20~~ THE | NVENTI ON
CLALMED S 1. ﬁfgggg%{tmaﬂgm% gjng%own@ﬁé LB, YR RS, Lashy femory
: second voltage P-channel V, masl; 48 removed and a second voltage N-channel V,; mask 52
deposited over the first gate oxide layer 38.
25 Referring now to FIG. 8B, therein is shown the structure of FIG. 7B having the
second veltage P-channel V; mask 48 removed and the second voltage N-channel V, mask 52
deposited over the first gate oxide layer 38.
Referring now to FIG. 8C, therein is shown the structure ef FIG. 7C having the
second voltage P-channel V, mask 43 remov-ed and the second voltage N-channel V, mask 52
30  deposited over the first gate oxide layer 38.
| Referring now to FIG. 8D, therein is shown the structure of FIG. 7D havmg the
second voltage N-channel V, mask 52 depos1ted, patterned, and developed to form a mask

opening. An N-channel V. implantation 54 for the threshold voltage implantation is



provi ding a seni conductor substrate having a pliurality of shallow trench
isolations and a floating gate structure; formng a first diel eCtiio?:d%l%%%
on the sem conductor substrate, the plurality of shallow trench i ns °
and the floating gate structure; renoving a portion of the first dielectric
| ayer over. the sem conductor substrate; formng a second dielectric |ayer
over the first dielectric layer and the sem conductor substrate; rem)vi ng a
portion of the second dielectric |ayer over the first gl ectty%‘ er and

the seni GEHEMEE Brroughihs PRePEZS FohAFFRING Voltace J-¢fieard & med

second digheclt igkideahfdr BNehit NE: SERICERINEIE ts@bstuadbEd. I atren, IlrQ'bmngEt@l is
sem conduct or | ayer over the third dielectric |ayer to form_ a floati ng

gate deviRegfommrd Ry eteling gay oxidedarsid? tca%“(ﬂ’o%eﬁh‘? YIHFWLReTBsTRg o s; a

first voltage Aqg;ydu@@bé ML:HQ)'OQ By iRSe gl&lﬁ&itm tl?e,ezﬁp ﬂ@phﬁfﬁlﬁy Bh&e"c%(ﬂb%'w@ﬁﬁdre' c
| ayers; a second voltage device includ |ng the second and third dlelectrlc
[

| ayerss adudficas thiviibcoptsin g‘gbar@él\?lf@feth‘i? Wewelliang andd-chppnels gy @F Sctdliseo theyer . 2.
fhe et Nog ae rfdrditondh, 1) Ahd'tbs! %'tlﬂﬁuéi‘x%D GRReBsdulibhSbt FR kLAY e
first dielectric [ayer ter ormn e first di ectrlc yer; processing
t he fi rstthragk opanings pose mdpectpf@masbm%ﬁnct Fewhich g@mdlyam@&erdf@rqnay@?mmer t he
. sem condug, subst.r | ayer
usi ng the’ fﬁtlge Setmmondﬁ&& s'ua&fageon%évélﬁﬁmtlfﬁequ{;rgféﬂ@&&ﬂg B%%e Eﬂnﬁhﬁﬁrg = | ai med
~in cl ai m inglandduidieadr: pdrdemofitye alus?ét@ouﬁsenrasﬂdowwehagehbvseﬂcbhdﬁmhemé@t*rh c ‘
| ayer after f rm t he secon d. d| eI ctric er; processing the second mask
to exb(gseq} ? g}?n%‘?ls?l% 1gldponcf‘%amei1 %rfi?rlyc | ayer over the first.
dielectric | ayteaferaﬁgl nbtretoSEIG. @cmdhméxﬁns shived ntat gruci®e of GIG. 78 AUGCIRDEA
renovi ng tion ond ic. | Si he nd, mask;
and r ermv{’er?@“ §%°88§5°{5‘E'§k§ gl é% é%te&%lal ne cﬁ% Er Ai g? L
i ncl udi ngopdriﬁ@haﬂﬁdhﬂﬁsES&IMCSmi)QEedtabexlﬂﬁﬁﬁﬂlﬂelaﬂd third vol tage deV| ces af ter
formng the first dielectric |layer. 5. met hod as c¢
i ncl udi ng: i nﬁ%ﬁ@ﬁd‘ogh@ntlg sgﬁotﬁe’f“ﬁe‘s §88‘8?1&heaﬁt81°f’ﬁ? r"é%l\}%‘sg% Vl ces
after 1§ or BidAgket di€ s8Ra@NAItsHceNQEAINET Vi, 3366k 52 Grotdhre tﬁmithmdlrtﬁfrofd airgrdalal n
claim5 includi [}%g cl eaning the second dielectric |ayer and the

sen condu€PERIB THEE bef BeeraPitadss FRYMEAS Wi rd di el ectric layer. 7. The

nethod as cl ai g&erind dokio T . WIEM8éBint BEhbWR| B binRguro fof WG| SCinrhitges:
forming a third mask over the first dielectric layer after formn 651
rﬁ%‘?‘f on of

first di ePerspye e isaspad;voppescissbpmg! Mhanaski Y PrREER RO SBIHEE Forhd

the first ogérst &C\;ﬁl&rphés%xﬁ{coﬁl\fﬁedtdaw@me%@gw or substrate; inplanting a
dopant to Tnplant the wells; and
20 : Referring now to FIG. 9D, therein is shown the structure of FIG. 8D having the first

gate oxide layer 38 removed by a process, such as etching, to expose the semiconductor
substrate 16 and the shallow trench isolations 18.
- R_eferring now to FIG. 10A, therein is shown the structure of FIG. 9A after removal of
the second voltage N-channel V, mask 52, and a gate oxidation II, which thermally grows a
25 second gate oxide layer 58 on the first gate oxide layer 38. _

Referring now to FIG. 10B, therein is shown the structure of FIG. 9B after removal of
the second voltage N-channel V, mask 52 and the gate oxidation II which deposits the second
gaté oxide layer 58 as shown in FIG. 10A. |

Referring now to FIG. | 10C, therein is shown the structure of FIG. 9C after removal of '

30 the second voltage N channel V. mask 52 and the gate oxidation IT which deposxts the second

gate oxide Iayer 58 as shown in FIG. 10A.




[ 1

and third

removing the third mask. 8. The nethod as clainmed in claim7 wherein the —
i npl anting channel s includes: formng a Fourth nask over the second 04
dielectric layer after formng the second dielectric |ayer; pr,'p('iesﬁ&%n& “t he
fourth mask to expose the portion of the second dielectric |ayer over the
first dielectric |ayer and the sem conductor substrate; inplanting a dopant
to inplant the channels; and renoving the fourth mask. 9. A nethod for

- Conpr 1 <i ng: - rberarEitea s B o8RG Butthet i AR RgTG PR e

shal | ow t4eqebn IS olhathi depssitanitk @cdddogitd Rgdgaye Btdnuhd stidlpwl tehth Bgladons
plurality of djielectric |ayers _og t he sem conductor substrate, the

pl ur al i t y!GdhermRney e ATt 18t i ons and the floating gate structure; 14
t1l 7 AUG 2004 £mresphdV@l & thé scahd $olta@ NLANRB VI ey sehe citmigaliid Reatlike
dielectric |layers except over the floating gate structure to |eave a first

di el ect r i deanaigetolusipa) CleHinSRRFED AHLRE b My asE: Tupride diistimelepmenied Prpytoof

shal | ow t HeREMySRiAL hPHSde, AR KidgiGh POr tion of the first dielectric |ayer
over the sem conductor substrate; form ngwa second dielectric layer over-

the first di elRefering npwylerFlgnd Lohdesdimicanduchesrsiwsiaidile: 1Pafyvirag a
portion O;engaﬁldﬁﬁgpﬁderdéu% qctryd %hﬁx@.ﬁa}eﬁs@ g&;ﬂﬁitéd BV%Tr_adéaﬁé 86hE 6 Wiayer and

;
the semi-conductor substrate; formng a’third dielectric |layer over the
second di edrgistsroif ghel QY@ layanith, thecfirstegsfecaridtdeico pS.qnd Sresegoad ghigomidadpyer 58

-sem cq@dygbtﬁgg%#l%ég{rﬁg}\;gfmglg rytggh'g dielectric layer to form floating gate |

devices inc _ e plurali'ty of dielectric |layers and the second and

t hird di el ect rRefetriag @pw; tofflGs il I1R.othtmgels dbowe €w stmeturedd G HEBfharigg thesecond, .
and third_diel.ect.i : val: .CeSs. | i ond

oy R e op BEhed SRE9 Ko Rud AP RN LR KR oRE IREF T ¢

di el ectri 8 baherONQGayeT g thefitsogatasxidé dyaedB, iand tleakend. gatecixuldilmgr S8 &rmi ng a
first mas% over Q{ﬁt foifrﬁiscrth v%i“gl ectr iesc1 ayer after formng the first :
di el ectri CTEYEP Processi g ENe FTT st mask to expose the portion of the
first 16i el ect r Refetriay @oworeef1G HeCsémteanBdUoE 0 thesuhsturaad 251G, Planitvingghé i r st

conductivity wells f t he. second and third, volta vices using,the first
e b R 80 h SRR e T P b R RER T SRR T, ¢
‘mask; and 3B @adk Bgohd1gaté bXié lapasK.to Iokm tHdgiunmtyhadira sove béltagedevides ¢3.ai m 10

Horning the 11 FEPRREERECE T IIyeroet Reuh i TRESSE0RE AU B Relpose

the porti @piyeflicdRyér diSdepbéiRli @&t 1he sty ga\Ridetieer S8 a6 phiraliyilbst r at e,
i npl anting second conductivity wells for the second- and third voltage

“devi ce¥ usFigdinerdsLHYIGTRLk; 15

Thus, by reference to FIGs. 11A through 11D, it may be shown that semiconductor
devices have been formed having a plurality of gate thicknesses due to the layered structures
58, 61, 62, 63 for different voltages. In particular, the plurality of high voltage devices 12 is
for the highest voltage, the plurality of first low voltage devices 13 is next for the next highest

- .25  voltage, and finally, the plurality of second low voltage devices 14 is apprdpriate for the
lowest voltage. '

In the present invention, the manufacturing method to produce the plurality of
memory cells 11, the plurality of high voltage devices 12, the plurality of first low voltage
devices 13, and the plurality of second low voltage devices 14 is performed as foliowsz

| 30 1. The semiconductor substrate 16 is provided with the shallow trench isolations
i8 formed and the implantations for the plurality of memory cells 11 and the plurality of high
vbltage devices 12 performed. The.plurality of polysilicoﬁ floating gates 22 is also formed

for the plurality of memory cells 11.



.~_.1 AUG 2004 renoving the portion of the first dielectric |ayer usi ng ﬁhe
second nask; and rempving the second mask. 12. The nethod as cl hiTmgdiG 00k
claim1l including: formng a third nask over the second dielectric |ayer
after formng the second dielectric |ayer; processing the third nmask to
expose the portion of the second dielectric |ayer over the first dielectric
| ayer; inpléntindheabuading dielsetietlpxar: 9f BePNO! layas 24 ave tharmelly gorvaueri vi ty

well s |.C Y ' : I Vi t.he third
rask. " 16 P SERR R Rothlofhids" S bl bip HRRSY ARCh STRISP S % btk
mask owemoihegi@cwhithdhdlidstthe elurdite of aidngiry feollgn hef FIE. keenddisdioaltaetri c
| ayer; pr.ocessing the fourth Qse the portion of the second

sk to ex ] .
di el ecBeondygsior SuRstate; it gghaéliom tsnchiizolatigns 18 of gperpheralgegiopishewn
congluci wj or vl L devi ce
si ng. Thae L8 R | DO Al R AR N Rt i by SRS BB RRe
cl ai medxide fibhaiising @Vilhoketheidng: fornming a fifth nask over the second
dielectric |ayer. af formnng the second die tric layer., processing the
fifth msk #'o exﬁﬁgbﬁ%"aﬁg‘?{&i 18#“*8‘?“‘?&8"%&’8@% léY‘iicjf‘r lisa‘{j?‘étf*ms@éﬁ t he
first déwigelnd expei¥ Q!lieli pérmhlegdmré forsemevsl TARARp! d:tiid ?nc?ﬁﬁ%’fﬁéela{érg et he

I
first conductivity well third voltage device using the fifth nmask; and
r enovi Hg QNE layer 24 teraxpose 18 botiem eredhlagiesdd asl showadn FHGs 2B throigh 2B Theli ng:

formn X% k ogver the second dielectric layer after form ng the
seclz(énnd%oll\ﬁ)eﬁj&s:l{??%:s ?’%192‘?(? processing the sixth mask to expose the portion of

the second 4i el eThé Newkidyekk 80 & ddpdsitdd dvet th@di GNOAkydr 04/ aay @lie bokfm okille 1 AUG
2004 ipplanting a first conductivity channel for the second conductivity

third Yrt a8eindelsi patetnsdngnd Aeveloped Hontigiese Ay bplap\axide {aver S8xe¥er ek, ~ 16.
Tne e R AR 1664 90 B lac g r AR REcR TR uglert 1
renovi deyitdsd 3sindtlh. mask. 17. A nethod for manufacturing a dual voltage
fl it h menor ¥ I nt %ﬁé %f-\?vgll (ilini)fa%i[atdon 32 is performed using the N-well mask 30 into the

first selected plurality of the first and second low voltage devices 13 and 14.

6. An oxide strip is performed to remove the bottom oxide layer 28 from the
shallow trench isolations 18 and the semiconductor substrate 16 for the first selected plurality
of the first and second low voltage devices 13 and 14 which have the N-wells implanted.

20 7. The N-well mask 30 is removed. |

8. The P-well mask 34 is deposited over the ONO layer 24 and the bottom oxide
layer 28 and is patterned and developed to exposc the bottom oxide layer 28 over the
semiconductor substrate 16 a second selected plurality of the first and second low voltage
devices 13 and 14, |

25 9. The P-well implantation 36 is performed using the P-well mask 34 into a
second selected plurality of the first and second low voltage devices 13 and 14.

10.  An oxide strip is performed to remove the bottom oxide layer 28 from the

shallow trench isolations 18 and the semiconductor substrate 16 for the the second selected
" plurality of the first and second low voltage devices 13 and 14 which have the P-wells
30 implanted.

11.  The steps 4 through 7 leave the structure as shown in FIGs. 3A through 3D

and the steps 8 through 11 leave the structure as shown in FIGs. 4A through 4D.

12. The P-well mask 34 is removed.

10



structure conprising: providing a silicon substrate having a plurality of
- shallow trench isolations and a floating gate structure; formng UG 2004
oxi de-nitride-oxide |layers on the silicon substrate, the plurali t‘\y-f P‘

shall ow trench isolations and the floating gate structure; renoving
oxide-nitride |ayers fromthe oxide-nitride-oxide |ayers except over the
floating gate structure to | eave a oxide | ayer over the silicon substrate
and t.he pluralidty dhe STMIgIamvm:ﬁdeelagdﬁ 3'83i@|thﬂx1'n@1|tbsgmmum't n@ @Npolaydardd «ff t he

oxi de | ayer over e _sjilicon bst r.at m n te oxide |aye
Over ™t ha Bemdy by LB AR o8 il O el At g B bbbt e
first gat@bawxids dfameﬁ;olmgerdexhb@ loxide | ayer and the si I i con substrate;

formngasecondg eOX|deI ver the fir te0|de and t he
671 Tcon aubst rar o2 The fmirlge Aotes aRreens mp b o on et shSaha EedRon o

| ayer 40 §:QddMaydri30ahd pagahed seVievelspddne |ek{583@91etﬂi\§t o@¢ioflRieNiylef BZleved iede
layers and the first and s%ésgnd gate XI de | ayers; first voltage devices
i.ncl udi ngNt"}‘F‘élS(g‘%lﬂéF'ePiuﬁall?Yé’tf PEE B‘ﬁ‘a Y4t 1oxi de | ayers: second vol t age

devi ces includisng tfe - bﬂaﬁhaaudm%ﬂ&@mng@t 8 ﬁ@ffo&ﬁed AY8E She BRE vbltidedpvol t age
devi ces including the second gate oxide |aye 18. The method as clai med in

cl ai m 17 shaerddi mgsk $hintei theyths Y"F%\‘tfomkluéi}’@f ofifia oy ivaliagedgresdft er f or ni ng

the oxide |ayef; prﬂ@%%s?'ld%@vélﬂeef’lu,ﬁ%efmﬁﬁaskqo@(r@ﬂ§@edt he portion of the .
oxide | ayer over the silicon stbstrate; ~9 7 AUG 2604 inplanting

N-wel 1& for thd- seddadirsinewt iiltege Ncﬂhﬁlmjbvdéwlté%lméﬁpﬁgteﬂhéfﬂf thﬁsfirstrﬁ&
removing the. E?ér@g%gr ah@x%h@gﬁcﬂfevle% & to§§fi;d}9 tl'ferfﬁ'stféf{es&xldgq 3%%&&@“ ng
nmet alm

~the first nas asc 8|ncIU|ng formng a
second rragweclivéorﬂndréur@kﬁydhéﬁm}%‘rvqifag@deﬁwﬁffﬁng the oxi de | ayer; processing

Ebstr ot Moot 0 MXRESGhI Bablhalodls LIS LAY ERVBY oSl | con

substrat e; nti'ng e seco ol tage Vi ces
usi ng theclsaendﬁd mrasls &4 mtoeqlmi?iw@lstftbrehqnmnahtymfﬁfst tdvevadiapcidevicey &3 u5| ng the

spoond; ek 0« oHRAR) 5o 2RI TE e TS TR o0 A
after for mchtge tthgs 1o thﬁ)ilolgaﬁ Rawthelgricayess; shown in FIGs. 6A through 6D.
20. The first voltage N-channel Vt mask 44 is removed.
21.  The second low voltage P-channel V| mask 48 is deposited over the first gate
oxide layer 38 and is patterned and developed to expose the first gate oxide layer 38 over the
20 N-wells for the plurality of second low voltage devices 14. ‘
22.  The P-channel V, implantation 50 is performed using the second low voltage
P-channel V; mask 48 into the the N-wells for the plurality of second low voltage devices 14.
23.  An oxide strip is performed to remove the first gate oxide layer 38 from the
shallow trench isolations 18 and the semiconductor substrate 16 over the N-wells for the
25 plurality of second low voltage devices 14. |
| 24. The second low voltage P-channel V, mask 48 is removed.
25.  The second low voltage N-channel V; mask 52 is deposited over the first gate
_oxide layer 38 and is patterned and developed to expose the first gate oxide layer 38 over the
P-wells for the plurality of second low voltage devices 14.
30 26.  The N-channel V, implantation 54 is performed using the second low voltage

P-channel V, mask 48 into the P-wells for the plurality of second low voltage devices 14.

-
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processing the third mask to expose the portion of the first gate oxide

| ayer - over the oxide |ayer; inplanting a P-channel for the hngzlAgﬁcﬂﬁﬁ
vol t age device using the third mask; and renoving the third

method.as clained in claim20 including: formng a fourth mask over the
first gate oxide layer after formng the first gate oxide |ayer; processing
the fourth nask to expose the portion of the first gate oxide | ayer over
the oxide |ayer7, i ni afli¢ Bgipas pererannel ref‘r@)ﬁ/e meﬁr& gutd bxigeoad3 s/ fbihale

devi ce usi t he fourth mask; ind r enovi.n fouhéh mask. 22 he, met hod
as clai rreﬁhaﬁﬁwctFeélFlﬂ'n‘? PUPRT Y dPh e $meANg °aI ?‘1 FEe MR WO PSP FRES F8Y gate

oxi de | ay fur@ift}t@gseéﬁa%@gogtgg@dé¢153§t14gate oxi de layer; processing the fifth
mask to expos€ the ortlon of the first gate oxide |layer over the oxide

layer; 18  E12% AUGestros RRgira2 de%fepﬂwc%alﬁwa asgsEPWR HFIgswé threyghy &P

vol t age d@ﬂdﬁ@sﬂéﬁs‘ ﬂgthfolﬂghf?di fehit MBSKichAO S IR MGs! e thbddhizprask. 23. The
- method as clained in claim22 including: formng a sixth “mask over t he

first gate om%ﬁé Ia?@rSte@F@eﬁﬂcﬁi’rlﬁ‘i‘ﬁ‘?gh‘t%’é‘cﬁufe’r@tSh@’éft’é‘Fd??(?é\’lh‘:ﬂ‘éh processi ng

the sixth mask;d o expese {bf mﬁd”%@ém Leqrfﬁong@tsqn@mﬁteh@y%ower t he
oxi de | ayer; |rrpl anting a N-channel for t f—’ third vol tage device

usi ng theabwmﬂﬁﬁrﬁs)kldeamwer@nhﬁﬁmf‘gtthe Si xth mask 24. The nethod as
clainmed in clagm 23pingl ydi N e@é;gayésrt% it IanJsitétisévegﬂfe%IQé' S8 hAYRE ks g

t he sixth mask; ‘and cﬁneanl gate oxi de l[ayer after renoving t
si xt h was Igatezsxdeﬁayneisq@mﬁ lﬁl@rsemlaw@fuatct snbbtrege 86 ofithd mewbiyang8 14 ash nenory

e £ e R e T

- having a pluralfty o I'sol at1ons. an gate .
structure; formmga@xboden&mtthw Ot gt dgide daper 38 ondephrated it pdlorknsssheft80abe, the

plurali tyr‘?g)l%‘i rlﬁs‘%lal I&)\r(\éa%&l g??esrs O%L% ans th%r'sdut)tn . Og%tel &r%@ﬁseg%to&%ﬁtt&” e;

formng a ¥ 18 “oXdeTi €- oXI [ayérs expose the
oxi de ni t nthidencoxafde A. ayt&r;sﬂ)e)dme@taym@ns tidspesxtddoatx wmgmgatcé astindi2000 8,

L;mr),\él lr;g oxi des Vﬂufe tLe mwlene'}%)relrhgs l];ereg g‘escngec{s %F)cggjggct%)ﬁlxﬂﬁl anél}eglﬁc Bestd o% l gvers

to be understood that many alternatives, modifications, and vanations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
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

20  accompanying drawings are to be interpreted in an illustrative and non-limiting sense.



the initial mask to | eave an oxide | ayer over the silicon substrate and the
plurality of shallow trench isolations; renoving the initial gj&f form ng
a first mask over the oxide layer after form ng the oxide |aye#; pQUﬁ:é?ﬂ@i ng
the first nmask to expose the portion of the oxide |ayer over the silicon
substrate; inplanting N-wells through the exposed portion of the oxide

| ayer using the first mask; renoving the exposed portion of the oxide |ayer
usi ng t haHH PSYENBRRY CTLATMAINGS:t he first nmask; 19 ~' 7 RUG 2004 formng a
second mask over the oxide |ayer after form ng the oxide |ayer; processing

the second maska infeti)PE MahiBetROkd & aititifle VélRgo MadembayS inR¥Rtedidi@uisi | i con
substrate; inplanting P-wells through the exposed portion of the oxide

| ayer usis?%“‘t“ﬁéo%‘%ﬁﬁ%f mask; renoving the portion of the oxide |ayer using
the second m@isvidiﬁg}gv's&gicbn&c%&cmtrmshz%vni TMpGaidty t B TsHallRs Krdhifer the
de | t gat d f

first gate ox ayer after formng the fir e Ooxide layer; processing
the third mask to rlstises ande finating gate efudiive; first gate oxi de |layer over the

oxi de layer; i.nplanti P-channel for the N:well in he, t hird.mask;
Cenoving the TR R Aeteefie TR onolte emaatrran bt b Bl 87 ox: de
| ayer after form nghallbe tichelsisolgabm M itdtefldatyg bate prat®ssi ng t he fourth nask
to expose the portion of th ate oxide | ayer over the oxide |ayer;

first, .
i npl anting a RERNYAMRPOHRR Oftﬁ’é ﬁﬁ-‘\ﬂk‘ﬂ%"trl?sl?% OV#e STHEMIHESKSUDEFICr enpvi ng
the fourth magdemidPravisBngd hiefdhicmaskr aneF thberifst rdid cc?ﬁ& ClaPal dfid |gyer after

1
formng the first gate oxide |ayer; "processing the fifth nask to expose the
portion of the firsamigendyctoxsubstrateyer over the oxide layer; inplanting a

P chamnel For Ao 0148 ol R AR A OO
| ayer after form nthetshmicbhdigtorgabbstraxi de | ayer; processing the sixth mask
to expose t hechrPnlirEgi " tl%I'd tﬁﬁegui'icr leiy agw(/aerot iedgeclogX eéielgc\ﬁgg lta?gr %é. dt?xeI ayer.
semiconductor substrate;
forming a semiconductor layer over the third dielectric layer to form:
a floating gate device including the first, second, and third dielectric
layers;
a first voltage dev-ice including the first, second, and third dielectric layers;
a second voltage devicé including the second and third dielectric layers;
and
a third voltage device including the third dielectric layer.
2. The method as claimed in claim 1 including:
forming a first mask over the first dielectric layer after forming the first dielectric
layer;
processing the first mask to expose the portion of the first dielectric layer over the
semiconductor substrate;
removing the portion of the first dielectric layer lising the first mask; and
removing the first mask.
3. The method as claimed in claim 2 including:
forming a second mask over the second dielectric layer after forming the second
dielectric layer;
processing the second mask to expose the portion of the second dielectric layer

. over the first dielectric layer and the semiconductor substrate;
13




i npl anti ng aN-channel for the P-well third voltage device using the sixth
mask; and renoving the sixth mask; formng a first gate oxide |l ayer over
the oxide |layer and the silicon substrate; 20 ~~ ~ ~U~ 200 I‘éi'ﬂ?\/lm ?F%U
portion of the first gate oxide |ayer over the oxide |ayer and the silicdn
substrate using the sixth mask; form ng a second gate oxide | ayer over the
first gate oXiGfovify®E paitin b feSbdon AIHRSTT G ine L HdThAG; gmppl ysilicon
| ayer over the second gate oxide |ayer to form fﬁoatl ng gate devices

i ncl udi ng t heremavire the sedodémesk-de | ayers and the first and second gate

oxi de | ayers; first voltage devices including the oxide, first and second
gat e oxi de | ayefhs metbodarrclsivied amelaidey irsdslingicl udi ng the first and second
gg} Seof(:’;lsgr ! aﬁﬁlﬁminagn\geﬁsh ok evsoelc(gnacgs?nddt%}/rh%%ﬁaglen évi"c%'ls 9 ert %?mlsn%(\tﬁg grsg ate

. ASBC% AK. Ae. Ay\ % ABicReficAnBrA\ . A#. ARKU. A@ A@ Ay. A9. A9y. A9y. A. A9(. A\. A9. An2K
[ />[)0 -2CO t)OkFfw wrmhc™Y]c

 a] ca] ca] ca] caperjcabhad aaisinkdal daieajaldn cal cal c

a] ca] ca] ca] ca] cal] ca] cal.cal ca]ca] cal]ca]calcaV]c, a!.#8| G ! OTbh" A#Y#<$SEYRBLLE(
}xsni d_7] | ca] daplasfigaghennds forahe seconf anf third ypltagecdevices after forming the

a] ca] ca] ca] ca] ca] calesad gke@kakeal ca] cal cal cal ca ca] ca] cal (((Q)). ***+*, |,
3----<.../n/0700<1111V2[ 29g235<|'wr ngb] X] ca] ca] caV] c"a] ca] ca] ca] ca] ca]ca]ca] c
a] ca] ca] ca] cajc ) ) za).ca] ca] ca] ca] caV] c$a] cal <<<<>0>.
?2?2?P@0 M@m&%ﬂ%ﬁﬁ%%@é&e@#\gg&ﬁ?ﬁ_?%%c Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ekpwag cbd sajand] dizlectaicc klyerapudi]tea semicondwwtdr capstadte twbfre

a] ca! LPMVBNs NV P, \PBEPR 2 §<'l;rk(':l“lé~L%U- VOVW_W X2XY&Zn¥r Z} xsni d_Z] ]] ca] ca
] ca] ca] ca] ca] ca] ca?éﬁ’]‘ éga%%adfsc%ﬁ éai 3%1] ca] calca]ca] ca]ca]ca] ca]ca]c

a] ca] ca] ca] cal,cal cal.cal cal.r.ZZccc>dddexeef [ fffgg+hhhi Yiii Ejj i Nk} kk

Li 111} xsni d_Z}7] ﬂear]qlétﬁ?‘iﬁﬁ %Qf]féf%gf% (‘fvilf’li? %ﬁ?‘ﬂﬁl]a%téﬂgc@ﬂ%%@kf%%f'ca] calca] ca
] ca] ca] ca] ca] tahtiad £ tfrdah3Rbodrahe st dietet aticl ISP ESR fofrip R MEQaeERAE [ rssss
sssLtttbuuuv{vqgl gb] X] ca] ca] ca] ca] ca] ca]ca]ca]c

a] ca] c*a] ca] ca] ca] &4¥ea] ca] ca] ca] ca] ca] ca] ca] ca]calcalcalcalc aUc a]c

a] ca] ca! vvvv~ 9 ) O AV NN . :

}-H 1) ~K~y~~%d}&§{%%édt¥%ﬁ]ﬁﬁ%§§%g§}%g§ec%}ééjlg%‘téoa chat %g Scta eé% trclz% a gﬁ %Vaefca] cal ca
] ca] ca] ¢ a] ca] ca] ctiecahrvahdu}ualestiptea] ca] ca) ca] ca! OBE

9"bM KhK]| } xsni. .

a) ca] ca] 1:31] ca]"gpal%'}':t;ﬂ%?a‘fo?gﬁ%ég %%lfrtl:tat}’%‘év %Sa]ajé%] ca] ca] ca]ca]ca]ca]ca]c

a] ca] ca] ca] cal@wdvird thalidal thdd r3]wly ; r}xsnic”Y]]calc aUc alc

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] car THegetho®ad ¢l&fded sitldindy IWheahc@k émplanting channels includes:

a)J ca] ca] ca] cal.cal.ca] ca] calca]ca]ca]ca]ca]lca]calca]calca]lcalca]lcalcalcalcalc
a] ca] ca] ca] caf¥HNIgA rﬁ?'{"ﬂi‘{m?@%lﬂ}ex%eﬁwéﬁﬂeﬁ%ﬂ:d%}]%&ﬁé%ﬁ?}'@!ﬁ@]@%ﬁ?é’}’éa] ca] ca]
ca] ca] ca] ca] ca] ca] g@]egﬁljcq%]eg.a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cal I V(Y(>
4_?J_}xsnid_z]]]ca]calca]calca]c

a] ca] ca] ca] capuspssaiecthat dajrtaines tadxrape decedréeri ohtheajecaideditlee}icdbea] ca) cal ¢

I'Wg#4p=N[ | ' ' A
Zi ggi gg} \ég]l Zgﬁé%éaﬁﬁﬁgﬁii%h%&%%? glg%nf?g tgéiuggﬁmg%;] cal ca]ca]ca]calc
a] ca] ca] cal HSLITO tha amd] Cc
a) ca] ca] ca] ca]rca Caé)g akca cail ca] ca] ca] ca] ?a] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca2K[ "TREPIX ‘3@ C&"%‘Sm.sﬁio%r*r&' ()- 10%r& ()-G 10%r& ()-S
10% 1 & () - SHCHOXBhhdd) folnahwtaGhirTn3y u kB vokia éﬂﬁéh#nér#érgm%f%a(ﬁreuit
, V#1096 zF& () -! ##109M M & () - #10%r Fr& () - SI0O%Wr& () - -Z[<710%r & ()-<
610% r & () - =4ZTEUHE QOPPHSIE:* #10%qrqr & ()-= ' 1 *#10% r[r& ()-=

l&#l( ;#]@0 m M &})Qvid_ing_ ! P 1 eSRohductor” Sk fazl*v'ingI ]ao%ﬁ%lﬁt%/_ of 2R ddnci! ") 10%

isolations and a floating gate structure;
forming a plurality of dielectric layers on the semiconductor substrate, the

plurality of shallow trench isolations and the floating gate structure;
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10* 10%,:10% & ()- B 5(t]Z8{\:!1j!10%& ()- !1j!10% & ()-
15$10% & ()-)!15$10%S~S& ()-)! | SH10%& () - ]

| SH10% i & ()-]t) OkzX6{\: | G #100& () - * ##10%& () -1 ###10%& () - S 1DohUS QP04 - |
1098 () -1 fp#10% | & ()-yFfwA?4: 10jf:t10% & () - &OP10% & ()- ! 4#10%& ()- !
4#10% ] & ()- 01 10% & ()- v.#10% & ()- .rgF: 10j ,\7#10%& ()-*!110%& ()-=!<

1096S&’ () - WLOY@&sviny %Q"%f { ers]{Pdm %IQJ piraligB5t dn]:lektn@qm{&pt over
1} 10%& () -!'H 10% /& () -y!10%y
E3! 10%97& ()-@j , \ gl %jg& ge)te *MuG{ui\e?p:o leave a first dielectric layer over the

1! P3"1 10%gC&' () -y! .
109%g &’ ()-?>}' (12)0/(7y7%"} ?&’?Kﬁ %@éﬂﬁ; F“;L‘%?éé%ity %f%i’?ég %‘%2@1631%1(: S $100@ ()-! 1
%#10966& () - | r&%ﬂ%c@leﬂ H3hé ﬂiﬂ;‘i/&e(e):tryc' MR efIhe sehigdnductor substrate;
10%g&' ()-! N2#L10%& () - 3! 2#1 -3112#10% & ()-3! .
v #1%%53&- ()- é%?o § ﬁ) qyr-r W@’gfﬂ‘/%lﬁ& At( @%@%@ (lpver pachoke () -
| 1098 ()-Iw#&lofy&se(,ﬁlcon@ggpg@gs&gte_ 10g 10g)!" A#Y#<$$E‘V<ZX6H
10g! #1 " #109%&' () LI #109& ( % I'PCI'10%& () - | 109%& ( % O#10%& ()-!, #109%&' ()-
E9RABACEL' b@H: renmying apeFt iy secogd #@mw(lyyerm odirst lielectrpokgyet pnd

(10% () -1 @0"/&' bk serhicbhducBr kibsTate;
forming a third dielectric layer over the second dielectric layer and the
semiconductor substrate;
forming a semiconductor layer over the third dielectric layer to form:
floating gate devices including the plurality of dielectric layers and the
second and third dielectric layers;
first voltage devices including the first, second, and third dielectric layers;
second voltage devices including the second and third dielectric layers;
and
third voltage devices including the third dielectric layer.
10. The method as claimed in claim 9 including:
forming a first mask over the first dielectric layer after forming the first dielectric
layer;
processing the first mask to expose the portion of the first dielectric layer over the
| semiconductor substrate;
implanting first conductivity wells for the second and third voltage devices using
the first mask;

removing the portion of the first dielectric layer using the first mask; and
removing the first mask.

11. The method as claimed in claim 10 including:

forming a second mask over the first dielectric layer after forming the first
dielectric layer;

processing the second mask to expose the portion of the first dielectric layer over
the semiconductor substrate;

implanting second conductivity wells for the second-and third voltage devices

using the second mask;
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forming a third mask over the second dielectric layer after forming the second

dielectric layer;

processing the third mask to expose the portion of the second dielectric layer over

the first dielectric layer;

implanting a

second conductivity channel for the first conductivity well second

voltage device using the third mask; and

removing the third mask.

13. The method as claimed in claim 12 including;

forming a fourth mask over the second dielectric layer afier forming the second

dielectric layer;

processing the fourth mask to expose the portion of the second dielectric layer

over the first dielectric layer;

implanting a

first conductivity channel for the second conductivity well second

voltage device using the fourth mask; and

removing the fourth mask.

14. The method as claimed in claim 13 including:

forming a fifth mask over the second dielectric layer after forming the second

dielectric layer;

processing the fifth mask to expose the portion of the second dielectric layer over

the first dielectric layer;

implanting a second conductivity channel for the first conductivity well third

voltage device using the fifth mask; and

removing the fifth mask.

15. The method as claimed in claim 14 including;

forming a sixth mask over the second dielectric layer after forming the second

dielectric layer;

processing the sixth mask to expose the portion of the second dielectric layer

over the first dielectric layer;
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VOVWV_W X2XwU6~ @ floating gate structure;
forming oxide-nitride-oxide layers on the silicon substrate, the plurality of
shallow trench isolations and the floating gate structure;
removing oxide-nitride layers from the oxide-nitride-oxide layers except over the
floating gate structure to leave a oxide layer over the silicon substrate and
the plurality of shallow trench isolations;
removing a portion of the oxide layer over the silicon substrate;
forming a first gate oxide layer over the oxide layer and the silicon substrate;
removing a portion of the first gate oxide layer over the oxide layer and the
silicon substrate;
forming a second gate oxide layer over the first gate oxide layer and the silicon
substrate;
forming a polysilicon layer over the second gate oxide layer to form:
floating gate devices including the oxide-nitride-oxide layers and the first
and second gate oxide layers;
first voltage devices including the oxide, first and second gate oxide
layers;
second voltage devices including the first and second gate oxide layers;
and

third voltage devices including the second gate oxide layer.

18. The method as claimed in claim 17 including:
forming a first mask over the oxide layer after forming the oxide layer;
processing the first mask to expose the portion of the oxide layer over the silicon

substrate;
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€ me me inclu
B forming a third mask over the first gate oxide layer after forming the first gate
oxide layer;
processing the third mask to expose the portion of the first gate oxide layer over
the oxide layer;
implanting a P-channel for the N-well second voltage device using the third mask;
and

removing the third mask,

21. The method as claimed in claim 20 including:

forming a fourth mask over the first gate oxide layer after forming the first gate
oxide layer;

processing the fourth mask to expose the portion of the first gate oxide layer over
the oxide layer;

implanting a N-channel for the P-well second voltage device using the fourth
mask; and

removing the fourth mask.

22. The method as claimed in claim 21 including:

forming a fifth mask over the first gate oxide layer after forming the first gate
oxide layer;

processing the fifth mask to expose the portion of the first gate oxide layer over

the oxide layer;
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24. The method as claimed in claim 23 including:
removing the first gate oxide layer using the sixth mask; and

cleaning the first gate oxide layer after removing the sixth mask.

25. A method for manufacturing a dual voltage flash memory integrated circuit
structure comprising:

providing a silicon substrate having a plurality of shallow trench isolations and a
floating gate structure;

forming oxide-nitride-oxide layers on the silicon substrate, the plurality of
shallow trench isolations and the floating gate structure;

forming an initial mask over the oxide-nitride-oxide layers to expose the oxide-
nitride-oxide layers except over the floating gate structure;

removing oxide-nitride layers from the exposed oxide-nitride-oxide layers using
the initial mask to leave an oxide layer over the silicon substrate and the
plurality of shallow trench isolations;

removing the initial mask;

forming a first mask over the oxide layer after forming the oxide layer;

processing the first mask to expose the portion of the oxide layer over the silicon
substrate;

implanting N-wells through the exposed portion of the oxide layer using the first
mask;

removing the exposed portion of the oxide layer using the first mask;

removing the first mask;
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removing the third mask;
forming a fourth mask over the first gate oxide layer after forming the first gate
oxide layer;
processing the fourth mask to expose the portion of the first gate oxide layer over
| the oxide layer;
implanting a N-channel for the P-well using the fourth mask; and
removing the fourth mask;
forming a fifth mask over the first gate oxide layer after forming the first gate
oxide layer;
processing the fifth mask to expose the portion of the first gate oxide layer over
the oxide layer;
implanting a P-channel for the N-well third voltage device using the fifth mask;
removing the fifth mask;
forming a sixth mask over the first gate oxide layer after forming the first gate
oxide layer;
processing the sixth mask to expose the portion of the first gate oxide layer over
the oxide layer;
implanting a N-channel for the P-well third voltage device using the sixth mask;
and |
removing the sixth mask;

forming a first gate oxide layer over the oxide layer and the silicon substrate;
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and

third voltage devices including the second gate oxide layer.
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