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VERTI CAL EEPROM NROM MEMORY DEVI CES Rel at ed

Application This application is related to U S
we\ppkiogxst on Serial No. 10/769, 116 (Attorney DRCRES2008004815

400. 261US01) filed January BO, 2004, entitled

"VERTI CAL DEVI CE 4F2 EEPROM MEMORY, " which is comonly

assi gned. Technigal, Fiel Ol i hdeptiQasThe present

invention relates generally to integrate CIFCUItS and

in particular the present invention relates to EEPROM

menory devi ces. Background of the Invention Menory

devices are typically @{re%‘t’édjﬁ%lﬁ:ﬁubﬁ“ ernal storage
areas in the conputer. nenory identifies data
st or a@fhistapplicationgsrelated todJ. SoApplcﬁatmm SegaldN@d 0£i6P b (Attorney

Dodigl§5; 490 B EisP il R . 0L bk RV ER R RE Bitjoe 4
EERR GNAOMENORESS wHRARE Yommbiiylaksig Ifelaar acteristically
found in use as main nmenory in a conputer environment.

RAM refers to read and Mﬁlte nenDry, that is, you can

both wite data i ntkechupaldield pbthe Invgnsionr om RAM  Thi s

is in_contrast to .read- onIy ROM),, . whi ch _. .

per ni €8 prsseAnyention Fedafes %F&Plg’tﬁyl%&te%tﬁfi cuCcWis| andiip particular the
prest { 50 TRAEIalA30 EEPROM Hidnfity Bevib&ady flow of

electricity to naintainits Lontents. As soon as the

power is turned off, V\/natever data was in RAMis |ost.

Conput ers al nost al iegkgrount i nvent anount of ROM

that holds instructions for startlng t he conputer.

Unl i kMempvy drarescan imicably prgvidades mf@maiﬁtoegpm in the computer.

Thel(tngngl ﬁ‘lts é{o%? (16%%15&8%&2%%81{/ g% ﬁ%{ M%%?%ﬁ?ﬁcog nrﬁlnt%%ﬂg%ggfr}%t chips.
Thebey ar@Xpashlntifferent ttyp@rbfeh@ﬁdry el inghedege eleEtkdiRédVbne common type is
onprise a | arge nunber of nenory cells having

RAM @ndoreagaess mglapaft)eBAé\éﬂse@a@creéﬁtlﬁ%lg f@ﬁ@fb@)use & fNgin memory in a
con"{fp ??\’ﬁ'&lntlé}l? R ok é% leadlaRd Wite hREGR Jh{tgé 84% cBboth write

oatl ng gates. |strans orte
data iatooR AN ﬁjldamacﬂ kietafffomaRlAM Ghits e&mhyonﬁrmid:a) edailoaty memory (ROM),

whiGh BRGSOy RENGR TR Carb ! Hor ARER IS Shich e nrgquires a
steaﬁ?r IFloRSdE IR thSn@nthdiR RhieEEPRMMobAAL tHeSolPisGainkY off,

ased and reprogramed in bl ocks instead of one byte
whai¢veadata mes ilRANSiiclabt. Fl ash menory conpri ses a nmenory
array, which includes a | arge nunber of nenory cells.
Each Qbmippersaimosyaleayd contaich sideld amobhioaftROM thaitlelds instructions

field-effect tranS|storca abl of holding a ch
for staking 4p 4hg ¢rmpyten |Unl g«eawﬁ.- Rpﬁ\éaawt Lﬁ &rﬁﬁe n‘g’é %@PROM
(eleBPREMF &afble programmable read-only memory) is a special type non-volatile ROM

that can be erased by exposing it to an electrical charge. EEPROM comprise a large number
of memory cells having electrically isolated gates (floating gates). Data is stored in the
memory cells in the form of charge on the floating gates. Charge is transported to or
removed from the floating gates by specialized programming and erase operations,

respectively.

Yet another type of non-volatile memory is a Flash memory. A Flash memory is a
type of EEPROM that is typically erased and reprogrammed in blocks instead of one byte at a
time. A typical Flash memory comprises a memory array, which includes a large number of

memory cells. Each of the memory cells includes a floating gate field-effect transistor
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the charge in the floating gate. The cells are usually
grouped into sections called "erase bl ocks." The
woreewony378el | s of a Flash nenory array are typiReEl/U§2005/004815
arranged into a "NOR' archizecture (each cell directly
coupled to a bit line) or a "NAND' architecture (cells
capaélpf lRddingh@haigks Mhgdatadi a cell Issietesmitediblyahe pednce et hbsence of
is coupled indirectly to a bit erl ne and requires w
the ghargs/iatthsoating g9t elheceellp areapugliyaereppedigtorssptiops caldad) erase
G} | i i | H 3 13 b2
block3 TP by s S WH L hehfbn S Fars (CalbAiEd nto 2 NOR
arcHifeetufd (eadth el direcy cdupdettoartjelimaior b ENANDY exdhitecture {dedls coupled
. floatin te by a bl ock erase qperati.on, rein all,
intor SRR 1] G1b-SRHEH SABERNE GORPIeAdntiRaLE thp Bitfing ped requires
acti@e{tﬁ’%qge dtflefeedls BOLR SBRRY RE hQBss) ORGcH SIGRE LellPhiR fan EF88 Block can
menory 1s a nitride read only nmenory (NROM). NROM has

be edaptmicallf ptdpearnmead av b eanidemi bpsis by chirgaiy the foatyngogate. dBescharge can

not require the. special fabrication processes
be 1Ry AR A TP STERch DOk HAG S P oGP upodting gate
merfbfy@¥ild # t6@BrabSblobR bRk th 4§hHIe opetiondard CMOS
process. Because of their unique device

) Bec: ,
char aphetdcsh 155c o PIlEh MNERMy R lq:i’ﬁt%ﬁdg ?éald%nif};‘ﬂlte%)ﬁg(l‘ﬁi@m.

mul tip Its 1n eachce typi cal its

NROM s.sofiegithe chatdclanisticsatfddash menay-beededsamatequire thespecial

typical pripr art mory cel | wi . channel. .
rabfeafih pfocessE oA elipriial gt e o AR pfFAe s can be
impleMeFRA RihglLfarRfar FOMDS PRcils! BebfnO¥f BRirl de X6 Eharacteristics,

This layer is conprised of an oxide |ayer 101 on top
somgfNROM meindey cedls chmglee stopromuliiplecdnta bits inleaelyecl] @ypicablydwo bits

for the various states of the cell. In one enbodinent,
am?%e cell has trapping areas 105 and 106 for storing

two bjits of.data on the nitride layer 103. .The njtride :
| ayer Fiedis”| Wh3aotn pioa-srati CHrat Obk sl B O emory
cell ﬁt{?zf‘cﬂaﬁﬁel%ﬂ?ﬁ,r@t Bhe cEfOs §&H§§s%ﬁ%?ggn&($ggg@ﬁ)01fgﬁnm top of an

are at either end of the gate . .
oxideenitride/aide (ON@players Thdolagerds ¢amprged of enwaisiedayebyOhon top of a

nite i8O8 Fre L v RO AR Db oS p et ek of Pegiin one

embbdfnét, thd dell hasrappiMpekéiRr10S akd ¢66 B stbiidiztvo BEPBNE&a on the nitride
upon which bit trapping area 105 or 106 .is being read

A ) . ) g |
layegrl Oy The eitrideHgyerddripieposited e another opidedayes A04 that isiea the
sub%%ﬁéier IS input at the |left side source/drain region
"and output fromthe right side region 109, the

left side i h 11 th i ght .sSi is t

dr ai nYOgouR TR R P ERATEF ol W ehefaba Bt BF epffo0" mhe
soufdkAddis! %gi&l% 18b ah#8 15 ekl ©an&sd bild capheltirda 1 T02RRVES the two

area 106. As integrated circuit processing techni %ues

souicafarady eegiong OGP and dd br The fuylcti@l pfeggole source/drain region 109 or 111 (i.e.,

whether source or drain) depends upon which bit trapping area 105 or 106 is being read or
written. For example, in a read operation, if the carrier is input at the left side source/drain
region 111 and output from the right side region 109, the left side is the source 111 and the
right side is the drain 109 and the data bit charge is stored on the nitride 103 at the source end
111 for bit trapping area 106.

As integrated circuit processing techniques improve, manufacturers try to reduce

the feature sizes of the devices produced and thus increase the density of the IC circuits and
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the feature sizes of the devices produced and thus

i ncrease the density of the IC circuits andnenory
WwW@emaps3i7si n NROM nmenory arrays in particul ar, PEEUS2005/004815

channel length of the NROMhenory cells that nake up

the nenory array and spaci ng between nenory cells in
merhbi§ asiays. NSNRAWEnRlozy eeaysfih patticolar, threchaundidengtl of the NROM

rrem)rﬁ ells that can be placed in, a iven area a

merppycells g weke v dreBRry Ray e SFYPEEYRS Doy 3flgin the

strir%;qﬁvé’g la!réheefﬁ,%\?i ?ﬁ He Y nRIBf bﬁeﬁil%w &fis thad cATE f)l'aé’&i in argwen area
ny cases the feature sizes of the devices are

and Ithusi a dickchimpatonditheidessityhaitbe areryi andisize df éeoresultihg memory device.

tn olgiReReg oy RMEARHEOREeSzes P AV EEE B inEEPRENE dRicer
chataBRE ks befdre HeGRR mAmTe AL ALDehAChd SrobdR iLephdle 0B GREGhed. In

that is primarily dictated by the device opérational
NRONhdedeesin partieelar, @b tjl@roénamml Ildnﬁtht ip sadugedy atrylpirnwn smeus)tryplcally

reacfih B Vb s 67 e Rl OBl B ST O Brean PSR
lllustﬁateﬁ;ca t§pieiltprionakt pldar NR@MIdeglca fiR@Bas20hadnel 1&{6h chfat fshess than
wo data bits/cell NROM device overlap. This overla

100rmy bdhiscagpathe channed length xSéaah@? that the trappine errap 205 ad 206 of the
tonfa q#ﬁyge I@Iﬁd)lgf?ﬁév?c% o%@flg {WJ%S&&&%@# &Y Pread errors.

I Ssue overera d nennr

r ans?f\sﬁ%%l‘ef AR s e %@B@M&%Od%ﬁ fiFays i theissue of

ovefdRBH Alemoy P BEIKE , ArBNR OM dhdindty call isl shsbtud B simllir to a MOSFET
addi ti on, enbedded in the insulator is an | sol at ed

transns@ppmﬂga p@y@l gataseparatgd frosREThappelngduseep pnd digit span insulator. In
add{t 08 | va d dﬂ% Ng%%&ﬁggﬁ }/so édl ée}&)hﬁ&t%yggo[&s'ﬁ f\ﬁbgﬁi’? q;jransmtor

cunaﬁlf ﬂiﬁi@wh&lﬁth& NROWM @émotir deﬂfttanﬁlhmv\/isl sielet:l&d olixl%ﬁo(}ated charge trapped
transi stor, depending on its directjon of ogperatjo

on the HAPRIAE Ly brcAacts thi BeRBl At @Pl;renté}%athwﬁwé@ﬂ%@r dlepending
on 1#3‘5&’1%?%%90 mﬁ%r&tﬁﬁ?@&?én@ flofy ﬁl M%Jaﬁxf% e?f@ctgfe e)ﬁ%l?sr I?%brqewermg its

or erasi ng

_ thresisold iraths mlueﬁmil df@peraubn oIn pzbgrammug or exatsllng an INROBt melmory cell,

chaighaF BerspensLinaydiomt MoH Ly Shl Fiapie BTer e R

tranEfs@PSIﬁB@ PR Hﬁ’zl'rge f8binobdd Mbhlthd QWi Y& thdNROM

direction of operation even when it i's hot selected.
tranNR@Mmenms celt vglliflowt drirenbinghisrdirsetibrsefaperatian eudif when it is not

ed bi tI| es, and/ Qr nenory. Sstri

selefi}’ NRRVIBHSRri S @yPietnstd S 205 alfe FRRIofGL ph Hied bittines
and/88 AR¥mor§ SirinSs hEHAs pOEHBAlyRiokubN@fa fad fRn SBBDMYmory cells these

stri ng For the reasons stated above, and for other
comreersiiHines aad/evmp@poistiRgsch wil | becone apparent to

those skilled in the art upon readi ng and

under Eomathel magonsrsmtq:ﬂ gwont arslfecothecabjons stateddetow whigh will

need in the art t hod and,archite

becig pRare ey kB 8P o Bt Snd e tdipihe present

speﬁﬁ&ﬁio‘h}’thm WBOPIMh& bkt 3 A¥nbthO& bnd E@Hﬂ@écﬂﬁe #6189 oducing a more
overlap and with inproved overerasure handling

closglyoypecedi and, Busyhigher dénsithidNR @Yememory array without trapplng area overlap

and with improved overerasure handling properties.
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The above-nentioned problens with producing a nore

cl osely spaced and hi gher density NROM nenory array
Waaok/083TRz oved over erasure handl i ng properti esPErUS2005/004815

ot her problens are addressed by the present invention

and w Il be understood by reading and studying the

fol I owi ng speci fi cat SunmalREIVNERRRMGnTeNOry devi ces

and arrays, in‘accordance with enbodi nents of the

pr esefhe dhoyemdntinned probleims atith praducing & oz ¢loselpspaced and higher

cens B G meBER E Vln Ryols LT BT b el ot

prolﬂ@?ﬁ@ﬁierﬁaaﬁeﬁseafbytt 1REcHS mnﬂlmﬁr&wnmaundbtsmd\b@rrew@g and
sel ect gates and menory cells to form NOR and

studiimrbh ARgvecidiettitte menory cel | strings, segments,
and arrays. These NROM nenory cell architectures all ow
for aNROM Eﬁ?@@Mumm rqlsvws anglragray's,da wiepedange Watﬂlreag}ts)dlments

o e, BELRSL AR el PP 880 s

gate HENORNGM AND Kigh @&hs@ty%erﬂél? aY&ﬁteé’tﬁrd@OMeﬁll}tfrfy @mbbi@dents of the
charge separation issues in t%gl ca M mul ti-bit NROM

presgt] ipventiph artiligavniiicad e¢lectgaten an sneinery calls evjormNOR and

SR Rl SO0 UG SUERAS bR e M

menhéir9|calﬂ @rchh&:tﬁi%ﬁ@lllcyw €& anS miprdRY hiygh densisg@emoatedevices or arrays with
bit/data |lines. For one enbodi nent, the invention

integginbselesé gatgs %h%wal%feaﬁve@agfo%h? &ale SiZRICRIHFAMIEISE fabrigation

oD AR SR SR S s
typi‘teﬂ andtidé. NROM cvlil Thy neimore pelt yrcheddturst alse blisve Sﬁor redightion of

st 3Py PHGATSSR L1 1y Parina TN SOV FRBIAY Fol e B opeehgats that

isoldte oxﬁf%ﬁs fromf REFR 08hted b'f‘t%‘a@aﬂﬁ’ne%' dewal | of the
trenc select gate is coupled to the NROMV mam)ry

cel | | {

ot o sPe R ATREBAELR RGO OROBhcd Dprisin a NOR

archhtBMﬁfH NROM frestiothe srrgynfoldiREdVbire sossyrateeiavingta plotalityeof pillars and
nprising. a substrate, havipg two rajised areas

assoa@fqdﬂp%%antgrteq%% HePUEMNEERemaE FRERSY SAChanqmory cell
struétﬁ{fr@)ﬂg)\é {ro! f £ENROM hedndry ea; fﬁbﬂﬁa@bém@iu ) ﬁfs?fl&ébvall ofa

gate menory’cell 1s formed vertically on
trench. sAcelack gatajlmﬁmhled@fn a deeorid sedm#all dﬂ’the el Mheselgctcgtd is coupled

to thlgtlegﬁ&P %%gnpbgg e S l Ct %q?&re' gx(;g cr)ce@{dqrt] g}e%ortt%gli SfRe trench.

enbodi ment, the_ i nventl on provides a nethod of formn

an NRCS anghst smbediment figdpygnéiop @Fﬁi’rlql%laﬁé‘ui‘aMﬁlﬁ@Ofwﬂ structure
com@ﬁknﬁgq stbfRR HQVl?%WFHtlsreﬁta?eas nfr%]ast?glcﬂrtl?%‘ébeg\? éhn'A‘rgNROM

socl ated I ntervening trenc fur
mennarg |ceild &fofmdsdwengcaaly dR(idstredewall afethe tronchaadid a sdlect gate memory

cell islefggﬁ V‘HEG% y|hoenoz¥ sregwgp §1ﬁif 0 oﬂgﬁ Herp% ﬁﬁﬁ&\%ﬁ&)ﬁd r%gm%ry cellis
couplOF IFRE K18t EateS DrcRldrdiR SediOlisl # MfotioRfotfis BehAL ed

For yet another embodiment, the invention provides a method of forming an
NROM memory cell structure comprising forming two raised areas on a substrate, the raised
areas defining an associated intervening trench. The method further includes forming an

NROM memory cell on a first sidewall of the trench, forming a select gate on a second
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intervening trench. For a further enbodi nent, the
i nvention provides a NAND architecture NROM nenory
w@e005/083782 ng conpri sing a substrate, conpri si NBCDOR2005/004815
nore rai sed areas, defining trenches therebetween. A
plurality of NROM nenory cells are forned vertically
side®@@ll tolf ehettetielyaind Soofing b eodrcedehes: gaomcht diecbatioupdfatle assoaciated
. serjal string by source/drain regions fornmed at the
intexvgpingfrepfls one or nore raised areas and at the bottom

of the one or nore trenches. Additionally, a first

NROM Rerrfofuythersgmbagimertiethe fpvepdon provisigpp B aschifeptyre NROM

sel ec . For. . ' .
merky EY s8R SpaRbal SoRunkl LO5po SRR BEfkre 1 arcas, dofining
trenShéa Slidrétictwsdy | A glugality uf WRIOM nodfmaaly lcbidy @re dtrehedseially onl the

_intervening trenches. A gl, ur al jaily of NROM nenpry cell s
sideglls phihiignches ene aeIcpuRIpd {thksesialghige by seirce/eain fegions formed at

| .
e US4 S o S0 DS Eom S e et
Addptianal ] 4 firsoONRONDheatarh ictléof the strimgrivcqupddd oragfirstmnelect gate.
source/drain regions formed at the top of the
pl ur akéd yet @ furtiek babsdiatedt, @ie inbentlatprevidesa ib@ory array comprising

associ ated trenches. Additionally, a first NROM rrermr;r_
a subsirate bvinge RlupgAiDO BRIl s e asroeiateditepveaing; tipgches. A plurality of

NR QR B &2 b il B aaRL Sk BB BB PSt s
trenSlies] Wwhereih thoplkady bONROM awntbry eells arakcogdtdmto gplenlity of NAND
For anot her enbodi nent, the invention gﬂr‘éovi de

; a .
archifEetHESMERONRIHRG PYSONARIS AR segiensdpme #hdhoiop ok g plurality of
pillai 515(1;& thOPR{dny b Be fa&%@%féﬁ A ATRoaRY SEAANREM HMemory cell

a substrate, the raised areas defining associ ated
of eaaht MANENamchjitdchere aleesry Jthieg necduptbdftomtfivstrvertinal sedess gate and a last

NROS B rCedoterut XS e uTE Fodory Shrstia® Lol g sgran

vertfhl e gHOUr ce/ drain regions on the top of the one or
nore rarsed areas and at the bottom of the one or nore
assoCkal AR LALYERIRY eGSR fOhBhBE offrinfidta NAND
lvertligglf geeect gatee coup1 e torpg&;i?eissat NR(]\/IOmsm)r 2 \
architetthreohembry @ilrsinig cngraingdoomitigwae bi twie sided ateagan @ substrate,

coupled to.a | ast NROM nenory cell of the string. .
the R A< IO G ARGCIAFE TP B SERFISSd THR BeLiog i includes
fomﬁh% %1;91 o RO, rﬁém&s&e@g BMHRGSd R alY b the hB@WenoRe raised areas,
cross-secfional view of a typical prior art NROM cell.

fornfhg one opmeteoswwrca/deain segionsami thetdp ofi thevorsf orameng shised areas and at

T T e
selePEIRS doupRldlts afirgINROMMNebryd@iiadflth@stihaBad a BAE] ML select

menory array of the prior art.
gate coupled to a last NROM memory cell of the string.

Other embodiments are also described and claimed.

Brief Description of the Drawings

Figure 1 shows a cross-sectional view of a typical prior art NROM cell.

Figure 2 shows a cross-sectional view of a typical prior art NROM cell with a

channel less than 100 nm.

Figures 3A and 3B detail erase operations in NROM memory cells.
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Fi gures 5A-5C detail a planar NOR NROM nmenory array of

the prior art. Figures 6A-6C detail vertical NOR NROM
woreowsg37sz ray and cells in accordance w th enbPdi/De2005004815

of the present invention. Kigures 7A and 7B detail

vertical NAND NROM nenory array and cells in

accor Hgnms 44-4@ detai] adil aren NAND NR@Mpmemeryt arraywe e minr art.

Fi gures 8A-8C detail formation of a vertical NAND

ar chi Figaiey 5@ - NE@Mairerpanar NORNRCGMIi mgndiig@Tagreftieyprior art.

cells and sel ect gates in accordance with enbodi nents

of t hejgPFe8 $ANEC idBMAREHRAI NBRIVROM nid@iorl haparld QFK in accordance

di agr am of an electronic systemin accordance with
withegrplonflimenis of Bl presentnedydion. i nventi on. Detail ed

Description of the Invention In the follow ng detail ed

descr Figtires 7 Aodndt e dginié frentica AN ANDONR b tremarg firayemcieceils in

de to.th cconpapyi ng drawi ngs that forma part

aceqiiings it AdHGHy Chte SRR 0oy of 111 ustrati on

specific preferred _enbodj ments in which the inventions

nay b@galfeaéﬁ 86 &etaﬁﬁ@@@t@wéaWﬁ%ﬁﬁlsNéP@ grelitsatyre FYROM memory
arra? g%h bily defls SRBRI&: §e§ﬁl a%Bbﬂdh&% Mh 3 ﬁod?ﬁ%rgs of the

ctl ce t%e i'nvent1 on,

pre&imanvmubar enbodi nents may be utilized and that
| ogi cal, nechanical and el ectrical changes may be nmade
Wi t hoBisugtepddthilngbloclotiaghen sfnrdléctdnlt syseeinatcdridhce with
present invention. The ternms wafer and substrate used

emb@ﬁl@qn&&ﬁt?eﬁﬁéeﬂtﬁmteﬁ@o@ .ol | owi ng description include
any base sem conductor structure. Both are to be

under stood as. | neleilisAthhEALrofk oRRNN © (09

technol ogy, silicon-on-insufator (SO) technol ogy,

thin ol the¥dilcanas détatled ddsdoiptionTgd férreg‘éﬁﬁ)@dﬁﬁéﬁts reference is

undoped sem conduct ors, epltaX| al Tayers of silicon

madeip ghsrace@mpanyingdiewings that é@rmp@’t heragf ord in ‘alyclmsrﬁéﬁwn by way of
1llus?ﬁ%g10%?geg Ct or %%crlrgl%ﬁégél eé&r’]v‘air 8 fhéégle#é] énvl%ggc%l:s a3{ be grglctlced These

emboafn@dntdre ﬁb@ésbé@hﬁsdfﬁcmlﬁt&iefa@ th @AbIg tHdes ekill@t inahe art to practice the
previ ous process steps may have been utilized to form

invengn.Rd Af is Hbe Bidsrstepd that ¢harembodinaastitinay be udkizedapd that logical,
mect-lliglﬁggl ahd T%t@ﬁ %ﬁéés%ﬂaf@esﬁﬁdeo&/itﬁghﬁ gg}i)zﬁfﬂéfrgﬁlo&l@ Fpl{:lﬁgend scope

etaenlna mti'ng sense, cope o
of therrssent inveniiont iThe termsdedfenad sabdtyatdyset] Ipeemdnal;mmdan the following
equi vaI s thereof. N EEPROM ry devi ces and
escaw#ag& e Tl 2 DGP<cRRRUCONEHT BHHSEHP BB 0 benndspsiandrys including
i
Slhclrcl)rg \rég:%bﬁﬁ (fSS@aS'r)] 'téchgﬁSl%%% r&ggc‘&é So'nI 1?11&11&89(%1&'%\%%5%1?%% REMn
transietos (KT reaimnolp gsy ddped end undsped Memooyduetdrs eipiterieldaysfrs of silicon

Sllp['@!?&t ne ,l[belxg.:s ﬁ)&ng?lsegégq)@u?%r ,lfj%lr\’%ﬁl ]iw %ééng%lon ecltOel‘CS U %%'GeSSWC own to

one skilled in the art. Furthermore, when reference is made to a wafer or substrate in the

following description, previous process steps may have been utilized to form
regions/junctions in the base semiconductor structure. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the present invention is defined

only by the claims and equivalents thereof. -

NROM EEPROM memory devices and arrays, in accordance with embodiments
of the present invention, facilitate the utilization of vertical NROM memory cells and select

gates in NOR or NAND high density memory architectures. Memory embodiments of the
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NAND NROM architecture nmenory cell strings, segnents,

and arrays. These NROM nenory cell architectures all ow
wo e00siosgsspved hi gh density nenory devi ces or aPCHYS2005/004815

with integral select gates That can take advantage of

the feature sizes sem conductor fabrication processes
presantenygmntion atilize vaped) Iselectfgates dng BiR QM mahoryeefleto formMNOR and

NGB EONER R bire ey SRR R R LG Pl PRk ST ROM
menY6Y (chE AlchREdn@RS alldv for IRIPRAGH HRIN dendity bRioPf &8&¥ or arrays with
invention allow for increases in nenory array cell

integrghssilacy gatesithrhgandeledadyentage of the feabire pizetsestcondyrton fabrication

feature size capabildties i intaining.an. .. . .
procefith Hstae R B KEARB R Aty SB Tk PR iyl sdeaiop dgpoes in
typiQmefi baNROM eIR! B amaickihy OTRONNGeBReYs/gaks in a vertical

_architectures also allow for mtigation of disturb and
oriepigtipn eabodiandnssefdbe Bipsent dvienton MloNRONGTEIEY i eempry array cell
. r b .0m
dengi o S BENEE LyAER o oot i B ORIt i} i
maifiinsigedneappedpodae:, NROM nieagiatedbcimnnededgtlp tooalesfongffective charge
t echni_ques i nproyve,  manufact u'rgﬁrs try.to reduce the

separglinny rldieanereyy Gell efrbitaeiyies also gHaw dergditigaton ph sturb and

. : . . .
ovekBEL838%r B e by NROM By U 200k BRI e i
meni®y icelksframehdir assocated pitidat lihey andlocdvareedines.i sti cs

before the m ninmum feature size that the process is

capabhestafediaboves as htehrated cibatihprdiddsking methhighes improve,
architecture NROV EEPROM nenpry arrays, .as the channel
manufachrers iy tp geyse thedgafureizes phHietlgviset prodncedeng thusdagrease the

dené.tiﬁ/a(;ftme 18] Ei}c@ﬁﬁ g@ﬁ Elfhtﬁ)gg ﬁlggyes 3 maﬁg '&Qgﬁ,ﬁ'h@ Fea.hﬁe Ei%’sc&qgef‘ devices

t 1s dictat rational aracteristics o
are lilnged\NBOHenienioe gharettbridiey befose thh ainmakne faaport kize theitrtreyprocess is

capnghy resgnits Thorh IeNIasab bR, ebietust Speba Mo oimgpory

arra§@Rs HelcBhthe® KB 1SR duREd LA ERR iR WEnGTHANBS! cells in the strings
engths. In particular, this is an issue in hirgher ‘

are redperdi 4 yimpmor size isgeachosh draisshethted b drgepsrationalieharacteristics of
e SRR B BTy 558y REBRbE oy, SRR, s mosimu,

dendif FQn abrh P 6f meMotPEIRVSTiRlitkd 8vdnaY thel pF6cedd@chitBogy can attain even
resulting storage capacity. As stated above,

smaferfgataresiand/onehaurelNength rip pedicularhis| iy aw issereinihagher capgsity

and . st orage of rge . t Jis tr '
e O A0R, B A ot RS R 8 L ABRgp e
widthe) gidehelesli dsit i e hahy 5in leive aNREMeffectwhythe 6Vdrall ey size and
also store multiple data bits in each cell, storing a
the ggaulEnyptoragp CErSity r appi ng | ayer of the devi ce near each
source/drain region for two bits in a typical NROM '
memor &s steled abpem pregranmingant NROM memarOnLhisivokvgs delinsertion and
stor%gr?goqahgrt@%fl Ialie r%gr%gryape?l’so trré)p%gnagqg?e% 'bew%%rl? af’ alfsg Et\a?eﬁ%%ove,
because of their unique device characteristics, NROM memory cells can also store multiple
data bits in each cell, storing a data bit in the trapping layer of the device near each
source/drain region for two bits in a typical NROM memory cell transistor. In this, an
NROM memory cell transistor is read and programmed in both a forwards and backwards
direction of current flow in the source/drain regions (interchanging their source/drain

function) to allow access to programming, reading, and erasing the two stored data bits. The



10

15

20

25

30

direction of current flow in the source/drain regions

(interchanging their source/drain function) to allow
W@e®ens378D progranm ng, reading, and erasing tPET/USI05/004815

stored data bits. Thefuncti®n of each source/drain

region (i.e., whether source or drain) depends upon
funewdncdf ebch sdur@piraingegior &.6. ,swlhmhergoumadr drainjdiepdnels upéwwhich bit

exanple, .in a read gperation, if the carrier i nput, . .
tapiin e e e Sr ST ik SRHTE GG T PeEoget b s i input
at tﬁen%ﬁ Isid@buRbAeaif ?&a&ﬁandt dt $foim e 3ht §dd RSO HIeABr A€ is the

he right side 1sthe drain and the data bit charge 'S
sougieamé theomghtt lnisle g the ideadn and thieelatachit chargerisl storad dai the nitride at the

songe 80 Bl FRREHEC SBBFHE 1A I B P Rg CPRbin the rapping
lay¥RMISRABIMY tieNROM kﬁé{ﬁcﬁﬁ c&lhaihig Qhesélﬂfg%dstérﬁd ih@e trapping layer
trappi ng | ayer nearest the source/drain region
nearﬁ;gtetuhats@wge/d@lrt Isgioneperssing s thersourch atfeess therpureniplipw through the
devgcguﬁgl g§r§§ stgFedl e thI%ﬁ)ﬁ? h 9&?1% i e%;%n & Bﬁo&%zh%ﬁii has

Inregron iIs rea rou asm

minifhl ifiEaRe. Thebias inSani NR @M hﬁﬁl\zﬂh’ﬁmﬂradlsﬁﬁiﬂard px@gmnﬁharm the
are programred in the reverse bjas/current flo

reveiFe biat e ot difsetipmiramdhe adidicio fopsach sired daia kit a
bit. Typically, an NROM nenory cell electrically
oper aflgpicaldy, an NROMmenert ceﬂlmtm@ytop@m@s @$ an enhancement type

RS e PO SoBRE T g o v

curieh€ "B pre®hce of leR mﬂeccfh@frag@apped E:Hz&gé OR e tﬂa@pi@a er@f the
the N transi stor/menory cell near the source/drain

NROM transigprasenowcellmeaithg spurge/deajnsregipa hissed gh Bredirain alters the
thre%ﬁ%l[sl %g ée%?lﬁ%%{egi% d;?s tci%‘ Cois ?rfﬁnstlablsm t{x@ %f&s%ﬁr%tldr{war{dﬁhﬁs the amount of
curfeheths itghgistomwvill fléw ava givea ggﬂe\chﬁnrg:htfﬁte(ghaﬁ‘he Effyalviealyeshold

The effective threshold voI § of t%(g Ré)\/ltransnstor
voltagef the N OM; trangisior ey éal B the selpgtedbipg Areciiondaceases with
B R A T .
anddiecneesns adtiviht tenidval ofstored charge.s Roadin NRON enenRegdeligin EEPROM

mory cells ROM nenory arra
meR AT B en toRpl Ty poo B RG Teraup CE it el B voltage
levé'1§§1‘ij tﬂé%h ?a’teeéﬁﬁl Eat Pt Ilﬂ@ccﬁff)'lgdr@'thegﬁl?ceﬁﬁ‘ginqgél@ﬂ Biabed as the
't ne coup to the source/drain region biase t he

sougsu flhe stoTetdedasa isrthah typically sensﬁbﬁromym ampung of emsgd the NROM

the a nt fcuren ]%;ig) %?j& biased
MEPRYSE O(“f? ToBEh h&fOBP e Ff? FoL8 8 ? et58“’iC rain region biase
as thO@age/ drain regi on biased as the drain. In

progranmm ng NROM nmenory cells in EEPROM nenory arrays,

el ect

ayer ﬁlg?ﬁﬁmnhe rreitn NK@M ﬁﬁeltnf)ﬂ’ @o nilg EIE, _EPR@N(Ie E}_%R{bdrrﬁﬁlglhﬂ?mhgelectrons are
typilcaﬂﬁmeansﬁgre(dﬁwlmlmp@ingigyer@tf thettaemety deltbyeine of Fowler-Nordheim

tonpnE TN fnelneh o phaber st reah bR REY” abeddims pt .

progiah@sihy R AMEERory2ERs, 3h&Pask st Rehatickd hédectidutinidBtion
not be appropri ate for multi-bit oper ati on.
(SEHE), are also known and utilized, but may not be appropriate for multi-bit operation.

FN-Tunneling is typically accomplished by applying a positive control gate voltage on the
NROM memory cell with respect to its channel to tunnel inject electrons to the trapping
layer. Channel hot electron injection (HEI) is typically accomplished by applying a positive

voltage on the control gate and the source/drain region biased as the drain of the NROM
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FN- Tunneling is typically acconplished by applying a

positive control gate voltage on the NROM nenory cell
wWOowRak/0838pect to its channel to tunnel inject BPCBUS20051604815

to the trapping |layer. Charthel hot electron injection

(HElI') is typically acconplished by applying a positive
menmy caly endmldvheoltge br giougdbe tlamd)utdeéirsiowcgiad bitasgdras the source to

i on bla ed as tge drain of the g

injegs efesoyLriAg BRng éS%Fn&“Wﬁéseéé]Eﬁ* E‘@ﬁ@f’%“ﬂ siffpess e eratively

pulsPd 85Ee fi‘rfaﬁ&? cSIPHHaA o Eieck 'ﬁ]heeﬁxbg e§§3antdhﬁore accurately
trapping layer. In nmany cases the progrann1ng vol t ages
proguame the SROM weinyorpo¢lsed and the nenory cell read to
check the progranm ng process and nore accurately
pr ogr Brasirb ef MROWR OB mEsocetdlls FEEEPRCGMaherndrg alBEMs typically

menory. cells of nenory arrays t I
accopltshsd b&?@wewrggwgﬂmgcﬂ{aﬁ%%wn t?%ﬁ'@saaﬁ%@éé § Gantrol gate
voltY&ds t\xﬂﬂlel%sﬁepﬂo tB9cHaAnd1n Q\l&?ﬁﬂtirv@igf QﬁﬁEleonﬁE Bﬁ&ﬁﬁlré\” subh as, substrate

respect to the channel. Aternatively, other forms of
enharced bael tobachtrmsslingibducedthet bolh amjeabn(SREBBHG)randlso be used for

el R e b L P G g
ensﬁ@hm@&nﬁ@' hﬁ*ﬁhl@y é@és it HEPRON 1086 F{?ﬁr@g}amgﬁll GRIVROM memory

uni formty, in nmany cases the EEP menory prograns
cellsin|the faga NFgmnﬁmm grassd|before applhimgdhe voltagemiersrase shepmemory cells.

As \?ez'{glﬁ%fo% bet or e Pa\hﬁlxlteqr%bt geé ra\gl%#p%ﬁy tltélgatlg?lgi)%lsgg &ind the memory

celly/éetiRdsfted e&htpmdeqa Wbty drguad antereyr uf the NRONI fhBiRory cells to an
menory cells checked after each pulse to verify

un-ppgrammeddhigsiadd velingsptafthe NROM nenory cells to an
un- progranmed threshol d voltage state. Unfortunately,
i t i sUpfostsnigkely, itdupdssigleadungaeresyse prassss, for ¢9o myeh charge to be

rempYich R it eI 58 CAP R e PP RSP R feriry ce

trandist®Pplasing fit iRh@ & P&yetdraded” bi@ted!Tn sQIESRERERSh Th@z€ is fefhoved that
such cases, enouglh charge is renoved that the

the ﬂlmsb@lﬁmoaawfttb@ RGM mieanoqrori! ranstyr is altpred s that ¥roperates as a
deplglslor?moﬁé 89V1§e réqﬁ.l%ng' &ne%%ﬁ@%&ecﬁlglgz at@ cﬂglg{e?%lga% 'E@ﬁce applied to shut

off dt@lehafiew ﬁl@tli&%eﬁ@uaﬂ bed directidiu tin oliif siate; theﬂﬂR(f)MJMembry dedl transistor
selected bias direction. In this state, the NROV
will fowo? Gureest pveny whesy iE basrnafbeen selssigdbyche memory paleshp apgative

VO.I'[}d e glgt@?;\)/lféﬁtto pReRni6] £l @/F*Ih g%spuﬁo R ®hee. 4MCSFeRrased” state and

e voltage 1s” app to the control gate wt
the reedpirg turtent flow ia ohe eiectelitiss dietor whse tie (Blet“cfseleRQMHnemory
in the s Iect d bi.a

| t
coll el HB SRS e AR S PP B Yl of ather NRCY adipory cells
that sﬂ&r@ 'Eﬂe%o?nﬂ%ﬁ ﬁt ﬁﬁésexvm f, éo(i‘ru'bﬁt %tﬂeﬂ@ad’ @iwes of other

ROM nenory cel s that share e common bit lines with

| t CéBﬁlpH&{tﬁ%g tﬁ&gﬁ{sg?ﬁvg@}a?ure ﬁﬂd) rﬁgrtytééﬁs isstﬁ%ﬁ%ot all

NRMZ%%;: enisé &eﬁbasehe(rgeefmm&h@haamﬁng tagens toh @apping areas) at
the staEn%prgte 0 slpg%e rTSyp?cralgr,roarllg %Ir rllrgorg [‘feas Sgrasmg memory cells will erase more
quickly than the others of the group of cells selected for erasure. To minimize the possibility
of inadvertently overerasing this group of fast erasing NROM memory cells most NROM
EEPROM and Flash memory devices/arrays typically utilize the complex and time
consuming iterative erase voltage pulse-memory cell verify process noted above to erase its

NROM memory cells.
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the sane rate of speed. Typically, one or nore "fast

erasing"” nenory cells wll erase nore quickly than the
wo@riwens37ef t he group of cells selected for eraRCF/ES2008004815

m nimze the possibility ofl0i nadvertently overerasing

this group of fast erasing NROM nenory cells nost NROM

EEPROWiganel3 £&|datails mehast 9f aldisiribotipmof tiyssholdpiottagdsy300 of NROM

utilize.the conplex, and ti onsuiying iterativ ase
ey cofiEin EE A )R sty BelTstes of e sl olfages of
NROM Blefofy EdIf PNREVIAE pRYoYarki@bd S0 hiir8sedB30d 8t S Aven bias

chart of a distribution of threshold voltages 300 of
direxianasay be typédal ef amNBOM memaay deyice. slfigwierigh also details a number of
e S AP B8] oo BYEEy e SRR HBIER 06 s
Fige 3BedttadlR4 kit hdee3 i0ofa igeniery dpiag S 1diane el @ifreASldvAS 1P through an

typical of an NROM nenory device. Figure 3A also )
oversgtsail NRQMruemery st 3dp dkdd haventibsen sriectediacsivaied for reading.

i nadvertently placed in an overerased (depleti on node)

306 statadditionglissae Mt gan aff¢at the memotyi qeds 8 gn BEPBROM or Flash

Nenory._arif 12 d.t.he. rrent flow 314.throu an
ey gL Tty HEG VBt At B 08 iRl wsea o
prog&ehnestegde a6 NREYVEdeh6Fy deBaegment of\BrasélBiokk Ofighurt e Brogrammed

that can affect the nenory cells of an EEPROM or Fl ash

valuep siersd iaothey tiagping jarsag photheriNBOM mempsy eellsl aprypidngthem and

oS5 ) 0 LA o BBl LG

conpi@pwardmas it kes, Gtsourd linss withelie themppi dels daeas being

ot her NROM nenory cells corrupting them and causi ng
progipmgied apEased-hey are later read. These inadvertently

di sturbed cells typically share conmon word |ines, bit

i nesBY@PnSiwlﬂ@&theHﬁ&Obd/mhmpﬁéC% ryerticalde pndsiselang them with

el . C t t.hei r NROV]

selefoh, BRORBUTE be e HAREH e o RS ot Rk f Rl Dathy cen
denggt 88l inprdediutEpitinaSf pideshisnin feupditevapailion, Halle

dincreases . in nmenory array. cell density and I nproved )
maipaining the sk ogfheﬁpg@@rgsceﬂichw}ﬁor aAlom fop apprepriate device operation. In

o PR R LML 1L 100 0 B PRl
gatespehiah iarernlsd conaifatited i vebbtjcal naneasembodilnenida wéitHeglrésent invention

..surface area for transistors. and ipcorporating. select
mitigale dsSUes, kit AVeIPRsye 207 disHce Ao 105 2iaips reljabity and faster

prodfRRREhg aihagirrent s of the present invention mtigate
I ssues Wi th overerasure and disturb, allow ng for

0 2 8 AN LY 60 i RREOLPRRENEA, o
arra?ER:lR@&tmsl aEaI tas hNANEi I onddNQR” avchitédnees, 3o esllal for theimilarity
cacly ARG THPIDGY SR DS GO B Ycore et e e Bt onge: Fpthe NOR
arraly BRNGOLNRS BRI ONI hebfy QA 8f HeShéory'afral A MBeed in a matrix
similar to RAM or ROM. The gates of each NROM memory cell of the array matrix are
coupled by rows to word select lines (word lines) and their source/drain regions are coupled
to column bit lines. The NOR architecture NROM memory array is accessed by a row
decoder activating a row of NROM memory cells by selecting the word line coupled to their
gates. The row of selected memory cells then place their stored data values on the column bit
lines by flowing a differing current from the coupled source line to the coupled column bit

lines depending on their programmed states. A column page of bit lines is selected and
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array architecture, the NROM nenory cells of the
nmenory array are arranged in a matrix simlar to RAM
W@r00R@B478The gates of each NROM nenory cel | of P€T1ES2005/004815
array matrix are coupled bylrows to word sel ect |ines
(word lines) and their source/drain regions are
sensed,ntl éalitidualalatmworis tard seteeted fitme théGRsed elatat veortds FromNROROlumn
menpry array |s accessed by a row decoder activating a |
Pag?@%ﬁmﬁﬁﬁwﬁﬁg}ef@%y sel ecting the word Ii neg
coupled to their gates. The row of sel ected

cel | sSARFANDpgyereieriurealen FEngst 4s FELRNBAM mgmory cells in a
[ ' i '
G AU 0, O o 1 8 i ppl oo
worll lines I;Ii@»}g@«rw Fa[tgl membiyaiet] ipnaglirectiyecbupl el to s.sovrce dilne pmd a column
t i ' d d . .
i R b e B S E S wE s Rt B a sggey opiaty of 8
16, ?%to? nfRé B kﬁ%&%@m@&b%l@ APe A theCREBMPISPBhEN I8 Rbries,

e menory. array architecture also arranges
sourict 0 dminaPetofeeNROMmsmsoyrce ding and a calupathii lines (idhs allvats a NAND

t he gates of each. NROM nenory cel. f the arr
arvay BBy PV Mg Rmer el detie G : BSRREY R array, but
witl @k Codt ©f AEnGhIE Ablv¥r £RbRIreE ah@ progshiingfy doniiexatyd a

colum bit line. Instead, the nenory cells of the

array | ik i (

5" LB ERREI MG v AV LU AL Bt
actigdtmigngoaraf NROM mdmbggels by sélacténgrthe word salgct éin¢ ooupled to their

drai n,  between common sour.ce |in nd a . col.um bit
gates Ruadion, they worilimes Koo B eatrece P bipesleste shiugpy cglls of cach
strif¥ BO8ko0 BBIEH. YHE®bver 488 ShdeYectdddRerAorgQRNAGLEUCE st are typically

array, but with the cost of a generally slower access
drivemby aduighep gig valirgersg a6 dorppessic them #s paspivangisens aad allpwing them to

NROM nenory array.is accessed.h er
pasarTephr g SO b R ey R g SEBRE syt g lows
froBetofiRk 86k td iHRRoRMMPbiEUnd Dirdubdi saclyNREM rhéin@stdel bbihe series
the word lines coupled to the gates of the unsel ected

coupledsiripgcrebirisicdfonsabthe gy el ofieaeh sffing &t aissipkegied fo be read.
Thit hl cel'ér%ﬁ eéu%? e gnc%%gg §ebr (Eﬁiakasvaﬁes SRR B Gtk memory cells on the
%E}Ica?yae yaehlgerg

r1ven ate voltage so as to
col@pebidlifed. Resolasin pagsofthitiies 34 wicstedrmid abhsedy and thdreimdivodual data

pass current in a manner that_is unrestricted py their
words o e6lcetal Aropbiig aeToegaar Aot fem thY GRS EBES EHEC s Tgated
frorhitlfllemérﬁo%yhe colum bit line through each NROM nenory

ce 0 he series coupled string, restricted only by

t he nor el ' I

pe- r cEobs 485 ALAC ik Bt NR O FEh by of o
EEPROMES: Rishthensgvledice € irgird arre Figuye ¢&ldemilon tégreiew of a planar

colum bit |ines. A col urmwgage of bit lines |

NOBaraueeareNBOS msapry aney (b Ssdioy b e Rines R gnemory array
40038 ﬁetii?édelﬁtp?&ré LB Wﬁﬁﬁ&ﬂﬁ@ Gpdah @4MOREDN 'i&%&rgféeus 402 are
col'Unm pagé®and ¢o

icatéd from the menory. Figures
coufldd téiBtheaita NORs ohitatiire menidry edtaphaviag biNRO 4iramdyword lines.
406(?1 r’l‘rhg){)it?sfouraclze lines 412 are formed locally from N+ doped regions deposited in the
substrate 408. Each NROM memory cell 402 has a gate-insulator stack formed between the
N+ doped regions of a bit line 412, utilizing the N+ doped regions as a drain and source
respectively. The gate-insulator stack is made of an insulator on top of a substrate 408, a
trapping layer formed on the insulator, an intergate insulator formed over the trapping layer,

and a control gate 406 (typically formed integral to the word line 406, also known as a
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EEPROM or Fl ash nenory device of the prior art. Figure

4A details a top view of a planar NOR architecture
WOROMosas8Dry array 400, a side view of the pl aper/USRCHM04815

menory array 400 is detail@d in Figure 4B. In Figures

4A, 4B, and 4C, NROM nenory cells 402 are coupl ed
conti1@atetlize) formad NGER the thérpate insakatore figuye 4Cdatpilb aw eqyg videt circuit

lines 412 and word.lines 4 The bit/s ce l.in
schegae 130 REMeINSRR RFtEF IR NS ONb BERCR T B A0 Sine SR O memory
celld 419 C%Hﬁl%& £ SHe v#Qfres E@?lla INBOMhABIREtecBhhecfiBr 4Das a

gate-i1hsul ator stack forned between the N+ doped

regi ht | Mf hdel 71 grﬁy

regi glﬁguéésg’ %?a%drﬁl fjatﬁ%h soﬁ?lg@' hrllgé Bg%%ﬂit Qe y. N%Qje?@qnemory array of
a EFPR@MI o Sdshtintymary delice of thegheioprt.abiguresi dewils atot vapw of a planar

NARRNRGVbRCmgR THieesYh s NASP HeBeaOF RO mpRearay 500, a side
viev%c HERP Bﬁgall RXKND Nﬁ@ﬁd%&ﬂ&?g&ing%h‘?s 4A81ddtiy Wi &AL 5B, In Figures SA

orned I ntegral to the wo I'ne 406, al so known as
and Bpmtariek o NROMinmmhorfy eelie i Zare confled fogethemiatasseries NAND string

504 S REAR 13- 450 10T g Rk ot W BORGPETIEAT o  gate-insulator
stactﬁ F}Ha@ié 148 of 3 SN0 SRR BB FRiBSER! 08, 4RZpiRdiRk&okfed on the

. e bit lines, word lines, and substrate connection
insule@®, arFintpugase il plat Eornagido Ve O hstirsppiag dayep anfliacgnisplagate 506

0PI BT Bl RSB g

insuBtord NP @d}RH r DRV Ed Refvees lehdght&Rdulalor 8tablANYorm the
archi tecture NROM rrermrg@array 500, a side view of the

sourgé/drea regismpofrkendinsprsTYROM nggros0eelis swhish additignally operate as
Fi 5B, |0, Fi . i
conteofilt § Bpleoe R Ly 8% RANE ipE 0 |cBEhes Seiet PRS0t e

coupitd toghtd&ect liwgy, arl foymeaf at&ithdrtend 32 theQVANDY KROM ksgjng 504 and
Each NROM nenory cell 502 has a gate-i géhﬂ ator stack

selegtiieely sapleerppoytc edsiof GNP NROM pirigg 534 &p Bt figp gontacts 512.
Figu?% ?C d%tapﬁ ape Jlgalkl?tyc?ﬂ];cuft Qélgﬂ%tie Bt BE the RSANRY HlyitcBfire NROM

eérgate 1 nsulator forned over the trapping |ayer,
menaotgl saing@iot) showiiad NREM nfdnyqiy cellld 302f amd selktiate @noesitondi22.
gate line, also knowmn as a word |ine) forned over the

i nt er Babediiieatsl oAty predéht thapatibn &lize vertiaalNROMa®mory cells and
bet ween each g@te i nsul ator stack to formthe
r

vertical gasestencaires. rdgihgasoliorming vacabBAIONRRIUS dEsstgiled in United
i-ch. i tqi | ] . .
st ARLCRIC 0P8, AL VA1 ROMTELRES, s dnsity of

1 biiﬁﬁﬂreﬁ”, gwder;sméw,, 2000 pdndiisted BipkeBaten Nt Tdctitled “High
dnes are forned at either end of the NAND NROM

densiorionh mognprydeogd BuER 4D 1995 TSIE BuNORE Reretst. Mgghods of

fornyﬁ%'l??lg@ggpgf {dnfiB1 s 4,0 detahzle& UhltaEsHREPaehENS12150,687, titled

etails”an equivalent circuit schematic 520
“Mantfiory keell hiSITy averdticeldcinsistor NRONMume dsowrce/ thraimandsing] gates”, issued

show r Ils. 5 a trat.e.co ' s
Norgpet BRI PR BB B A0 R TP AE T Bt ne
DRX® dellICtuc IRVl BUredas dndl vt 16t is6@ddd Tuad 8, 2000, which are also

structures. Methods of formng vertical nenory cells

comanamlylessgnedd in United

Figures 6A-6C detail vertical NROM memory cells and select gates for a NOR
architecture NROM memory array in accordance with embodiments of the present invention.
Figure 6A details a side view of a simplified vertical NOR architecture memory cell structure

604, a side view of a vertical NOR memory array 600 is detailed in Figure 6B. Figure 6C
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States Patent Application No. 10/177,208, titled
"Vertical NROM having a storage density of 1 bit per
wo ER5/08¥781 ed June 21, 2002, and United States IRel/B81005/004815
No. 5,936,274, titled "High3density flash nenory",
I ssued August 10, 1999, which are commonly assi gned.
detailstah egsivalenif drenit sghensatici628lof ghsl viettiaabNORodrchjitgchwe AIROM memory

array ot RSN Pieghety gl Feamagpafolecdapesfiopit g it goted tha
the N@K &@hi Rl NHOMAHeho SRS 600 cas Be Bl e Beth EHPROM or Flash

2000, and United States Patent No. 6,072,209, titled )
mernisrarags il drsdceni Bisicambe BRANTAe Figusasifetnd @B.Havisingle vertical

Nograéchi %gtgllr ! %ﬁﬁgw\l\n i gggctglﬁes%ﬂﬁl S(S ﬁererg geﬁ%&%g@e %n%%’tor%i:ocu%y the
areav@ihtt 4 Gagle PROM NROM Yrafigbtbswaiild oselBQhn @Rk e$ 4F efuaedNoRen viewed
architecture NROM nenory arr a% i n accordance wt

h
frore pbos ArchitEANSStor hevipg 8w éli@ﬁ of Ak egitaresh. Vehege i ig the minimum

resoar Cc %’ll é ltﬁeg & 8%691]: HZ kﬁ%#%éuiﬁg&@e&éa&gngwl ew of

E‘Bverpﬁrb&ggre vae”rﬁl“’cgﬁgﬁ“%%é NP el St g e e s10are

coug 188 t6¥etteh e sepiet irCalerliERR NOR i dha6dtbifeen MRSy BB RBHMURIG03Y In
showi n Chmermry cells 602 and substrate
g\nga]

Creeémg e Yardenl itpasungapesporyleall stracsuROR4 arteenrlh 629 isrfermed in a
sub&ﬁ%(gga ALY ve?tru!aﬁ(IRQ% Iﬁéﬁo&% g%bb Wa& gel«-f‘&g ggt%téi E@%ﬁmormed on
or ash nenories arra can e see

the §idewnlls guhesefh 630d TﬁB vettidalENROM inemoey 41602 NOR gate- 1nsulator
architecture menmpry cell structure 604, two vertically

stack gpasis Pf e alatar 629 Tereradinp the surface o hieaidexvall; » fpeping layer 622
(typg%ggr I}w i APt EnsWPa rqS2@C§iHHY ﬁéﬁ@ﬂ@ﬁﬁﬁm 8h4 #:rmed over the

I ewed r om above, each transi stor
NRAGM a2z andh c@ﬁrcﬂcgu&r(@ﬂ)(tpraﬁy dorhied in & cohigolrgate limerralso known asa

woréiﬁ’}% {(gq%lgg gh (’géllggrg% {1 )ﬁgh nérzleg%?lléo%@;}ent the substrate trench
630‘4?%&&3 Ibklé)a{té}hiﬁ%‘ii DA RAREY t6R i 109024 8Ré: BE Elﬁfsﬁraﬁm and

are ctoupled™together in series in a vertical
amsatropncal@cttulmag limtmnyh@seﬂaO Sthe lg@munwlaoﬂstadmfdh@HROM memory cell

60250 foripel i ik ot Pty etorive IS ERE ofGieh o s Mdies of the gate

instlAb# §t8cX oVIREM tRRBP 630, E6ll dw &R AResis /] Efifectaif e@m)f #etdeposit of
then formed on the sidewalls of the trench 630. The

eacly yer f@elﬁaVNR@M ﬁheme}naé deposgepomtis sidegyatl of hestrangh 630 In another
embOfin{l?]ntr@ﬁe rl% a?rer:]rs I0 %%e?%ma&%%r st%clggt% f?%etéfﬂ aglgls(ﬁénf %%ﬁ(ed and
direBlidralig@}chb@in® cingle stelpe i nsul ator 620, an intergate

i nsul ator 624 forned over the NROM 622, and a control

gate @‘Q@ véiki¥RiseRbA gété G’IO'@Q a glteam@lﬁlﬁltof SHaclffale bf &Afinsulator 642
al so known as a word line) fornmed over the intergate

formetsen tie opp@&2i4 sidewal 0é therrmndh ﬁ%@mvlthtah@nggk@t&r ed4eformedh over the
) 0 js f b ki hat i
35 B T B B E0 S TR gt

layeingbf Bech dTehd aReiiR of 8@0zatd heulgRk Statlosvdr #iedirerth @38, Bfwith the

t he NROM nenory cel |
vertical NROM memory cell 602, but skips the depositing of the insulator 620 and trapping
layer 622 layers. In one embodiment of the present invention the insulator 620 and the
trapping layer 622 of the NROM memory cell 602 are formed and then the intergate insulator
624/control gate 606 of the NROM memory cell 602 and the insulator 642/control gate 644

of the select gate 610 are formed consecutively.
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602 is fornmed in one enbodi nent by successive | ayering

of each of the materials of the gate insulator stack
wo@y®s/0831e2 t rench 630, followed by a mask and PCT/US2005/004815

directional etch of the dep#sit of each |ayer to | eave

only the material deposited on the sidewall of the

t r enciN+@3Ped tegioan 626 ere feminaidit hhentaised afehe ati the tdpeandras thefbottom

t he atelnslat r sta f d d.t
of hefepninGs R0 et pe Spuraratt fegogh fgh (b Lergpal NRGRT Efnory
cell/ﬁ%@tlh t015§£<§(‘3602%ﬁ %el@é‘t%aﬁaéﬂoa ’lgﬁtl‘@c Fd3siflsals8lcofpideie memory

an 1 nsulator 64Z fornmed on the opposite
cell émj avbsellecd ate 1080 togethehto8bm e Yertical dNQR mengay str@Avre 604 and

d h 2.
sl copriae SRS n o R Tl ateedp g vit ines

612 BYEhHEE ttht 1R3¢0 s@frcd/MBin TGRS 826 mal bk H’&n&dtb@fore or after the
i nsul ator stack over the trench 630, as with the

formagipt jof e NIROM. remrory cadld(02 apd ¢leph gates k] (hgate-frsulator stacks.
depositing of the insulator 620 and trapping |ayer 622
| ayer B Figmredilss aontiwdl N@Rt arcdﬁtetttmee DREX myemary erray 600 tsHfermed

i nsul at gr 620 | ayer 622 t he N
fromh 51 RSP o8B0 B R ML TS R PR A0Ar Seibvertcel NOR
archit@@tﬁfeqh&ho@%h%ﬁ'ﬁéth&ls 69@h§v1§§) 8 vedtichihg fdNREelYINFeOMIr rMetﬁ@xlyl cell 602
and theé insul ator 642/ control gate 644 of the

and g eb@i@d srdeat g61E® 18y whereintecidienefdbe sgleas iggteis-caipirsido a first bit/data
626 f he,.
line 12 ag@gﬁwgc%@{a?wﬁé?ﬁ%h@ébz T fBRetle e Pt dalgutel2.
source/drajn reqi NROM
colT B T B0 NG oSS ERHTS R0 s o
subs't%iter eﬁﬂé@ 398 ateSPrat il LsubfiBatdBOPHYh ¢RhtheR 630 3t dtcdVeBden them.
610 together to formthe vertical NOR nenory

The srbrtmal NROM @eenzony celthdiORiand a¢lest gates§i16 arehibey ﬁqrmed @h thcrdewalls

of tl}%lrgi ars gﬁé uwﬂl?qnn%n?ﬁ%ct‘h%g l6{1(‘)1§c{ trogrﬁix‘ﬁl rggaﬁ ll\%(gl} 3150 tﬁcture memory cell

struétBdk 805, PRE verayaleR ORI mesoBedefE 602 and@bdl&st ghtd©610 are formed in an
formation of the NROM nenory cell 602 and sel ect gate

alterpatingypattern ANRON-selecs gafék@leq gatENRPM, SEROM-spdact g%l etc. ) such that
eachgplqs? aéég;latg flé'r S 1&%@%@ ar C 1&?1&4‘2}%4(31%88: éeﬁs %&H@ﬁ%ln itsfBewalls.

ver ure rrermr

cel | SR ikbions B kb e b o L PTG SR8 kB bottom of

the (REHFREY6 TR foRR theaBbrcd af@® Hﬁﬁrﬁ‘ﬁgﬁﬁls eThe gﬁlﬁgi@ﬁg)at tAOBELEIM of the
the drain of the sel ect gate I's coupled to a first

trenglies 638 couple the mamoryvgll §02 ang sedecd gatierélefof each varaal BOR
i.s coupled to,a t
e Ry SRR RS R hed i Trenl il o4 Pe SRR piars 628

coupie [heﬁ:&aﬁfoﬁh}é)ﬂdc&%ﬁe Bi0 hiadl the G&&c@bﬁthﬁ (NR(BM inBmary cell 602 of each
substrate 608 with trenches 630 | ocated between th

vertipAleN OBy arphiactugromesn e stigieture @bty the it diapeet2 r@meégvely It is
e gy LGB s PSS oled AR s e ormatin

of tIRINROM fiietifopy 0eIh602/andaklectsiatei6tLgas-iBOthtor Bleekyer t i cal
NROM nmenory cells 602 and sel ect gates 610 are forned

I N ang is also noted that isolation regions, typically formed of an oxide insulator, can
be used between adjacent rows of vertical NOR architecture memory cell structures 604 to
isolate each row from its neighbors. These isolation regions can be extended into the
substrate 608 to allow the formation of P-wells, where each P-well contains a single row of

vertical NOR architecture memory cell structures 604 that can be biased in isolation from the
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alternating pattern (NROM sel ect gate, select

gate- NROM NROW sel ect gate, etc.) such that each
wPEriosms37828 has either select gates 610 or NRORMTERNY004815

cells fornmed on its sidewallfs. N+ doped regions 626
illars 628 and at the

f d ) f th
oo B bR s e o .
seledf 1&ieR 616 8hPADss thB& iw]ﬁtlicﬁlgﬂe 08 & thltapgaggggét(ﬁ)(g] %%Le/\tggr? address line

trenches 630 couple the nenory ce
606gad eeletding 648 sottrale theiapatatiNORf muitiyilé NRONEndHEI® IS and

tyre 604 tagether. The N+ regions at the tops of
selef a5 P CrePrS bR i ol o Sferiant NeaR bitsglare memory cel
stru@hfzs@04. t he source of the NROM nenory cell 602 of each
vertical NOR architecture nenory cell structure 604 to

the N oot apy TGRS BERLIE W ol P RSB 905 e

vertigpl MPRearchiteetui o NROIN! arenadry tivay SROho® RIYROB hmefR2 @M 602 and
t 0 te-. tacks. It is also

o g A i ISP R g a1 e

forn@yiiel en hIEHABIOFatte FANFEMUS B &E,"k%?e@} Q%Wr fé@‘ﬁ%\g%felect gate,

vertical NOR architecture nenbry cel
etc.)sg thaf dhedraineafdhe sednst gato (i usd theisginbeiisain Fhd® NROM memory cell

i .ati .eqi C e extended. into the substrate
602 bR REORLAETNIR o e TR Sl s o BB o Coupled o
single-bidide 61anTwis Sted tkdt %@h-@ltél‘ﬁﬁ\ﬁxg% pafRhld a‘f@hls%s%bé% It is noted that

architecture nmenory cell structures 604 t
othepreayeRptiernsiof emicalohR OMmemosoedlis602 osedeco Bateh6l (a andyertical

i t .th 1t rol gate/word
NR O ooty P ey B Bk BB ff B b8 poilee? i Bose wiitagin he
art withdhabénefit e presemalischatireeach control gat e/ word

address |ine 606 and select |ine 640 controls the

oper di tevesfical NIOR kBt dIRAYNIR0T . t
gét es 610, respect i vel y, across I}fineJ t&{ﬁp@?ﬁ%@@@g@%% 6C, the
changiel dengthy pf ook NEHQM; mempiyraslliboPang sdedtlgatG10dh uvesicBONOR

w8 B 20N G ELOUAE L SELISL RIS APV BLE o o

by thiROMmEmrayura sizey Daee the RemicROroNREV R i dA1 %ﬁrcﬁf?@cmm
connection 622. The vertical N menory

d substrat [ )
NROBEmegiogparr %@%@%WI%N@ gehitegtuse fusned célhstartures 604 of
em ' t: . el ec at | ect
B Ry Sl DR Bl o KR ity apay om be
prodused titag cerghie ot vegitab NROM aitndrii@els 602 @ 85&idt Qfffdr Hm charge
NROM nmenor CMO% of adjacent vertical NOR
separg TS A St SPTochetE 610 (iothe spasealos veould boutized by a single

conv&ﬁ@ﬁélqﬂada@m@mﬂérﬁogicku.' ine 612. It is noted that
non-alternating pattérns are also possible. It is

" » f ical N

memor s i Lol e BROLFR i e BB inP B engeeom

sourcefdradn 9f each NROMUatmosscel &2 anewp @&&h@NR@Mq%éfﬁérkl cgl?3 _6(t)2 to be
|

solat§PRERARE bt Baf 1 v baso advaptaee i eoth povaarniDReg and crasing the
NROﬁlg&hb@%ﬂﬁ BoNB e FEARAYNSR' i RO ONRON WS Sord 285600, In
erasing, the coupled select gate 610 allows for avoidance of overerasure issues with NROM
memory cells 602 by isolating each memory cell 602 behind a select gate 610 so that, even if
an NROM memory cell 602 is overerased into depletion mode, it will not corrupt the reading
of other memory cells 602 on its coupled bit lines 612 by flowing current. As the possibility

of corruption of data reads due to overerasure is mitigated, this allows for the NOR
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channel length of each NROM nenory cell 602 and sel ect
gate 610 in a vertical NOR architecture nenory cell
W@ 2008081182 604 is determined by the depth of tPET/US2005/004815
trenches 630 and not by thé@ém ni rum feature size. Due
to the vertical formof the vertical NOR architecture
archNBEHVte TEROM me frioy afpa06@N spexdtupcitd erdOR: pnocdm'sé@hty usigz larger erase
menory cell structures, 604 of enbodi ments of the .
DUl B B S TPLAS) Ghevan Nk A Y £ BOELG B RRERE B BEyHion. by
allo@ideAMe FREaOEPEAME S HRE ﬁ&’%l Be YBibbCSH erMRfMerificati
© r%gr(f/ ceaF@%OZIQQIE ?lgtsjoes r?ot su erefrom chaerrge erications
requeg areateieoedios suaselandadc dbp b@-d)l@iedek’@t ga;}aﬁéo 6150 allpws foe the

. .Space that would b ' ed t .

isol SPE R AERRS Shipty SR M i 603 Al ing SR o Rigual

NR@M)mefﬁH Qfis b V%ﬁl%‘?)rtnﬁﬁe Biléctdd dmea @l@%sa@éia deoments, or erase blocks.
source/ drain of each NROM nenory cell 602 a | ows for

| mes g1 Doantg B polbhat HRePRut B BER L  n

progmﬁnnmgdnsﬂuga oSSR NROMenmemy cg&lwmls tieCRrayfo00 thy thesdéct ghte 610

arc tecureNRO\/I ..L.n_erasjng,

isolfing & SUHPREE WEIMBRROg S BRIt FBFS 610 Rasalovfor longer and
higHe¥ %l?a[g%%%g@arhﬁﬁﬁ’gaﬁulwst@ bR DR IncERking tl@é)f)’osbﬂﬁlhty of disturb

I sol atl each nenory cell 602 behind a sel ect gate
issuél0 so that even if an NROM nenory cell 602 is

overerased into depl etion node, it wll not corrupt

t he rEgdies§AeTDdthadrvertirabNR QM cbls, §@Zicalrseletsgatas,) phENAND

bit lines 612 by flow ng current [

I
archifectugs NR M BISTSFY HHRES Fersaardanee wigh o ErBR Bt tegrestn

invéRtibh 9PioREb 74 BEI‘%I]@L Eiﬁ%lefw%f 4 if ﬁl tpfim(ré‘rﬁbe{l SCANDErdNNMure NROM

menory array 600 to speed up S erasure processes by
mem&wmglﬂgai()éenfltlevmeal selestegntesi7i0t FigureoTB detatlageyquivalent gircuit

o A Ry AP GrF Sk B kPR Mg

NROM ﬁﬁﬁl%ry &g 700 Bhe sutkfraicafnticBol ¢84.f Figate TN aethi@dddifle tiew of a
are reduced or even elimnated. The cou‘[jl ed sel ect

simpjéfiesl @1iicah NS lrabitectingrNR M ingBlost eny @gﬁre dRedetails an

equ vrqlgfqg?lacug sC %Drgg%ng gmlbgih?n %Bgilztlhg @eg&g ?ﬁxﬁe@ﬁéﬁ SApd Ct a5 pan be

seerflitbid FARIrESTA dad acsﬁgzmmtlsal NANBraadstebtiecksmotystring 704, two
progranm ng, the coupled select gate 610 all ows for

vertigatly dermed ﬁramlstsfwwhﬁ Gredithateaeh PlrnaurkaRpisioRdiopIderyRy (an
area oq%fF' %21}.15113& whe {1 Nev2dG: Y bl éa%égl%h?rg%%n ﬁatnﬁ%é)%l i 1[1 I@f] Qeli‘ Squared).

errng the menory celfs
Whﬁr& 2‘F” JSths nﬂ1h1hﬁm$ refso]Wa]ble phetolitographighitmensidr mghe particular process

rogramr ng pul ses to be used, L ner easi ng the . .
tec}‘&@%ﬁ’blsmwaﬁ traﬁ‘%ﬁtﬂrr 50;SEQIE 8 §Ing tﬁb?tféj.@ta?t %E‘fsélcfgi 289 density is one
bit f};)? Ez%] dh&H s DRV LG R laled: THRS bL@lan®, SCE=IRhBSon 4 tW@rage density

I tecture NROM nmenory strings in accordance wt
is OSrthige bitpat Kuafe dehémpteesent i nvention. Figure 7A
details a side view of a sinplified vertical NAND
ar chi teRigtifee] ANR@ties of vertically formed NROM memory cells 702 are coupled

together in a series NROM NAND string 704 (typically of 8, 16, 32, or more cells). In the
vertical NAND NROM memory array string 704 of Figures 7A-7D, a series of substrate
pillars 728 are formed in a substrate 708 with trenches 730 located between them. The
vertical NROM memory cells 702 are then formed on the sidewalls of the pillars 728 within
the trenches 730. Each vertical NROM memory cell 702 is formed on the sidewalls of the
substrate pillars 728 (for two NROM memory cells 702 per trench 730) and has a gate-
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menory string 704 with vertical select gates 710.
Figure 7B details an equivalent circuit schematic 720
w@booskgs7serti cal NAND architecture NROM nmenor yPGL/DE2905/004815

704, showi ng NROM nenory cdlfls 702 and substrate

connection 734. Figure 7C details a side view of a
insultdFRtdck nede ve bl isalatoNAMDf@mediohehd sirfacdlROMe sistewall, a trapping

array 700 and Fi qure 7D details an egujval ent citcu'hat 704
layes hretiznirall ot nohstlicapbiormehtn e 1RHaRl el At MIFeRIA Y LT

i ate

forn(S 3B P Sfie RS P2 e ROV g o106 s Sormiel iR conteol g
line \a@got knoainl ag afvosrddie) fommed evarthe intargpy inshiatar’dd. t hat

each planar transistor would occupy (an area of 4F

squargnekabodingine thefsubsirabpiliars 728 ahd treariss 33@areHammetgby
an area of 2F squared)., W

) ere "F'" is th 1 ni num ..
patterainglazakenginaeplithat dyleapid oven tgeﬂéhsgﬁteﬁﬁgq@ﬂi am_sotroplcally
r r > 2
B 41 AOOTRSAEARIEI Ak 5 B8 1086 e 72 e
forn@dnis iohy emBodinenbby sucoessiva ddyefikg ofjeahed theateriale af the gate
~ Thus, for exanple,_if F=0.1 m_cron.then the storage . ‘
insolpiareiach Sver Be Bl (porhSyals BUBRRE Piagupk o] Sfectional tch
| lo98a R i ANRSM BRI the pill
or RS ogUSEL ot oo it AR e il
728 s Tt ArugheF @mbptlinming, aliffringf lagers obthe Zate-ipsulator gackedre §9rmefdpnd then

h Ay [ _.NAND NROM . tri 704 of
maS[ﬁ?@ i rel'?g\g“i%y eécl?@gr“? %§1%§E%£%bgtr : g%/espir : Ingr s 728 are
bet webl doRaHTOERRG 796 A1 (CHTS NG PBAF BERFYe PEBIs A and at the
bott%nEFtﬂf tlfleolrrg[:ﬁzﬂe dﬁé?w&!nﬁ&\éﬁ L SicAMNRROST Relnoay §ell7£a%e-i&47sgﬂzatd’i stack

e trenches 30. Each vertical NROM nenory cell
702its fdror the dowrce raindegiah$ of tbé adjheens NROManemerly|cely 402 and

728 (for two N nenor ells 70 ench 730 .
couplg $hemERER 1Ll 7% bree e RndoR e rtogh N AR AR @Ry sing
704§ 9'19R6c@thds iR SVEhHEESIRIN Eerh;,ﬁ‘)n?} 796 wakbe férmiddaREdBor after the

layer 722 (typically of polysilicon) formed on the

formatenl of ther NROO/ memoiry cellségateeinswlgior ateek 7924 f or med over
the trapping | ayer 722, and a control gate 706
(t ypi Selkttypatesrmmeghitraracamphid tolgagaekect lines, arafermekmbeither end of
as_a wrd line) for ate insul at

£
the $30D NEMumSRbr i 04418 selfSval b SR b 16 i R fhe NanD
NRbNtFHI%HI%Fy {tﬁg% @Pf td PhiTBHe BohtRA 1B, "THROveRid RSdéd gatgz 310 have a

materi a | ayered over the substrate 70
sateaimsslator siptlc miatly obarcinsulgtor i farmnd ke @ sidep/all Fith a control gate 744

at e-insul ator of eac nMepor I
Tl e R g% M RIS By A ELek e e 749 AFormed by
sucGR6iVe PlyetiRof B bf AleSnAbridINef Waketelinmldied sticksivacike @itbrs 728 and

the pillars 728 and trenches 730, followed b

) a mask
trenales TH0r axcwitl Higl verticdhNBOM eergrap sell 0D bubskips %ﬁﬁéposetalg of the

. leave only the mater) POSI.t i t and last

s Ta Ao elep g T 2R noREF B Bhreibet 72l HG % frt and s

merh8dedel 70D of B @atica NANID atcbitectie ¥R @Mestfing fe4itcathd s¢lbetrgates 710
masked and directi onal lXNet ched in a sil\r/}gl e s,} ep. .1

and additionally couple the vertical NAND architecture NROM string 704 to the bit lines

712.

As stated above, Figure 7B details an equivalent circuit schematic of the vertical
NAND architecture NROM memory array 700, showing the vertical NROM memory cells

702, select gates 710, bit line 712 connections, and substrate connection 734, in accordance
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N+ doped regions 726 are fornmed at the top of the
substrate pillars 728 and at the bottom of the
W e@nokss82 730 bet ween each vertical NROM nmenorBCT/US2005/004815
cell/gate-insulator stack 192 to formthe source and
dra n..regjions of the adjacent NROM nmenory cells 702
witl, i %%Hlﬁﬁfé 0? He nreseBtpventions Asran begeanh the schemasicprovides the same

equiMlent éi?émt%mt ¥ & Gbﬁ\%ﬁ[lgﬁf% PTEBEPNM gulcﬂgefg\gé Nli(glgf memory string.

noted that the N+ sourc aln regions

forme r el t
nenor 91 %igpll%sﬁ:g gt 8&| E]solrjflvgporaf lgf\@ B’ﬁecugg E\&&@!P‘é‘gr y array 700
of orid Ombodiatenawfahe prepde thvieatigaisFosid EGdmlal 8BRS ofdfeRidaPNIBED

at _ei tllgg nd of the NAND NROM menory string 704 and
arc tSFtBEEt 9@“@8@&' eclbypngs 1. dpfisuse 7éh@CMNDONWent vertical

NANDBEMtedturd RROM Tndnhr _9%2)&';]1'11%@?04: %r{bg%rﬁcaﬂ Jl\ﬁétdgﬁ afchitecture

vertical select gates e a gate-ins
NR @i¥teewbryeartayr 70| aat aruple@2hfoagheertionl salesi gheavat 110 tWatcBmanon bit line

ont\r o te over the insul ator 742.
712 G9A0 P HaBF et d2a et of e tarplepilgai s 710 are
fornme h]g successi ve | ayering of each of the materials
of t %géfcém?t ¢ thpbisolation %W%Méplcmﬂnef%mbd af an @@8e amsdlator, can

e ARG i SO Y A5, SERN pe ERIIPRAA 54 e cact
string 788 ,muglta; agaglnbo?s?Z'IhaspesdaﬂdEh%glNﬂs ERIOTenfed it § substrate 708

Cfir d last nmenory cell 702 of the
to afyR fheFaimianist Bruslfs wiotcach oMoy 7aasie sertioel NAND

B i R

stringg or r0ﬁ<§ of thetaethy 400y &, is Bisgnoed That det @inks] gte/6@ud ¥@lr&@Rlines 706
hemati c.,of the vertical NAND architecture

and ST i DR Pk ttsoG B eiproing T g R word address

line T®SEIdysehet life TQD%onf8ls¥8d oftdbifn of NROM @glzlbﬂﬁcem' 202 and select

connecti ons, and substrat'e connection
gatey £ ibesRestiesly aerossoliipleenows obvertiog NoANBearthitcosen NROM memory

cell &5 4be seen, the schematic provides the same
%fsagq ent circuit as that of a conventional planar

q
Sect i G Eare Nt A q%éév{a?ﬁ%emk&@@c hiqof the vertical
NANID Eitdcde QfR OREmERBR B Y Fdfurd '?é A gﬂ\}f gﬁgﬁff&p cells 702

is formed froma seri'es oOf v tlcal
nd adrRopmtibiag 704 eennection:i ngs 704. In Figure 7C, each pair
of adjacent vertical NAND architectureNROM nmenory cell

st ri digtheA@aicahNAND wehitéatate NBOIM @e@bivt £edym00 JNRMres 7A-7D,
the c {:,1% até ?é %%}%M coupl ed t hrough vertical select

%%’PS 749 © Frepiofy p5lhi2apgd SE&‘?CtagaF@ﬂ Hb@@o%rtlcal NAND
archife@ir®merrd §tﬁﬁ?’?@4 ﬁtdeﬁe'i‘l%lrfeﬂ%él%e ﬁ'ep?l'l bt @5 gﬁﬁ@s ¥i§ aﬁ%jifreélfhes 730

al so note i sol ation regi ons, tpr
and nghby ieduinimem|featare sizea ﬂleeo teecriel feavofis NIAQH]) atyAE ture

NROM gﬁ}nt ?3? % W ) c}ﬁgclﬁ“%%}ggln ;rﬂéggs %Q%d}»f%ba}gtqlements of
the pfe@@it DR EEH) ah@rt@(ﬂ RAKES alchit@thBNRONEHERDE 4 string 704 and
select gates 710 can be produced that typically has twice the density for a given string
horizontal run length than a corresponding planar NAND architecture NROM memory array
string.

The addition of select gates 710 coupled between the bit lines 712 and the NROM
memory cells 702 of the vertical NAND architecture memory string 704 allows for the
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to allow the formation of P-wells, where each P-well

contains a single vertical NAND architecture NROM
woreowsg378el | string 704 that can be biased i n PEDUSI00D®H0N4815

fromthe other strings or ndws of the array 700. It is

al so noted that the control gate/word address lines
NRGOREmamndryselle 02 bf the sertitl NANIE arobitediire seen@p btingdh4 to be

: h | (
isolaFGRiraRPnS oF o AfT Ry s gt R i R e Bibolh PRieepming
and BRERLYhEGrti¢ 1F\Qﬁa\lﬁ%gclﬁt%&ﬁfétm&ﬁbfy%ﬁi%ﬂ@%%%sidg‘?ﬂﬁé coupled

across nmultiple rows of vertica architecture
seletiREMSs 178 frallgwe Edrlaveidrigegd ovS4rasies istuas wethNRNM, merpgoreglls 702 by

. (D detail i val.ent circuit .sch i.c. of the

isol4f et er R SN DA L EE SRR SHERG 702 by ongtolpoge, select

gated 10 SO H&nNREVINIRORS ey d211€ 082 anthe3eHREENAND hrdBitecture
704 connection. In the vertical NAND architecture NROM

memn}emtrylgazmawe gegeresedinigudeplstigmupde operatieh gl siill peteprmpt the
NROM [ ] 710 .
e G TR0, i R Sl Bl b fines 70

that 48 @upicded theysatneeitdapt 1 20fAstthepgasibilay of é@Bumivd of data reads due to
trenches 730 and not sg% the m ni rumfeature size, Due

overegastieels ytigdtedathis alowior theeveriabNayNA prdEeciyE NINGM memory
a2 B R 0NN, S G (TRIDD 8 A s

pulseand by addubidNor alinlnatiag erasereNietfitarenn rEheaouplyd sdledt ggtes 710 also

704 and sel ect gates 710 can_be produced.t , ;
allowyfgs B F1ojatsherapity eEore s ToRRATRGM BFMATE Y 162 allowige erasure of

indiMRLAASROM rdehdry &1Q1702. 1 AARFhaf PLrties RO DNYcHHARA m BB strings

architecture N menory array string. The addition o
704 saleartmaraselsct?d Gate swpdsedr dresetdeckst Ae plyigranhmingsthg tRuplad select
s 702 aof th i

t .cel [, NAND .
gatel I DA £ BUYRRHT 5! RIPFRGDB AL SR T PHRRHGRHS 702 in e
arraJBO0BY tifedelest #0es o ibd18rinketh nfedhorNONI ANCITithebdrtié# NAND

menory string 704 to be isolated fromone or both of
archithefutsi mempryesritfgs 7 04 dpm theditines Jd3-amhisgdews fordenger and higher

A R e e
t 710 all f id f. '
i t b Ries Rt g e aetsipinlyieus phiprdcl NRAM Gefig o2 and
vertNANRIRE 6REL 810 &8 £ydBAD NAND 'NI(@MHQ@mQ%hMH} §008n QEcof®in@e with
sel ect gates 710 so that even if the NROM nenory cells

embpOineits ofthe presenit daenhAND severhl misk fabrieatioarsiaggs. skt g pajed that a
704 are overerased into etion node operation th

forngtion et G SR T 2SR b s R BeSREFS! B forkBtp of a

vertRAl RORENROM hictidry BNPoG with HIRCAXEE St Atefbht dhdSuhidr of the
that are coupled to the sanme bit line 712. As the

selepiogagdst§i10iang bifling ond spirsohneofontpstsa Aedafsd abryer i@ creating the vertical
NA%%%&Q% ﬁeﬁmec%)? allrﬂle}; %@%ﬁée%ﬁ%ﬁbﬁlakeo&ﬁmfs @hs taféefo}/rﬁé& flncaaéubstrate
808 with trenches 830 located between them. The vertical NROM memory cells 802 and
select gates 810 are then formed on the sidewalls of the pillars 828 within the trenches 830.
Between successive rows of substrate pillars 828, isolation regions 832 have been formed on
the faces of the pillars 828 that are not utilized to form NROM memory cells 802 or select
gates 810 to isolate each row of vertical NAND NROM memory strings 804 from the

neighboring rows. These isolation regions 832 are typically formed of an oxide insulator.
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array 700 to speed up erasure processes by using

| arger erase pul ses or even a single erase pul se and
Wh005083182 ng or elimnating erasure verificatiPCT/UI1005/004815

coupl ed sel ect gates 710 al286o allow for the isol ated

erasure of one or nore NROM nenory cells 702 all ow ng

er asuma stited atabive, id eadatihREMhMNEROM/memlol s cellDgate-insulator stack 802, an

syt ¥ T8 swricp O sty BUSPIRE Bvbe B4 died on the

insdlRtoPERY L8 'iﬁ’fbx%ﬁte 1¥1§ﬁ‘at81°$ﬂ| e foraRURSEr &@Eﬁ%ﬂﬁ% Byl ko aﬁ&’ ﬁ control

m tigation of progranm ng disturb of nenory cel
gate7806 is dornied qver thy iMegatsyingiatos®dde dn cerating eé?ci(ﬁelesbgzm gatQInsulator

stack T 5 EYnioE 843 540 o S syiFhcelof e SGAAIE B St e 844 is

forﬁ,@do¢@ﬂg5elhsﬁm@r34;gher vol tage progranmm ng pul ses to be
used wi thout an increased issue with of disturb

pr obl 'Pig uﬁ% GA e tr@&lﬁ%ﬁ’@h@e'be&@ AR&AAY RS 1R RhskVi MR
of vertlca NROM cel I's 802 and vertical select gates
an1®11©pmﬁllsddn@1ttomlav ethiND tHREIVIchasiSO0yin dxer w}»sm@ 80% N+ doped regions

sodJF g bR Gm o nE B 4t GhoupetyuBSinfit BER b gom of

the ti@AdRE BOMtPopB 8BS sdub@drbi réglﬂhsl &¥'thé NRAW Iﬁﬁﬁ@ ReDESEE The gate-
may be utilized for formation of a verti cal N&Q

insyteippstyckeeireagh BROMimemenyeck 302 bwecheempamaﬂzz éoraed oaﬁble sidewalls
of tF U ¢ tenc 118?1% C[@ e%%gglich%ge\ggg %h% e%%pt on of t]!le néll?lﬂgﬁso%%ﬁi%h the

ate ove, cr eatl

selecesdtesqul0 NN LN dROfoymad tHyin&04tor 8205 eiel tepifg layer 822, and
substrate pillars 828 are fornmed in a substrate 808

the jtengate ipsylaieisS293by puscatsbe dspesiinm Masking. andgliteetienat giching of
lay gﬁ pory cells 802 and sel ect gates 810 are then
orned on the sidewalls of the pillars 828 within the

bi 1 arorisa opdBt RS ARG b MR Bles B o et n

suctdisivé aseSofal ANTEarBhitdcairs NEZSMithéhorgsEind@804 tatd fill&idwitioan oxide
form NROM nenory cells 802 or sel ect gat es 810 to

to fp%isataaaoaa%orr 2ofin {amingthe PNIRRESNROG rewisef VAN P.ar@stecture
NRERE 508 LB OURALL 1 PT84 BIndEAESAS ccing
pro&dsahisd dﬂbdbsehe NROM eayler hgo ﬁﬁlﬁhdﬁﬂ%plﬁgﬁﬂyy&rsml

gate-insul ator stack 802, an insulator 820 is forned

on they Eigﬁfeag@ tBé cérft@] shtdgwald lined 806 ARPkd1ect|gawe 81@adect lines
is formed on the insulator 820, an intergate insul ator

840gpa farmed o Imfcaméngathe goriral ,gatlgymgi ],113@;3&06812 selgeicgates 810/select lines
840C %Q:L s%lvqusgag 4§fo ﬁ%dlgtplfe al{cfﬁoqysgl‘ggnﬁn ? {Nnﬁ ?Jnﬁlathg control gates/word

llne@ 306 ahd'sdMdbates 81@ededd llﬁes 0 ik ﬂspdsﬁé(bbveﬁfll?e plﬂatfs(mﬁﬁﬁenches 830,
on the surface of the sidewall and a control at e

and L@ﬂfaélwrfean%k@tew%larq%wlﬁ erth%NBOMﬁnmw cgll B @fﬁbe memory
l;
aLlTé’nl sofr Ozl cal qg%&g?gﬁﬁl%ﬁ%ﬁgg}{%%%% ng t B}ta’?gllnc eaiglda?g

patﬂernetlh &he ahebs alhekifdMatehal id opaovadegid s m8@6rhavey 808as
of the unfornmed,sub '

amsg)grgplgﬁ]ay ggéc{t]ﬁggl&g?t?m tggemove tlixe undesue(? %)(r)r?itogs 8% tlhle %ggosited

polysilicon and form the control gates/word lines 806 and select gates 810/select lines 840 on

the sidewalls of the pillars 828 and trenches 830.

It is noted that the isolation regions 832 between the vertical NAND architecture
NROM strings 804 can be extended into the substrate 808 to allow the formation of P-wells,
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the trenches 830 to formthe source/drain regions of

the NROM nenory cells 802. The gatei nsul at or stack of
weamk/03REM nenory cell 802 have been parti al | ypé¢DUS®AS/004815

on the sidewalls of the tréhches 830. In each trench

830, with the exception of the pillar 828 on which the

whefeSd4eE P-well &smtddda allhgletN)ANE Jscnti B0, armlrcfanfoe el irhigolation from the
i nsul at or 820, the trapping |

th
othef FEBEGBTEOS the it B90. JD 8 Aliynatih R (i Salet pioplines 506 and
sele&r}[}tsake's %@?ISQP& l,ﬂ_l'eg 840 &%E@he tichhith REicha¥8s so @it each control
erial. n ki i and

gure e pillars 828 are forned
gatetvherd apdiess lhet S08eongrals thooperationioff NRQFleneinvey creiiw§02)ﬁnd each

iR 5 T 88 i
formn illars 828, th of . NAND_ archjtecture
gigs SiriChdae baup O ALIEACHEE NANEL BRIy NROM

meﬁgq%w@sﬁn FERA Ngs Qavtlsgsﬁqeegoﬂ&qﬁes& 18k8 %a@'gazﬂ ﬁﬁﬁv for

ayer ‘into |n | trapplng ayers
biashiggifniee BQopddumbstome 808. Dat maédhnidotheérmfesm80bsuhsithts écbpmg,

oI B, ADC SR a0 Beors (rbidiie, bt Jited %o sion-on-
sapﬁlﬁg/ (ggFggelt:lIn{dl S%Qm—oﬁliﬁs%ﬁﬁ&' $O1) RYIR{ctoRS iR gitth %ﬁilstor (TFT)

wi [l formthe conttol gates/word
techholngy, ®ped amblursk)ped: Sergnaomctbmbpm)@aitlayem@@ﬂm supported bya

S|ted r 828, .trench 830
basc PG RgoR 5F oG ateels St B DS Br PonEIRAhoud be
appATBATRH Yhd:€ Lhﬁeﬁﬁﬁheantvhﬁ] {RB BBt Bf M@Yr&eR: indfedt@yer of
masking material is then formed over the polysilicon

layery gﬁ%tgﬁﬁih@ﬁlg RRONReRSGESAs BPSHbAEmERES OF tRl préstnt invention
renove e nenory array 800 1s
can befaated @mcmhltgﬂ@cmenm@mhjﬂagerielsc fredthe gateeimsuiator ktack (gate
ndesi r ed ortl ons e |ted ol icon a .
insuf g Bre By TEEse) (Ve Reat SiaBRad buf 88 udfimised o
ox1c§119(r§i%lc§<?de (ONE$ oR1HE- i db RRinSih 88 Wk deS ofitle altniRinhl id-oxide,

and trenches 830. it is noted that the isolation
ox1dessglu®ms>x8mbxldemncqmgosvte layiersaif angiigon axideraneasider of Ti, Ta, Hf,

\ stri.ngs 80 ca be ext nded nto.the
2, G0 £ APLOAR OHAer O SaTPEN P B o Sl Bt Bl e oxide of
Si, I¥- eI, TRORE, almﬁndiLﬁ ianglag oRWIND AsIditiond! tBdppiridysanat@eals for
biased in isolation fromthe other strings 804 of the

NRQM mgmgnrcelliembodinggnisohibe @epseapventian.dp#f 2lep include, but are not

hrm%?dg S&v%&g{} %] ngtefﬁmgagd a’sﬂgcoﬁ?icﬁ%&lcﬁg ggcoﬁjr%saﬁhﬁiéhmhdx?@es silicon

tr 0ss ese atiron reg hat
oxy€@bide odilicpatoridsorith sitidsressbide nmo@)@ﬁlcha@nzhrckﬂ(m dtbiehiometric oxides of
perat| on_of NROM nenory cells 802 and each sel ect
Si, Ni plk T8 43, HheZToptd b2 on of sel ect gates 810 across
mul tiple NAND nenory strings 804. In Figures 8A-8C,
t he sébsotedabo@dhe pfogrammingrafithcaNRQAImears ) pel&qfahfevemcal

BB ISE BeER e PR SR Pt ppoamens

of tief predeat MvelaRatas bbatcalisB&Bby ¢dnvesticial &ﬂnélhﬁjec@ctmﬁ’r electrons by
forms of substrate doping,

having a positive gate voltage with respect to the substrate or P-well. In another embodiment

of the present invention, programming is accomplished by channel hot electron injection

(HEI). Erasure of the NROM memory cells of embodiments of the present invention can

accomplished by conventional tunneling or negative voltages applied to the control gate

voltages with respect to the substrate or P-well. With the above listed programming and

erasure techniques, the NROM memory cells of embodiments of the present invention can be
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substrate biasing, and substrate types and regi ons
(including, but not limted to silicon-onsapphire
w@ 305ps17erhnol ogy, silicon-on-insulator (SO) PCT/US2005/004815
technology, thin filmtrang2stor (TFT) technol ogy,
doped and undoped sem conductors, epitaxial |ayers of
utilizeldfoicomn-sitistprpt ada bynventierees pkeai NBOM ateoroyy ¢£alls would be, storing
enmbodi nents of the present jnvention are 0s i bl e, and
chargB B B BT FisToae S a4 P AR S PP T i OErammed.
whef Eﬁseﬂao%llflé ﬁr@grdt@ﬁc@éﬁﬁﬂ}he bR BedRad/ #)ﬂogfa&uﬁ&i ®Hed Bidbed in the
menory cells of enbodi nents of the present
reveisadaattioon can be fornmed frommultiple conventi onal
materials. For the gate-insulator stack (gate
i nsullatabérnhtiwppninglimeante of ﬂxa@résaﬁuihmrmilo)l, subgtsae enhanced hot

materi al s rra i ncl ude } ot I|mtﬁdto
clecigyn @iscpt (LB SR e opbred for SR HpmP el esmipe and/or
subs&éﬂe%ﬁhagl%a el g%&‘ ’tﬂi’l‘n@l’fﬁ%jﬁdﬁ’égdqﬁ)t hOR hﬂj@ctﬁinl (SEBBHH) for NROM

oxycar bi de- oxi conposi l'ayers of a silicon
mermnxy cké} EASUDR| HeweVerTwhllér the réduirezrvoltages [fer, thessparagiphs meyi be

and it of an ox
loweioheR g CRSGRELRRe So e i Sl BiphSifhote, pp, )
and La, and _an oxide. Addjtion r
mat erifigire Srillpstfesi HacHngl Mark C%é Hb‘?r?e‘ﬁ @an‘%tvwg 900 that can
ncof PRy VAT heahS9RO81 o0 ke NOR
architedtute NRGM melmnryced:lrnralylm{)mﬁ theqpressel 1nse11tlooo rT he memory device 900
car bi de, L\(h oxide w t siljicon.carb

is coRBIkE AR PIACESSET DRSO st b B iiar agsomg other

type f cor-ll&olhﬂ_gﬁ‘mrdﬂﬁtry ZThe ﬁ@ﬁokﬁdavﬁ% 9votafd tRNRYEsEdI®10 form part of an
progranmng of NROM rrenory cells of the vertical

elecmmmsm mz Rmvbmomhdewm Q0ehasrbeasr mplifiedtofpeus, on features of
string a ment s .of the present
the rP‘?f%Wt gfﬂg%i %Lg@g%qﬁﬁbg}ggbe BYSEEAVERESnal t unnel

i njection of ectro by havin
vol t age wmwyﬂ&w& telegstnansy Ly NROMRERDS qefs and selee
2ate 8050, "long TRAGHARAL, 1R nfeﬁﬁ)r)"&ﬁﬁ%?é v ¥ MR O memory cells and the
programming is acconpl i shed by channel hot el ectron
meniany exdy 830 :(rbiﬁtr)angeﬁnabanles forOWh endNROVIN® ﬁ:hﬁyomecbllgte@fof each row

enbodi nts of th res i t,on ¢ acco
of m{oRbs B Fuibiad ViR errpeor il A SRS TR REef the
merﬂdi’%EQFs &OBSUpRd tﬁ%ﬁt‘ﬁnt\!@ |As39 @211 Whdn el et the @omhsanon of the cells
strate or P-well. Wth the above listed progranmm n

to the rlmtheq:sammdSt@c‘hhﬁtmxél@,e arrdyels RREWNRPetigliiipcigeg o1 PR archittcture.
enbodi ments of the present invention can bei utilized
for tMmadixirbssslmﬁﬁeagwﬂ@@ is prowédedito teith pldeesasighiOprovided on

uld be, storin harge in.the tr L N
s FRBt 022 RS S S DR R el B34S 4
coluﬁﬁlaéyc&fe? 9hg Weé’ﬁﬁ@ mRhR$E Srrhy1o3dlert fvﬁll B@ r€diAte€ by Gidse skilled
and the other to be read/progranmed iased in the

in theavtewith tht benefit ofthe prﬁ:S@nttdémlil@tlpméh%tﬁb@@mmﬂﬂdﬂfQﬁﬁ inpgon the
addlgss?c?a?anbusl %\éecpe%el:r%qs onthe ﬁénrsﬁy Gnf Y ﬁ tec ure o the memory array 930. That

is, the size of the input address increases with both increased memory cell counts and
increased bank and block counts. It is noted that other address input manners, such as
through a separate address bus, are also known and will be understood by those skilled in the

art with the benefit of the present description.
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el ectron injection (SEHE) can be utilized for NROM
menory cell progranm ng and/ or substrate enhanced band
wa o00ba83181 unnel i ng i nduced hot hol e i njection ¥SEBRBE/004815
for NROM nenory cell erasurg. However, while the
required voltages for these operations may be | ower,
t hey Theynenbry deeice 000 slatieddtmin the mgneorpiatrag 930 g eensing voltage or

operation node. Figure illustrates functio
currep], ggocen g PaEBIOrE SRS ERAT Ao 0 BUb HF HEY J30. The
" [ r
sns ARG RIS, W5 SR AL A N Bt e
memoey hrrayr 93y B inpht ddveoyspu deffer ¢ironant Pahis iﬂdiledede?ﬁbgiydirecuonal
device 900 is coupled tao a processor 910, .Th .
data OTBUECBROD P A B o1 e BpRG R8s P g 062 with the
procé¥BFcdtroReNd 100 it Qirbihifr§ 955 ivprovided (ERRIeYdates tBEmBRHIry array.
and the processor 910 formpart of an electronic
syst eé‘an%%?circg{ff& ﬂﬁ?@é&g@ﬁ%&% B0iab@sn BERPoI ShARiclibhS2 from

to focus on features o ry that are helpful in
the pududescs Da0.dThepetsipnalsraeseset] to condrull ilerpefhionsremteynetauiyceray 930,
. _includes an arraqy of  vertical. N menory cel.ls d
includiadns Ganalacunle. Pl GAE SEALERTEREe el fiiiry o ey be a sate
Viehhdrcd, oM 58 6€4dnfrondd the nenory array
madgg% aasr%g arrar?ged I n gigt?% of nr(())vvs and colums. The
contr i in YRE §&EMOS
it ek e 1PRON ptiof TR AP fEEeehEinkEndR: HEn
compdtibldgroo®ssphy nealdrs deviee 20Ul Figure @ thayt bé aresmbeiled device with a
well known in the art, the connection of the cells to
CMO$,presessrf-nes depends on whether the array is a NAND

architecture or a NOR architecture. An address buffer )
ci r culhe mgponysleyice vilusigted dn Frguen® herdiess simapliied)tq facilitate a basic

r.ovi.ded. on S i
ona B 80 AR R R S0 i U0 o
circui@¢ af®funddénst of rAam@Es atdleowenoriosarskidled aBthe aktt wi | | be
appreci ated by those skilled in the art, with the

benefi {s Ho 4@l thaESBEveHRACNAND aid NOR4rchife it NR @Y1 memory
address input on the address/data bus 962 depends on

stringh seghoenss tayrazh dnd memare deiees ipAcqordange Fithyenhodpernsgef the

That | he. si. ' e it .
pesq e WGBSR 8D A PORMAL LR LORLERIE A benr
of the peesehiadikclesatts. It is noted that other address input

manners, such as through a separate address bus, are

al so known and w Il be undergheasiohy those skilled in

the art with the benefit of the present ) .

descrNROM EEPRONwramngry devirescand oorayehays hean descrbedyidat facilitate

nmenpry._.ar.fr. 0 by sensin t . :
e RO V2 e S MR FRRS KGR PRI haRaER iy

men%'rrr% arthitéotuReOMehltey s@bodimetfsiof thecpregaut infvyntidnnutilize vertical select
enbodi nent, is coupled to read and |latch a row of data

gate$ arghANRIQM vy calls tgfomgblomdaNAﬁmj NROM aéqhitﬁgﬁare memory cell
A Bl A, 2 O o RS0 e s
highclensiecinemasy devideser atsysasidl Madgeal BelsctYfareswhdt lvat tade advantage of
the feature sizes semiconductor fabrication processes are generally capable of and yet do not
suffer from charge separation issues in typical multi-bit NROM cells. The memory cell
architectures also allow for mitigation of disturb and overerasure issues by placing the
NROM memory cells behind select gates that isolate the memory cells from their associated

bit/data lines and/or source lines.



processor/controller 910. Wite circuitry 955 is
provided to wite data to the nenory array. Contro
W@ 20081083178 970 decodes signals provided on cone@DIS2005/004815
connections 972 fromthe pRécessor 910. These signals
are used to control the operations on the nenory array
930, iAdhough sppcifimtembodadgntelizeva baen tlkwstratad asd deseribed herein, it will

be %%?%@%]ithggﬁefeﬁgﬁ%o%}lf lg{)tﬁ% IH%%%@ %I%? %%Ygg%%nt? w%tic%t i§ calculated
to a6RiBYE Qkls@ine pRPHSE nidYSeV@bititeal ORIV IRATRY smcithéntQ@hown. This

the present "i nventi on use a CMOS conpati bl e process,
applipatiomgsrintgndgd o cevepaty aiapRiigny & VJrigagnsyd thepresané drvention.

device.with..a r QL. The Ly . devi.c .
Tt i R GRS s S PR Bt T claims and the
equivaldnkd thadegf.a basi ¢ understanding of the features of

the nenory. A nore detail ed understandi ng of interna

circuitry and functions of nenories are known to those
skilled in the art. It is also noted that other
vertical NAND and NOR architecture NROM nenory
strings, segnents, arrays, and nmenory devices in
accordance wi th enbodi nents of the present invention
are possi ble and shoul d be apparent to those skilled
inthe art with benefit of the present disclosure.

Concl usi on NROM EEPROM nenory devi ces and arrays have

been described that facilitate the use of vertica

NROM nenory cells and sel ect gates in NOR or NAND hi gh

density nenory architectures. Menory enbodi nents of

the present invention utilize vertical select gates
and NROM nenory cells t.o form NOR and NAND NROM
architecture nmenory cell strings, segnents, and
arrays. These NROM nenory cell architectures allow for

i mproved high density nenory devices or arrays with

i ntegral select gates that can take advantage of the

feature sizes sem conductor fabrication processes are

generally capable of and yet do not suffer from charge
separation issues in typical multi-bit NROM cells. The
menory cell architectures also allow for mtigation of

di sturb and overerasure issues by placing the NROM

menory cells behind sel ect gates that isolate the

.menory cells fromtheir associated bit/data |ines

and/ or source |ines. Al though specific enbodi nents have

been illustrated and described herein, it will be

appreci ated by those of ordinary skill in the art that
any arrangenent, which is calculated to achieve the
same purpose, nmay be substituted for the specific
enbodi nrent shown. This application is intended to
cover any adaptations or variations of the present

i nvention.



Therefore, it is manifestly intended that this
invention be limted only by the clains and the
weowswsd7ent s t hereof.clained is: A nmenory devi P€/US2005/004815
conprising: a NOR architect28ire NROM nenory array
formed on a substrate having a plurality of pillars
and associated intervening trenches; and a plurality
Whafis cteimmdyis:cel | structures, each nenory cell structure
conprising, an NROM nenory cell, wherein the NROMV
menory cell is fornmed vertically on a first sidewall
of a tr . an ct gate, wherein the sel ect
L. gat%rrﬁersn%%@er‘r%c ’g?{%%gsg}é%ond sidewal | of the trench and
whenehR atdhite@aieeR O I nicsy anaspiottied on hikebduR@Naviaryor plurality of
cell by a first source/drain region fornmed at the
bot t ohli/lélfs ap asspeigiedntemieRIngdipBeERESg¥A ce of claim 1,

furt : I Sl.00; |l i '

caci e TR Ol rfused i mehonnEdh hDie IR

of t han NROM menmry celglwisrgif the R OMimsiviory celf is femmadyvertically on
cell str cturqes; a _plur itX of select |ines, wherein

each selPdEft st eWéﬂli(gaé’Eﬁﬁlgi"é’& to one or nore control

gat es, Qfjed: ?&e?@h&@ﬁl gt &8t GhteliRorRbd ba laiskdon@lsid®RAMIO¥ the trench
cell structures; at |east one first bitline, wherein

the at laedsthewmiretheiselect gaite isichepled toctbe PIRQM merppry agH by a first
nore sel ect gate drain regiops, formed.at the top of

The ot e Eaee/fRlr regidh R SEs Pend BT RIshEf 1 ob 2]

cell structures; and at | east one second bit |ine,

wherein the at |east one second bit line is coupled to
2. ondhsmemaerg dewieoaticleivy d clurthergomprisiigons formed at the

top of t.he .pluralit - PJ f r.alj
B8R Bt bRl e {UGBINIBLAL X oy conc
wher ejdted dFeh@NROM inism6ry ceR1® the pRirdlit bf emoreselbst@ctures;

formed into rows, and colums such that each trench
cortRiviltyzplseleet lies.rhaipia caghseliceHae tsifFeURROI? Asjyore control

cel | g%gs ShéE&ed 25tg% 8|f trl]ﬁ %ﬁﬂglﬁ@? enfoRl belblihibairkd. es of

each w are arrang ernatin pattern, such
t hait leastane ffirdt Ibittinafwhenein toenat heest @iet fivst bitline isedupddd to one or more

gates or two NROM nenp cells forned gn Si. .
St doveflfes SRR e ©p Phiw el iR e plurality
a subﬁfﬁlﬁlfngr CAMLESI%ad0 rai sed areas, defining a
trench ther@bet ween; an NROM nenory cell, wherein the
. NR@eastrme peavatl bitilinef whereth the nt least bhy segandbit dige is coupled to one
S| dewg} rlnoroefsect:ohn sto{lrecglcdl}éin regions formed at the top of the plurality of pillars of
the plurality of memory cell structures.

3. The memory device of claim 2, wherein the plurality of memory cell structures are
formed into rows and columns such that each trench contains a cell structure and
where the NROM memory cell and select gate of each memory cell structures of each
row are arranged in an alternating pattern, such that each pillar of the row has either

two select gates or two NROM memory cells formed on opposing sidewalls.

4. An NROM memory cell structure, comprising:
a substrate, comprising two raised areas, defining a trench therebetween;

an NROM memory cell, wherein the NROM memory cell is formed vertically on a



a select gate nenory cell, wherein the select gate is

formed vertically on a second sidewall of the trench;
w@nasoksssei n the NROM nmenory cell is coupl ed tRPCT/082005/004815

sel ect gate by source/draid6regi ons at the bottom of

the trench. The NROM nenory cell structure of claim 4,

wher efirst tidewalhosthe tranéigs are pillars. The NROV mermry

cell structure of aim4, further co

i eseleghgifememoRbcdlboPeraihbeseledoRs B sy efisafty SR 5 Second

gate gﬁe\;,ﬁpoﬂﬁg}pemﬁcy cell of the NROM nenory cel |

structure; a select line, wherein the select lineis

c ouwhieggin the NROdAMmeglory a@lblso:ﬁuplhé toste eelectgatedyofouragalrain regions

NROM WEEDB cel |l . structure; a first bitline, wherein

the f i8¢ %“?PP deienehy ni'ed to a drain of the sel ect

gate' and a second bitline, wherein the second bitline
coupled to a source/drain of the NROM nmenory cell.
'M@ER@M@WOW eedhstrucampel daiftyd, whegeis thestajsed areas are pillars.

conprising a plurality of pillars and associ ated

intervening trenches; and a plurality of nmenory cel

6. StITRINROM meaoly eatreugteebt clsint Adutthe commsmgi ng, an
NROM nenory cel |, wherein the NROM wenor ce

f orafEerdiset wb%rpwh@wogi fine s couplerbied Fongrl gat PE%ﬁVR%%memory
a selgﬁq fg ﬁdmﬁ%ﬁ tc@ﬁsﬁ*ﬁcltﬁx%t gate is fornmed on a
ewall o

secon tren and wherein the sel ect
gataeselest oy plheckin thetshlectNRENS oeupbed/toaaiontrblygate of the select gate of
source/drain region forned at the bottom of the

t r ence NiK@ WPG%P %y of claim?7, further

co r?éﬁﬂlstsllnﬁﬂxe, @h&'eh‘.]rtﬁ‘l: ﬁ}s)( bﬁflné’\ﬁ reflu n}%lb@ 852 dMESBhS s B E‘{ate and
wor

Ine 1's cou one or re control gates oOf
t hea SuREM bidimey vyhe:reinl the sffcomih bitiais abupled tofa SR dreimmf yhe NROM
cel | structur a plurality of select |ines, wherein
each MRy cql ne'is coupl ed to one or nore contro
gates of the select gates of the plurality of NROM
menory cell structures; at |east one first bitline,
7. \Ahe%mNRQMeneanorb’@agy, omPIBingst bitline is coupl ed to

I
t OF? &%sﬁé%gﬁ%pgﬁ%tg { 3}? r]ah%l ci%lpgl}agg %4(?#%03‘129[ ur 1o r@%m{l#&enches and
NRGQVDIGRITBY OF Béthbryskel] atitturRs, cadl theadory edbitruensge S@Qmﬁng,

bitline, wherein the at |east one _second bitlin
coupl a) NROM seerpory cell, wherein the NROM memory cell 1s formed vertlcally on
a first sidewall of a trench, and
a select gate, wherein the select gate is formed on a second sidewall of the trench
and wherein the select gate is coupled to the NROM memory cell by a

source/drain region formed at the bottom of the trench.

8. The NROM memory array of claim 7, further comprising:

a plurality of word lines, wherein each word line is coupled to one or more control
gates of the NROM memory cells of the plurality of NROM memory cell
structures;

a plurality of select lines, wherein each select line is coupled to one or more control
gates of the select gates of the plurality of NROM memory cell structures;

at least one first bitline, wherein the at least one first bitline is coupled to one or more

select gate drain regions formed at the top of the plurality of pillars of the plurality



nore NROM nmenory cell source/drain regions fornmed at
the top of the plurality of pillars of the plurality

wo@RoosleEIVBIENDry cell structures. The NROM nenoP@I/HS§2085004815

10. e

11.

12.

13.

of claim8, wherein the plafality of NROM nenory cell
structures are fornmed into rows and col uitmms such t hat
mch dﬂIﬁRIOM aenioay cel mmcmﬁwhmbrmry cell structure and

ere the NROM. ne and, sel ect gat.e.of each
NReEMeAH PBF jecoat] Piikpe. d@ﬂﬁ%th&fa £ leattione serng bigling Igf@4Pief} to one or
an al {,6f RO/ nf%ﬁiotrfééll soﬁ%yﬂrﬁlh%g@ﬁ’s‘:ﬂ&nﬁé& hiathe ®p dffike plurality

row has either two select gates or two NROM nendry

cel | soffppHare df the phppbtyiof NROMeweihpry. celilsgusiR@y nenor y
array of claim7, wherein the plurality of NROM nenory
cell structures are forned into rows and col utms and

an 7ins N EOVORe MBS/ Afhy! of claph B hbRinvge Hhadlig e NR ONMWEebry cell
N nmenory cell” stfuctures. The N menory array of

cl airmeta@s awtferreehinthwwssol golusms seeli Gat gash émn@imméams an NROM
It Ezﬁjelﬁﬁ?(% ? %F lisrgllj'l?cé?re ﬁﬁ&r{ﬁln}% e Rﬂi(ﬁ?il rgér{lgljar%'eﬁqazd sé’i@& rggferbf each

nmenor ctures

f oINFeOM mkMofyosusl sﬁﬂdtuﬁ@éﬂﬂmrcﬂmi ®aaped mvuncafltefﬁ%ﬁh@ pattern, such
menory cell structures is forned on a separate P-well

i s élnaétemirplﬂérg@fdhe fayy haseitber iescleghaatesard wo AllR@lpmgmory cells
de\ﬂ)r%g X @Jgoﬁh@%de@gl’l%q? archi tecture NROM nenory

array on®a su ate having a plurallty of
pillars and associ ated intervening trenches;

L et L5 S s

V\’h%frﬁétﬁr gemﬁ% M RIws a(fl@lcbluhﬁls aﬂﬂ'ﬁﬁ‘i’so‘l’zﬁfoﬁ'&gﬁlbﬁ ¥s féfnéd

irst si a trench, and a select gate; wherein
th@eﬁ;@emaﬂjagatteowsofNRanoays@bstntttlsres:lewalI of the
trench and wherein the select gate is coupled to the
NROM nmenory cell by a source/drain region formed at

t herRNkOM &Embﬁea&afyed'f‘él’hlmqmﬁlﬁéfeﬁl the iidofatioh:régib®W an oxide
decoder; a plurality of word Iines, wherein each word

I|n$uil$01coupl ed to one or nore control gates of the
NROM nmenory cells of the plurality of NROM nenory cell
structures;

The NROM memory array of claim 7, wherein the plurality of NROM memory cell
structures are formed into rows and columns and each row of NROM memory cell

structures is formed on a separate P-well isolation region formed on the substrate.

A memory device comprising:
a NOR architecture NROM memory array formed on a substrate having a plurality of
pillars and associated intervening trenches;
a plurality of NROM memory cell structures, each NROM memory cell structure
comprising,
an NROM memory éell, wherein the NROM memory cell is formed vertically on
a first sidewall of a trench, and
a select gate, wherein the select gate is formed on a second sidewall of the trench
and wherein the select gate is coupled to the NROM memory cell by a
source/drain region formed at the bottom of the trench;

a control circuit;



a plurality of select lines, wherein each select |line
is coupled to one or nore control gates of the sel ect

w@210888182 t he plurality of NROM nenory cel |l stPCUS2005004815

14.

15.

at |l east one first bit/datasline, wherein the at | east
one first bit/data line is coupled to one or nore
seh est dgaider;drai n regions fornmed at the top of the

[uralit f piJ.lars, of the plurality of. NROM nenor
P b plilieof poBblindir ingiein g Pof B i taftied i ptadpanert control
li ne, ggﬁ SF Bl NRORM Blend B edlls VP heiliraflBf & NRO®I i@ mory cell

coupl to one or nore NROM nenory cell source/drain
regi chsctumsped at the top of the plurality of pillars

of the plurality. of NROM nenor ell. structures. A

oy PBiR SR Sr g b RSB Biigr EE B o fiore contro
one NRRIY (¢iceLgat\ 1B Plutdliy 6 NROAS meditey GBINE )t tures;

devi ce conprises, a NOR architecture NROM nenory

. . ! ) array
f ontteast one Hrss biviletadine, whereinghaatdeast ang figst bit/dpyajlingscoupled to

o SO B ORI B

st r ughé!pRrARFBf NRIOM medioriNoENsteRomey: aael |, wherein the
NROM nenory cell is formed vertically on a first

si adet pogsecand piidals lingnyhereiadheatiloash pre bifdaading is ¢pupled to one
sel ec ' - [

tr ench s N IVUREAER 2 ot ERBRF i AR el heBp gL e

NROM plexatityyofqelidrs bftha phoality ef NROM megonyrcell stroetdreat

the bottomof the trench. A nethod of form ng an NROM
menory cell structure, conprising: formng two raised

ar ate, the raised areas defining an
B ah o PHTEDE

asso tervVening trench; form ng an NROM nmenory
cehlpranassar toupdtd toiatl oastl dne afiemdrg devieeyohheréio it atdeast one memory
sel ecci? gate on a second sidewall of the trench; and

f or mi 4§54 CSBWHEL# drai n regi on at the bottom of the

as s 0¢] RORGark e fute NRTIMASRGH afd§ oI OdubsikAaé Ravidg a plurality
wherein formng two raised areas on a supstrate
f ur t her of pitiprsi and associakidrigteaveningritgnchas, ae substr at e.

Therrethoglof i{ 15 wh LN, formni \/\g
I PR Bl kBT bR Sl EASROR e s
pi I'l ar scompasifgbstrate. The nmethod of claim 17,
wherein formng two pillars on a substrate further .
conpr i sé&8 NROM memory cell, wherein the NROM memory cell is formed vertically
on a first sidewall of a trench, and
a select gate, wherein the select gate is formed on a second sidewall of the
trench and wherein the select gate is coupled to the NROM memory cell

by a source/drain region formed at the bottom of the trench.

A method of forming an NROM memory cell structure, comprising:

forming two raised areas on a substrate, the raised areas defining an associated
intervening trench;

forming an NROM memory cell on a first sidewall of the trench;

forming a select gate on a second sidewall of the trench; and

forming a source/drain region at the bottom of the associated intervening trench.



depositing additional substrate material on the
substrate to formthe two pillars. The nethod of claim

waxosmksssei n form ng a source/drain regi on at PEEUS2005/004815

16.
17. P-
18.

19.

in
20.N

21.

22. 5

23.

bott om of the associated iB2ervening trench further
conprises formng source/drain regions on the top of

t h&hewnethal cfethiar B swhareih frminpetwoanisedraehs ome substrate further
associ ated intervening tre ch in one of before the
foFﬁ@PP§WQ%IQ%%rNﬁ@N8 @11 and sel ect gate and
after the formation of the NROM menory cell and sel ect
gate. The nethod of claim 15, wherein the substrate is
ddweukthothef alatrhidd vdierain Eirmingstwonkise@pigas o arswigstrafe further
NROM nenong cel | on.lglr i rst sbdemall of the trench and

f 0PRSS fmnigg dwg pitlars,on & SWSHESY si dewal | of t he

trench further conprises form ng an NROM transi stor

gate-insul ator stack on a surface of the first
S| ddwangthedhef damm T gvh@re@,@f@mnggfa&to@lﬂara @8iagubstrate further comprises

@%R%ﬁqﬁ%g %{qﬂlonﬁ{ trz(ﬁF n%ltezlfﬂmggﬁq% S%Se%agff tn %ﬁ@mlge two aplllars

NRO\/I transi stor gat e-insulator stack on a surface of

the first sidewal|_ and form ng a sel ect gate

tr éﬂ@.r@fttmd felainy K whsredn fosminge savres Idspinitggin gt thefggtiom of the
se I f

o S e F BRFB s raTh ot tAiegions on the
f onop oftha two sqieidrageds ayé at tha bbtiemtofi tirecdssocised mtarvening trench in
fornin a fi |nsula r intergate i sulato
oveRe phbe Pfeééfo Cr{amtlage the NRoMGnsma % fanelSFIeEiogit d afer the
gatisMRh o Hfoﬂeapind s%ﬂ:gt et'he surface of

t he secong nga n# ng a second |nsulator and

formng a second control gate over the second

bl Sty s meebP Elsial BHed surt ace of
the first sidewall further conprises form ng an NROMV

transi stor gateinsul ator stack of one of
oxiTthe-méthed efeclaii He wherd) formmaian NROM arenyiry aelh g first sidewall

OX)PS gl}ebtlredlgg 8&‘? b}i@n@%&?‘nﬁe %(clt g gteox ! ads%t:o g.(i;(guﬁje%aﬁll c!fI éﬁe? {lench further

yers an  oxi

OXicdehpeikesformihg an MROKI trar@fstdr@ate&ﬁdﬂﬂﬁr Spi¢kdén a surface of the first
conposite |layers of an oxide-a non-stoichionetric
oxistiewall aggl forming\p selqgt gatpgrangistor gate-ippdptprstackan gyprface of the

ox%g %ﬁﬂﬁ%ﬁlte | ayers of an oxide-a wet oxide not
anneal e and an oxi de, conposite layers of an oxide-a

silicon rich oxide, and an oxide, conposite |ayers of

an oxide-a_  sjlicon rich_.alum, num i?\&, and an oxi d
SRR Sl iz e vhgrei Forpikt e AROM fraptistan g gl stack on

S' l ' cé:&f tPé ARt g@g@gﬁﬁﬁd fdrfifne 204cRBat@XafGsto! Bfie-insulator stack

ne of clarm 22, erein faorm ng tunnel 1 hsul at or

on dnhaesusﬂacef afttbe edcondieidewnl further comprises forming a tunnel insulator on
the surface of the first sidewall, forming a trapping layer on the tunnel insulator,
forming a first insulator as an intergate insulator over the trapping layer, and forming
a first control gate over the first insulator, and on the surface of the second sidewall
forming a second insulator and forming a second control gate over the second

insulator.

The method of claim 21, wherein forming an NROM transistor gate-insulator stack on

a surface of the first sidewall further comprises forming an NROM transistor gate-



sidewal |, form ng a trapping |ayer on the tunnel
insulator, formng a first insulator as an intergate

w0 p®alosd78r over the trapping |ayer, and form nBCHUS$1005004815

24.

25.

control gate over the firsB0insulator, and on the
surface of the second sidewall form ng a second
| nsnduddtor staukcbffone of axjde-n#sdeooside §OND) o@&-eitﬂd@alunﬁmlm oxide,

second insul ator, further .conprises fir a

? e 3 R GFide e e Srverir idk ChPfefie tpvers of an
an%xﬁ&ér A Hdd@of ToPR 1O 7k 8 Ta, Y 4d\6xilld]RBRodiRIMN RS 6f an oxide-a
then formng the first and second insulators over the

t r ayopistejchiametricamdticon Sa,hlé Ali.akee Hbf Zn, hed Bagoddn oxide, composite

sidewal | , and,for nd.contr,

g BT e £ PP O A asbblee. PR af SRR R iRk Elayers of an
eacdkideay Silicobriftepasd, had a@mmetd&lﬁdme rage@@e aR bLids-aafleton rich
trench, masked, and directionally etched. A nethod of

f ora&mrnglum wdﬁatanchgn geide avdeompositelayers ebipeiide-agilicon oxide with
f orsnl]iCQ)g cgrb% I('cl%l %chlgg aBH lal‘l% i%eand associ at ed

i nterven ng ren dna su strate by depositing a
| ayer of nmasking material, patterning the nasking

mat eri al , and ani sotropi, cal l'y etching the substrate
an hedp#%ogclﬁpbg%m ip fOrRjeg A H@ﬁgl?lys watpr on the surface of the first

str
ll’(fe%ﬁ eformﬁ%q]tr%%gﬂ\éc gﬁ%ﬁ%{%fhg gnlnelsl'hgdi&tbf‘ IF ﬁ 'a glgsctﬁnsulator as

t rappl ng ect gate
NRGM mtergmtqmmﬂhﬂor Svtar ot tmat@iliglapm maﬂfobnmngdaeﬁmsmdnitmg gate over the
| ayer .of tunnel sul at or er| al. ove

and TSRS FB% R £Ho é%OHa S’éﬁ‘dg%ﬁ‘?f%'?% %a‘fceaﬁi jypulator
et ChuTerntifg as8ochl cglfltr(;llgdfb%vei‘ %%E@J&ﬁni@ét@f futherl &)nﬁ[ﬁfsgé first

b
a tunnel |%su [ator of an NROM nmenory cell on a first
si cfewaing aghnitchnstlatom oh thaleptase of thg fmstlsal,cmall@ﬁd forapng agrapping

| ayer rial ove th t illars and interven

t PRt o e eipecn e B Y s s ger the
Of thfp@ﬁ)%' 18§kr laAY 8 tHEBs'iJﬁ‘Eid:@J)f the® sdcondns @k alp Rind Forn@X £ theiyst and
the tunnel” insulator on the first sidewall of the

t r exednd Qﬂ’@ﬁ@lsgms@’ehthp 4ipstrand seqpad dnsulptors awkareifgads lager is
g\r/] S{Cgﬁ§1{%g toverpt{ﬁg a‘iv(? Fals ?%geas r%? Lr\é&fha %sﬁ&f Q&J]%llr&ﬁ%hélﬂlgetched

ro yer o

insulator material to forn1a first gate |nsulator on
t he trappln% | ayer on the first sidewall and a second
gat A meghag ofthemiag a flogidnggate FIRMOTHAIEY. SERPHNE] devval |

ov K Hﬁlﬁl(é mltyﬁ?gﬂ%§ iGas@odiAve fnt&(/ergf;i'% ?51‘1 ubstrate by

rs an | ntervening t
and adeRwitingfa la@r loy matldhg noptdriag pagymingahe gmtlangmtamnaaland

tof ozrmr?séitrcfpllcrafly etchgjng the substrate; and
forming a plurality of NROM memory cell structures, each NROM memory cell

structure having a trapping layer and a coupled select gate, where each NROM

memory cell structure is formed by,

depositing a layer of tunnel insulator material over two pillars and an intervening
trench;

masking and anisotropically etching the layer of tunnel insulator material to form
a tunnel insulator of an NROM memory cell on a first sidewall of the trench;

depositing a layer of trapping layer material over the two pillars and intervening

trench;

masking and anisotropically etching the layer of trapping layer material to form a



second control gates on the first and second gate
insulators on the first and second sidewalls of the

wo e@sos378and di ffusing a dopant material into PEEUS2005/004815

26.

27.

28.

29.

30.

bottom of the trench and ti3& tops of the two pillars
to formsource/drain regions of the select gate and
t he NROMappingilayec eh the tiire] imstilatt cofthe first snd@gall bfithe rench;

St bcteapBgng Ao Bogne SiBlakt A Bher B e PR BGUFvonine

bet ween adiiacent rows of NROM nmenmory cel |l structures
by depositing an oxide insulator between adjacent
r ows . maskimg snslhnddfotropicailyiefching NRORY¢rentigate ingulatgr material to form a

conprising: farm a plurality of pillars.and

nesoci e seinia iy e YaRekk Lo of e ASTHENE g second sate
f or m ng igublier GFlal skl cOfatdNROVsdBAR kMe®all bf Blertteatmr es,

each NROM nenory cell structure is forned b form ng

an NREpopsing ayayse Pl san material eter shafavoapillarsand interapriing trench;
formn S Gt . ' | . .
tren Cﬁ’;gSkg%%dgarnrﬁ i gi)gafsfg ﬁt?%lglg gl?églgxéﬂrog i ndlzg?&?l#); form a first and

bot t om @écdnd@ohtielnles ohhke fildt hatkeobnd gaé mslatornbetheifirst and
the substrate is P-doped. The nethod of claim 27,
further seewgsidswialfs of e HeRg @A plurality of NROM

enor grifﬁ%g o il %l ifth thd P4 @ﬁgagﬁgﬁaﬂ 2 the @P}A@f the two

i sol ation Fegi bn under each row o nmenory c

st r uct umpdlfars thfermebivoe/daiin eigainnoP the sklect gree and the NROM memory
conpri Si g}g:form ng the plurality of NROM nenory cell
structurf®s into rows; and forming an isolation region

bet ween adj acent rows of NROM nenory cell structures.

The met hod of claim 30, wherein formng an isolation

r e Jihemdsiesdrefanriaieodd Sa dwtiter comprishgiver ti cal NOR

ar chi t.ect.ur > cell s ctures further

o oo e R RO e Rty LGl ol e

| NgYinghLhn isbRioNRéObQ et &djRtedProwsWIINRONERBRbHEdeNGiructures
formng a plurality of word l'ines across the isolation

regi oby enosisiag an oK uiednsulateret weenNRRIVERERBSY cel |
structures, wherein each word line is coupled to a
control gate of a single NROM nenory cell of each row

of ANReModeTBshifehh NROMGhdhi®$ array, comprising:
forming a plurality of pillaré and associated intervening trenches on a substrate; and
forming a plurality of NROM memory cell structures, each NROM memory cell
structure is formed by,
forming an NROM memory cell on a first sidewall of a trench;
forming a select gate on a second sidewall of the trench; and

forming a source/drain region at the bottom of the trench.
The method of claim 27, wherein the substrate is P-doped.
The method of claim 27, further comprising:
forming the plurality of NROM memory cell structures into rows; and

forming a P-well isolation region under each row of NROM memory cell structures.

The method of claim 27, further comprising:



The nmet hod of claim 30, further conprising: formng a
plurality of select lines across the isolation region

wheddegd1sadj acent rows of NROM nenory cel |l st rRPCT/USHEE5/004815

31.

32.

33. @

34. ¢!

35. ¢

wherein each select line is2coupled to a control gate

of a single select gate of each row of NROM nenory

celfbrnfihg thetphirality oFINROBI fedionf cetl sainntuzs, intohrews; and

form ng an, NROM nenory cel | Qnaflrst ewal | of f e

t r SHEHIR AR ISPRERN fgiop g%}”é%‘{ adjagert 19 SOt eI st structures.
of the trench further conprises form ng an NROM

transi stor gate-insulator stack on a surface of the

f i e nseitlmtehﬂl dlairsrii0, mrdm@rmmrﬁsmla@m egiondresienadjacent rows

0r o ietral SR i B NROM Hisiday oflhuhishnss Grer pmpises

NR%ﬁgBﬁis%Ia@iEmQ@gl@n st 3dohsfh@dgk on a surface of
the first sidewal |l further conprises form ng an NROMV

transistor gateinsulator stack of one of

oXi n| tr oxi oxi.de-ni tride-al um num

oxi'[g1 da%e”fl S%}?%%{SP%%{P%(; oxi de-silicon

oxy&@ﬁ d?hﬁ%lﬁt?%f WORITRAS dcfosh B¥Q5Slatiin @pioAbetieeandjacent rows of

oxid , Zr, or La, and an oxide,

c onpolgRQé/I ImeyRary cell starctees. adhersim ey il d e dhequpied to a control

oxi de ny

oxi d ega?é ofsé Sm..lgiie I\ﬁ%%Mefrngmg); cell_ffof egédh rog&n(\sljf\e l%fﬁg)%@ggnﬁ)& cell

annea&eﬁuHand an OXIde conp05|te | ayers of an oxide-a

silicon rich oxide, and an oxide, conposite |ayers of

an oXi de-a silicon rich alum num oxi de, and an oxi de,
?urﬁf ge-a silicon oxide with

S|I|con car%ﬁg%ﬂﬁggopaf¥l s nd an oxi de. The net hod

of faind@ngm Iﬁmralvdyexf eelactﬂmemmrgssahe NBlalb r@irm’ lssttween adjacent rows of

gat e- | ator stack on a syrface
Si dev\Hﬁﬁﬂ\gﬁI}fnp(gy R5 @ng:ﬂgg T E splg:ﬁg 1%st15|coupled to a control

gat e- gaﬁlé bt é‘hﬁ% leSEREKz AR o a8l FIWREENROM eni2§ oo structures
sidewal | further conprises formng a tunnel”insulator

on the surface of the first sidewall, formng a

i ng, | r .0 h tun i NS f orm a oo, .
Y0 B B RN TP e i
t I 3P RietEnkRYAd fordik £ 8166t Bte ®nfal se66ndCe¥wW Dl of JRS RerRU Eirther
the first insulator, and on the surface of the second

si ¢emarisestforming gn NRQVoFNSisis gpigripulaiaristack of mgprface of the first
S CERfe Sgaﬁ ?m&? rlmuggé g“elgﬁ\g gﬁtett%is&t%?rg%g 1ﬁ§?1? li!!)rastt : nS;H%rftace of the

unne
onsanﬁdguk&ane of the first S|demall, formng a
trappi ng layer on the tunnel insulator, formng a
flrst insulator as an intergate insulator over the

R PO I By M SR OATSA O Ul

si devehde dfahetirg sidewelt furthet osnprades forming an NROM transistor gate-
insulator stack of one of oxide-nitride-oxide (ONO), oxide-nitride-aluminum oxide,
oxide-aluminum oxide-oxide, oxide-silicon oxycarbide-oxide, composite layers of an
oxide-an oxide of Ti, Ta, Hf, Zr, or La, and an oxide, composite layers of an oxide-a
non-stoichiometric oxide of Si, N, Al, Ti, Ta, Hf, Zr, and La, and an oxide, composite
layers of an oxide-a wet oxide not annealed, and an oxide, composite layers of an
oxide-a silicon rich oxide, and an oxide, composite layers of an oxide-a silicon rich
aluminum oxide, and an oxide, and composite layers of an oxide-a silicon oxide with

silicon carbide nanoparticles, and an oxide.



and form ng a second control gate over the second
i nsul ator further conprises first formng a tunnel

WO p®383782 on the surface of the first sidewal PCHOSR005/004815

36.

37.

38.

39.

formng a trapping |ayer o0d3the tunnel insulator, then

formng the first and second insul ators over the

trapping layer and on the surface of the second

sidewal |, and formng the first cond contro

gatlds msthad of claimy HRE ) @é@a&g&nﬁ@@ﬁﬁm%m% -Wspator stack on

ea JecCLG0 1rafBGSCe-ARMator stack

P o A P BAOAIP R hing Al R e R e Bt stac

NROMaanrfasaifeld segandsidewal! funthat conaprisss ﬁnimng Ttvanelghsudator on

of clai further c risin formn | east .on

{1 1 s ctsbe st aewaflbnie Arison el of e SRfgL fifacor,

bi th kb @a likdd nshibat G rah@&eﬁg@teq%m& SR EheSPIpBHis 1@5& €and forming

drain regions formed at the top of the pl urallty

pi lalfastsoofroltgate qmem il ﬁmtymgﬂatm@w q@ﬂms;ar@eep of the second sidewall

struct.ures | east on ond hit

| R, ERecoR Pl P Biming  SeoB SRR 4 1 FRectng

COuBgort 0 one or nore NROM nenory cell source/drain

regions forned at the top of the plurality of pillars

of the plurality of NROM nenory cell structures. The

RE@?%C%OCIC&% 2376 v&ﬁg efo?m; %Hﬁilﬂlgel $hdd a%racln th%f sﬁ)[fface of the first
emnor y ce sfruc ures nprises formng

a pldewvallj foymiap aNREMzEAT: Yo cied funsdl rimlauasresmmt@a fitsninsulator as
the plurality of NROM nenory cell structures are
f o ARERCTZAINSHEARE QHeH tlméapamlgﬂévmm PERBE ¢ frdd qongplgate over the

Se |f§§tt1ns o i cﬁré%{d GPHR s JFRR Yok Elillewhil fégl&}é‘{%e{’{?gt&ﬂfﬂsulator

row I s In anaternatlng pattern,
eaahd porhligy a sfcohdheomtml/ghta ver thé eecondmsshaltcardun@atcempdses first

Ee IR ST LTG5 ORI RS FRA b O Hl P fomtning a rapping
n@; et 84 B tud Rl HsOBec, MBby f&ﬁﬁﬁg\’thgfﬁrﬂ'ahh 3¢ dn@MNhulators over the
assocl ated I ntervening trenches on a substrate;

f otrppigg daypt andadni thy soffadﬂmﬁthmnm@mwalh angh fcam‘img e first and

dewal,| of h t it
g0y ool A g V& B i b oci Rt ki eacialiigs
ONQPefsitB® b fer IRMTERhIMALIRA! £U BRStiGH [yREhE@R &mbiRed layers to
plurality Oflﬁgl |lars and at the bottom of the

as powduge e NROM sadhselagt gate aefRdrsulatomgtagbsar chi t ect ure
NROM nenory cell string, conprising: a substrate,
conprising one or nore raised areas, defining trenches

t hame besingiedT,clam@ A figthet yorﬂﬁf)ndﬂlf@\/l nmenory cells,
wher ei n t he NROM nenor s are formed verti cal

t hdorsning aieleass ong firsh bitlda@ripgeyhergidheniieash enf‘pﬁw hqtfdﬁga?me is
of NRALIRTRbYe 6EhbR @fett SRYBaGrebiond foifilelidt tRtth) BEHR Blurality

of pillars of the plurality of NROM memory cell structures; and

forming at least one second bit/data line, wherein the at least one second bit/data line
is coupled to one or more NROM memory cell source/drain regions formed at the

top of the plurality of pillars of the plurality of NROM memory cell structures.

The method of claim 27, wherein forming a plurality of NROM memory cell
structures further comprises forming a plurality of NROM memory cell structures,
wherein the plurality of NROM memory cell structures are formed into rows and

where the NROM memory cell and select gate of each NROM memory cell structure



source/drain regions fornmed at the top of the one or
nore rai sed areas and at the bottom of the one or nore

WO e@nosss82 and wherein a first NROM nmenory cel PCDUS100%004815

40.

41.t

42.

43.

44,

string is coupled to a firs# select gate. The NROM

menory cell string of claim4l, wherein a | ast NROM

me rod eychoei is édrntelén ad a]iterrgatlrg actagm, elmbhtthata:aslepidiadof the row has

sel ect gate, The NRO\/I ceI I r| n C| a %ﬂl

whSHBFTWOrElepgales r éW% EPPTYa‘i"' Hg ¥

cell string of claim42, further conprl Si ng a

plurality of word |ines, wherein each word line is

c 0 ubp hethadef dorovmg aroNREM ERHRQM mlﬂmylrbmpycommﬂsingt
strln one re select lines, .where each

Sl iting Arfbirils oD AR UGS o P i T hgs Gof ihstrate

gatferihg b hurdlity 0 R @M théfibryletls bR @ firtaRIeRiaN of BECHf ttenSh;

bitline is coupled to a source/drain of the first

selfenmng atplyralaipi@f selectgates nd atmqndrsedewmewf €heh trensh; and

s e 81%13’m§ Ig%leé Iel? r%a%assgﬁxchPd{rﬁe rfégl?ns onotﬁg ?o%! cgjfr tﬁen;glu?ah ai Qgglnllars and at
CONr i1RibdGomaf SeBEbcted inkEihS trBfkhas. pl urality of
pillars and associated intervening trenches; a

plurality of NROM nenory cells, wherein the NROM

e (- f dewal | s of
R 2 OB A AL bR
p| ur sabéttate, @bmRSlv: DREOr otedalsed areas Qieﬁmlng drendfﬁe@ tleerebetween;

plurality of NAND arc cture nmepor r|n

so@r@@vaa@/y AR @M Iélﬁ%w%qeilédwlaftremﬁae Nﬁ& Y @i are formed
pl ura ottomof the
assocf’%r%leadg{orngth%hﬁé@al %ter%lg?lﬁpa first NROM nmenory

c elwhendin eacluflityDdINROM metorecalismor gouptediing sesal strmg by

coupled tqg,a first ert sel e at e and

NROM! e Sp oo 0GR SARBTATIahe Do P et grees and o the
St ri nGottcin 6LWRIRE of Rofe t§§féﬁ@sd aN@rtical select gate.

46. The menory array of claim45, further conprising:

a phherein atfirstofR QM memirieee]] afitle siting éxeohipladitela firsigeleer gate.
coupled to one or nore control gates of one or nore
NROM nenory cells, where each of the one or nore NROM

NMeNHeNROM feindry éeﬂf'@t@ng%ffcﬂﬁﬁi A1) wWIRFSH ¥ 18t NRUNI nfemory cell of the
plurality of select Iines, wherein each select line is

cousplingds couperbiogy sepenrdselsst gl gat es:

The NROM memory cell string of claim 41, wherein the raised areas are pillars.

The NROM memory cell string of claim 42, further comprising:

a plurality of word lines, wherein each word line is coupled to a control gate of an
NROM memory cell of the string;

one or more select lines, wherein each select line is coupled to a control gate of a
select gate of the string;

a first bitline, wherein the first bitline is coupled to a source/drain of the first select
gate; and e

a second bitline, wherein the second bitline is coupled to a source/drain of the second

select gate of the string.



at |least one first bitline, wherein the at | east one
first bitline is coupled to a source/drain of the

w0 200sn8¥el ect gate of each nmenory string; and BCT/USHE$/004815

45.

46.

47.

48.

one second bitline, whereidSthe at | east one second
bitline is coupled to a source/drain of the second
sel Aotengay erraf, ceaphisimenory string. t 47. The menory

array_ of claim4b, er i sol t|on region i.s

F or St viarpr e A Doy prgetialss B riRg rgnches:
devj }?ﬁrahﬁoc‘%NR@M fhenfory BRI WhérelPihie NROBAn&Hor cells are formed
substrate having a plurality of pillars and associ at ed

i nt er vemicaldy on éasliswallaopthg phirality Oépllmmdrtmgw

I ] |
Sgr\ffﬁéggl\ﬁﬂﬁ @Hfi}h:% ]ﬁjg%megno C%:lﬁs ar% F%.ip c{ 1{1{;} %?lurahty of NAND
bi | | abeehabtuielréindty Siringhoy €bitcb iRy tetaakirbieatar R@ of the

menory cells are coupled into a plurality of NAND

ar chi phealily of pdlarsrapd 8 ﬂierbgstowfé pssegigled franghesjiands

for I t

t he eg?l om%ﬁ‘eN{{%g/I g%'g%g}? a%iegfr%r enéthﬁf) apdglﬁtjaav\%elﬁ%go@ ptring is
first cOUpIR toenfirsyvestddl selécteaniundta latNROMC@ERbBtcell®f @ach
first _select gate anda | ast NROM nenory cell of each

st ri n§IAND @bieeiirBeRoYetEais SerRled tcgaaﬁegondwﬁéﬂﬁ% Aelegt gate.
device of claim48, further conprising: a plurality of
word |ines, wherein each word line is coupled to one

or Thermemonytaroly o@ata&m 461‘ ﬁmuher mmpr‘ming NROM nenory

cel I e cells

or
S 4 o ¥ ORMRS YRR R I ies PyAAd TGane pr more Contro

l'i nes aﬁé@@f Slebreast l\fiﬁbﬁl%erhbﬂfceﬂﬁ WIRLPLLRH drthedHR R'more NROM
nor e sel ect gates; at least one first bit/data line,

vvher eimentdng celts ib asta differifig nemdry sitidgt a line is
oohpigRp ol SelRhigeE. Phaeth S S oinh o Pl offEmSle setect

vvher eifed;ne at Ieast one second bit/data line is

coupled to a source/drain of the second sel ect gate of
eact legst onedirstbitimapwicreiavhe o leaskpne Sishbjitling ipppypled to a

B e

a plura ars eni ng

tr Qﬁmeﬁone%e@ﬂdlﬂﬁﬂlméwlﬁﬁcreﬁﬂmmmv61)/e @ebidbitliMeas ebupled to a

the NROM nenpry cells are forned .
source/drain of the second select gate of each memory string.

t
The memory array of claim 45, wherein an isolation region is formed between

adjacent memory strings.

A memory device, comprising:

a memory array formed on a substrate having a plurality of pillars and associated
intervening trenches;

a plurality of NROM memory cells, wherein the NROM memory cells are formed
vertically on the sidewalls of the plurality of pillars and trenches;

wherein the plurality of NROM memory cells are coupled into a plurality of NAND
architecture memory strings by source/drain regions formed at the top of the
plurality of pillars and at the bottom of the associated trenches; and

wherein a first NROM memory cell of each string is coupled to a first select gate and



vertically on the sidewalls of the plurality of
pillars and trenches; wherein the plurality of NROM

woreeweny378el | s are coupled into a plurality of MNAMDS2005/004815

49.

50.

architecture nmenory strings6éby source/drain regions
formed at the top of the plurality of pillars and at

t he hkohitAiROM idemodp sddlofataeldstiing incdvapledwh e sedond aeléctrgate.
NROM nmenory cell of each string is coupled to a first
vertical select gate and a | ast NROM nenory cell of

eaGHe HMehldd abvicCOMAAiRHAE, Qe B6ARAsiKer L1 Cal sel ect

gate; a cohtrol circuit; a row decoder; a plurality of

Wo a gpluralitg ©f e linck, wheteireeachwodd toelisrcoupled teone @andre control
word line_is coup#:ﬁ. one or re,control . gates of

one  GPGTEH ENRREM ZILY Cxtfte FECIEARHD BF tE REC gygore NROM
or ML EmNRAMIERMBSH aClftbring @i%om a differing string;

a plurality of select |ines, erein each select |ine

i s apbuplitydf sdedimenrwhensie eanhl selert ke is soupled foeapstor gise select
first bitline, wherein the at |least one first bitline

is caipi’ed to a source/drain of the first select gate

of aeR&d oft FikI Bit/daRdiR, wheREl the Atles® 08 tirddbitldafddine is coupled to a
wherein the at | east one second bitline is coupled to
asoursouregfdinin ob thetfitst selechgate ebeashsirggs andbf each

tri A e .
2 t ra* 188t ohe §é/c%hg mt/rd%{)agg{/e'r glg,&g%tg? gtlr l%&s? ?])29 geic%ﬁ(‘l‘ Bit)tﬁgtggféle is

€ast” oné neno eas
menorysugRdite @ sonopdiaest tha sevend saleargatyoffeacingtdngn a
substrate having a plurality of pillars and associ at ed
intervening trenches, a plurality of NROM nenory

cely I menory cells are forned

vef @ggﬁ%@ﬁ%ﬁ?@ﬁgiﬁ@g\w I's of the plurality of

pi hINANDachitecne imemorweayeiormeden pkubsahicthaviaf afR@wlity of pillars
cells are coupled into a plurality of NAND

ar chi‘i‘“gc?tsiﬂcéat%eﬁﬁ“{/er%‘?ﬁr B@e%y source/ drain regions

f o mRdaBy Jr AR OPPmehof@IIB] Wheddih ke RROM Inledicty 881 ¢ formed
the bottom of the associated trenches, and wherein a

firstvexiR@lymartbe sidewills offtheploralisy of pijaisend depthest t o a
first vertical,.sel t e _and | ast .cell
of legﬁeﬁn rR?‘ﬁr@h%s(’fi\g[%(ﬁ%l@e?gyace@% &ond u&D/!é3 gtniltgg Irﬁlgr)éqlt GNAND

gate.  architecture memory strings by source/drain regions formed at the top of the

plurality of pillars and at the bottom of the associated trenches;

wherein a first NROM memory cell of each string is coupled to a first vertical select
gate and a last NROM memory cell of each string is coupled to a second
vertical select gate;

a control circuit;

a row decoder;

a plurality of word lines coupled to the row decoder, wherein each word line is
coupled to one or more control gates of one or more NROM memory cells, where
each of the one or more NROM memory cells is from a differing string;

a plurality of select lines, wherein each select line is coupled to one or more select
gates;

at least one first bitline, wherein the at least one first bitline is coupled to a
source/drain of the first select gate of each string; and

at least one second bitline, wherein the at least one second bitline is coupled to a



A nenory device conprising: a nmenory array forned on a
substrate having a plurality of NROM nenory cells

wa@eooanggse2 i n rows and col umms and coupl ed i nt OP@ET/US2005/004815

51.

plurality of NAND nenory sB7ings, wherein the NROM

menory cells are formed vertically on the sidewalls of

t he pl ursahictAdraifi opitielsaccmdaaldctastodficatlesiringenches

formed on the substrate, and where the plurality of

NROM cel I's are coupled into the plurality of NAND

menpg ste?i?]rdo p% source/drain regions forned at the

top O e plurality of pillars and at the bottom of

t he messgiravepled teatdeast onashemeryrdexice whereiiRmainteash pype memory

. cell gf .each string is coupled to a first verti cal

52.

sel ecHVISH @R, [ast NROM nenory cel | of each string

i's coy ﬁieﬁﬁ')r%v @rray ﬁﬁﬁ@a &n \WRubIt&a hasygarpludt dye@f plars and associated
plurality o lines, wherein each word line is

coupl ed mt@r\@nelgdrenﬁque gates of a row of the NROM
Mgl § gﬁléelgﬁ of RROM RLh egflst %x%e?e‘fﬁ tﬂe'l\'ﬁ?@M Méﬁ{ gk ELils are formed

each rne 1's coup nore

gates; aferticadgon mlﬁtfssme\vzﬁls ofitel plﬁl@lltyvhffqﬁlﬂﬂrm afidgerthes,
| east one first bitline is coupled to a source/drain

of t hwherejsthe phyrality of &R@Mfcelal%@ﬁ Cgtll?lp% yro g piprality|of QE%ND
o, e UL ol 6 P luci PR BB e op o
sel ect qﬂmrali@rfof@ﬂwls sid atnie botomedhihe aghciednrenghas, A4ND

archit cture cell strjng, conprisi
one ol ﬁ’i?ifnea figt g&d\ér@%@(’% r?eié g%g‘tsFrH’cge‘s C?‘%@ ‘1 %ﬁ'@g"emcal
ar eas desfaleel; %a@% %{ﬁﬁ@féﬁﬁﬁﬁ@l\/{ erﬁonfEElf‘&" éaEl? E‘tﬁlﬂg %e coupled to a second

formng ap menory cells on
S|demalh$namlkm$tgm6 or nore rai sed areas; form ng one
or nore source/drain regions on the top of t he one or
nore rai sed areas and at the bottom of the one or nore

assOelealRf dbNESE {ﬁﬂggtrenches and formng a first
vertical select e coupled to a first NROM nenor

celd m@ﬁowae/tform@i emd s@s@:@te baving erpdurélany of SREM rg@%@ry cells
coup! 2y AP ILTBIIR i Ly b 8  Snp Bprs
ar easstifgs whébsh BRI NROM tlegiore &R fateSi%‘Bméd eéitivglyeon the sidewalls
trench in the substrate.
of the plurality of pillars and associated trenches formed on the substrate, and
where the plurality of NROM cells are coupled into the plurality of NAND
memory strings by source/drain regions formed at the top of the plurality of pillars
and at the bottom of the associated trenches;
wherein a first NROM memory cell of each string is coupled to a first vertical select
gate and a last NROM memory cell of each string is coupled to a second vertical
select gate;
a plurality of word lines, wherein each word line is coupled to one or more gates of a
row of the NROM memory cells;
a plurality of select lines, wherein each select line is coupled to one or more select
gates;
at least one first bitline, wherein the at least one first bitline is coupled to a

source/drain of the first select gate of each string; and

at least one second bitline, wherein the at least one second bitline is coupled to a



The nmet hod of claim53, wherein formng one or nore
rai sed areas on a substrate further conprises formng

wWor@s508378Dre pillars on a substrate. The met hoRICD1S2005/004815

53.

54.

55.

56.

57.

38.

cl ai m 55, wherein form ng é®e or nore raised areas on

a substrate further conprises depositing additiona

subst saires/drainesfithd seeond Sdecs gins of adch stiingd. or m t he one or

nore pillars. The nethod of claim53, wherein formng

one or nore source/drain regions on the top of the one

or | . f

ror e TR EREARD el 1R DA sl cOBnfhe

f orfoimigg one oomonmaesesd areac ot d sahsirategtie saisedoaresshiefinogg asfociated

the one or .nore rai sed areas and at the bottom of the
one ofSHEFUNSEEHLErSit ed i ntervening trenches in one of

beff@fn%né A1 FRI NIROR mERBryRleM§ 8h kleVsi @wINKSMHERIFR0Y more raised

cells and after the formation of the plurality of NROM

nenormﬁwells. The nmet hod of claim53, wherein fornlng
uralltg of NROM rg cellsign t he |dewa d

t he OBHas i %?@f“r%?ué,cé’zd TAPSSEOL A P59 ?1fg‘ ENa ?rs‘P"re Thised areas

verti gl at98d Bsttondat e ©AY Bl Bdrd Bsctidtbd FiterNEXg TENENEY, and

cell of the NAND architecture nenory string and a

sedonging @rftrsstc\@m@bs@@qt gafaceuplediisl aefjrst NR@Ma@QmWR@MI of the string
menor
furt hér%d:% %ﬁcorr1 | %’%I{s11 c':slﬁ\lnaar%a@éouﬁl%g\* 3 I%’g [ ns {Ih{)]&s lallc(:) the
on thgnggrface of a first plurality of selected
sidewalls and formng a first and second sel ect gate
gate-insul ator stack on the surface of a second
pl I I . C

5. i horbo e PSS Stholyi P Conc HRpOIR ot Bbaciebl fberae
st dokh@roinpeisssutélanga abndhhie tiid substrggb.ur al ity of
sel ected sidewalls further conprises form ng an NROM
gate-insul ator stack of one of oxide-nitride-oxide
( mEHSHEr Qhikd 55 %{eﬂiﬂl ORI X bifi€or RIS ABASUAM substrate
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intervening trenches further comprises forming one or more source/drain regions on

the top of the one or more raised areas and at the bottom of the one or more associated
intervening trenches in one of before the formation of the plurality of NROM memory

cells and after the formation of the plurality of NROM memory cells.

The method of claim 53, wherein forming a plurality of NROM memory cells on the
sidewalls of the one or more raised areas and forming a first vertical select gate
coupled to a first NROM memory cell of the NAND architecture memory string and a
second vertical select gate coupled to a last NROM memory cell of the NAND



on the surface of a first plurality of selected
sidewalls and formng a first and second verti cal
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The method of claim 60, wherein forming a tunnel insulator on the surface of the first
plurality of selected sidewalls, forming a trapping layer on the tunnel insulator,
forming a first insulator as an intergate insulator over the trapping layer, and forming
a first control gate over the first insulator, and on the surface of the second plurality of
sidewalls forming a second insulator and forming a second control gate over the
second insulator further comprises first forming a tunnel insulator on the surface of

the first plurality of selected sidewalls and forming a trapping layer on the tunnel



The method of claim62, further conprising: formng an
i sol ation region between adjacent nenory strings. The
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select line is coupled to a select gate of each memory string.

The method of claim 62, wherein forming a plurality of vertical NROM memory cells
on the first plurality of selected sidewalls and forming a plurality of select gates on a
second plurality of selected sidewalls further comprises forming an NROM gate-
insulator stack on the surface of the first plurality of selected sidewalls and forming a
select gate gate-insulator stack on the surface of the second plurality of selected

sidewalls.



A nmethod of forming a menory device, conprising:
formng a plurality of pillars and associ ated
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A method of forming a memory device, comprising:

H

forming a plurality of pillars and associated intervening trenches on a substrate;

forming a plurality of vertical NROM memory cells on a first plurality of selected
sidewalls of the plurality of pillars;

forming a plurality of select gates on a second plurality of selected sidewalls of the
plurality of pillars; and

forming one or more source/drain regions on the top of the plurality of pillars and at
the bottom of the associated intervening trenches to form a plurality of NAND

architecture memory strings.

A method of forming an NROM NAND architecture memory cell string, comprising:
forming a plurality of pillars and associated intervening trenches on a substrate by

depositing a layer of masking material, patterning the masking material, and



trenches; and maski ng and ani sotropically etching the

| ayer of gate material to forma control gate on the
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nunbers of sidewalls. The A2thod of claim 70, further

conprising: diffusing a dopant material into the

bot t omisvfiropmaly etchinghhasdbstrdte; andp of each pillar to
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cel I SNROM memory cells and one or more select gates, where the string is formed by,
depositing a layer of tunnel insulator material over the plurality of pillars and
intervening trenches;
masking and anisotropically etching the layer of tunnel insulator material to form
a tunnel insulator of an NROM memory cell on a first selected number of
sidewalls of the pillars;
depositing a layer of trapping layer material over the plurality of pillars and
intervening trenches;
masking and anisotropically etching the layer of trapping layer material to form a
trapping layer on the tunnel insulator on the first selected number of sidewalls;
depositing a layer of gate insulator material over the plurality of pillars and
intervening trenches;
masking and anisotropically etching the layer of gate insulator material to form a
gate insulator on the NROM memory cells on the first selected number of
sidewalls and gate insulator of a select gate on a second selected number of
sidewalls of the pillars;
depositing a layer of gate material over the plurality of pillars and intervening
trenches; and
masking and anisotropically etching the layer of gate material to form a control
| gate on the gate insulator material the first and second selected numbers of

sidewalls.

71.  The method of claim 70, further comprising:
diffusing a dopant material into the bottom of each trench and the top of each pillar to
form source regions and drain regions of the one or more select gates and the

plurality of NROM memory cells.



