FLASH MEMORY W TH RECESSED FLOATI NG GATE BACKGROUND OF

THE I NVENTION Field of the Invention [0001] The
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particul ar, concerns a flash nmenory device forned with

a recessed gate structure. Description of the Rel ated

Art [0002] A wide variety of conputer nenory devices

are nowFLASH MEMORY WITH RECESSED BROATINGIGATEA

typi cal conputer nenory device is a DRAM circuit which

of fers a high densj ol orage device. Wth all
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. ry has the advantage of permtting
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has two gate structures. The first gate structure .
ofgaerapal deyicewribe pejud pilyqslp@aie,vwg d@gpl@lwqg}egorgﬁ a@(bl@eq which causes
tored.,The flpating gate also functions as a
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is generally positioned adjacent the floating gate but |
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stored in the floating gate, the transistor is
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i ndicative of the |ogical state o?_the flash nenory .
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bevt\?vreg’natscl)drge/ 13in Feg onaslpcﬁl éh%astub&pa%.aw 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 strong desire to be able to increase the density of flash memory



can al so be manufactured in a nore efficient manner
due to the fewer processing steps required, there is
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density of flash nmenorydevi ces. As a consequence,
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[ 0008] The aforenenti oned needs are satisfied by t
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into substrate and sag as.to be . ot se
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.regions.that is recessed,fromthe firs rfac f
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this particular inplenentation, the control gate :
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0 as to allgw charge,tq be sel ectively.staor
=g Bheh Pt 0% BB TRl Gt bFus il Bihvean the o
souRtPdrhinvieLlons HADBGetdigedseth ehdfirst g faeRd e bstehannebntrol gate
to thereby provide an indication of the nmenory state
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formed so as to allow charge to be selectively stored and removed from the floating gate
structure to selectively change the state of the conductor channel to thereby provide an
indication of the memory state of the flash memory cell.

[0009] 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 propoxﬁonately reduced by a reduction in the lateral dimensions of the device. In one
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menory device can be reduced w thout a significant
increase in the | eakage current between source/drain
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peri phery of the recessed access gate structure. As
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aGeOMPARHPHAEHENGSy om t he foll owing description taken in
conjunction with the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0012] Figures IA -1C are
top and cr oss-BRIGF DESCRIPTEON OF THEPRACSSINIGSt or
substrate iILustrating the formation of a reces
acce¥912ht e Fgwar{ 4rel ¢ BE top and srasspstiont] YaYs ﬁgaéﬁ‘fué’ondu"tor

f. t.he.f ) [
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Con structure Oatlng
struplogdps digibed dndID freredsy-sel@ivingleviews that illustrate the formation

of a control gate structure on the floating gate structures of the flash memory device of a

first illustrated embodiment;

[0015] 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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first illustrated enbodi nent; [0015] Figures 3A - 3C
are top and cross-sectional views illustrating one
wez@motmas formati on of a select gate structurBCT/D82006/033617
one of the recessed access devices of the flash nenory
devi @mﬂf apfdr& id h Hab balRea18RR dF BB bossIHOA8dh memory device
Figures 4A - 4C are top and cross-sectional views
arrdyl af atfirsitillngratddeerfitordimentopn of word lines in the flash
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st r ud0Rfle t Wiguress/A @nd dBriratop a5d Cross SeRtoabyiewp gf theglipcture of
JTeND, . \YA . g R : .
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Vi ew02f] t heigirednt uhe 70f arbicgiss-8eddnhl Viewt fliisiragng the formation
i sol ati on of adjacent recessed access gate_ structures;
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illu ting.the r Lon. of t . .
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cross-sectional views illustrating one exenplary

erhbedimeitons vofll as anosalatigmerugivee; seflect gate structure of

t he d illustrated enbodi nent as well n .
ool HOREN s FrfE rion SE0rE R0023) Y qnione gopdig Mlsh memmory device
e Ay PSIShS S&bh PRkt b & WnBbdigRet. possi bl e flash nmenory

device array of the second illustrated enbodi nent.
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[ 002¢jo Bt erdifignddNiviil Ablvybd thalié G4IHIRS dtahvingsGwhérR like numerals
initral process and steps to forma flash nenory with
rafede $ike gartsctbesghdetvi ce is illustrated. In this

ticul i ol emrent at j. on, ' 102 i
o1 ob P e R R ety I RS o E Bk apersS gyt steps to
f@R0 2t AR AchBSKivith [r8t8led 8468k BSvice W tiMisdatddayan th4particular

I's then deposited over the pad oxide 102. In one )
impletientatiar, 2 rpplemdde deyasn] 0% kre givddllp degesited2oves § semiqpnductor

sin wet oxi dati.on process such, that thlt paﬂqox' de. ..
sibsiza DR o A B P TRy TR et Toae drelefied over
tﬂeﬁgaQ%Qﬁfe' 11029 14 8h&ParBicit I BA¥RatRI0 BRSFad X ideMR i8 formed using a
t hi ckness of approxi mately .
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
700A.

[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, using well known patterning and etching
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 approximately 400A

into the substrate 100. Subsequently, a dielectric layer is grown on the interior surface
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700A. [0025] As is illustrated in Figure IB, once the
pad oxide 102 and the nitride |ayer 104 have been
w@bkmbatieys deposi ted on an upper surface of thePCT/US2006/033617
sem conductor substrate 100, an opening or recess 106
11150 EE’R@SS HS 00asB Idefikd1 @ WhteRATdLT L N 0B PaicGiik REplementation,
tec ques, so as to define the recess 106 within the
thsugm bmde 1100is tfwaned gsing arwcteoméatmaepnoe@cbg@ edd des esthickness of

GO RERT O AT N
p(%ﬁ%fl&?ﬂ ‘f@&ﬁ%'oéﬁte@l% {H%tgﬂté &Gde? PP hcpihe nkBide layer 104 so as to fill the

sequent a dielectric layer is grown on the
recess ditioamd go tieaeby1definefa pdlpsilinassest@bacsessagate grugsfre @0 formed

el Ty P L 0 LD GIRORSL O e o
thgrf%g? %‘&r? BRI AewilBhd BEEKDESSIO. am’n@ reﬁ&sgrgbl%ﬂ’lc&gﬁratenal on the

sequent a conductive materi al
nittigd et Gt camnbe senpoleyt Stdn tlonpppes sdépma)ﬁéd mitvige loyee 104 using
gate oxide 113 and the njtride |layer 104 so as to
ket ¢liag dechpiguen Ry hEmIc m&ﬂvn&é%ﬁ%ﬂga%‘? {Fe lﬂuﬁr{CML)
r eceéﬁgﬂ)ac e 9SbLinp! { uﬁ{g"&fe% é&oanfdoﬁﬁmgoM&H'sﬂuEtt&Fes 112 are
recesSs 6. e fecesSed access gate structure
foh@kd me shedsehlicmiductgr gattseratef100h® sl tasévlare adjayent ebctess:d access gate

wi |l be described bel gw. The excess polysjlico
strretwes &l 0-orSPEFiECHly: ap d@é)lﬁtlﬂl’ePPW A !b%\ 1’ v BEmEd Shrough the
mtglt{'%h I&J(%g e‘{‘e?%{] [)%lgg sl%g’r {h:%ﬁrggrﬁsg 3cd gaﬁe sﬁ%( nﬁrg% Qffd W3 QB sKALYRO using
well&nawhpatiérametad kthtngasciddey. ShBegddntivhisblatiorfrateriahghich, in

to Figures 2A and 2B, isolation structures 112 are
ﬂ%rrn@lamueﬁtaﬁ% cpEAreeh a OKsle Batssnk 4y depnstied gvesthesurface of the

p el Iﬁ# %xﬁildt{h@ ‘fé%'ééseﬁ %8%%% g&ie 3GGGER O GhRhiY ‘%%ﬁ&g ?}f@@mhwn, 50

on opening or tren
af @ findhd i@bl@‘d@l’ﬂ tréxlfrfh ni4 wdinkea hikh, ddnkiey pasmedepssitid@2(HDP)eprocess.
recessed gate structures and the substrate 10Q usi ng.
Sulserugatiyuiic sxeese sl aipnaneteatlcn th HEEdR A thespolysilicon'is removed
us%ﬁ%%e@wgﬁo&ss a§18| Al !isoﬁlugﬁétgﬁ | 1‘?' 0%4% 9% tﬁJ‘ s{)ﬂﬁlﬁn structure 112 is
| ment nprises an oxi raterial, s
prieRaisly tseldcidwety etchéd Buckf acas of bt hecasiddrbalew thed uppet dubface of the
recessed access gate structure 110, which is fornmed of
nisafsayen L0Grand gy nebysilipopililp- the isol ation trench 114

usi ”goqoggﬂ' gfhgg éb&vane'ﬁfmsﬁste%é tsﬁ&@%%ﬁgﬁpocggsﬂﬁz,e&sthe regions

Subs tly, e excess Isol ation mat
ofiter subetr@ad 00 hbatp@tlyde lthe psveissd laecmy ddvides h).a ASMB illustrated in
process and, _as is illustrated in_Figure 2B, t

Fiawes 361 8is whtidsclaverel Of1and theppads eride) ia,vefs, é@?eéww%gpg the recessed
acce§$8gllpeafh % R Bl b S 1?%%@68311@&11 1&1%61&5@% I’thls results in a

ace o nitride Tayer dthe p con
pddion 1182 8he fdcgsedaccss gare s@brtintel U$0 eateadinp elpward above an upper

SIfr%abcgeq%egft thg rsggs?rsé?é r11810 OfThtlshSpv[/aer Ie?(?ensmn 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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of the substrate 100 that include the recessed access

devices 110. As is illustrated in Figure 2C, the
woeaoriozis4d ayer 104 and the pad oxide | ayer 102PCT/US2006/033617

surroundi ng the recessed access device 110 are

cohfpiRLE g a A 18 didididitesuch ok f@i%'%e%trﬁﬂidief‘of}jngﬁﬁé (GR0)Wahish, in one

ts Ina portion 118 o e recesseéd access_gate
pastiduliatenbedindD, iedemsdediy athivknessaf epproamaigpdp0dur f ace
116 of the supstrate 100, Thi.s u rd extension al.lows. ..
for Gt or Sehmarei o Dectmpring S diebafist oy Er a dunghductive
€ NQqnpt ;
e A R, e O R LA e 1 RN R pticulr
infdnaddiativgl dw thirD@REhctfetleyertll@ caelcempiisea taympopolpdilicon that is

the nitride | ayer 104 and the .pad oxjde | ayer 5 an
dqpﬁ@tﬂda{smgivq%&qu@ehr}l%mé6?1?g‘}lﬁﬁ}?ﬁ%ﬂ S éfalyé’%tz‘he

upp rface . g !

oS35 4 o) S ERMPE DA R SR nd e
thinn cékiRictied N@fer INQWire idonformebly @Posited one the esubstragel 100 and the

enbodi nent, the insulating |ayer 120 i scorfrpri sed of a

Yy
repsgas fecgrsegde shpeusadAOadieaippgeRomions il 4@ of S Ficesspdaccess sate
, [ [ e |.C enhodqi . .
R 1 18] flo B0 BBCA UL STROAIE g ol J whic
iR b€ BipakRivt RBuslapasiy banthofredebedi aesdsk ahiergrukimyei 10a, 110b,
a thin conductive layer 122 is then conf or nmabl X :
andeproasspeigted \eontrelngate sisudturei inghe masper gt wilk be escribed in greater
arti;cul ar i nplenmentation, the thin conductive |ayer
de%ﬂgj%ga\&' conprise a layer of polysilicon that is

depoposed UFifgeet lank POMIlUsBEBNH FUILST tReRel ht@kN @S structures
of approximately 259gA. [0031] As is illustrated in
119, dJtiwell, Ipweere beisrparané fiomsthe 2aljangng dgssriptamthghan dry of recessed
thin conductive .l aver 122 conf . ' .
o B gl 495 9 e PR T BRSLL b i vy

cateubd k& forldh artofRREAg paed foo MBsH dBnoky tdB. rBpRaRgdor each
access gate structures HOa, HOb extend verticall

. : . y
roypekfiashanempmagte in #n orray. pae Ree i9 pspallydergnatgsth bicled gate that

a BARY i NQ: .
R L SO B B o B REPR ARS8 e o
St r ugpese | 'F_i%\b@s BANNGR {lgfiatwidnk Recedesticidd@niervf the recessed
greater detail below [0032] Figures 2C and 2D

adcpysusatesal k) garplp degignated: as gewlost aatgsangat asflpgipgugaie of a flash

110, 1t, wll, -hguwever -appar.e fyom_t I B
mERSH; Pt I pghge %Hrogoka%%l%frggsé( clgg%re{?%alg gg(gosahg éiteggglfgg over the
erftfré YeBswags1 0l OTE@makle 12®iyeh paitdifled RechahaviBie dessdeti @cess gate
process and this array can be used to forman array

. : ay of

1¥0bothet isgtodea defired ras ftheasdleqiegisr /1 Qbels| expospddiycan pRenifg 30 in the

ecrofé[é_lghrrercl' oyt t
3 IR, PRERLA R L7 R Y R AP F 150 v v
seftidellyCetiddniar a RAoWhk inhdr@bBr @ ad'to regpékefl therpolyséticoh aghthe recessed

menory devices in the row ) i
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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[0033] Figures 3A -3B illustrate one process whereby
one of the recessed access gates 110 can be desi gnhated
W@300a/0smhect gate and not a floating gate of aPET/ESIN06/033617
menory cell. In particular, a photoresist nmask |ayer
re@&@ed focBisahdd divuclRPa$hd, 9k R¥Eed ARe@Ndtd friuhe tl‘iéﬁ &ill therefore
. The mask 126 is then patterned such that the
nMdoe@meohsamﬂ@smgmpw aellos 1t hvall nos htav)e beonltecﬂl gmeedthaslst d¢lectrically

ilaten o) G wpaissed Pk FTe AL Oa Lyapocd 35 o qucippry recessed
adc@%%aﬁglbﬁg il #¥ahndr30at3¥if b Q@&n%@ch ﬁ?%ésltlﬁ} JetBi6hI6H. I n a

known nmanner so as to expose the po licon of the
r ecef0934] acdedss gaplemshtatiot, theretdsdtr aBatrsmtpibital definedvefloating

sf ot DiefBh oo 4 B U B LBGL LA SRR PR ggeof the fash
m%t%%gj Hd% wlsela?é?inlfr&ﬂl cgﬁB@an%t éa%:i Wy WRIiEdi6Y llt%lgérsi 20. Hence,

case conpri ses yS| I con, 1S deposi‘ted over
wheihgdltagt ¢ ddplied bet&&elh dleeioﬂtrblrgatradﬂdythe pibatratencteege cantbk stored in
the polysilicon conprising the recessed a cess

theitlognggae Hropbfdeating @ CORIIHYP FRANPPIIANGS %‘fﬁéﬁ@ Klternatively,
AR ST DB CORMRNRN 2R RS, S e e i

refhigvedt |Hencat e charpecdtite @f tth]@ floatively i gdte \oan Ib@y&enseﬂBiﬁh 4 ovell-known
the conductive material conprising there eséf ciess
& hedlash el

mgameé tharehyrrayidingas indisationed dasmgmapcHals of e ture
as | WOEE]l t heﬁl?lI gsr G Aot 4&”[1&%1&(@ @1% ? ce&s Q/h@}aeg?rt}’le Cc%ln'trol gate

ave a con

stedoBgty igfahl plukgny asediakli osellt heanr %e&ﬁﬁdomﬁﬂ&ﬂs witht @ donductor.
1Cb_and can thus be used as an ordinary recessed

Sm@eﬁy{ gsaif dilustrgted;ip Fagwesne r 40 copipéton b3 4yisqusfersbly deposited
so Qs % %%r 1[3 tﬂg tc%h{r%lbgitg \gtruétgx%ngZ ! T toma ﬁjgrtﬂ_l& 1313 ementatlon the

cessed access ga I nes

ccﬂldﬁlbt@ﬁtl BA gs @@h@n@éd oheufdsas silisd® ( W.SiXhand andepdsiteé using well-
| ayer 122 defines the control gate of the flash nenory

kegyen idepqsifians tschirigiest foonthinkneps eatapﬁ@xga@telyrﬁ%)ﬁbﬁn@ Ay then be

T S e

cBIRlushi @ Rder 184, AR ifiduliadi IagergiBivas tier &WSM&‘@’( thaag:oaductor. In one
conductive channel in the substrate 100. .
patiedpn ampleaiepiation, dharipslater daipyvedd iy semprsed | Fat i spgformably

d%)%tsft‘ed éfngiéag)grdﬁfcgq 2% Hgaﬂﬁloﬂht%sﬁl%?t %ﬁﬁ@? ‘?z[g}ér bt is confonnably

he c arge’ sta t1ng gate

d@ﬁ)@lt&fuﬁﬁgﬁﬁ'emkhﬁwﬁ teuBhiquie) OPWe inBulater lay&relkskwd poodticdvatyyer 134
an indication of the nenory state of the flash cel
alucb@ls wnwlggﬁtesl 32scandhen beRiticared BA S'ighed se 88 IuE08nhe insulating

la er 2((‘)oﬂttﬁ 0%%}% ascterolf?ﬁe uggrﬁv\ﬁé tIﬁ() " tjﬂ&%{v% h%ﬂaﬁgolgdeéﬁﬁmoatmg gate

rconnec a cond

wﬁﬂefdrfm@:hﬂ Mrayes flash slokdgetbadsed in Fi gures 4A - 4C, a
conductor 134 is greferably dep05|ted so.as to over
the KO8l ol Ryeure 3tipueupsmpday impleRentpfign o€\ a}urahty “of flash

mie%lr}?m&e@oirggﬂs &mg 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
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conductor 134 is conprised of tungsten suicide (W X)

and i s deposited using well known deposition techni ques

wa o002t kness of approxi mately 60gA and nay PEENS1¥66/033617
patterned and etched using well-known processes.

GHE Mgid 142 ARPRsifd t | 4fndray &b ft
SlSi?&gﬁpiﬁ%ulator | ayer 1§§ﬂi§IFhE§“@gg%§?#Ld oﬁ the]'~e or At
fororatiug bb the recessaeaquenstgataustarchirep] Endastidbddoabove.n@he illustration of

i nsulator layer 136 is conprised of a canfqrnabl .
Feiposilt PR Pyeny Ayt @Wcmpsgﬁeal?@étmi@atqm flash meory array using
r §439.%héé5§ gst.% st EERs ﬂl@)i,efldbhﬁ-ﬁi égeﬁmgafmmrg skill in the art will

eposite sing wel |l -known techni ques. The 1 nsul ator
apjayenteiBft arydofcomdmber v diffyant w84 dndickdoaneaimirakh of the flash

gates 132 can then be patterned and etched so as to .
mee eelisHa assesiatedt desgdar srspitry xgn P aggpanlished withpyt degarting from

t ¢ %%gﬁg Qnto thereby fully isolate the

%Sgg@?ﬁg atsrgﬂ%/\ﬁy%g fnorm ng an array of flash storage
node$0037P036] flakly deld ob thesillugrated @py apstraiesih el fulldivimd fashion.
of a plurality of flash nenory devices or cells u

Whenes sderted vl eg%.@ﬁpléqdrhﬁéwa@rg@eweaﬁolpg%w |aa%hesélgwgtrate 100,
. . b ' ;
chief BP0 6re e RRabRRIRLELR Yl oL, Ssaighe 0. e

atumulgoacHTchargd 8n plesietésoebsocash foneng ghied 108 imdiBitsghé fBmation of
110b after which source/drain regions 142 are o
ajoepfiughive ¢hamne} Ad3 dewetfoaned Tptherwibstkate dRQ abputniBgpeyphery of the
L.ce 0] I i rt . ' tatlon, .ea .
el ot By 4P e Bhvell cLRRTRG Rl A o Bbrcerarin

ré&pidis | 4ntoeanbPibr adin@e/didin @600 42 halsht€sel9f whie ns eh&et is on the
gate structures HOb. Thesource/drain regions 142 can
fipatingogaie 41 9an agordustinie Chamicb i bbetveen tertppetepseanedss 110a can be
ty [ .
e b SEESRRRRT AR UL RS MPeonducive
chdniipl riasEb@ivasythe ftwoe Beurp@asibiegionk Bt rati on of a
flash nenory array using recessed access gate

strutW3sks 1Hhos, by1 sebectivsly apuipne ohatse tor Benleaingkgates 110a, the
. . . : , .
a7 glsbngBPREGELRLE 18! AL pURRLGl operation, o

rdEBItNgeCie lobSeril0y o tabRoUBRE gated 1 art6 WkdeftinC@ethd the gate is a
acconplished w thout departing fromthe spirit of the
logicad dpgh phiesnt (18w, repROBTY gates recsiyece PRssovoltage which results in the

S | olige which s
sS4 oF el RS FRe Lok ol BERRy RERC R iy e am

igiadidual Idatidgdtb ¢ 1 Ghimt eategd d0dkterling Welogiual sther af eiaege is stored
_be accunmul ated on the recessed access floating gate
in) fhgaseleptpd Beatinmaate | Ui, dhere apg sheymel famed heb¥esn the select gates

C oat i e lnahkRits.: the. . ' .
EAEBy DDA 085 B2 RUTAAER, B o o
sth0 Iablutbe {sh@t perddahehy sedéctédBodtimp@ateld 0ache applgatien of the read

100a thereby preventing conductivity between one
vg]@acgec\@}ldpg}l%m 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



regi on 142 to another source/drain region 142.
Alternatively, when no charge is on the floating gate
wai@a/o2migonducti ve channel 143 between the tweCHUSAEE33617
nodes 110a can be fornmed. Hence, when all of the
inetea5 Q0 EnNBEE fenktiOhetdbs +AGORT B potéIRY &fi18aldge currents occurring
conductive channel formed between the two source/drain
betegemthe twd 20wt @638] reFions 143 sel ectively appl yi ng

Che bl Sudinamird oS REapag wte Frife Rl 6 18 recossed
ac%'e§setfe%g:e% h ma‘@@&ff'@l& iuﬁﬂard@ aRALLI¥AEd F9RNESHERNRS @dpeY surface of the

appl 1 e 0O ohe O e gatées 110a to ascertai n whet her
sublsizatgait0d dnd ia posigibrel whhighamopdning orTtesesselefined hy thatesrol gate

recei ve_a _pass | t age whi results in the formatjon
stpfeie TRAAGIEN f ecrigsiopr i Tonmegsed aiitss RghbI0 Hbove the

i | @8 chidi e doablidd Bl EOheFofting gat

Sl%%%%%cc gﬁbggm}]é‘gﬁ} %yot%a-}g?ﬂepm ng Iﬁés Ieogiafc):gfé state. If 1he £ate,
thesabgatd mdshecadrol gatt heaffelt dot abdit lod tiei dharggat be 5Ged or removed

there is.no channel fornmed between the sel ect gates
fremdhe flageie §3e array of floating gates 110a, thereby

i ndi kg t r S [ I 1

char GOAL, TBB B Muia 8 e follous BBinaridlh fat chn be wilized
tol I&e ah haitetubive catbodimeatft dhene eadmuel vAdhsiwinhdmaergsedlls with an

in the conductive channel being. forned theréfy . .
asspeiiedtsehigt wate sdamgel Bre BrosesimgdstPyfessribeg ap ¢oppymetion with
sel egt a / S| a4l eC . :
RS 61 SRR 1 e A0 eSO BESERE e vt e
embedig@sgdhbendh IFigites 1 o 5.hén perticulag| asdhsphas Signts 6Atand 6B, a

the substrate 100. Hence, a |onger. channel | ength. of
seppigondaion svbsiiaty Kidigenialbrroversd v6dur eed eride 402 aryl isrrubsequently
o achi . ) .
AR BB BHE O LT JRRRUAR, YL BER0 AER tor e

foehmatioe lof | tRa gedess N66.ebVhe ectasse 306 hie liped evith al gatd oxide 113 in the
| eakage currents occurring between the two .
preyignsly dgpaibed pegnerad thomatenaliorming the seaissd gatgPesrpes device 110

e 408N AL S MF M SrflRhL OPEL Bfitf 18 {LBACRRAR as to define
acces Vi ces 110a extends upwar ds a pre-séiecte

thdirededsedezate DI dshshowp e Figine 6@C Thf probssiag sdoretie sifiantially the
and is positioned within an openjng,or recess defined

sgpe AR 3n essriberhabove it epomgstion Wit Figaresied of Ct he
ext epgsi 1 se V| v, .
ERC TR, L D0 35 ToRERER: R et FE ARy o
iseRpagi ducarenupl i 3¢ foahvkan iheo fibdatki diffeamt aeccdshel access gate
substrate and the control gate to affect the abiljt¥
stgrctyrpe | EhArgecach afeers s paricylary @norroeng ignistfpaned in the substrate

léda??%h% oﬁﬁg 802 [a%) ﬂlje] niE‘ld%Li%ge? 164 so gds 'tJ) *béj ?rlftérgé&atdgﬁ%?\g?er% adjacent

S processing steps t can be uti
g@8 sehdterenat 0.v @he iotdiorwiptniaf 1046s then Midlee with 4nl isslhtion material in

thgepr}g\rfi)(;us%}efldlegcnyt\)neg Tnfnger. 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.



associ ated sel ect gate. Many of the processing steps
described in conjunction with Figures 6 -9 are the
W@ 2002/02%%4% he processi ng steps described i n conpPCmU$10061033617
with the enbodi nents shown in Figures 1 - 5. In
part |
e [9oafici gR RN, S BBNATE sRf A\ Ribsimeny diffey from the
p@cgathgekapdd the 2mbodiniest éwbslmqluenx)hyancmmewﬂh Figuirés hthrough 5. In

nitride layer 104 that is e cti renoved
pagticylyy, 4 F}B%YAFméPgm?@t faosre#a ﬁq8§’ ﬁ)émeéele using gne ?f@e recessed
lHpe t
T e R

12(handrthe edsequendly depms«:ted; poldslicaemaitefalcfanming tﬂemﬂol gates 132 and

over the surface of the str re so as to fj
thestlssquently degosited cgnepetivpan Wé‘ﬂf‘té\ﬁ"e@é‘@ﬁalgfaf@mﬁbe %fiect gate 152.

Fij 0CeS
R, FHUR 56, L2 POCSA MBS, B0 12 o, i on
1rﬁp‘laﬁaﬁhﬂlcﬁﬂ oW@lhOFmgtmeE ib /konfohﬁabl[y%bﬁaﬂ;lteﬁl m'drathb Wecessed access

Figures 7TA -7B illustrate the manner

deyiiger BIQ e Bre Temging BOFtSR of élew%@tr&tle OQr estﬁoé?%aﬂw ¢anductive
o8 RIL S Sk LRRED! pRr RO oRparse LS el e

f or N4y t hag@ammag(e 1H4§b@ratetthe rrmdeloml\dlﬁcli% wlvdt ghre 152 for
nitride layer 104 so as to be interposed between

thecfjask @tﬁn@mceﬂ 409 ircfoumed ag yoll ayhew the diffare copodimgpt of a select
ga:llt 15'2S th ' l!:(f deg' ]'S,I%tlaﬁarl %]%I)lll(ﬂﬂtl tl e'ral|2(%I I8 {"otﬁ%ed in one

preV|ou eSCTIb IS resu Screet

eﬂnﬁ@dlﬁ\kﬁﬁof ﬁ@l@&ﬁe&l a0e s globallye dgiosited UV@Sth& kQrfhde &f the insulating
manner that 1s shown in Figure 7C. As is also shown in

lagpiglale Subsequeatlls & eandysibve laxedsd of dhemateriaksugh ag tanpsten silicide
| . .
CBSBOPEBE ARl oSS SBREL SO 12 WhRlaSth e et

Jarbd 3% ééﬁrb@&ﬁﬁ)@itéd ¥ t&OoPihe REndirtive eiyet NB4.f Mbatinsdiated layer 136
gate, the control gate and the substrate in the manner

c%hfceqweé@é@@qs)m?awe dappsitadonribe samprmprers @8 dlisqyssed above
st e f thi,s [ t [

in %ongecce n, %h te}%bngn %dﬁg (éugbse J I&I%:]oégfsl,}%c @%ﬁﬁ%ﬂ?%conductlve

laﬁbﬂmeﬁle]cohbﬁabhgm{) andl ﬂleﬂﬁilﬂﬂttﬁﬂh%r, 136cah e atterned and etched in a
enbodi nent, a select gate 152 is forned not using one

well-knpen ﬁ%’@ﬁ% eﬂll%mmn@ ancbeiching peaferally defipes ¢ salgré gate structure
%f‘ fhat ‘iesl]g 1t1 %ﬁe v]e? %h %tg%ﬂt ngllﬁ%dt t?grgﬁgﬁﬁuﬂ?zﬁenﬁsulatmg layer

sequent eposi i‘con

limit eAs ahe fc@ﬁdﬁdﬁg Ialyer ¢ontanal thgadopdudB’ Rpek BB can be selectively
subsequent |y deposited conductive and insulative

enragieed By aprsting of Rerosatial theysiusturs 352 can Sacfipe @p grtypical MOS
?rtefst%cgﬁr@%ft &@F'l&%&%ﬂ%«iﬁpl insul ating |ayer 120

["enme on of ONO material, is

conf poaspl y fdglﬁ@sp i1Rcktratee lonk R ephes $athodkee:s $n d@Vviresy of flash
110 and the remaining portion of the substrate 100,
nemlese eftsnk0yyitly t $qlech 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
gate 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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| ayer 122 is then positioned on top of the ONO | ayer
as is illustrated in Figure 7D. [0044] Figures 8A - 8C
WO kdoas2Te3g e t he manner in which the sel ect gatECUBR0D€033617
the flash nenory cell 100 is fornmed as well as how the
di ff t e i t : em
For T B R AP B, By Py e fash memory
ddvivenmnd the flastememiood amran tisabsquloliersin| alloenfor madire irgliable devices as a

| obal |y deposited over .the surface of the.i ul atin
refl 0 thy Boatits ke s Hste §f hg TS satory Beipg dGneli by eqned access
. o )
BRSNS, O (AP0 TRt s

deMice. nsul ated | ayer 136 can be deposited on top of the

conductive | ayer 134. The insulated | ayer 136 can be’. X
conpld0ddd ofrlteegh Midakaye Geclonsd camhadiments t(’%éh%QFFéem invention

' ' ' i ' " the inventi

R RS RO SRR AR AT g vcon

apphied uet fheealoayedisdidd thbodiardtsctivshdidd, bamddérkieod that various
i nsul ator | ayer 136 can be patterned and etched in a

omssions sBwtieme @pd chiangep i e demhgndadriaibptihe ggvices, systems and/or
f.er ' dr re: .

TR P LR SRR Sy Bl fom e
sd@ge iéhd presdnainvegtib@y GondedfienthAs thidscopendtiet Bwehtiyeshould not be
134 and the conductive |ayer 132 can be selectively.
limited tyi the dorpgoind pescantem hubshoxldlsn dehnpd by thampretded claipe

152 can function as a typical MOS gate structure of a

type known in the art. [0045] Figure 9 illustrates one
exenpl ary enbodi nent in an array of flash nmenory cells

110 with the MOS sel ect gate structure 152. As shown,

the flash nenory devices have reduced | eakage as a

result of the programmed | ayer being forned in a

recessed access device for the sanme reasons as

descri bed above. However, the select gate, instead of

being fornmed out of a recessed access structure, can

be fornmed out of a typical MOS gate structure such

that the channel region 156 is positioned i mediately

under the gate structure 152. As is al so shown,

~various access vias 140 and conductor 141 can be

i npl emented to formword lines and bit lines in a

manner known in the art.[0046] Based upon the

foregoing, it will be appreciated that the flash

menory device and the flash nenory array discl osed

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

| ess | eakage due to the I onger channel |ength of the
recessed access device. [0047] Although the above

di scl osed enbodi nents of the present invention

-11-



have shown, described and pointed out the fundanental
novel features of the invention as applied to the
wabevesiscl osed enbodi nents, it shoul d be undeeHUSA6/033617
that various om ssions, substitutions and changes in
wWheThe'dn ged.ai |l of the devices, systens and/or
S ITTustirated nmay be made by those skilled in
the &rt mﬂhhanbmdbp&bbﬁmgﬁﬁngn1the scope of the

present inv t|o S t he scope of the

i nvent i on? HrG Swgﬁéfqﬁ %@% to the foregoing

descripti d?ﬁ‘%ﬁ(ﬁlc?lﬂtf%goﬁsecd%ﬁédqg %ebéﬁbﬁtpﬁe aBR&RORH first surface;
cl ai ms. WHA ? . nmenory devi ce

conpri si ngt kaswhst rate drawisngtafdrmesd tso b @ztend timo the substrate

source/draln regi ons coupled to the substrate adjacent
the PRG 89 ag{p padrictpased betweenp e i ase fife@s@g@&ts avherein the at

[ OF RSP PeckReftLEA0 dolf QoS 2UBASIALE AP DefechOthe two
be inter Oseg etween e two source aln regi ons
Whef Qhﬂcd/cﬂlamafegioﬁaashataﬁ aetasisfont thecBsissigfice inahd mdstrate and

a conductive channel between_ the two source/draln

r egi BHETeihake jak lpast S tPCRSEtn achessf 84S tdeyiset hase an npge surface

su bsfnr %rﬁat@[ﬂﬂe ﬁ\dg?sru?fa@e BP&]G%&?Jt&?&S\Lh&Qﬁ tﬁ@&qgﬁ? g?@‘&ﬁgééd access

gat e devi ce er surface proxinate t I rst

sur f aegcodefinke aﬁazb;s bﬁ@ﬂ@atﬂdg@atﬁ smrut:fﬂlee dvidgeasippensurface;

recessed access device defines at |east one floating

gat e strudk lgpg ggvoniohgate shastue formed ongihe [upash S‘Jéf?ée of the at

cont t r

oot gl BRUPaThL AT Yot L0 TRACRTLE AOCUPOREpSUERA6E, Bt an

at | grsit lene dneMldatihg gateestoidtuie tads goraed dohss &t all@astharge to be

one floating gate structure are fornmed so as to all ow

char glegtiyelyestaier ewdi ipaoyed hepng dhen Al lepeinenfe ogtingngatp structure to
e t t t t .

ohan GRS A7L0 P P BLURBMGSE BRI SE! ERY grovice o

pr OVirdl@caﬁﬁn b theaadnh @ saate dfithe NRAREYdStial e of the

menory device. 2. The device of Claiml , wherein the

at | dast &he dPYlé%t?f %al@ahewgqr@ladbﬁ ableagt engfiating \eateystructure is

cag%gﬁ IVE]SII o {/elaggaﬁl f'eis"itst ?%:ngllb& {gete, atl 1% c%,ﬁl%clﬁ%ely/ cmépled to the

mﬂﬁﬁ@kﬁlﬁ]Z mhereln the at | east one recessed access
device i ncl udes a conductive nenber and an insul at or .
that 3i s i Ahedgpsedl 63?1\%%Whﬁ’@l%gﬁdﬁfckeﬁiiQWﬁB@FedaMeSS device

il%gl% 34 %ﬁﬁ&lﬁhgﬁgfe}:}nbgg gt%(ﬁ &Y ir{éﬁ ]?t % {Htgipo% % Rﬂ/é’énttﬁ'ee conductive

UCt Ive ne
member and the substrate.

eas

4. The device of Claim 3, wherein the conductive member of the at least one
recessed access device is formed of polysilicon and the insulator is formed of a high K
dielectric material.

5. The device of Claim 3, wherein the at least 6ne control gate structure
comprises a conductive member and an insulator that is interposed between the
conductive member of the control gate structure and the floating gate structure.

6. The device of Claim 5, wherein the insulator interposed between the
control gate structure and the floating gate structure comprises ONO.

7. The device of Claim 2, wherein application of a first voltage between the

substrate and the at least one control gate structure results in charge being stored on the at

-12-



recessed access device is fornmed of polysilicon and
the insulator is formed of a high K dielectric

woraioeemhs 5. The device of Claim 3, wherein tPEr/E82006/033617
| east one control gate structure conprises a

lef? Ry %aﬁﬁéggtg‘% ucﬁféjsﬁﬂ drlr%%ﬂ& §§ %%ﬂt clh%tﬂd'a%in'? LR PASREE inhibits

tween t ctive nenber o e controf “gate
ths tfotmdtioneofa dirstheorfductiinte clgingelt eetwteru dteutven s@urcéfdnein regions and

device of Claim5, wherein the insulﬁtor interggﬁed 1

whereiRelbs apRECation(¢iot SFARd veltpgrcbaiveem ity TuRairte 3ad ithgat least one
’ | - ¥ Vi {QiRi fBating gat

ol i et e Yohle bt OF FORME R Rastor, Moating gate
staicha natieh amdhced eheaformatioh of nefiesd bndlctigatchamial betwaea the two

results in charge being stored on the atl east one
soFGsirpingegiaBe structure such that. the at |east one

floating e L ni Rits Rt |

firel condnofr st SF IR 7ohelihtinb 8ot A EhAReP bxnds through
thegégbange absht Whe p&iiphehhef tigpdtileast oo rakssad seesndate structure such

voltige bet ween the substrate and the at | east one

thebotherchpnrph denggh pfithe roadydiyg|channeh cah g grereiesthyithatoiykgfantially
. fromithe.at | i j ch
inciedo % e SRTcrel obpedt R RGeS ECAt ot O
bet ween tge H¥vacsSOUCIaRA Al Fhbrefredie @ feastSone Thratitde ghte strafture and
Claim?7, wherein the conductive channel extends
the lat lsasfipne isentseliEste atuahaa respRivebr Goptrwss torachigue gpelected level
east...one recess cess gate structure such that the
Odﬁgﬁ%%Ye?%Wg?%ﬁgngﬁgmgbnductive channel can be

I ncr e@sedThé tdBeide oFUbiaina i ivitlerein i thE a€ asisngné kRentr@lt @it@lstructure
di mensi ons of the at | east one recessed access device.
defineyaareersy pad thsfatdpast ane flogtingr gathstrysdurg s pdapiad tgrfatend upwards
floatin ate strictur n . 0 t.r ol
B R P NGB IR, 15B ETSE Bn GO koo s

sttrheetsach higiteln Rlreasidariéli yechpatiphe Rgupliigy plopbiaie to the first
10. The device of Caim9, wherein the at |east one
digigneq stween the Sloptirg gatestatyrpard thecepisalsaimuruchee gecurs.
| east, one,floatin S ! is adapted to extend
upma?hs f@bzmﬁﬁgm%b g%%%%%%éégMgg the substrate and

fit wthigséhRof@ResSubstiatetdhving 4 ft aefice;0l gate
structure such that an increased | evel of capacitive

coupl i ng prilnsting igatsattmiciuse doraned; sosps i sxigpd antpdhgusepiconductor
the float. e and the control gate
str uﬁl{b&?rate %%nt%% ﬁleﬁgtlﬁi}fﬁe

e occurs.. ash nmenory device
conpri si ng: céntRRMz@oNdgdnge Sobsdr atipchay ey fast! isafhce of the
surface; a floating gate structure forned so as to
ext estnicondyctos subsricsniat frplication of a first voltage between the control

gate structure and the substrate results in charge being removed from the floating
gate such that the floating gate deﬁnes a conductive path that is recessed in the
substrate about the periphery of the portion of the floating gate structure extending
into the semiconductor substrate aﬁd so that application of a second voltage
between the control gate structure and the substrate results in charge being stored
in the floating gate changing the conductive channel formed in the substrate.

12.  The device of Claim 11, wherein the floating gate structure comprises a

recessed access gate transistor.

-13-



substrate beneath the first surface; a control gate

structure formed adjacent the first surface of the
w@egu7ozmedRIct or substrate so that application oPCEHUS1006033617

vol t age between the control gate structure and the

substq at . i ' 4

loang B Aoy R TpnEn APl PERUPE . Sty capaciively
capieduc thewonfral gat¢ hat isicapacetebsadpled to He ssbitstie.at e

about the_ perj pher ortion _of the floati

.th
gat elbt r ubba rdé"lé?(t%fna% ﬁv? Wilfrﬁlé‘ Sheniflopting, eptsr stitture and the
c ldagﬁ\/reakiﬁﬁ A cie ¢ tgres?g&ig}teﬁ)a%bﬂauﬁgntg GQRE ¥ QLLAYE level of

etween~the control ga ructure the substrate
cdpasitivé souiphing tergetbeainng stored in the floating gate
changi ng t he conductive channel é{lor med_in the

substt-at eThagevierrf daipm d& wherendpsropirol gpesEpeutslefines a recess
BB P BT3By SBT3 038 At

subdgatt| @t fing/igat ehes tdodss BWrmei Sinciapawintrbl ghty tagpiredutlo that an
the control gate and is capacitively coupled to the

ingtepsadr kovel, ofi gapaviiveoppling HrOROrUANRCLY theh Bt disthnge between the
fl.oat]i t 0 tive gate

ﬂg?tl §cgtage%§l% gttruge %néd;tggtgéjllgtgoé@gcsgﬂ?%%r%g%b achi eved a
sel egg.ed TRy abvieé of aaigd 12y eheelipthengcéhed abebivderice includes a
15. The device of Claim 14, wherein the control gate

ceydugigteymember inean insplatergBataip dnternesed beitver thgagawductive member
sfructure is adapted to extend upwards fromthe upper

a%(t 5%beslir8?e’ the substrate and fit within the recess

formed i nThd@edbf Olai@iale; vitterdis thy eorfluctivd Midmbanof the recessed
I ncreased | evel of capacitive coupling proportionate .
agegss: ¢ryidei is Sormidselanndsilinonaad ihe sukaiasas ifergiegafe high K dielectric
sLer% ture and the control gate structure occurs. 16.
D% evi ce of O aim 12, wherein the recessed access

devi ¢g¢ i nThaldesic of @ieue 1Dy eheRidele @nttoRBate Btub@ico©tomprises a
that is interposed between the conductive menber and
corfacivrsembereind pp insphatoribey is antepogydheivae thisepdicve member of

ciu . ihaehes
R P SRR bl R R RREARE 0%, < ormet of o

hi gh1K di ghedkvice ofetRihalg, vilireil hte desilaer dfterpbsdnbetween the
12, wherein the control gate structure. coml)\{i ses a
cerived gete istrectiisrand thaflepting gatestmgives canpiises ONGit er posed

S T

a semiconductor substrate having a first surface;

a plurality of floating gates formed so as to extend inward from the first
surface of the substrate;

a plurality of control gates formed adjacent the plurality of floating gates
so as to be respectively associated therewith to thereby define a plurality of flash
cells, wherein application of a first voltage between a control gate structure and
the substrate results in charge being stored on an associated floating gate such that
the associated floating gate changes the conductivity to a first state of a conductive
path that is recessed in the substrate about the periphery of the portion of the

associated floating gate structure that extends into the substrate and so that

application of a second voltage between the control gate structure and the
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19. The device of C aim 18, wherein the insul ator
i nter posed between the control gate structure and the

WO b@an2egs gat e structure conprises ONO 20. A PCEBR2006/033617
menory array have a plurality of nenory cells
CONPLiistA@: redulte i CPREHECHEhg SeRDYER RN AUt NBsdtidtbd Soating gate
surface; a plurality of floatlng gates fornmed so as to
ext exbanigingaihd condretivie of ithes consluetieecehaoheltthe ssabiad stateef;‘onned in

S LS 1 LR SRS e o
asso %e@h%ﬁofﬁk@ﬁ@ W b patiRulh e &Rty defi b 'ca F@seﬂl il d’i‘k I ¥hPPlurality of

flash cel wherei n application of irst vol tage
bet wélemtnag gabastmdlangsﬂoelasitdrawotru}r@t@nd the substrate

resul char e ei.ng stor on an associ,a
T oning Ih6 ot al it h0" BELer APBa PEgs 1S gagesclect gate
a§s|3 Q:@Swﬁ}lﬂg s ﬁldtlﬂg gy'lﬁ(rbltlﬁfl dtQefls ftd b@dw $628fecBile Reading of data from

uctlve pat Is'recessed I n the substrate
oa@oumoﬁhﬁwamﬂpﬁﬁmphﬂﬂﬂ&h@cdh{t|on of the associ ated

floatlng te str t extends j t he

subs?rat e 1B ATSL0 L 35 et ?lpl&fahéy  oLieR et 4pé the select

gRETURBHsd REcskOdoll P1cs Bhf HALHRIARE siiifaIDST T at e

resu In c arge belng renove ron1t e associ at ed

fl oaQBng dat arrahanhGiang 21hevheosid thet seldct gatofcotpases a transistor gate

conductive channel to a second state fornmed in the

thati 38 tipaped ke efonextard wwa&%?rom e §fst EQH P 3 Jbe jsgmiconductor
pel is indicative of the nenory state of a

particul ar nenory cell conposed of one of the

pl ur akit yTaé déwnﬁidmgcgameglandmﬁﬂnaﬂ&odkmﬁﬂg gmﬁnmm&mnes are

gate. 21. ThS array aim 20, further conprising a

C@r@agtvelaﬁ@u@@ é%fhegaaf%laé%‘%mtr&! gefe wirpefuzes apd a@fcap?féﬂvely coupled
I of cells to allow for selective readi ng of

uPhH ﬂ#*éﬁ% one or nore of the set of the plurality of

ceI | 5. 22Thd hieviae r @y CoimCR4i whekdin Weefleatingt Bste structures and the

plurality of floating gates and the select gate .
a%seﬁlafeﬂsf@nﬂ%%s?@&? slEdciass gesyTespectivelycog tq pehvevef e selected

f’éiid'a é&nvezt%uﬁ%-ﬁgsth@fe%%egﬁ G aim 21, wherein the

ect gate co ses a transistor gate that is forned
S 0 ag6t o @kt dedcapivdiatn R26pwhekm the ceitrad lgﬁfe&macmfestdeﬁne a recess
sem conduct or substrate. 24. The device of O aim

apeh el antipR gate PR Wapdamied epirndsunyads fpmche .upgwurface of
t}&%gétﬁaqe 5191 hh% tBRIRE ¥ %dfoﬁﬂﬁfnoéhe JabEiaflardaalrlr ga?e Qﬂﬂzture such

are capaC|t|ve y coup bstrate.
that an increased level of capacitive coupling proportionate to the first distance between

the floating gate structure and the control gate structure occurs.
27. A method of forming a flash memory device, the method comprising:
forming an opening in a semiconductor 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 portion recessed below the first surface of the substrate;
forming a control gate on the semiconductor substrate so as to be
associated with the floating gate structure such that 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 formation of a conductive channel in

-15-



25. The device of Claim24, wherein the floating gate
structures and the associ ated conductive gate

W@ Reaoesees are respectively contoured to achi BUBUSH06/033617

selected | evel of capacitive coupling therebetween.
t_ﬁlg%eﬁ?é()hG&t&f subbiditePis r\é&@ﬁe%' He1d v eheGR St duptacddt e substrate

structures define a recess and the floating gate

st r uaidisveh tlmt epplitaporedf 4 secend eledricpwgrabbétwoen thissontrol gate and

upper surface of the substra e

d fit wthip the
recels Fihstiaig et R the L %‘ngg’teeﬁ%"tt%cgqﬁ? gtructure
suchy LAt uRALY NGHE etﬁelt%}frﬁ!lttcﬂf of %pé@dtlbwe Gﬂétﬂlel Wéhmed in the
proportionate’to the first di stance between
~ fl oatubstratgat e structure and the control gate structure
occurs. 27. A methaod. of forntn a flash nencr%pg

t he %%thoah%HWﬁFﬁéﬁﬁﬁmnﬁgrﬁFﬂﬁ
re%?dﬂs % Wit ﬁ{e % gaft 1%;1 n[h%t Q@n&fcﬁ% aﬁ?&i el onnects the
n\Nar roma | rs ace 0 e sem con UCt or

sanbgdaat sgidmrvih ng pathf theiatitagdsgaliont she petipiieey wiftthe rfloating gate
t he opening such that the floating gate has a portion
strycgwre daanedan g WREAS r st surface of the substrate;
form ng a control gate on the sem conductor substrate
so as to be associated with the floating gate
structure such that application of a first electrica
signal between the control gate and the substrate
results in charge being stored in the floating gate
structure which inhibits the formation of a conductive
channel inthe sem conductor substrate that is recessed
bel ow the first surface of the substrate and such that
application of a second electrical signal between the
control gate and the substrate results in the renoval
of charge fromthe floating gate structure which

t hereby induces the formation of a conductive channe
formed in the substrate. 28. The nethod of claim 27,
further conprising formng a pair of source/drain

regi ons adjacent the floating gate such that the
conductive channel interconnects the source/drain
regions via a path that extends about the periphery of
the floating gate structure forned in the substrate.

ev
r ot‘ source/drain
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