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WD 2005/ 038810 PCT/ US2004/ 030415 MEMORY CELL ARRAY

RED LOCAL | NTER- CONNECT STRUCTURE i )

W Z-EE%ﬁltlﬁ;:gﬁI%GE eld The present invention relates PCT/US2004/030415
generally to flash nmenory cell devices and nore

SPEEORY CAILILYARILS WeTH SEMEERARD €0 cmtmktﬁt%dméf §'P1Q‘§F”IFURE

in self aligned charge trapplng dielectric nenory ce

structures. Background ”Pfh Ikrlwentl on Conventi onal
floating gate flash nenury—rfE;?E%s—of EEPROVS
- ( elTeerpsert divenfiomielatsaityhesally tolpsiamnemsit wll deviseschndmioye specifically, to
redudBRBHLY Jine reistaned scB a FREPIhY; F& !)m 0%02%)%&5% %%1(1)&%(1(:&3&
, a

vertical stack of a tunnel oxi
pol ysilicon floating gate over the tunnel oxide, an

i nterlayer diel ectriRcharemdiohibe fvasibh ng gat e
( t Yﬁfxv@ﬁlohay f18H8ng ! fg& mdMolyf dq%?of Egﬁ&@ (%fear‘fc!ﬁly oA ?mﬁraxamable

d é? over he 1 nt ayer |e ectric pOSl

rea ew& - APYTE o8] i ee b Svri ek Rl B (510, o
polysBishrsiicatitg@ataber he Ghaha®le, Mmegdion: fiasdcio0n &d dedi@Watb (fbically an
oxide, ﬁﬁfdé %Qilie s@a\tc C%ld Q?&iﬁﬁ%%ﬁ er it telqggng c@elec%#.%gs}éjfolrx%d; o[SvFr%gzrystalline silicon

%pOSI n es 0 anne
substigier &Vithin g S resgonppsigradibpied theyerticad stadkpd dowice and drain
diffu®dne 64 SpPehig BlQGE hothaffenBRidhe 15 channel region to the

fl n t ocreaeanon a ati ve charge
Q‘?ehilloa%g%% ﬁasﬁ mem ré ce lﬁro%qngngg g%lﬂéuc ngl }1 g 8]??%% u@ %lcﬂo 0%1 the
Cham&bm@vte the @Wuamﬂfe;ﬁp prepicer ngn aglaiilenazag v shaes dpitiestlatimpgtewtbtplectron

mjectﬂmhhrwa a&ﬂaﬂ&f t9ap Gt Mtbtsdu)/c% szOJIJnQ Gfh a higl\@ndaileSte pos1twe voltage.
the drain to sou

oo R u B4t P i LTk BF BHE By e “EREy oo g e i
The sgesiseted plactt:eub @hédtte 60y of hinetic bnefiy twdichis@eké tidh skiffioiettitcCeross the 3.2eV

Si- SI@{E%r%Vba%f &Rﬂ&]%ﬂlga{aﬁlef:r% S ﬂuﬁﬂefacmde t ?’ﬁl?er tﬂﬁ aﬁgﬁgﬁ% are accelerated

g Si -Si 02 enerlg barrier between o
towas %‘é‘f G dler A58 hidR ol riflethe qufalise iter w1 rdiedsidowmd the SiSi0,
interfge ogleethahBEnR0f hovntrdl gatt £l€trils] &bl andthia SE@IR Ghek@NS cross the barrier,
whj : r LLine l.attic
10050 S el Y S DAY BB B e v
FET shappqiesigsricy thspowisacsionririipresion ehanns] regieon indgpntspi gdte Damg a “read” of the

memdg@bell, thdkhdghiGide Mthﬁﬁﬁé’ngﬂoﬁnig Wef@EShelsB@ccRad dihif lat a préddfBnined control

gate v%{tagg mﬁ%%}aﬁﬁmrtﬁh %:%ﬁell 18 plo%; D:?{am : 8? E E: ];:lE_?_at Ing gate

c hiferacently shaeke yyppinadick ety wemaneyil gnictuds lmivabaee gévelaped. A first

emboSifeR rh@l‘epfe%ﬁﬂe@ﬁy ﬂx@d’ﬂ@s &OHth Eiﬁk-rarg @ftf@gureag lihdfled bif ltﬁélgmdep;lmctme The
e _curren

o {0 5eg IR PR St s ot 1 et e by
stack ofpmtinsgiting REncjhye 14 othggeappingliidatredaynt?64, hely; ahdwetof dielsdwic layer 22a,

22b f&ﬁl:ci ovhiShhQ SRR, 241')\/&%% SHRERND! gucﬁ @I@Jkgxﬁ L apRiR a8 an ONO stack
rrc ne structures have een eve

beca 3 G HA R o G A e trasde v s conter
chargsieppingdicletirizdayar0ad tyfiiathyis dtrk@combeund, uﬂﬁshaﬂneb'tdgmhé Tiaire separated from
each cﬁ’ﬁét qu d%hﬂeg 8§7 Wﬂﬁm 1Jﬁa%ts 188 I1 ébsan!t lél%g@{ﬁ e, 5u %ﬁfe rl% Thﬁ OCI:\Q s]tacks are

nduct or rate
scparafeg o e %”érdeE’é‘%lbW lige Qrédetqziony 162.d6taend 1GF whish are areas of the

funnel dﬂﬁddﬁlalajyé’igi-i BMWJ: bil &y 8fiplahd 1&&:&@@%&&&@%@&5 of the tunnel dielectric
fayer % el, %%B Xn% 1ng)a 20b, and a top dielectric layer
2t or med 6 over channel regions 24a, 24b of
t h@%ﬂ‘b@@N@ﬁ@ki re 2 Syehiy of speskd aperypdbeilicefverd Bubs Lothatsregprpendicular

to the %@l@l‘hﬂ% 18D BLAWGR Hn@ﬁ phsititdAtdvO e fol BRRlid BYE 5121;& aﬁ‘&ﬁis within a
op, di el ectrj are typically an oxid

2
row ea‘fhwog%l@e@é’ﬁ?g’ldm&&rﬁ‘é%&é‘ ]Ez ¥4ppi ng dielectric | ayer 20
i sSimijqn facthe flogting et tevicel shecbamgponappihg dEletric hamnmglcell WGs pogammed by
24 are separated from each other, and defined by,
bitline inplants 18a, 18b, and 180 within the
substrate 12. The ONO stacks are separated from each
ot her, and defined by bit |ine oxide regions 16a, 16b,
and 16¢c which are areas of the 35 tunnel dielectric
| ayer 14 above the bit line inplants 18 that are
thi cker than the areas of the tunnel dielectric |ayer
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to the bit line inplants 18. Each word line is
Wgom tg|30ned above the top dielectric layer 22b _of all B
P3P hin a row and each word line is PCT/US2004/030415

perpendicular to the bit lines. 40 Simlar to the

induckds Q&tele@&ng‘ﬁ’&ﬁog%ﬂ tKeRharhdl ?egféﬂ 3 @ She AR B %}%g ;Eyocgééa@QESﬂ Yolatile
'S

mgﬁ*ﬂé@%{%ﬁ&@ﬂf‘ﬁ%me %ﬁ?}%ﬁﬂ%%ﬂ&%&&aw&wt T5sf e can be
achiefad bpreiphénge dainnebource biria g i litol 8b hebitriing t8adias foapregrantfing !l 10a)
anngQAﬁﬁ%th%h ﬂosﬁ@@voﬁ&&e i Jrhg Solysﬁ@&% 'rcy ] %9%&%0:}9@&%&1%&%% o9 the cell 10a.

existin ayer
The BEGRTEAR ﬁhw@g b H@afﬁ yahenas Frisieh & Vi %%pwq-fgurae bias accelerates
electrohisad wards the @i bitithe DA ThE Scderatdal elec&dnﬁ@nﬂ.’ﬂbto 60 eVt knhehdﬂﬁlergy which is

more %Jgﬂ?‘suk?ﬁc%ﬁt tI) 8‘Fss Bt 93 9%1696ﬂ%ﬁ%§/£&1 Oglgtweeg 1 gl%fu\xléq reg12r?4 \Aﬁgﬂ%hmnel

tive vo
Omdefi%i’f-‘frﬂvé Fhiloh qlf@iwng ae accelgrated fPﬁ@de’@l qranlblw 188, thRjaeel¢rireply which collide

with UOdr{sB@Re Qlicd d?eﬁre—‘d@é’c@d kdwaRds BOSiLINY Shitkrfacd RerARMINGIce SRR ol gate
-t 0- so%ge bi as accel er ates

61""“1"41%8%%411?"?8@&?‘5 §nefgﬁé° APAFRBTY1 i ne 18b. The
acBeshese te ddrze rapping byes 2¢Rjen st&esChd inje@ed@leetionp ittt trags dnd is otherwise a

dmle(ﬁﬂ:eﬁlgﬂ‘ag eﬁéﬁob@rem&@fo@ah&eﬂ%ﬁ Whifal el 'st@ﬁée nt;% nctﬁa@é StolEmSardin region

arr bet ween annel reg on
bit hnﬁ&’ ‘iﬂf& ﬂms"tva H‘H%%/e Waa%ipaair e “fz‘fharWﬁaP%“gtdFFée"'é‘F gﬁ%%ﬁ%’m

be usertestare bel by dided oteowareatd of thebidmed afedsh tdlli ne 18b, t hose

e | ?Eetaﬁ%f@ Wﬁ‘l’tﬂll? ﬁbﬁég eli Byd@rst aﬁﬂlﬁ% tﬁ&ﬁ\l & faye?‘ 'ic?tiu! tl)]ﬁs%rflic@t) thé:s'ﬁbstrate

re-directed erface
f’tchmtg Fr@C s NEREEt gr f(tpﬁtéffae%?fﬁlﬁﬁvbsf@%@t% the k’eh@l TR, F‘F}é"fnmfﬁ thq i Line
regiora/atidivingehedit fidel regi@mnto f@matiedit lihdoxile sl the @ppiatgithehord lines to the top of
the reﬁ%ﬁlﬁ%éﬁgtlagﬁ a&ﬂﬁ‘eﬁgﬁmg r}@‘%gl ng | ayer 20 |ayer stores the

ectrons wthin traps and is otherw se a
di «éls‘zse*tdreﬁkodlmqﬁ@f © FlefRs &appig disleptitygerpasyee]l piricyread 4 plasgy structure as

represéhtéd YyhedliagBALIRE S O @OIB 30LGH 90 od W¥richt&l dila@SBcdn@uctoP @bstrate 32.

ot g S8 e LS
trappinpdglecjricdewuid8.andatp diflectirdedr 40gogtionsdeoventle shistrate 38  dat a,
ONFiAE e sBAGHR 2R% Iulf‘a@tymf bardibingd S];Qf:ed%ﬁ'a?thmf:l@xls kmplah®2 3a_ah §6b and 36¢

wh1ch%el a g&}%‘]l%y%/ gclzhgrﬁllgl s % $ g{?r %g,zeg(%&? %}Pl{:#élg F ?Jé%égﬁ glt line Implants
Abovethetp ﬁ:glemweiﬁere@ﬁ@dl1a@oépardll@1 {phed trap, ;felymﬁcan @odflinds lwéich are
perpeﬁit&ﬁl: t%@{e%:t lnﬂ: n“iﬂﬁlts@ﬁ n(l ﬂi@&larnglg%g@cﬁ§44 'EHB! (ﬁergcfn@ glelﬁlil;}? ?Jﬂl 1§ defined by
regi ons, oxidizin lTne regions to
an mtffrf‘?é“"ﬂilof a Y"?Iilllé“eé% Prfiachangg] beg{"ﬁé"f'l appl ying the word lines
t OA ti#erdzopithkistive AembEREl dianGruCiNG & tyakiec dnlsibld @relirde. First, it

should lkeréﬁpré’@falte%ﬁt eall b%%&ﬂ? Exgipx‘égén{{[‘é N h%I be@n %F};%fcgs d:feBH %%ifi ek using

Pfesenégabmzwrt@bﬁo@g’éhﬂvéa biglineypie biie 8%y tha Pﬁd%?ff’f O hogof rwstaeélpp@ﬂ line.
As sudD@cditelcodfdd o£1it@ind ARideGod RicO cal Iﬁ@ﬁfbsﬁﬂalﬁ BitiEdeO8e quite wide and that
mulﬁpzeﬂc%%%{tsg{e lagfé w1ﬂsa’xpg1% \:}}éaryts?cggl]ag) eafqa ce{l( 18 r?lashvergr C t())se e ox%%ct The wide bit
lines and o gantita gfespnt@ s véthip fhwcefe region effspnengrydirey & lemarsqs the Iomyeélrdnnenszon of
anarrybfcdlBd @ top dielectric layer 40 positioned over the

O AL T R R ITCRLC.

to wo@@tbes cgmdnag @¢h thevivide bit Gl fréqnieeneatflrtherdhdrdayes Gf oehdininghsion of an amray
of cell6. €01 ons 44a, 44b, each of which is between adjacent
bit line inplants. 25 Abqve the top dielectric |ayer
4oc°3ﬁe€“eélf15b1“l9?“§’fd?’%°§/ wih 2 graE ﬂiz?déPd“S‘%’ﬁ%déei redppa fhp size of memory cell
arraysCipyesficl negleristwor dmdnhanesi wabietturg raed pRbRetivd ipotdsathertfore @ provides
bit line inplants 36 and the channel regions 44. Each
dielectric nmenory cell is defined by an intersection
of a word line 42 and a chagnel region 44. A challenge
with existing nmenory cell array structures is that the
di nensions are large. First, it should be appreciated
that each bit line has a high resistance. It has been
enpirically determned that using 30 present
fabrication technologies that a bit |line may have on
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mul ti ple contacts be placed within the array such that
Il is relatively close to a contact. The
Wﬁi%@gmﬁ?eﬂ%s and the quantity of contacts wit hi RCTW§299“"‘}30413
core region of a menory array increases the overall
for a 1} bR BraBemefds REARY cefll vl thed A% '
e arrgﬁ)%ecct Ur éeem er e‘g i'n bt 11nes ag?)géﬂ %gllr%thf\i\}hfgﬁ‘(aﬁmges stated

abovey e substrate and run per pendi cul ar to word |ines
conbined with the wi Siﬁmb:trtzofthé’ﬁvd‘nﬁgyl rement further

I n& E"u%@a%%%t citf E:g px%%gtr@ehtmg 15 {0 per§v1c9a afr]n%moré' @elfe‘arlrr'ci? Yith %staggerf,!dllocai

accor ener
mtercwmﬂj@mly ﬂé@@fnw cplbagy wex tﬁvéze@iﬂzeeﬂ@ﬂna@W@bfyge@@ralge cell or a charge

uapplﬁgdiaeﬁ&wcﬁrg&@@ﬁgédeg need exists for a mam)ry cel |
L tect refor

ation SS .
e ot asted BBl STt Pty Gesuiean os0iAe gl o
rows ¢f mmvre cgly ﬂg‘m a herizamia) eaveditectiof andre porality celluhgs ofiintrhirncellhdefining a

comﬁ@&@uon%anhga{)en&eiﬂr%mgm&ml gl 3adyant ages st at ed
above. IL.nvention A first _ aspect of the

t he
p HRSEH R BT 7 CopEeht Vet Al e it Parperqeiog g jovree/drain
regiongivithin the sbatgge Modk shoifiadily za¢hthand cgieclthqrabsrar i sepded from an
adjacdlFRf r&pfo bwisfih ﬁ@¥olﬁﬁ¥bﬁtsbdrt m%gtih.e %ae‘h!saééeé% 98 Eomprises o
ch ar ge storaece or trappi ng dielectri
portiop ﬁfdhe@gbsgixt?ﬁhggsetme]éhtfd Wﬁ}aﬁé‘usé}nfp Posforfnémgﬁt copdesg Vi ivrs serruconductor.
S €Tt aedydiehii @ phirligtof sinuc@® idtertonecd kiR BRI 0Nz z@EdTaYem. A single

one o%rcgnzdg%t{?rg Fx[e?cloﬁeg 8 Eos tﬁ)x?e\ﬁ’sabo% earﬂsslgﬁr" » dx?’ 3§ %eﬁi%n Qﬁtuli Qhrntg:f)ﬁmn and

row
couplegEfyhnpne eha gou&e’ﬂiamrwnaThe@m Qﬂi«msomcv/érem Fegipnistimg scpand colunn that is

adjac@ﬁﬁ me a6i lhahnd QinttRQarkabiy 2O s&cheVd?é/Ml fagﬂsze Ctnk aﬁ\duc&& ifE@6dAnects

r
wepol Rl s B R i P E s R B PrtBpt ni  pecon
sourcapfirnih regio frgthesdloeent cafuean tOI\a:crght siip eltheffirg adtingm and asty atfivagondictive
intercér@GH @Bnelh 1ol edHPR it AdSin | hzémﬁ“ﬁ@ﬁ @b RR HILRMoAR torBkHe BERNrst
! channel region within the columm by a source/drain
coimagi on. Each source/drain region conprises a portion
of A plivelitg ofirsirceatran ¢ohniadl lines extenpih@abbedhanintninghefcblngt direction and are
posmdnm«lfv\;eﬁ/ad}agent &Exﬂ?n@otﬁﬁeﬁl&ty &R nFlaLéff‘ Eoluféélﬁrx %bﬁ%l hne electnca]ly couples o

sem conductor. The array 1 nc udes a Ura
cach Qe BT TH et OB &na B e SEry @ffaﬁ &@ :a@acent cotumps.
paA iretp8istorhreSblng b&@itioddd s eead chidael r&oRdWEd dhitge storage cell may be either

aﬂoa&ngésg &]9[%9&%5&% cklﬁ?r@%gte' g#%gﬁ@gg%c chsrgcé??rg,g% IP%/C% gélﬁme charge

rst c
storagggeh effects genicsien within e sheyklgrgioThe one ot her sourc e/ drain
r QUbIQEIt) 5f chitiudive #6:@ m,ﬁias eﬁéﬂdrmos& tmabp loSeactBhraCRdMge bl Wilh® a row or

memo cel?s éné(f t‘érms a Igate glectrgé?e ovefh %clﬁ cha gliage c\é\ﬁ Wilill%?l& ¥¥hects are
pdis¢htdolyppa df themogy @tlfszg gearaiell fp)attheeaﬁracesmhnm lnEmeneogyeqedfs by an insulator

channéﬂel@@ﬁ Wﬁlgﬁ]ﬁll@ bebﬁé@ 'I‘BH 1%&%9@1@&151 r&@dﬁ@@ﬁkﬁsﬁe@ it th&.ehc%%%ﬂgrectlon of
ce/ drai cent, col u to a right

|0n |n
cach s IR Y 1L BT T BSBNG RHEPOCORduC L] ve 00
i Madra oaveot/deorrnsot ey bd’;&m&&@ftﬁbdvestwccﬁéluﬂs’, &blated from: the word
lines, z%n@ %a% aba@t ﬂo%a&%@ﬁ&ﬂg m&%ﬁ{m 5 s&!&%/dl‘ géonﬁ%l ﬁ{% lsOJDFﬂI&QO each

urality of source/drain contro
conduﬁvwg@rcw% h_’mt ﬁ)&dlgg i Epch cg]d\xcgye yiapxiepds fop) 4 5ppRce/drain control line to
onWodhﬁéﬁbhﬁnwaﬂmmamﬁmnmﬁammm@ned bet ween adj acent col ums
A IR Esg c@@flﬂhl?mv g@o(fll?s asfs% lM ra?ﬂe rg‘&ﬁf E[rrg* Wltﬂ Fagpered local

electric T ﬁ eac Conductive 1 nterconnect
mfeml*%‘tpaﬁ%ﬁﬁﬂﬁmﬁmwc%&% tepierhetirean aiccagrednthit flodin éIF?e yfay is
fabricdtdd@n ASH RGN0 CRAbKHND 5.2 1RO difeGRRA S8y SR E PULIIE 8f towd & memory cells

posi ti oned above each channel regigon. The charge

storage cell may be either a floating gate charge

storage cell or a charge trapping dielectric charge

storage cell. A charge in the charge
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storage cell effects depletion wthin the channel
A plurality of conductive word |lines exte
WB%% Z(Bs%lﬂe top of each charge storage cell wi IPHTWS%’{WO?’N“

row or nenory cells and forns a gate el ectrode over
deﬁnﬁgﬁ HorEhid] @8 BieQoRAGE aflﬁfahty Vhidkohds B hr&¥Eory QW deBfndEAGRimn direction that is

s i s separated fromthe adjacent
pelpen&fuﬁlamtgefhonzogp{lxwgléﬁc % by an insulator channel region

wi Evit noltuhteofsrabasnyncdh eonmpTifvea plaslith af dbannelhegonetvitiirethé obstrate. Each
chanEELRET 1R 'sﬂ)@@a’te Jé Rpa AR £08LL %ﬁﬁagﬂkhagdcfﬁﬁgﬂ Rin @F colu%ﬁ‘&h

gﬁgrce/drgﬂﬁg i'on and ea channel rtegion wth

soucE G811 PAHBABIY FOBREER s ERUHOLH eSS oS S aH Ao Wi

impuxity kvt forpd a firstnendna@iyitybygpe pasdohduvotaed above the word i nes,
Is%e%%%&ao@m OATTL o3 &ducmer}st@m &% 3R gﬁg ARaL tcondt[

each COI’] ucti ve | nterconnect e sour raln COI’]
intereppigs is BOSigRAS RRIC PR ek Froond SouEssidenincegiapeviiadine entvact messsory cells
and céuplbomdotﬂ@bha/(ﬂlek/:*.o&ce/cEﬂﬂ)f&gl&O kel Gitei ofer Sdhrde/ R REESbeLH QI sdcond

pe t.o.. onl
cotunHtt LR AN Bon ok BlineliQine oo P B ol psion, T
COnd"(‘J‘F"etﬂﬁ?f%’”{l%V ewwps@ﬁnqd§uoa g verp other G deiesiveintvrsprmpa) capdcls to the second
sourcéwxﬁlﬁ}bgibh Inhh@dji&eﬁ@g}ﬁﬁiﬁfd alr?ﬁ@ﬂde ofithbL1BY CORRLMAYE eﬂ?}totﬂﬁf 1E‘terconnect

connecth F}althes %J soHc nugregg%{g%gra é%ﬁt{c‘:ghﬂm?‘!g%%i%%d\ggg tg?]f?rétjcaumn Bvery
other See‘md@@m@mmpgl@;ub@mrﬂatﬁ&t evdma it ivwdateli frrerdicomadiivaink@ynnects and
floatsW t h a pI urality of rows of nmenory cells 3 WO

20 50 0 PCT/ US20 4/ 030415 defining, a horizagntal
(‘ﬂ ﬁ e ?%’ﬁ‘%fﬂa °°£‘I§| TS SFt7eine aRer e fhn arag it ety disstiqnand are
posmgt@tﬂ bativaag adiacend kaknmus dfi megwtyically. Bivabours/drapeppehihe elattadally @uples to
each Joﬁ'&‘lcth/@ fﬂt&&ﬂﬁe@é thak &%lg'bgt@g&'ag&ceﬁﬂﬁl}n%% il EQEh &f the%ﬂ&ﬁ%olumns

I's comprises a plurality of |onsvv|
t hégagh%wgft@agﬁﬁblhpwél?fl&ﬁﬂ@re f‘ra@{ﬁh't‘fﬁelé?gm@h Ilescﬂﬁgﬁtsmg@cell may be
citheria Sos@Pgitadhege dfidrQatdin: adh@cenbing Mare] chir@Gtodipe Y1t Bickhrge in the

chargé J?o@ag% Qélf'g%ctp&/eplgtmg w“?ﬂ%ﬁ' th gl-{ag{efl [l €gi on. Each source

“¥We substrate that is
| nfb&aaml@rahwﬁqqndacw W@fﬂ linep pyispd pargps the top of qavhechfrpe sharage cell within a

ow oﬁﬁé’iﬁﬂdﬁdcllé/dnﬂ Yonhé/ngete SRHoGANEHGIRharge KR geEell Mthin R katles a
e 1 nt

P B b oo el e e B ot e A b Tapy on

: hlsufa@vélﬂl}llelsre&mthmhﬁrse@#m diberingudedpir olrpnul tehibmdedingsisidest in ¢he herirpntal

directioh, oFRBDIoMre&&hih ?egloﬁihq ezf‘c@ bﬂﬂh&ﬁr@éi& Wil OREnR LB Emory cells

SO rce/ﬂ’%m re ﬁ one ot her. source/drain re

Dt T8 PBARGHA S oRS] HRAY Heit FereQRip R o Bt Risid om i
word firies, sid sppbdapart feradeabledondpctiva intdn@msatmt he @Wcﬁdkam b@trol line is coupled to
each cgﬁfﬂ&ﬁr@ In@ﬁt%hr{éctrbgg&ogﬁhcu\:gnﬁ 5N Ectnlvé/ \ga éx@z &L@%%@&Ee?dra%{c%n&ol

posi tigned such that every other conduc
fine to °ﬁ]ty @P"c‘lfﬂﬁ@@fahgﬁﬁ?‘i’é%‘é"ef"éF“Pﬁ‘@c‘éecond source drain
I efgr Dbettbrundeseandiol @ e pleseathvdiion tt@cther m@hﬁwﬁaindj ﬁartEefr asbé’ﬂ;& thcreof
refereltch fs%ad@tgl lmlo%g de@%&ﬁ(}ﬁ &ﬁeggcoh Gr.tlcﬁg \]2 Hﬂfie com m w1 3, The
second source alh reg ac n 5 f n%
scope P%het’ﬁ‘@n‘l“’@ﬁstse“sfP@én e al’li’ﬁ’éedfqlal'@t coI um. Every ot her
second source/drain region vvithi n the first colum is
i solated fromall HRpguct it.ve tlt rconnects and 15
floats. A plurali ntrol 1ines
extiguredie fig sellstrotis, iseseetiopad yie of 4 feetiop of amm ofiihprectapping dekebtric

mernoBAclls “F?lﬁﬁ’i'blt RRMe %Etﬁl@ﬁﬁc@ﬁa@@%th@ gligigms of nenory
sour ce/ dr ai con%rol i ne el ectrical 'y

?&b‘f“’e@ R he BT RO ORI FY °f FROiRHHaR el Pt Febidesni
memotystiisedth a glagap siructerk draatonlance gitb the priorea,ch of t he adj acent

C QbS5 2 AR IR graid reﬁféﬁﬁigﬁ a%}s%ﬁﬂﬁa& ShbodlrRali@F Ltgé QrPﬁgcal

above each channel regi on. The tharge storage & may

be 20 either a floating gate charge storage cell or a

charge trapping dielectric charge storage cell. A

charge in the charge storage cell effects depletion

wi thin the channel region.
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Again, plurality of conductive word |ines ext end

r e top of each charge storage cell wth
W?SZ\R/&ZH%S nory cells and forns a gate el ectrodé’cg{}&zm”’“’38413

each charge storage cell within the row Again, each
mter&g,{em@ucgﬁem%@cel s is separated fromthe adJ acent

colum_of nemory cells by an 25 insul ator channel

r ebig?fﬁ 3 WREPR VP YO B SSEPRRACY bRy &f 4 SH&RredtQsh! I erepppRst structure
memeprggirayn defines sides, in the horizontal direction, of

e a@‘ﬂur%s%d ral‘:cﬁ{bqfe%%ogs s@c%gﬁ Q%s%go@%ﬁ&txm 0 @lﬁlge &%}%h@ @zlglbodﬁnent of the

wi thin the col unm of nenory cel Agai n,
Stagg§r6‘fjlf’?f‘e3“ﬁ‘?°%“??t SBFRE Sy AgyREKieBR3posi t | oned above t he
WO Figurkd 42 @81 4diaQioad sedthod ¥iemit D@ umNirebiidd J7 E&lafqga B&bpsip 38R Aiment of
ctiv rconnect. The
the st?g%%& longag]?{gglcﬁxﬁg% Ie] &lﬁg&'{] ;norg %:ragr O%Fiéurf g d to each
c ofigvres e gudl 5 arestogsapntie tievsyn erovdﬁ@u@rt df g HoaipgeateEabdliment of the

stagg@r@dldd@ﬁﬂeﬁé@méﬂtﬁm@d%%ﬂ&yﬁﬁa@mﬁ erce/draln control 30
ura ty of

| B AR e SR BBt GRS po0PE §egmbodiment of he
staggeypdlgeahipieicoppeshstivepre memege trkvs of lerh?» ot her and further

aspget §ish ek @!ﬁf‘t tepreEe%ﬁ@re%ﬁ)ﬁq’ RodRAL stct,pQ fotr ﬁﬁngaﬁ’dgl R trapping
bglescrltgtlon Laken 1n conj uriction W th
embodime Ah AR ABEY d?caw ?ffg‘gmec clurg ek fiRuresy ¢ he | nvention is

seFigirof tehredents ¢ hress spiranddelchalgangping bmtiBdinedt oDbs ez itd 1ol
mterc%e&t%ct@cﬁmgsfab éa%if e lais a schemtic, cross

sectional view o portion of a row of char e
t r ZPBF hErEicRp eEes F%ﬂouﬁé%?*?rge Bippige wﬁoﬁmant@f@e Yigegaed local
intercontied enslufedringa@&bliaaiag cor dance with the prl or art;

Fi gigx[r§9 lcg Féeﬁ?ts orges Q: t?@itok e chle® éa&sﬁﬁg tbgg nt o%l the staggereﬂocal

row of char ge
mte‘“EthWHm&gﬁlfaéﬁ%PO%t ructure in accordance with t he
prF iQresa D4 and 46d r&ir@éﬂfs& ctosd Sctidn B tRCKarsH tAGK IR Brb SN SS §MelsRkered

i rst exenplar di ment of a st aggered local 4
local Wﬁ%‘ﬁ%f%‘é‘ﬁ%}% %%%@E%M 030415 i nterconnect
st Figrets taeandrblboepyesatsaarpss seitiguefdhe3hirge tapmip ewbelmart ofalr staggered

1oca1e%emk@§aﬁc@@’%ﬂigq%hw%n a St aggered | ocal interconnect
Yy array, gures 4a and 4b_are cross

uct
s e %‘F‘?ﬁﬁaﬂﬁ“%g% T %“SMWSS&F?I@‘Z:? iQ5iTh B8 PRSP GRS deritgegered
local pitvodeargtiue thuing @ fabGeatidnagger ed | ocal i nterconnect
st 151élﬁ$sli§aeanmmgp\les§[s %%SS%ECHEIII Me%hﬁge ﬁgbﬁﬂé ﬁlﬁod%ﬁe ?%e%g.ggered

are Cross sec Ion views in a colunn direction o

local Eharget trdppigea MBBdHent of the staggered I ocal
| Nigrerinely Bir antseiieg ERRplisy ptdsays s@bs b gl Ringthe floating gate

embocﬁ:h%ﬁﬁﬁe sﬁggo%ﬁ%o@%te@{oﬁne%!s%cﬁuesc?f%w[%h‘g@ views in a row

rection ihrent of the
st%we]r%@rqseealcrOFSrfffé%@fﬁh?émﬂnss%mbmheerﬁeﬁmwgmda\gﬁalof
interc&mwfuact&ed&ﬁgﬁagwam 5¢c and 5d are cross section views

iR B R e TonnRan: e bl o Rekdrped”
mfefc%ﬂ?%iimﬁﬁfe Pitge e Bb®atidm gure 6 is a flow chart

r %ﬁl&sﬁ’rﬂépkegﬁts@%ﬁ%kﬁﬁﬁoﬂe%ﬁﬁé gd'ﬂégenﬁngcﬁﬂgnt bke sta gercd local
charge trapping enbodi nent o

mt“’”%?%%@%‘@?a%‘adhg’&%%ﬁ‘b’i“ﬁ?‘)& connect structure of Figur e 3
Fi Kignreel 8 7epreeqpise softsertion dfttpsisatve gdtd aubodifiert biﬁhecstaegegas local

mterc&nﬁ@pﬁh&ﬁemggfa%@ﬁonm t he staggered | ocal
i nt erconnect structure durlrb(% a fabrication; %ure 8

r pyERS Etead b aprraats 8 getsisefiont tefieatian e ranbedupb Pty stagsered local
intercepdzotiuenenduring a Bheathagger ed | ocal

Figures 20a and 20b represents a cross section of the floating gate embodiment of the staggered local
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i nterconnect structure during a fabrication; Figure 9

S a cross section of the charge trapp )
wéﬁz@ 'Zﬂsjﬁ%ht of the staggered local inter conne@FngszOO“me‘”"

structure during a fabrication; 20 Figures 10a and 10b

intewoem&sfﬁmtrwﬂng:iﬁ&&a@ecti on of the charge trapping
|nterc nnect

he st agger ed C
sr[%%g'{ ure diqull) f}eﬁmsemf a%r PESIPS k{ﬁe lg—‘?aalﬂﬁgé? ejabqdimentof the stpggered local
mtergogpspidgegtredugingy @wisativect i on of the charge trapping
e mFngiem bnd0bp EePRsesits REOE §eLkhn of ﬁ@ﬁtlam'lg%t% &Qﬁﬂ%%%of _I[bﬁ Btaggered local

mtergo%egtc u url ng a fabr(% cation; Figures 12a an
re LlEl’gcf’r SMOBA4 on of the charge trapping

e nﬁadqe ﬁ@m & blofk didgenataggeingthecodbexkaglal emtokdRicA1N B Q&kered local

mter@gﬁe&gmﬁ&,géﬁ{ﬂgwe fabrication; Figures 13a and 13b
represents a cross section of the charge trapping

enbodi ment of the staggered |[|ocal interconnect
structure during aDés&hftioﬁ&tth@F}efeEbggEﬁxﬁodLﬂe s a flow

C h @ﬁéprésgﬁ) [nge%g \}VIP ﬁov? %(eedg}znbed £ tral? a}‘erng??t 0 t§$ gxfwggs In the

fabri‘cati ng
drawiggsalify éfi'f@‘a‘c‘f @Jgg{als,amu@qdmﬂfﬂg@ t‘kf’S’teF’B‘éi thyoeghot. Firgren e Baer3@ are not

drawi-o@esfeand e AR REITEnedeatitcd B8 infBEnhIR M 1h ek Qat fop%rposes of
show&?&?nr?”b‘)d' ment of the staggered |ocal interconnec
ructure during a fabrication; Figure 16 represents a

cr Bigge 3 epreienna blﬁclqdiﬁeraﬁﬂOf)@twtwtegatentewmgmsmm 120f THe li@egrated
circui 120 Q@B R 2 k@ERled 1okl IRELRRA %L e %{a%ﬁéﬁ{oﬁ( Ay 511ra§' aThe memory cell

I catl q Fi epresents Cross se
ey o el P e e T P PTG bR B a st
54 an@ gpnireitcisqugohimisetd i & paphay egichasionte @bdtats 54.CEH: ey, 50 of GHiRy cells
52 in ﬁx@ cd'r@ﬁ‘%@x?@rﬁ a?ra@%?Q 19390 (ﬁﬁ%mtgipar& of Hﬁmi QL 8l o gﬁmﬁty of rows or

nt of e Sta ere | nt erconne
oGy RIETTE Hgr A P s i eseng obvnaaly Etslefning

columm@pecgectit s a cross section of the floating gate

e [ red interconn

S??S%hﬂ%@% %osmaged%% r | Y n ﬁ%d%% lf}r(%% Figtg afiEosgh and
form 4 gafsrelostende averragh g giu@éfa ©f mropfeels if 4 oatdnmbgogaB@irce/drain control
lines 7AriteqdsiteRedt acdbs tﬁerh@:a)‘o‘i(ﬂﬂg@&ﬁﬂi dﬁe@ﬁoﬁl(refeﬁed\@pasz\g%aﬁ%ﬁ %%Qrpeudxcular to

3041 rconnect str e durlin
tho LA RS Bl D RO RS e S B PR & oyl e
SUbS“%‘eé‘i‘?ebfWefuTﬁlf% ﬁedlﬁqe@atordigesg?&t e enbodi ment of the

st'ag %Eo@/drab&ﬁlﬂllol Tire§YEOBHE Hﬁbﬁ&f&boﬂe TGl 59 agdjé'aél{&ulﬁes to a plurality of
ures 22a and, 22b represents a

on-
vios 5L 0 G SRR PG 5 GAPEOEREGT BT Br Fefpeontioive
mterctsmwgg@n@dn thelxaizontd rowniireticOf ibeebens b adpibett @udefidil Gegins 64, The
plurality? bdn@@tib Qi ercsbthtsh gllé §ange% istd%g&én%gt%ﬂu a@ FaCh source/drain region

6400%Fgr esenti.ng a second exenp

BGBY 88 FGERRect ARSI e fsererkinair weinnsifd oy onppsingypides of
each cDesd regioh (bawatd fhett:dleZPihﬁfe esliretdiksian di dregusledlsy tﬂa'benductwe

mterc&ﬁe%@@@&nd'vﬁygl% 'afgﬂ: dWseu.Lceﬁzgﬂy v %oﬁ%%s%' bed in detail with

referencetot T{g@g draw ngs, |ike
R apRter WRineefihgoadugtive infesemnent g2 fsgprifonedpbpielcachepreqridmingegion 64

withmta Hirsoeoiinmuhd cobpléstid@ily onk bifer vt @A IR c@n@4.M0e one other source/drain region

64 begin in a second column that is adjacent to the first column and being in the same row as the source/drain

region 64. The conductive interconnects 72 are positioned such that every other conductive interconnect 72
connects to the second source/drain region 64 in the adjacent column to a right side of the first column and
every other conductive interconnect 72 connects to the second source drain region in the adjacent column to
the left side of the {irst column.

The control circuits within the periphery region 66 may comprise transistor gate logic circuits that
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drawn to scale and the di nensions of sone features are

ally drawn | arger than scale for purpose
Wb%’%gﬁ@ arity. Figure 2 represents a bl ock cﬁ’cgﬁisﬁ?ﬂ“%m“

of an integrated circuit menory system 120. The

incluld¥ RGd BleRntrolldc@i 128, Q's&m&@@u&@ﬁﬁ% dirR&P1 2@1 a%ﬁﬁ&gﬁﬁsgldl 2h %%: gram
array

conrrlopctirgﬁtclgg Igl r?aa conlr;?q ggcug ? OC aF? @g{g‘nf gyc&t EﬁzaT Yolltﬁge SW“‘*&‘W&?"@%“O a
°°“P§1tgd? agélhmmt}ng @@Welr souBP (e kil catidids fon negat@rogerstiagp@nr Bhrce (-Vo)
138, ﬁlfd a&;oxﬁﬂ—iﬁgstt) b &bha 199 R8s GRINL I Bhnefts TGHidhise da %u%ﬁ& 8¢ gérﬂrrmng the
fano 40% E%ﬁﬁ‘% region 66 of the substrate 54. e arr

@5 ¥ cells 52 in the core region 65 is

ar lapgeitbnj iile gray wotrd cineitsipanako seledtiasly coﬁﬁ]e 8Bl WorX linef6® hiekch
sourchfaB lide ﬂi tHh @Jlljaé rondecf ﬁ}% vg%agea gqgﬂcg '&Xq o(f? 0811{19 F ’fo 1sopﬁ the wgrd tine

hori zontal row direction

68 or e sissresam {e 1§ Korgrlbyofiaes gpurees apdherersyd G i BRI s oFed only by
clectidliflerhdtio® &itldhenst@ctO 51 thd MALEH). ATH: Q6PLikeSinBich @ Yhardfd: thzﬁ‘ eé@h memory

d.t 0 as h 0 a
cell 55 qutﬁn thq 1]';32'(‘5%) rc i e«(,rgs\%}é rseleeché afme L?chﬁe[?}i;tgye% featﬂed%ﬁ ?ryﬁy control
°“°“’ésé‘(lrjlsP grempges fqpogplepgplpoadiievite’ dra@wﬂe Sbta the strepniemvocidhsucintrat 2 current on
the selldc1a@ Soutldain Endi0 ey bON@Shra¥Gs RGidatd Epréidndded ke bk s@ected memory cell
second direction (referred to as vertical) that iIs
" perpendicular to the first direction and couples to a

Chargg Trapping Dicloftric Gk Eyelfodingnh r egi ons 64 which are
p Oﬁllgﬁrb 9 H@@ts‘%"t&phrﬁe@ of Bf‘ex%la%}’&%&ﬁ&ﬁ oﬁtﬁe @a%&é@&lq&al cl-szql%ne%I charge

stora (5‘1 cent,, wor ines, 68, The source/drain contro

& G RPY “BOERY 1% ﬁé%afe%‘tf&v% b(%l reprgSeRy  bizontaliron£egss segsigiat wew of the
memdrpcell apdnfO didbritayed ofilizing clagze Sdppingaeinory cdl tshndbogl @iﬁdﬁs section lines HA-
HA am% ro?IFIEQe Qfgip&:h@é’if lﬁé:bﬂ:g H&I‘nd Xr?eaclpltcﬁ‘ s}% Qgglgmn CIOg! FEtmnan view of

" Eﬁﬁtlve i nt'erconnectt exten e horizon
© m%W‘F% TBH B FoHetedRERE fiyres &j’P&E’é memgras a?“d@hml%w At CPOBE QiR lines
VC-VE4nd The/D ¢iFighalirdspeciklyconduct i ve | nt er connect s 72 are

ar g 40489, F@ur«% 3Si|t.1 _ﬁlﬁ([é 819 g%a‘gltu?e{sl afh OP%I t{d fng;ﬁog celI array 50 comprises

source/drarn re
a plurplity freepryygells 57 & %ﬂﬁ@d e fodysteling semhendum s@mwm/v@rca isightly

impladit@DW i dSioR AodNiNPRRP Sl NG Bokodl 86 thRhe sRRGH: ANANNSRHY doSApQUbe
Conduguv%geeath &he cell 52) in the colum direction 71 are
Fea By “th

e conductive interconnects 72 and vias
1Eat°b_)meimrmeé At copptises tf wrdiline @dfrhatiobing dspege @ trods) wbittehed over
plural@NFch@ke]l Waias 58 36 &Qsﬂrgtb' 94 'waMﬁl d 19\5 ERGOLY gcﬁ!zcel% gauls °f ch'ﬁmel reélons 58
ove, r%F drai n _region

in the gonzgx%tal g’fﬁcg 558 m&lgzﬂ-;ﬁg gﬁ‘{‘”fyend‘ﬂlé"ﬂa‘{m’ésrf’f channel regions 58 in the
columg dieti@y 7d iissan implatpi smm&dnam“fdg@n(ﬁme ot her source/drain

r %hlpﬁ’npla;fr'éd s@t@ceﬁﬁgﬁ féglbxpﬁﬁﬂf %Qggﬁgt{{ﬁg%ﬁsgﬂ% ?14' Rat is riTi%;:vlaxltf:(i with an

clectr oy, ORUE RSP BT % COTHE IS iFoRdgis i e soureldin
implanit reigion 60 rin ée tdumkAiiradtion PIQ &dch 0013 € ahaif Hfidlent Rgbn @MEHFY 2 @EBhductor
juncticﬁl%ﬂggcj gy e ﬂwgtcl‘iaa'fn?ep{éﬁgx%tﬁ Zx??pﬁgs%ggﬁes tI?eretoP the second

sqQurce/dral n regi on colum to a
r iRghteesehapel r?ﬂ#é‘ 56 prrdghe veod ks aaha!ge stoyase Gell§B.Hie this charge trapping

diclecttio fifidary balle mbiirhe M8 BIRLE sthZg&:QllDEbﬁiﬁhé‘bs b &ulﬁh‘e%el%%émﬁppmg dielectric

e dj
oo, R eE RSPl Akl o St G5 it o e
which gjay ?ﬁn}ﬁ’rlteﬁém@élﬂqxﬁh eFhy ﬂn@gqsmf @ Gunndd jeye Ghpmiyde withiamshgtobibout 50

to aborgab‘(ﬁanbﬁgw g eﬁxﬁbﬁlﬁlé}t {vhﬁi morEna B BROR{ 0338 lunnel layer 60a thlckness
clude, a word line control "circult

W“‘"“fé"fgeuiz“&}t (SR preGmY Pt et v e Iy 6P o ickness of
about@éﬂslmpt@zﬂgsmwsprogram control circuit 128, a read
C @RlkeQhrrfel l
Vol tage dlé{S/fl‘?lg éﬁrnn%%?%r S?{‘xsgglé?gg ﬁ&%ﬁkgﬁ‘é{em‘}d zﬁﬁ%o% th:!ngmdh%dgs ope or
operating power source (Vc)7134, a coupl ing to a
negati ve operating power source (-Vc) 138, and a
coupling to a ground 136. Each of such conponents may
utilize known circuits for performng the 5 functions
di scl osed herein.
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In operation, the array control circuits operate to
_ ectively couple each word line 68 and each 7 3
\Vég%P@%%%gain line 70 to a voltage provided byPFE%mzm“mm”1°
vol tage divider 140 or to ground (or to isolate the

morx e\Mi)arr@ thappie recBs RF stdrg 2 S Gl@tfgé E@teﬁbnﬁﬂg@ﬁ url- Qroérﬁrgrﬁ&tﬁta[e Or a negative
S p otenti al

Qurces
charet ok B8 SRS 0 P MR Fte ol O e B wi
suitaldg ¢herge @ﬂp@n@?miteﬁ@s [ietraay 0*5&)3 tragPive st dplsitng therdenofsizddf elactrons per

squaﬁ&dﬁﬁxﬂé’terhﬁlﬂiﬂu@l@a@@ SUVE PR n- o ids ike c%t&%aﬂpxﬁélﬁel&ﬁfe%et%@b
e er.ase electlvely programed, and selectively

ﬂmk?eés 1o} nc’t‘f!ﬁ%lmali’tﬁ%)? CHWEFH™ Circuits al so operates to
c otpheexanmdat edivdidecuitable tighesa itrapping dieledtlc layer tdbenag bs 4 it
compotnid 3&h a@a%étn%ﬂx agugﬂeleae%r[ tﬁ@éro@@onsﬁtﬁ% o§§i hecglﬁxp and SI}]O Nj.

P sour.ce/ drain ne be nmeasured
urther, ig die 5%@@9@?@% fha Clsdte Gawie st lgye& @bmy sazfe a @Weg@n the
order Bf 200 l(]@gn@lrﬁhseﬁrt dnieBibdd@rhdnt EmaGchrd M RGw thigemiag iicRds% thickness on the

oxder@?ﬁit&gosan trfn%p view of an exenplary enbodi ment of the
aggered l'ocal_ interconnect char storage menory

c e PP & Py iase ob the clpfeg tifneise Alale@mfdawbﬁog B@teprdigiesis &apjer 6g¢. The top
dieledn@y’ IityZLO.‘IDE fhhy BeQiNc&l iRl SAEdY bONRhteritl @ aQficldeiS contBBcMer than the

50far|cae ut i [ e.tra
dxclec%?c consf%nt o?? mc)F dm F % a 1gg IK I%alteg%li ggrte{l gﬁi%ﬂbﬁcalggn%&m %.‘%K material
may @ﬁ@ecﬁmﬁm@e cgfouw@e#eea@cona@pmfm@e 751, CFi Hf 0, €02 4Aand BrStiOdahd other

mater@RGHth El&ﬂﬁxﬁ,&@gmdleﬁctﬁ@édd%tsc if@lﬁ?ﬂp&ﬁ’e@%ﬂri? ﬁ?ér 6d @Wm‘afl diodidbEthe layer
cated uti

oo oy Y Py SCertt ot Bhd Py vl Teboee St o
a highp my(@ial/@s elertticWiThivkDeso fuaFiegu the of&exfoé@he ¢00 augstryms R @5 phiyigl
ﬂuckﬂeé% okl B4 a%aﬁga ommt wsatw@aaﬁ eglus&ﬁenﬁtﬁ m?}yga@o pracket

mclu%mp ?}elacéqlq 1@((5156210 Fvglb?f Ri%%%ﬁtam@qssav Iyga?%l qf phoat S%rt(? about 120 angstroms
and e mroonduc i Bp disldisd 15at 65c bith iyl hskdeisahitoyt 90 kd¥pbia ndo@8estroms.
with a hole donor inpurity such as Boron so that the
substrate 54 is a lightly doped p-type conductivity
s et Goivefarctobihe top dielmrcHaysiitp isyhesierd hnsQS Fdprfyerd dipesBinpg be a

conduddf & a lsdnﬁ@gcﬁﬁto( :fublfkﬁ;loly@r@itﬂ@m 3ficon, 0AkRh faaeeﬁtasrc@ 68)e word lines 68 and
oV nne re

' f
charef R 5 (o B ol B ) oSl oy B s
74 mag e foFrepd 9éd nifridgtomnems SThethickndyeof s iisplaing aiaceui 74'= ieof 4 thicknsF to

preveht%nyﬂﬂrrénﬂ B4 8rh MO whid GRCAR o@t%e HBGE WRER 4336 8B or B sSur@fdrain
i ons colu dlrect#%n 71 i's an

s D AR QL PEEIFYh o R A BRIl contbte
intercgrpent Eeahd malkliayes iobsho @ abavethedes lise g8or t i on of the

SUBSE ik a2 cdntatlint 550 el @&ssg @e% ?»'30 e 3mE BRSO and is

as ar? O create a n-ty

It
*S°Iat%?fﬁa*d*@tlﬂn5%°w§1 SRR B O e OGP SoFpese 7 1 posioned
aboveionly Itvantlgaceaqm i5dzontkntirbdiien €0 banrop/ddintr@dhs @nind digctraiitouples each
of sucft QH§ % gﬁc@'dfhﬁi énﬁ@tI t}plih% gfagp 'ﬁ’l% L %Pﬁloﬁm&%grggﬂ%g trench 62

JunctlonV\n regl ons

betwegsi P FRYTCE hegpacames et ext%éﬁthﬁ@éﬁh the ﬁféﬂceﬁéwwem% @gﬁ@nThssm couples
the int@iachnécn®2 tohe SovkdeMdRinicBnt@dl IMBas.ge st or age cel I In this

hl@!hglﬁd ée agﬁgtltxﬂe% thagtlhee ellbsfetd:ascnbeg%m{cynm ey }Eroxl;%:lri) g(\‘} o sm@%&wagory cell

rrses a nu
array @?ﬂé«‘ﬁ@ﬂ%@l athistctess 1 Thsz sougs/da@ regfive Shau¢ wositipray e adiphent gides of channel
regionk bR Iﬂie Bgmﬂﬂ @letth Bd & @Qi t6 @FHRY du@&‘én a aftthlt?btnaﬂaH%U lpatitlef) the

souo Qi 8 5P PR CSTHRL OY R o o Tl T pRgesmias e
above depgritisdprofplenhsi apsogiatedawitpchizb bit Hilpaesistab®s. t 0 about 150

angstrons. An enbodi nent with a nore narrow bracket

i ncludes a tunnel |ayer 60a thickness wthin a range

of about 60 to about 90 ang8trons and even narrower

yet, a tunnel layer 60a with a thickness of about 70

to about 80 angstronms. 40 On the surface of the tunnel

| ayer 60a is a charge trapping dielectric |ayer 60b

that includes one or 7
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WO 2005/ 038810 PCT/ US2004/ 030415 nore charge trapping
I or storing a neutral charge representin
\Végggﬁﬁg?gnned state or a negative charge repFE@%ﬁyWﬁ@3m”°
a programred state. The charge trapping | ayer 60b may
Fmamgrm&é A Eanﬂgemgund with suitable char ge trapping
99&%§aami %ph as %E ge trg@g eet density on
he Sordar ot ARItE seé‘f HHOPF RO 8h05S se ?Pél "ée"%:‘gﬂfﬂln?‘?ﬁ’f”éfﬁeu array 50
fabmaﬁél utgizing fleskingem s newoty ctlhiedhnalugm aturis§ wetioh tidee BAFHA. 40d $B-HB of Figure
3 respeAEIG SRk ABR bRG adh R ke?{éieﬁt’ aGolufhY &bss @eQQon?l v‘iew 0 ﬁéﬁ?ﬁ? ?e)}l array 50

fabrid ﬁ% etrimental |y effect operation. In the exenpla
81bodrfent, suitable charge trapping dielectric |ayer
ﬂoaumtermpo:b'eelhtecmncﬂdigydecrosmmbmH:EdeSLKﬂ'hn&S’DafINbﬁFiguﬁ@ respectively.

goﬂpﬁi%ﬂgecﬁa%v%‘iﬁtﬁ yesé__e%t%"%& &%’g@&a%%}iﬁ%&&n Sihee] tgegmemory cel%arra’y 50 of

Flgm%mp%ﬁylmaktﬁ af TR FEllstSP gab)@qaﬁé oRy3 @ys@g{fw fepudopdpeter s@Bhate 54. The
semicaBdicthiavigtrae $41k Eéﬁﬂﬁﬁ@laﬁﬂéﬁ Wi hol BERF inPhritg Chch & BHRA so that the substrate

54 is Bf mbodi t wwth a nore narrow range
. % #&%Eﬁ%gg‘mﬁﬁaw ggg“%ﬁg?he 10 order of 30 to 50

b ey chi? ceneprises il avewd ling 68 (Rractiohiag e stte elpdwypositioned over a

pluraldj/ elcaahal h:dglohﬁi&%f ﬂl@QJBstﬂa’é SQWﬁ}ﬁ’zpa Sivebastdn 'a&jaclexﬁiﬁﬁfs oﬁgignnei regions 58
ectric

in theionzont‘%%gecgmn % aéirn?sgllatl ?nﬁh g&: %a@leé'ta%af%tl plduléc oglguﬁxee?regwns 58 in the
COIW@@@P@?!S tHaplagtérsourchi/ddiraegion &@. const ant of silicon

di ga¢h ﬁlﬁ)laﬁ@d Q)urc@dtgﬂu gé%lo%étf@&&%é ﬁjo}hon Lm@su&&&} & tﬁﬁg‘» 1?1?1aonrtﬁd with an

e Enbod ?g K material _may be selecte _
cUPHE Y P‘B‘ﬁ‘ﬂ‘yoﬁ“}}ﬁta’é ‘0l §ERDHEVEY ORY HFLY spoaductey sty espree/drain
implapdfr @Ron 6Zr B2k soareldidin Shpl@yregionth4 Girines seﬂzﬁoﬁtﬁtt&fjﬁxﬁﬁcﬁl vith kdth of the two

body RbiBHsls@bh é’djabénggdeg {hgzle&q‘r; tﬁé c%lumg AR A If the top

drelectric la 60c 1S I con OXIde the | ayer
60 “Hity SRRl 61 hpesiihRed bohwson t ehapetpasion i sedybe word B 65. Intis
floatirgizgts trmi@kiBnent/Alh ebkigatorvsR kall, comnpristSaelobidg gﬂé ﬁ4 Wdhid 1§ol:1téﬁ)ﬁ%fn the body

S €
regmnsr)gg. ngxﬁei d@le%l%{,glgjgzr E S?lat%{d?oplo elmé gnre]: ésg tﬁ% al\r;\]iﬁti%lm ayeli 55?
itrgngl dlelpﬁm@mg@gnayﬁg@@oWwWemi@nma’m@eﬁse]{angbﬁa]:put'bgto about
150 aﬁgﬁlroixB OAfrlElﬂﬁJHlEr@,ﬁfﬁmh Aﬂmx@ Hﬁﬁ@lbﬁ%m in¥¥idela Rnd¥PhRr 5‘3%515191\%3 within a

de dielectric | ayer 60¢ th a
snse BB BL p ol AORRE R PR Pt S v g bout 7

*Oﬂmmﬁﬁamﬁggﬁrons 20 and even narrower yet, a top
dingk eplflebrit ﬁ e@ 57 '@.?QISWJJ shxcéh HOYR '0101%3/ bte Q hﬁéf*zﬁ%«ﬁh 951&1?0&10 constant

he surface o

mente B ekl B Bttty B e s T Bl K il 1 4 e amion, e
high Kyyoatedial mayée &&:crdifrorh the grovpod nﬁtekd}aﬂsozbnsd}rm@f ﬁem, B GOy, Z:0,, and

Zr&,&f' Q&fbtl@r ﬁﬁ’c&r}ﬁﬁ r\%ﬁ tsﬁlﬂ.larié&?gh gieieétﬁco&nsta% 73k I?o e%%?ig %&e@ ‘3‘?1'?. s1hcon

he word | i nes e storag
dioxidg g g 1 ety e oF 40 o1 %“ES@O@S( chtfsmatopl, i e top
dielectgiprhpal 5Tie A hx,gh KhetetiflsisleRdtidaDhishes @y Bbon ik oi’éﬂyofkﬁe tof 106 SRSkoms
while f&f ll?szcgll t%\ iln m%?géom nq rzi?%l]& a%ou ’R)KQ D S:'m os{r ? l at wn% a more

S acer ess to
narrov rgsiiet frekydss ﬁ@ didspteic layeﬁ@ B %’hYStChléfudh%sﬁ gélmse enag»éabwwp to about

120 an@oinOand Ryen@hrrdwiByet, b Jop SRMEESARF FWith alp8BIcAMi@dless blabout o about
100&% ductive interconnect 72, and iii) any vias that my
onnect between the conductive interconnect 72 and
meegieen theytagns] [e015 aghibein) dieltrtricdayet i iathr ftbatirgate 6@ . ThEfedting gate
may b@}%ﬂ%‘lﬁ&/nd‘fﬁd ﬂﬁcl&i@dg Bf th! ﬂo'aﬁn@ @atd §k ﬁﬁn@éﬂg §) b@g&%ﬁ t Q&e Q%ﬂa&){ require

recalon 71 and 30 isol at

o sttt 1 e e P ok ot e By R PRSI S Srog s sy hve
a thickpeonaiulet drdeeofi 268 ©rlG6hmetdmy Br, irsenjbodiinérit @fiedmora BOME r@é May include
a thickhdPortH R&EMs06 N obfle hori zontal direction 67)

source/drai n regions 64 and electrically couples each

of such only two source dra®n regions 64 to the via

51. The via 51 is positioned over the insulating

trench 62 between the two source/drain regions 64 and

ext ends beneath the source/drain control line 70. The

via couples the interconnect 72 to the source/drain

control line 70. 35 It should be appreciated that the




10

15

20

25

30

35

regions 58 in the columm direction as opposed to a row

W@Zr{)g% glla in atraditional array. Further, the B
Joureratai n regi ons 64 are each coupl ed to aPCT/USZOO‘”m’O“"
conductive source/drain control lines 70 which

el ion tlilﬁilﬂ’&e 5fhl&: to;ﬂii’eﬂl%@w ﬂ:@&@‘? Is kﬂﬁdvoﬁir lﬁpkiﬁ B ARSREbRERDS the word line

hi gh ne reS| 2005/ 038810
o8 i bt S B o BT PRy 1 St (oA spacer 74
may b ured of SritridardmBlynd S thickysad ta insxgla‘rhg) spaEoTH iadf aiGakmess to prevent
any G018 80w 86h i R'@xld 1i¥d & BE 1dD6: JARTP [&ﬁn}‘;&ltﬂe ﬁ‘go{z@éffféig region 64, ii) the

j cated ing floating gate nenor
conty T TG 1 iDL st ST AR R g ot 72 and

metaHaypwir (ot si®wnebpe d iwselllie 68-i gur es 5¢ and 5d each
re @a&%@ﬁ@e/@an?&hmeofb Qxctéldss‘%&tsé tﬁ’f{h@nja%r yd i§ ﬁ 9&‘1‘%&@%\3&5‘3{5’1 Md is

ﬁg array 50 5 fabricat g7
solafed frpxp fhe waj Yitngs 58 B insplgtond. Eped dtereopieti 8 it pfioee He v bvo
adjacamtdin IBhMRo041 dirdctan68) ssurw&aeegmeh ynd eleésﬁcamly Sfapl&se@eh such source

draindDON G4 s ¢ di B0t ieh
s hohid 3R 1% dofogp el AR S BB S i
befwiﬂnﬁfeéw wwﬂ#mww@ er@l elxtsnds Qenﬁv&btm warcediaip pongol line 70. The via couples
the intdrybabea 12itd1Ge SROYGANEHESIBhe BUDSt rate 54. The

sem conductor substrate 54 is lightly inplanted with a

hol e donor inpurity such as Boron so that the

Fabricatieyt of Shared Trapping Rielgetti¢ Gbddymalbped p-type conductivity
S e Mgﬁl‘é rG(il éﬁfs a AERS At mﬁia&?&essﬁ% sEREbREAnd G e é"@a@ g
1 one

ne Jonl e el ectrode) positi
dleie%t?/ce?mﬁ’ry Id’inie?} E‘% ’E‘Ff&%hg"lﬁ WwH3'ons 58 of the

substrate 54 within a row. Betvveen adj acent pairs of

Flguﬁmﬁéh 1h ?@f&%&m@?secdoﬂal t/lg‘?s ér&é?ﬂ)g ﬁlL: mgllngr9 g’etlllaggl %Zduﬂm% selected

an insulating trench 62. en adj acent "~ pai r
ProcesYRiiEY regi ons 58 in the coI um direction is an
| MplepB eptessOthiRg ﬁlfda‘illnlgﬂﬁgkzﬂerlreﬁéles 6bs kagitdd m@ii’dﬁddore

specaﬁé?xﬁ{ Qfg}é %Hérgfgg r{:pﬁg% rgﬂklgélme{] (%e onsdosf the snﬁmtratte rﬁragc&rerr 8‘%“%%%?“3 73
(that willdiferibegpme ghapnig! ragiong f ?s@ﬁ pauceidyingpeions €4) aybite-exgoplog linear regions of the

subst@ R Whrkiy ihb M{zc&&:ﬁﬂwﬁ@rﬁd hh%&dlfe fdrﬁieci hﬁer&i@tb&r ﬁﬁi{lgd't@i)l@ dry etch is used to

form Faqplzrencﬁ thgf’:glghékgsg rﬁraov’gii 8?({: tﬂe A 1%§e dbai;q(ﬁ‘ H%cfa\gﬁl a%?rgqo{ﬁrgi P%s EOS,
Following Yack@tjizohe subgrato i a@fpawé ma highdmpehercmabnrhant tb bewvert the TEOS to
silicof @Llokiﬂghnﬁi IsHRE bdliHRd thhuch el S8 cit & 296 £8elunBe 1y 604 re:gam as is

Show{i)mﬁij ed bet ween the channel region 58 and the wor
In this 20 floating gate enbodi nent, the

chélteg é2 spmagebrwainlg tle olgeitisdng Aicfebidatajan Obga the sﬁﬁcdmﬁiﬂﬁ funnel

layer 5@1 éte?)%h ?Jp{%@nlg Eagirl’@aﬁxg %}d&f elecfrie %&ﬁ%?pc}ﬁ i s hﬁ’a@pﬁlth cFar%e tra%péng

ayer ate rom-t

c
d‘elecﬁiﬁ‘ﬁe @Easd%e@ft‘ejdil?‘ﬁ?fe f-ayer 57 The tunnel dielectric
| aftey 86Eprevenyshiepositihg ot ckdétodd leh@r Wictadrbda iha eiitid sGHARe HiSluding the top

dlelecﬁﬁ:rizg@r éBE as%@ﬁ&éd 11?8;;1599 about 150 angstr one. An

di ment a nore narrow bracket includes a
t u‘?FFie?‘) fFPé%?"'é‘FS Peerquuae%@@g trggiches it H) within thaggts elofroddlanst 1050n the
horizdneal ﬁh&ﬂlﬂéctx&ﬂﬁaﬁ@?i‘ck@ﬁﬁﬁg&fw I(H\éﬁ:ﬂi 08,21 He @eRhes )t §F are Bade@PRBden portions

K 5t
of the ggtg glgctrgf?e 1W3£|1||'£}6 gl?t will & ccgrﬁ Z he \?!?rc(i: grfeééjste rFmghf ﬁﬁ Peg g?()oaée etc%ed into
each of "}13 FYE‘BWW |°@kgedreppmg digteytriplayess Gimtoel, prall 60nintti s«aucdddehaelmtqﬁpm(e g.

perpeffift @ Ae wo@rlﬁa&ﬁl@tlohm 13 dte;n&ecﬂh ﬁ%ﬁ@ ld‘b| C C O n St a nt of

o U Petr it st e Bho i fag oy cram rgions
64 aﬂ%@lale@trmoﬂﬁ Feowithintike cgiugn pegof 7hatistpistdn Gigmsd 194 indd 0 fMore
A1203, Hf Si OY, H 02, Zr02, and ZrSi, Oy and ot her
materials with simlarly high dielectric constants. If
the top dielectric layer 571¢s silicon 30 dioxide, the
| ayer 57 may have a thickness on the order of 60 to
100 angstronms. Alternatively, if the top
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dielectric layer 57 is a high K material, its
| thickness nay be on the order of 6
Wgﬁg@z"?éo’ﬁ@ while its physical thickness may bgcéﬂmﬁlts#%gmso*b
a range of about 70 to 130 angstrons. An enbodi nment
specxiMaIlﬁ st@p Q‘E}Eﬁescr{&%& EEMoPErAE KEroh MG WHRSItyBeub iR 2l A, a%%rﬁl' chch
Source@)émm 6X\Ath a physical thickness within a range of
886 °t'0 about 120 angstrons and even narrower
yeBiep ¥ repponti fetrisging the siflerph spa&s Thiot the sidep bfild wead lines 68 and on the

sides BM@&B&%@EM}@%&&% @a@pzﬁ@dxé‘l&@ﬂdtma and e %Q%ﬁ:k%& Figure 11b. The

ween_t he nne and the top ectric
side W@ﬁ%ﬂfﬂfw Tay b F%@“ﬂdluﬁi’é&a%ﬂﬁn fgehpugues ef apRijas aﬂﬁf&alefi% gpelyaagitride
compoend, dyer thieanyts burth@em peffbrenirighh thtroes sicloh rdnfoee the Datatd g Adr&ontal

smfaégwﬁglt%sﬁgg pgcgrslggreglgfquate to store a charge require
I et 1on vahln the channel region 58. In

t h%te%%éerﬁwswe g connactrendupterandhacobalt asrosghe prface which
includ®BWE expBsell @K NGIS Segis d4)@Re QIeGAT sp@brs 24) Ondiik: tdp ERes of the word lines
6. angstroms, or, an enbodiment with a nore narrow range

may include 40 a thickness on the order of 500 to
1, 8 repreppy sz (e rcpCTidis2an tt BRoIEct c@udtdravith underlying

sﬂ:coﬁ td:%rﬁﬁ%ﬂi@iﬁie fubteas bl Slii@de@CE i) of tHe Y BEe oPthe bxgmgeg'ﬁnm\egﬂrgin regions 64
e of each of the word line 68 an

[
and ﬂ}e toé’ ¢ acesé’gﬁgfv?fggﬁeéégel | 63 is a side wall insulating
S p&fele}OO Tapresois rafiogingibs ereacted énterqugngttadndmypr Spmdlersufades ofithy side
wall sp@elfs @J; med of a ni tride conpound. The thickness of t he
’?1‘% 74 is of a thickness to prevent %/
cu % f%@ T haptagserrd méaeopectt Hernfl pieptOf mrgrosents etching
the Coff toforiBhd s@gm nmefrcohimets 72 Yetveonmdpedntioatdidraie gpiofk 684s is Hdpjeted in
FigurdsN8s a¢@nduct i ve interconnect 72, and iii) any vias 51
that may connect between the conducti ve i nter connect
28*311’&6 Topepents filing be weionsabove puharPyadtrorge st dnteRpnmpects T hwith an
insula@8 suckEsGhicaivxeie 6Tnad ipblisBRTb hdkidd 4 Mesukike @XH Bl a8ed 08569 across

the toﬁt’ Dﬁ? a‘{ %fﬁé&ﬁésq%&ep&e&%llﬁrgims fiz'a %@ﬁ%ﬂ, Ogn ! |1 ngﬂ F ait zr 69.
Eattp 10R tepicecon frbqetingviss 81 &wvmlwg)mldoféMVme@ﬁ kegndpajige interconnects
72 to &@Joa@@mmé irfin bd@o1HaE:I78 ORbR |spegiﬁé'a§f EkP108 6PleshB M08 Hedbfice and

patte O 3 ﬁ?é‘reé(% negtﬁee | % 1{;1{)& g%g % Sgolg:%ea gqge}F%?n 1%91{.1% S)l'}sr é;ccﬁled forma
hole ap@)@lemom@ convdaetive inrepmset] Blieihplg isttler fiddd with b weEnctdr bneforgPhe via 51.
whirgdn1b %ﬁreﬁﬁﬂé PEAERTNR bW/ ERMGEA ﬁx[e@‘]d‘fo{ %c%&tl@éﬂl@ﬂg on the

ends . eath_the source/drain contral Iine 70.
surfacg, y‘gme TGy, SER EORY SF R fRRidps Haver § 2 cudd s et ay w%al ﬁcross the

surface,ombliingy thd mated, adDpatidraity themdsk orroat th&ratogeof Tieanmpil thef will become the
sourc&rﬁﬂ @09;&51 Wiftes E@Qﬁ}@l %@gnngcq’ alﬂlg%tﬁmg cglﬁ% %Eﬁg’l?r, fle %etglvxé etched to

exenp processing steps I cat
fo"mtbﬁs&l‘ré%d”f‘?&‘kﬁﬁ?lﬁ‘@e” ielectric memory cell enbodi rrent of
the nmenory cell array 50. Figures 7 through 12

rabn{;ﬁQﬁ?ﬁﬁ&&,ﬁ&&ggmﬁgﬁ%& nal views of a portion of the

uring sel ected processing
st Féw lyeprosgngsy ﬂa@ haghof eswpley Pepeetenigpdpichtiicating g fledtios gete
memoBXdel &nﬁoﬂﬁﬁ@theﬁe Bdn@pcetl Srralepi Elﬁlﬁéi 1k ﬂ]rdlzlgmrepl%ent MBsQectional views

s ing linear
Ofaporg& ns %ﬁeﬁanﬁ()%mr M%C%(ag% etssmcgg B col um regions
sgtep(lﬂ@\@prewtﬁ ftchingtawd filledberxide arheeb? as 6gkweisl iBBigantt. As
dlscus&qus&f%ﬂm @ép@ct kR @@mg%)a), \elahlhgeau@ﬁlﬂaﬂgsthﬁ&lde 't:@x%ﬁés 6b %g,t QBprise

erei.n the oxide trenches are

masl“%lmﬁaé ’-‘%BPWE e S@ﬁ@feégfllﬂb ver 4 CHWITBR ISP &bl SFPestng fincpiregions of
the subpsgael 54 whereinghenxida tdnclies Eharhito be feenadnTlherehfier,lae AR clic dnelch is used to
f
o 4BHISHE B DA PAGKLH St R IR0 o
exposed to a high tenperatutfe environnment to convert
the TEOS to silicon dioxide and is then polished to
such the oxide trenches 62 as well as the tunnel |ayer
60a remain as is
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shown in Figure 7. Step 82 represents fabricating the

Wé%{%ﬂﬁshf)app' ng dielectric |layer 60b on the S?C&Q{‘stgfmm}s

the tunnel |ayer 60a, step 84 represents fab
the top dielectric layer 60c on the surface of the

Folloﬁll'h@ bRfiltif e bubGlrate30 is@kRbe@ed 4 High tdn@¥Bfir-CRRroASe B RbAL:EH: TEOS to

sents de 0sj ti
oy ot PR gl PR e R el ety T s o'
Shownmcﬂlgmchlﬁg the top dielectric layer 60c as depicted in
Fi %QZﬁeprgeﬁpfaﬁQatfng R ﬁ&%ﬁg;%a.% ohRhdS ﬁa@eﬁe oft i sﬁg&mf @tumnel layer

55 renczg e el ectrode |ayer
g fep ! 6?Pfezfﬁlﬁtf%lbrlcweo@% SRk a%ﬂla%lﬁfﬁv@toé@e Fifing st conduco
layer Bb guie@aedlif@igands. 10b. The trenches 110 are spaced

b egt\éﬁ % rﬁ?ersénltsgj rnn%scmcpé‘tchgxg gac% gttstﬁe étg cﬁ%ﬁ&? (iia erl 5&} Xﬁdr the]I{:()Jgnng gate

e Wor
Iayeftﬁfi @ﬁ%ﬁé@ﬁ charep sigrage ey e thempfoeed B tugnel fapis Sﬁﬁﬁ ip shpwyia Figure 17.
chasg EStrfp&@gitsl’meg ke ke@idh ehoBied 204136 mn u@gf@tor alﬁﬂ th}@%%aél}]crér
s ks ur ce |rect enlcuar to the
porisliligP O P 1oR e S ISR 730 iR RO O o
St 8igp P rfrpeﬂevn@sienwgngl argple almtzloqlﬁgawﬁ@fi mﬁ the pfireshnface eficdepgiiclectric
1ayer§#astdq,1aﬁf1hpi§makg ernati ng source/drain regions 64 _and

d egtepc ﬁg, aepre %Eﬁ%g?\y f{)e thgl &ehn%ﬁsg O'\yﬂ%r e%a‘%%en?ﬁ%deﬁgye} 1%6 in the
word g0 088 81eriRalih BSR0044 88 0% She wpeei Fl0ewlshaped tetvem pdions of the
gate eﬁe‘é‘ﬂfd@ RSt Wil bhddRb ﬁ@%or@imeé @8 qﬂuﬁﬁé& EtQ@re&,ﬁ&%o érgaH{eH in%’each of top

enIC urc rain reglio
diclece gﬁe%”ff @%"3 ?iﬂy?fégﬂqgc'g ‘P‘H’@‘ dm?r’ ﬁ‘%\ﬁé?ﬂ is %“ﬁ‘&“@%?@‘g’?f& 10b.
onSthB4sipckesitsdhpldnhiag oo tied/drabesgiG8 6andiefir attdrentingdotteddraf regions

64 anfl F!ﬁmﬁ‘:f&@&&ﬁ QS Wllm!i !hl% %\( | C eﬁ“? %,_nt: 83‘38{* &Fy, gtlbf ié% resqgmtsglq %glant of

60c as Is
an ele\ﬁﬁnld‘}%% prurity, speh aﬁrﬁﬁe“’ﬁé" fogp PPé%ISC’H@?/ frain KEBMA+t echni ques
of SteY3l6 Yépregent MabliEnsin i sﬂfewalﬁsidzﬁl%}s @SondhdNided $18R vORITROLEIEad on the

sides Qf#ﬁ: rto ! cﬂeqec?’rm lver%’lst{il f{oatme % 1N n?l the?u el ggleg{n aseggsr aos %fdg%cted in

the 1 nsd orm-horiZon
Figurepifiby Ehet Shié “@11 ghaceyett Imasslr%f@l@r%usma lopogrdsichniqust efjppidigng an insulator, such as

2 mmﬁe@h@aﬁatoserd@m&e $uk @ afhelffHnBE GORRBHL cBI00 MY Othe S4hGlbr form
e suz{ ace which includes the

hormé‘%bs (}gc ¥ 313??}?@%8}"%}!1 RFELTGHEBA, the sidewal | spacers

7 45teral 38 repireentsdepositingfoabes-omkct tonduoko pudh b aabrdt acrd@ i 8urface which
include} @PexP&cd SRIEHER tepioRk d1 AR ShebAIRpIBY 7R BREA toﬁ%ﬁﬁc@s dBhe word lines

react the interconnect conductor w th underl ying

silicon to forma silicide such as cobalt silicide

( Go&i 140 opreten®d a sapidfiaem] omheal ds)ele ex{PoSBsinSoonee tabthatonwith underlying
mhcor‘f l%%rﬁ)er§lhgée sua{]:g c&d&l@sxflc% (ééﬁ oﬂ&ﬁ Mé& otf h‘lg :%’;‘Q%Qsoh}c%?m Qegmns 64

00 represents reno e un-re
”ﬂﬂ?ﬁwéy@ﬁﬁﬁé@fwﬁgﬁﬁﬁéﬁor fron1the surfaces of the side
15Stepaill4l repfeoe@R kctnovidg th&irePacikl Ricfoaiie & S@idhGor TR SKheR @ fak® of the side

efine the staggered interconnects 72 and step 104
ﬁfresents etching the CoSi to formthe staggered
ter ld b rraseents npging do dpBsihegis pasted nferoomngete &7 e alcngrthefioSits form

the st@éere’ﬂﬁntérﬁonﬁ@ﬂlm b&ékeh EH acErit Qﬂdfc@’&aﬁ 2@0&1&2\ a@%ﬁepxoﬁd@ﬁﬁé@@ 2laand 21b.
ar.oun

bove, and
(P REF YRkl b el 65 GRS B  BRipes Lip
insulatggsugh 3sisiiom difixigix Pand 8@islsato protidestflangyface (qod evinghting 1fsleadd across
ﬂleto§wtﬁe%@dlm an | nsul atl ng Iayer 69 across the top of
f}ge VHg e;. as s _depicted in Figures 12a and
125P represents abnca ng vias 51 for colipling each of the stafgered conductive interconmects

72 to one of the source drain control lines 70. More specifically, step 148 represents masking the surface and

wall s
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Step 108 represents fabricating vias 51 for coupling

w6364Y, §81P1he st aggered conducti ve interconnect
one t? e source drain control |ines 70. Mor §CT/{]%2609/03041“

specifically, step 108 represents nasking the surface
paiteging the[@bid 1€ Expbsa %ebb\ﬁloﬂaﬁdéchtvﬁ .‘ﬂxmﬁa@ﬁ& hi@ sBRS didxRB 68§ ctched form a

hole ﬁ@‘f e gcs ga?l#:ona— ve m rgeogngaﬁt Y t'l’Fc hoze)%sp éﬁllgchg Xal cgﬁiaggrttc%) (S?gn the via 51.
i ntSEP EOriprasents faﬂweaﬂhgatﬂlesowse/@rm eonfepl|linesdO foir tnkercanredinglthe viog on the

surfated Moy sfRcifR@1yVdted 150may nﬁﬁlﬁ@ap}%g § ﬁng SBLIhothBR a6 Aokt cross the
rain Cont far intercaonnectl ng

h urce/ in
surefey SRR IRE ey G PerGi ealaskwb?f’éer&ﬁ@&ﬁ“?ffs bt etel Gl pergme the
SOmﬁ‘éﬁymWﬁéﬂOU@es HRpybich infegrornebtal) eins woifhings colomsl UTHessftes the ue@Bbis @tched to
form 0B bRkceRQINQSSof BEs 7osUr f ace, masking the netal, and
patterning the mask to cover the portions of the netal
that will beconme the source/drain control lines 70
Dual BitiEphboilintedtr connect all vias within a col um.

Thﬁ]ﬁﬁ@§§ @ﬁreseﬁtpz?& i f fzﬂ ﬁter%gtgfggn%ﬁt O ent%P n.u%%;ratefi clxg?ug gtefnﬂrér system

source/ drain cont bri ca
160. kg sgstem 9 gp1pRsises 2 piRgpaedlogal inregspinedt alipess staragd mpmonirall tragfl62. The

meme@xefiptrariy2 pheaes Splﬁl@htjabfﬁbﬂﬁrgéc s@Fagt ABRdrE@lié $2001:BRed in a core region 65

of a sabs cird TR &L L oeeRod] e
fasg fé Sl S i Rt R o R 5105 o Dy WBEHE L o3

se Eheingsrary CGJ mlﬁzseuremge@mp@m Jimepsigfal 4chg oneiox, Yoroa|with 2 plurality
of rov@fof ﬁyrn&f?cdﬂkld!dﬁﬂig SIRhieHhePwRIQESSSH NEwdhd B olumhalR m\]n% cells

e etchlng and filling the oxide trenches
defmm% co gﬁ? 8?ed in Figure 15. As discussed above vvlth

r e%’p"éél!l%t@ a1s pesfioB0 a¢rss Ghu rieeyB¥? ine fichdingioa (rek‘exfad ltd ds MeyizbitsT) and
form Qgﬁte%cﬁd'dg peh&s (@ 2 ﬂﬁ tﬁ 9%&){5&113 %ﬁkﬂo Sonlal \gaéougcg)g}aglg%nuol

1mes,&ha € st ra at cover the colum region
1958 1%‘3?& ST ﬂaffﬁ%’a?? I gIoBheregion GethEe R prpaeh dhasperpendiculr
to the filsedisption biveogpits thex pluradinyolfi esurc6/Brain fagioh 05 46hich @f FBtioned within the

subsirg-bgﬂf&@;egﬂaus@ad_}%ﬁt% dﬁB&'ﬁ% dry etch is used to 40 form

each trench, the mask 1s renmoved, and the trench is

t HoFe epseifigafly, Faéa sqfeg/Araig conple ingtositioadd heve HE@RL 162and pydples fo a
pluralfgﬂ 5720238 F16 vRGT krtknd Od4h 030 gb]o'ély oE&Hohdﬂ\Mv@ glt@%ﬁd@f}t"?b. | #4380 conductive
. J s Sxposed.to a. ature.
xcterc & né\?;lt ?og%&‘fah?‘ey?enés%géw\?eéxr %OHICG/E}I%g{OgS dggl?af e ceailt 18)21}8 &g:xzontal
directigh 't gluralily of ipigtcpraris2 exs axsared! in hetagestéddwitar mricthe sulp@earsecond

sourcefddedit regién 64hﬁthlnl:lﬁlﬁl€rhn &o&bﬁ&ﬁo Siidy &8 fﬁ&k(ﬁnﬂ’é@t 7{2 fnd sSARWNmd t?vo source/drain
r r re abricatin oatl ng
regxonE &‘QCHI %0351(51% %:s 0 éaceng gates ﬁg Fnhté %eatfc lélg&cngrf) gnis ﬁ‘@‘PleE]] h}hté?
m*efcqna‘veﬁz argl V@SShﬂqddjmtéppumdramemlslemw fabricating the
t Gygntedi aﬁ‘dﬂ%@%i;ﬂ Gacll @M&:Etw'é Ynté?&nﬁe'@telz %%L@ﬁgd a%gve el}‘e‘fw sfel:og@gc}uﬂg/dram

regzongggglc 25 kj FBLB’ so /g\' | Ghed
Rupks é’&%‘%‘il% bfé? élPFﬁgﬁ@ 4ridke %‘tecE’F’ie’rF@“f@éFEﬁn’i%wﬂ Hiebeginin
a secondgpluphin Sladetdjacant loshpestuband belng ih he fdneadw RgheGatr@/drdiBy@on64. The
conduo'it@e fofrcb kM Lhe p%ﬁ@oqlgiesuélttﬂart ad5 o ﬁl@ll cloﬁduc@tﬁlﬁglrcrctoxbnee t?b’ E(In%%?s to the

of E}llzzgtunnel I"ayer as Is
second sousce/deaiy reaipnhpddn ?‘F ?‘1Jﬁ°ﬁ'@°<{“’r?e1 tp eﬁ&hbme oéthe Prélamwd ewewﬂlzlz@nductwe
intercomneptV2gpnnbatstol tha beosnd aduete efativedig HDBEAG]0¢nt colihinOihé BREAGLS the
columd, | @t for formthe top dielectric layer 57 as is shown
N Flu?ure 18. Step 130 represents depositing a gate
eliseeidhyapregipisr! thatomthis evbrsianephienciegstl inclades grefsawes/dadin egien 46 which

floats. tCRfkrcd bﬁhe.eﬁzﬁi 160 utll&%g%@re&%' &H %se't&h&éu%%&d generally

ol SR b et SR G e R RL F oMok Ry FrforsnEeioqigmain
periphqry Weﬂwﬁrlec'tcpremmsa@ndecp igett bdic ciruf thpt inelsdekGavrdiling cdu@li. cirdunte 22, a
source/faRRERSikd) 28/ .2usRAcRe: Ret %&mrcgﬂutol &ﬂaﬁlt ﬁg, a %ﬁﬁ conBl circuit 130
gat e el ectrode | ayer that will" becone the word I'Ines ’
68. Further, the trenches ﬁ@o are etched into each of
top dielectric | ayer 57, the floating gate |ayer 56,
and the tunnel dielectric layer 55 as is depicted in
Figure 1O b.
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Step 134 represents inplanting the source/drain
< 4 to define alternating source/drain i _
‘VézggﬁQQ%ﬁannel regions 58 within the colum rEEﬁ@ﬁ%g%¢”4“
More specifically, step 134 represents an inplant of

an er@f cadlr@eirduin 31] @ ek gel dﬁ?ﬂjdi’ dirklt 146 UGH ﬂu% &4 ﬁﬁiﬁb@opeﬁa&g p%éfrkourcc (Ve)
resen

rcel.drain e
24 PR RSB AL LRy DL R AR LGSR vt
comppirats faY wilin knewn g@uitsfiet psfrtibethe Shdies dalosdhierdinp
di 8l @eh#onGhd a@;&iﬁ&ouﬂ circhii® ér&t@ﬁ%éi&ﬂv%@plée@ch \@J}&i]l]:ﬁe%g and each

sourcggrbm%lﬁﬁl tg ili go tag%'g?qwd@ég 6}5 lygltage4d1ﬁ%§ ltg)gnlr ?otcgf?%ci](gﬁ@ isqfate the word line
68 orfh sowcetdeiting Guken O volggployicrsgndgroind Such thibtGs potedtind R efiSted anly by
electrféhltlﬁtérﬁjcﬁoﬁ@m&f‘gmct&y@i{the aHQy ﬁf‘t’fhg gou ik 13‘%9 R0 ammer tlt-lat each memory

HS? rn1n an |sotro Ic etch e I nsu

ce Biﬂ?f? ABTa 28 FROP erasst f%f‘é%@lymaa@rrp% éndssrelaféwﬁ)a{elad Shaerey gontrol
circuiB4lsp emmien forvguple2SielGited PoutcdBraneipé HNE tk SurBLRASHIRNGclRat a current on
the scle%@sro&g@‘g\}ﬁﬁ ii?]quag%y%ngagl[r %J%Hﬁca%esthegp@grcg%%gngxneﬁ 12 Slga',sg{lﬁed memory ¢ell 52,

surface source
r eljFlisie alsobe appreciadgd dhat thip ﬂual;lm@év@nepncan hnfebrichted wtifiping the fabrication
technifbls Haeesd ghovd Wigh iR Bltekatisi S theiBps FnRikinkARtedrRRS, 8RB Mo e

conddeRR; ﬁ&mgwpgélﬁqﬁeal cycle to react the interconnect
conductor f der ying siliconto forma silicide

s uligunargary disdgaehing hared revide @osinge aphsntalie nswery adbref withseurce/drain

regio® )p&ﬂﬁaﬁéi oﬁ@dijﬁdéﬁ/sﬁé's%f MartnBGéotRSin A dolurdDdiRBn Bshff) 300 a row direction as
e word_| 142 represents

e AL K350 MR LS RCY, €0, LR 2 Sl ES SIS o
sourcet/ (h@n gqmrtpiétg@gvh@h eliniwtes prddemanadotiataioaitdigh b7 dne 1Stiwpced 44
AURREH 61 ﬁﬂ&fﬁoﬁ]ﬁ§ Béeﬁ‘ Qmwgnpanq 8dskHEd me%oéﬂggr{aﬁg)wferred erﬁbodlments itis

nterconne and et chi ng
o B BV P Lot YA OFSt B Sl i@ i vpon (e reading and
undgistamdirg/oflthaspacifie@tino IFsr didnphs Aliughapd @hast the am{irl aBLEh®h frdd on the
sﬂwo@ﬁgsu‘g th shotﬁ@be%h%&la%eﬂ GJa\r tfqu eggto f %nlven‘ﬂon 1a 1%;3%9({ to f)tﬁer dielectric

above an ar ou e sta erconne
TR Gt ps Vg prapke fegne wﬁﬂaale@%m@dwr arhﬁrafswméhmhge for
exanpB, Yarkailicdeseicdddadior KibEdaRS @111&@&6-11@1&1&1&{(5@1) HndiddGkiuk- BYRhstriQ, silicon-

ons B0 bR el fhicon iy b b el st known
in the hlé 'Qleatjg‘éwwn@@mméqs nali/@ch (pisrletrnéopdficati@s, gl iglmited bnly by the
scope biiBe BMKuGElghal N control [ines 70. Mre specifically,
step 148 represents masking the surface and 12 WO
2005/ 038810 PCT/ US2004/ 030415 patterning the mask to
expose the position of each via 51. Thereafter, the
silicon dioxide 69 is etched forma hole and to
expose each conductive interconnect. The hole is then
filled with a conductor to formthe via 51. Step 150
represents fabricating the source/drain control I|ines
70 for interconnecting the vias on the surface. Mre
specifically, step 150 may include applying a |ayer of
a conductor such as a netal across the 5 surface,
maski ng the netal, and patterning the mask to cover

the portions of the nmetal that will becone the
source/drain control lines 70 which interconnect al
vias within a colum. Thereafter, the netal is etched
to formthe source/drain control |lines 70. Dual Bit

Enbodi nent 10 Figure 23 represents a di agram of an
alternative enbodi nent of an integrated circuit nmenory
system 160. The system 160 conpri ses a staggered

| ocal interconnect charge storage nenory cell array
162. The nenory cell array 162 conprises a plurality
of charge storage nenory cdikls 52 fabricated in a core
regi on 65



of a substrate 54 and control circuits fabricated in a
peri phery region 66 of the substrate 54. The nenory
cell array 162 is arranged in a two di nensional array,
or matrix, format with a plurality 15 of rows or
menory cells defining a horizontal row direction and a
plurality of colums of nenory cells defining a
colum direction. Wrd |lines 68 are positioned across

CLARGS:array 162 in a first direction (referred to as
hori zontal) and forma gate el ectrode over each of a
plurality of nmenory cells 52 in a horizontal row.

1. Soufdegrapraicell et 9onIPrisingnes 70 are positi oned across
theaaws @Mueila@lgnél Brrdy %fsﬁaemerydder@f%h@aneo( 6@% @ér;»ﬁéna&,toas

vertlcag% that i s perpendicul ar I rst

suRgtrales thegheraeiy C@'bﬁﬁfraélge@ & aapfﬁwaufwar rcw» o megeny eells diefining a
hoﬁz@@ta@ﬂﬁv &recié Sy aablaran@&jotun%%@ m‘é’lﬁoﬁ) &bk '&Sﬂnu%@éélﬁﬁﬁ e

meen airs o acent word |ines
g aR e R et todha e GoRLIo USRS | ine s
poseaahmmemﬁ&fwanw eelwd‘oa’}pn%lﬁg agnflakpeidhasnd! @eg?ons of the

sl e st B QD O AP BRI LN AR

channtleegion mtbin tocdlzromby blspuerkientdsgloal sebrsolmwe/drain region

oo AEAESRLAL P 0060 1 Bhf i 05581 B Ao
cordntibity tymesemiconiducdore arranged in a staggered pattern
su C{'} plubily & '3.!3 N v Mie?‘@o%ﬂ@&s ei%gH Eg‘rﬁfug{\% iftefBILS b%ﬁg
I'n a’colum cou one erconnec
POS@IW@eé aeever adit Orterﬁ@umﬂtsﬂr@fe g \cdlﬂm A flrst e@jumns:f $4 noamory cells
anootgirl?m d18 chlydse ﬁer%@ﬂc%fﬁ?%@k&gﬁg %ﬁﬁ Bthek sLrtd)Grain region

ical di'rection) are cou |nterconnec
begppingnzecondsolupn that Eoﬁ%éﬂ‘ttoéftﬁjfﬂé@ow andcesingrinithe $amessrow

as the soflcaliegh @g@inhﬁﬁd WAdteinQRE PortORAMGENENAJM 416 %BQ@&{ed
05|t|oned above every second source/drain

SUCZé'&?t&H ¥ £OE aowﬁb\reégteffé)naﬁqt§ora}?@t869 Hisrsesang %%VW‘H?W
regfoﬁ(jth m@ a@ij%ceﬂ%hﬁitﬁﬁﬁto@tmf s.a@unﬁ@mf 8dliimh 88k ePerPAtBegi N
um that is ad acenru%gaWae col um and
[

‘”t%@”ﬂact Cﬂ”@ﬁf?gs tgg'?ﬁssechW SQurpsldielsepien) FeyiceiEy to the
left $ide of therfidstebiure; amt er connects 72 are positioned such
th ondu ve i nt er,connect, 72 co cts

t o} REreRlylr ShEL BTG Igs, R RE RS ind ArSR TGS bl
dlrectm:ruam:l pasitianed gsmvesrn el@acﬁnt thmn@bﬂ;ﬂ@nw@em/moyelexttdﬁm‘ty

r. = tothe se

cou BRI Conch B BT A RRBR S, s AR R A T SRR Praien
eachjoflhegfdjacket Q@Emnsl um. It shoul d be appreciated that

in this enbodi nent, each cell includes one

source/drain region 46 which floats. Control of the
2. ar ridy mevocrl prasofsiaiyriafuhagcomnsgadng, and erase

t eGlgH o5 weY a&qfogsalswelééch eﬁadnb%g.ohor dual bit

char prng menory cell arrays speci fically,

t he @Wﬁ{'W@F cmdwetufet%orw'@@ﬁ ﬁaft"r@”dbféw WeEH Nnerextangingesross

the Eﬁﬂ;yof ‘é@ﬂpé%aﬁ?@ étbl%@é 8t |fthigAtréw loprﬂbﬁﬁoﬁ/' de%’ hﬁ@fo?rht% a gate
ine control circuit a

clecyle BT el BB EPIOe PR I 965 Ton of et Sensor
124, a programcontrol circuit 128, a read contro
ci reuit 130, 13 WD 2005/038810 PCT/ US2004/ 030415 an
erase control circuit 132, a voltage divider circuit
140, a coupling to a positive operating power source
(Vc) 134, a coupling to a negative operating power
source (-Vc) 138, and a conIing to a ground 136. Each
of such conponents may utilize known circuits for
perform ng the functions disclosed herein. In
operation, the array control circuits operate to
sel ectively couple each word |ine 68 and each 5
source/drain line 70 to a voltage provided by the
vol tage divider 140 or to ground (or to isolate the
word line 68 or the source/drain Iine 70 from al



el ectrical interaction with other structure of the
array 50). The coupling is in such a nmanner that each
menory cell 52 within the array 50 can be erased,
sel ectively programmed, and sel ectively read. The
array control circuits also operates to couple a
sel ected source/drain line 70 to the current sensor
124 such that a current on 10 the sel ected
source/drain line may be neasured to indicate the
3. Pr 0GR AMERRInSIdtfaPbr Gaind GeReh:Menory cell 52, It
shoul d al so be appreciated that this dual bit
emb8NRE Hie soxFrefssain spRtred Btesds aRader 2pag fromeeathbendyatvieon
intdr€sHmeL@s descri bed above with mnor alterations to
t he stqps of maski ng, pattern%g?,,and formng the
condG &Ry &rihat BFldeeplpelityof aeplctive (asa gag conpyctive via
exteRdImEym alddarcbeipdh o MY BioRlyhe\of the pfurbity Btiftefdfnects.
smal l er nenory cell array with source/drain 15
regi ons positioned on adjacent sides of channe
4. r egflonmembryecet @arayaf dhiimes; whereiras opposed to a row

gir {tgxggltsbgrg?@ aénr :i::osrlttr% A 1%§% %fei%ésgipggig aogriaittli(l)%o@grlélrlgggo f&‘ﬁ isclated

froro tpiverd lines;@ndonduct i ve source/drain control |ines
Whi g . “th hiah bit
'S S A0 53 R I A SRELT D L BByl e

ones¢dig plaratity hé §dertdreedciaibetvess spredisoleted fremt ailiacegnt ebetlinesl
enbodi nents, it is obvious that equivalents and
nmodi fications will occur to others skilled in the art

S upofhamempeasll Agawpicrlaimeh wheeinst andi ng of the
s pegdchiceRinU mdrry SIRMESarAbd POH UL écﬁﬁcgg\t?édlﬁm‘?gf_ n:ngﬁory

arraﬁ,are shown formed on tﬂe silicon rate, it
cells Ry @ dnsyiRti spReE ok Yithiythe sebstiates Hieriogiaser ghanrel region

defingeitics O tHPorRentaRdtetish, bPedthRBlrclidfi® fdoidnCand BRBR Eannel
uctures_whi ch be forned on suitable

cell st

g B BB RIS ST LT Eowhi ch | el ude, for exanple,
bul k silicon sem conductor substrates,
sili,con-on-insulator (S sem conduct or substrat es,

6 si Itr@dﬁgm%’ﬁ-cgiﬁ?ﬁﬁ ?Qfe‘:'aé'g%}’hg@mconductor substr at es,
anceask rhargadiocdgercetl idhs floating gateahore stfragd bedircomptising:al s
kn ' It sent i nvention includes
al %@Dc‘% bR el SEEIRMg BRERE 004’ e 1Tt e
onla/topylididutric laysn pdjacént ththefvalrd bvdsngnctl ai ns. 14 CLAI MB:

1. i.Sing: [ i I

oy TR cBl PosRoREY bR LBl et AUl B EPAR GO

dielgegitisteyait e, the nenory cells arranged in a plurality of
rows of menory cells defining a horizontal row
direction and a plurality colums of nenory cells

7. defTingimRynery coll amgy of ¢laina St Woerethhat i s perpendicul ar to
t heabREh#9atRlageQdl & & S dORappRRdicl 6NN QS stBRIFR LY
cells conprising a plurality of "channel regions of the

COMYIB88r at e, each channel region of the substrate being

s e pattaied dicldcor | ARr /éﬁh@&@fﬂthe%hém@rlegroﬂgi on within the
r

colum b . source n _regi pn, each source/drain
" odh BR IeleelTis e BPETrIP P WRLISLATT ate that | S
| 2l aatgedrapbing dee|édmcsjositiﬁgeu bétWeérOthE?ﬂrmelagﬁfeie&ﬁiF layer and the
: ctivity type sem conductor; a plurality o
topé%ﬁ%ﬁg%W$% i nt erconnects, each conductive interconnect
bei ng positioned above only one source/drain region
within a first colum of the nenory cells and
coupling to only one otherjgsource/drain region, the
one ot her source/drain region begin in a second
colum that is adjacent to the first colum and being
in the sane row



as the source/drain region, and wherein the conductive
i nterconnects are positioned such that every other
conductive interconnect connects to the second
source/drain region in the adjacent colum to a right
side of the first colum and every other interconnect
connects to the second source/drain region in the
adj acent colum to the left side of the first colum,;
8. andAangsnaiy a¢li arayePmpgsinge/ drai n control 1ines,

ext £ap BeheaboNs aFrQ)?olerﬁérﬁM 'c@ll§ Qﬁrlc%@éd"r{ma th!Egﬁt}dc@FSand

posi ti oned between adj acent col ums menor
Subéﬁateeihédwm@am%ﬁ ar@sged inryelviglie QE Pweeh m@mqrweﬂs defining a

horizah@r m%@ﬁoﬁ é}ﬂta QAR @S |uRBL WERRB R SRS QQ‘MM Eblumn
t he adj acent col umms. 2. e nmenory

d'“’t‘?ggn R‘QF Pé&?"ﬂ?ﬂd'&wa" ch“ie h?r@PPﬁbﬁoWéﬂf%WQ%l ng a charge

st osRBeok@ir of Peshdry Qéll%(toﬁ“hbﬂyﬁ @%ﬁlﬁall@)h@‘rbﬁ%nél RGidR ‘of the
onduct.ive word lines, each conductive

S“&%ﬁ?&? ??Cﬁ%chasw F?cw%goféfb% Yistralppeing SEPapted JOM ¥haigrent

chashelrragien athih tivd ddhinm By & @wureé/drmmegym c&dch Soaiad/dfm reghg

veify 8 fop LA SUPUR TLRLp RaRn RIS 3 MRS eT vt
conduetbnty Q/fpecsbmlmn®ctcmher ein: each of the source/drain

Icgné élﬁ ali 'd?%gndu%tlv%qﬁfé?%nﬁgﬁé aglﬁ %md%a% :ﬁ%@g#@éclt g&ng

| | Hect arrayturt her rncl
DOSﬁIOUEQthQ\@ arty @rerrdueidvan waien widhie the colduncdf imegnory eells and

couﬁ?é%@@ghlvgné b @? ?onﬁ S %@ﬁ Qh&% 5thk éo},llﬁzglotran p%é/n @%&% in

| ura % I nt erconnects.
a S%Oﬁayoléfﬂﬂdh%h!m acefihiortes first e g b@m@lmdhm syvdtvoRs the

soui'de'kﬁﬁm@ggﬁorp QB Wh@Fé@rﬂth@Q@M@u&:@m\’@éﬁméétQ 1y pdgﬁl@ned such that a

i so| ate fromthe word |1 nes; and each conductive via
conglygtivg irtercpriipct I @OSHRN BRVACAIYIE Ve FErNd SaurRe/ AR within a

ﬂrsttd’cbﬁjmr()difenélﬁor’@r B@IIsFﬂn'dre@biyts\éc@fﬁd oM @&tﬁ}@ TGS BOLNES the first
sol ated, from H§K4%cent word lines. 5. The nenor

col gl 1 B ¥ angp RIBFRICPOUEISFAIR ERGIARIN HTe IRAREP

colupel iloSa :rk;)@ntsﬂp@r ateleaebtfcmomﬁtéma eadnymtnt@@émhﬁat &ﬁn%@”ﬂﬂﬁe
cells an insul ator channe 0 thin the

seof ety BB nd5 kEhF aPEr L AGHRBI® PEgrtbHoe ap? fishgpturn: anc
si degyrality of beurbediamarnhabl lides,extending abbveste rray in the column

oneS A 55 SRR SIS0, ALGSRE SRR Fl e SO Dy

couplingdb gaeh @ndmyﬁéhtﬁrcommhthahmtgﬁsmtwwg@ setde/drain aegion in

each 'opﬁl%'a@%cgrﬂtc%m%@ ge storage cell conprising: a

nnel el ectric |layer adjacent to the channel
region; a top dielectric |layer adjacent to the word

g | ﬁf?r%’mé}ﬂ&?/ @emmtdavrﬁ 89@'ftﬁerpc9§dptnlsﬂged bet ween the
tunnel dielectric |ayer and dielectric |ayer.
a charge storage cell pOS!tIOi’!ed above each channel region:

a plurality of conductive word lines, each conductive word line extending across
the top of each charge storage cell within a row of memory cells and forming a gate
electrode over each charge storage region within the row of memory cells.

10. The memory cell array of claim 9, wherein:
each of the source/drain control lines is spaced apart from each conductive

interconnect; and
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7. The menory cell array of claimb5, wherein: each
charge storage cell is a charge trapping dielectric
charge storage cell conprising: a tunnel dielectric
| ayer adjacent to the channel region; a top
dielectric layer adjacent to the word lines; and a
charge trapping dielectric positioned between the
tunnel dielectric layer and the top dielectric |ayer.
16 e apanfuibesingedds apiumityod n@‘rciugﬁiwegfiasaeamonductive via
extEhdTRI R B3bUREIAN, O BPIRIY ofifflohs of MBI FAKPEY iNBrBnnects.
semconduct or substrate, the nenory s’ arrange
a plurality of rows of nenory cells deflnlng a

11, horT@m&@bwr@Waﬁlw@mahmmawﬂe@mpl urality colums of
menpry cel['s defining a colum direction that

i s
perfBRAVER/ g0 ‘i%‘tfPH@eﬁéﬁ rsiieagd akaxe e werdilipes, agd iglated

frore GleBrd GhedTRA®r Y cel l's corrprl sing a plurality of
channel regi.ons of the strat each channel region
of T8 8 ’Y%Y’%eﬁté{‘?r‘gf’%ﬁﬁ F 718 PP gy SVrS to the
onecdfaimngLiralilg @ mitervdrinBets betheen Ohndmoldtgd om0 sdjsanflvaidiines.
regi on, each source/drain region being a portion of
the substrate that is inplanted with a first inpurity
12.t o mememOWkERaﬁap@mwmnmhvwh@emype sem conductor; a
pl f onductive
n%ear%l(’]: gh%lglgltof gn%%é%éﬂ\é?s Jbtgﬁzié%ao#%ﬁ \%? aé:llj]afc%%p %ogumn 8 memaory
ceils oviag éYsdiakir sharegl wgionivtithinthe hebstreteuthe infulatembeyneat eddion
defiﬂmg sno%gqﬁlt hdri2oRal fr 8%% gt Lk sém?r‘é%/%%??e@lo‘ﬂ arng%' QIpchC?nneE
one’ ot her sourcel dral n region
regiepMitin thvaelums obmipaiemelit.o the first col um and bei ng
in the sane row as the source/drain region, and
wherein the conductive interconnects are positioned
13. sucherperrory cel anaeitdaia 12nvesrennect is position above

0n|éécﬁﬁﬁérge§©%§éd:e§%ﬂﬁt:% ahbte chsﬁb%fbr%géééllrboﬂ}pn&hé st
COl umm | s and ever second conducti ve

i ntaeti”%eﬁﬁ@t‘fic"{ﬁl'%/ﬁr APRRNEG hecharnsl (391°"of menory cel |'s

cgmerstd&fdcmclumraqam tc_smﬁr\ma_ﬂ WHedi and ﬁgl ?n in the

adj acent . colum to a right si t he rst co

o SodsvE St espadt e Medimebestiae g reabs e

dielsdtic @gérdrai n region in the adjacent colum to the |eft
side of the first colum; and a plurality of
source/drain control |ines, extending above the array

14.i n Tiheenerodrmeall araﬁyrtﬁcztdimﬁ2a\mmbrpiosi ti oned between

cotary aierpe e B s R oD R Pl Pl

conpEsii@en a source/ drain regl on |n each of the adjacent

COl4R%I d%iecﬁﬁ%#é?ggﬁé’erﬁ?d he 2hé I:%g;lo‘ﬁl aim8, further

conpri si ng storage ce siti oned above
eacop Higlaghkic lﬁs@gﬁ@ﬁcer&t%qhammrd II!'“39350W'<?’¢:onduct i ve word

|| Resharfa %p%ﬁ%‘?@i&%dﬁﬁ)sﬂ@h@d bétﬂ@e@%@@%@@ke@@t‘h@%er Siehe
of ‘each arge storage cell within a row of nenory

to
tOpe@E$§m§ﬁﬁrforn1ng a gate

15. A memory cell array comprising:
a two dimensional array of memory ceils fabricated on a semiconductor

substrate, the memory cells arranged in a plurality of rows of memory cells defining a

18



el ectrode over each charge storage region within the
row of nmenory cells. 10. The nenory cell array of
claim9, wherein: each of the source/drain contro
lines is spaced apart from each conductive
i nterconnect; and 17 the array further includes a
plurality of conductive vias, each conductive via
extending froma source/drain control line to only one
hordﬂontah@mogmcmn 2yl opluisitysotiomset emoryldells Fbfinimearoelymn

dir&bh tt‘%’f Tsadérﬁgndﬁzb@ f@tﬂ'@ho%ﬁ ﬂoﬂr dntegﬁchnsour ce/drain

control |'ines are ﬁOSl |one above e word |ines, and‘
i sof Aleality gfinsvatorehamieds Withrethe semirongettorsoheitate thatexteng in

the%t&ﬂﬁ&refcf &ﬂbb@ﬁn&%’tbﬁ&(aﬂﬁé'é}téﬁ@ﬂb 8lweleh Mo EQMEQU%HS of

eine of the plurality of Interconnects betwee
meg}%ycf 181 at ed from adjacent word lines. 12. The

Men®phiraliel df gansraly @Etaﬁ@@amhlaﬁnel \eég%r@vntmrﬁﬁ@ Berﬁfébhtm&to@f

[ t ed t t m of
SRy YacH P as ERAT Ao O THATHGOF Sgraian RETARER tvo of

thetumwimhﬁanmmthﬁt e oh rmspd:mgagnd@émm&hahaglr on 8&f &Rémtthg in
oril zont

di.
e R P s B LR e “erBgGHeqy et being
a Jtmhmromtmamowte/drannmplaoedelg&n ol e slibsrarewoicly 1E{I£ijdlceaf topyhd

on ?;Fpgglnginsgﬂeé%{ t,\{@ Sha: reqegﬁh charge storage cell is a

arge storage cell conprising: a
t uriehargi eﬂowerclekt positicerd adpweosath chanrtehegmhannel

r egé BIUraltﬁv d&f %rdjf' lseé;s{cﬁ '\Afbréf eéxté]’%’ n?;ca%ﬂ; s t&g%f ¥\€{?dcharge

i nes; a conduct1 ve gate pOSI Irone
storagaeall wifiie péew of memaiyeellaany fofraing @pgatwlectt@@e over dagl eharge

torbfie rddiéh WRIRIS 168 loF mBfoRYcdit: y@i m 12, wherein: each
o égrr e storage rceI | soay%harge trapp| ng dielectric

chad @'ér%tyd%f a@l@%f@ﬂa!n coppidines | axipndingtnifaspluginglineetian ¢

betJv@éfﬁéoltﬂﬁd@@f&ﬁ‘émé@ célﬁ%r@hﬁ@%hnécﬁ% RN pludlify P conductrve
dielectric r acent to the word linés; and
Interqeapees. tw%%ﬂ ﬁw& n!h'fé fteetipfeEcannests psragh 6@@%&9 qnweone

soutdmah cdhted! geé éhcﬁaﬂed%@hgwﬂ d Sigggetihite®! REh kit chaV elr
c n a two nensi ona
ST i 0?4%51?%'5%{1@& v ok i B 2p Gpaicrain
regisndsh pphosingt dtesnad mwcmahdalsae@.m anmettolumnadsr@bwnabﬂeteacﬁf
f |nLn ntal row, .
couf BBy Bhe AP AR S B nlefo PeBP ore G Al AP Bhod Ebaran
conttelflines.ng a col umm d| rection that is perpendicular to
the horizontal row direction;
16. The memory celf array of claim 15, wherein:
each of the source/drain control lines is spaced apart from each conductive
interconnect; and
the array further includes a plurality of conductive vias, each conductive via

extending from a source/drain control line to only one of the plurality of interconnects.
17. The memory cell array of claim 16, wherein:

the source/drain control lines are positioned above the word lines, and isolated

from the word lines; and

18



a plurality of insulator channels within the

sem conductor substrate that extend in the colum

di rection, each insul ator channel extendi ng between

two adj acent columms of nenory cells; a plurality of

general ly rectangul ar channel regions within the

sem conduct or substrate, each channel region

extending in the horizontal row direction between two

of eadheondigativavieexchasieh she smurcekirein oantop pos dovgvedrd esthe
ondbf thd BuFME I Ge kG HLR REASERNELEL ¥ Bm Eé}gce‘?wﬁl:\}dmines.

direction by two sem conductor junctions$, "eac

sem conductor junction being a junction with a
18.SOUTKEh BB kel BRERDE cidiR7ORh&kint he substrate which is

adj acent to, and " on opposing sides of, the channel

r egfash chargersifage @lldy afeativgIortashiarde sihrage edlpenssing:

chagfi@hel RGeS |aferRljatahtitd hethaWtd tedidhes, each word

line excﬁndl_n%yacross t he to(ggo_f each charge storage

cel § MR 4IPS aySRdErentdarBie v Eeiings: 8/ form ng a gate
el egtsrnaetievRite Saitiined B&tgeen HeQURGR LRG0 MyS Al the tdre
diefeQW, ff menory cells; and a plurality of source/drain
SRGHE NP I'i nes, extending in the col um direction
bet ween colums of nenory cells and interconnecting to

a rali n tiv .nterconnects, wherein the
19'pI EJF% rﬁ%@g%’fé&lﬁ ﬁﬁ&gﬂcﬁq@éﬁsw F'&each coupled to only
onesachatiarge/sthragencet da clodrgé iragpimndelactec anargagtedhgercet
con%rgg,gered pattern such that each source/drain region
couplFes to only one interconnect and such that the two
sou tenecigiertria laysir gdiecen tofheebampl sdoides of each
Chaé"!’é%'dieﬁ&%’icﬂﬁye&aﬂj{a%m t&mg%e?d fihdseghd on, are each

coupl ed by one’ @ 1e conductive 1 nterconnects to

sepafres é?ﬁpirwoqi%l@@m pesifignee batvgien thedumal dietecirisdayer awd the
top GRECIRTBYY. cel | array of claim15, wherein: each of

the source/drain control lines is spaced apart from

each conductive interconnect; and the array further

20.1 ncA neamnacdl ddadlebingrighg: conduct i ve vi as, each

conductjve via, ext efndi ng froma. source/drain control

| T e OSBRI PrBhar B o TRy e Trbipater A serdiemIdURIs
subdfrated hiee men‘nl‘yyceﬂelaﬂr?@{e_ﬁ&t)'a ofurdlitypdfmroddof Métﬁbrgic@ns @ég@ing a

. C contr i nes _are, positioned . .above e
nor M B Bl SR eiralee ASTEmRG ff PRBON SRS TorRe oo
diregtimttheton dapendieuisrta trexdtceindsalfroeniirettensour ce/ dr ai n

co N . . t [t f ..

o e it oh P AR MBI Rels it Ning BT ool bl el in
the pelpatnidiragion, eacd inshikeéormbenre) extenhdingbetarpern fwocddidaentidblumns of

meﬁAﬁrZrc@ilé?: each charge storage cell is a floating gate
charge storage cell conprising: a tunnel dielectric

| aypehiurgdly Ak aenerally redienasiasghennet wgloos withintthpsainiednsticior ¢
subbPAE e RAREMR rehRnRRNUWARE ¢h thk M8 Bzor@i thw direction between two of
the insulator channels that are on opposing sides of the channel region and extending in
the column direction between two semiconductor junctions, each semiconductor junction
being a junction with a source/drain implant region of the substrate which is adjacent to,
and on opposing sides of, the channel region;
a charge storage cell positioned above each channel region;
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a conductive gate positioned between the tunne

dielectric layer and the top dielectric |layer. 19.

The nmenory cell array of claim 17, wherein: each

charge storage cell is a charge trapping dielectric

charge storage cell conprising: a tunnel dielectric

| ayer adjacent to the channel region; a top

dielectric layer adjacent to the word lines; and a

cha® gerality=q qu!iwsa@bwqr@ ligoeitericngeatrdmsitieton of pach charge
stoFag@ el wﬁil'uﬁlaer&ﬁr \‘ ﬁehﬁ%ﬁd’ef!?gﬁd Folf‘lrﬁin %téjélgétﬁ)gyo\/& 4k %fwarge

A menory array conpr|3| I mensi ona

StOLROP A§01QST Wﬁ‘%ﬂﬁ*@'%’é’lf mgnfopbesiisaangd on a seni conduct or

s ubébnuaa;@sof sbmemw&dhtr@ﬂlnbgz @(Eér@l?@‘?ﬁjtrierbo%rrm dl-frre@ﬁidnt y

nmenory erini hori zont a row
be*wr?%eq'wa% afrfaefaorpﬂcakl%@ndt ptetcenw%gg bt 2 piErAbivyef eenndustive
intef@inhBits gmmr@ﬁltﬂmuramy bERterémnbiiatrd Sach %b@@éﬂiiofdﬂahyadnet 0
ori z

tal row direction; luralit I nsul at or
souSHHABIERGPIAR A1 Hle s b e SR (ony ver
secerd esdcd/drairt legion olithinma cbiurectdupmes te€aelp ohé sidradrdect and such
Phannel ext endi ng between two adj acent col ums of
menory cells; a plurality of generally rectangul ar
chahaéto scagcaﬁdrsmweglbmmort beposegistien dﬂmtocerdjacsmtxswbmaél @sgions
. eqi t
w73 Qo IRE e LNBRATHE B e o et e ol Erer= @l ene
adjzneat sniregipeisicegtrdilides aod t he channel regi on and
extLadi-O9qrhR re? iB& &Y TThedivk %ﬁ&ﬁ&?ra@%&%@olgt@@ from.all of the
sem conductor Junctions, each semc uctor junc
congestivg indericomEctson with a source/drain inplant region of
t he substrate which is adJ acent to, and on opposing
SI des of, the channel ion; a charge storage cell
posﬂelfﬁ?f@@wél%@%alé@cq‘?‘@ gn‘ﬁ@ﬁre%”em on; 20 a plurality

of iR @f iheRBErceRRfiM coMoines REsR%ES Qﬁﬁrﬂﬁorﬁ%ﬁé}ﬁ&nﬁh&w%()p
of each charge storage cell within a row of nenory

'"te&CQF‘P%Caq%ﬂ forming a gate el ectrode over each charge
St ahageay RghernsMddliapltifay bo¥srllicive Ry e &l dosduding via

ex oSt s oUr P BT SR BERIBENY COF GHAS PoFI Loy cCarees
and interconnecting to a plurality of conductive

2o | nterco %Hg(g §,||1 a»&e& c'lﬂptzl? n@i‘rgr ality of interconnects

are éac Tource/drain control
l'i rilee Mceddre:rmanudgleds ane (@siivagh@Erovd tpavdrdliness act isblasdd

fron?f?w' X(Y&Xﬁﬁéé asgcond source/drain region within a colum
uples to’'only one interconnect and such that: the

t \A@agi@ aereswiciveavia exteryisdromm the sopisesiraig ceitaéineofontrmard to the
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coupl ed ohe o he conducti've i nterconnec
separate and

23. The memory cell array of claim 22, wherein:
each charge storage cell is a floating gate charge storage cell comprising:
a tunnel dielectric layer adjacent to the channel region;
a top dielectric layer adjacent to the word lines; and
a conductive gate positioned between the tunnel dielectric layer and the top

dieiectric layer.
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adj acent source/drain control lines; and a
source/drain regi on between the two channel regions is
isolated fromall of the conductive interconnects.
21. The nenory cell array of claim 20, wherein: each
of the source/drain control lines is spaced apart from
each conductive interconnect; and the array further
includes a plurality of conduct i ve vi as, each
24 conde repwrwarsay abxlagmaz.nehereiom a source/drain contro
lin
20, e g 1 4 P oS ibphy il RIS
COT8QiA%e/ drain control lines are positioned above the

vor g tlrinBRSele@Rélial &QldRicerk to kfePRahhE ¥psd |ines; and
each conductlve via extends fromthe source/draln

cont I IPIPHEC @usiAmiacantte theiworddnes:gndt he plurality of

i nt @bﬁeﬁ@@ eabEnPEEMEED podiithel HRIvAIAGH fLARA! dfé@gc%%%‘}er and the
lines 23. The nmenory cell array of claim?2

Mpﬁﬁgggmﬂawgach charge storage cell is a floating gate
charge storage cell conprising: a tunnel dielectric
| ayer adjacent to the channel region; a top dielectric
| ayer adjacent to the word lines; and a conductive
gate positioned between the tunnel dielectric |ayer
and the top dielectric layer. 21 24. The nenory array
of claim 22, wherein: each charge storage cell is a
charge trapping dielectric charge storage cel
conprising: a tunnel dielectric |layer adjacent to the
channel region; a top dielectric |ayer adjacent to
the word lines; and a charge trapping dielectric
posi ti oned between the tunnel dielectric |layer and the
top dielectric layer. 22
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