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MULTI - STATE NROM DEVI CE RELATED APPLI CATI ONS Thi s
application is a continuation-in-part of United States
we@anosni21Appl i cati on Serial Nunmber 10/738, 408 fPCEUS2005/015624
Decenber 16, 2003 that is assigned to the assignee of

the present invention and incorporated herein by
reference in its entirety. TECHNI CAL FI ELD OF THE

I NVENTI ON The present invention relates generally to
menory devices and in particular the ent invention
relates to NROM fMQHIr%HéF lﬂgﬁM&E‘%}f hi gh st orage
density. BACKGROUND OF THE INVENTION Menory devi ces
are typically provided as internal, seniconductor,
integrated circuits in conputers or other electronic
devi ces. There ar eREAWTHDIAPPEICATYONS of nenory

i ncl udi ng random access nenory (RAM, read only nenory

( ROMThi§l¥pieehGor B8R0 AEER8SnPRAVTUiteR8Mtes Patent Application
nchronous dynam c_random access nenory ( SDRAM, .and

Senafl e ROPS:40BAded Dprener {6.22003 tatds %S}@eé tcmhﬁ epggnee of the

presgf R P RGbof M i M P P Bl cqui r e
the special fabrication processes of flash nenory.
NROM i ntegrated circuits can be inplenented using a

devel oped 1 nidaispaitaFIEot B T3 s8R o roror

for a wide range of electronic applications. Flash
menor Jhequeseabiaventingglates senerally ghmemopndsyases angrisppariicular the

pres&l? }u&v gﬁ?ﬂ {@Atl%ééé@ﬂ%@vi\\;[ ggﬂwfe]rpg@o s%er\r,gcteeg gx}r%fh' l'@h stma%g dens1ty
for flash nenory include personal conputers, persona

digital assistants (PDAs), digital caneras, and

cellular telep . P a data such

as a basic i npmgﬁéﬁg@ %ﬁﬁgﬁ @&ﬁ%ﬁ’gﬂypl cally
stored in flash nmenory devices for use in personal
conpuYlemosidaviges areAypicalhppoxided ap intermal, fepisopdicireintegrated

circ 11? 1 c0! g&gﬁ @fe@froﬁ%%%?sy Fhe Ik ng ﬁﬁf&&g %@ de memory

capaci can rease
inchfdﬁtgmndirgntabea?.s skny SRAM)( ad onfyeatmory @QM), dFyhamic random

and/ or star multiple bits . in Qne cell. Performn
accegPFMEEy @%%M%oiypﬂafﬁg%ﬁ WiEBHANROERsE HemPery EPRARD, and flash
B ROSE RN LS 1 LS BASH o PRI, R OM b
somelef/the eharhbimste:s of ﬁaspirmbﬂnery hittdoesieatreqsedhdREM Al fasivation
PYOC?SQ%Q%fﬂ%b I%rgegxllqsﬁf/lg% e g%ra ﬁ&CIrITI?S canybe 1mpkemented using a standard
CMOS process.

Flash memory devices have developed into a popular source of non-volatile
memory for a wide range of electronic applications. Flash memory devices typically use a
one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Common uses for flash memory include personal computers, personal
digital assistants (PDAs), digital cameras, and cellular telephones. Program code and system
data such as a basic input/output system (BIOS) are typically stored in flash memory devices

for use in personal computer systems.

As computers and software become more complex, greater amounts of memory

are required to store data. Memory capacity can be increased by reducing transistor size (e.g.,
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limtations. As dinensions are scaled down it becones
difficult to maintain adequate separation between
woosiipdieo char ge st orage regi ons of the NROM cetT/US$005/015624

t he reasons stated above, and for other reasons stated
bel ow which will becone apparent to those skilled in

the art upon reading and understandi ng the present
specification, there is a need in the art for a higher
performance flash menory transistor_that can store

featummm pl?”é apil/os stoeing oulltiple Sithvivegoe cPH el efRsadnsrbeth o drese prtions

simu %‘ino&‘ y ‘%{]% § Htg#r(ﬁ)gsegpn%gb@ a%%*a%lt%\&{hﬂ% %?cr a%ﬁ'% tﬁ? yﬁ/eeﬁ%ﬁ@ ﬁXcreasmg

the py®et tegairerBbnth 8f the rea@sdty el icarHoaevenca pmbmnpmth deg@egsed NROM

region. A gate insulator layer is fornmed al ong facing
flashgneferysizeds that SR flagh mempry celbteshrelpgies g%Vﬁo?P“ﬁ?éa ling

r

iR Bt £l B A e AL e
sepafatibh Bé@veeri\niubmﬂe chirpe storaggiregionssofitbe MROMdBr a trench

| ocated between the first and second pillars. During

oper ok e 1Rhsohb Statedlabs V& tand fortdikerlreasens stated Beloagwhich will

couples a first_ channel that forps al ong the facing
becogieg@parent thdheserskilediin therartynengeading g RgrRing e Dresent

spemﬁ% 150, 208 tl{ﬂe%df lﬁﬁ{erbgt R gg O%J b&?oﬁﬁlﬁeé]ﬁaﬁl' rhlaxﬁ[)ry thdhsistor that

ne erbodr nen lon 1s
cansﬁcﬁremﬂtlﬁldbit@pamceﬁl ectrical cont act These and ot her
enbodi nents, aspects, advantages, and features of the
present invention will be set forth in part in the
description which follows, and in part will becone
apparent to those skill edumnvidigyart by reference to
the follow ng description of the invention and

refe ﬁﬁ%@ﬁmﬁﬁﬁ#@g thQ E)r«g)éntq iofi %n@cfm% 3 a?ﬂ}‘iﬁ@ tda@"dnly memory

The asp van eatures e 1 nvention
deviéd @nipgRingzeshbatate a\hﬂﬂl plachlity ofreatical pfllard) each pillar having an upper
instrunmentalities, praqcedur d .comhi nations .
dopeﬂaﬁglp%u‘bgaﬁeyn%t% layerds, Omwgta}?élggﬁ%%gg & . R piy il @ second
QIS s Forod@verlying the gate insulat
e FESE UL AN A e oyt
layeps@nd ﬂmrpﬂﬁrsoﬁéowma@@ed reghorois deisiauguridar atrcmﬁdaﬁ@ed bgtwigen the

nt _of the .ese invent i . Flgyre S a
first BRb SE0SEBL R BLrigR SR BRob R e HEBUR b be 1pef ibFecrebitnBouples a
first SRBET RhSoRAS El'oﬁg 110 fabihg 1R of t1Rt firdt Iklﬁhleindsd #g6nd hannel that
processing. Figufe 3 is a cross-sectional view of one

forms rahmgu thefacingfsidenef theisspndpidlapdn e Ambpdimeyt the lpwgr deped region
s nosp%wes R3S BABPEEE or < on showi ng & porti o of

These and other embodiments, aspects, advantages, and features of the present
invention will be set forth in part in the description which follows, and in part will become
apparent to those skilled in the art by reference to the following description of the invention
and referenced drawings or by practice of the invention. The aspects, advantages, and
features of the invention are realized and attained by means of the instrumentalities,

procedures, and combinations particularly pointed out in the appended claims.
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menory cell array, in accordance with an enbodi nent of
the present invention. Figure 5 is a cross-sectional
wok@d/1idlthust rati ng a rel ati onshi p bet ween t he PCT/US2005/015624
structures of Figures 1-3 and the plan view of Figure
4, in accordance with an enbodi nent of the present
invention. Figure 6 is a singlified plan view of a
menory cell array illustrating an interconnection
arrangenment for the nenory cell array of Figure 4, in
accor dance VBRIEEEDESGRIFTENN Qff Tl DRAWINGS
invention. Figure 7 is a cross-sectional view, taken
al onFigeetliion ctdsneesctiondl aéw Iéifglsemioﬁndlhdtbnmbst&tté portiparnat one
of an interconnection. arran e accordance with
stagesf PERSSUPHEACCBIIEnPoW R a8 GRPONHh P | B PSP IPETTHORs o
cross-sectional view, taken al ong section |ines 8-8 of
Fi gurfagwe 2iis p gesp-seqtiogaloasy obpnasmbedisieabefibe sibstrate portion of
nce with an enbodi nent of the
Flgu%:le%en?gf%gé{h%%&éﬁgure 9A is a block diagramof a
net al

(vooree SR i kT it oSSkt Rk R Rfaregorion of

Figuid atid TafRf s@gélnlﬁbwﬁﬁg98 i |lustrates the MOSFET of
Figure 9A operated in the forward direction show ng

sone ?ﬂé 98s lenﬂjﬁiﬂeﬁ%legﬁﬁéﬁﬁta'sﬁﬂstﬁ Srﬁoﬁkﬁ(ﬁﬁlhgﬁ%ortlon ofa
bei ng Trapped gate oxi de near ]t) drain region
memoyeeelprsagusl aoaerelamra wlih en e@bpdinzenyptihh ps%ont ingentioe.
square root of the current signal (lds) taken at the
dr ai rFlgLﬁfg 5ana ofoss-hectivaalwdew illbusahtidOSEddtionshpustwéen the structures

voIt ngial (V abl i shed bet n the ate
of Figigs § ey planpisgh ShEtent 4énmser ancg Wi gjigpt of the
preséd ffeAfdEd MOSFET which can be used as a rrultl -state
cell in accordance with an enbodi ment of the present

i nve [ . .
o RS ThIBATID G R AR A B e n
intermﬂnbcticmt atangembnt fof tHehﬁeer@S)en tarranvERigueey, dancdaedance with an
ranmed to achi eyve the enbodi nents of the present
emb?qiméﬂttqféheplig?%ﬂ%veﬁ@% s a graph plotting the current
signal (l1ds) detected at the drain region_versus a

vol t dgurp é’tleaaptoat; -secgionalraew, tplken alges seeypis)ineset-7 @h Figure 6,
111ustrae( g\);%ré})otflgl% ugt c?lgh W a rg%kgnetnlt] th n%c%gt:cﬁtﬁce{ \%ﬁb%ﬁ et(nlbgalment of the

accordance “wi
presdmﬁﬁ;eﬂﬁoﬂ,nventl on. Figure 11 illustrates a verti cal
nitride read only nenory cell that is part of a

Figure 8 is a cross-sectional view, taken along section lines 8-8 of Figure 6,
illustrating part of an interconnection arrangement in accordance with an embodiment of the

present invention.

Figure 9A is a block diagram of a metal oxide semiconductor field effect

transistor (MOSFET) in a substrate according to the teachings of the prior art.

Figure 9B illustrates the MOSFET of Figure 9A operated in the forward direction
showing some degree of device degradation due to electrons being trapped in the gate oxide

near the drain region over gradual use.

Figure 9C is a graph showing the square root of the current signal (Ids) taken at
the drain region of the conventional MOSFET versus the voltage potential (VGS) established

between the gate and the source region.
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menory array of the present invention. Figure 12
illustrates an electrical equivalent circuit for the
w@eoositiee11odf the nmenory array shown in Fi gure 1BCT/BSZPOS/@15624
13 is another electrical equivalent circuit useful in
illustrating a read operation on the novel nulti-state
cell in accordance with an egbodi nent of the present
invention. Figure 14 illustrates a portion of a nmenory
array in accordance with an enbodi nent of the present
i nverftigwn 10Aiigadagtdnof h pregraramed MOSFERvdd¢heantbegfsed as a

the gate i nsulator.for the .enbodi nts of.the. present
muit{5istEN S AR S it Astib oI LT Prisell ik i
illustrat t.he .conduct.i ehavior of th l[ti-state
cel | erﬁﬁéﬁéméwwagfe ’%ﬁ&xlﬁ?l_é‘ emﬁa@%yowhfcﬁe
MOérFf@Iuﬁiethé 1 stapSeiBSFRRe bildSer? RRVeALibPBa BERA oNMBhieve the
of the nulti-state cell in the reverse diréction.
embddigpants of 618 predeubinventas. t he now programmed nul ti-state

cell's operation in the forward direction and
di f f efigmtilaC is egehphplotting tig durrehtsignatl (Tidbpdetedtédadt theddain region

enbodi nent, e.g.,.2 transistors in each cell. Figure
vers GRS i o T B s RS o A5 e
sourge;m?%hr@ﬁtvs oypaY; daRtd Yith BRRABL A &% Bf ﬁ%?ésﬁmciﬁ%nﬁon.

e enbodi nehts of the present invention.Figure 18

i1l ust . - i ' f :

oo BT AR AL BTRle AU ARG 18] i et oo
menRipatiyEithes pekerdt iveptiesent i nvention. Figure 19

illustrates an electrical schematic equival ent of the

enbodijpret 3 ikdstiated Uh RfeclicaPéfhividlent irgtit €or2bk portion of the memory
illustrates one enbodi nent for a nmenory device in

arrayashovmdadegrod h an enmbodi ment of the present
invention. Figure 2 1 is a block diagram of one
enmbodiigeatl 3 if arahes clectricahequivalett eircuib nsqpnlon eduestiatipg ¢ eehd

syste utilizi ti-state cell constr.ucted.in
oper Rt BVt U SHbOREREEeqrth RESHPRURpEOr e present
inventipent i on. DETAI LED DESCRI PTION In the fol | owi ng
detail ed description of the invention, reference is

made Ftlgurte h8 iltustrates 2 portion of a memory array in accordance with an

embodiment of the present invention.

Figure 15A illustrates one embodiment of the gate insulator for the embodiments

of the present invention having a number of layers.

Figure 15B illustrates the conduction behavior of the multi-state cell of the

embodiments of the present invention.

Figure 16A illustrates the operation and programming of the multi-state cell in the

reverse direction.

Figure 16B illustrates the now programmed multi-state cell’s operation in the
forward direction and differential read occurring in this differential cell embodiment, e.g., 2

transistors in each cell.

Figure 17 illustrates a cross-sectional view of one embodiment of an NROM split

channel flash memory cell of the embodiments of the present invention.
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acconpanyi ng drawi ngs that forma part hereof, and in

which is shown, by way of illustration, specific
wenwsdizrent s i n which the invention may be praetT/Ts8m)5/015624
hi the draw ngs, |ike nunerals describe substantially

sim |l ar conponents throughout the several views. These

enbodi nents are described ingsufficient detail to

enabl e those skilled in the art to practice the

invention. Qher enbodinments nay be utilized and

st r udtigurall illesiateala, cressereetiangl viewaif anhthayembedimenof an NROM

made w tho departing framthe scope.of the present
s TRGBA S5 o1 FreoR B rEena P e e BSPRIPe Loed i n the

follqQw n escription. include any structur avi .an

e podune 15 plkisali o gttt 1GRB s EAHEPHHA gremptifieuts of
Figufds1§Uinfi 181 ©) structure of the invention. The term

substrate is understood to include sem conductor

waf .erﬁ%u Ih8 iR Whs %ﬁl@ggmie?lt f‘dr%%éiﬁ&g. deRice§h gécotr@ance with an

sem conduct or structures during processing, and nay
embodinlentef thé hesedt ayvention.hat have been fabricated

t hereupon. Both wafer and substrate include doped and

undoregurs i€ 9 BIddk Uidpsam ePbiaxhbddiseni cfantbiiohid syytems or

supported by a base sem conductor or insulator, as.
procggspr-based sysiem, Wilngshagkt-gatesel gensirustedyp peeagdrngg vith the

[ ' . The term conductor is

embcgﬁlglgﬁésgtoog}%dqrg%n%%%ﬁﬁqe&éem' conductors, and the term

insulator is defined to include any material that is

| ess electrically conductive than the materials

referred to as con 0 Lng detail ed

description is, thg\ﬂ%@l)m‘?s{:&%%&ken in a

limting sense, and the scope of the present invention

: ) ne p
i s ddnithel@llgning djeiled deagsipticned tha igyentionarebgnegis made to the
o by TESPE Al AT O S T2 o
illusisstione spediftt amboliasits &t whivhrthé mweRibnanhaybepmtaged. Imthe drawings,
.. processjng, in accordance with an enbodinent of the.
like HeQaeratiRe P BRI SR OB OBEN HRevage! e Shuelgriows. These

embéé(gﬁfe_ﬁrﬁ%é G&ERE&Bin AL a&ap eJbRdble %%ﬁ@aéin&ﬁin%géa& &PPractice the

e etched recesses 22 formtrenches extendi ng
invewticon Qtlzar embiodinentoman tie otitizedf andserupmupd, logics, gud eediricalichanges

ne enbadi t, the doped regipns 24 ar.e inplanted n+
may DR GRS IBORE GoRar B AGAACoDY e SRean BYTORE. 24 ar o
formed by a bl anket inplant. In one enbodi nent, the
caps 2% tEms waler @&Wbétr%taageddﬁdh%@%ns Fapfiqisinplyde any
R e
the inenéon €kheA2rna substrhieris enddngdodisi inglude sergicondictlr wafers fEhe term
es. In one enbodi nent,.the doped

etchiﬁg te%hni qu clud
substriginHE0 BIddp ECIPH FORRAOBAUYYT TLRHSPAFR dHiTingrProgrSPB g fmay include
othef BYER A%t hiNERh Tl th&IehiRd BobaCREREIndibiMe Aftlude doped and
formed by plasma etching, l'aser-assisted techniques or
undogry sanicenduvtirhagitprielsenti¢ondistontnyers stppartedddy digase semiconductor
or 1ng1§%1/t§|§8'1€ t(\exgellré\?)g?err] %en%{cr:tc))gglllcrtr(%nsttfucttu?% well Efown tozozlleas[qﬁled in the art.
The term conductor is understood to include semiconductors, and the term insulator is
defined to include any material that is less electrically conductive than the materials referred
to as conductors. 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 appended claims, along

with the full scope of equivalents to which such claims are entitled.
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substantially vertical sidewalls relative to a top
surface of the substrate portion 20. In one

wentwsdizrent, substantially vertical nmeans at 9BCTIES0e8615624
to the substrate surface, plus or mnus ten degrees.
Figure 2 provides a cross-sectional view of the
substrate portion 20 of Fi gu%e 1 at a later stage in
processing, in accordance with an enbodi nent of the
present invention. The portion 20 of Figure 2 includes
t hi cFiguee des a egispnsctidial VIO of e gerniteonduktéraubsichteportion 20 at one

sidewal I.s 36 of the recesse 2, gate material 38 a .
SR ORI I8 3 YA 1155 G CHED B SareSer vgildt 1be portion
20 id¥R{des tdhe 3G RGN Jes 3N ABFE MBlovis 99BBE26 and caps 28. The etched

pol ycrystalline silicon. "I n one enbodi ment,

recessesRZforindreachesextandingeiony an anpinty antl ow offiediage of Higure 1.
doped regions 24 and 26 preferentially with respect to
si devabhs e@bodiAsng thiedaget! redituies 24hare kmpbentdbd nrtaggions 182ne

are forned at the sanme tine . as t hi nner, oxj de 42 on,.
embetigets Heiaprt _rezgzsqns?%e%% hogiied B8 et ERiant g sFafgiment, the
caps 2B %r@&@ﬁ:@trfc%b@ﬂﬁil By lﬁ@ %rﬁ@dh@ﬁ@g@ﬁ@%ﬁ%ﬁ%éﬂﬁ%ﬁﬁgﬁde and

transi stor channels al ong the sidewal |I's
convemtidml patesnifig techsighies. imanereybdrimenty thpyatehed Feqessex 2dpkrethen

etch%?r%gcoglgglﬁg{?gﬁéﬁwg %(%gmgﬁ%czlbf%.ﬁ lth? %g% glgé{))i}prwgg it de:&ped regions
26 arRTI0I6RRd by ImPRGtEER 8! FoFBINt -+ regRMY ETHd QAR dr §EdIsHAGEESses 22 may

are then enployed to provide a nitride |ayer 44 and an
be fopaediby playme cbiing dasprsasgistadrtpehmiques o amsxethpy wethpd presently known

" N vel [locali . T ' - Bi t]
or gl b B b8 g B R Binlf PRE Bss; P BRI GiebE
substagtalBevdreddl eidewal®lelatidd to Beop sulfactovtekebstea@0shrtigp20. In one
543-545, | EEE Catal ogue No. 0741- 3106/00, or in "A .
emborhimentsshstaatizilvyetistl aneany at) dgaressde thoguheiratemiiaoe, plus or minus
tend%\é{%ce" by T.Y.Chan et al., |EEE El ectron Device
tters, Vol. EDL-8, No. 3, March, 1987, pp. 93-95,
| EEE Cat al,ogue .No. 0741-3106/87/0300-0093. 1n.on .
ermbod RRE PRASSY iR g el 4 PEPP gl ot 2 g Figure 1 o
a laté%ta@e in @ﬁb@éssﬂ%, FOARb1#andOwith bileinbedieNet bEE hresédnt ifiviiion. The
as is enployed in SONOS devices, while the polysiljcon
portig 26 of Figuse 2 sreludss thgels exide reeinnsiad OOV) regis Badomend o sidewalls
e . e r :
56 of AL 2 SHAL HERLIPAESRE LA 0 IITBR LRI RhimaR, i
gate fafariabB S coraphies icohdrtiedyidoped pblgctystatlidsilicayier 44 and
becone trapped, providing a threshold voltage shift

and thdge BnBYdificAf coMdntiBha teddhi@edaleicViihloyBaas ekideqhe doped
el ectrical states representing stored data. "Hot"

regioph 3 gad @ prefercatialbyewnlbrespect t siferiillsetfuiAsianesulintha thiek oxide
.thekr envir nt. lp_other,. ds. h char ]

regiopg g aretRime? FEme fmitioe PG AT o R sl 6 Hisc

oxiddd N&F degvetdeidIite EBd@PRA eetidriseI4Sand 26 from what will become transistor

channels along the sidewalls 36. Other techniques for isolation may be employed. For

example, in one embodiment, high density plasma grown oxides may be employed. In one

embodiment, spacers may be employed.

In one embodiment, conventional techniques are then employed to provide a
nitride layer 44 and an oxide layer 46, as is described, for example, in “NROM: A Novel
Localized Trapping, 2-Bit Nonvolatile Memory Cell”, by Boaz Eitan et al., IEEE Electron
Device Letters, Vol. 21, No. 11, November 2000, pp. 543-545, IEEE Catalogue No. 0741-
3106/00, or in “A True Single-Transistor Oxide-Nitride-Oxide EEPROM Device” by T.Y.
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exi st. Hot charge carriers may be el ectrons or hol es.

SONCS devi ces are capable of storing nore than one bit
w@eoosgatieo 38. Typically, the hot carriers are POj/Es10e8015624

into one side 47 or 47" of the ONO | ayer 34, adjacent

a contact, such as the region 24 or the region 26,

that provides a high electrical field. By reversing

the polarity of the potentials applied to the regions

24 and 26, char may be injected into the other side
Chan gt alg [EBE Edﬁctqong)mq@ Letiees; Va4 EDMngs Nof dulvlarch, 1987, pp. 93-95, IEEE

| e and distinct states can be

Cawﬁgg% 6?%€?d %@%@ﬁﬂygag?ngle gate 38. As a result,

the ructure shown able

at é}nefeg@pdw% th amé 8? eélg mlgic’%f:ﬁﬁ cr44an é)xu;eolayergm combine
to fo@x‘h‘lﬁ@mldty@ﬁﬁ sMEIEHY 19 ferpltR e WP SONU L dRREs! RRi1ETheYolysilicon 38
Fi gure an alternative stage I n processing, In
fom@ @c@nttahgﬁée i pheration mpplication of stiitableelpetasabiases to the doped

Th t Fi 3
regiq e oxt G PEgTail Y s Moo R otBts i ghfe b Eieted nto
the di@ideesled N4 bh@bédbinit 9APpee, Previdni a‘%resﬁol@%‘i’t@g’é §ffahd thus

oxide or nitride insulator 49 is forned on the

providipgmuiiple plternative, magaswiable clrtdra sites rentesshtiggstered data. “Hot”
char%@&a%ﬁ%@lagegﬁot 11'1: ltl%?z&;hﬁ&wﬂ %Y&ciﬁér g{ﬁrolﬁﬂl%aﬁ IR Egler words, hot

y 1 njec arge carriers
charg@eqmexs ee;ﬁbmt 1 Sitsation vﬂ@kces poptﬂittbri dthigH kiattiO\encggy ﬁlarge carriers
%¥¥Float|ng gat e devi ces can be progranmed to
existyfiof ghasgg C%?F&@ﬂ%?‘"éropﬁﬁ{ helgh pbe el ectrically
di stinct and distinguishable. As a result, it is
pos si YPNOBdlepiceyprspapaileofigtorng mare bae ong bit per gote 3% Hypically,

the ho ?ﬁhg@%{%ﬁl@e%te%e iﬂ{oc()ene K 4%793}04{’7 8%{“?(51@&)'@ ggr elg{ a contact,

correspon O nore an on St o’re

such'Eliﬁ fphecilioy, 24Qhalieg1€bgl(ﬁ1\/lﬂ &a@ﬁr&ide@a & éleélrid frilght be
enpl oyed, where Q represents sone anount of charge

c Or I eSPRABIsHE thOpdlafift] d3RE Yothi$dls APHed fﬁ@ﬁieeregiahpm and 26, charge

ignal .Figure 4 1s a S|rrpI|f|ed pl'an vi ew of
may bg Brjeeted mtpthetatiaer sidedil’ aud Goftbe tQNfa layfer 34 rﬂ“ahtm fpue ellettronically-
I a kN ac rdange WI
d1scr§}uél§§1ﬁtand ﬁllStle) E%Q[es ?_ang uereém gﬁogzbd%gb &g] %glgglg)gg[,gp{ge ésgfresult, the
strucirt §howh 1ﬂ/\}F1g'I1fb Mk capat€ofstoditl /184sbttr baapar @tszge F,
as described in the Background. An exenplary nenory

cel | BEGR332a kRS sBANRLCALW AT BR RbstPatd ié&@lloﬁ 20 of Figure 1 at an
transi Stor, can be seen to be about on Wor dI T nes

alteriativarstagk dn p@@eé’fshmrt dveondanchreith ae emzbyélmemt).pf thaghresent invention.

The g e 0uPdt Fietp el s ool idefd cndof 43, ot o fosting gate
48 isrfehidd SnglitkinRRIdESEFIoh A2, Atobﬁ%ﬂﬁbﬁﬂ AhddF o AR idsubat@d is
the plan view of Figure 4, in accordance with an

formedrpn dhendonting fgate(s, ﬁﬁ@é"@dtb}’ depesitipwaf gahmatariehghddoating gate
devi&lha ﬁr%%d oop%HtJa Byn ﬁﬁec?%g%og chsa§ge c?asfners which may comprise

electrons or holes, into the floating gate 48.

Floating gate devices can be programmed to different charge levels that can be
electrically distinct and distinguishable. As a result, it is possible to program more data than
one bit into each floating gate device, and each externally addressable gate 38 thus
corresponds to more than one stored bit. Typically, charge levels of 0, Q, 2Q and 3Q might
be employed, where Q represents some amount of charge corresponding to a reliably

distinguishable output signal.



10

15

20

25

30

expl ai ned below in nore detail wth reference to

Figures 6-8. The density of nenory arrays such as that
walemsnitied with reference to Figures 1-5 can reQUUSE05/015624

i nterconnection arrangenents that differ fromprior

art menory arrays. One enbodi nent of a new type of

i nterconnection arrangenent gseful with such nenory

systens is described below with reference to Figures

6-8. Figure 6 is a sinplified plan view illustrating

an i rtiguiedripestmplifiedplamyiewerfta sbstraje pettien yhewing ageartion of a
menf S B 200, 5 5Bt W SRR AP M B RO R b
also provadeg @REApled Of pitcH PIASBHTWM, shiteS Al hiimed fogutiiid F s

ayers 62 and 64, separated by conventiagnal interlevel

I
desciiped wcthe Backepwnd. 4m @smplary megrory celhareg P2, tha physiealgrqapfa
I = e 6- ' i frd2 . e
singfeifioR n BB Eea R Db ok R 30 PRSP AP
condshtavd layert40e awdbitlaeds &6iand SBag fonmed.7 | sol at e sel ect ed
portions fromone another. Figure 7 is a
Cr 0S Fig@e15i io B 3ImMifdd, sideken, il setxibrs Haistroting 4 Pe&tiohsHipdetween
Figure 6, illustrating part of an interconnection
the spetyrRg@hEiguTesnl -3 @ad theplae vignt of Heure dhBrrcsaidanest withan
. | - | .
emb?%ﬁ%ﬁpgq tgg éﬁegéer%t?x;i’%eﬁlﬁ})?ﬁgge t qngﬁ%s?%ogié?%&gﬁg b?tﬁﬂgs X8 & 58, as is
explaihédibélowtin Agre déthil ofithaefaréiice te Bignestd-®n arr angement in
accordance wi th an enbodi nent of the present

I nveritheQRnsiW $fméRbBr B1GE stich dsitBatid@Scribed wit@ference to Figures 1-5
patterned conductive | ayer 62 extends upward to nodes

can require7igtercormrectigiopreaneaments pead diffes dvom prer arbmemery: araysnOne

t ' .ad rt]
emb SR REST 5 SRS St UGS Spfeeiotl SERASHAC R0 systems
is debatibetl Gpowatvith hefetenoetodeigoteed-8(2, 72' . Simlarly, other
portions of the patterned conductive |ayer 62 extend

f r ompifigel6iif g s APlAtview A ludfting %h aitercHRRtion arrangement 60
providing el ectrical comunication from nodes 76, 76",

for thrgmemeryoteflerrayi S0cfiRigwr dnisraosordmnge widle e etnbodipgnt of7he present

. Fovide. contact,. el ect ortions._ af .t he. doped .
invelty SRS A0t P R RRUE Bnflnit PR Bpgusgipe tavers
62 ak6£ Repdrited by epniedtibRil tinteilofel Hielittric Martigl & @egure€Abhd 8). The

. couple to nodes 78, 78" and thus to doped region 26.

viewsife Rigute Gy§thave besasipphiied toshewgoriespandengevaitlc B pdear iFigpres and
1 : . vi .

o o 4 SRS S o S, PPN JRH S rions o

one another.

Figure 7 is a cross-sectional view, taken along section lines 7-7 of Figure 6,
illustrating part of an interconnection arrangement in accordance with an embodiment of the

present invention.

Figure 8 is a cross-sectional view, taken along section lines 8-8 of Figure 6,
illustrating part of an interconnection arrangement in accordance with an embodiment of the

present invention.

With reference to Figures 6-8, the patterned conductive layer 62 extends upward
to nodes 70, 70', 70" and establishes electrical communication between the conductive layers
62 and selected portions of the doped region 24. The patterned conductive layer 62 stops at
the line denoted 72, 72'.
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Figure 9A is useful in illustrating the conventiona

operation of a MOSFET such as can be used in a DRAM
wa@eooas121 gure 9A illustrates the nornmal hot ePEDURIING/015624

i njection and degradation of devices operated in the

forward direction. As is explained bel ow, since the

el ectrons are trapped near tfie drain they are not very

effective in changing the device characteristics.

Figure 9A is a block diagramof a netal oxide

seni Sondarks other partigng pf bemaiteapd FardyetiyMegeEsd) extend from the line
bsk | i des 76, 76'
denofBg 7 24 5B Sk uoyl 8, Hbidile bAoA BB R pages 76, 76"
76" tb btHeheirauibd émaite. THddes Weer6', t76€ peoidcantaettooseleb@d momgions of
the drain region 104. A gate 108 is separated fromthe
the deppdsgion2dgi on 108 by a gate oxi de 110. A sourceline

112 is coupled to the source region 102. A bitline 1&4,
i s couponitest paiferaedieqnductiedrrws o axtend figrdiopte batigmiog Figure 6

and egér)cg?c%ﬁg g&g%lg e n&?e%%81888" argxldr{hﬁs?t:a\aéf)ﬁ%éﬁjgﬂn fperation, a

urce vol'tage poten I'S set up

bet ween t he, drain region. 1 nd, t SQUr C Lon ..

102, S 5t G SR B 8Pt ek s fli b gl syitabte for
use wh@BthY hfenforWabdbés6f FidGes O3C Otlidtardfgdntaes a0 posibial

applied to the gate 108 surpasses the characteristic

vol t a9 L HAGs QM ih Yisu@fing R MREFbnA dpeamidglof 4QFOSFET such

forms Tn the substrate 100 between the drain region
as cafl B4 usettintaHOR 404 prey. Fagiro A Alitiastratesrthenprel &ipt elhetron injection and

channe) . 106 perm t.s conducti.on between the draj .
degrIaptat diaeea Ramlse e gt LEv el s aS s epiaine by since the
elect®ing BA trdpp 8 hedidhe BRIABERfcabt FbryldtRcEVSinTthagSh e theldice

I'n operation of the conventional MOSFET of Figure 9A,
charastemstielegr ee of devi ce degradati on does gradual |y occur

for MOSFETs operated in the forward direction by

el ecFigims 9A LT a bbwkniiagyart of p pesdali oxideremgennduchei Heldefct

near in.region 104 [ Is il]ustrated .
tansSior MO DO Aot 09 4 P MG EE b shidey Bgp Fe8Sesion 102
a dral RBREA 09€2EhInR6] 5B N 06§48 IR bub&fhtd N®Y b el sYBHcY region 102

effective in changrng the MOSFET

and thédrairctegidnskOdc 4. gaitgLieis 9eparated Sromathe shatmiekregisinnt08 by a gate oxide

Figure. . 9C.is.a gqraph show ng.the I g 4 o}
0. B GRS L AisRoBDRE T BB R Y RebEh it bl o me
draintrBgioM A0k 8 SvdR@liNL i6ak cOMSER) toethit glteiloRed between the

gate 108 and the source region 102. The change in the

sl opgy Qémﬁe'ﬂﬁ%ﬂ(lz %f;et%fiorll, al H8in\E 5SHee Yok PBIRABSNNAsS Ret up

change int rge carrier nmobility in the channel )
betwé@tthe draifiagiore] GICndDhT sewps wgiomt 192t Acvolipge petentidh anigen applied to

In _the. MOSFET: hreshol d | t | Lt f
the gaied P & MU Py OB 6 P RS HROEA A ZiRL 7 el hos surpasses
the cldfctB8R{c Jol@gsfiRésRold (Vt) of the MOSFET a channel 106 forms in the substrate

100 between the drain region 104 and the source region 102. Formation of the channel 106

permits conduction between the drain region 104 and the source region 102, and a current

signal (Ids) can be detected at the drain region 104.

In operation of the conventional MOSFET of Figure 9A, some degree of device
degradation does gradually occur for MOSFETS operated in the forward direction by
electrons 117 becoming trapped in the gate oxide 110 near the drain region 104. This effect is
illustrated in Figure 9B. However, since the electrons 117 are trapped near the drain region

104 they are not very effective in changing the MOSFET characteristics.
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regi on 104, under normal operation, due to device
degradation. This results in a fixed trapped charge in
wo b@sgatieo oxi de 110 near the drain region 104. PS&l/opm03015624
represents the charge carrier nobility in the channe
106 for Figure 9A having no electrons trapped in the
gate oxide 110. Slope 2 reprgsents the charge nobility
in the channel 106 for the conventional MOSFET of
Figure 9B having el ectrons 117 trapped in the gate
oxi d&igute96édustiates this apimt.Rigire 9C1io 4 graph shawine thy square root of

the cirgR piepaids sicp 3R Fedie? S BB il D
estabHEiRdbetR&inGhe &4 108 ahd theGotne REdiom a)2. NIBSIchdngbdn id slope of the

* significantly change the charge nmobility in the
plot cﬁhg%

ederdf36V GI hereseatsahé dmnge ifpthe ehiuge carrichmobilite & the channel
of stress and hot electron injection. One conponent
106. i ncl udes a threshol d voltage shift due to the trapped

electrons and a second conponent includes nobility
degr &wBiguon9QueV T seradstintsi the aliniswé change iy theMOFEl e threshold

el ectr.ons. caused by thi rapped charge and_addi,tian .
voltaf REOHBE GG, Bacr o Dy o ER oA ThERaEY oy 4 48H the drain
regiofi1 04 Sundet hESHR g?éraﬁ’é&f—; ldue Red St degtdtiatib® THd Wil in a fixed trapped

direction, electrons do gradually get injected and

chargsdn teegate oxife d 10 nearlike dratnaregiond®4ndlape 1 mepreseatsithe chprge carrier

t.hi.s portio he. i.opal T j .
mobify i BPHRR T REEENERRERR ARRUR Bl o R gatp oxide o
Slopd DeeprésepR ekl ehaganobibitiuinahe shdnnel 106 o8 thel dnvaltioagleMOSFET of

. charge nmobility only slightly. Applicant has_ . i
Figuis OB Mayiig gleeteons il B d@rprdoigrthedas peidsd 4B pgardhs droisregin 104. As

1 '10De1QEtrMSRTF lrapSed in th
show B | B e e e apled in the
gate 6xidé OI Orhe dlgy draimadeliond 0d o€ e deacadenalntd OSHHTedt natrsignificantly

(See generally, .L, Forbes, P. Noble and E. H d oud,
change\fhgje gFéEWH&V&@ﬁwﬁ%?mﬁﬁéB'annable addr ess decode and
correction,” United States Patent Application Serj al

Nurbdhe®airg BBo semponenkide th eftqcissafstresspdipt plectipminstion. One

q o - ; .

com 3R s BLTRIN 4681 S et ind 255

componaedihelgdesahobiliey dupesiation duwerddditivnaheat@ing\diskfrks electrons
i ncl udi ng spljt-channel . NROM gaevi ces

( ) , an be .
causqsk bygthisrrapre ghasge and additional syrlace é%ﬁss%ﬁlep A&eRYon MOSFET

o SRS ol P Y RO old Bt

injectet agd dovoenke iviggel In itk gitdheadeisedr the dpiar bt thes pontiothef the
forward direction the electrons_tr ed in the oxi

conveitiong T st s Y@a&[g@% i ERER e e s he

trapp8d Eﬁﬁg%gﬁﬁ[&%ﬁ@{h%sﬁ@dt\%%gé S9 9Rfse rtHKILROARY sl(ijgul'glty.

prograr FETs of the present invention con

;Ia?{] :Atéalgﬁ’lg%]ftl)byi% bl%?fg)vl\llglg:c%lgﬁ{beh If)?&r&rﬁﬂl\éﬁﬁtﬂlaﬂ&ly MAREELS functions
based on the reverse stressing of MOSFET’s in a conventional CMOS process and
technology in order to form programmable address decode and correction. (See generally, L.
Forbes, W.P. Noble and E.H. Cloud, “MOSFET technology for programmable address
decode and correction,” United States Patent Application Serial Number 09/383,804). That
disclosure, however, did not describe multi-state memory cell solutions, but rather address

decode and correction issues.
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vol tages. These electrons will remain trapped in the
gate oxi de unl ess negative gate voltages are applied.
wab@saidaes rons will not be renoved fromthe garer/vst0d8015624

when positive or zero gate voltages are applied.

Erasure can be acconplished by applying negative gate

vol tages and/or increasing thje tenperature with

negati ve gate bias applied to cause the trapped

electrons to be re-emtted back into the silicon
chanrfelcouling tocth#/RBEIETEs ¢Bbe pyseadisydnyion) norfel MEISFHs, including

spltspine AR AV etie B seor oaespmad e pperptih 8 the e sfireSfon and
utlhzlﬂ@g/énﬁé@ancﬂ@hot &&tl%ﬁ anﬁ@tion]té ,tragﬂzlecﬂlgﬁﬁrn]{ﬁé BateNRide FIMEOMOSFET.

N. gr or bes Tunnel i ng and
Wherrmﬂrmagram@sMé}SFfE olmsaba@qmmlwmma@d ipftheifosyyard dippstipm the

elect%g%fgg%ﬁﬁﬁgg)%gg ﬁlg %g%%%tsgl%gigg%%gg ‘t}gan aﬁneé}:% hi\R tw(?) 'different

threshidke@lthye regiins MEtN&}vel lﬁﬁgﬂindﬂed MIOSHERT st tthOpresehy ﬁlvfeﬁtlon
hot el ectron trapping," IEEE Int. Electron Device

condm:tgm gnifpepatly ,1@@ @Hrrgpt an Wentml\;MQﬁf Elgg ng‘gyulaﬁy @hlo(g\gdram
vl TAEE LSk 4] B, OB st s
are appladaThe elestronsswillsnod be mnmabdm;om thegrasenoiide whie pogtiveer zero gate
Voltalggsvz%rg gpﬁga\(/ig Ege}%gr?e: ({z}g {agg%r?g gcr g? g&&gl%l . e\faegﬁl?egvgltgeges and/or

1ncre5é1ﬂé'ﬂ% tdfPerafiré with 3 ﬁmecgatc%l% APlRaNS gadypﬁi:eﬁ?ap%)t%@aectrons to be

can be used as a nultTistate cell""according to
re-entifad baakgstodhe siﬂueompmm ofthe/MQEBEEiF (Bse gemmdlyl, b. Forheas, &. Sun,

OA t t.= 201. [
R AL AT, DR oo e s R i STl Rns PRy 1 P A EEE Trans.
ElectZ8PDedcs 860 D98 Ukd: &/ dﬁ;ﬁ'l@lé—@@l @0\1&94979}”8 SBCOAN eI'Iwang, and
regi on 306 between the first and second sSource/drain

L. qub@}s ohenneling agth §heron! emrSS@nefrcmb distmuiion afideer irapstin SiO,,” [EEE

sourgGel drain ncI urc n
ranf Qs i S R 0 B RSP T R A8 na r
Dockeft§] ‘N@BarmelIGFET ﬂe@gﬁﬁm&%ﬁsﬂuet’c@ Bo\8I&¢tkoh. trdppéhgl EIEEPAInt.
further illustrates a_gate 208 separated fromthe

~ ElectgandnpdresyMig. oWy aslinstey Dan&eé BXi5¢Bp- BP038)A fir st

transm ssion line 212 is coupled to the first .
sour &gumsal QA-rl 8gianused imAlrstiatieriba greseainsintion om whicher much

lar %h to,. th sec d urce/draln r.egi on .204h
eef FPassE LR A et i PRIy sEretle s e Tn the reverse
directib€ bﬁtﬁﬁﬁ)séq&ﬁﬂj? E@Hiﬂg&h@ &@vl@e’lldy bPeRatHBCiO Nfitht Forvaid 8560,

line includes a bit 1ine 214. As stated above,

”U| Uiy 15.&@1 €A §E4 Hia bffa %/f(%%%%ﬁ@@w@s@ﬁﬂﬁ%aﬂ%m as a multi-

Thi's progranmed ET has a charge 2
state wlhmetdmg]tq the tgpabiegoaf die phekontauyentiont As shawreinfiigge 10A the

el £ S0P ipidph BRSEET Fhf Bl JoDGy BT PRRs ol i crain
regloﬁ 909 rlﬂse\é@x'ld ﬁﬁ@cé/&ﬁﬁﬁegﬂoﬁ 208 %4r &1\{113&1 ré%loﬁ he6 baRBE the first and
n one enbodi nen the charge 217 Eped in the

secorgiaao'@m@idr@lé regions 802 eeth204. dn pheembedimenb theclrstisauires/drain region
202 includes a source region 202 for the MOSFET and the second source/drain region 204

includes a drain region 204 for the MOSFET. Figure 10A further illustrates a gate 208

separated from the channel region 206 by a gate oxide 210. A first transmission line 212 is
coupled to the first source/drain region 202 and a second transmission line 214 is coupled to
the second source/drain region 204. In one embodiment, the first transmission line includes a

sourceline 212 and the second transmission line includes a bit line 214.
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region 202 includes a trapped el ectron charge 217.

According to the teachings of the present invention
wapasas2igescri bed in nore detail bel ow, the nmub€T/USI0AH/@15624

cell can be progranmed to have one of a nunber of

charge levels trapped in the gate insul ator adjacent

to the first source/drain rggion 202 such that the

channel region 206 will have a first voltage threshold

region (Vtl) and a second voltage threshold region

(it Z)Asastaﬂectahpwe,tmalttl ttite cpll 31 Bmosprived Df a programped MOSFET.

his PR e SOTE B Pk R s el Eyicipeso e

first Jduf&eydrﬁlﬁ%%sﬁ doR ki ther tBe c%aemglom@s hta&a 8 f\/§t lvoltfigd theeshold
channel I's adjacent the second source/drain reglon

regiop@¥t1) Avd eretang volaghidireshaldripgign (Vi2) imthephanagh£06. In'one
embo(glunéglﬂt %h% %harg% érl j? 4 Qﬁeﬁ*}bg@ee % 8&1&1@?20 ta% ?e;tﬁ] gé( ﬁlg ﬂ}gtné?w&e/dram

regloﬁ(i,ll)a@ﬂllﬁdeg Q tfabped elesttorsehargeed 19t Alccording tothe2@2chings of the present
Multiple bits can be stored on.the nulti-state cell
invergigg. anfha@ dessribeshin ozg @Faalgbeiwgb? ppi-stapege leseﬁ%&nﬁ?%{@med to

have %Bg f'?hﬁ&ﬁgelj%}f b @e&eﬁetrw Flthef {enﬁsdﬂ’cbf érlrcﬂééeﬁ{ & B8 lkkst

e present inventron can b progra
sourceGinaiaregidvi 202 sdvhdhareh¢ shanheltrhgiop Qéé emﬂ hlavwe fitst onltageshreshold

regiop Rieate pesn oHeve eehaRsEgon 612 Bid gpd B G prgsammed

mum'\/s@%%'eﬁl bperat*ag a(r%&ﬁéeﬁ%rﬁhrsgﬁﬂcé efiréic! udes applying a
first tage potential VI to a drain region 204 of

t he | ]
(e, VEREIpa SRR D00 UL BB 10005 L B g i
regiolV2BE ad thae theded ig ltlmxm:imnﬁg 206 és attjadent the geamd20drcefdrdimeegion 204.

MOSFET as s i gure 10B, secon .vol t age
Accopdipg ft thgte DO osgﬁmr%san&lavqﬁ@a igfier 393 ags thyqshold than

Vil cMQ%ﬁa%h] Om tﬁa?ﬁ@c@id‘iﬁ@ ate%RRierﬁgi céﬁqe% NRt §R9&/drain

potenti a e source region 20 i ncl udes
regioa PR yMuljipde hlltsgctan[imstdrbd/ enﬁlﬁma]glestgetcehhﬂi) kl (VDD) to
the source region 202 of the MOSFET, as shown in
Fi g u F@uléﬁ)B A3 @&Tagraﬂomﬂlableabr é@&mﬁlga}winieﬂnbdtbq vehiglathe
In ogne enbodj nent, th
MOS&&Teqﬁth%\muv@saterf@u@@é ot tha prpieRb BV AnEande Tibeamme to achieve

the ellngﬁglarge??srbf{tﬂ?pr%%i@ e ﬁ!)ﬂ %eshﬁgﬁﬁﬂ ﬁ%ﬁ e YOB 1tthe il ?ﬁbludes

rcientto establish co cti I n the channel
prongﬁﬁning tlided ORBEAER doeteveedir¢dtion dPragrammeigigdhe RUEASERIMin the reverse

source regiqn. 20 As .shown | 108,
dinechasreer TSR i e b P Sort a2 B0 hpewosreT
Tn onk SAMBAIhE! Abbivie 4 Best Vol hotdntial 93 t@tﬂéQiraﬁ'r@ b 204 of the

Injection i a gate oxide 210 of the
MOSK# Tsinelntesogrohedisg theakraingggion ZQ‘DQf thle M@SEET awshmn in Figure 10B.

fi d and

A s B L5255 R0 300 BB LR . on
embddi@e®N A IAnS @rséécﬁlﬂswoltﬁg otEitRE VAB $he RikrdidesiPATOQ! Eﬁ:tﬂudes

across the channel at, once the charge carrier
applyanga highrposiiiee ggljaggepotentlal (VDD) to the source region 202 of the MOSFET
as shown in Figure 10B. A gate potential VGS is applied to a gate 208 of the MOSFET. In
one embodiment, the gate potential VGS includes a voltage potential which is less than the
second voltage potential V2, but which is sufficient to establish conduction in the channel
206 of the MOSFET between the drain region 204 and the source region 202. As shown in
Figure 10B, applying the first, second and gate potentials (V1, V2, and VGS respectively) to

the MOSFET creates a hot electron injection into a gate oxide 210 of the MOSFET adjacent
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region 202, a nunber of the charge carriers get
excited into the gate oxide 210 adjacent to the source
wo e@samni292. Here the charge carriers becone tPEppsms/ms624

one enbodi nent of the present invention, the nethod is
conti nued by subsequently operating the MOSFET in the
forward direction in its prqgrammed state during a
read operation. Accordingly, the read operation
i ncl udes groundi ng the source region 202 and

to thepsasiedeaiegiong 02 Hla afheivrrris goplying the H&tti ssaend angl gaqypotentials (V1.

V2, a}!‘% (ﬁé resh?&lvg&ﬂ g?o%l e§ eggﬁl eérﬁa?é( @%h@c%é%&drgg s,CQ élggrons

be1n§3¢0nﬂh€te@ hesENhe cbz[nn@be(Mﬁth&t ohcesthe bhairge batigss dra néeh&he source
gate insulator. That is, %ate potent| al .can_be

regiog &821 RUTRRRT O éheg«zhaégezmeﬂ%@ a6t Gpitet] iR he Eate; G¥ide Wradjcent to the
sourcIeQeélgﬁ b2 1§48 %&Ha% %o 1 eg‘ﬁécoﬂfet t\é\%)?)@d the source and

rarn regions W t essing and readi ng

- convent i ona
or oprhmeaeedieht gifhe Brssel AR ERfon, ol copfinypg by
subsd&ﬁﬁﬁﬁoﬁﬁr&tinghﬁw M(BSF ET &t thedbivage dirbotioatinlitg pf@éuﬁfhed state during
&\ﬁl) adj acent to the drain regqi 204 and a second
a read) gperagen. ¥iriceringly the o wpetption ing g‘}dﬁé grundipeithesauses egion 202

LA 20 &t qu @%% 9§, 1 ldl; db
and‘%%%n%?%on d\?\??ﬁ J%ure & o) Ac 0%5 ng tcgrﬂftl e teac ‘?Hr{assse ya
wordtihe tdeplgl teshepate, rthemi:ta; oomduttiratyvivitl lbméeterngncahbsethe presence or

abserHiol SR IBIER TR CEAE b8, |8 52 6PN RREE e A o the

gate 86Y @)ﬁg Wordlfhetji@ i8S RSt e YRk fMuctididétagind Fetw&ndhe source and
graph plotting a current signal (l1ds) detected at the

the dedie tagibrs @s damf withiaddnessin®mdeading cenpentiona IDRYM cells.
potential, or drain voltage, (VDS) set up between the

seco fﬁibmw aewdh ats @rd@ghﬁred 204, dreccontiectfonrchihnnel 206 of the
sourcg drain_region

OSSR el o A2 ) i S diinggion 204 and
a sechg%gﬁf }g@@ﬂeéﬂ?ﬁd i %rﬂt Qﬂé(gébeﬁ% RO bk B RIA90, £seegdp9i1ned and

ure rve plotted as DI represents
descritied in daedildt coamebedrawith Figifre aOAoAvmndmgmalheM%ﬁEigswtﬁ fhetpresent

v PP SO 25 Bt o B
inj ecﬁ@ﬁ‘gpﬂn't@é‘ g?c% R 0t th IOV ai‘i%ﬁt%ﬂt M eRESolirce region 202.

descri bed above in connection with Figure 10A,

SR RS ot Ut 99D bt

sourcefdriiagegioV DB} vtx’sus zcmlt@ntpomngaiabr dl’aiﬁSZ))ltagat(&HSF) detatp between the

e BRI ST i TR T
emb&fﬁ‘héﬁnv ' Eﬁlserfté {Hglv)oltgﬁI FaERA 8t ub %tﬁe%ﬁ(iﬂéjdram reélon 204 and

sour cée/ regli on 204 f'or the conventi onal
the swrcazfeguczn 203t IipFiggrealfit theaauee pliottgd aoD1 mepressatsithagendgttion

t.he resent n Agai.n, this i tri but ed .
behayifEof & Eeptana) REOUHARNET 0B ptPtp e R GRASHIE Rchiepebings of
the pRisedtiBveRkiBs eTte duVEDD réitedtass th¥\Bondakfi ddSeHabioe dhtledrogrammed

regi ons
MOSFET, described above in connection with Figure 10A, according to the teachings of the

present invention. As shown in Figure 10C, for a particular drain voltage, VDS, the current
signal (IDS2) detected at the second source/drain region 204 for the programmed MOSFET
(curve D2) is significantly lower than the current signal (IDS1) detected at the second

source/drain region 204 for the conventional MOSFET which is not programmed accérding

to the teachings of the present invention. Again, this is attributed to the fact that the channel
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and that the voltage threshold, Vt2, near the first
source/drain region 202 has a higher voltage threshold
WO b@s/114119 near t he second source/ drain regi on BOBEUSINOS/015624

the charge 217 trapped in the gate oxide 217 adj acent
to the first source/drain region 202. Sonme of these
ef fects have recently been q scribed for use in a
di fferent device structure, called an NROM for flash
menories. This latter work in Israel and Germany is

206 ih a]ssepkogmnanqai MOSRE T bfthg eresewippyantion hastvel Yaltagn threshold regions

and tﬂ@\;fl elgatgpﬁgfzﬂ]ogd %/t%g%e g)geef}ergif sio@pc%lgralglr?%ﬂrr{z{}? h%/s a higher voltage

thxesh&ti@ﬁaawﬁrﬂeaﬁthlegecdm s@tﬁ%@ﬁ@l@c{m k&gaorEﬂ&ctbrt@@cﬁ Eg@zn @ipﬂé}d in the
t he Subt hreshol d Sl ope of NROM devi ce,"” | EEE El ectron

gate @gde 287 adjacent tovb firg 3oume/drain regign 20956- 558, ( Nov.
2001); B. Etian et al., "NROM A novel localized
Tr apSong,of Zhdse effdiis hm&l'ai'ed:drmlyl‘bbnm dgscﬁbbd for us&lam different device

struciiip a1 by ) OV iF Gest PEBBIiAG T4t 1 K AR 4B GRpeny i

based &?Hx‘r@fo@tﬁ% df@?gettfh%pﬁéﬁh% sH%H%ﬂhﬂméy%ffﬁh d RorVbESS ARSI Ylash
evi ces"(see generall'y, S. Sze, Physics of

memw'decym@muct@re (eas gcesrallw]BeE}ltanp@t ¥l., “Clygacterizgtion of Channel Hot

e

Vol. g@f}% Q'lkl'[d]g( 536- ﬁse(Nthxzeogs BOEtiSe st awnldmmm%velqeeahzed
1981, pp. 504-506) l'i cant

Trapmg,\,ﬁ' -BitNgnvelatide Mempry: Fsh éEEEa%sfftﬁgl la@w?%b@tat ¥ala gbi Ne- 11, pp.

S
R
mechaaisBtisefli Ve OS nlehhry ﬂkvlceﬂsa@gler@mﬂbfbﬁr S&] Phpa@Wf.Sehmiconductor
contrast_to the above work, the present_ inventio

Deviggss WilsyeN-Yor b3t lampi -0 eherer rapDIPEHE FRBEUR iR 355 was the
mecHaRish] @ P RS rﬁgﬂ&gpc%rwc%g %%E 3 dxgé\i;‘alh)e \S?§§e 2510§ b€Semiconductor

sourceé region an adin rward
Devicksf WiteypN.Y.0 1981, IpSpaSOﬂHS(IG) atdaAgpliventdrag posfidushadieclosed charge

di fi cat f M techno P M .
PP AT B G §1 GO e (e SHrePaL- BaroPh andl Geusic
“Me s?ﬁﬁhsulgt% LRSS RSP L0PRAgIbRr b1462BY, ei§§u'e@ RkoteRAM 2000).

ices Is placed ontrylngto mnlmzecarge

”ap@g 9&1&'@ ttohﬁ A\)e S Ok ggesg@tlﬁvénﬁaﬂ lacRises s programming a

According eac I Ngs resent 1nv
MOSFERT @tayre0érse disettiahas &apl bee u’ézedurhbertdf ahargk daewletsomar ti seurce
i Ci ' i con oxide.  That

cefficiently than in [
regiopapd spading i AeYI6H1n & i lrecg?%foefoe?@ﬁmﬁc%ﬁit? "B?i‘tﬂ%;?é” based
ona ?hgﬁngﬁgpgkggdk§mg@%5%|nsulators such as,

Icon O itride, silicon oxynltrlde

SO\I PS aﬁ‘fﬁh&l\/ﬁgc %S/ 5%%%%2]11312' g{ﬂdyg @h% §1d%|a§@§e gate gxsulator

Corrpogliofe ffayers o suc as oxi
Furtieh € éahphiaioin Bdrivichtilénal DR AMi dibeicanid plived oalttyilmg’lmmnmmme charge

trapp(lz)ri(gI 191% e g{lc&u (l))Eliiep !ga?te llr?s%/lle;lttc?r g%cooré{n%gcg I’[ﬁerteac(illngs of the present
invention, a variety of insulators are used to trap electrons more efficiently than in silicon
oxide. That is, in the present invention, the multi-state memory cell employs charge trapping
in gate insulators such as, wet silicon oxide, silicon nitride, silicon oxynitride SON, silicon
rich oxide SRO, aluminum oxide Al,O3, composite layers of these insulators such as oxide
and then silicon nitride, or oxide and then aluminum oxide, or multiple layers as oxide-
nitride-oxide. While the charge trapping efficiency of silicon oxide may be low such is not

the case for silicon nitride or composite layers of silicon oxide and nitride.
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oxi de. Wiile the charge trapping efficiency of silicon
oxi de may be | ow such is not the case for silicon
woRdaosiigda1or conposite |ayers of silicon oxi de BOMUS2005/015624

nitride.Figure 11 illustrates a vertical NROM nenory

cell that is part of a nenory array according to the

teachings of the present invention. The nenory in

Figure 11 is shown illustrating a nunber of verti cal

pillars, or nulti-state cells, 301-1 and 301-2 forned

accodgurg 11 dllustates ezsrioahbNREM mremosy wsll that iswashef aymemory array
0 | h iat

accof%ﬁ;n @ﬁ}ég &aﬁ%ﬁ%ﬂ?ﬁé the %% %rg Slfb‘frkgruo:? e m%h};y 1%?@%&% t1I"i1 égfhown

111ustmtidga1rrﬁ,m&h‘ee of Oérlﬂied pﬂmarn mmwlﬁcétaa@ tellzn30extaaddONg formed
outmardlé?fron1a ﬁubstrate 303. As shown_in Flgure
accoding tfheEackingseithe preseniiinyestien. Apqueofgidinaryiskill gy the att will

f
oor 00 8ty TGk RERRRES B RS BRI o
columey &itealingoltivardy frBﬁﬂ.a qubatrate303- 2, serve as

transistors including a first source/drai n region,

302- WsahdwaQR Figuré BE, pl&@hzhmbénof VH‘IR:af pitlats, 3011 aad d0BL2nare
re |on 302-1 and 302- 2, 1S cou ? ed to a sourceline . .
separg ymsn%laﬁmf frnghey 3@ Acacording toshg teaschings obihg present invention,

the npﬂ:'bﬂﬁe&% v‘e?tl f Ly agg?og e E‘égt)gg 1§§%m‘?&’s YRGhih P ¥Fir QT

vertic ar S, I'n one
sour@fdrmdlragnn,,3(nebmcﬂ30?g2 J{respehigvel g alitu ﬁlgssoufcet’dmnpegsa,rﬁoz 1 and

i nventio the s ine 304 .is.forned from
302- # =t Ff&wl?#a AUERS %%‘L A Bevain figurs g‘f: tthe FR}HC ?)@g%@ﬂmd in
a botRRY bpﬂe%ﬂbﬁbsrﬁg 'b@ﬁveeﬁ 06w d oPﬁh@ V%Rﬁa?pm@l%pmtu R4 301-981n one

coupled to a bitline (not shown). channel region 3
embadgmputc astcentlmgta/\be teachiegs of e pafrsdnttlheemremoﬂnd sourceline 304 is formed

soprce/drai n reqi ons sho |nF re 11, a te .
rom 3G pES i Pt ed e PRESER b SfeosesoRy i psgion
306-1 RSB EY-2kespOdtiviely, i\ @ubledns B%‘i’tllﬁé AlsROEnY. AhaBhelrB8on 305 is

vertical pillars, 301-1 and 301-2. In one enbodi nent,

located besweemthetfosttdnd thesashndhsired/dmaineregions.ent i nvent i on,
the gate insulator 307 includes a gate insulator 307
sel e@tsesﬁoWndetgmee b, augateod 0%sis Isépanateaﬂ froxi thhe ch@in€Pjegion 305 by a

f or med .wet  oXi [ SI|ICO nlt
gate WRVIFREADY i e cSeh e CApejonEants A tin FiifebRAGe: S0 bagg 301-2. In
one enfboAMRENEI oIRGB N feaclBRELs hE grefsantlﬁeenhsﬁ GhE g&% u%mtor 307
the present invention, thé gate insulator 307 rncl udes

includesyngate insulataat367 s@ledted Gloexthe @rcﬁupoo'ﬁ silironghatige (Fi0,) formed by wet

..silicpn rich.alu xide Licon ric
oxiddfiomy 8o e ier RN ipR fichaRtl R Rt etuilul e (AL,
In anSthlet &ﬁﬁocﬁiﬁeﬂﬁ‘ abd’(‘)‘id&hgft@ﬂl‘é téﬁdch{hg's o€ tﬂé%ir@sléﬁt @bention, the gate insulator
nanoparti cl es of icon carbide, and silicon

307 ingdydesragadeinsnigtor 309 pelectpd franb&hn growprifodioppmich aluminum oxide

1nsu1$t§?so§1ﬂ{:&9n£h 0 1§§ oxtrv"at@é{}:'hps n%ul?o ali c(iéc’ s%l c%?{eﬁfeijr:o%g(gc}c.le

nsu conpos
msulé,tbrst\hﬂﬂs i3 Bﬁﬁinopbﬂﬁls’s@fﬁﬂﬁzbﬁ eaﬂb&teganﬁﬁﬁcoﬂmiwaibsdea

1nsu1§;g}[rsg ﬁf&foﬁrﬁlr %é}?p;)é%?q;ésa%!:oer%}negqco f’drleotrcz,]acthrl]r?gsgorf(%}lljefJ pr%gen% ?nventlon the
gate insulator 307 includes a composite layer 307. In this embodiment, the composite layer
307 includes a composite layer 307 selected from the group of an oxide-aluminum oxide
(AL,03)-oxide composite layer, and oxide-silicon oxycarbide-oxide composite layer. In
another embodiment, the composite layer 307 includes a composite layer 307, or a non-
stoichiometric single layer, of two or more materials selected from the group of silicon (Si),

titanium (T1i), and tantalum (Ta). In another embodiment, according to the teachings of the



10

15

20

25

30

(Al 238) - oxi de conposite | ayer, and oxide-silicon
oxycar bi de- oxi de conposite |ayer. |In another

wendsdizrent, t he conposite |ayer 307 includes BCT/US2005/015624
conposite layer 307, or a nonstoichionmetric single
| ayer, of two or nore materials selected fromthe
group of silicon (Si), titanjgum (Ti), and tantal um
(Ta). In another enbodi nent, according to the

t eachi ngs of thepresent |nvent|on ate_ insu
presend MveRiid thesgaihingwlatps A7 inclyies ar Plil@e cg%ﬂlee(ONO) gate insulator
307. i nsul ator 307. Figure 12 illustrates an electrical

equi val ent CIFCUIt 400 for the portion of the nennry

b SiEE 1o ap Bigled 46 Sieboal Spl AR O 4R R ghdporfon of e

mem@fﬁarﬂia@hbﬂfﬁ% F%‘%ﬁ@ 1V.e44 dhomin iflHigire $2 a4 gurfibdrlof véﬂibaﬂmultl state
- includes a first source/drain re

cells 7MY - harnd 401-3, ase peraledoBrdiyeatienl ﬁiqlfé@ta%“&]@égh 1 401-2 includes
e 5
o Ry BRI 805 RELIEAL 8 o 002,
chanﬁdfl@&gbiﬂ 808 hamieeh tlfeef@’smndhhe secgad mur&s’du}am 11046, 7and a gate 409
T%ure 12 further .illustrates . a n% er of bit lines, 4
separghed irozp gheschanudl regigy By @ @atednsWiaos&tond sour ce/ dr ai n

regi on 406-1 and 406-2 of each nulti-state cell. In
one &gl Aderther dinsgniona number giRiblings, 41 hé and Ab . equpled to the

4 11- n t

secoffopree Eain EePhabs T Paliobts Gttt PR’ By Sllfombodiment s

showafin Figiré®0thy némbéryof bit eyl - Dhndwot 142 ) dra esypleditoithasecond
wordl 1ne 413 in Figure 12, are coupl ed to the gate

sourgsfdraingRginm HO§-Land D0 2l pngostrp IdlE TROTHITEHhE %ﬁ%@rﬁ word
Tines &ch¥%s v&/%‘rcﬁH'i}Q@B if? fF QUi SEld E@%‘leoﬁt‘dqg ga?te G098PEa u1t1 state cell

sourceline oup’l ed t sourc a| n
along eglimons of ’éwgnerﬁ&&-airay.rml ndfibeof siuometines) sudns oofnnndnssourceline

ertical |t t at l1s,. 401-1 401- 2, h t
415, \a/%ﬁ 99151@1(%1 tgﬂm %gﬁésoe&%{%glﬁif%@% sge40t iﬁ%‘g é@%}zs 3loRg patiins of the
vert1%%1?%§fg n@ﬁ‘?@pﬁ:ﬁft{% uigel 'aﬂ(F4éll§ sukh 2R 8dRERR YU BNEont£iRinY Rese

ars i nclude a transistor which operates
transissora shaze thecammand sawsfiaedlgel |, e. g. 401-1, on one

side of a shared trench, the shared trench separating .

r ows Iabné me@dhiﬂeat solsrteaehiysitlaisindodne thisistonwhibh operates as

T G e TR R RS AL B e e
sepa{a‘ragg gﬁ% ?fnth%( Rﬁfa?st £ R0cAvg i e&g‘&'cﬁgn %ﬁtﬁ% é\jre L Tearﬁlrha&aﬁﬂlstor

I's manner, according to the teachings of
which loperates se atreferenea télhe. gaAdl -Ashalmsga ptmg(hmmedmmmluatwm ftate on the

AT SR TR ST E R TN M —

1nveﬁtgﬁ\pa?ﬁ%s 'd@sc‘h'B@d ﬂ@ltn%ré D341 BAIOW,; atI8RVOnISNRERLdiMe SIIAdaA be
acent to the first source/drain region, e.g. 402-1,

progfauuhed fodtave hee chanmeberrdf ghange 408 1s\trdpped invibe gafeiingdator, shown
gene{qﬁly %i? of Segzselr?totlo‘%hé Et%t go%réé/&ra}n raegl%nae §e fj sugh hagﬁle channel

region 405 will have a first voltage threshold region (Vtl) and a second voltage threshold

region (Vt2) and such that the programmed multi-state cell operates at reduced drain source

current.

Figure 13 is another electrical equivalent circuit useful in illustrating a read
operation on the novel multi-state cell 500 according to the teachings of the present
invention. The electrical equivalent circuit in Figure 13 represents a programmed vertical

multi-state cell. As explained in detail in connection with Figure 11, the programmed vertical
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region (Vt2) and such that the programred nulti-state

cell operates at reduced drain source current. Figure
wdadosa1ampt her el ectrical equivalent circuit uBef/us2005015624

illustrating a read operation on the novel nulti-state

cell 500 according to the teachings of the present

invention. The electrical eqygivalent circuit in Figure

13 represents a programred vertical nulti-state cell.

As explained in detail in connection with Figure 11,
multitdtate sclbé%merbmlewmt@ah mefat pxide sanaicenrductog @@149 oféqct Hé%SlSéor
t t
uONFEFL | PPl RS CPIRUFAR L) A 8l s rein

502, 5 dhst fs’gi(ﬁl SO'H‘IE ch@EEnghﬁuSS(E OuEenehe sgircnregda, 502 ai’hdahmdram
i on 506, a channel region 505 betwe he sou
reglonééﬁowd@c@teaﬁ@ separagrd-rom eyt W@G@@O&%Q gy g&pte leagawf shown
d fromthe channel region 505 by a gate
gene&ﬁga §{)§3 shown generally as 507. As shown in Figure

igu?é\gﬁ F’lﬂ ngbﬁlsg%l? 13Sa gl%ycﬂ n%dS 159 & 'i)‘?hé'_’ gz?t? 569 A sourceline

ornmed 1n a trenc acen

504, fcﬁfﬂeﬂ ¢ah tvhSRdjaceat 1dahe vértiesl MOSEETM@ led;dmbed\mﬂ bmiﬁegwmwuh
is coupled to the source re%ﬁ on 502. A bit

Flgur@rl 1gistcauplené thesaurcs re@e P& A bit{ine Adaatneayild d?‘n cajied to the
dram?é@oﬂlﬁbg IRt AL E-GRE el 980 in Fgfie 99 Faﬂ-gxdnﬁpléﬁf a programmed

a progranmed ti-state cell 500 having
multiodiste @éll a0m hambﬁg ond oﬁ}hmngbaerloé uhdtrge laveppegpedint the ggtatu@ulator,

i nsul at or, ener al as 5 ad] ace to.t
showpigeBeral b 35 AR RFA e GiedHe: SUme B RC A LB fag channel

reglozl%@’_i Qi 356 Wigkd: vB gfe tﬁrefshélatregi&ll E@ﬁ?aﬁd‘ﬁ §<§:laﬁh Qfol'te?@' tﬁféshold

a secon vol tage thres regi on (Mt
regwm{&’l:iz)talndtsucﬂhiéamho gr@:mnmedmuliw@tme@ B dpeB0es afo peifu@tsfééram

sourcE RN ACCUT B (i RGeS ThyBbreat TN e JReeU voliee
threshbl€8516h giZ? o 1w & Migh)volfgdreshold rgbioM Phdt apgrehter hah Hedfirst

region t greater than the first vol tage
Voltaghtlﬁsﬂlnoldjregle)gl(l\fﬁl)(w ). Figure 14 illustrates a

portion of a nenory array 600 according to the

t eac Figngs 14 illustretepn poritn dfraveerhonyrarayed0 mecnydipgito the teachings of

the pﬁf‘é Iﬁégﬁjﬁﬁoﬁsgf?gg%i})’yn 0 ag4é§§}{9y8ﬁh58t?agmg%é)alr ST state

cells %9 ﬂthinﬁ%%)l@c folhi6d Qé'c%ﬁﬁﬂé td 1Y %bbhi%@s of'the PRBeA inPdflioRAAY one of
In the art wll understand upon reading this

ordm'msskll}b suthe artanijl mmmdmpomadlr@thﬁdlmsu@, gayngaber of multi-
organi zed in.an.arra 1l lustration. .
state G xR PR Tt i rgar o taglon g R Bisptayed n

Figufd jgure 14, a first source/drain region, 602-1 and
602-2 respectlvely, is coupled to a sourcellne 604. A

fgg 82% s:fl\gl%fn%? F Ifg;.@é Y 8@k Obur &Afaih r888n, &80 Pand 602-2 respectively,
is coupled to a sourcehne 604. A second source/drain region, 606-1 and 606-2 respectively, is
coupled to a bitline, 608-1 and 608-2 respectively. Each of the bitlines, 608-1 and 608-2,
couple to a sense amplifier, shown generally at 610. A wordline, 612-1 and 612-2
respectively, is couple to a gate, 614-1 and 614-2 respectively, for each of the multi-state
cells, 601-1 and 601-2. According to the teachings of the present invention, the wordlines,

612-1 and 612-2, run across or are perpendicular to the rows of the memory array 600.

Finally, a write data/precharge circuit is shown at 624 for coupling a first or a
second potential to bitline 608-1. As one of ordinary skill in the art will understand upon

reading this disclosure, the write data/precharge circuit 624 is adapted to couple either a
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coupled to a bitline, 608-1 and 608-2 respectively.
Each of the bitlines, 608-1 and 608-2, couple to a
waenwsaianpl i fier, shown generally at 610. A wopdl/UR®)5/015624
612-1 and 612-2 respectively, is couple to a gate,
614-1 and 614-2 respectively, for each of the
multi-state cells, 601-1 andgb01-2. According to the
teachi ngs of the present invention, the wordlines,
612-1 and 612-2, run across or are perpendicular to
groundht® th@hshnﬁ 6Q8E dreingn yrise pREFaBHOIN the F?é(le159 dirgetign, ppalternatively

o BB SILIRAE H ih  TSY RbL0 D

forw@ld ddfediirarAs daleiof ordiftarl RRillaikhtthe\ark iwﬂlu nd@arrstmahdpmmmdmg this
reading this disclosure, the wite data/grechar
disclegure lﬁhq somperling 6841 sat baibirsed s @piodags higher (e ¥on dUERS p Haite

oper/rg ol ih A% I%Qé‘ge}dg%l{tloﬂ Yorhl aﬁl@elg%g Hde@ ﬁuhﬁ% EP&dr ¥fHtiof in the

rection erhative rechar ge e bitline
forw@dQKikctien.f racti onal vol tage of VDD during a read
operation in the forward direction. As one of ordinary

ski | IAd shoWwhén &igureM 4, ltheindey shride 600 ncladidp nglmhme cells 601-1
di scl osure, the sourceline 604 can be biased t

and 6f3+2, Ageno pemertoms nkaptesdbaceRIAinggo shareashings ok b IPTSWHF fvention, the
first %Jl}r??%r\ﬁglr@gxag ot g&fr«l:?fbgmq% 6824 ea'hp Fbbe gﬁé égﬁglléﬂ qﬁ'gctly to the

oper a n the forwar
sourceliaes04.1Tn brdpu It(EWihﬂf; thehwueuetiny 664 rstlndised ¢o 66ltge |hngheu thang}J DD and

multi-state cells 601-1 and 601- S .n0 C cit
the dpyieesestigssedde diadPHeysq STaHen DY e’ Pdfl'ﬁé’r%ﬁz nRUE1 or 608-2.

t 0
If thd ﬁ\iﬁﬁ&b@r&gg &R - fgfgmzé gy ggr@éete*% g% g@g@ggggﬁﬁ @rmﬁémz -2, then

the naﬂtﬂstaéaé callp 6604 or I6A1-3 Wdil corglugt aridehe shivssed ovitcadcompaing hot

I s .bi ased. to_vol r t.han and t he .devi
clectiy Biseet 1P gelLGar BT AEPROH Dy BT dFHa A GrB T or 602-2.
As oﬁ@&ﬁoxﬂfnapy‘ kit 'ni"ﬁf’le aﬁ%‘ll%rﬂ%rs@ﬁiﬁu%on kdaditpehisiiddiosstedb @umber of
60I-1 or 601-2, is selected by a word |ine

dlffemnd plmge legdlg can b¢ p@grnened o thetgatersulptos adjpeent i gource region

suchgla]g &chéeﬁ}? ?ﬁ?\éseﬁ g @ élrtjgeg?rﬁgﬂ c?cl L Jalé(g?r t@% ccl‘g‘l?] s c%f@%e\?f tf) Il reference or

dumﬁgt&ll | ASHOWh H F%dr@pe Rhd bulfifle bR U $t6:@H 0R, théiﬁhﬁ}tiLst@fe cell.
. As one of ordinary skill in the art wl|

unde rlﬁhﬁ{g}q'eé{f’ﬂ’i@ rﬁtﬁﬁ%a‘?@célf‘ 681 di sz GoP3U Eseope?atéﬂlﬁmﬁé féttvard

di fferent charge | evels can be progranned into the
directjah eviththe batrorlinedj0d gentnded asd theddt sy 6e% 1 ©0603-Lhand neppective

I1ls used, as differe
secof G squira Pt cEioT 4 i bioaHte OO el | o g8 L s 0 some
fraction@Btatd of DD, TEHhbiIdRYRe B ddirésadH mhétwr@ #ners12beor 612-2, then
milti-state cell. During read the multi-state cel

its ccmdmcmfltywﬁkhe determinagidst the prespireetds abseveqaf degmospt pfyiored charge
trappgéén ?}eggr%teglgé{lgtglr Ig%%egsod' Fglgor Y g')%gedqg qh tx'%?ergﬂcte /o(lli dﬂ&my cell and so

Ct1ve second source

detedt&Dhhe B seiisdiafplit 610. ThR@pératiod oﬁD@AZVI selflsetdﬂqﬂﬁ'&ksl is
precharged to sone fractional volta

descbibar B ramalseirel Solab os hLO N7 5102081 900,042, Bkl AL assigned to
MlcrE)n $%chnolo gy Inc., and incorporated by reference herein. The array would thus be

addressed and read in the conventional manner used in DRAM’s, but programmed as multi-

state cells in a novel fashion.

In operation the devices would be subjected to hot electron stress in the reverse
direction by biasing the sourceline 604, and read while grounding the sourceline 604 to

compare a stressed multi-state cell, e.g. cell 601-1, to an unstressed dummy device/cell, e.g.
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its conductivity will be determ ned by the presence or
absence of the anpbunt of stored charge trapped in the
w@aa0s/112132ul at or as nmeasured or conpared to thePCT/US2005/015624

reference or dummy cell and so detected using the

sense anplifier 610. The operation of DRAM sense

anplifiers is described, forjgexanple, in U S Pat.

Nos. 5,627, 785; 5,280,205; and 5,042,01 1, all

assigned to Mcron Technology Inc., and incorporated
601-Das shdven entiguteeldeThe Write and pesyibloernst fehiuse wlgh@u@ﬂsi@@ng

read.in. the. conventional .manner. used i n_.DRAM s .
N o R R e
condhiv@fyeddrt Qe intBe BeMi TREWERUIR thesistob aheteférend0ér dummy cells,

el ectron stress in the reverse direction_by biasin

S>L I ( g .
e.g. G0he, saplt initiglly Boprogmmmedsigdianp thesageseRdidiyity states. According to
| t. i ,
the (GEPRECH} P o iRy SRIRIRE obhsB RBHTEL Ty ik 8ot Sral
diffe@nest tel2 or dsvisheharactdtisiicgduesto btkessThéuoadichengen th device
possi bl ¢ erase feature, coul d be used during
characierigtiesduiing tha WriteRer#t¥n nitial |y programall cells or

devices to have simlar or matching conductivit }ér .

bef ofe angeforlinars skilldndhe art gathiaderstandupqndigadiag gig disglosure

t he r d -2 .. . al
st Wy NGRS LTl 691 0L B pra
techn®l@lye A ccadi@rtd ititteichin i ftlgagresong mvehtidihe gate issahitor of the multi-

invention, the sense anplifier 610 can then detect,.
state gefhinclugies gele diaors sele@ipd figp beerew %ﬁ%lpg%rﬁwf%ﬂc é@z formed by
wet oqﬁﬁ&ti%ﬁ %N%ﬂ?coh%ggﬁfﬁ%eg gﬁ@ﬁﬁc&ﬂ‘ﬁ&?&i&@,Ak@ aluminum oxide,

char ring’t

acteristics e wite operation.” As one of
comptsilé hiyens andl implantedtdxédeantithnirdps (LnBerbes amid. Geosicy ‘@ddnory using

ot S S 081 Sl g 3 R o

transisBIES PR a0 @ss ABAE FhdEnkOathPBHES 3ENbESDriehted BReMMRSAP with
Invention a gate insulator of the nmultistate cell

normiahthiniges inyatators nEsiliedexidsel ect ed from t he group of
thi cker layers of SiO fornmed by wet oxidation, SON

si | i Figuresxdyan-16Baad 16868 hreanefut incillustxitihg theise@® charge storage
L uri i de. te |a ol )

in th%aﬁ%qgﬁggg% E‘l%dpg?% O%:Ig cglé%zeé tolqaeggulkl aE%}Fg&ch gg t% the

teach%%% %ﬁ%ﬁ%&é‘%ﬁlﬁ&ﬁs That i§Nfi §§§|§J@ SA-5BlNsthitd %hoeir SheHRMn of the

Convent'i transistors
novehalditeststedell G0e famttdseosdingtpthd teactingsanf thepresdnt irvanteh. As

after this step w.th nor thin gate.jnsulators
show i FpHe b3 b6 BREGURLAOH LN b TAEDeL BRPTRE SRR Piftack
wherb Taylel Y04 §tht BYide 8ok eRs &k t-thRIcHSR] P038R 4 Ritd B9 7B is
I nsul ator to nodul ate the conductivity of the

formeditheieost at e cel | according to the teachings of the

present invention. That is, Figures 15A-16B illustrate

t he Opéreanibodiménttshewn ayEigurnul 3A tetadde lopdr 707A%s flbrstretd having
a thi(%ggs%ro%iaggrogc{)metttgl?f 6t.7egrcr:1hcirr]6 SA ?rfoutgh (;“, IBré %?n% nfn tilg \ér% E)iii?nnént shown in
Figure 15A a multi-state cell is illustrated having dimensions of 0.1 pm (10° cm) by 0.1 pm.
For purposes of illustration, the charge storage region near the source can reasonably have
dimensions of 0.1 micron (1000 A) by 0.02 micron (200 A) in a 0.1 micron technology. If the
gate oxide 707A nearest the channel 705 is 67 A then a charge of 100 electrons will cause a
threshold voltage shift in this region of 1.6 Volts since the oxide capacitance is about 0.5
micro-Farad (uF) per square centimeter. If the transistor has a total effective oxide thickness

of 200 A then a change in the threshold voltage of only 0.16 Volts near the source,
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shown in Figure 15A, the gate insulator 707 has a
nunber of |ayers, e.g. an ONO stack, where |ayer 707A

w0 gooshelexi de | ayer cl osest to the channel 705PEmUSm05/015624
nitride layer 707B is fornmed thereon. In the
enbodi nent shown in Figure 15A the oxide |ayer 707A is
illustrated having a thicknegs of approximately 6.7 nm
or 67 A (roughly 10 6 cn). In the enbodi nrent shown in
Figure 15A a nmulti-state cell is illustrated having

correapqmim torl$ edéctions, isrmstimaedtocthpngs the trangiftor FyFens by JaBieso

Ampgisg (i) T PR SRR SRy B neraire i ey 4 gt is simitar
to a DRRAAP sédse Qﬁ‘lpﬁﬁ@rz chil 64589 sérde bhidharBe aiffbrdndliostRddata or bitlines. In

t echnol ogy. the gate oxide 707A nearest the channel
this epg®dinger7tha scnseda chargé drfge@emﬁ ongle dteet bidireswillibedifemto

hol d I .
Coulgfnh%?‘fﬁﬁge ket Bt LrpetP éot%%%"g i or o Farad

are cent t If th ' h
Lot aToaH PR BECRPBRAT I mes Gobl ReeHaHuit ERaren te
dielebticlcBEsthdtf €$ r(@vlh‘ijchVi% 566 @iﬁ)XﬁE'S}IOQe(}(ﬁtééQb 1 DemeRan O‘t”ﬂE’cm) and
sour ce, Corresgmg ing to 10 electrons, is estinmated

the tiiblenegeotthe insnlating dayers, & (givembetoys 8.7 £00 cmpsaele that @A’f Si/t=

-opRg0r PR ER b T SRIE bR 10 T BN AR Ll polgp taken

over GRIth@as! s'tdfageﬁﬂ’ég@ntﬂéhﬁth@ Relirge, e, f’ZDQﬁﬁiﬁqeO @ (tnth det ]acrﬂ?r results
bitlines. In i's odi nent, the sensed charge

in a @pidianencauoef €he 1At Ear@;is Bhus, ifereaschangs intle zlluetfh@&d poltage of AV

R S M A I L S

Coulbtnbs. Hindd8 “31{1(5 Ltﬁ@ Hﬁlﬁb&‘?ﬂ%l&&oﬁ@stbfé@ 1§jh§‘ﬂr§ﬁhfa|t&y Q/q= (1 6x 1077

const ant, (wh for silicon dioxXide Si Q2 equates
Coulbmby/1 G6{ B 3? Q@ldrabﬁlow AP0 elentdonshe t hi ckness of the

insulating |ayers, t, (given here as 6.7 x 10 7 cnm),

S u c h I1t1 hﬁéct Ghe pregrahined n{u(lti-sBe xell] Or MiddFedVIOSFETGs @ pm grammed

= 0.5 Xx 6 Far ads/ cnp Thi s
MOStFéﬁ?elP?VéﬂEe% chepige @wgén thegalfyiasylaigr éﬁg aﬁ‘é’éio 1 fest §‘EH§F‘%@Y ain region,
r

or sogg:g g%:@?%%cﬁ:}éﬁ('{/ aP Qﬂ?ﬂl{el ?egi‘or%i@alsgarfii:rgtr\gg%gé Erlﬁﬁéhﬂlc?regon (Vtl) and a
secomh‘aﬂgige threshiodd teigiomg(VaR )l whetet dgas gfeatBthmnl\! 1, arsl Y 1s lad:] acent the

s 8 Y e S oot Pl B o o

nb |
For A‘Q ?6%8%%?&1&3%51%’@@5&&%%}3&1 O%%Qg%gﬁgaﬁls%toghgs Ttdtdl- e@fectlve

ox1d@ihﬁﬂ<ﬁ1t—:£smf ZODrA theh aa:hangehﬂ thoer ‘(hg&*shn]ldeabltagd: of ordy Q116 \badtsinear the
or nodi f| 5 IS a pr MOSEET haVJ[
sourcengprEpeRipp U B GA Y Ted fo ey Es Bjederdapicf Gugent by 4 micro
Ampéﬁg VLS Rladinahd t @@ngaamgrﬁm&ﬁoeee}ﬂ b&ﬁlecﬁémltmgum 14,
anne region has a st voltage threshol d
which égsimilaf dtd PDRAM senss @ophifiey chn a@elytshmﬁshmlchange gnfﬁenence on the

data érol? ﬁ%@ﬁ‘t vy ens\étdzchlarsge 1 g*ter?ée c}nh %e data or b%ﬂnes wﬁl be40 femto

Coulombs (fC) over a sense period of 10 nano seconds (nS) for this representative one of a

number of stored charge levels according to the teachings of the present invention. A number
of different charge levels can be programmed into the gate insulator adjacent to source region
such that the cell is used as a differential cell and/or the cell is compared to a reference or
dummy cell, as shown in Figure 14, and multiple bits can be stored on the multi-state cell of

the present invention.
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source region such that the progranmed MOSFET oper at es

at reduced drain source current. For D Q = 100
web@stitams i n the di mensions given above, if tPEI/US2005/015624

transi stor has a total effective oxide thickness of

200 A then a change in the threshold voltage of only

0.16 Volts near the source, zzorrespondi ng to 10

el ectrons, is estinmated to change the transistor

current by 4 mcro Anperes (JA). As stated above, the )

sensEiganpl IB ids talButher Bldtrata thanondeetionbehpyipr ¢f thanevel multi-

1 ich is.sim.ar.to,a M se a ifi .
state gL G Bibnel 1 fiePof i aCaredl KuBFRES Bk shlyh in e 158
illustRitds|d AEIS-sthB Qcl$ OB REViAEH ad 8§uithl brt@xalecBickiless o€ 20@Aa Ths charge

bitlines will be 40 fento Coul onbs sf%ho,ver a sense
storageatieion nehr the serrAe 762 eBhigasopaldy heye a deneth digengien of 4t02yaicron

QRe I RAr or di
on5 BDAIRRG Rl SIEE IR AbclautkPo el ado i)
Therdtbief ffr@rthatdiaingie dRULiosraanlge Qf VOISymeds fegion dnfeectric field of
ate insul ator adjacent to source region such that the

g . . .
E = (@4I1V/2ixsl s = 9-5 W5 Vet 3 81104 /emanppoyided nEhedipin gugrent is

ared.tq a ref.erence o cel{ I
calenif R T P ETRV G SV S 00 SRR i exampte
nCoxX bt 1s¥hiddneas R L A/Af2 4AEWAT SE AlpptdpyRfY JuBktithtidiieo deBirain
aids to further illustrate the conduction behavior of
currehhygronideeID (b0 ¥ e e DI16dfoltshel.pradent 2igw ebtiAdrF.4 pA. As
The el ectrical equivalent circuit shown in Figure 15B
noted hoye fi e in epr7an 1> cerapendeiol 1 DACHES ftagpesin Hhe ate isulator, or
' ' ' D5 Mer 4 Bericd\6f UL d
Char%% Eu@rrg%éet%gfgél?])gzq%%%@btg ﬁg@i‘g%r cg 702 ggnbr easor}abrlla;loﬁe;\(/)g s (1s)
prodicel & B@irbntdinrthe\Bitlirre @f400C0@. g7 rfdor 1026 14 il 3COulombs).
m cron technology with a width dinension of 0.1 mcron
( 10@ihds 16ABHET 6B Blustrate tike GRAREA dndl proi@a@fin g o BB Mo el multi-
voltage (D VDS) in this region an electric field of E
state eell g deswiledeboge.dlawgves Tigwex 1 aAsnd/i ehalsp bslpdllpginatepe m

i rovide The dr.ai | ' .
ey R Bl S 8 LT oI i
on the ngosﬁé aliRlof a sHAzed trentHls uséd dsok@umay cBl) traidiMar anfdfédce device.

= 5. Appropriate substitution into the drain current . .
Agaipythe refergngepieviqes gamall Yo psogrammed toghayg thesapeynitialgopdustivity
=2.5x 1.6 M =4 mA As noted above this drain

Stecurrent 1D corresponds to 10 electrons trapped in the

gat e nsu or__char ge st or req .

Jour EEDL0A el SEn e a3 ol S e S AR ahlEstat cel
in thé RS s UREMIRS Adrdiisior 801 Qrort iR shid dfithetraich4@s désctibedin

4 mA x 10 nS 40 x 10 15 Coul onbs). Figures 16A and 16B
connggtionsyithaFigurenkd) dpetressaddry sraunding s Ersaeaiiye draip e fog §l 1-1. The

. mul td.stat e cel ' o Is .

T o e e
voltag® i dppliediol the sired sovackline 804 lebatadce theefottonnofithe edncn(s

one of the devices on _the opposite side QII a sgg%r ed
descripegdrip ropasctiew withd ignrg dihinat ety agts ahe deynr hsmotgoeras (spared
trencﬂﬁé,[dlﬁl%n adjacent transistors, 801-1 and 801-2, share a gate 807 and the wordline 813,

e.g. polysilicon gate lines, coupling thereto run across or are perpendicular to the rows

containing the bit and source lines, e.g. 811-1, 811-2, and 804. A gate voltage is applied to
the gates 807. Here the multi-state cell 801-1 will conduct and be stressed with
accompanying hot electron injection into the cells gate insulator 817 adjacent to the source

region 802-1.
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Again, the reference devices can all be programed to
have the sanme initial conductivity state. Figure 16A

WO bdosgiziad es t he operati on and progranm ng of POEURIN®ED1S5624
multi-state cell in the reverse direction. A
transi stor 801-1 on one side of the trench (as
described in connection w th,Figure 11) is stressed by
grounding its respective draln line, e.g. 811-1. The
drain line 811-2 for the transistor 801-2 on the
oppofFigues 6Rldlwfrateh thetnosnprivgrasrhed muft]-sfatei agl s operation in the

|t age ied to the shar.ed orelin 4 .
forwar g Qe AR T T Sl LG ML 8Py BBgogtipent o2 2
transféﬂfﬂé"ﬁx‘-‘éabﬁ’ BelWtovehd @4 fatd e 4Rl andROuRe(Sr @’éuﬁd)dfaab fhe normal
he nei ghboring (shared trench)/col um adjacen

conneqtmns prgd e son@@tivity afithegultizstate pell is d&t%@tf@dsﬁhe diiaén kipgs 811-1
and %‘Qﬁ-e@?lé 81?%31@? fo‘(%wapdo (!hyechoh gg{éng%t gg*lédl %Q@ lsét[}gellne 804

SS Or are perpen

locat€P#tithé Pothn bhthelidhciR (8 desitibed 11|1 det&ﬁ:ctum @1th Figute 11) is grounded
811-2, and 804. A gate voltaelsa ed to th ates

and o@Q7 agdie pES fhe SQHIFE- |Ar§¥ agatec® tﬁg%’e‘fpli foyth %5ﬁ%§9 -and
be stressed with acconpanying hot electron injection
i nt o Astreeoé btdsnagwsleﬂh m;ﬂ@ﬁ art will gndergendaenomreading fus disclosure, a

oS S8R5 B g S 2 PR g

sourdé'r&?@ﬁ 807L1aRd coinbhRden theakfet@rd 00 dﬁﬂriﬁfyl dell, 802-2. Thissaccording to
erential cell enmbodinment, e.g. 2 transistors in

the teaslihetel resenbinveniéon HANIDIY bitsecanive Stied o HRam9BRRLe celbr

ground) have the normal connections and the
conductstated gbove, these nowkl nuki-stete celds ¢anjbs used iy aPDRSM-like array.

oo S S o oo - P g e sz when

VleW§d) HOREIHNE o3 @4cH MembBcall conbietiobt &8 thinsistee utlllﬁllﬁg lan(a% of 2F°.
descri bed in connection wth Figure 11) is ground

EachaMS@m eara@(ay rhoatewgr storeymany pieso the dlataét(g‘ageed%ny bsglguch higher
than pie BRBheh |7 drlEardl 1 APl fererRec Syl PEA] RR EltPibbhbry

d upon re

transﬁ;tcﬁﬁﬂlhb%lﬂlé reRronoerietisiadr idid tleseproxmhity, @ez. Kevahidimanttsbown in
granned into the gate insuylator 817 adjacent ﬁ .
Figuees Aendd§Bors- tebshowary Fighp A2 <asylts 1p gticranaiplig ghigpoteristics of

according to the teachi ngs of
umm% §eng§%hvgﬁglon nuF% I'pl e bits can be stored on the

nultl sta

mul t IFl%l{rg:l 11@1@}"@?3 @%ﬁoss% g‘é goggpf 'of tﬁ%%ﬁf)f)&?ﬁ/e%lt of a vertlcal NROM

flash & éryaRnkislod b5 tHePResACHPINLRA. Hﬁéiaf wirtichF detibe strddmﬁe increases the
m ni mum | i t hographic feature_size) when viewed fr

chana¢ldength vhile ketpingthsrayeacscnpied hy |ﬂs€t Geflgo dpur sguare feature sizes (i.c.,
4F2)t ransi stor utilizing an area of 2F2. Each transi stor
can now, however, store many bits so the data storage

el PPl PR RS Ml b B R b oot
1710 and 1711 along the sides of two pillars 1701 and 1702 respectively. An n+ region 1703
under the trench connects the two channel segments 1710 and 1711 during transistor
operation so that the structure acts like two transistors in series. In the present embodiment,
the two transistors in series have at least two charge storage areas. Alternate embodiments

may include different quantities of storage areas.

The transistors each have a nitride storage region 1706 and 1708 that, in one

embodiment, is part of an ONO gate insulator layer. Charge can be stored in the gate
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transi stor where the reference transistor is in close

proximty, e.g. the enbodi nent shown in Figures 16A
war@sA6R1ys. that shown in Figure 12, results POT/DS10DE015624

mat chi ng characteristics of transistors, but a | ower

menory density. Figure 17 illustrates a

cross-sectional view of an egbodi nent of a verti cal

NROM fl ash nenory transi stor of the present inventi on

Use of vertical device structure increases the ch

msulatemlgtqnthwmn bt elgpinplpeementarldal sed bpt led hsyﬁtrﬁ@oe%mq @d 1721 in
the u}&?%g rga ? aéé §&% n%(ﬁarssl I(ZfOSI fa(ﬂi 1902 aagk the e{goﬁicfdigon gra drain

rse oné" contT ol
regloh vm:psmimg oﬁ hﬁd’diﬁcﬁoﬂ Eﬂ@p@ﬁtibnltﬁflthdtrmSMQrst Tiee siutkegtdraih regions

illars 1701 and 1702 respecti vel An_n+
are coupbes] R bithiEc) e EHeRGHRME NS 24 VRS eraHk @Frpendwglar to the

wordﬁﬁ%%@{ﬂ{? ;@]19 nd 1711 during transistor operatl on so

structure acts like two transistors in

_Ser i Z‘ﬁfg glgtrt]?{tghgt}gtrt?ﬁn%ﬂt {1& FP O[g%ﬂgﬂhe pfsl ?s ﬁa!% ah %H%' (ﬁélg&ﬁc

In s eas ar ge orage

materid] RIGnehe SR tthieRAl She@ntiongts qieod |A1fmacm bmhuehmelntsl 1RS8y use
of storage areas. The transistors each have a nitride

otherdypss of dislecfiiomatEyel- and 1708 that, in one embodi ment ,
is part of an ONO gate insul ator Iayer t‘i%e can be
st or &le cmbodnmegao%ﬁggm lat illpstratesairt mon@ rbem@ pedhivi;ap-type the

o FETT G5 R LSO OB, AP e

1702_act |ther a source reqi on.or i n.regiqn, .
depeh iy HsTaeR st rorontl e PQP?‘E}ﬁe anlqqiment of 4 vertical

NRO%/( AR ﬁ&&lb@ tr ARG UFEEH LR ThveRGOR Thafdeafi DRIoREH &either end
at l'i'nes that ext'end al ong the z-axis,

of thescltaandrilt&oél Agmpfép pohddiondng pf Fkgutehle7, $lasr it Tegeone d803 and 1804 act as
BN AN S AR —

the substr and the control gate 17 ter.n
enboliient 4 el s qq@w%%na?t it pguvaleSt of the
embddh &tk BF Elgug_égq 7%’:@3@' TRMrarfistdis Yisratbd ih Fighsds Bt 81 1Bare shown
regl ons doped into a p-type the substrate.
as twbkfwhi/difact &hnsastmat(EE@sr)tmm;rmns serigp vdtipie drain @ pamepupled to the
i nt type substrate. Figure 18 illustrates a
sourcg,of %tg?ftl onal view of another enbodiment of a

vertical NROM fl ash nory transistor of
i nvedte 6‘#“%?‘58‘3%& EFB@%% b%lé%/eé’tee%}l%qﬁ‘é?ltl’%’ag 6§ tq ﬁ@‘stfate the
I
o GOPE ol Byl IR Tl FWOLE il Mt

dramaﬂdl tahé sourbeih?2d hmnngie pﬁtmhs oncntaﬂlml df the tansistonis operated in the

Q@Héatlon gf the transistor. ure .19 illustrates a
oppositedrRetio, the depmhaAR uf‘f?ete%‘%ﬁlrre PRPSIEGUi val ent of the

The floating n+ diffusion area 1703 couples the separate parts 1710 and 1711 of
the channel. There is no electrical contact on the n+ region 1703. The single gate 1704

couples the two transistors.

The flash memory cells of the embodiments of Figures 17 and 18 can be
fabricated using modifications to the fabrication techniques discussed previously. The
structures of Figures 17 and 18 use the same etched vertical pillars but the NROM flash
memory structure forms two channels along the sidewalls of the adjacent pillars and an n+
region forms a transistor channel along the bottom of the trench. The single control gate is

formed in the trenches between the pillars and the n+ source/drain regions at the tops of the
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enbodi nents of Figures 17 and 18. The transistors
illustrated in Figures 17 and 18 are shown as two
wo p@bdi1aid ect transistors (FETS) operating i n BET/USR05/015624

with the drain of one coupled to the source of the

other. The reference nunbers of Figure 17 have been

used in Figure 19 to illusthgte the relation of the

conponents of Figure 19 to those of Figure 17. Wile
Figure 19 illustrates the drain 1721 and source 1720

pillark écprnrgthg detarhiblinesoln thembpdiment of Figure; k8a g gptetipyuljter and the
contrg atea {"oen% gélacl)%n thgcrg gﬁ%ﬁfef ?cr&s tﬁ%&tﬂ)?lli {h%ng n+n dlaP? usi on

e R 5o U SRR L e s

which 8§9b@0e dekibh is ?E@mﬂbdi‘ gh€a ﬁ?a‘i&re%?&fhs Gdpd @sthtaiRsitve voltage while
transi stors. rrem)r(%/ cells of the enbodi nents

the ceyftrof ngn@r}@s a pPsitifel programemingey ol iase prudted dCoRyepEonal negative gate
ron RS GRS o (B S A SR U mencs. o

devidelt@n baibedefof hesibit efokrdgealThpeldrge 8 stméd héwe tINRan dndghe device is
menory structure _fornms two channel s al ong

read iy thevverss dgection Eidpmendmt the ehanpel can eaﬁe%as ar%f@}ﬂdﬁ response fo

e o Q478 o0 3591 EHERASIe4 B0, ol AR e regons

at thd suefachies bet ween t he plllars and the n+ source/drain
regions at the tops of thepillars formthe data/bit

| i Nnesgn alkdindth em®oBiReinGe BiibsehtefanBaiced h8t elactgai ijection can be used
i nsul ator and the control gate forma part

for progeamainggbe DROMrelly ot the nmﬁnttlnéem%néﬂdmeaﬁ{ye tﬁ&%gﬁfﬁ enhanced
band %1 %Qﬁlc? Jrunggltin 1&18%erd‘1‘ﬁ)t h@ﬂeq@te&t% &AbeRed R LrdsH,

i
rce region 1s grounde

dr al i S. sed w t

Lhe Efgﬁ{%? Tyt i e Ot FBbeR t°f%%o'§¥%£%ﬁﬁét§9§ﬁ tﬁ@NR%M cells of
the pRRENtiSebnti6R W ENtibi) Zhte ARGt bV gRIsRIoNS WMchideNoxide elnﬁtnde -

tunneling can be used for erasing the cells. In the

alumpgsexide eorpefiteaasess, oxide cdwnEBNEaXdpE oxideompositeissulators,
ox1dcib Iqté_\lhgg’ %%%¥b§3$ S agﬂ% rcgﬁlﬁbsciteslgz({rg gas S\Feﬁgag:oltﬁgeﬁ %5@:;)?%1?6"19}’&3

AddigiehlBf tHehatciRaulmet magbe blﬁckéi‘&hhlﬁtﬁ)rﬁlaﬁmhwn oxidessopnesey wet
to the directjon of operation an ,char?e store

oxidgigniand matamralefesiiepard oxides Wit ’é‘c ongg %’é’l’éﬁtwf"ﬁ ahsiticon,
mlwoﬁxti)r ﬁd fa P(in%?&d}fgﬂlgoesltg @;@{%g r@%ﬁ %@ﬁhfnﬁhﬁoﬁ@@fﬁ@&l@@m (not

on c e used or progranm ng t
comﬂtsl&fMagfeﬂs} sﬂmﬁ)ntolxycqi)bﬂs émtlatory €uiticompositkdayare) silicon ox1de

substrat e. enhanced band-t o- b nd tu [ i nduced hot
insulpigrsawitiy inslusiass of Bapaparticles T sHIcoR £ak Erf? %’Sﬁ BB PYNET N6

stomﬁ?ﬂ hﬁ%ﬁ%&vﬁe@ﬁ c}sf g%ﬂ:qnﬁﬂggﬁ' JT&Rb ot ﬁ{or@c&ﬁﬁl‘%nl}m%b'h #lsQlator

materials including, but not 11m1ted to, Si, N, Al, Ti, Ta, Hf, and La.

e cell

In Figure 20 a memory device is illustrated according to the teachings of the
present invention. In one embodiment, the device is an NROM device of the present

invention. In an alternate embodiment, it can be a DRAM device of the present invention.

The memory device 940 contains a memory array 942, row and column decoders
944, 948 and a sense amplifier circuit 946. The memory array 942 consists of a plurality of
multi-state cells 900, formed according to the teachings of the present invention whose word

lines 980 and bit lines 960 are commonly arranged into rows and columns, respectively. The
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the present invention. Additional gate insulator
conpositions include: oxide-nitride- alum num oxide
wae@oeowpasiltie | ayers, oxide - alum num oxi de - OxXPOBUS2005/015624
conposite insulators, oxide - silicon oxycarbide -
oxi de conposite |layers, as well as other conposite
| ayers. Additionally, the gake insulator may be
t hi cker than normal silicon oxides formed by wet
oxi dati on and not annealed, silicon rich oxides wth
bit lines 960 oif SresmernonvareyRiace eanngeted ta thespnsegmnlidish circuit 946, while
its W%?ﬁ}lﬁ@% B%(?gr)?l é&%cﬁégf[}%&?% %gp gc'o%lgr éﬂy ﬁdﬁ%ess ?ﬂd &ﬁl(i?x;&l El'gﬁﬁs are

inputSnl ddaeess/ote 1ipesies 1 insdihanodnsorfy mletuce oapasd tanneatyéd tsdhe column
silicon oxide |nsulator% th inclusjons of

decodgg rﬁ?é&,aiemecqr@@hféﬂr cyppt geha greoderdAtaand aggussde gain read and
wnte%%@ecsg odn‘f ngm? rrthfnﬁ?'t@%eerg 1§7 21?5 foqgate insulators of

I conmo or materials
n
;né e Bhum ea?éérz‘%*% 50%916&9“ rlhe sbhseBmgifer it Ho via

contr@pzﬁmlfdﬂihﬁﬂn béledt mgnhsammohgﬁn @eﬂedt hieep9Es dht sénpeantplidiar circuit 946
In one enbodi nent, the device is _an_ NROM devi ce _ of t&F
receiypsdaptdataricsireddir thenemory arey 942 &nd Byt reagl ?roela

memglgr eﬁrag/%%d)d/%v ﬁt/&gtpﬁﬂ?/ 4659 es bEY.a0Mth Rread Hgmrfﬁg%llé of the

con al ns ry array 942, row and col umm
memd@C@fW%ZQﬁﬂactlgﬂ&moﬂl 1&erse (anq:the fave demdcn%4) ®Ugh couples all

oS eSS A S . i

the cglggﬁg o ayl Bfe Qf ﬁ%?é%lt 1176301 20196 Q& B/ VAT Wﬂdnriﬁﬁlrtlcular
ines 960 are commonly arranged into rows

worddind QSOIaudnbﬁ lmee Qﬁéaztel agtivated, Theegsinge frhpléerddEuih P46 gennected to a

i Pt T8 B B0 ORISR gk S PR TR e e
wherb lﬂ?th'écr%édj(ﬁié@‘ﬁ% tﬂé‘éour@@@@ﬁﬁ%f ansh o119 bopl@tvad grodnided array
I nput on address/control |ines 961 into the nenory

platednotisbewd) @nd transfermerkbiss bitlline9¢hey mepuwmnsdee pefentia) sﬂg”ference
betwgc?engt & gcgtgpalt%l bdgfuhe é(ge()g%{dta r9 f'e?e&%qme %18?&92%5 agf‘n“'at ﬁOlet line. The

Wi te access
operitf}{inﬂﬂ%erﬁ&ytdéewﬁﬁﬂi{%)én@ﬂﬂﬁ@bs i9describb fcﬂéxamplej én Udelratent

is connected to the sense anplifier circuit. 9
Numbpr 517881 5-aR020d anth?. (i Wd: als pgieed toMiggp Jﬁﬁhf&g?%’c@c and
mcorlph&%l%p%fero&gh%%wée anplifier circuit 946 receives

{ined for the menory array 942 and

outp fromth arr 942
in pu fS 3(@)9 % diggtam Pﬁ‘?gfgr%%%nc %ﬁeéi i°§ PF ea%roFP ayed system,
1oootd%§1zﬁ%l rh&ltlcb‘taté BRntBRy0Els BV aYnSARddYin A6Edril@ice W@t}ﬁthwor d
line 980 (via the row decoder 9442 whi ch coupl es a

embagfimenie oﬁﬁwmrc;sen@mlvgntm Ib@psa e mylti-sateremowicalls | 02 W&lze the
DRAN 3P RROY ety nepl R e MR GG .3y 0 T

octt z»gocg%%zmqd&s(%%affdoaéna:y%saecoaﬂ@t%%%é Bds con
systeift &r GNP OBEL §tehPerdiploying a processor and associated memory. The system 1000
includes a central processing unit (CPU) 1002 or other controller circuit (e.g., a
microprocessor) that communicates with the multi-state memory 1012 and an I/O device
1008 over a bus 1020. The bus 1020 may be a series of buses and bridges commonly used in
a processor-based system, but for convenience purposes only, the bus 1020 has been

illustrated as a single bus. A second I/O device 1010 is illustrated, but is not necessary to

practice the invention. The processor-based system 1000 can also includes read-only memory
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bit Iine colum detects and anplifies the conduction
sensed through a given nulti-state cell, where in the

wo e@d/1o31ey at i on the source region of a given ceCT/UB®05/015624
couple to a grounded array plate (not shown), and
transferred its bit Iine 960 by neasuring the
potential difference betweemd he activated bit |ine
960 and a reference Iine which may be an inactive bit

|l ine. The operation of Menory device sense anplifiers
(ROMS 18b4 end mey induste pexighgrpkedeviges ssshrastasiopos rive 1004 and a
5, 627 ; ; 4 . . i t
comiie A (B0 RAT 3y ks ARE OBl S FEERRLER e e
1020hwrieivall khbghhi€the att.i S a bl ock di agram of an el ectronic
system or processor-based system 1000 utilizing
nul t ite $H1EbEagPRomAtYd B9 Hose HBH1Ed GOMS biftukt@dditidnal circuitry and
accordance with the enbodi ments of the present =
contiiohsignals ean berpravided, andrbatifhe memorandevier ag bperssimplified to help
util.ize t M or N fl V .
focubh i Y B oy O e A SBOR A2 iy =
progfaymEEMNOSTHIPLY velig § Wisdr8raghefin GRSt RBhlan adisdre o a GFst
any other system enpl oying a processor and associ ated
sour CEIPAOTSPYICE ﬁ@&@wudhthah@lé@wém&% hasadfigisqlizge
it L I -] it :
thresBdxcih 1] 40 o Qhochls Blta bR Teibh (PRY v 2 jrgater tham
Vitl, ardrivitd islddja2emtrtbe sourtd SgibawsuclethhOdé povgamanddMOSDED. operates at
The, bus 1020 maybe a series of buses and bridges
reduced AraiRISgUIGE SWTPH- & processor - based system but for
conveni ence purposes only, the bus 1020 has been

i |1 udt wil euadersioard thel the subodiment shoen iny/lage il dBustiyigs an
emb bl HE R iy LEaRY S0GHRAAE Yol P pRATEL L e rsen.

inventfudl aﬂﬂ &§ed|[ Thel ilbﬁir&tidfﬁﬁ?lyytéﬁd@l();l&]sﬁogmdn iFdgure AL, isl deended to
peri pheral devices such as_a fl opp i sk drive.1004
provigsd geneighpppgorstendane Ry aRelifadon el Doskus R and ciguriry of the
s G RARE AP B30 BRI bR L frmcns
and fektukdsex ah electreniasysterh asingdbk bovehalenwmiry cell structamsl Further, the
. control sjignal.s.can be provided, and th Ih mar
inveria 1 1 GORUG e G PG SHis1AH LGt QLaDHEFS desisea Of, i the novel
memb%&/l%ﬁs'o‘? the fibseheRASEntMEarRfis hbEintBdlisd roHeatRit&Plol tRatl Rscribed
N 1012 i'ncludes a programed MOSFET having a charge
abover Appeglof ordinkey gl & tha sulvailomdensjand snich ap electrpmis system can be
.source/.drain _region, or source region, such tha he,. .
fabrigé FerOH EgrehrEn D o SR, B SRt SeyrRiyetgt Soiv n
ordef t¥irkduc@Be SorRaRIE Mk B6tvideh Bf18bELsERGindMhd Membry device.
where Vt2 is greater than Vtl, and \t2 is adjacent the
SOUT S REHAR BHGhiAdRE nbh8 RERSHARTRE MFESh: AREARER

at reduce aln source current.
described in this disclosure include electronic systems for use in memory modules, device

drivers, power modules, communication modems, processor modules, and application-
specific modules, and may include multilayer, multichip modules. Such circuitry can further
be a subcomponent of a variety of electronic systems, such as a clock, a television, a cell
phone, a personal computer, an automobile, an industrial control system, an aircraft, and

others.
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It will be understood that the enbodi nent shown in

Figure 2 1 illustrates an enbodi nent for electronic
waeymsamied rcuitry in which the novel nenory cePtBHUSL005/015624
the present invention are used. The illustration of

system 1000, as shown in Figure 21, is intended to

provi de a general understanging of one application for

the structure and circuitry of the present invention,

and is not intended to serve as a conpl ete description

of all the elements and features of an electronic

system usi ng the novel mepr cell structures.

Further, the inventioggﬁgﬂggéally appl i cable to any

si ze TapdoVdl PeuleistAe sals\ofdiypreseni Aentis &g B @ed @v el NROM flash

menmory cells of the present invention and is_not
memertaErye §Wo drapaisiornsanagoury armaea ab4 rvisadviawed, ommpboypdiach

[ nar [ [N IR B .

such §nBfSh 0870607 Rolert oo in A1l co A THE L AL Portt ¥enBl i much
highep flemasgibigforisadhsl F> eniteve@n on a si ngl e sem conduct or

chip, in order to reduce the conmmunication tine

bet Wegh td heuRicpfesEMBAt A8 dbdRelcfBifIon ifleMémRd to be illustrative, and
Applications containing the novel nmenory cell of the

not rqsrectizat Mpny ether embedimgaisgyillhedpparentio hogesd skidlin ghe art upon
revielgﬂ% tﬂg glgf%eetfets &%Ho‘ﬁ T gc%g'é IO% e iHvéntiol s T el 9,' BeXdetermined
: evice drivers,” power nodul'es, conmuni cation nodens,
with ffereessothamshiehés] claind, alppg ndthtthe Aidbeopé bfequivhiéesto which such
. and may include rmultilayer, nmultichip nodules. Such

claimgjapgntitled. can further be a subconponent of a variety

of electronic systens, such as a clock, a tel evision,

a cell phone, a personal conputer, an autonobile, an

i ndustrial control system an aircraft, and

ot hers. Concl usi on The novel nulti-state cells of the

present invention can be used in an NROM fl ash nenory

array. Two transistors can occupy an area of 4F when

vi ewed from above. Each such transistor can now,

however, store nmultiple bits so that the data storage

density is much higher than one bit for each IF unit

area. It is to be understood that the above

description is intended to be illustrative, and not
restrictive. Many ot her enbodi nents will be apparent
to those of skill in the art upon review ng the above

description. The scope of the invention should,
therefore, be determned with reference to the
appended clains, along with the full scope of
equi val ents to which such clainms are entitled. Wat is
clainmed is: 1. Anmulti-state NROM transi stor
conprising: a substrate having a plurality of vertica
pillars, each pillar conprising an upper doped
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region; a gate insulator |layer fornmed al ong facing
sides of a first pillar and a second pillar of the
w@basalitty of vertical pillars; a control gatePdDURES/015624
overlying the gate insulator layers and the pillars;
and a | ower doped region fornmed under a trench | ocated
between the first and secondgpillars, wherein during
transi stor operation the | ower doped region couples a
first channel that forns along the facing side of the
Whaffis ckimed ist ar and a second channel that forns al ong the
facing side of the second pillar. 2. The transistor of
claim1 wherein the upper and | ower doped regions are
1. N+AGANEdtRETROM tiafsistoPcbiipsifgtost rat e and the upper
doped region is |ocated substantially at the top of
e #cTbpirate having 2 piuality ol yerticalgpilles, achpiar compriging ap yaper doped
| ower q%gﬁg.region is not coupled to an electrica
contact.®4.” The transistor of claim1 wherein the
t raage Bisalatod fereatemed alongtheiag eides dita first palasast @second pillar of
having a sjze. of less than 1.0 |ithographic feature
squar edhg prrality of verfigal Rillaffsi st or of claim 1 wherein
e i t [ : '
o B8] Bt A B o AR e Bl R e Al G
seclondr dopedregion dormddomdeda trenahd ecatehbetwpprethedgentd second

region d the |ower. doped region.duri a program

oper at iBNATS7 herpiD dirigg dasigior Speratian the Jobig Pppp Tt couples a
gat e i ngu SHafhelltRd §HrnhsSal6Re ifSGRL Sitle 8Nt r6tiHar and a second
nitride - oxide conposite structure.8. The transistor

of cl ai dhanneltieat &onms: dhengihe fadingssidaeibthe segpad piliar.
conprised of a conposite structure of one of:
oxi de-nitride - alum num oxi de, oxi de-al um num oxi de-

2. OX[HteraRist@df¢Rim 1SWhdr6i@th@¥erahd UevedXoped re@iond e nt doped
transistor of claim1 wherein the gate I nsul at or

. . | ayer
i sregionpil & pdyRsT substeate And He uppen daReh seemhisderatesksubstantially at the
styr res:...silicon oxides fornmed by wet oxidation and
nottogg)‘rﬁﬁ%ca peﬂgl?r' silicon rich oxides with inclusions of
nanoparticles of silicon, silicon oxynitride |ayer,

silicon rich alum num oxide insulators, silicon
3. oxleefrasswtoriof slaimtlovhereiy the Jaweg dapeshaegion;isuel coppled to an

W nel usians of nanoparticles of silicon carbide.
10%1%@&0?12%%[‘““ of claim1l wherein the gate

i nsul ator | ayer is conprised of a nonstoichionetric
singl e Ia¥er. ) . . . .
4. THhe transistor of claim 1 wherein the transistor operates as equivalent to a transistor

having a size of less than 1.0 lithographic feature squared (1F).
5. The transistor of claim 1 wherein each gate insulator defines a charge storage region.

6. The transistor of claim 1 wherein the first and second channels are formed between

the upper doped region and the lower doped region during a program operation.

7. The transistor of claim 1 wherein the gate insulator layer is comprised of an oxide —

nitride — oxide composite structure.
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11. The transistor of claim 10 wherein the
non-stoi chionetric single |ayer conprises one of Si,

WON200811121T9 , Ta, Hf, or La. 12. An array of nul PCFHESEN®E015624

10.

11.

12.

13.

NROM transi stors conprising: a substrate having a

plurality of vertical pillars each separated by a

trench, each pillar conprisijyg an upper doped region,

each upper doped region coupled to a first bitline of

the array;, a plurality of gate insulator |ayers, each )

| aler trénsrstas i glaing Whaspinghe gate insglatesdpyes dneomprised of a gpmposite

th urality of .verti.cal npi : ol e
t ot Al e bufE etk g va il ofeg BRI a dRliom pide
Vestidl€ @k oRide-afilscontdrgcabideralxiggat e form ng a wordline

between a row of NROM transistors of the array of
multi-state NROM transistors; and a plurality of |ower

\(ljmoﬁ%dtrgn%g;itoq%%’cla Ny h&8inaR RIS er §8E b RAG R one of the
erei n during op

ing oper a%lél%on oF E?Ee transistors each | ower
d ofotld wiregic@Rcapmpisite stractfires:silicon amides fordned Hyowetsxidatian and not
first pillar along.a first side of a first trench and
- wwedkt SeanRdioh IR Yl RGP SO SETGRAURIes P Sgpy A can
S e&%ﬁﬁaé ga‘glefg gil{chﬁ‘ rich Rtmihfng e 88k otO¥WREH8RRArbide insulators,

region co 0 a second bitline of the array. 13,
Ther dilicmsixsdetinswators withrintRusidne o nanapadickesied siigpa chrbide.
conprised of a silicon material and the control gate
is conprised of a polysilicon.14. The transistor of

Cl 2 eI rRl dimt D@ hatein B bhtk iuldteeyerdopatpiRgiodasion-

are not accessible by electrical contacts. 15. The

t r sioishvmetriofingle ddyer.12 wherein the gate insulator is
conprised of one of a conposite structure or a
non-stoi chionetric single layer. 16. The transistor of

cl ehérrdmihresteldim 1@Ukhagintthenei-stbivhicppefiakingle, lagdi@omprises one
first and second_channels act as series coupl ed

t r ofnSh B Ad.slinbwitHgontal east two charge storage areas.

17. An electronic systemconprising: a processor

circuit that generates nenory control signals; and an

NREWY affag ol miitivetate NROM eransistpisednipoisinige pr ocessor

et TR bS5t ahaBLpy Lk, S e
glolnlpglr zéd]g%résﬁn%#?ﬁ&{e?go é?irarI%gLIB%,g @aglg lp & dop¥d RlgioteEdupLedlto a first
bitline of the array;

a plurality of gate insulator layers, each layer formed along facing sides of adjacent
pillars of the plurality of vertical pillars;

a control gate formed in the trenches and overlying the plurality of vertical pillars, the
control gate forming a wordline between a row of NROM transistors of the
array of multi-state NROM transistors; and

a plurality of lower doped regions, each region formed under each trench, wherein
during operation of the transistors each lower doped region couples a first
cﬁannel that forms in a first pillar along a first side of a first trench and a

second channel that forms in a second pillar along a second side of the first

trench, each lower doped region coupled to a second bitline of the array.

The transistor of claim 12 wherein the substrate is comprised of a silicon material and

the control gate is comprised of a polysilicon.
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upper doped region and separated by a trench from
adj acent pillars; a first gate insulator |ayer forned

wa@bk@sgialdirst side of a first trench; a seconECOEE®05/015624

14.

15.

16.

17.

18.

19.

i nsul ator layer formed al ong a second opposi ng side of
the first trench; a control gate fornmed in the first
trench and overlying the plugglity of vertica

pillars; and a | ower doped region formed under the
first trench, wherein during transistor operation the
| ower doped region couples a first channel that forns

adj.acent .to t first,gate,insul.ator,and a second

e ey O dpm 2 el Bl OELO0R R afERhs are not
I Ngédeadible by bfoctridaesntadtem of claim 17 wherein during
operation of the transistor, the first and second gate

i nsul ators each conprise a charge storage area. 19.
TheneHaAGILOLe Sif 13 dhethFhEloieiiIlibd S LoBHlsFEUM of a
gate insul'ator Tayers are CO%DTISG of an

oX cel@pdvitersirdetufdrdenadestpickioheti2dsinglb éayey.st em of cl ai m
17 wherein an upper doped region of a first pillar

adj acent the first trench acts as a drain region and

an- Ty P RGhsi AP 4iR 01 PRL kiR dﬁﬁﬁgﬁgns@té)ﬂ %ra@%h%@ Hrstlah@ second

first trench acts as a source Tegion.

mukhdnslsateasNedd ¢auplesl tednsistorohguingatrgast tws dipgge stormge areas.
having a plurality of vertical pillars, each pillar
conprising a doped region; a gate insulator |ayer

f onpede ARG yERE denptisiips of a first pillar and a
second pillaf of the plurality of vertical pillars;

ana peocessnt einduitthetegeneraasdnenenylophitel signalsyane i nsul at or

optt SR s alory bRl haIhE wRfbAaf i g memory

the firgévigd hdviig #pirdlitg ofiPREHshROTROM frad o8 e&@h transistor
pillar. 22. The transistor of claim2 1 wherein during

transi sSE@RPBPBEati on a first doped region operates as

rain r Br R SoRRIARH: FRREH B PRRARL A FirRing an

drain regio ra or o
the transi st app@pbad tepibn sdsepiragd dyr trgich ionatdjacent pillars;

24. An array of nmulti-state NROM transi stors
conpri spigst stesippiatpalayehiopnagalang RS et iinglirenchal
piilars , Wifidatd B0 oPRYESEnERERnEk sb@nd PB6ding side of the first
trench;
a control gate formed in the first trench and overlying the plurality of vertical
pillars; and
a lower doped region formed under the first trench, wherein during transistor
operation the lower doped region couples a first channel that forms
adjacent to the first gate insulator and a second channel that forms
adjacent to the second gate insulator.

The system of claim 17 wherein during operation of the transistor, the first and second

gate insulators each comprise a charge storage area.

The system of claim 17 wherein the first and second gate insulator layers are

comprised of an oxide — nitride — oxide composite.
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pillar conprising a doped region; a plurality of gate
i nsul ator | ayers, each |layer fornmed al ong opposi ng

wa@k@sd11i9 each trench; and a control gate fornmedr/ug2005/015624

20.

21.

22.

23.

24,

25.

26.

each trench and overlying the plurality of vertica

pillars to forma wordline wherein during transistor
operation a channel forms bejyeen a doped region of

the first pillar and the doped regi on of the second
pillar. 25. The array of claim 24 wherein the doped

r eGheoswstem ef eleinpll @ avheteib pn bppreslopehregionddial first pillar adizcent the

subst ant i;al | erpendi cul ar, to _the i ne ; .
reb b AR ERY 00 o Prb Ao lRE ek ifor ol it

t hgdja@nh@ e Rdnch iab@ as hR6WSE Rggich. Substrate to forma
plurality of trenches, each pair of trenches defining
a pillar;doping a region in an upper portion of each

pi Nrﬂﬁlﬁ-sgé’cg;h\pgl)lglﬂr ‘é'?s'Eorrc‘éﬂi;pﬁQin nder each trench;

form ng e storage regi 6n on each facing side

of a adjsaateiavipiglal Anslityaety el tivahpiligrsa eacbintil @ coggtrding a doped region;
overlying the pil LN the renches

| ars, and plurality. of .
whgae ﬁﬂs&kﬂt(prr}@yeg fm%ﬁg 1n§§.g1£§p 8 r%ﬂﬁ/l}aﬁ@n a second pillar of
transi sgnlu&iGEVeRlcal Sinh@r SR al ong the facing sides

| 2

of adjacent pillars and are connected by the | ower ‘ .
dopeahtrod gaterforndieoveniyirg teo getd insiptamlayes ahdbihegilias phergin during

to an e] ectrical contact. .__The net hod of cl.ai 6 .
nd F ur UHBIS oG PR G PRt SORed SR Eh PLAES fgs plla
each trgarife isharRBidnT tBdIREbA@piBlannd the control

gate. 28. The nethod of claim26 wherein the control

gate is polysilicon. 29. The nethod of claim 26

o 7 BE bR A PR B bR Rloc BB ARt bl sgion

of ofdratesh@Bsomied Rigldndantiialsetordioped kQGoOdpdriteda Hiais tegion.
pillar is a drain region and a second doped region in
a second, adjacent pillar is a source region. 31. The

e 0 DRGEI N 00L B A h3RSgamming
mebp@akidor progranm ng a split-channel having a pair

of pillars formng a trench, each pillar having a
source/drain region and the trench having a floating

N+ adl 16 S ORRIOM bral @SR 0Bl kg Cal contact,

a3
ni tride”charge storage regions foftned al ong
a substrate having a plurality of vertical pillars with a trench between each pillar, each
pillar comprising a doped region;
a plurality of gate insulator layers, each layer formed along opposing sides of each
trench; and
a control gate formed in each trench and overlying the plurality of vertical pillars to
form a wordline wherein during transistor operation a channel forms between

a doped region of the first pillar and the doped region of the second pillar.

The array of claim 24 wherein the doped regions are coupled to bitlines that underlie

and are substantially perpendicular to the wordline.

A method for manufacturing a split-channel transistor, the method comprising:
incising a substrate to form a plurality of trenches, each pair of trenches defining a

pillar;
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facing sides of the trench and a control gate
overlying the nitride charge storage regions and the

w@aios/1of11pi | | ars, the nethod conprising: grounBCTYSHE05/015624

27.

28.

29.

30.

31.

32.

first source/drain region; applying a gate voltage to
the control gate; and applying a drain voltage to a
second source/drain region ch that a channel forns
al ong the facing sides of the trench between the first
and second source/drain regions and under the
tdepinga3%i0ﬂ'heanmmm@fon@%8ﬂq]ﬂmﬂaf\hher ein the channels
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The method of claim 26 wherein a first doped region in a first pillar is a drain region

and a second doped region in a second, adjacent pillar is a source region.

The method of claim 26 wherein the doping comprises creating n+ regions in a p-type

substrate.

A method for programming a split-charmel having a pair of pillars forming a trench,

each pillar having a source/drain region and the trench having a floating n+ diffusion

region that has no electrical contact, nitride charge storage regions fofmed along

facing sides of the trench and a control gate overlying the nitride charge storage

regions and the pair of pillars, the method comprising:

grounding a first source/drain region;

applying a gate voltage to the control gate; and

applying a drain voltage to a second source/drain region such that a channel forms
along the facing sides of the trench between the first and second source/drain

regions and under the trench.
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33.  The method of claim 32 wherein the channels along each side of the trench are

connected by the floating n+ diffusion region.

34. A method for programming a split-channel having a pair of pillars forming a trench,
5 each pillar having a source/drain region, nitride charge storage regions formed along
facing sides of the trench and a control gate overlying the nitride charge storage
regions and the pair of pillars, the method comprising:
grounding a first source/drain region;
applying a gate voltage to the control gate; and
10 applying a drain voltage to a second source/drain region such that a channel forms
along the facing sides of the trench between the first and second source/drain

regions and under the trench.

35. A method for manufacturing a split-channel transistor, the method comprising:
15 incising a substrate to form a plurality of trenches, each pair of trenches defining a
pillar;
doping a region in an upper portion of each pillar;
forming a nitride storage region on each facing side of adjacent pillars; and
forming a control gate overlying the pillars and in the plurality of trenches wherein
20 during a programming operation of the transistor, a channel is formed along
the facing sides of adjacent pillars and are connected together under each

trench.



