WD 2007/ 027648 PCT/ US2006/ 033617 FLASH MEMORY W TH RECESSED FLOATI NG
GATE BACKGROUND OF THE I NVENTION Field of the Invention [0001] The
present i nvanoom7s48l ates to nenory devices and, in par PCTUBANG/033617
concerns a flash nmenory device forned with a recessed gate structure.
Description of the Related Art [0002] A wide variety of conputer
menory devices are now available for use in electrical circuits. A
typi cal conputer neifekYHMEMQRY WETBDRBECBSSER FLOKTEYG64BEs a high
density nenory storage device. Wth all nmenory devices there is a
desire for an increased dgg% ;@@%Iwﬁmﬁ@@fr chip area.
Unfortunately, with increase ensity o y devi ces, the actual
physi cal d@ididef the mwagioons becone reduced whi ch causes Ieakage

roblems and the |ike. _[0003 i ce whic
Eecorre quite poﬁl?%lr #‘ g‘ét {nverrté\% rﬁg'gerqgg |‘§e ad %gwe?ré?% 1) p(fgt\lﬁmcaé’
A flash m@&’fc\énﬁ%ila&ﬁ‘ﬁeﬁ@ﬂ%ﬁrﬂ:@%rﬁfed R rbdesded galsebatbreer asi ng of al |

of the cells and aI 0] has advantages in terns of processing in that
t he fl| ashDeperipiion ghthe Rglated Adbes not require a capacitor as the

st orage devi ce. nce, ] pocetel

to fewer corrponfarqpﬁr eqﬁb‘l ‘rgle mgj aﬁ@t? ?gﬁgﬁﬁtg’ﬁ’ﬁg’?‘%e@?&%agﬁ afVélgmr y of
conprises g ¢lea@nisdl sirafitst bhatypnabcmtegmmorysﬂmmmammmcmt whichgdfess
structure ge conprises a.floa ate where ¢

Stored. The R GRPD Srae S, L ey SharSlBe fd fesrs o vy
a conduct i Yxfcré%@édrﬁengl%}ﬁﬁﬁé?n&?‘déﬁﬁés%'eﬁblﬁp hRE] UnforRhattewih Bftdasddedendity
control gate Is general I%%posl tioned adjacent the floatin at e but

i s separ at efimfemory ddvéces.| thaadtva) Pzl Bwsﬁﬂlm%wx&twomcr Fraluced el samesn

of a first Ita S frol We results in charge tunneling
t hr ough thé é?&l e a%%ﬂlgéi ng stored in the floating gate. Wen

charge is stor eﬂ]ODﬂ] t h@nfeltjq&tdfm@ng:ay devicetwidch aabstaneoquifegpopular in the past

non- conducti ve and e,isn tored in,the fl.oatin
The transfet sprt it BetnadaoRoetii | deah mymonh i s acfaehb SR fuine
pass vol ta%?ob%l' GRe of 8T e céllg"a‘n&EI% BasQlvafiaped B 1846 fthrodessin}in that the

floating gate iIs |nd|cat|ve of the logical state of the flash _penory

cel | . [ 000%pshtieirory Eenstallyednss yof sequiiP i QURGAIF s Wit Siatage dleyife. miifpes, 4
SRR e i e e o R o R S

due to the oce55|n ste S required, ere | a strong
desire to be abkosoyp i rI(héettj@ealt ﬂmhdamwyconfpnrsem Hrameistor yhat has two gate

structures. The first gate structure generally comprises a floating gate where charge is

stored. The floating gate also functions as a transistor gate foming a conductive path
between source/drain regions of the substrate. A control gate is generally positioned
. adjacent the floating gate but is separated from the floating gate by an insulator. The
application of a first voltage on the control gate results in charge tunneling through the
dielectric and being stored in the floating gate. When charge is stored in the floating gate,
the transistor is non-conductive and when charge is not stored in the floating gate, the
transistor can be made conductive, e.g., by application of a pass voltage signal. Hence,
the state of charge stored in the floating gate is indicative of the logical state of the flash
memory cell.
[0005]  While flash memory is particularly versatile in many applications and
can also be manufactured in a more efficient manner due to the fewer processing steps

required, there is still a sirong desire to be able to increase the density of flash memory



WO 2007/ 027648 PCTI US2006/ 033617 devices. As a consequence, there is
an increasing need to be able to nmake flash nenory devices snaller
and to do 3v0M7/827648 a nanner that | eakage and ot her relrar®d2006/ad3618ns
are reduced. [0006] As the lateral dinensions of the flash nmenory

cel |'s decr eggfes.t B8 2 ohaqiskce, (BRI ar0hckihd KRS 64 Shle toelkd ish Rhdmory
t he sel ect i%at al so decreases. Wth a decreased channel |en th,

| eakage cur s swalter end tordq 3 in sechotmpnnsr thahigakase and ofheriralgted prablems are
behavi or can al .50 be altered. Thus, wi th decreased | ateral

di mensi ons, ‘? &°f | ash menory can be | ess reliable. [0007] Fromthe
foregoing, it wijbbodye aapaheeﬂﬁterh]haimetnbnene of sheaﬂaﬂngmmgr nelisddeckemse, ahe
flash menory design that is spaller ghylc si ze stoab\?@{r

for higher hamrel dsneth ohdbe fransiiqreand T‘Bt ot g4y SO Céeaﬁeéed
a flash menpry & as.ﬂe@%h%e‘f"f@n&llﬂ Q@l&fg@%ﬁﬁéﬂs &ﬁ%c@MﬁhQﬂlé cHafdl Rhd fHe MRatihd) ate

i ndi vi dual menor [s but does not substantially increase

| eakage curtrbamtier wcalﬂorba'ﬂétewdt Hihas,twigh dastdasedSairmabhBimegsions-ihe fagkmnany
[ 0008] The af g t1 ﬁlned needs are satisfied by the nenory devi ce of
the present i AVENTTOR which, in one particul ar inplenentation,

includes a subst[oam Wi Friand i@ forzgeinig at dilhba apmmmmtfﬂmrmxi ongohg need
substrate adj acent to the first_ surface._In this parti

r.. .
i npl ement a_tﬁ%ﬁ agihaemertiieyich gt issmaflergn Physical size s 55dp éﬁ%‘@ Ttighes density
gate that ig, g %é%éo’l‘oacﬁls Q4 qKd:€ %ja héHinmt Qﬁaﬁﬂﬁéﬁéﬁtd‘%mgﬁ' h&D RerehRs

be interposed between the two ’sour ce/ drai'n regi ons
particul ar therpnlvemﬁnfoatplrmh of tthﬁemdeaégééhslamm ¢ellg but é@fﬁlmésﬁubst&nﬂaﬂy

floating gate structure and al s Wﬂg‘u%%sceﬁhe formation of a
conduct i ve OHEHST*Bet WEEHS PRE ¥ 50 UI%C&r drai n regions that is

recessed fromthe first surface of the substrate. A control gate
structure is then fornmed on the upper surfac t recessed access
device. In this particular §H§@éﬁ§ﬁﬂ§£ﬂ§ﬁiﬁﬁﬁ§£5¥$§roI gate
structure and 1 fiodg; 0l s @fnBlod GlotiCard sRisbAHTBR: SindPy 1@ bk
charge to be sel'ectrvely sto renoved fromthe floating gate

structure tmeset motitiosl whichamgee pmcléaramlamentahen,dnﬁu@ﬂsmﬁubmwéh tvo

t her eby prOV| de,.an _indicati f t

memory cel |SOUHOEER TP 3 “58\933]%52%&? éz%%tﬁa %I%r ucﬁu@%mamglar
overal I si ZghpkménkfionBERehoteddvice amrin&lﬁidﬁ; adbtﬁ:ﬁiéd\at:dehmgme that is formed so
significant increase in the |eakage current Dbet V\ﬁen so%&(r:]e/dral n

regi ons as asHe extsnd dutej the sehsipta@nd 5Q 284 bs atierByset Retvsen it o sogree{drin
recessed acl% BHs. gF‘f f?nsslszfrﬁ'&ltldi”ﬁpleﬁ&%nt%ﬂ&b thd RReshBRREls deoReTaBR o Muting

conductive C anne
gate structure and also induces the formation of a conductive channel between the two

source/drain regions that is recessed from the first surface of the substrate. A conirol gate
structure is then formed on the upper surface of the recessed access device. In this
particular implementation, the control gate structure and the floating gate structure are
formed so as to allow charge to be selectively stored and removed from the floating gate
structure to selectively chalnge the state of the conductor channel to thereby provide an
indication of the memory state of the flash memory cell.

[0l009] By having a recessed access gate structure, the overall size of the
memory device can be reduced without a significant increase in the leakage current
between source/drain regions as the conductive channel is defined by the periphery of the
recessed access gate structure. As such, the channel length of the conductive channel is

not proporﬁonately reduced by a reduction in the lateral dimensjons of the device. In one
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not proportionately reduced by a reduction in the | ateral dinensions
of the device. In one -2 WO 2007/027648 PCT/ US2006/ 033617

enbodi ment Wheoghoatesssi ty fl ash nmenory devi ces can ther ePOT@S€6/033617
created without a correspondi ng consequent decrease in the
reliabilityenifodinhent, Bighvdeasigt flastagfemupmiewicasedadnsthefe@d M dreatahotitheut a

aspect, the present invention conprises._a jethad of forn a menpr
device in SEHOPHAEEORITANS] fecrites wéle%lafﬁl%ogﬁl@én%@uéé}ag&? Jafmf”afrcgﬂ%é
a floating gat ﬁobﬁgﬁ;ﬂ;%%ﬁl@f %P&!i',ctﬁ'% bragdnt ﬁlb&ltfdnﬁ;%ﬁ?ﬂgesgi%ﬁhdcﬁoffonning

capabl e of storing rge therefn an wherein the oating gate
ext ends i nwamemnonytdevichén s aillstratawhemindhe mgthof ircheley the @iy o€ formmgtadoating
substrate such.that, in the, fir harge state fi.rst. cond or .
channel is ¥t e} Sphstratsg ek ﬁbat%%@g? ! t%l?ea oGP atﬁﬁé’f B%PP%ﬁg?r_ggé}fer?%gn d
floating gajrerd iR MEHAL Gatk Ukich®Y inwa TRt SRSsubRP1t@HId @baciip@Bi douples RGha
control gate on the floatin ate to capacitively couple therew th

wher ei n t hesubgipsist suchthas in e hyd rhagrsi B i ropfistd shamehis dorged trpesh the
control gal&rdlhOitn] Ak @nﬁ@@ﬂ 4 floatinl Bar " O eRbA KR! odlifistd RSO
P] y oM I ther a recesse a

gate. [0011 posi access gate or .
fl oating gafositishingatconieol gate @asthe Hoaing eatd to erpacitihdy suipdt thetewith wherein the

t hereby defing a channgl about the periphe of e .substrate,.the.
channel | erf§P 035‘813\}9359]%1‘3‘?3’62%‘???135‘7 ﬁ‘?’ﬁﬁrﬁg%‘% i n#r{}lo%"’tt?% P03 Shipeg dn
increased wWhi Bide ats UPMHE Akt gatdICr ease in the overal | di mensions of
the flash nenory cell structure. These and_ other objects . and

advant ages of t 8033 eseRy ppsitiening ethens recessekansess Saierd adingtinsate ptrashire
the follown i pti en, i i ' ' i

i avi ngs. R ApepR st AR b BRRGY e Daltopl oo wesRTeA
are top andubsioss-teahmvhllengtlebstvwetn dhe soircadilire regions sildating sgate can be
illustrating the formation of,a, recessed acc ate structure that

s to for mACPEbIEAY YLD REa G ey dymaBtre of oF natrfipapd bel
i 11 ustrat ed; R TRAL and L3 bbikEg wiEadAntafd 2Bhép@sdn® frvamibn will become
cross-sectional views of the structure of Figure 1A illustrati n_ght he

i sol ati on ohorgdjappasent fesesthed fllopangs deatriptien r tRkeRyr Bs; copyogtion gy iae
2C and 2D ar, oﬁé%f/ﬁf s&%ﬁlgpal views that illustrate the formation of
gate TrUE i

a control ure on the floating gate structures of the flash
menory device of a first illustrated enbodi nent; [0015] Figures 3A -
3C are top and cross-sectéﬁﬁmm;ﬁﬁméexeml ary

formati on of a sel ect gat cessed access
devi ces of [0012]  Figures 1A — 1C are top and cross-sectional views of a semiconductor

subsirate illustrating the formation of a recessed access gate structure that is to form a
floating gate of the flash memory device of a first illustrated embodiment;

[0013] Figure 2A and 2B are top and cross-sectional views of the structure of
Figure 1A illustrating the isolation of adjacent recessed access gate structures;

[0014] Figure 2C and 2D are cross-sectional views that illustrate the formation
of a control gate structure on the floating gate structures of the flash memory device of a
first illustrated embodiment;

[6015] Figures 3A - 3C are top and cross-sectional views illustrating one
exemplary formation of a select gate structure from one of the recessed access devices of
the flash memory device of a first illustrated embodiment;

[0016] Figures 4A — 4C are top and cross-sectional views illustrating the‘

formation of word lines in the flash memory device of a first illustrated embodiment;
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the flash nenory device of a first illustrated enbodi nent; [0016]
Figures 4A - 4C are top and cross-sectional views illustrating the
formati on ofowmr/27kdsnes in the flash nenory devi ce of aPCIT/USL006/033617
illustrated enbodi ment; -3 WD 2007/027648 PCTI US2006/ 033617 [0017]
Figure 5is a Cr[@@ﬁ);]fseCFi'gﬁféad is\el @N¥sQEctRNA VIS 6F dileSpolstiBe HaBE ARf¥ry device
device array of a first illustrated enbodiment; [0018] Figures 6A -
6C are top @y ofpficst ilbstreted gabodimens of a seniconductor substrate
illustrating th mat i ol S :

s to forma 8GRl s HE T REATERERRlMF Rt bkt
i Il ustrat edsudstde ilf®Riting] B0 ¥Simation Wwf @srecklsed rdcedB galesstiticipreathelt is to form a

cross-sectiognal views of the structure of Figure 6A illustrating the
i sol ation oﬂo%ﬁﬁﬁéﬁfﬂw@_@é@@éﬂlc’a’ ¥ 05%@‘@0%41?‘68{3&?5@%’9"%%] Fi gures
7C and 7D are CT1B08n S Ok 8 AVin@WS dr {ogsf%ha ok ebokibifa] LRWIRE iR ruGfredf

control gate and selfect gate structure of the second illustrated
enbodi nent ; Fig@@ B2 illEtgting thegdgolati@@fadjecanbrscesardl aseess gate sbvetwrsl vi ews

illustrating on enpLary formatjion of a = . t :
structure of thjogégond# W%ﬂggr%ﬁe@) argr%ogﬁlsgrr‘%é al%%ﬁﬁ&gggé%% foHiGn
i sol ati on sgfaiphitblesaterind sbROZRle ShugiiferfPhe sBeand dihastated eaibbdinht; vi ew of
one possible flash nmenory device array of the second illustrated

enbodi nent . DETAPO3D DEBeRIePAON 8¢ arforpRadrerRiEtScRumsb i MENH pirHDg one
Ref erence w 0 S A R85 YRESRhdule! dFehP BBk A liBustrated
refer to I}A%!é:' ﬁwgaﬁﬁg%%tguwgﬁ[qg%ﬂ]] R%?egér%i r?g I nieti ally to I%i gures
| A - 1C, thembadithérdlas pebesssisaladosstepiirg;end form a fl ash nmenory with
recessed access vice s illustrated..ln this.partic .

i mpl enent at i on, @Sﬂd 0 %@4 ’éfe(fmsfﬁﬁctiogﬂg‘il%gf '{?’i}" Q?éﬁgfsei%[ag&lmgl\?gp dovice
sem conduct geay sTuRskédeniRcanthtbbRing Masking | ayer, such as a
nitride |ayer 104 is then deposited over the pad oxide 102. In one
particular inplenentation, the pad oxide 102 is fornmed using a wet
oxi dat i on process el bAdbederpRINeS s PREFRRRBUDBUDIVENT
approxi mately 100A—ard me nitride 1s deposited using a welT-known
process to have j8023)i ckRefegenoé walh mooxbaraindd to thgQDAwing9 G28ieinAlk¢ gumerals
illustrated in Fjgure %3, once the pad oxide 102 and the nitride

| ayer 104 hisdes 'HREPAS 5598 Heposi t ed on an upper surface of the

sem conduct or  sulgidjat eReferring initially to Figures 1A — 1C, the initial process and steps to

form a flash memory with recessed access device is illustrated. In this particular

jmplementation, a pad oxide layer 102 is globally deposited over a semiconductor
substrate 100 and then a masking layer, such as a nitride layer 104 is then deposited over
the pad oxide 102. In one particular implementation, the pad oxide 102 is formed using a
wet oxidation process such that the pad oxide has a thickness of approximately 100A and
the nitride is deposited using a well-known process to have a thickness of approximately
7004. _

[0025] As is illustrated in Figure 1B, once the pad oxide 102 and the nitride
layer 104 have been globally deposited on an upper surface of the semiconductor substrate
100, an opening or recess 106 is formed, vsing well known patterning and étching
techniques, so as to define the recess 106 within the substrate 100 that is to receive the
recessed access device in the manner that will be described below.

[0026] In one implementation, the recess 106 extends approzimately 400A

into the substrate 100. Subsequently, a dielectric layer is grown on the interior surface

A4-



100, an opening or recess 106 is formed, using well known patterning
and etching techniques, so as to define the recess 106 within the
substrat e ¥®200O27648s t 0 recei ve the recessed access deCiTa82006/033617

manner that will be described below. [0026] In one inplenmentation,
the recess {06ofaxt fReks 18PRO @mcmtﬁaley AR0AIdel IN1BO I bree skl ar dingledidftation,
Subsequently, a dielectric_|layer grown on the interi r surface

WO 2007/ 02768 @acprids? b &y 6396 ?Smgflwstf 0%13@10?&%‘? UIP slﬁsésﬂ%“@ﬂess of

define a o,
o de 1139;"‘5513‘13{0r negtglyjﬂi)?xngsldgsﬁg@ntﬂaﬁ%rﬂ%@fe mmﬁmﬁ&@ﬁlmlmpm%mgﬁsﬁs

oxi dation procedure and has a
t hi ckness oﬁolyﬂlmmnpmldemwbey 08P Abe &hﬁb%d@l &1t angl thenigried aver i1 04 sorag torfilhihe

gat & oxi de F5° AN SR feichy duecd B GR et BpSr Bt bifbeY Gho tes

106 and to hnaby rededsi 106. al‘liéch)éSde'a@éB@s E4te Stitetele 406 dsfnggad Boating gate of
structure 110 formed wthin _the recess 106. The recessed access gate

structure 10e flags mamervacellias 263l B dgsgiibedbelow.nEhe exeess jegn getarialen th
will be desﬁ{ﬁ#ggyéﬂqbg%n Eg?erﬁéxgﬁsﬁoﬂ%%? of GRPcERE @id ﬁh’ld@:r‘la%équoﬁl- using

nitride |ayer can be renoved fromt upper surface of
nitride | aylerowiOtchisg techniduesenchetnadai mgcltaemhlrplqmasatmn t@henucsa(rCMP)

mechani cal planagrizatiop.tech ue CVP VWi le r rin

Fi gures 2A and %@bfﬁsol %ﬁegef‘%&fou%’@grezilzfl % fésfot’lr@ B tﬁfées A2 o
sem conduct Rimsd Stk akBicdMhchR sasthRe 109Gbak & ﬁd]a&ﬁjﬁceﬂt&@&é@%&c@&@@&tﬁ
gate structures 110. Specifically, an isolation opening_or %é}uog& the

114 is for nesthctusesolign Bhrsifically, rangisolaiton Onwgpfadreaﬁh d&4 ipforme
d t
recesse gaﬁlﬁjdj%e 04CHHe g&tﬁe(%ﬂ%l ide gﬁlﬁgé%gé’ﬂ QPJCHI%éS%d e blssk O WA0 using

patterning an chin qué seq I sol ation materi al
whi ch, in w&ﬂ-knowmpatmnn@andmhthmﬁmws Sm’osmuentéf paetatioh sateriabwhich, in

deposi ted oyer. rface of .the ni eces
access gat e¥l§t atlffocowsgﬁ an ox r 81‘1 ,r1s %eposx e?logg?] fifs s%?fgce ofithe

fill the isgkafel l@q ahﬂ emclacckdcll da6dsPgata sﬁh@ﬂed@ﬂ,&vmm BHB&W aﬁ}jb!}&ilitcbmmo
(HDP) process. Subsequently, the excess: isolation material on the

nitride anda&méﬂb@ﬂey%’ﬁlﬂm@dﬁﬂ%IF%WHmé}ﬁeﬁﬁ‘Q’d’l@W B (A progess.
is illust raglﬁg n1F : SEC%T% 1551%?011'1(159&3&1'09'&55&'1@%%& glgélﬁcon is removed

preferably Se SO as to be recessed below t
upper surf assngh (IMB prmuessr argle ab ag/ Blusttfdd anﬂlwlixdhysﬂdat@orsﬁmqtgre 112 is

[ 0028] Figure illLu e th ubse ue rocessin

regi ons ofprﬁf‘?éa%ghﬁg?cﬁ‘é(g§ §tbﬂ§i 59 ﬁ%?‘hgeé TehEe re?:lggr & uggce%g%e b e
devi ces 1104itffe 15353 i 04 Melith@psIcsilicbn IFDgure 2C, the nitride |layer 104
and the pad oxide |ayer 102 surrounding the recessed access device

110 are renoved. [0828]i s Figerendr WI%REH“&’F@I thesupsegnend poesessing of the EHqnS

Ina of the substrate 100 that include the recessed access devices 110. As is illustrated in
Figure 2C, the nitride layer 104 and the pad oxide layer 102 surrounding the recessed
access device 110 are removed. As is further illustrated in Figure 2C, this results in a
portion 118 of the recessed access gate structures 110 extending upward above an upper
surface 116 of the substrate 100, This upward extension allows for greater capacitive
coupling between the recessed access gate structure 110, the substrate 100 and the control
gate structure as will be described in greater detail below.

{0029] After the selective-removal of the nitride layer 104 and the pad oxide
layer 102, an insulating layer 120 is conformably deposited on the upper surface 116 of
the substrate and also over the exposed portion 118 of the recessed gate structure 110 in
the manner shown in Figure 2D. In one preferred embodiment, the insulating layer 120 is
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portion 118 of the recessed access gate structures 110 extendi ng
upward above an upper surface 116 of the substrate 100. This upward
ext ensi on avo 28807648 great er capacitive coupling betwe@aTAURZ06/033617
recessed access gate structure 110, the substrate 100 and the control
gate structddhfnidst ¥ d high& detsatit el dsBxpenaiititie, daiitddelfONO), whidh 2R bne
After the sel éctive renoval of the nitride |ayer 104 and the pad

oxi de | ayevwrticgr emhodimsnt, ixdenesited {por thickoess of gpraxdmagly iyO%eposi ted on
t he upper surfa 6 : : :
por i on 115 of AR acasibsbiiEntid ¥ SbauATts B bR IhRE a ARl
in Figure 2byerl1n2 gnthepicefformably deposithidramt the titmalating ldyat 124y Indire patizolar
Is -5 WD 2007/027648 PCT/.US2006/.0 361& corrgri sed clf a gi&h if‘ £
di el ectri c SWIFPeRIEGR, e fin coRdugitye 18 177 SieorpieyR, [2eh PERTYSINog et 18
particul ar &phadheRE wellknB®Rehiigekst@a thitkhestoTapsoRmatpprIvA. mat el y
150A. [0030] " Subsequent to the deposition of the insulating |ayer, a
thin conductive [003yer Agis illustratedrin FighreotDedtseanse Eggnyulatie dayer lfty(h@d the
i nsul ating Jayer ,120 thy ' ' [ '
conductive lgy%orndl_‘ﬁ%?vecféi‘ erc?n%?@?@@%g@grdegwﬁg% [ C%Stﬁggtq 0? rs}1Jn @ the
deposi t ed ustéesagdwebéss kgatsirucmedsnilGués pperapdrtibrekHésef thé rappedrisrst gty

250A. [00311 As is illustrated,in Fi 2D, .t he insul.ati
Fayer 120 s 10p; AT RHGR: vOCISy WPvS 3o JEVE Pl FaBPGF 124 Wit
deposi ted q}ﬁ?fovte? fheSAaadifi R @oug,ﬁﬂg BtHedntBe rdceH6$ sQdssaRELatcd €10a, 110D,

structures 110, the upper portions 118 of the recessed access gate
struct ur es ahdCam, assoliied sansiel gote strpeiare| iy teymaneer A Wil bgrdgsribed iy greater
pocket 124 i'ﬁ)%zo | mproves the capacitive coupling between the
recessed actéds gé’f’e structure 110a, 1 | o, and an associ ated
control gate stroeare Figuieh@Cramd ey illusiadte wigair dfeectemedractros gatn structures
greater detail bel ow. [00Q32] FingtJ res 2C and 2D il l.us r?te anp

' f
recessed acdfsdt Wikl Bowevendegpragent frpg the follgpng degenption fha %%ﬁg%eré’ﬁs?sed

from the fallaw,ng sgﬁaﬁ{eg P10 O JeiBin@NisRRY atdve HQCABSHoccRE SRISRIsGaLP
structures 110 Can be forned using the agove descri bed process and

this array canhe usel tosforin e afray ofi osting gatss for flashgnemneny cells eypically. fipresgh
menory cells,

Tyhical l for . I [ |
array, one ragtofﬁ%gh H%eﬂé)qu f/‘%é@%é%%?}rég%aggt%ks%ﬁ;eh t g4 .'éelte(f %a% §eléac:9 ?%\?vsthat
for data t qllivgrdabeowithértbenvriten ar orrreatifrm tire fldsk nfelreshdavisepinthe row.
devices in the row. [0033] Figure ?f - 3B illustrate,one Progess d
wher eby one of tiA&33]ecelighigs 3%6(‘;5’%51 @ﬁff’é‘%o 8 B CES ‘glber?}’é’s‘?nﬁnqt E%I TFESSY
sel ect gat g.and #ﬁ% 130 daf Al DGigHALE aPh Blebt @8 andTBHPA Yio&i&ld gatd Bf a flash
particular, ap klayer 126 is globally deposited over

ot oresi st nms | :
t he memory cell. In particular, a photoresist mask layer 126 is globally deposited over the

entire substrate 100. The mask 126 is then patterned such that the recessed access gate
110b that is to be defined as the select gate 110b is exposed by an opening 130 in the
mask layer 126. The thin conductive layer 122 and the insulating layer 120 are then
selectively etched in a known manner so as to expose the polysilicon of the recessed
access gate structure 110b. Subsequently, the photoresist material 126 is then removed
using a well-known process and a subsequent conductive layer 132 forming a control gate
structure, which in this case comprises polysilicon, is deposited over the substrate 100 so
as to electrically interconnect with the polysilicon comprising the recessed access gate
structure 110b and also the polysilicon previously deposited within conductive layer 122
as shown in Figure 3C. By removing the insulating layer 120, and directly

interconnecting the conductive layer 132 to the conductive material comprising the
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entire substrate 100. The mask 126 is then patterned such that the
recessed access gate 110b that is to be defined as the select gate
110b i s expsx®d7/037648n opening 130 in the nask |ayer 12BCT/TUR2906/083¢17
conductive layer 122 and the insulating |ayer 120 are then

sel ecti vel yreedssddedcdsh gatelstrosttrerta Obehe oesasl dcoese xpe stndthe 100b will thertote
of the recessed access_gate struﬁgtur,e 1}0b. Subsequently, the

phot or esj st Fragnstipn s @ Kissh memoay, celbayil aall nghayg a-copgp) eath diwhislesticaly

and a subseguenl feRNHAYGhdYRd aBYES gatd 210bORLEICRY fifts 68 REL)s 8@ nary recessed
structure, which in this case conprises polysilicon, Is deposited

over the sudpstss anesist@Ongnanasr that velldededcribgd ip greatesdetoibbelow. wi t h t he

polysilicon co 1Sl Ng . rrecessed.acgess gat.e  struc e I

al so the polys Pﬁplé%:l, pr%\%ﬁd@? m&a%g%]}’t e(:fe‘\:/ﬁg?ﬁiaﬁceé%ﬁﬁﬁiwa\/deehfl%syaeroa%]g
as shown i nogtd gfthe f13$h mBMoFye Mhel dagdickiee japauiatdefiged My entdo? @ate @A the flash
directly interconnecting the conductjve |ayer 132 to the conductive

mat eri al coRpRIFiang itisdsolated Gpmibpiramgsats Pl PydEsomiganieyer 120. Hence,
d t ed in
recesse aﬁg@%ﬁﬂﬁéﬁg %%éﬁeég Hifvoert n&a%a{e%@&&%q?@%eém&%ﬁ be stored in

structure ore .not unction as a ash nmenory )
it wll notthbfluging gatthereby grastingtatvanduciveethannel ircthk kybstratsd0at Alerheatoiely,

t he recesseqd access gate,110b_an an thus be used an ordi nar .
recessed a‘g (gﬁgrge ¥ %f%éqvg‘? (]Wm? ﬂleaﬁ]?‘?éﬁ% &pter %‘&coﬂﬁh{fcﬁv‘% gﬁfﬁ'gg cti tg‘% al?tfs}r:rate s
greater det@jnbvéie! Bvace AR3dHargdsththioF theMoAHME Hatd t@dbe §dnsed BCESBUnown
access gate 110a defines a floating q%ate of the flash nmenmory. The

conduct i ve haper therzby geovidiegan indicetinmot 1o raemqy st afdhe flagk gell. penor v

and it is isolat r ong: f]oat i,po: | t aygL
120. Hence, V\he[ﬁéjsv I tgiggl S Ja%pl ﬁgdﬂ%%\%%eéo%gt rﬁé@g%%e%e%ﬂ?é%?e&gtﬁg ghe
substrate, shamgs cfm Ipdurstityr efl flash delle dahobt iingrogavestadhavitbby conductor.

creating a gongductive.channel .in.the substrate 100. ternatjve .
i f charge igpe ’%ﬁ%k)’e&s fsr‘ﬂﬁ?r&%él IPI%E)%F‘FSnZSA -Qg[:e,a “p th%rl\?tbstﬁr 8rakll¥a4?ﬁ%s1ﬁed
in the subsdyrat® dverlid 8i¥DMRHoI HRD GRuctlideel 32N amIsheSharfi@lHf infphenchiadior, i the

gate can be sensed in a well-known manner thereby providing, an

i ndi cat i on ehdue Hdnisr sonaprised o funesten rsiligide (EPIX) "and gs siepesited vgag Ayl
AC il lustr n . Oherflh
ol ural |ty aroPPaRROuair SERHAEERY  dIBaRRnb MprOinFicnT SAUT SHE Ry thetoe
Speci fi cal | pajtemsd iagd ietched tisiag eatllikmoRh gpurcessest ASubs¢é@ent tac thedisposiioni@4the
Is preferably

|57 AL SRR L SR AR, YRS IS ROLLE o Bl e

conpri sed of,ridéRgStgflerbititfondahé WainkatoraRger 336l €ipOsinipRiediifng cstiokmably

known deposition techniques to a thickness of approximtely, 600A a

may then bedeppsited exidedazenqueh aseigtrath @Tth%?llFQaF&ﬁ%p\ﬁ?S@ ABEE E@EES conformably

Subsequent &e%oéigg UQ‘EB %hglén%@n%chlﬂﬁes. The insulator layer 136 and conductive layer 134
and the control gates 132 can then be patterned and etched so as to expose the insulating
Jayer 120 in the upper surface of the substrate 100 to thereby fully isolate the floating gate
while forming an array of flash storage nodes.

[0036] Figure 5 is one exemplary implementation of a plurality of flash
memory devices or cells using recessed access gate structures 110a. A TEOS layer 137 is
deposited so as to completely fill the trenches 140 in the array of flash devices. The
TEOS layers also form spacers 138 positioned adjacent the select gates 110b after which
source/drain regions 142 are implanted in the substrate 100 for blocks of memory devices

110a. In this particular implementation, each of the source/drain regions 142 is formed in

the substrate 100 adjacent one of the sides of the select gate structures 110b. The

-



conductive layer 134, an insulator layer 136 is then deposited on the
conductor. In one particular inplenentation, the insulator |ayer 136
is conpris&YOYOTRTE®Nf or mably deposited oxi de | ayer su®@RTHS2046/033617
tetraethyl orthosilicate (TECS) |ayer that is confornably deposited
usi ng wel | - kmoverdrhigclegionsielst? ddnebe remhedt i allawen flGomrdgtheobefut o after

| ayer 134 nd the ntrol gates 132 can then be patterned and etche
so as to ex tl?%%f‘?‘ﬁﬁﬁe%ﬁ:& A FLruees Hotq"?%?r\;p?ﬁﬁ!)é\’o‘?u rﬁ’ﬁé‘g"safm
substrate 1@Qytos ?J‘ﬁﬁl?ﬁb’eﬁe laty bBBhe) RsiblRGilhdtRAAbA BY 2 IRUE MMl Sray using
form ng an array of flash storage nodes. [0036] Figure 5 is oOne )
exenpl ary i mskssedatcass eate siucirpl L0l {10p ofd 4 pasin ofmudinary sdlincths agrwill
cel |l s using e r.uctures 110a.. A TE | r 7ql
deposi ted sd pggcw}%?)%g%%%fg)? 2‘| lgﬁ#bl%f I%E‘t‘jl e nrt é"hac‘,’r%é’g 1%%60@3%%5%%05? eo?éﬁ
fl ash devi cegmomhe:lls TEasSodiatyd daoddrirchiody tus Paneomplish8d pathbit depating from
adj acent thgﬁsej EC% gat es 110b . after which source/drain regions 142
are inplantt SP‘ﬁ‘tP.“é‘ §Eﬂ§§‘¥t|‘%“tegtl%0 for blocks of menory devices

110a. In this pappsful an fiRl QIRAHRS maem@@%apépem& RAHE GlofHiRY Bshion,
regions 142 is forned in the substrate 100 adj acent one of the sides
of the sel e¥¥hegat selested moltageeis applitsl bereen thy coxdro2 @atz/ 132 784 ghe substrate 100,
PCTI US2006/ 333617 qur.ce/drain regi.ons,.142 can be f d i no
Fashion i t RS EPoPEEE 17 BetmiBRIAE 08 8ecs 0l et BB e 220002
structures ickimdRsos bbeargldmie rebbsed ddctss tfloatingogutof 1 0amhtgbitsahdfonSation of
sinply exenplary of one possible jllustration of a flash nmemyry arfay
using’ rece8SerfusiEeange: Wistenpciogpetm the sepstrate) | A9 abankthy foepsgh oot
ordi nary skjdobsstd) abddgs 35t 10h! the@BP 2%%@ E&ﬁﬁctﬁﬁ'l%r W¥twBen D §ur@fidrain
di fferent ways of iInterconnecting each of the flas menory cells to
associ at ed thgtrodei2 teiancthet sopraséinaih eegierc bidp| Aleroativel mdwgr ndepange isen the
from the spirit of the present invenii f
11 st r ac eanegikyRis 0 SR RMEH L bR ofb HOLncE 11l B
vol tage is appkd cHehe waenall betheafdrige nogad €1 0237 emiilariebd thetb & 4 ednductive
100, <charge can therefore he accunul S\t ed on t@s recessed access
floating gatitannd ermegibstwesp theHp SPWEH B e8P YE2on t he recessed

access floating ggif 113@.,_1§ git;uiﬁgg&g,eryhgppfl}qﬁ%ﬁ' 88 1P hhe BoMRBALNE MDa, ’%he

channel 143 being forned in e substrat’e 0 about the periphery o
the recessemdagtityof dt chamix) hetvizon disyselsetegatantlil Bl caobrialisrddy ilp pperation, a
bet ween one_source/drain ..reqgi.on. 142 tQ anot ourcel ' L.on
Ta Al or nise Vi N Rt SRR s S SRR 15hs BB Py PREsa
conduct i ve wiaraNkigh bd3oket eeteniahtng wites tatiaga puos o6itagkOshicianesbiis in the

formed. Hence, when_ all of the_storage nodes 11 re uncharged,
there is a fosnaiy¢fachannel regardiess of the charge state of % o%er gates. %1 g)?s way, an

individual floating gate 110z can be read to determine its logical state. If charge is stored
in the selected floating gate 110a, there is no channel formed between the select gates
110b under the array of floating gates 110a, thereby indicating the storage of a first logical
state. If charge is not stored in the selected floating gate 110a, the application of the read
voltage will result in the conductive channel being formed thereby indicating the storage
of a second logical state in the selected gate 110a.

[0039] By using a recessed access device 110a, the conductive channel 143
has an increased length due to the vertical displacement into the substrate 100. Hence, a
longer channel length of the channel 143 between the two source/drain regions 142 can be

achieved without using as much surface area on the semiconductor substrate 100. The



channel formed between the two source/drain regions 142. [0038] Thus
by selectively applying charge to the floating gates 110a, the
conduct i vi WO 2f07/031e4schannel bet ween the sel ect gates | PCOUSZ&a0IIEL7
altered. In operation, a read voltage is generally applied to one of
the gates l1iiQmadcd @mardltlangih whetheredubs Matm@idntalaof leaRigeaturiehghodtirring
| ow. The remai neiu_&gﬁ%g es receive, a pass voltage which results in the

formati on o??tﬂe G .ﬂf‘é%‘mé'fm%'he. charge state of the other
gates. In this vwayan aisRelcidseaovt) Rebibithedatetirhdnf PRl P Hetadsdel
determne its logical state. If charge Is sgored in the selected

f1 oati ng gateessteBaes 110 ertends upwarlsarpebeldctadrbistaive frnerthe vpper serfase of the

gates 11 h,under,.the. array.of .floatin ates 11 t her

Phat cat i ng THERDE 304 gia B PeeRk b B i Sk cbdeoy Pesned B RY conrgy sate
stored in tQmchied eTheHeifhiasEithdgkigiion 118 oDihe febBsclppbdss dbvion! I dbbe: the
read voltage will result in the cgonductive channel being formed

t her eby i ndfu®sirate gan brovasied sage o Bedily the eanagitive goupking betaeen thy floptansg gate,

Selected g ) Wi i i
the conduct g sbpeRao WISkl Bed e 36ARP FENE ORI BE Yol Herkdied
vertical diSphaoefeatingigateo t he substrate 100. Hence, a | onger

channel length o e channel, 143 between t.he two sour.ce/drain -
regions 142 can [hg‘mach 1eveey O 7 sty Beygriaes %W1%§t§p§é€at§%ge Biifized
the sem con@ued@r a WREMEME chBftimditeof ofe WO Wf0RaéR48emory cells with an
PCTI US2006/ 033617 i ncreased channel |ength thereby reduces the

potential ofssociaindhgeleetugate ntMaycelithe prgcespias tseph depaibedidn Soniuagionr with

regi ons 142. 0] ' . i .St

Gofi med by Tigep 805 Lghe SRS (RO Eensih ol AL BN GF b6y BleibE W ne

pr e- sel ect eghisidéhans ehdwroin Figerespped. Iupdrticdarphs stoem isligiresaésd atdOB, a
n an def,in

1 e e P X .
Gate structimenony nupwit  BPE TR kT ST SRR Y phd B SRRl
access devi gRerkd v abavife t4er 16LDEL sahé ShRiEDy Ya@hdrd s6Qisas all®w for the

nmodi fy the capacitive coupli r&g bet ween the float.i ngg gate, the .
substrate afeemetina ebHier tresgat0s. t Fharrecest 186nis linsd) Witk aogate waidsnidp g the

be stored of ﬁgﬁwgggcﬁﬁgﬂﬁhﬁl@ﬁd tﬁ@ﬁﬁ@ﬂal@ﬁ{g?n%hQQQ&LseﬁiggﬂéraQ&séc%egic? 110

illustrate € various processing steps t an be utilized orm
an al t er nat ¢éandedapumiiedrevdr tlef sudhee afthenatimetursef sofak &sfill fhemereys K8l soss (i deffiine

an associ ated sel ect e. .Many. aof the processing steps .descri LN
conj unct i on Tcﬁése‘ggﬁfﬁaié a%sh_owg %ﬁ}éguf%ic'_s ﬁlép’éoé:eﬁs lf)ﬁg%eelgg}l Sbangf%?p%le
descri bed i @nfeQRnaBCAsi dferived HbdvBen citb@dh RBMLHEBOM-I1T, Fi gures 1 -
5. In particular, as shown in Figures 6A and 6B, a i . .
[0042] Similarty, Figures 7A — 7B illustrate the manner in which plurality of
isolation structures 112 are formed so as to isolate different recessed access gate
structores 110 from each other. In particular, an opening 114 is formed in the substrate
109, the pad oxide 102 and the nitride layer 104 so as to be interposed between adjacent
gate structures 110. The isolation opening 114 is then filled with an isolation material in
the previously described manner. This results in discreet isolated recessed access gate
structures 110 in a manner that is shown in Figure 7C. As is also shown in Figure 7C,
these recessed access gate structures 110 also incorporate an elevated section 118 which
extends above the upper surface of the substrate 100 so as to allow for capacitive coupling

between the floating gate, the control gate and the substrate in the manner described

above.



sem conductor substrate 100 is initially covered with a pad oxi de 102
and is subsequently covered with a nitride layer 104 that is then
sel ectivel ywo eovonuedisso as to allow for the fornmation ofbcrhismesnss
106. The recess 106 is lined with a gate oxide 113 in the previously
descri bed Wanner%;@asj thgy @Iﬁ&%&fn@'thé%%@@sﬁﬁ b5 o?%ﬁ@&%ﬁ&jmﬂi@ﬁtedlﬁ%%ﬁm the
device 110 can eposited over the sur ace of the structure so as
to fill theproeessss stpef fu asbadonendfpsasbedtingonjoneivs edthféipered 1 Grengh 5. In

shown in Fi oce sin supst.anti al

sane nannerg"gé lﬁgsglrt;ﬁbs ‘i%s %etg??%hs YRR ﬁtéﬁ’ﬁ’és"niﬁf&glrﬁfe%eﬂ
[0042] Sim h@éés)gateEls@&U’c@‘&s 71‘0 Tatifds, 1hb be¢ledt gait 452 efofAdtN@ing the iMstletng layer
plurality of isolation structures 112 are forned so as to isol ate
different r&¥badder wbswnsntydeposited polysilicenamaterinl forgringtie Kowtohgstes 13¢ and
parti cul ar, |

D e’ 105 YRR Lo bR BMIRLIR TR O gREh
adj acent  ght epasttcnla:;t wefesinglG Hieci $0] ani orvlapegi kagerl120 | Brnbbnin one
filled with, a Iatlo eri al revj ously des

manner . i wediR@h " QRRL Hdion o cobin L HeBliRed oYES Bl e socess
structures dekfkel 1 0AnTBA edmdifiag poBios HG\WE substitgUo® Flbsefisently dddductive
shown in Figure 7C, these recessed access gate structures 110 al so

i ncor por at elaer 18P isthewpositianed on topiaf PR 13Yé¥<?se‘ﬁéi§13§bt6@él Figge GBper
surface of the s B@J rat Pé?lgetg 830_ 28 i1 QuaHe! RmERer GRRAGK the/ S1&PE | Ef@for

between‘theflo he control gate and the substrate in
manner descthelflash mainon}ecell- LovMOfaoRd /aQBfEBASh@@ﬁeUBﬁfe@ﬁv @ﬂﬂﬂiﬂent Pﬂ@ﬂ@?ct

the pr ocossPith ISP RUR FElouPERe s S FFRE Fectn| it FBRCRE 1P

Figures 1 tBasddhenofl gdlysiatohithatliglobally aépbﬁteerﬁaeﬂtmasaceaombeﬁmatmg
gate 152 is fornmed not using one of the recessed access gates

struct ures 1Y 12PaSbsequenly, a eprsuctivpdayer 185 of the mpptenial syrd; a5 Jungpfgn silicide
i nsul ati ng {:\9 %@en@d%{%ﬁteﬁ%ﬁgggrmuhﬂvedﬁ Sji3b € & uBMg% éfcfy' &P hsulated

mat eri al e contr gates 1 e subsequen
deposi ted ckam‘dﬁﬁlom bardkiposited loatiop of the cerduative loyeri13¢. (The lwlae&ﬁtlamtlétﬁ

For mod, i b BRES CHBFEHLTH LEPD b P Rr e 2 snE el ifSta hele

deposi t ed opEfonidiBon RHAIBEENBEIIRES of Bipuics @ thbAgtand smequaaﬂwﬂm fductive
portion of the substrate 100, Subsequent ly, a_conductive |aye

i s then poslayerddedhe fondsstosi 34:ad EMcrsulaeriaes 136 cqn WW@F‘%M ‘ﬁ"hed%n a
Figure 7D. &%ggngmfh&%egs gﬁg\gﬁuén@nn% LA @gmfenm}n@émeg 2 bfﬂedf"@étﬁ emséaﬁe

sel ect gate ry ce 00 1S fornmed as wel
how t he di f 159 thatt isqubitidherbover dhe substdtebut insulated therefrom by the msulatmg Iayer

120. As the conductor layer 134 and the conductive layer 132 can be selectively

energized by application of a potential, the structure 152 can function as a typical MOS
gate structure of a type known in the art.

[0045]  Figure 9 illustrates one exemplary embodiment in an array of flash
memory cells 110 with the MOS select gate structure 152. As shown, the flash memory
devices have reduced leakage as a result of the programmed layer being formed in a
recessed access device for the same reasons as described above. However, the select gate,
instead of being formed out of a recessed access structure, can be formed out of a typical
MOS gate structure such that the channel region 156 is positioned immediately under the
pate structure 152. As is also shown, various access vias 140 and conductor 141 can be

implemented to form word lines and bit lines in a manner known in the art.
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gate 152 can be fornmed. In particular, the conductive |ayer 122 is
formed in one enbodi nent of polysilicon that is globally deposited
over the sWwWoawgdoyw4& he i nsulating |ayer 120. Subseque®RCIT{US2086/033617
conductive layer 134 of the material such as tungsten silicide

(Wi X) can then [pg46]epoBadedaipoi tHehoreg@nGUEWIlVEe dppy@iatddBat the flash memory
Subsequently, an |nsulated Fayer 136 can be dep05|ted on t? of the
conduct i ve feweerand dhe faghanshanyiaey discleyed herap allew fopmoregrlphie deyigss as 2
TECS and c

connect i ona% ‘?E R e o R Sy FRBkSed {eos
t he conduct gateas thisyesultliddesstlbakago dekiotibe longet, chamut] tengthi afdld recessed aopess
136 can be patterned and etched in a well-known manner. The
patterning %ﬂ3etch|ng preferably defines a select gate structure

152 that is posifpered Ql'tﬁéughhlﬂesaﬁbﬁet Hi8d16sel WnbloBBE NGt GUthe REseht’ mmtyn
the insulating |ayer 120. t he conductor |ayer 134 and the

conduct i ve haygshougZescaihed @%@1@@@ Pvféh?funé%?%ﬂl pevelfgaturss pf tha fvepiogras
a potenti al teuc i

St Fucture ofPPo 5 SEIEHEE dhRebe bbGISHAL i robld X Grslo, e ions
exenpl ary em’ﬁﬁsibjm BlflbstlmtlaﬂB andr chynge® if tha$érm melniata;d af dthd devices) sysitenhs andéor

MOS sel ect g f uct 152. shown, fl,ash

have r educe’élle ‘é@ E‘a}' g& d’i’aﬁzé’fy%?ﬁg %ﬁ@g ARt | é@o?tydoeg?‘ﬁag %8%8
in a recesggde aﬁ%ﬁﬁes@ﬁtvw&t{oﬁr ¢ Beadty, HRARORSoRGe deRatidb¢RuRbaY be
However, the Sselect gate, instead of being fornmed out of a recessed

access st r ubmitedto they rqgenxgcﬁemh@mbumhoaldﬂv;ﬂeﬁmd byvhsappepdedddigst ur e
such that the channel region 156 is positioned i medi ately under the
gate structure 152. As is also shown, various access vias 140 and
conductor 141 can be inplenmented to formword l[ines and bit lines in
a manner known in the art. -10 WO 2007/027648 PCT/ 1JS2006/ 033617

[ 0046] Based upon the foregoing, it will be appreciated that the
flash nenory device and the flash nenory array disclosed herein allow
for nore reliable devices as a result of the floating gate structure
of the flash nenory being defined by a recessed access gate as this
result in |less | eakage due to the | onger channel |ength of the
recessed access device. [0047] Although the above discl osed

enbodi nents of the present invention have shown, described and

poi nted out the fundanental novel features of the invention as
applied to the above discl osed enbodi nents, it should be understood

t hat various om ssions, substitutions and changes in the form and
detail of the devices, systens and/or

-11-



met hods illustrated nay be made by those skilled in the art w thout
departing fromthe scope of the present invention. Consequently, the
scope of the invention should not be limted to the foregoing
description, but should be defined by the appended clainms. -11 WHAT
IS CLAIMED IS: | A nenory device conprising a substrate; two
source/drain regions coupled to the substrate adjacent a surface of
the substrate; at |east one recess access gate formed with a first
porti on whichiexi.epdEpbeneath the substrate surface into a recess

wi thin the subStrate and a second portion which defines an upper
surface of the recess access gate and extends above the substrate
surface by aj; selgqﬁggvﬂhém%nggmggg -1 nterposed between the two
source/ drai n regions erein the at |east one recess access gate
defines a conducti #@s&H&innel between the two source/drain regions
that is recessed {yORLORLSHT 868 BubideSuRsthate: 6\9%&4‘/0% &irfce to'?‘%
at | east one recess access device deflnes at | east one | oat1 ng gate
structure havitgaten upper surface; at |east one control gate
structure forned ancﬁah&mq@&‘?{ ﬂc%gsrsfga&@m%udt\hﬁ) cﬂqu @b QAR Lfmn &tﬂbpfglﬂl
gate structure, the at | east one control gate structure defining a
recess; wher dicrubsipiciseiceditg@geasss wien éle@tﬂnﬂdtp@mt & engoof parten which ddioes
one recess aceesa, dakbe (AN MaLL&BL SRS LlnlNBoSIRILALG ! FAESSy o
are verticalf y a |gne ong therr 1 ength adjacent Fe substTat e
surface and sdketitdifreas tindinsrpoegezsvas degyo gatrer/dxinergdsisupwar ds from
j[ he upper surf ac%hcqgm t[]l;l:e t%&thscgr{u"%(%sst %c(t,s's tﬂdthEm atclag%rcﬁgeﬁmm St L%gbﬂ
in the control } ctur ed

di stance of Uhewsemmuﬂhmunmywntmﬂmhhwxmeﬁesghcambesw tradubstalpoane whiae i
;;?Zt r ,[a‘}]g gl[.l) u,ta:[ g%w Ong1(.&9%'21%{,\49(1%?0%%01!319& ﬂp%Iﬁ\r{\ﬁg F](Ecmn{D ggtq%g"uwbrg%a\m?gédnt
the ability QMmtheﬂmharge to be stored or renoved fromthe floatlng
?Zzgssgd lggegng{;fcaé om LI% lO] qe S 1L10181;%’d”ﬂl&eic1\})‘gmﬁ¢ewét su Ir%lat, gftlu, t Iusat)lbu
that is inteflposedabetrween, thdna lczmtdmccbmmegatmmmm arfthitghercsyst r at e.
3. The menory deVIF of CLqu}Z,w%hqrgi? t he cppduc%iye menber of the
at least one recddal ELEESLIHRYIESCRT PEFHRET OF (pBIS ST [SETH 6 $re

i nsul at or i safdoveniell gficsafliicgibdtfate recess are vertically aligned along their length adjacent

the substrate surface and the at least one recess access gate extends upwards from the

upper surface of the substrate to fit within the recess formed in the control gate structure;

wherein variation of the selected distance of the second portion of the recess
access gate above the substrate modifies a capacitive coupling between the recess access
gate, the substrate, and the control gate structure to thereby affect the ability of the charge
to be stored or removed from the floating gate.

2, The memory device of Claim 1, whercin the at least onc recessed access device
includes a conductive member and an insulator that is mnterposed between the conductive
member and the substrate.

3. The memory deviee of Claim 2, wherein the conductive member of the at lcast
one recessed access device is formed of polysilicon and the insulator is formed of a high K

~dielectric material.
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dielectric material. -12 4. The nenory device of Claim2, wherein the
at | east one control gate structure conprises a conductive nmenber
and an insulator that is interposed between the conductive nenber of
the control gate structure and the floating gate structure. 5. The
menory device of Claim4, wherein the insulator interposed between
the control gate structure and the floating gate structure conprises
ONO. 6. The nenory device of Caiml , wherein application of a first
vol tage betwgen thg m%h‘]*a?gl i&ie Adaithe v’a‘i’iexélﬁ—‘%t qfq&ﬁf 8&“&&1%1 %ﬁ‘{- Structure
structure results in charge being stored on the at |east _

f | oat i ngrogatiess st pandeine werabertdndtant ieulaer thetst intsnwséd bgt\’mgthgatoeductwc
struct ur,g. thLALL Soduldfy @O&H%'r@ﬂld oof Al évﬁé sthpductive channel

bet ween the two sourcefdrain region and rein the application of

a second vol fage bt weerit ﬁ@’l@uﬂb‘s@mam é ahdretnhide ansulaggis ticpresdciptivgeo|the
gate stryctuyre. resul romthe at | east one
floati ng(’ ga(t & ‘s"srLu(’E Eﬁ%dg]\,ﬁ% OWJEQES&QL Cg]?@%ﬁﬂ?ﬁéﬁ of a first
conductive channel ubetimerﬁCt’lhfeﬂitCV\l@msbuvfweﬁtdﬂmilcﬂllwegt ofist vittagd hween the
menory QI i iy can { t .

t hr Oughdsﬁl%{wggsdﬁ I‘ gtkrerkta %%ﬁ%ﬁe‘%ﬁé’p?ﬁ e 195“9 !n ﬂl%b%glﬂg stof@él o?ﬂgcsat lcast
r ecessedmnadclo@ssg ggatseughircuotiurhet tim@trlee&swn:qkating:gamﬂedcmh emgtbhs dﬂb fprdhmtion
glogllj:(s:;[ IO)XE t‘u%ﬂ%‘{&ﬁ l‘l\% Lﬁ?ﬂnb eugeﬁ,teﬁlr%\gggé\lneaéhhaﬂcli%e&s%nﬁ uf?ﬂ, L%t:ﬁ(_rﬁaé)lmauon of
devi ce ofse@ndiviirdge b\memethn shheatamnd ﬂaasttlmnmufdommﬂwmg 9ga¢r$u$¢qnmmmhaegu
22ﬁt E)B(raeat t%gﬁ%"ﬁf‘ gl\c/)aég rgc e dS 91&3 atm },alﬂc %tzl{lrc {C xéf‘lslﬂ injgwét(r)hupffm ndé ion of a first
t her ebetcﬂﬂﬁmtw&haﬂhe&ammryc d’ﬁWOGRL/@fclll{]b@bm 8 wherein the at | east
one floating gate structur | Xt e o
upper surfacé of {He™sl B‘ét ‘t“%o ﬁg”ﬁ% “W‘t H% &Oﬁg“rg‘cééﬂg“”f“ofr“%dp“’“

t he conttnwltlbg&heatﬁi:r tetjurighsyehdithatea@nnt nereas ededseyned stotuoapacidipve
coupling tionate to.the first distance petween

YR R e e R S S e K i G A SR
Menory deyviCRsiGRIRctSkd@icess@esesm conduct or subst rate; a floating gate
structure having a first portion that etend§ 0 @ [eress beneath a
surface of tRe se Lc'i‘ih‘&ilﬁ'ét 1o 9h S4Bt b VHEIR! ]ée‘& Y PO O OH Fhggctre
ext ends abaner khe onSehshr abssusbifaterchiecavesel Raled Elheianasscdcd level of
control gate structure forned adjacent the surface of the

seni conddeacge coupling therchetween.

9, The memory device of Claim &, wherein the at least one floating gate structure is
adapted to cxtend upwards frony the upper surface of the substrate and fit within the recess
formed in the control gate structure such that an increased level of capacitive coupiing
proportionate to the first distance between the floating gate structure and the control gate
structure occurs.

14, A flash memory device comprising:

a scmiconductor substrate;
a floating gate structure having a first portion that extends into a recess beneath a
surface of the semiconductor substratc and a sccond portion that extends above the

substrate surface by a sclected distance;



substrate that defines a recess that receives the second portion of
the floating gate structure; wherein vertical sides of the second
portion of the floating gate structure and the vertical sides of the
substrate recess are vertically aligned along their |ength adjacent
the substrate surface; wherein application of a First voltage

bet ween the control gate structure and the sem conductor substrate
results in charge being renoved fromthe floating gate such that the
floating gate defingsr@ sapduetiierdatd &fRddn i Ec rGAERSEH thd stifonductor
sem conductor substrate “about a periphery of the portion of the
floating gat e'tstrptedhdiréliast adarchy hiehteetve thesErpsontier of E@uﬁﬂtrﬂat gie
and so that appljcation of a second voltage between the control gate
structure and the seniconductor substrate results in charge being
stored in the flEtPAgeHatisidehahgicneronheotiondlibeilpetinghemmaiuciupr qnedhe
in the sem condugtQbs SURStIRL e reblss al & iddafs MidRRIRILY . HRM) &ﬁrthIdJQ.ﬂ'ﬂ'{U
10, wherein the floating gate structure conprises a recessed access
gate transistw@puatgguiagpe fl ash nenory device of Oaimi1l, wherein the
floating gate strygture e\p#l%an&:rﬁl?ta kilsk vt %{C SAURE e L911ttth%¢l&0<qt(15t9[lu z&l@tu?c
and is capacitively couple e sem conduct or strate .

fl ash menoryseavindectef sudhieitqneddts ipblergsi iginghenpveddtdmie gatenssgarasot Iuﬁ@t
and the con \:lq‘ltolitYﬁj @\ &fl%g ‘P&)th{c%\f [}ﬁh he REG IeLs\éﬁ'lln 189%9&|{dﬁgolt Qs ZPML
achi eved a selecte evel of capacit coup Ing t ere

The flash menpny adpwrinderyodf Clcapenid8 of iherfermy e fdroaticngxtgalirg info the
structure is fro oSHrface, of ot

S eni conduct Orulﬂﬂ@]g%l(?é{lt %‘%E{n %{21%“:9% ﬂﬁ:d&{{] 6‘E‘ae %gosngip\]&gtr %TCE%L:J u,%‘?w, fontDE
control gategst rbmettuneansiuIdah Stnlnszbmhuqtm nclvsea@et(dbtiltwelch@rfgu dapacsmbnc@en the
;g?gl IS??UCFLI’HEG?! 1('51 ﬂ tc (, anu 11%1&(:“?‘%“‘2 uoﬂ%& ch a{u l?r}%r%(eiubl ¢ sunlconigctol_rHﬁ ttfan
menory of Cla|n11mm ﬂhmremmouhémneceséédmam@eﬁsmdevmcehmnmiuﬂesuauuw
conductiyve nenber and an in r that is interposed between the
conduct iVEPYED 5”6% Mfﬁ“gmégﬁ?%snductor substrate. 14_ 16. The flash
menory devi cé2,.of I&aﬂmmhﬁmnm@amemncﬁhﬁmﬁomdummnmetmnﬁbﬁmgofmihawwwis

recessed access dGWI ﬁ nq Pg yS|I|F;q ltp? |ﬁsu ator, is
formed oF )dgl smt éhcokp g6 dp oB¢ r(’f“&t RS iy s capacitively coup ed fo the semiconductor
substrate.

13. The Aash memory device of Claim 12, wherein the floating gate structure and the
conductive gate structure are respectively contoured to achieved a sclected level of capacitive
coupling therebetween,

14, The flash memory device of Claim 13, wherein the floating gate structure is
adapted to extend upwards from the upper surface of the semiconductor substrate and fit within
the recess tormed in the control gate structure such that an increased level of capacitive coupling
proportionate to the first distance between the floating gate structure and the control gate
Structurc occurs.

[5. The flash memory of Claim 11, wherein the recessed access device inciudes a
conductive member and an insulator that is interposed between the conductive member and the

semiconductor substrate,



17. The flash nenory device of Claim1l, wherein the control gate
structure conprises a conductive nenber and an insulator that is

i nter posed between the conductive nenber of the control gate
structure and the floating gate structure. 18. The flash nenory
device of Claim 17, wherein the insulator interposed between the
control gate structure and the floating gate structure conprises ONO
19. A flash nenory array have a plurality of nenory cells conprising:

a sem conductigr syRstsAt @emayRlcuicalol Yaigf 15t Wodtingc F8b @R i RARImBaviMe:
a first portion that extends inward froma A surface of the substrate

into respEetrvercreteaiss sslogped Heobgbistr @ dhaing¥oisie Euad pot kb dilegtic
ext ends gheve the substrate surface by a selected distance; a

plurality of control gates formed adjacent the plurality of floating
gates so as t'é Db& dapgedtanpey yicuss oéi @eisd 1t haheikit [ 60tiiek realsy structure

define %%H&@'J Loha@divk! . 8shb& ek Sm 1‘1%t01p! NEL U VAR o) O 9(90%5110!]1(:&%1:1&%1\&
further i ning recesses that receive the second portion of

respect i VAR AR AR SaEtir g ddl foubRg gdt Wrelc wher ei n vertlcal
sides of the ;gecopgd. paF n'nﬁ’iﬁblffdcxt &eofFHl'a’iYnaH theRfn fik 9RL 1Y :rgl?r%géd %F\qfu,u

vertical sides of the respective substrate recesses are verti cal
al i gned tai omgokdaeisirutieivgnl thedbip birterite LeusEhspres &N f ace; mhereln

applii cation of. a Figf:st,¥ahtags, hRLUGRN.A, 6ONLAAL JALEBLLYEt Ure and

the seniconductor substrate resul In ctharge being s oreﬁ on an
associ ated fl oati hgpngamductetsubiitaii e such that the associated floating

gate structure Chﬁgﬂ%%?l é]eﬂo‘%&‘{lﬂ ) és'c\{&lhlycwﬁlg aarugtﬁa(rgﬂon ﬂ?}t %&t@mﬂ im&ard from a

conductive path t reces§é &ni conduct or substrate about
a periphery%mﬁmthbmpGMmanuﬁb!@hﬁhassgawamédwﬁhbthnggaﬂ@népmmomuwe

that ext ends LOLR ab% S BRLEONAURLAL SubsLEALg,and so that

application o volt e contfol gate structure
and the senlcondu&pbnmsubsmHHMQﬁmegumm@dﬁmﬁmhacgeub@wwqhmempg@dﬂbmom

the associated floating gate struc ure changin ctivit
t he conduct i be % )cc,(?nuly s&m 88!%1&1 l{)au,u,]gy c{u% a ﬁ)%.{l Qy ulfln%ﬁaé%ﬁ, %(‘;?hb
substrat e wheheiliny mh@ncrolngmtﬁmhd yleidfing hecssctsomdmmawehmhammlaimuusn of the

i ndicative o rtlcu ar nenory cell conposed of
one of the pfﬁp%ﬁygndﬁ?“?Wg§?$W§éﬂg &Y ¥uct ures and an associ at ed

control gate StrU@bumﬁ\mﬁwﬁﬁukgﬁfﬂﬁhaﬁhﬂﬁ&hoﬂﬁﬁﬂKWHHMHapfﬂﬁmﬁkq&m&1ﬁL
further conpr|3|n ast one ‘%FeCt g assoc

| , BLed ith, 33st of

the. pi ural 1T JBr S8 & o SPTBi7 Or SIEst Ve FEad! ng B dars TFP e
one or nDrea@ﬁuhhmcgﬁgn@tsmhﬁgplurality of cells.

wherein application of a first voltage between a conirol gate structure and the

semiconductor substrate results in charge being stored on an associated floating gate

structure such that the associated floating gate structure changes the conductivity to a first

state of a conductive path that is recessed in the semiconductor substratc about a

periphery of the portion of the associated floating gate structure that extends into the

semiconductor substrate and so that application of a second voltage berween the control

gate stroeture and the semiconductor substrate resuits in charge being removed from the

associated floating gate structure changing the conductivity of the conductive channel to

a sccond state formed in the scmiconductor substrate wherein the conductivity of the

conductive channel is indicative of a memory state of a particular memory cell composed

of one of the plurality of floating gate structures and an associated control gate structure,
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21. The flash nenory array of C aim 20, wherein the plurality of
floating gates and the select gate conprise recessed access devices
that extend into the sem conductor substrate. 22. The flash nenory
array of Claim 20, wherein the select gate conprises a transistor
gate that is fornmed so as to extend upward fromthe surface of the
sem conductor substrate. 23. The flash nenory array of O aim 20,
wherein the associated floating gate structures are capacitively
coupled to the asw&na,taeﬂne&ptaw of@faBn $b NUCH L B9 pARL: far Bast_one sclect gate
capacitively coupled to the sem conductor substrate. . The flash
menory a&pfeacafvit] apthopdic RifakiEion cellido 48ew de: a{sbamfcweatmm@ it fgom one or
structun@&bgpgcga%f@§§QQM@§§gwggnduct|ve gate structures are
respectively contoured to achieved a selected |evel of capacitive
coupl i ng t hePébet Weefish2gmorhargy eishlaviedbryicsit By pofraly af fpgigg gates and
wher ei n [ he,|ass a@u,Clo%p?lgu ml.&@éd' {19\,59@5\}?\:& bl HehHh 1ﬁ§tlfc§01§Q§Mu@{%1 El%%t@%t end
upwar ds from the L upper surface of the sem conductor substrate and

fit within tRe retessdlaghomepg:y ﬁrtmh@l ddyuic 2@t ehereionthe giclegatde somagicare
such { N3, a0ol BEE RS a0 ey 8 a0fo CABRCHRIAKE rEAURLI DG, Rr ARRL LODR O
a first distan bet ween the associated float ting gate structure and

t he assoebsated control gate structure occurs. 26. The flash nennry
device of C aim 18, W8 €l.R MAnLAL 1,879 he cted, d n Qf

the second pOI‘tI oh L,O¥ms ]he Lr é)l egslf’?vagcgsls b wﬁﬁ“ﬁ Fh@ as (l&\%ﬁ ﬁg‘{lm gace
nDdlfle§UtMeCEapa@Mmuvebt@@MpiKh@tb@szemcwme g@@asgua@awgsugamadw&he
substrat e structure to thereby affect the
abllltytgwﬂgﬂqﬂcﬂ*mﬁ% %k%Lsgg%g%ed or renoved fromthe floating gate.
27. A method2éf fornifing achiogs hrimerbrjaiced.cepertinethnetshadhiclo fipringi g
fe)C(){ renngg s?uctu]‘%emcﬂgu dssou%iu?c({nclgag%%Em. sulTlcllJltuEt dlg l‘L 7%(1)1?]’%1]5(:%)11[%111 g LPIC%O% a
fornlngsdc&hbatﬂmquQMEvSmmumﬁuheummWMMH the openlng such that the
floating gate has rst portion ess fir urface

of the subst Fat e ;le ['Iabh Quentoty SBM Iollfe( gﬂ W?cr mnéhé ASRAAL a%(,d ﬁoatm vALe
substraueuautiaa@nbmiausehﬂakadmdHsmanmemp&6mﬁmnnnnguaxmonﬂn@h~@amam
on the sem_.con 1 ﬁ f C|at? iq !
f1oati ng"Hdf & t”r ‘&fﬁf’é "‘["ﬁ" ‘86 w"a?mﬁ%ﬁ %P“QP BET SfFE TR PRI Y “3 ?‘é&:“é‘s&
t hat reqggicy8scapftiveseaning ppottiodite f a tikedblaoatbicngegdtcerssichaudtilpa@ig gate
wherein vertical sides of the second ?ortlon of the floating gale and
verti cals"s§'dednd BF apsAe ST BUYCABES YPERTHY YPe vertical ly aligned al ong
their length adjacent the substrate

26. The flash memory device of Claim 19, wherein variation of the selected distance
of the second portion of the recess access gate above the substrate modifies the capacitive
coupling between the recess access gate., the substrate, and the control gate structure (o thereby
affect the ability of the charge to be stored or removed from the floating gate.

27. A method of forming a flash memory device, the method comprising:

forming an opening in a scmiconductor substrate wherein the opening extends
inward from a first surface of the semiconductor substrate;

forming a floating gate structure within the opening such that the floating gate has
a first portion recessed below the first surface of the substrate and a second portion which

extends above the substrate surface by a selected distance;
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surface: wherein application of a first electrical signal between the
control gate and the substrate results in charge being stored in the
floating gate structure which inhibits the fornmation of a conductive
channel in the sem conductor substrate that is recessed below the
first surface of the substrate and such that application of a second
el ectrical signal between the control gate and the substrate results
in the renmoval of charge fromthe floating gate structure which

t hereby induces themfr@rin@hir@naef ondth€ ondemitiiig ehantedo asfi®baRdodifed bign
substrate. 28. The nethod of claim 27, further conpr|5|n formng a

pair of sour &% LM S SHIOWS: BajcaRE e B IS Afef 'Wd"gdt%*%ﬁ’dh‘%%&t‘ the

t he conductlg@ﬂgﬁgan@loﬂmtgggmggg@g@miM@ source/drain regions via a
pat h that extends about the periphery of the floating gate structure

formed in the suBBEIPAEETICOIGIdEAORBIEHFANHPOHEH R the Naaigrgioynd agiiea sidcs

the method comp{cl sbéific O]Tcﬁfnﬂ"aﬂgvtﬁﬂuﬂ?%m:tﬂﬂ Al dheah S BREANAUCL R the substrate
substrate; formng a floating gate structure at |east partially

within the opghichg, wherein the floating gate has a first portion

recessed bel ow t hgsiif A6ficPlontdte SUDSLhHALLANE bBWIEE MRLorPATdalcOMd the
whi ch extends above the substrate surface by a sel ected distance: and

formng a coRtistitc ges snchares i coriliichotlogiigstfatiecye waich dnlpets the

associ at ed W'i&] I?]atl(g h@l ”AQ@E 10 B8 lﬁtth&s%h% )ﬁdu&&%ul‘k@qartml l‘gf%t.&‘;()(l below
structure deflnlng a recess that receives the second portion of the

floating gat éosiipurigees’ Hperksuac\aaf shdaihaisipgbetion of hecewe ehdisgrigish
of the float 'b&g ugflih c§)§1ﬁ}1'lcéﬁ'{ sn@ﬂfé su‘tﬁfdw ﬁ@llltsszh drﬁn, 191%\ hgi §1Ulpﬁ%t fr@h &ne

opening are vertica igned along their |l ength adjacent

substrate suflpaoe. U'@femmeo rrﬁtlﬂbdle@*fvy @Iuhlum 9. foipkigipeio & hendedive raghnnel
gate conprls?gn@dggﬂﬁgﬁ£ i.ye nenber and an insulator that is

i nter posed between the conducti ve menber of the control gate and the
floating gates _17hc BthoThe derhdd 6#tha edmmB0y: themei n piheoti wyuk/dtor

conpri Se&@%ﬁ){ﬂla'é%“ 9\1{%%11 3&1011 h?th%&lﬂlﬂgw%fchcgn@l' L?L%nnd’\’ﬂ% \a)ﬂl(}.‘hﬁlm

floatlng ga gate are respect ivel'y contoure
ach|eve1@;&&h&@h@dﬁh@ﬂ@hwm&%d@pa@pmpm@wqouphwﬁgﬂmgemebemmmenonﬁﬁlnThe
met hod oﬂ s19'”‘32 wherein the floating gate is adapted to extend
upwar ds T'6i t he surface of the substrate by a sel ected di stance and
fit within the regesshaiudortigsa memory device, the method comprising:

forming an opening in a semiconductor substrate;

forming a floating gate structure at least partially within the opening, wherein the
floating gate has a first portion recessed below the surface of the substrate and a second
portion which extends above the substrate surface by a sclected distance: and

forming a contro! gate on the semiconductor substrate so as to be associated with
the floating gate structure, the control gate structure defining a recess that receives the
sceond portion of the floating gate structure;

wherein vertical sides of the second portion of the floating gate structure and
vertical sides of the substrate opening are vertically aligned along their length adjacent
the substrate surface. '
30. The method of Claim 29, wherein the control gate comprises a conductive

member and an insulator that is interposed between the conductive member of the control gate

and the floating gate.



variation of the selected distance nodifies the capacitive coupling
between the floating gate, the substrate, and the control gate to
affect the ability of charge to be stored or renoved fromthe
floating gate. 34. A nenory device conprising: a floating gate
structure conprising a recess gate forned with a first portion which
extends into an opening beneath the surface of a substrate and a
second portion which extends above the surface of the substrate by a

di stance, t h@l fl O@E tlﬂgthg@&‘% lt?l‘?‘ﬂ ﬂg whpl%hviﬁ@ﬂslﬁqr&' Ll(qu}‘%ll 1k5§y0\?ﬁmldu (ONO
source/drain regions: and a control fornmed at | eas partla y

above the fldati nghgarcecdtafuclim et i tlcmdféfﬂ@etsnsae:rl@@eéélq haitirol gate arc
recei vVes; Csﬁ)b&é@%@%m@@“ ‘IILQQ\ flsél Q?cdfllz\«%iili[}cq]gaugﬁ’t:%e)u}\{mglfh%hﬂgt?(\%[& i cal

si des of the secon portion of e recess gate and vertical sides of
t he substrat é3 opeﬁlilm'@déﬁ@oﬁ/@i‘ltm eé,l Wheran rlgribmtuaa shgistadedted foemgnth upwards

ad] acentlrJnh%nSH\l?{leJ ?E &he ssL Et ﬁg%"y M’t]:?&?ti dl‘(::[ L g!ﬁd Crﬁ%lﬂﬁn %I?J ﬁ%& Vsﬁé}ytlmt

stored and renoved fromt east gate structure
t her eby ‘priowindé tharseiendil datamgnmocﬂmes llhe mwwlsq tatuel l rm‘ bm\n@nmm ajing gate, tl

devi ce. S§§§“[ldt-t|;h§ndrr%gl351¥tl oq%\{tlc,crg‘ aﬁ&t%c‘?‘.lﬂ@% fmli'* d helj;a s(f(?rr(%ll lsunn)gu?‘{mm lh(,

sel ect gate Stuct ture, rucfure conpri

gat e. 36loaflinecamenor y deV|ce of Cla|n134 further conpr|5|ng a select
gate structur for m.a_netal oxide sem conductor gate. 37. The
menory deV|ce$of nﬂ%QH %R”f%OWﬁ”““%onpr|S|ng a high K dielectric
posi ti oned over th@ome@omdcpmmﬂmonom®nmm@qﬁL@wﬁgmgfgmkﬂ @hsucmmn@mﬁon

gtsr UI[]ﬁr remggir%lr(‘?scélscn% mro an op l]lll\;le][jb}}%‘{lherhi(,a‘?rllf:l(,Ldﬂ' hl sax?ztldlcg%lgi ] su,%lgl puﬁ_lon
menory deV|cem@ﬁcﬁhadmmﬁﬁyuwhﬂwmuﬂotmeamﬂnﬂumymwemmaiemLdhamqmpmj&m&
pol ysilicon. bclt\8=\-’ccn a plurality of source/drain regions: and

@ control gate formed at least peﬁ‘tinl?y above the floating gate structurce that
defines a reeess that receives the second portion of the fleating gate;

wherein vertical sides of the second portion of the recess gate and vertical sides of
the substrate apening are vertically aligned along their length adjacent the substrate
surface;

whetein charge can be selectively stered and removed froms the at least one
floating gate structure to thereby provide an indication of a memory state of the memory
device.
35, The memory device of Claim 34, further comprising a select gate structure, the
sclect gate structure Comprising a recess gate,

36, The memaory device of Claim 34, further comprising a select gate structure
formed from a metal oxide semiconductor gate.

37 The memory device of Claim 34, further comprising a high K diclectric
positioned over the second portian of the floating gate structure.

38 The memory device of Claim 34, wherein the floating gate structure comprises 4
conductive material and a diclectric.

39. The memory device of Claim 38, whercin the conductive material comprises

polysilicon.
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