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VERTI CAL MEMORY DEVI CE AND METHOD BACKGROUND [ 0001] In
recent years non-vol atile nmenories have becone
we@gdtoabbisshed in a variety of electronic systenBCT/US2006/012143
especially nobile systens. For exanple, non-volatile
menories are widely enployed in a variety of
el ectron] , QI S,
di gital aretas=Aphicteraphone AN e -éiéi simlar
products that are be ' [ asingly smaller in
size and require incéggggggﬁgﬁﬁﬁbher menory storage
capacity to support advanced applications. To keep
pace with these advanced applications, non-volatile
menories are being manufactured with higher |evels of
[0001]i Intreepnéyéays pof-aelatite memserigsdaye heapneer establlishgs injarwpriety of
| ower power consunption, and increased storage
electrongddsicing, edp@OiaRY nfobéle wayerho Furkkaviplel haseoletilermernornges are
demandi ng requirenents is to downscal e the
widely QR 1¥ Pl d RurfBIBY He®BhicrodiiceNRth 86 po@dLe 6RAGEIsY iRl
non-vol atile ménories may be achi eved by increasing
| .
camerle, FiRRERINIE L), T BREL ML ploBhHE LR ol Mo TR orc ety
ate, anpng ot her el nt.s. Conventional pl.anar
smallel B 3126, RULICHBH® HGHETY SR LeHer BERIEE PR rPeFS g SHRRSF'
real estate per nenory cell and are difficult to |
advanepshapptieations.o I'a krereRase athdiBpseadyinaed ppplicatipps, non-volatile
effectively increase the nenory capacity on a wafer.
memofie08 begrhirpdddiyred miith i ghgr ice'néro)f infegration,Fhteraesnones higher
having a thin vertical Si body and two sided flash
reliabitig), I SwerlipwRy esnsufipyiobenddnfregud edrdge capdvitgve a denser
menory cell layout. Although the vertical nature of

[0002] ORS & 29RO RN eehbse T EMabA REnaRHRY 6 lifePlentiSid @8 oWRRIE Yhe
cell layout, these structures |ack the necessary

o YR AR AR AP AP PR AR

achiev(e%)iﬁcrg]s?ngl tﬁg (r)nretmao% gel?glenasity and reducing the size of cell components

such as the floating gate and the control gate, among other elements. Conventional planar
semiconductor memory architectures require too much real estate per memory cell and are
difficult to downscale to achieve denser cell layouts to effectively increase the memory
capacity on a wafer.

[0003] Vertically oriented memory cell architectures having a thin vertical Si body and
two sided flash cells, however, may be configured to achieve a denser memory cell layout.
Although the vertical nature of these memory cell structures provide for denser memory
cell layout, these structures lack the necessary overlapping areas between the control gate
and the floating gate to yield a suitable gate coupling ratio (GCR). The importance of a

suitable GCR is explained below.
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suitable GCR i s expl ai ned bel ow. [ 0004] Non-vol atile
menories, such as flash cells, may be fabricated using
w@20vetied46DXi desem conduct or (MOS) process. An RABUS2006/012143
menory cell array may conprise electrically isolated
floating gate structures fornmed of polycrystalline
[0004)SNbh-&6Rti(cPabMmEHitd, 6@dh) asFlakl oelxdady by febriatddasingdi mxthHexide-
(Si2) insulative layer. The floating polysilicon gate

semicc%rﬁlg@ﬂgg Q@I?gz ?Hc)ésé SOh RIS mdehfd Eaﬁarlf’é&qﬁﬁyy %rﬁpﬂ%lﬁtﬁ?agy

uctor by the Si I nsul ative | ayer.
. fathis typ | SO C ' ~ 1€ .
iolatel g U ¥ S B8 e T B o S RSBGPS spoppyted
storing. electron charge on_t electrically isolated
by & ST gREPRGe S sRrREOTE B, Tk Hoaeg pobafigen tel SRRUEFLY
) is formed of the Si Q2 insulative |ayers surroundi hg
isolatedifeont theubsttpteyeagions od therfemicongietar by B SiQeinsyativelayer.
drain, transistor channel, and polysilicon control
Cells afdahis tyd aat mby adbmpisessn-tlmnnbleMOSaatnsisgprgat e is only
through this linear capacitor network. The capacitance
[0005PThd £81 GRkdtionay charaliell bpetbring ele2troh chirge apdad dlédtsically
coupling ratios, including, for exanple, the gate
isolate%%%hggo ik Gn ESERA liri(%éﬁc%ﬂa{?i%u%m&mwi@fdr&eé PERL-siend

sour ce ollé'%llng ratio e to the capacitive
. | .ch . t e .
R a g e
.the GCR. A sujtable GCR for oper .nenor ation . is
transistey channgl, @dw@@w@%ﬁrw@aﬁ g laal-ag%ﬂsaﬁ%‘f%? Torne gy

menory cell structures that governs the devel opnment of .
only thiengls g lietaneamseijorcnstverk. Jibeigapasitarceiidae ¢qlbmpy hedefined in
cells, for exanple. [0006] Due to the horizontal
terms of ¢apatiave ooupdingtringosgaickelingy faerwaple], teaatepdomphng fatiagOCR),
menory cells, for exanple, a suitable gate coupling
drain éd¥plifg Sdtio @ ER)MRYd Qﬁr&cd@uﬁﬁrﬁ%jraﬁh (SERENDUB & thB@apacitive
floating gate and the control gate laterally (e.qg.,
g’ d ool ' | ¢ B flHEn Rege i
cou SRk Rk By BpALED At B ASREBTHR Vol
ver | in et erm nes capaci tan counl i -
sccordt B g kS S ST ot BaoF PG PRERL FRIRIugP she. Ty

be adj usted s
may be referred to as a “golden ratio” for memory cell structures that governs the

development of the scaled memory cells, such as, scaled flash memory cells, for example.
[0006] Due to the horizontal orientation of the gates in conventional planar flash memory
cells, for example, a suitable gate coupling ratio of ~0.6 may be achieved by extending the
floating gate and the control gate laterally (e.g., horizontally) into the isolation area to
increase the overlapping portions of the gates. The amount of overlapping determines the
capacitance coupling between the gates and thus the overlapping regions may be adjusted
to yield a suitable or desirable GCR. Vertical flash cell structures, however, do not have
an equivalent isolation area available to extend the gates, and thus, increasing or tuning the
GCR in a vertical memory structure is not as trivial as in the planar structures.
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to yield a suitable or desirable GCR Vertical flash
cell structures, however, do not have an equi val ent
W0 swbaoidon area avail able to extend the gates, PErnusS2006/012143
thus, increasing or tuning the GCRin a vertical
menory structure is not as trivial as in the planar

Accord@hgl Cdonk &fioNe IR Edal eleynor§ Sffv@iiel BN a GERt ofc-dl. 337evHighyis
structures have a GCR of -0.33, which is substantially

o is a.ratio. BRI EF DESCRI PTI ON OF
substaﬁ#a@?‘gﬁk&’?ﬁggéf%%%i llzlldr%?o'l illustrates a schematic
cross-sectional view of one enbodi nent of a nenory
device 100. [0008] FIG 2 illustrates a diagram of one
enbodi ment_ I Ge 100 conprising a
di el ect r i BRIEFRESCRIPLION OF b IMRAWENGD | ystrates a
di agram of one enbodi nent of a subconponent of the
menory device 100. [0010] FIG 4 illustrates a diagram
of one enbodi ment of a floating gate conmponent of the
[0007| I yilldetsitesen stBEmatidEdid-sdetiGBil vieAvw &oriel dmisdiraerg of a
various enbodi nents of processes and integration
memo feq@es to realize one enbodi nent of the nenory
evice 100. [0012] FIG 6 illustrates one enbodi nent
: 0 0} El 7o d # :
B A

DESCR&.PTI ON OO]#%1 F!)G 1 illustrates schematic
comprismg A digleelic fUed fAagO%t one enbodi ment of a nenory

devi ce 100 conprising. a first,K nmeno ell 102 a a
1000910EHG i FSFS s QBRI he RGN Db AEOR S ShifPgory
cells 102, 104 are formed back-to-back with a comon

devicesléfti conduct or body 112. O her enbodi nents of the
menory device 100 may conpri se
[0010] FIG. 4 illustrates a diagram of one embodiment of a floating gate component of

the memory device 100.

[0011] FIGS. 5A-5J illustrate various embodiments of processes and integration
techniques to realize one embodiment of the memory device 100.

[0012] FIG. 6 illustrates one embodiment of a memory 600.

[0013] FIG. 7 illustrates one embodiment of a process flow diagram 700.

DETAILED DESCRIPTION

[0014] FIG. 1 illustrates schematic cross-sectional view of one embodiment of a memory
device 100 comprising a first memory cell 102 and a second memory cell 104. In one
embodiment, the memory cells 102, 104 are formed back-to-back with a common
semiconductor body 112. Other embodiments of the memory device 100 may comprise
nonvolatile ultra-high density electrically erasable and programmable read only memories
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nonvol atile ultra-high density electrically erasable
and progranmabl e read only nenori es( EEPROM) . The
woreowengs4eel | s 102, 104 formonly a single pai rP@f/US2006/012143
menory cells in a nenory device conprising an array of
mul ti pl e addressabl e nenory cells, for exanple. In one
(EEPR@KEP dFHE‘%ﬁémor%rrb%llm p4 g6 61@1y11(&1g1@ya1f36f @ehbAstells in a

pr ovi des sinultaneous erasure of

memorg"%fe{/fcg ilaglllglﬁ% al) erra}?m tote SIHPQ gé‘tﬁ@ﬂﬂaﬁlo?y cdiRerRARIYle.

wevers, onprlse ot sem conduct or

In one 8’@50 é\@ ces é%x Slgﬁt L) Oh ﬁ(f%és%(gl vg\{f&;‘i{gmwdes

synchr onous randon1access meporj es, . or ot her

simultanees Frazire AT Like or SRAmPIox BSOS ERE P€§‘F RS dvice
addressable nenory cells. In one enbodi nent, the

100, hoveewsr,ynajeadngeist Othenragmicongictay anementidswices, asisisaiiatic or
non-vol atile nmenory device having a gate portion that

dynam@xfafdeia atdesemsnosita(SR A yind DRvOYenaspediivaly), syrchewmys
fromthe substrate. Accordingly, in one enbodi nent,

randon? 46d3sORER0AES, BE bhELSpERYT rﬁ@mbﬁéﬁthﬁﬁﬁclh@e Afatex bf Sé&ictlvely
gate structures. Menory cells conprising vertical gate

addres?a%{l U&EH}{ §§06%ng1¥ Qid eﬁﬁlpocmﬂlkﬁltgt}é% %%Vfc’é Q§? By Beprise a

on a mic er sur area o

em conduct or bstrate,to provi de
three-dipgngions Bpn-4olahls BemPry debelaring i o7 %%E Tigt PoRing
ternms vertical and horlzont%éwgre us , ty,to
substarfiadlyrarthegensd direqtion; ayydFora %fﬁat%f 1&& eS¢ t he
substrate where the vertical direction is
embodsmbistt suvhigatel spructutdsogayniad refasradie ab vettizdlrgatd staichuaes: iMemory
The enbodi nents, however, are not limted in this
cells c6MPEENE Velfn%l]g@.}e Mﬂﬂlemﬂt@mﬁpdnhmgmelmt Jevites incgy HEOO
may be fabricated using standard MOS processing. The

integr % I{'sﬁﬁllélr%grfﬁ@é’ a8 o PR séinie BRI sAaero provide a denser
eri pheral circuits to select, address, read from and

memoFV}v{:zf!.{gareYn %écror e&gr%gfgerfﬁfe}}réefﬁ Xxgvﬁl%l\%%g %@gg erg?é gggt{cla?{md horizontal
her . dev he foJ

o Sk S E gﬁ@escfﬁa g e

integrated circuits
vertical direction is substantially orthogonal to the horizontal direction. The embodiments,

however, are not limited in this context.

[0015] Embodiments of the memory device 100 may be fabricated using standard MOS
processing. The memory device 100 may be an n-channel device. Peripheral circuits to
select, address, read from, and write to the memory device 100 may employ either n-
channel or complementary MOS (CMOS) devices, among other devices. In the following
description, the term substrate generally refers to any structure on which integrated circuits
may be formed, and also to such structures during the various stages of the integrated
circuit fabrication process. The substrates may c;omprise both doped and undoped
semiconductors, epitaxial layers of semiconductor on a supporting semiconductor or
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may be formed, and also to such structures during the
various stages of the integrated circuit fabrication

w@e@easR61 The substrates may conpri se bot h dopkdI/asa6/012143
undoped sem conductors, epitaxial |ayers of
sem conductor on a supporting sem conduct or

insulati\%% ;rrfh?éﬁefl‘,tdoﬂg)iﬁ@foﬁﬁ bfduch ¢RI, BAKEDAS ofbr Bibteh Stanceurss, fas
as other known structures, for exanple.

™ o . ey ke
eyl Y00 080 805 A LAKRE, RSB OBk
t hroughout the several . vi . The_ enmhodi .
substayg I PR SABPRTH TOVBIEY Doy S PR Rt
_context in which they nay be descr.i bed. OOlg& ibed
describpé heretl, hgwavgsi #e pet ihited to the AeNtEHHB & eYyfnay g described.
menory device 100 conprises a substrate 110 and a body
[0016] ReZerfiog mpain th EF@dn ond brabedibett ef the eemonyi devipo e comprises a
di rection 155, which in one enbodi nent may be referred
substratedl @saridtebodyar 2 Femiel therdon.eThe arbstrdthexieodyaldd@ desdtiondss,
away fromthe substrate 110 along direction 150 such

which I@fe dtbodindfi ineRtRde R k@B hel hotidhtalreuRRabn.t Thé bely 112
substrate 110. I'n one enbodi nent, direction 150 may be

‘ refer ' i gal. . di [ ol

N L L
sem conduct or terial .. The bod 12 has heavi

s SR B Sl DL B Ao, ol otaRee
previously discussed, the nmenory device c ri ses a

referreflit &g thedvticel céirqction: e enkediperf: W@ﬁ?ﬁﬂy?gma@@@med of
Each nmenory cell 102, 104 nmay conprise one or nore

Si or oftlep adrhicgndyeteesnaldriall dbabedy | B easdichviliodopsd regienssiogringra

the vertical body 112 along direction 155. The

sourcef1l12ahil AArHAt 6. Al GreaxdiBodiveissdds tlelyeramarydet ico compases a first
substrate 110 along direction 150. The floating gates

memo%t%llnf?% flﬂﬁ afsBE R GhoRAeM 04| €96h mERGH, fEIMIZY 16£hay

may conprise’one or nore control gates 120
compr 5% 5P A5G by 30F Bt B SR e i
oy S 2 O BB LSt TR

b tr118 rrg b?l' f oir e Of)fThg%lo)z/ltsirill i a(l:tgsn ilSBr(r)lghbé ?oermfeld%%t iofg/gilicon.
substraje il &8 albng diraetianhle g8 y P
Each memory cell 102, 104 may comprise one or more control gates 120 located adjacent
to and laterally on either side of the floating gates 118 along direction 155. The control
gates 120 also extend vertically away from the substrate 110 along direction 150. The
control gates 118 may be formed of polysilicon. Both the floating gates 118 and the
control gates 120 are electrically insulated from the substrate 110 by a dielectric material.
[0017] A first dielectric 122 is disposed between the body 112 and the floating gates 118.
Vertical portions 122A of the dielectric form a tunnel dielectric between the body 112 and
the floating gates 118. Horizontal portions 122B of the dielectric 122 isolate the floating

gates 118 and the control gates 120 from the substrate 110 and the source 114. The
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control gates 120 are electrically insulated fromthe
substrate 110 by a dielectric material. [0017] A first
wale@baedsi ¢ 122 is di sposed between the body 1RQI/ESIH06/012143
the floating gates 118. Vertical portions 122A of the
dielectric forma tunnel dielectric between the body
verticat %&t@ﬁ@' 1208 of liRatiéleerig AL L srelhlifice Qb iiEOidg! 1 1pantl iegrRad away
2B of the dielectric 122 isolate the floating gates

from t%eﬁ%b?ﬁﬂe 476 2fABL %Etl(‘%ﬁe@z ﬁ%%oh%&ffhltﬁ}ﬁtl&%bﬁZBaéﬁhééﬁlectrlc

e s souage 1 rtical portions 122A of the
22 ooy e AR SRl gl RS g0

horlzontal por |ons 122B of the dielectric.1l

155. Tagpg emipdus it {ae Bubenflpetioy | Bk £ %@%ﬂ&% PR blow
body 112 along direction 155. In one enbodi nent, the

the flonting gajes: bIS ansirthe oonsrol 22t8s 520, tipreexample dnrang enbpdanang ke
bel ow the floating gates 118 and the control gates

dielecttiz0,22 fery anmiide diclecitend fhvadi aentel di¢dlectde Eyect Aisecond
122 may be an oxide dielectric and fornms a tunnel

dlelecﬂiceﬂZﬂQﬁafy' e foRNBd betafes,@ eRd1g3tiBE 85k il 8 add@dontRY ghe 120. The
formed between each floating gate 118 and control gate

secon?lgglect-mel 2G6ARA %’Sé Erfct 1\5/1\% ﬁ%r i PTTPb AWl G ohiaf Portlons of

In region I zont al portions o

e G015 S5 TS0 B g e

oxi de-ni tri de-oxi de rial, nDn ot
dielectyigt ledimaysbe %fb‘Pmé?(&%é"éOXlFQ@ j%) PRt Ao tﬂ%ﬁ?ﬁ‘f@%ﬁ%r@f
floating gate 118 conprises a vertical nenber 118A
exampt endi ng al ong direction 150 and a horizontal nenber
118B extendi ng al ong direction 155. In one enbodi nent,
[0018] feonessniib celihertpedoflobiiBAeatad18 bempises aomrttidal member 113A
118B form an "L-shaped" floating gate structure in

extend’iﬂ;‘g gldnt QR MBIt 1508 d HRHResntdlBombs: 1 1‘83953('Eerﬁih%fhlbﬁ§dlrectlon
hori zontal nenber 118B. Each control gate 1

155. 1%0 e'aﬁ)%ﬁlrg?lﬁ GhE g&@%ﬂd{h béfg&% h tﬁ]@m%ron{]% Qfmber 118B

| Irection horlzonta nenbe
form afyy 2‘ l5-,5 X g,ggl g] aI n%r\xﬁjglg(gcmg@glrcp é'&p\feﬁtéca‘l" theber EYS& is longer

then the horizontal member 118B. Each control gate 120 comprises a correspondmg
vertical member 120A extending along direction 150 and horizontal member 120B
extending along direction 155. Each memory cell 102, 104 comprises a gate overlapping
region 130 formed by the horizontal members 118B and 120B of each floating gate 118
and each control gate 120, respectively. The GCR between the floating gate 118 and the
control gate 120 in each memory cell 102, 104 may be tuned or adjusted by controlling the
horizontal length of each of the gate overlapping regions 130.

[0019] In one embodiment, the gate overlapping region 130 in each memory cell 102, 104
may be formed to increase the overall coupling capacitance between the floating gate 118
and the control gate 120. Thus, the gate overlapping region 130 may be formed to provide
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region 130 forned by the horizontal nenbers 118B and

120B of each floating gate 118 and each control gate
wa22ds/1espect i vel y. The GCR between the fl oatiPOI/Js1086/012143

118 and the control gate 120 in each nenory cell 102,

104 may be tuned or adjusted by controlling the

a greatBPGCRIBYwRéer] tﬁB Globtied %aﬂéw g ald thbeomedlgavix0l. dppbstgdance with
regions 130. [0019] Tn one enbodinent, the gate

one enﬁa‘éﬂfx{g&ﬂ Plof Qxegﬁ?b %ﬁg’l@ic i féﬁ&ﬂtarﬁ%ﬁgﬁ& gQ&hJ:trylgizthe 10
fornme O I rncrease t overal | “coupl’ ng

overla}&% afel(gl'ioangngeb_%téé\/rec)%?c}]t h&CI{n }oa?ﬁng\%eer(?eyrgd %&(Aeﬁ Hl?mber of
130 may. be forned |dea reat.er GCR

~0.6. Firgatialy, Guete Aneocials 6 e PoibRaE 5@%1%% i B 5@Slgned
accordance with one enbodi nent, for exanple

to yield p&¥GR P apprpkisrately &t570dn anel embegimenty thsfL-shapeg élOthg gate 118
over |l apping region 130 may provi de a GCR approachi ng

structurdiad @s indgedl iderrasethb eapaoitive Oowplingdetveseartht Bpating gl 18
enbodi nent, the gate overl apping region 130 may be

and th@l S&itﬂﬂ‘ %QtetlQO){h ellrék-aint¥aRionh] RpRIaDRbdBhehyrysdBistrub furan for
nbodi ment, the L-shaped floating gate 118 structure

examp'f@‘ty'a%en ﬁ%?%%t&e%l%??%ﬁ&%%ﬁ PR HeMRay AR shling
e- di mensi onal ver
soproiplsl i stmS Ao el (iBte ey '5%8?%63 T
floatlng gate 118 and the .Jbody 112 renalns
embodimgnis,davever. yra 1l lenited 18 i FOrGHyvent i onal verti cal
gate nenory structures. The enbodi nents, however, are

~ [0020Blpatingigatehridreontipbgatesin eruvenfions @lanas Hash memeat Beiches are

control gates in conventional planar flash nmenory
horizogtally cligpbes] akextumiiatongtdidebtiond] S dagdanan themotry situches g
direction 155. In planar nenory structures, a desired

desire@@%wg;ﬁfn ORGSR} We LBRIH ALiAAEEr AMTBEChIRXA lbﬁ e&ﬁ‘e‘ﬂdﬁl\gﬁtﬂe by

exten g the overl appi ng portions of the floating

overla?@itng g?ﬂgmts %?th%%?ﬁlﬁg ggt%ta d BRI donBE Mid Hor ?all?rrln 0 an isolation

I'on ar ea verlappi ng portions o
s, DGl S T 58 Pl BB 8 b
the deglserdt (I}(%l%lbe?vsenetr)xrt e ggtleé 1ssatclr11lé‘(f:<§du rI1felsve1rt1scal rrr]lemory cell structures, such
as, the memory device 100 structure, for example, there is no equivalent horizontal
isolation area along direction 155 into which the gates 118, 120 may be extended due to
their vertical orientation. Rather, the floating gate 118 and the control gate 120 extend
vertically along direction 150. To increase the capacitive coupling between the floating
gate 118 and the control gate 120, and accordingly, to increase and tune the CGR to a
predetermined or desired value (e.g., ~0.6), the floating gate 118 and the control gate 120

are formed to include horizontal members 118B, 120B that extend along direction 155 and

define a gate overlapping region 130 therebetween.
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as, the nenory device 100 structure, for exanple,
there is no equival ent horizontal isolation area al ong
wa@lreoeaoidson 155 into which the gates 118, 120 nmegTI/b82006/012143
extended due to their vertical orientation. Rather,
the floating gate 118 and the control gate 120 extend
[0021]VATthdpdldmbodiradids of the Gitienl hé&foryldevidedi00 assy felgire increased
capacitive coupling between the floating gate 118 and

capacﬁlt?@cdh?ﬁhé BLiweh ehelffdhtindRdied G ¢Q RS MY |c)z$ntr$lqga'té'§clr2@ age and

tune CeR to a predeterm ned or desired val ue
e in t
capacififs Suple B A PR %%32% hER sBRe 1 P f B ARling gates
1 B, .120Bt end al.o dlrect on. 15 nd defi ne
118 ang e b0 A Spi F B BHEa I oG FRETWdh FOGEPP e
Al t hough enbodi nents of the vertical nenory device 100
couplipghetieeuthedlaating satse 41 & aphibe spwree Ehtipy tha dloprgeaies 1 keand
floating gates 118 and the control gates 120, the
the sutsstrptecli 10imey oouplimng dwe redeeed b forfolinga smgab@m;éée by& and
the source 114 or the floating gates 118 and the
thereb&twesh sihe vadéussemid hdb&ofabiitdtdatrodedsesN & sehb adiventells
the capacitive coupling between the floating gates 118

102, 1@4‘ elsBfled W§rﬁe§lle} éﬂnéﬂsﬁn@ endw Rt i1 PB¢ 831 dulBroaBen hkEitably

strate O may be m nim zed or reduced by formng a

thick hOé%Ol%[b %ﬁ er of %i’ég{rlc fﬁﬁetgﬁlt V&%‘ﬁoeﬂﬁ)hglgtuﬁ{@%l n%gﬁn%lﬁci}rlc

rrcati on proces

cells 102, 104 are led to s di, mensi ons
materigagR TN} A THIVHY BORFTECHTE B0 POTAIE! SUne agepattspbinced
hori zont al Iayer of the dielectric 122B using
oxidatinsrmreesss tnkelp tadueetherrgpatiitiyeccorpling befwveen tie %F%@@@@Pﬁ@bﬂs
A relatively thick structure may be forned using a
118B dixha fivatenghgatesed Saniddht samncepl ldcmdsor ttlee dubktpate ddd.ce t he
capaci tive coupling between the horizontal nenbers

[0022]1A8&r@1fng13hﬁ1 bhe0ahibommeRt L8y ek b tianGhst dieles®ier102 of e memory
/or the substrate 110. [0022] Accordingly, in one

dev1ceen1;mqﬂ f’g@fbrﬁ’leh ?% gé %o p%)rﬁ%ipflélfcé& ogl'dﬁﬂlﬁpﬁlrob&s%@gn&fncé bR

evi ce ormed using a dopant

icknf RS TG ar Ol b i SHEPERE dferifAf A

hOI‘lZO(Ijl![a? lreeg(l:(gnr llae(%w%gnzthle r%loatqgg gates 118B and the source 114 and the substrate
110 to reduce the gate 118 to source 114 and the gate 118 to substrate 110 coupling, for
example. For example, in one embodiment, the dielectric 122 may be formed by a dopant
enhanced oxidation process to reduce the capacitive coupling between the floating gates
118 and the source 114 or the floating gates 118 and the substrate 110. The dopant
enhanced oxidation process forms a horizontal dielectric 122B having a thick layer around
portions of the source 114 and the substrate 110 proximate the L-shaped floating gate 118.
In one embodiment, if the drain 116 is formed, the dopant enhanced oxidation process
may also forms a thick horizontal dielectric layer (not shown) above the drain 116,

depending on the doping concentration. In one embodiment, the dopant enhanced
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hori zontal region between the floating gates 118B and

the source 114 and the substrate 110 to reduce the
W@2106/103481 t 0 source 114 and the gate 118 to SuPSL/DS1086/012143

110 coupling, for exanple. For exanple, in one

enbodi nent, the dielectric 122 may be forned by a

oxidatidf PAcHes£MBRDE B6LdaX iltkaite@rhtioh PeaRSs fodofe titciBeinbsy device 100
capaci tive coupling between the floating gates 118 and

and th&@-%iﬁ&ﬁﬁ&l%&%%rﬁcé?_rﬂagﬁ ﬁlefrlogfgthﬁgurgéfnegcen&rjaﬁ 8P &k ahiffe, that yield

substrate he dopant” enhanced ©Oxi dati on process
., for a-horizontal djelectric 2B, havi ]
o suta T SR BB R b S o ud B PG Brf 56 amotr
substrate 110Q proximate th -shaped. flQatin 1.8, ipr
embodjmpent, fhg %o*é%amlﬁ%@evmﬁph@wﬁgi Jug 11.‘/&53@9%@&? K

t he dopant enhanced oxi dation process may also forns a
dielecttihingiterird to eenttod thediapaaiioned etvesrethe fleating rsom} 8 apsbihe control
the drain 116, dependi ng on the doping concentration.

gate 110) ferexamipho dittsemibodithents| hpartyere adeart Bohited dathioeontext.
process may be used in the integration process to form

[0023]t RGBT YatSey 86 8rakDED (86 Thnk RO ¢HE DS iHeRA¢ mM§Tdel @l 100
flash nenory structures in general, for exanple, that

compri’r:s%rg ??i@le%ﬂ%tﬁelfg xcx ng)ng‘fd(ﬁimfg{hqﬁ%dsoxi&h@f@ﬁ Phoesé Phe

mted in t ext. n anot her enbodi nment,

th of . t.he nenory device 100 r be | US
dopant AR S daHOn RESCHRAIEE0F PETEparids T BEHHRiR, gE e
capaci tance between the fl|oatin ate 8 and t he
diclectgigid PBIbeyueca thogetes biS anddhe Pebstratgd 1@ ﬁB% é?%ﬁ{l the gates 118
however, are not limted in this context. [0023] FIG
and th@ sourbei$14 wgEes éo tidaeg themcoadingfbebrrendhd saibsrbht ansk the geunrce
menory device 100 conprising a dielectric 210 forned
114 andsth@gates tDpant the sltanard 10X Tha diagrarp 26¢ elss ilhiEhated apmnsition
enhanced oxi dati on process nay be used to provide a

regionSMiclia Rl RtaiBl XD ABSnIAEd Vitey. AR BElkédie 220 3 ebRisvRRICA P6rtions
gates 118 and the substrate 110 and between the gates

N R
11 e 1l T ' 2
iRy AR S 500,04

magni fied view The dielectric 210 |ayer has vertical
1) of egeh flpafing gate 118 (FIG. 1) and the substrate 110 may be adjusted to reduce the

capacitive coupling between the floating gates 118 and the source 114 and between the

- floating gates 118 and the substrate 110. The drain 116 may be formed at different stages

of processing, for example. In one embodiment, if the drain 116 is formed prior to the
dopant enhanced oxidation process, the horizontal portion 210C of the dielectric layer 210
above the drain 116 also may be formed with thickness 214. In one embodiment, the
thickness 214 of the horizontal portions 210B and 210C may be slightly different. In one
embodiment, the thickness 214 of the horizontal portion 210B of the dielectric 210 may be
three to six thicker than the thickness 212 of the vertical portion 210A of the dielectric 210

between the floating gates 118 and the body 112. In one embodiment, when the dopant
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210A with a thickness 212 and horizontal portions
210B, Cwith a thickness 214. The thickness 214 of the
whoerosaewbal portions 2 10B between the hori zone@l/US2006/012143
menbers 118B (FIG 1) of each floating gate 118 (FI G
1) and the substrate 110 may be adjusted to reduce the

enhance@RRIdatiby 8iek@HUR 2 10ds BghieB e tafsifib®Apidt Wahep bd fftmedd
the source 114 and between the floati ng gates 118 and

“proxm%aﬁetpg UOSLE 318 ’f“ﬂé)d(%p-gﬂ?eﬂﬂﬁﬁée@ oxif 1%&13?&&:1?2 f(?}lyé&t in the

erent stages of processi ng, or exanple. |Inh one

., th ain.l I.
transitpIgHEoE %gﬁsc%eale@ﬁmg‘eﬁt%waé gl £ ¥ FREmRY 1 faf Manted
portion 210C of th dlelectr y ove t

capacifiye.6qyPL1E bENSEn M%@ng Yy W{Iﬁ* fmréitﬁeé‘gb%@. ﬂf)ﬁnd

one enbodi nent, the thickness 214 of the horizontal
arounddbe sowrne 1 P4.0Bnned embodiment thyee-dimepsiang! Hashiraerapiy. cefln

one enbodi nent, the thickness 214 of the horizontal
structupgrthayobe ﬂﬁ:ﬁthuﬁing he enhaabetodidaticiormy. be three to six

t hi cker than the thickness 212 of the vertical portion

[0024]21#&\ Phiuttedd 8heah! 300 AHe beiboeRRent BEa Elh&@hipﬁﬁerﬂ af g
118 and the body 112. In one enbodi nent, when the

memorsro&@meel% pEed) %b\gli%éeﬁ%yﬂg%?%tr Qevglﬂg& @a)y'els of &EEE@PC hpe

ranS|t|o regron pro mat e

p (gource 11 ?ﬁf dapant enhanced oxhd(?t optdl elaec Cse
ormedygng Q;S‘EFC 199t fRPOPIFR BIAF B POP%a‘i“ adiiieal 0 Bial goleris
) substantlall thick_ 218 and reduce an nma

using &pQReenipiRal dyasiaabdepesifien Tbﬁ éleichaﬂt 3 ngéfﬁflélsls gil%osﬂed n
(FIG 1) and the substrate 110 and around the source

the dirg¢dtibn ihdicataé by dbpuitiomrdirection 3240, wwhienwiay he refeiredto asdhor y
cell structures may be formed using an enhanced

verticad ¥iré@idnom piresteasl. depOhid] priobéss fGrmhd 4 thiineatagsr af Watagalam
300 of one enbodi ment of a subconponent of the nenory

vel“uca‘ii SWiESRs J:thn&ﬁ}; (Garaftdl th kl%adépBQuGﬁHE&tfbﬁ& 20Rh&it himi hittch

ayer of dielectric 310 fornmed using a directional

thlckeldﬁﬁ_prsdf{n"iﬁgrlﬁ ro(ﬂcsﬁﬁ‘gces Itlpat g%esugm%?tgdl 3t hI gﬁ%lﬁlggﬁéntal to the

sit’ion.
sono e AL AT et TR LA ieaton
of thic?cr?gss %?2 risegoirrmrade gn tvgrtiggl shpfgces parallel to the deposition direction 320 and
relatively thick layers of dielectric 310B, C of thickness 314 are formed on horizontal
surfaces substantially orthogonal to the deposition direction 320. Thus, thickness 314 of
the horizontal layers of the dielectric 310B, C are thicker than the thickness 312 of the
vertical layers of the dielectric 310. In one embodiment, the thickness 314 of the
horizontal layers of the dielectric 310B and 310C may be slightly different. In one
embodiment, the thickness 314 of the horizontal layers of the dielectric 310B helps to
isolate the floating gates 118 (FIG. 1) from the source 114 and the substrate 110. One
example of a directional dielectric deposition process to form a layer of the dielectric 310

is a jet vapor deposition process comprising SisN4. The directionality of the jet vapor
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vertical direction. A directional deposition process
forms a thinner |ayer of material on vertical surfaces
we@zxaoenei4sng parallel to the deposition directi oPCBES20861012143
it forms a nuch thicker layer of material on surfaces
that are substantially orthogonal, horizontal, to the

deposiB&PPBcéds Prodilésariel BiReld 2Bick &g@pbmlembmc 3 0Bedndtairéatively thin
thin layéer of tunneling dielectric 310A of thickness

layer o’is glélécfhé DR Whicl #eldigadiris @ i 68 ‘fseﬁuoq{@f fihh %e dl@le&tﬁ% 310A.

position direction 320 and relatively thick | ayers
| ect 31
This reﬁsfefsz sEeole PATToetsBleeh b AR i d ‘f?eé@%eq%
o B et e STtags L i PhteRs, gl ol

thicker than the thickness 3 12 of the vertical |ayers
limitedoifr thiseontiest. édterditscar] dietectitedepatibian pEagesses plgo may provide a
t hi ckness 314 of the horizontal |ayers of the
thickerdbpdrefdidlect3d DR Rahgerdh @R soaycebl 4sinidghbdtyatali FF regioms fo feduce
one enbodi nent, the thickness 314 of the horizontal

ﬂoatm%% Rr138ab séli€e di herdrsuBstROB (@upsing,doi &ainglle The
["loating gates 118 (FIG 1) fromthe source 114 and

embodtgngl?tg‘ YRSJL AL GreliilitedMqnigXaRke of a directional

gctric deposition process to forma layer of the
o02sichffs PR & S A BB R ERRH bE R ReBigRRe 115

vapor deposj ti on,  proces rovi des relat

formeq a%g a ggordicgl @zstdﬁSEacgliélsﬁ?alﬁana phodie 4}6? CRY ﬁ%ﬁ@?y be
of dielectric 310A in which the dielectric 310Bis

formed hiing plasmh anhanked clicstiedl tvaper ®positiom (RECYBY trehriqpese for
capaci tive coupling between the floating gates 118 and

exampld) €TieoneR 1l 4dnanst foheed sushtthargts padfds tdpl8l 2andveher level with
substrate 110. The enbodi nents, however, are not

the bolthili418 Pottibrt ditBe Q0B meﬂb@rsdﬂ 1884l tﬁ’@ﬂbatﬁi aBGLINBC In
deposi tion processes also may provide a thicker |ayer

subsqulfa%tgirgéﬁ%&tn% i%pg ]tlg?’sacﬂﬁ a1 6)8%(15 %ﬁ ?110 (S rentdvedntd form the

1 ons o re oating gate 118 t
u and/ bstrate 110 coupling, for exanple.
S“mniﬁﬁk é& §ﬁﬁ%j ver, are linited in this context.
[0025] FI G 4 illustrates a di agram 400 of one

nbodi ?f the fl oati ate tl
[0026] FIGS 5A-5J illustrates various em ments of processes and integration

techniques to realize the L-shaped floating gates 118 of the memory device 100 (FIG. 1).
Those skilled in the art will appreciate that the figures are not drawn to scale and some
details may have been omitted for simplicity while some details may not have been
specifically described.

[0027] FIG. 5A illustrates a schematic cross-sectional view of one embodiment of a
starting structure 500 comprising a substrate 110, a body 112, a source 114, and a drain
116. Those skilled in the art will appreciate that the drain 116 may be implanted at later

stages of the semiconductor process and the initial starting structure 500 may contain the
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formed using a sacrificial oxide spacer 410. In one
enbodi nent, the spacer 410 may be forned using plasma
wepwanerel chem cal vapor deposition (PECVD) tertiUsees012143
for exanple. The source 114 may be forned such that
its profile top 412 is even or level with the bottom
substraf‘ﬂellf"ld?%&}l' o1 @hd gﬁéglﬂi)@d’rﬂt&ﬁ%hﬁ!e 1manebse ddiB&liflent, e body 112

oating gates 118. "I n subsequent processing steps,

oo IR} BAE T il s e

e 5 G WAL RS ISR T it seaet
t |

o 35 8 SR e SRR S8 400 5L 8

figures are not drawn to scale and sone details may

112 aldnpviirdotien 1 Hvi Thesbufer 1 1diisfirned by imblants andrielagatediat g near
may not have been specifically described. [0027] FIG

end 502AvHekd s tboady €352 fisoine sitistrateclr0s The dedin A b6, whick mag e doened
enbodi nent of a starting structure 500 conprising a

by 1mp§é1‘rgsg$h£rrﬁ{og§é1%§%ueﬂ ﬂ?@&%siﬁ% Stepd i§]@>b'i£t|6@ aflaldistap et s04dr ai n

Iled in the art w appreci ate that the

e
t . . I '
oo BN Bl E IR SRS colisBittetd

body 112 is formed of Si. The starting structure 500,

coversijthe $ubstigtg 1) end tedogdyildpl Zhe dieksgiimlayeroy 2ihe vedigplgrortions
114 and the substrate 110. The body 112 extends

512A vfthickaess|5y4 o fommt hiemsel ibidlectielayen fed examplt. rlaen: smbegigment,
and the substrate 110 extends horizontally on either

the diekdctiec et 112 hodye dildxiad Riger Ahidragt fovin altnbnel Bidecneiokide layer
114 is formed by inplants and is |ocated at a near end

betwe%fr)tgxle ‘#3%1_12% é:ivfﬁsl m%.lléedn?itﬁ@&t Rty S4B trhatdeidehe 1aJB1e512 also

ormed by inplants during

sub uent essin s | ¢ '
s RS 0T SRR P IRl , BBl o
thickngsgeS I%%J?"(t)lgel hncgpztont%I pct)rtc}gnssg labrﬁ EIIC{]] gceici% trolﬁl.‘ﬁ(ta Héa%il?f%%ped substrate 110

and the source 114 is greater than the thickness 514 of the vertical portions 512A forming
the tunnel dielectric layer surrounding the body 112. In one embodiment, thickness 516
may be three to six greater than thickness 514. For example, thickness 516 may range
from 21 nm to 42 nm while thickness 514 may range from 5 nm to 9 nm. In one
embodiment, as described above with reference to FIG. 2, the dielectric layer 512 may be
formed using a dopant enhanced oxidation technique. In other embodiments, as described
above with reference to FIG. 3, the oxide layer may be formed using directional deposition
techniques. In one embodiment, the dielectric layer 512 may be formed of silicon dioxide
(SiO,) surrounding the body 112 and covering the substrate 110. Regardless of whether
the dielectric oxide is formed ﬁsing a dopant enhanced oxidation or directional deposition
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shown in FIG 5A with a dielectric layer 512 forned
thereon. The dielectric |layer 512 covers the substrate
wai®eaesdet he body 112. The dielectric | ayer 51PCTIEHS2006/012143
vertical portions 512A of thickness 514 to forma
tunnel dielectric layer, for exanple. In one
proces$ TROAIKRENS 516 e 11 RIrReAta] SortiayeI 128l theichetrdlager de over
'ayer and may forma tunnel dielectric oxide |ayer

fl i Aa - . i
the subES 1340 e SR B8 AR gLl AR Rl obline
ortions 512B L ckne 516 taq.far [ '
betweddle S greatiedr (KIG-Fan recaeiised 14 Faf b opd ledifle gare
hori zontal portions 512B adj acent to the heavily doped
1183ﬁ§@%§ﬂ$§%@¢1@@ and the source 114 is greater than the
thi ckness 514 of the vertical portions 512A fornin )
[0029]t 6. tShitlebtratesegametally ot 29 ene erubadbmanli aighe sieichaey 1@%29% n
I n one enbodi ment, thickness 516 may be three to six
FIG. 5Bid £torfbamal pblyskives saysil 422 feomed weerphedietdoirokapess1818he
may range from2 1 nmto 42 nmwhile thickness 514 nmay

forkANB8lyEili&0R By & 822 BeHorhBd BfSol e ailine Billico@gpolysilicon), for
Cm}odes@??ﬁéd ab%ve mﬁtﬁlreference t%ﬁEIG. 2, the

exampgei efh%ccpteo(ﬁj}s?liclogg%{eg 2%% st 1S tﬁec}{ia@&rig za;{j%g lrjrgzo' d lysilicon

enhan (0)4 nique. In ot I ments, as

cri bed .above with reference to FI th i
layer 33 65 VTG GO RGA SSRGS Deceoiral PyBgher iR e
~ techniques. In one enbodinent, the dielectric I%%Sﬁ
dielectsig iamg 1heronnd thegresicat bedyc by anddies herigagtabpprtions
surroundi ng the body 112 and covering the substrate
coverifg RoriZRatpd pditiess 5 03B whthehksledttie layees Keaver theowbsteate $10. The
formed using a dopant enhanced oxidation or

horizofHal f&itibeNsE2BIeMNas bblyeiliooR ke es;22 digeridihelillyssorb Hife tafdy 112
the horizontal portions 512B of the dielectric |ayer

above gﬂ%%i&%&fictl r SUAS L6k i 05 ABGath 1€0 S Aubher Adifzdnful BBRN

rcrently thick to reduce the coupling between the

sa2c (G el ) 1B St Wi o
(T LSS S P AR V.
form tg¢ g&g{;s{qggm o ¥1§ !glitlgg (1)%1!@%5 ine§n20%y fcgﬁsnleO%, (1)(\)/46 cr)f tthre] ?nemory
device 100 (FIG. 1), for example. Dielectric layer 512 (e.g., SiO;) electrically isolates the
polysilicon layer 522 from the body 112. The thickness 516 of the horizontal portions
512B of the dielectric layer 512 is selected to electrically isolate the horizontal portions
522B of the polysilicon layer 522 from the substrate 110 and the source 114. In region
524, the laterally extending horizontal portions 522B of the polysilicon layer 522
eventually form the L-shaped structure 524 of the floating gates 118 (FIG. 1).

[0030] FIG. 5D illustrates generally at 530 one embodiment of the structure 520 shown in
FIG. 5C with a conformal spacer layer 532 formed over the polysilicon layer 522. The

conformal spacer layer 532 has vertical portions 532A adjacent to the vertical portions
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conformal polysilicon |ayer 522 may be forned of

pol ycrystalline silicon (polysilicon), for exanple.
wab@epadsysi | i con | ayer 522 surrounds the di el ep€T/U82006/012143

| ayer 512. The polysilicon |layer 522 has vertica

portions 522A surrounding the vertical portions 512A

522A dHind sty dhi&na6ddrisen! anetoRbAnarspaid ldyeesyrilké bal hdital
112 "and has horizontal portions 522B covering
 hori . : , . .
porion 0B AL ROGEPU TG 0L 16 ) £ L5l
. of e polysilicon |la 2 extend |aterall r
portionB Sy B BBV R SPeciPf o1 BB B 6y HEL Phar
_ substrate 110. Another horizontal Portion 522C bridqﬁs
horizonthlkportien $33G piche distsl end et abibpbogy, 11, Jagyg spbodiment,the
processing steps portions of the polysilicon |ayer 522
conformelspaeerdsyen 632 hach padth SAédlnt eneresphodimeniviaa cerfopaplspacer
parts to formthe two L-shaped floating gates 118 in
layer 58D GerBymaydifeetibsal bRRle shickroin érecerntmydinyntoie icorfot@el spacer
(FIG 1), for exanple. Dielectric |layer 512 (e.qg.,

; ! ' i gatAN@P ot poRaby BEVDE ehhidyuerfob22
layer 5 réﬁmbtb%efgﬁb%%dy&%{égcﬁreﬁg thvipag(l)m%?g 516§%f t9 he hlgri zgnt al

examp%g Elli]iilogln o?nje% Fﬁcﬂfliqégﬁerg?{é S{: E@M} Cq! BY&le e'i_’i‘}b?odiirﬁenct,et!h% %g%ér

ricalTy i rirzontal portions 52

f the polysjlicon_layer 522 fromthe substrate 110
layer 33 s OBURLR 8 SRk ot TSl Dt b PRTe By 1O

extendi ng horizontal portions 522B of the polysilicon
exampleayer 522 eventual |y formthe L-shaped structure 524

of the floating gates 118 (FIG 1). [0030] FIG 5D .
[0031]i FIGLSE dlustsateegemesllyyat 440 630erobulimatioithestrucaire SR@ shown in

structure 520 shown in FIG 5C with a conformal spacer

FIG. 5Dfe% cRBigfthe sdomve spidaciaged 553 (kigh ahe diegosionddXideTdpacer).
conformal spacer |ayer 532 has vertical portions 532A

The et%g%ggﬁ):&s*stiga Rf@ﬁicé{le%rgézzef@ hn PRI i19898¢dAN® hofidtital portions 532B

I con |ayer The conformal spacer |ayer 532
1o S5 DRI, SR 0RE, S A gl
porioR AR, 3555500 o s PRSI SR AEY Sh SR BlBay 12, e
width g%gi%tﬂ%g ggi%maéer %Egdgtiersngigles t?lg %oggoilta%fex%egsemg (c))(tj %/hel‘lld2 'porltirc]m of
the floating gates 118 (FIG. 1), for example. The width 534 of the oxide spacer 534 layer
provides for self-aligned, precise control of the horizontal extension of the ‘L” portion of
the floating gates 118 (FIG. 1). The vertical portions 532A of the spacer layer 532
adjacent to the body 112 remain substantiaily intact during the etching process and are left
behind to act as a mask for the process illustrated with reference to FIG. SF below.
[0032] FIG. 5F illustrates generally at 550 one embodiment of the structure 540 shown in
FIG. 5D after etching the polysilicon spacer layer 532 mask. The etching process also
removes the horizontal portions 522B (FIGS. 5C-5E) of the polysilicon layer 522 that

extend laterally beyond the width 534 of the spacer layer 532 as shown at 552, for
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conformal spacer |layer 532 has a width 534. In one

enbodi nent, the confornmal spacer |ayer 532 serves as a
walooenoisonal oxi de spacer. In one enbodi nent, PEEUS2006/012143

conformal spacer |ayer 532 nmay be fornmed using a

chem cal vapor deposition (CVD) technique, for

examp®X AR @chifg bieedhlRiBR0LVELHE RbALR Sl Hoytidnes 20PIFIGS dSCA5E) of
one enbodi nent, the spacer |ayer 532 may be forned

i | 9Pt | 0L 22IR Y Bontal
e oS Bt G 05 Sy L A s 0B

oSSR BB LB G
ook Sob4 0B SR SHEPRRTE Y05 60 BB RSBy o

portions 532B (FIG_5D) of the spacer |ayer 532. The
exposest inlthapolpsibewsleye1 8. r enoves the hori zontal portion

532C (FIG 5D) of the spacer |ayer 532 at the distal
[0033]eRHG 5834 ilbfstrhtee ghboalyilyldt 560 Dhe emibddimehBdf the strhdumxiS@eshown in

spacer 532 determ nes the horizontal extension of the

FIG. 5FlaftePQfet 610d1'y<éfqh'iﬂ'gﬁtofrélﬁ@¢ré 1hg sp@dee Rydd B A Fdme dfthe tiRlectric
exanpl e. The width 534 of the oxide spacer 534 |ayer

layer 2HELORR OBy TRl OPE pPhE S BG P AIRL isthmb AR n the
floatin ates 118 (ElLG. . vertical . O
processy Do pfiERu B ddodhic bysr Pmithy “IErRCUE o1
.. remain substantially intact during the etchin rogess
oxide, flaa ethes pigy PUELHPWEr 1 tj%l% thespaceriaygT ?%’r fg?f@r‘%flglefe@?
~illustrated with reference to FIG 5F bel ow. [0032]
dielecicdayes 512 Idpessnat spmplegpdn srsh pyandubaithe st elebingipiesess. of
the structure 540 shown in FIG 5D after etching the
FurthegpOhyak kinbodingpa tks diekyeic [532s fiHA betWeen dteqiolysijiqon@aess2
al so renoves the horizontal portions 522B (FIGS.

and the Go@F) 1 PhrelrBIBLIRIY Wih bh@ QAN h@t%ﬁdsh@%%g%@@dus@ﬂie%& etching
| ateral ly beyond the width 534 of the spacer |ayer 532

o, Rl G5 S5 GTRED LTRSS e PEESDEe
away %fgtg? %%{%%eb‘@%%& 1?3}{5{1%c%ﬁ§?ﬁt%ih?§§€£ g’ntdag 64,e Hﬂ% b%%ofo tfhe tnpa(:f‘erial
remains substantially intact. After wet or dry etching, the polysilicon gates 118 on either
side of the body 112 are exposed and the structure 560 is ready for receiving a second
dielectric layer thereon. In one embodiment, if a Si3Ny layer is used as a spacer instead of
the oxide spacer to form spacer layer 532, the Si3Ny4 layer may be selectively etched by
H3PO4 over the dielectric layer 512, for example.

[0034] FIG. 5H illustrates generally at 570 one embodiment of the structure 560 shown in
FIG. 5G with a dielectric layer 572 formed thereon. In one embodimen‘t, the dielectric
layer 572 may be an oxide-nitride-oxide (ONO) layer and may be formed using various
chemical vapor deposition techniques, for example. The dielectric layer 572 may be

formed around the floating gate 118 on either side of the body 112, for example. As
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portions 522B that extend laterally beyond the w dth

534 of the spacer |ayer and the horizontal 522C at the
waelr@badssend 504 forns the L-shaped floating gap€r/udBNe/012143

whi ch is now exposed in the polysilicon | ayer 522.

[0033] FIG 5Gillustrates generally at 560 one

shown de 'tHﬁiElth?mM}%r §17 Witdih8s BredloaieyvBatt N 18 hkal ektbn@f t er

or dry etch |ng to renove the spacer |ayer 532.

horlzong%%a\% ¥ fé‘(glﬁl tﬂé ? \;]27. ég%lléga%/ ﬁ&‘l%}n?ab Q@Ifé{&%%gj aEF&'R go it}ge substrate

enoved in t. he ro .
110, Tg}? émmeﬁ&m@? iy T ft w@?ﬁa&co fretifo grg v
i de, that etches at a much sl owe e t han i&
[0035] é’ﬂge Bl iliusirates semeralicat S50 oA P@ilbO@H@ﬂH? 1@ STPqTRre) @éPOWﬂ n
512 does not conpletely wash away during the wet
FIG. 5HEtvdilli meecpnd pelysiliceutaybreys2 formeshiereohodhasenond phbysilicon
dielectric layers 512A between the polysilicon gate
layer 582% @ed té Rembaedyoritio gate 12@(HG. V| The dvenlappidg védidn Hix of
wash away because the wet etching process is

the hoﬁz%ln{a‘l Eybfﬂotnk Bgth‘élf?oahﬁg bhes ca &ﬂ(ﬂh& s&doha ?)blysfﬁcbﬂ QHeh 582

roston or washing away of the dielectric |ayer

mcreasrerﬁﬁqg érflcqg %%ou% 1n% ?% o%ﬁv&g%F@%o?@éolyglggorpfé%r 5%"2 el:nla%e

stantially 1n ter” wet
t chi the polysilicon gates 118 on either SI de

ﬂoatm%ﬁatﬁﬁ égg 112 are exposed and the structure 560 is

ready for receiving a second dlelectrlc Iay?r therg
[0036]|1?ICor5§ ilpgdsrag embpfinenspEamemeye eviee 30k yhigh may be one

spacer instead of the oxide spacer to form spacer
embodimgrerof B82struchee 3B wWraindiGnilafize asbemisal methanatat hed

by H3PO4 over the dielectric layer 512, for exanple.

planari&@@&f‘dCl\ﬁPﬁaolfsﬂlﬂgl pProcess ot fofm gadenadol yated 1 BVt @fiehe second
mbodi nent of the structure 560 shown in FIG 5G w th

polysﬂ?crrg I%yéi"%%ﬁ I(FI YL rTI§7rﬁelfll&§rrH%QlcE 1380 §O6he érﬁbd@l’ﬁﬁent of the

e dlelectr 'layer 572 may be an

memmals eﬁ/bce&gp (gﬁ(g 13 s ng&@apor %gl? tlB%%]{n §ec EH& Hﬁ‘fhory cell

I I
104 formed ba int.[()) beack wit adc;o?nrggr} ‘tl;od%/ f 4 eIrhesoZJ%rlapp\{ng regions 586 of the

horizontal members 118B of the polysilicon floating gates 118 and the control gates 120
provide a larger coupling region between the floating gates 118 and the control gates 120
in the overlapping regions 586. The greater coupling region between the floating gates
118 and the control gates 120 in the overlapping regions 586 increases the capacitive
coupling ratio (CGR) therebetween. A memory array comprising multiple memory
devices 590 comprising multiple first and second memory cells 102, 104 may be formed
on the substrate 110 using the process steps described with reference to FIGS. 5A-5J.
[0037] FIG. 6 illustrates one embodiment of a memory array 600. The memory
comprises an array multiple memory devices 100. The memory array 600 comprises
multiple gate lines 610 and drain lines 620. The control gates 120 of the memory devices
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formed around the floating gate 118 on either side of
the body 112, for exanple. Asshown at 574, the
wale@baedsi ¢ | ayer 572 surrounds the floating gedEUSD86/012143
and extends horizontally away fromthe body 112 al ong
a horizontal surface adjacent to the substrate 110.
100 ard bénriebted ¢d tetzabe/hds $100whdre adycdded atfess mayrae appliedfto the
the control gate 120 (FIG 1). [0035] FIG 51

memotyl drHS 40! O%eGRAR ALY 520Pdona8Q HR @ aRRNQEiIoMER m&hoyR1ls

structure 570 shown in FIG 5H wth a second
ol vsi.licor WA r h S
togerhByrh Kot BATS,. | TR, ThE Shecd A LTI emory
. s 120 (FI G . The over]| i ng. regi on 584, of..the

devieef 308 S bpneitshsoptmsorERBioRgh GRS Tagai b me he

second polysilicon layer 582 increases the capacitive
embodimgpisi kyvevariaee pedigted i HEs e@¥$Wd pol ysi | i con | ayer

582 and the floating gate |layer 522. [0036] FIG 5J
[0038]i Mausfctates! thaeberboudnoynievicts H00r8A0 ryd thevhersoygaray 600

whi ch may be one enbodi nent of the structure 580 shown

may bé RurflleEdesziibad tvéth réfeednedrioctat fotkeHag figale qadanermzmtyingn
(CWP) polishing process to formthe control gates 120

exampPildeQfritifle a PREBRAIRR! YRE fif GRS incRYIBE pRdssidel (6Eic 2hd altHAgh

menory device 590 is one enbodinent of the menory
ev = . . . .
the e Ealdtherih Sy lFRUR Bl O frabal TEEY ittt e
co n body 112.. The overl appin egi ons 586 of th .
procesg Ty B ides 41 psde of Mt aPgameRer ey daepHigetring
gates 118 and the control gates 120 provide a | arger
process seipthp mepnpastyidevicercandesusicnn geercrlbgd hergingapeke mpemgpfed.HEhe
control gates 120 in the overl apping regi ons 586. The

embodjments@re catljphitergn tleg cariediet ween the floating gates 118
and the control gates 120 in the overl appi ng regi ons

[0039PBEG] MANRASRS ohdembaiiment dPuGrocdP bR alidg@im 00 CGR)rm the
t herebetween. A nmenory array conprising nultiple

e BEIBA 0 SRR FRTDE LMLt ek
104 dg%gﬁqé%délﬁetggmtl é\oc'gﬁl%nry)ét&pg{?eﬁ 9?&%%0%18/%9&%/ lgeef%%&? 81(1i a‘%ﬁﬁrate in
which the body extends vertically from the substrate. At block 720, a first gate comprising
a vertical member and a horizontal member may be formed in which the first gate is
disposed laterally from the body. At block 730, a second gate comprising a vertical
member and a horizontal member may be formed in which the second gate is disposed
laterally from the first gate and in which the horizontal member of the first gate overlaps
the horizontal member of the second gate. Other embodiments of the process described
with reference to process flow diagram 700 include a spacer layer having a width formed
around the first gate, wherein the width determines a horizontal extension of the horizontal
member of the first gate. Further, a first dielectric layer may be formed between the first

gate and the body. Further, the first dielectric may be formed with a vertical portion
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[0037] FIG 6 illustrates one enbodi nent of a nenory
array 600. The nenory conprises an array nultiple
woretwongs4devi ces 100. The nenory array 600 conpP@BHES2006/012143
multiple gate lines 610 and drain |lines 620. The
control gates 120 of the nenory devicesl00 are
havingcOfie ticithetPadjdtengatite bidyemdalibrizohial pordodaavidgd second
address may be applied to the nmenory array 600. The

thlckné’srs%klj’éc!eﬁt"%g $heBBstEROREFhich AR WM ickhbssaf oleh@r RABS/ first
I's together and may represent a data bus, for

a I ey y
thickn % I a1 BHBGR Sfe BTN RO BEg ol
630. .The enbodi nents, howeye are not t.his
enhangegyFigation PRy Sa OII\‘ZB?VJP%’%’PHFiuﬁPg Bifire %%@Lda%ﬁﬁwﬁeposf ton
devi ces 100, 590 and the nenory array 600 may
processy ATRORE OtHRIHPEdsERs. (o expRRle o PéiiE embedimgats ¢f th%m%sss
figure and acconpanyi ng exanpl es descri bing a process

describddowith Tefereheaorascesnfvw digran G0 swiludy 4 spgowd dinlgetric formed
al though the figure presented herein may include a

betwe@BdhbifFtt A6 th @cesbeatés Mathed) eheafepoeTdialeetictrhat bd foemed with
processing flow nerely provides an exanpl e of one

an oxﬁéfﬂﬁﬂhé'r%fafde ODHNR Wnfd o IR B HE bR REGHRA MAth I‘éi‘e@ence to

nennry devi ces and systens descrlbed hereln may be

e
process i ei?i%‘arb%%?aa‘ﬁ%? ROl Gy sl 36 bt e,
rocess fl ow am 700 to f rnwthe
sccon S Fomed St e e mpRs O Fayp s CoRaNeer tig 1 w&ﬁyecond
cells 102 and 104 descri bed hereln Accordingly, -
gates isbgteen OB angd Go.dpr eynde formed on a substrate | n
whi ch the body extends vertically fromthe substrate.
[0040)ANuhilecmis spaffic dethily lstve dpatresat dorghr haeingo aromedd 4 thatough
menber and a horizontal nenber nay be formed in which

under§t5kﬁhﬁg b 5the 8a1b8dintenthl IPRHELe hitdeadtadd tyy fhogsRKiie] laakky art, At
bl ock” 730, a second gate conprising a vertical nenber

howe\%g 3&] Jﬁg g{né&%ms& = r?&%/cg? giflfh%ﬁ?ﬁ@sé @ﬁx&ﬁ? @Btat1BeIn other

y fromthe first gate
instang%se}vlegﬂglowl opera%ogso rcm%gonl%e%lts an né?reclrnté) flax;e n%t f)éer &es&%eﬁ n
detail so as not to obscure the embodiments. It can be appreciated that the specific
structural and functional details disclosed herein may be representative and do not
necessarily limit the scope of the embodiments.
[0041] It is also worthy to note that any reference to “one embodiment™ or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is ihcluded in at least one embodiment. The appearances
of the phrase “in one embodiment” in various places in the specification are not
necessarily all referring to the same embodiment.
[0042] Some embodiments may be described using the expression “connected” along with

its derivatives. Some embodiments may be described using the term “connected” to
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the horizontal nenber of the second gate. O her

enbodi nents of the process described with reference to
w@e@ereref | ow di agram 700 i nclude a spacer | ayRPCT/Os2006¢12143

a wdth forned around the first gate, wherein the

wi dth determ nes a horizontal extension of the

1nd1café°cﬁét4%to§ lmd}@ @féﬁfen%faré ﬂledlfe'cf ﬁ{gsgﬁl & el&Fis 1 @bntadk Wikh &dch
dielectric | ayer formed between the first gate

other. ?121% t&%& “@o%ﬁ?éctef ue{stlﬂgcrl Fer‘é frpg}; fnﬁ feafd tﬁgtecwfordr%&@éle*ﬂﬁents are in

verti ca i“onhavi n rst thickness

. jacent tao .the bod horlzontal rtlon avi

direct Bk OF i SRR ORGSOV RETOLeRaTS arennf%h\ g
the second thickness is greater than Lhe fir

contacf wiitgueaels ather, Hpt ¥st s ce-opprateQidnicrashwithsach ?ﬁhgrt- The
dielectric my be fornmed using a dopant enhanced

embodimienta tircmt pinttelss thos comdgxtbe f or med using a directional
di el ectric deposition process, anobng ot her processes,

[0043F WhilexarnphgeatGich of therdhtddimnitshak bebeillustrated as described
described with reference to process fl ow di agram 700

herein| Hﬁh%" %dﬁioﬁﬁw duisttialiRas, 'chindes L% 604 1WRE Kill ABwldcEtto those
and the second gates. Further, the second dielectric

skillecﬂ%%hg grtf ﬂ gﬁg%éﬂ)]hehto a0 uﬁ&ér&go@{hta{ Jch%%gﬁéﬂd%ﬁ c a%lp Gle 1ntended to

rocess descri erence

o B SR A A0 B g P50 e

formed such that the capacitive coupling ratio between
the first and second gates is between 0.3 and 0.6, for
exanpl e. [0040] Nunerous specific details have been
set forth herein to provide a thorough understandi ng
of the enbodinments. It will be understood by those
skilled in the art, however, that the enbodi nents nay
be practiced w thout these specific details. In other
i nstances, well-known operations, conponents and
circuits have not been described in detail so as not
to obscure the enbodi nents. It can be appreciated that
the specific structural and functional details

di scl osed herein may be representative and do not
necessarily limt the scope of the enbodi nents.
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[0041] It is also worthy to note that any reference to
"one enbodi nent” or "an enbodi nent" neans that a
w@aoobiledbar feature, structure, or characteri sPCTUS2006/012143

descri bed in connection with the enbodinent is
included in at | east one enbodi nent. The appear ances
of the phrase "in one egpadM®ent” in various places in
the specification are not necessarily all referring to
the sane enbodi nent. [0042] Sone enbodi nents may be
descri bed using the expression "connected" along with

1 iués deri va]:li ves.. Some enbodi nents may be descri bed

' MHPEREC PP E8%nect ed" toindicate that two or nore
el enents are in direct physical or electrical contact
vit $ubsiEaten other. The term "connected” as used herein
may indicate that two or nore elenents are in direct
phyadycattendingetesideally dedm sdd selstratehd/ or that two or nore
el enents are not in direct contact with each other,
baifirsy gite 8binplisiag a opetical member antlerlacizoniat memdeh vdtetean said
The enbodi nents are not limted in this context.

first gdtORABdpo¥H lafor QB frainkafdedayr 4s1 of the enbodi ments have
been illustrated as described herein, many

b 8kl i lof it rgim aRRizeRd] SeHbYANRESN said
vnviP %Cgfﬁ(g%t%g@ﬁpnéggt% trYlgIstgtais@?@P% [ nr‘111 t hleZ art. It 1's -
herefore t e .under st t hat. t he appended cl ai ns
Secon‘gagage 8 %%?a%ﬁgl e(‘ialﬁyo e Sﬁﬁlofgr tu%aﬁe’m)di ficati ons and
changes as fall within the frue spirit of the.
eWBeEinfekt @r@emamembewfrﬁ@%ﬁsﬁt %%g P,VCYL”@ﬁﬁ?I%OHQQm%E member
substrate; a body extending vertically fromsaid
of saidssebetd gatte; a first gate conprising a vertical nenber
and a horizontal nenber, wherein said first gate is
di sposed laterally fromsaid body; and a second gate
conprising a vertical nmenber and a horizontal menber,

2. WRRE Rleobipbdll SRIAROI, GReReih SaiflifFRASE dedonti @hrtk ¥mbrigem
sald first gate;

polysilicon.

3. The memory cell of claim 1, further comprising a first dielectric formed between

said first gate and said body.

4. The memory cell of claim 3, wherein said first dielectric comprises a vertical
portion having a first thickness adjacent to said body and a horizontal portion having a
second thickness adjacent to said substrate, wherein said second thickness is greater than

said first thickness.

5. The memory cell of claim 4, wherein said first dielectric comprises an oxide.
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wherei n said horizontal nenber of said first gate

over |l aps said horizontal nenber of said second gate.
wQ@200éhes4penory cell of claim 1, wherein said fPCHFUSHENE012143

second gates conprise polysilicon. 3. The nenory cel

of claim1, further conprising a first dielectric

6. [ PROBREMBES WBEIT chadb, it combAsiafd séaind dxslebtric Betwbbe said
menory cell of claim3, wherein said first dielectric

ﬁmtmﬁ%ﬁ@&&? o@ vertical portion having a first thickness
adjacent to said body and a horizontal portion having
a second thickness adjacent to said substrate, wherein
said second thickness is greater than said first
t hi ckness. 5. The ry.cell of ¢laim4, wherein sai
7. ¢ Phemomoni edhoficbiegmpiiewis e sopd ST e HaHR gn BRI
. of claim3, further conprising a second dielectric
nitridebetiden said first and second gates. 7. The nenory
cell of claim®6, wherein said second dielectric
conprises an oxidenitride- oxide. 8 The nenory cel
of claim1, wherein a capacitive coupling ratio

8.  behyeemospidl dfidifiln BReheS@R QrRpAaivRTouplifelalie ®Btwhed saiddirst
0.6. 9. menory array, conprising: nultiple nenory

and seg&gd gatesVYgSEt@JeQn %Ceiﬁde.6sai d cells conprises a
Su

stfrate; a body extending vertically from said

substrate, a source, and a drain; a first gate

conprising a vertical nmenber and a horizontal nenber,

wherein said first gate is disposed laterally from
9. SAITHCIRYN\MIAYnePMPIEEEONd gate conprising a verti cal

menber and a horizontal menber, wherein said second

geuulinle mginoposdl, Whereinegach of saddreelksi agniprises a gixsate; a body

wherei n said horizont al
extending vertically from said substrate, a source, and a drain; a first gate comprising a
vertical member and a horizontal member, wherein said first gate is disposed laterally
from said body; and a second gate comprising a vertical member and a horizontal member,
wherein said second gate is disposed laterally from said first gate; wherein said horizontal
member of said first gate overlaps said horizontal member of said second gate;

multiple gate lines interconnecting said second gates of each of said memory cells;

multiple drain lines interconnecting said drains of each of said memory cells; and

multiple source lines interconnecting said sources of each of said memory cells.

10.  The memory array of claim 9, wherein said first and second gates comprise

polysilicon.

11.  The memory array of claim 9, further comprising a first dielectric formed between
said first gate and said body.
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menber of said first gate overl aps said horizontal
nmenber of said second gate; nultiple gate |ines

W0 nicefreannect i ng sai d second gates of each of BEI/US2006/012143
menory cells; multiple drain |ines interconnecting
said drains of each of said nmenory cells; and nmultiple
source lines interconnecting said sources of each of
said nmenory cells. 10. The nmenory array of claim9

i i fi . d . . i . .
O I
. I Si first dielectrjc f b. ' .
poni BRRRS S G SSLa Sl S TSR URE 8] S,

11, wherein said first dielectric conprises a vertica
secondybiakness adipgprido saifl ispltraten whrieds spidsgeand Rrckngssigiggeaig dhen
and a horizontal portion having a second thickness
said fisstjlackawess. t 0 sai d substrate, wherein said second
thickness is greater than said first thickness. 13.
The nenory array of claim9, wherein a capacitive
coupling ratio between said first and second gates is

13. gg{'x ’ Etho %r : gc@ah?r 9, Yherdin H%E}S‘&ﬁi\%fcoﬁﬁllﬁig‘ﬂtia beREh ¥aid

co ing: formng a body on a substrate, said

ﬁmtm%?%¥?§f§%§§$%9w%%£bkﬁﬁhk¥6fron]Said substrate; formng

e conprising a vertical nenber and a
hori zontal nenber, wherein said first gate is di sposed
laterally fromsaid body; and form ng a second gate
conprising a vertical nmenber and a horizontal nenber,

14, wAenethed eamaking e seraneacelli congirispesed | ateral ly from
said first gate; wherein said horizontal nenber of
sfurnhirfg 2 badygat esubseate aqasd balycexbadingomrttadallydrope said fubstrate;
sai d second gate. 15. The nethod of claim 14, further
CRRigSd fifkt ERE GbMPrifing BdeRical @¥@beladiatbraomiallinember,

wherein said first gate is disposed laterally from said body; and

forming a second gate comprising a vertical member and a horizontal member,
wherein said second gate is disposed laterally from said first gate;
wherein said horizontal member of said first gate overlaps said horizontal member

of said second gate.
15. The method of claim 14, further comprising forming a spacer layer having a width
around said first gate, wherein said width determines a horizontal extension of said

horizontal member of said first gate.

16.  The method of claim 14, further comprising forming a first dielectric layer between

said first gate and said body.
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around said first gate, wherein said w dth determ nes
a horizontal extension of said horizontal nmenber of
W@ 200d/163465t gate. 16. The method of claim 14, PCF/UR®N6/012143
conprising formng a first dielectric |ayer between
said first gate and said body.17. The nethod of claim
17. 1Bhe MB@oRIOH cla@h TeN@h&aindofrhing tsaidi fRbtaiiéleticic COMprikeBrming a
formng a verti cal portion having a first thickness
i i fn
et R L R s 200 L A pA R ol o ALk
. er.el n_sai econd_t.hi ess; | [t ha ' .
portiolf iFGEE P Bcof BEERIE e R R PP EURGh 5AR G tickess
X formng.said first dielectric conprises formng said
1S@ﬁ%ﬁﬁ@ﬁn%ﬁiﬁﬁ%ﬂ?@€wﬁ%ing a dopant enhanced oxi dation
process. 19. The nethod of claim 17, wherein formng
said first dielectric conprises formng said first
dielectric using a directional dielectric deposition
18. prheecmsthod2d clafthd 7nwhéreth fofmimahidh firdt, diélactrih@pmprises forming
conprising formng a second dielectric between said
said fifsk Bflec@uERED BehAat@tncalloxidi@nPeédeed of clai m 20,
wherein formng said second dielectric conprises
form ng an oxide-nitride-oxide. 22. The nethod of
claim 14, further conprising formng a horizontal

over |l appi.n egi.an_of said first, and.. ) ; -
19 o AR s 71 wBhB v Pl R R o R Ry fopaine
...and. second gates is between 0.3 and 0.6. 23. An
said figyh giplestuGusing prarpeiong 31%@?%&5 dEPRSHIEEecSSnor y
conprising multiple nenory cells; wherein each of said
menory cells conprises: a substrate;a body extending
vertically fromsaid substrate;
20.  The method of claim 14, further comprising forming a second dielectric between

said first and second gates.

21. The method of claim 20, wherein forming said second dielectric comprises

forming an oxide-nitride-oxide.

22.  The method of claim 14, further comprising forming a horizontal overlapping
region of said first and second gates wherein a capacitive coupling ratio between said first

and second gates is between 0.3 and 0.6.

23.  An apparatus, comprising:
a random access memory comprising multiple memory cells;
wherein each of said memory cells comprises:

a substrate;

23



10

15

a first gate conprising a vertical nenber and a

hori zontal nenber, wherein said first gate is disposed
wo a00enad4by from sai d body; and a second gate CRPOPUSR06IQ12143

a vertical nmenber and a horizontal nenber, wherein

said second gate is disposed laterally fromsaid first

Qg Sy AMRER] v eRddally TR R bdsupRMber of said first
gate overl aps said horizontal nenber of said second

?dgf%lg% %1a?t€' Cor-rﬁggsiﬁg ﬁ%%@fcgﬁn%b&l aﬁh@}%’l)’i’zo I%'il’t%‘fn%mt tszlerein said

acce I's & dynani ¢ random access
menory. 25 T aratus of .claim 23, wherein the
first g@%ﬁé{ﬁ%%oﬁ%%éggﬁbﬁ%gﬁa%?@y’s%i c random access menory.
26. The apparatus of claim 23, wherein the random

cceeard gABPIAPTISNG 2 SO BAHBRE Jnd AdwRizariabys Mg Bhgrein said

second gate is disposed laterally from said first gate;
wherein said horizontal member of said first gate overlaps said horizontal member

of said second gate.

24.  The apparatus of claim 23, wherein the random access memory is a dynamic

random access memory.

25.  The apparatus of claim 23, wherein the random access memory is a static random

access memaory.

26.  The apparatus of claim 23, wherein the random access memory is a synchronous

random access memory.
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