03 JUN Z05 WD 20041001856 PCT/ 1JS2003/014497 VERTI CAL NROM 5
Reference To Rel ated Applications This application is related t(gfﬂ@' 100
foll owi ng co-pending, comonly assigned U S. patent applications: "Wite
Once Read Only Menory Enploying Charge Trapping in Insulators,” attorney
docket no. 1303.052US 1, U.S. serial nunber 10/177,077, "Wite Once Read
Only Menory Bnploowmnss Fl oati ng 10 Gates, " attorney doekeusingoisse7
1303.051US1, U.S. serial nunber 10/177,083, "Nanocrystal Wite Once Read
Only Menory for Archival Storage,” attorney "docket no. 1303.054US1, U.S.
serial nunmber 10/177,214, "Wite Once Read Only Menorywi th Large Wirk
Function Floating Gates," attorney docket no. 1303.055US 1, U S. serial
nunber 10/ 177,213, "Ferroel ectric VERTICARNBOMESd 15 Only Menory for
Archival Storage," attorney docket no. I303 058USl . US serial number
10/ 177,082, ant "Ml ti st at e SupeSfheiqrgacs e capaussity  Mich G eater

than 1 Bit per |IF - "Tlaetztppmdaﬁammﬁ&a&oﬂﬁ@fouwﬁgc %%H‘éé,,co&n%nl yseri al
nunmber 10/177, 211, ed,}ig are fil ven date rewith and each of

whi ch di scl osur &€ a3 aﬁEIE?F‘b‘BFa HoceRepdPdnMemonFEomlesng of t he
| nvention The pr €aspé Trappineih hﬁﬁlatbx@,l’ a&(ﬁﬁeygeﬂ@fxﬁbl 1303 DspisENUGORHWCt Or

i ntegrated CII’CUItS art i tlcal NROM havi ng a
storage density BF%H Zﬂmgio of gy’? QEEECALJC“*%OF%'M a%ﬁ?&y“i‘%%?ﬁ‘?‘% squar ed
(IF) unit are¥ Batek’gxtmm‘agldaketmhemomsemsn ams%&ldl/bn_ﬁybeelwmroam c products
Common type of i FeeRadr fseraf Ot isry Pt Somphame ™ andom
access nenory (mewonpsomlmwmuumnonm @Eritéen@.rneamged in
arrays. DRAM cel WQ I OXI de
sem conducti ng fw)}é@% ect%%ﬁ?%?gé&%%{ﬁ%% coup ee gEctkat °3

capaci tor cell. WEHIEIZ:Uss seriel nymherl@li 6, &mwmcmnqg@pceameaérrpham S
continues to pe @ln%@&m@pfomfcﬁﬁawgge?&&m{?gﬁu {,&oyls%aﬁas@ﬁrssﬂ ng chip

real estate while mnim zi n’? he cOS acture. further
desirable to i néyeby@mbear04y7.882nad Yultistate NRQM Havipg 2 BlorageBerfsiteat i on of

the DRAM opti m Z@fhch Greater than 1 Bit per 1F%,” attomey docket no. 1303.053US1, U.S. serial

number 10/177,211, which are filed on even date herewith and each of which
disclosure is herein incorporated by reference.

20 . Field of the Invention

The present invention relates generally to semiconductor integrated
circuits and, more particularly, to vertical NROM having a storage density of one
bit for each 1.0 lithographic feature squared (1F%) unit area.

' Background of the Inventiop

25 Many electronic products need various amounts of memory 1o store
information, e.g. data. One common type of high speed, low cost memory
includes dynamic random access memory (DRAM) comprised of individual
DRAM cells arranged in arrays. DRAM cells include an access transistor, e.g a
meta) oxide semiconducting field effect transistor (MOSFET), coupled to a

30 capacitor cell. With successive generations of DRAM chips, an emphasis
continues to be placed on increasing array density and maximizing chip real
estate while minimizing the cost of manufachure. It is further desirable to
mcrease arrzy density with little or no modification of the DRAM optimized

process flow.



process flow. 0 3 JUN 2005 WO 2004/001856 PCr/US2003/014497 A

requi rement exists for nmenory devices which need only be prograrr%dlug 2005
limted nunber of tinmes, as for instance to function as an electronic
filmin a canmera. If the nmenory arrays have a very high density then

they can store a |large nunber of very high resolution images in a di gital
camera. 5 IYOMRE™%ory is inexpensive then it can fHPYRYPEHER repl ace
the light sensitive filnms which are used to store |rrages i n conventional

caneras. Thus, ther ved Dﬁq tec ogy conpati bl e
hi gh density rrermr{g/ %eﬁrggm{s%?ﬁf&%se% apie t 5‘30 ®enory cells be
fabricated on arommd@hnqammﬂbcwfttmeea@formmah ﬁmcmmla@m of the DRAM
process flow efecﬁagujﬁ}mflyg %J}gfla e1¥s 31' | s operate

wi th | ower progranm ng tages t use ven ORI DRAM
cells, yet sti ItheYIqeﬂ%brseliafgwmemOfwmtwmwnddtghdm&ects of

parasitic Ca§a%tﬁgﬂgﬁ%?§hqexﬁtg&§gm%c&QO%ﬁ&%# la@id 1 %&&E‘m mmry of

the Invention 15 ove nt1 oned prob credting
t echnol ogy hi gtﬁlm%‘ehﬁﬁfyummwewsqssnmvmemdS?@CGFher pr obl ems are

addressed by the prﬁﬁe%misw&atfmﬂm%mmt&ﬁn %ﬁﬁﬁ%ﬁh%ﬁ reading and

studying the followng specificecation. This discloSure teaches structures

and net hods usideRfitKogReEY cellgeifjiscdsairahle that sugh pieppry cplistbefdmgrtsd adl | s in a

DRAM i nt egr at ed)meﬁakmthiﬁeoz& Bédiftahidt o meDTANMBIRAIAoWS R id he exi sting
process sequence for FET's.in DRAMtechnol ogy. In particular, an

i |1 ustrativel e Bt drirbleghat pach msmearyslls operets Mith davver PROPTGRBERE a vert i cal

mul tiple bit n&amgystaﬁh}muséheyu@%ﬂnsﬂDmAMeemke_,et@hnhaiamme&ell i ncl udes
a vertical neta] oxide seg1 ductor field effect transistaor (MOSFET) 25

ext endi ng out wiPAES/O M &gty ofprrasitiy Araghsepsng gaisedueitg €eul o yr ce/ dr ai n

regi on, a secowrgergtisgdr cel drain region, a channel region between the first
and t he second source/drain r Egl onsE @ng a gat e separated fromthe
channel region by a gate insu — B0 ansm ssion line is coupled
to the firstssour ceTtgnbove mendgiedproblémsfoc aeding DRAMesitioy highe i s coupl ed
to the second %91’1&& E{aﬂ&?'c&s ra.?gL]Pﬂ'oﬂaer problems are addressed by the present -~
invention and will be understood by reading and studying the following
specification. This disclosure teaches structures and methods using MOSFET
devices as a multiple bit memory cells in a DRAM integrated circuit. The
20 structures and methods use the existing process sequence for MOSFET’s in
DRAM technology.
In particular, an illustrative embodiment of the present invention includes
a vertical multiple bit memory cell. The vertical multiple bit memory cell
includes a vertical metal oxide semiconductor field effect transistor (MOSFET)
25 extending outwardly from a substrate. The MOSFET has a first source/drain
region, a second source/drain region, a channel region between the first and the
second source/drain regions, and a gate separated from the channel region by a
gate insulator. A first transmission line is coupled to the first source/drain
region. A second transmission line is coupled to the second source/drain region.
30 The MOSFET is adapted to be programmed to have a charge trapped in at least

one of a first storage region and a second storage region in the gate insulator and
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30 The MOSFET is adapted to be programmed to have a charge trapped in at

| east one of a first storage region and a second storage regiorg3 dUN 2685
gate insulator and 0 3 JUN 2005 WD 2004/0018, 6 PCT/ US2003/ 014497
operated with either the first source/drain region or the second
source/drain region serving as the source region. These and ot her

enbodi nent s, vaspeetsss advant ages, and features of thepcpraeemiiznventi on
will be set forth in part in the description which follows, and in 5
part will becone apparent to those skilled in the art by reference to the
fol | owi ng descri?ﬁelf“g"ﬁ“6‘?1eﬂmtﬂeﬁvwcﬁ’ﬂm‘&ﬁﬁﬂ’?%&céméﬂswaﬁgs or by

practice of the reljoyeuihOR the Ehfcedsp@ct s, advantages, and features of the
invention are realized and attained by neans of the instrunmentalities,

procedures, and combiAZE PHtfaher Faiodimenisapsrts A9y #tases: Bdifeatiesdhieappended
clains. 10 Bri ef preeftGivefddnanl of sei ©ah paid@s ddsirpusewhibn follows, Magek di agr am

of a netal oxide senj.conductor field effect. transistor FET) in a
Dot 1ot o acad: QPRGN BPRE Stegintic o Be et i tarraes o 0 bl 5
illustrates the d45hEd Ghihehingtticd aldvetpataideavingd of kieprictcaramist di recti on

show ng sone degree..of .device degradati due el ectrons being 15
trapped in the gt & 8% 53??3‘;3?‘ afvgﬁm%?’ﬂ‘gg?%ﬁf %‘I OVET g(alraé%ﬁﬁl}ze‘tse. Fi gure
1 Cis a graph sadwitagedivhecagubtheinstonteniitidsiieoceduresemt! caminaiony | ds) t aken
at the drain region of. th nvent i onal FET versus the voltage
potential (V GS)pagéctu%B?' Ds’,ﬁ%ac tgﬁhm%agﬂen?ﬁecl}%f’e and the source region.
Figure 2A is B di agram of a pBogiRernintiohlobfe Dradvingh can be used as 20 a

multiple bit cell ac i : ;ggg‘fgi NG5 - ifayvention.
Figure 2B is a diagra %J&Qg%ﬂg&{hga expl al ni 383%%M{§%55%$éﬁti ch the
MOSFET of the nuirasighe(MISFEEinia séfstrathieecriiag trthe feavhimat ¢fdhe rgrerbe
programmed to achi eyg.,fN@ GIRAL HENMDSFRT of ISPl LS edliMe M@ Figure
2C is a graph plotting the current signal (lds) detected at the drain 25
region versus a YEFAGEOIOR WALIlegrse cbfcvie dpmadibi g o cleeypmPbeset up bet ween
the drain regi OfappitinitRats GECRaTBIHA rdgl Bl vet Frad¥PRe.  Fi gure 3A
illustrates a vertical NROM 301 having a storage density of _aqne bit per

one phot ol i t hogr aphi & &84 f‘%g‘@}ﬁ’da?‘ﬁ‘ag'@iﬁﬁ‘)mﬁ?ﬁ PGy earenl g didRg t o t he

taken at the drain region of the conventional MOSFET versus the voltage

potential (VGS) established between the gate and the source region.
Figuie 2A is 2 diagram of a programmed MOSFET which can be used as
20 amultiple bit cell according to the teachings of the present invention.

Figure 2B is a diagram suitable for explaining the method by which the
MOSFET of the multiple bit cell of the present invention can be programmed to
achieve the embodiments of the present invention.

Figure 2C is a graph plotting the current signal (1ds) detected at the drain

25 region versus a voltage potential, or drain voltage, (VDS) set up between the
drain region and the source region (1ds vs. VDS). .

Figure 3A illustrates a vertical NROM 301 having a storage density of
one bit per one photolithographic feature squared (1F?) unit area according to the
teachings of the present invention.

30 Figure 3B illustrates an electrical equivalent circuit for the vertical

NROM device structure shown in Figure 3A.



teachi ngs of the present invention. 30 Figure 3B illustrates an

el ectrical equivalent circuit for the vertical NROM device st r[grgt_jgnqggf,
shown in Figure 3A. 3 0 3 JUN 2005 WD 2004/001856 PCT/ US2003Hg4497 -
Figure 4Aillustrates a portion of a nenory array 400 according to the *
teachings of the present invention. Figure 4B illustrates an electrical.
equi val ent WOi2PHEB%400 for the portion of the memof§GTHPPHPI¥Hown in
Figure 4A. 5 Figures 5A-SB illustrates the operation of the novel
vertical multiple - aC s of the
present invention I%h%'t’f Lsufa us réftﬁleog(2 %%?%Hbo (?ﬁgajl'l (@%nventr onal
DRAM cel | . Fi genhelgwﬁtmmwwe@ioa menory devr ce according to the
teachings of the RiaReiH inbel dhrichQalil A Brclie hfo By Bk phoflra0r am of an
el ectrical system pr ocessor - base ystem wutil1zing vertical
multiple bit cepmmewmxaheweuﬁmr%%or dance with the present invention.
Descr I pti on sof -t he xopek 8hsBlnEERRBRL R0 i iRl obkietgy el | od
description of the invention, reference is made to the acconpanyi ng
drawi ngs whi chesliderred apsarding frotbetsachinggef tberprmrtdwep@ns hown, by way of
illustration, specidijue ﬁﬂ&@dﬂé@é‘&ﬁeﬂhﬂn%&ﬂv&ﬂ&aﬂﬁ%dsﬁn nmay be

practiced. In the drawi n | i ke nunmeral s describe substantially simlar
conponent s through@t&%“r‘ﬂfg“@é\?\%‘f'&mw&%“a?‘f?é@@‘@%dﬁf’%ﬁ“’ﬁre descri bed
in sufficientdehahlentién enabl e those skilled in the art to practice the
invention. O her 20 enbodi rrentds be utilized and structural, |ogical,
and el ectrial - charg@ge $igg blogidi ‘?‘%’ﬂ% A elrgiieal d@ﬁ&%f”iﬂﬁ@c"fﬁ"bﬁ’ﬁs?dne scope of
the present |n§5etahrﬁﬁmn£hen¢aeﬁzﬁﬁpwa{temamhﬁuhﬁﬁﬁc&bﬂm¢saﬁihm t he

foll ow ng descripti.on |ncI ude any structure having an exposed surface
with which to PSR PR htegrated circuit (1C) structure of the

i nvention. The term substp ﬁt;@ﬂoﬂoﬂﬂﬁ@ﬂﬂh@ﬂhﬁoﬂlm&wde 25 sem conduct or
wafers. The terms b refer to_semnm cond ict or
structures during g‘?oc gfgr i %mﬁ%% f“ﬁé’ 5 SRR SR M Rat have been
15 to the accompanying drawings whmh form a part bereof, and in which is shown,

by way of illustration, specific embodirnents in which the invention may be
practiced. In the drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
sufficient detail 1o enable those skilled in the art to practice the invention. Other

20 embodiments may be utilized and structural, logical, and electrical changes may
be made without departing from the scope of the present invention.

The terms wafer and substrate used in the following description include
any structure having an exposed surface with which to form the integrated circuit
~ {IC) structure of the invention. The term substrate is understood to include

25 semiconductor wafers. The term substrate is also used to refer to semiconductor
structures during processing, and may include other layers that have been
fabricated thereupon. Both wafer and substrate include doped and undoped
semiconductors, epitaxial semiconductor layers eﬁpported by a base
semiconductor or insulator, as well as other semiconductor structures well

30 known to one skilled 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

4



fabricated thereupon. Both wafer and substrate include doped and undoped
sem conduct ors, epitaxial sem conductor |ayers supported by a 3@33 005
sem conductor or insulator, as well as other sem conductor str ng
wel | 30 known to one skilled in the art. The term conductor is understood
to include semconductors, and the terminsulator is defined to include
any nmateri al wovad+onssé | ess el ectrically conductive thecrosienssomseri al s
referred to as conductors. The 4 0 3 JUN 2005 WD 20041001856

PCTI US2003/ 014497 fol | owi ng detail ed description is, therefore, not to be
taken in a |imtfolgviseddeled deseriptions. therefps. uot totig dakpr madimitingseesnt i on i s

defined only by bfuenoRRnEed peldl ifPentiorAt 8BedVddif byt dieaphitldbd daRRE Of
equi valents to which such clains are entitled. Figure 1A is useful in

i Ilustrating the2leRntiibs BH stoPopferiva o tovhish ehpiappresatiiedas can be used

in a DRAM array. Fi guignd 148s bichil stil@ttmhgtit@onvantidmil oph@ion@fgCt r on
i njection and degradation of devices qQperated_in the forward direction.

As is explai ned BEPERL swpaven phsed padth M eray Sigupeldilipstaisstet he drain

they are not ver yorhfRcdiéct6n inRetthandisgditdon ofRvicesoperhi 8Ghefoiwkd CS.
Figure 1A is a block di agglam of a netal oxide sem conductor field effect

10 transi stor (MEERER AEPRIngS Rl Fipsei s clBons prdr2RRE BN WEGH®N ncl udes a
source regi on 10tey &e st &by eff@grinthahfde tha detaiheicteiggson 106 in t he

substrate 100 between t source.region 102 and the drain . region 104. A
gate 108 is separat egzqg"fe?l g" ’f E](Ea)c c?%%gﬁ%"e?fn al’%°3$8’hlgiﬁ§“c@§}9"§%§E?I%e%ﬂ de 110. A
sourcel i ne 11B | sawbiep(MOSRET) 101l a substrade] 002 GheOfOSERT 104 ililides ne 114 i s
coupl ed to the dgai i - i 116 i.s.coupl ed. t 0 the gate
108. In conventi %Gﬁlgﬁgr%%gr}a ’ia(q)j%?}mgé ﬂ?@f‘#{h%kngfgg%%%ﬁ)%? %hgédetgtﬁagqt 1eotgti al (Vvds)
is set up betwebsweehéredputaregiayildpndibddrandegidnd 04 oliige 108gsepmaltd2. A
vol tage potenti akomin b r%ﬂﬂllb?g}(rf%éetn{}ﬁigggﬁ.eA;o% o120 ld e 116.

Once the voltage potential “applie€ ) ate 10_§ sur pass
characteristic vdesage qgnmdhoh Hitlingtl14 §foupked tobe amreziongl0dhannel 106

forms in the sibghisatend@Qohnideer Aibeogdrain region 104 and the source
region 102. Fornmation of the channel 106 permts conduction between the

drain region 104 and™fPeendiRy ereratian gt sowegyaltage peiptiaHvdgiigishl (1 ds)
can be detected upbetween the drain region 104 and the source region 102. A voltage potential

is then applied to the gate 108 via a wordline 116. Once the voltage potential
applied to the gate 108 surpasses the characteristic voltage threshold (Vt) of the

20  MOSFET a channe} 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 (Jds) can be detected
at the drain region 104.

25 In operation of the conventional MOSFET of Figure 1A, 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 1B. However, since the electrons
117 are trapped near ﬂqe drain region 104 they are not very effective in changing

30 the MOSFET characteristics.



at the drain region 104. 25 In operation of the conventional MOSFET of
Figure |'A, some degree of device degradation does gradually occyr3 fiN 7008
MOSFETs operated in the forward direction by electrons 117 becom rig
trapped in the gate oxide 110 near the drain region 104. This efféct is
illustrated in Figure 113. However, since the electr 7 e trapped
near the drd ™" on 104 they are not very effecti \Fg'p[i%ﬁmé#éﬁg{ ng 30 the
MOSFET characteristics. 5 03,JUN 2005 WD 2004/001856 PCTI US2003J014497

Figure 1 Cillustrag I15st3RE Blsvokt {&l ng%tﬁ i pg the
square root of the %ﬁfré;irl\ltﬁs% nalpo(l %é%‘ﬁ‘{ja es_r?s% htg%e rail %regi on versus
the voltage poweithegurenysgyal d69) ikt 4 edrayegier Ferivh thegaltage 108 and t he

source region ialThe change 5 in the slope of the plot of Ids versus
VGS represents the change in the charge carrier nmobility in the channel

106. | n Fi gur e(M@S) eptepished perasmihegaeO8 apd iheeource Frgingd 02 nThelfBamOSFET' s
threshol d vof t 30ge i3 \8k ik PRt §7, TR RIBEV GO RpreddnddtiddbhygeRPind thatgeapped in the

gate oxide 110 near the drain region 104, under nornmal operation, due to
devi ce 10 degr ST meRlityigithe chaseliiPe in a fixed trapped charge in the gate

oxi de 110 near the i €{paieNCl £UT APredddth theShiaRR1 dnah@iih 8 SOSFRIE Cchar ge
carrier nmobility in the chanpel. 106 for Figure 1 A havi n%Fno el ectrons

F
trapped in thegEpld yiageresitpe fiom slsstrops gradually bemg Wppedm ieLpte nobi lity in
t he channel 106xii©r10hbe ttaRaieREion DA, uddeSfotal opérationOdie & deBicbavi ng

el ectrons 117 trapped in th at xi de 0 near the drain 15 region 104.
s “shown by 0, CHRRR gfs syt el Haterd P Bt g, 1 s ¢ e
el ectrons 117 tralggich 108, Blope Dbresents iidehdrddkafiamobiliey itltha ciantie®?gi on 104 of
the convention FET,do .not significantly chan charge nobility
in the channe?gélﬁ%ﬁg‘?ga%%%@g%%ﬁgﬁ%c%ag’q[x%g 1&??%%&':? of stress
and hot el ect r cupre2dtsiting chadge onbiliGrimethe chameeh £06 for the tandantiozal MOSFEMOl d vol t age
shift due to theg - . t. l.ncl udes -
nmobi lity degr agﬁ??‘([)r%%ﬁ%' %Ile%g&&'é?ﬁ%aﬁg% @tgggﬁg?ﬁ%&éﬂﬁ%}%ﬁﬁ el ectrons
caused by thi sragiappbdhcihowyby ageehparison of slope 1 and slope 2 in Figure 1C, the

electrons 117 trapped in the gate oxide 110 near the drain region 104 of the

conventional MOSFET do not significantly change the charge mobility in the

channel 106.

There are two components to the effects of stress and hot electron
20 injection. One component includes a threshold voltage shift due to the trapped
electrons and a second component includes mobility degradation due to
additional scattering of carrier electrons caused by this trapped charge and
additional surface states. When a conventional MOSFET degrades, or is
“stressed,” over operation in the forward direction, electrons do gradually get
25 injected and become trapped in the gate oxide near the drain. In this portion of
the conventional MOSFET there is virtually no channel undemeath the gate
oxide. Thus the trapped charge modulates the threshold voltage and charge
mohility only slightly.
The inventors have previously described programmable memory devices
30 and functions based on the reverse stressing of MOSFET’s in a conventional

CMOS process and technology in order to form programmable address decode



additional surface states. Wien a conventional MOSFET degrades, or is
"stressed," over operation in the forward direction, electrons do
gradual |y get 25 injected and becone trapped in the gate oxide riehdUN G288
drain. In this portion of - the conventional MOSFET there is virtually no
channel underneath the gate oxide. Thus the trapped charge nodul ates the
t hreshol d volwage«mrsgs charge nobility only slightly. r€hesiomwensor s have
previously described programmbl e menory devices 30 and functions based

on the reverse stressing of MOSFET's in a conventional CMOS process and
t echnol ogy i n or ércomertipyr Feqeatitivnrdiotbes, XoB NSk saeBddEiond M@FﬁUN 2005

WO 2004/ 001856 PM@%Q@%hﬁgméﬂmﬁedeﬁeapdee&few&heamn(@@aﬁﬁw)ﬁﬂ ly, L.
Forbes, WP. Noble an Cl oud, "MOSFET technol og‘y for progranmabl e

address decode affdiRbBPLE093§H304, Rovgssugdasi U8 DejetNo- 6875:938) nltber
09/ 383, 804, now usasaR, msvekbrIid RAL&BkbeNaHicd maRible DR8I sohliBhs, vdi SCI Osur e,

however, did not descri be vertical multi ple bit cell solutlons but 5
rather address® d&@dsH¥d &ﬁiﬁeﬁ?ﬂFﬁ%‘j&l"F&‘ﬁwF?T%%s According to the teachings

of the present i nventA@&dm@Wﬂmkacm:&E&pr&mmb&nbﬁ A@AINESFRYs oper ation
in the reverse direction andg_utili ZIJ’l aval a t.electron injection
to trap el ect rong‘mﬁﬁ B eperagen B Bt’ﬁ“é“ﬁ/%ﬁﬁ““’@\ﬂ@ﬂ?‘ngﬂ‘f@“ﬁ?bgrammd
MOSFET i s subseqb&rietbyonaiedtat &drap ﬂle:tdfmﬂsibaire\miredxﬂe 6ﬁEdM0l$FEheWﬂlQ) el ectrons
trapped in the oxide are n pur ce and han to have
two different thr egﬁ&aﬁmvomgg? Fegbament erat%@ "F % (?21 "Etli\?DSFETs of
the present i iegkitons ippaiic the skigaark ncaathe kqprdeescscamnhee:mmhahave

convent i onal  MOBERTRurf BELLGH| Aol Bbes| AL 11800 ELIART e DS

electrons will remarn oxXI eSS neg tPve gate
vol tages are appﬂieecbsenﬂneenﬁﬁn @bé.@tsim&anm’lwss nutenlbbanroenmmalfromthe gate
oxi de when Pos!this éﬁ'ﬁ&lzg@taﬁow\é%ﬁv%ﬁgg% s AR R b FARUT € can be
acconpl i shed by negati ve gate ftages and/ or I ncreasing the
tenperature wt htr WlthF@aGé?iﬂée iless negpiveizald velpgesesa applisdh dhe r apped

el ectrons to be bRaRM HiieH: aa&kovh@h@mm%latébhamn%m%z ghdre  MOSFET.
(See generally, L. Forties, E_ Sun ders and J. Mol Field 20

i nduced re- em ssPIRESRreEPRIcdr Bragurg ?%Bf)%qiﬂ‘s’ﬁd@f applyipgrEetivg de | ectron

Devi ce, voltages and/or increasing the temperature with negative gate bias applied to

cause the trapped electrons to be re-emitted back into the silicon channel of the
MOSFET. (See generally, L. Forhes, E. Sun, R. Alders and 1. Moll, “Field

20  indoced re-emission of electrons trapped in Si0,,” IEEE Trans. Electron Device,
vol. ED-26, no. 11, pp. 1816-1818 (Nov. 1979); S.S.B. Or, N. Hwang, and L..
Forbes, “Tunneling and Thermal emission from a distribution of deep traps in
5i0,,” IEEE Trans. on Electron Devices, vol. 40, no. 6, pp. 1100-1103
{June 1993); S.A. Abbas and R.C. Dockerty, “N-channel IGFET design

25 Tlimitations due to hot electron trapping,” DEEE Int. Electron Devices Mitg.,
Washington D.C., Dec. 1975, pp. 35-38).

Figures 2A-2C illustrate are useful in illustrating the present invention in
which a much larger change in device characteristics is obtained by
programming the device in the reverse direction and subsequently reading the

30 device by operating it in the forward direction. '
Figure 2A is a diagram of a programmed MOSFET which can be used as

a muitiple bit cell according to the teachings of the present invention. Asshown
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vol . ED-26, no. 11, pp. 1816-1818 (Nov. 1979); S.S.B. O, N Hwang, and
L. Forbes, " Tunnel ing and Thermal em ssion froma di strl buti on (ﬂfgj ‘(mpmg‘r,
traps in SiQ," |EEE Trans. on El ectron Devices, vol. 40, no. 6,

1100- 1103 (June 1993); S. A Abbas and R C. Dockerty, "N channel IGFET

design 25 limtations due to hot electron trapping,” |IEEE Int. Electron
Devi ces M g¥Q2'*"#¥%f ngton D.C., Dec. 1975, pp. 35- 38‘3“"15?‘138%%"7% 2C
illustrate are useful in illustrati ng the present invention in which a

much | arger ch Vi 51 t pr ogr amm ng
the device in %@%@%%&é@geﬁﬁ gnts angl§ St gdg%gﬁ?‘f gsurrg%gcf‘%o t he 30
devi ce by operaﬂuchgasatﬁrstmomtrédrilmemnélohﬂBmmdsource/&agme@ow;asda di agram

of a programmed, mg%omb@{; uﬁmme&ms&aa&ﬁ@ %DJ)%&&@'

according to the tea ngs e present 1 nventi 7 03 JUN
2005 WO 20041@@%856@@“0@3@@0@# MMW&WDF?M@B Eﬁlﬂﬂﬁ@ sowkce i pl e bit cell
201 i ncl udess a MBS ok he MGG hRBE se2H 5o &Esnbégonazoﬁmc g.rssaource/dra' n

region 202, a second source/drain region 204, and chann regi on 206

bet ween t he f| fdepin ragiep 2 deribe MOSFER/ %ﬁ@@m%trﬁmaws 204. In one

enbodi ment , hdafed EroR QbW b E4nel r8didh 7088Y @BateB3dd 716! UURS nBnHRlES S region
202 for the I\/DS ET and the second source/drain region 204 includes a

drain region 28833 someledodhefst spresfiran rraiop g0 98 & SFPPYBIFBISES” a gate 208
separ at ed fromphére 4Ghanped to'thdeid shifelititregal 040X SR edbSdiméntf 1 1 St

transm ssion line 212 s coupled to the first source/drain region 202
and a seconét ﬂ%?rﬁé%%%‘f‘ﬂﬁﬁ‘°n@ﬁ§°]‘2dfﬂaf°é“°6’6t?&l 28pdthe sepnd rapiicB our ce/ dr ai n
region 204. | njadmciesdadimetla. 10 the first transmssion line includes a
sourceline 212 and {he se ond t ,a]n%m'eé g line .ipcludes a bit line 214.
As stated above, THFRORYG mp %t 108 isegmprsed 8t yPEamBed g r anmed
MOSFET. This pmMOSFETIEHis Wﬁﬁehmmmm’ma@&ﬁﬁﬁ‘a@ﬁﬂﬁﬁhﬂe@a&he gate

oxi de 210 adj acent t he f| sour drai n 02 .such that the
channel 15 regi’ oﬁ %%) djaceat i '#f%’gtsmf?co cﬁa"breg'toﬁ?@e% tg‘atr%égcihﬁ? Vtl) and a
second vol t &§e regidnr266 hasladirst egltageithiestiol regipn (B aodasroedd v204ge [ n one

embodi ment, th%&ﬂ&ﬁ&?o%ﬁ%%ﬁﬁe%%emstﬁeongéh?od%%e%ﬁargé‘ﬂbacem to the

first source/drainre
trapped in the gate oxide 210 adjacent to the first source/drain region 202

includes a trapped electron charge 217. According to the teachings of the present
invention and as described in more detail below, the multiple bit cell can be

20 progranumned to have a charge stored in at least one of a ﬁrs-t storage region and a
second storage region in the gate insulator 210 and operated with either the first
source/drain region 202 or the second source/drain region 204 serving as the
source region such that the multiple bit cell 201 will have a first voltage
threshold region (Vt1) and a second voltage threshold region (Vi2) and such that

25 the programmed multiple bit cell operates at reduced drain source current.

Figure 2 A illustrates the Vt2 in the channel 206 is adjacent the first

source/drain region 202 and that the Vil in the channel 206 is adjacent the
second source/drain region 204. However, the invention is not so limited and in
one embodiment Vtl is adjacent the first source/drain region. According to the

30 teachings of the present invention, Vt2 and Vt1 vary depending on in which
direction the multiple bit cell is operated. In this manner multiple bits can be
stored on the multiple bit cell 201.



includes a trapped el ectron charge 217. According to the teachings of the
present invention and as described in nore detail bel ow, the lJUN%Uﬁ
bit cell can be 20 programred to have a charge stored in at ast “one of
a first storage region and a second storage region in the gate i nsul at or
210 and operated with either the first source/drain region 202 or the
second sour ce/ogho@omsieegi on 204 serving as the source reegsRmkesideh t hat
the nultiple bit cell 201 will have a first voltage threshold region
(Vtl) and a second voltage threshold region (Vt2) and such that 25 the
progranmed nul tiple Higwedh is agipgrasaiablpiorcaplaiging themesthed dpwhick theur r ent .

Figure 2A illust mmTtohﬁlemuglp!%utca@Z@%%%l’ese%gﬁwén%oﬁ%%gent the first
source/drain region 202 and that the Vtl in the channel 206 is adjacent

the second sour POPERHECA 3shF b mbodimsnte ofdthe pressrt inveptiont Asshawg imot so

limted and in Bﬂ&reQBhEHihmtmc‘lﬁdasﬂrSgrﬂﬁhﬂ%ﬂiatM@mTflhEﬁatver?éjur ce/drain
regi on. Accordj ﬁ@to the 30 teachi g of t resent invention, Vt2 and

Vil vary deperdi FGECBIR itiegrapine thy METET dhthe f?éerfﬁﬂ“tef’tﬁﬂ“én%dfs alving| s
operated. In thi Sﬁﬁﬁfﬁﬂﬁgepﬁﬂnﬁﬂml(ﬁobﬂr’&rﬁr&gﬁiﬂZbﬁoftﬁéHO@ﬂE’pnhtohe mul tiple bit
cell 201. 8 0 3 JU@I 2005 004/ 001856 PCT/ US2003/.014497 Figure 2B is a
di agr am sui t abl e ?ﬂ“’é‘“){‘bla?aﬁ ?rﬁlfh@ PaBRE PAIGRI2bY W’i’i“”c‘?’i@ﬁé“’“l@%ﬁ%’l‘s of the

multiple bit cel M(mETﬁfchidHEgr@fneﬁgﬂfc dtaﬁMGgiﬁﬂMoﬁ&BMESFEWa@QfoﬁzﬂﬁEﬁd to

achi eve the enbodi nent.s A0 t he pres vent own in _Figure 2B
the method i ncl ugés g%ogr SERR K ]Bf'enpe?ﬁ{}%gl})é'fs ‘?pﬁl ?q?éisl‘?%'rr?éc%"“cﬁogégtl on.
Programm ng tHe mwmhmmmmm afiplyieg § se0indivalidgd gatentdPPL wiokg  a
Ebodi ont 292 POLERLlonbha 1ufeedf il L B0 ic00Rle ARSGNTTRRIC 10 one

enbodi nent, appl yi ng iTS e al 8 region
204 of the MOSFET¥ sounsiregias2(g Pﬁﬁmbﬁqii'gﬁi"m sldwaiimFigeg RBNA29% potenttahe MOSFET

as shown in i 0y 2dhiredtts SEAORM oY Bl &&%%&O#O&gm{m%%edt%h R/ ied to a

source region 202 of I'n one e I ment I'ng a second
vol tage pot ent i aPotepiak¥GY meludesguplinge patgitiphwigaas i&ﬁ@@dwe@pﬁwmgg a high

positive vol tﬁgep&%ﬁlr\t’:! IRV ) summnm%stmw&,ﬁmrca& me?c%maf«o% he MOXSFET,
as shown in Figure 2B. Eﬁﬁgﬁ’ﬁe potential VGS is applied to a gate 208 of

the MOSFET. In oRfEMeifs enfhralraimregion Piftaed the spurerasnemi®udés a vol t age
potential which imwhabEnirban, bPGnsMe GRE sdehd A @ate potentials (V1, V2, and

VGS respectively) to the MOSFET creates a hot electron injection into a gate
oxide 210 of the MOSFET adjacent to the source region 202. In other words,

20  applying the first, second and gate potentials (V1, V2, and VGS respectively)
provides enough energy to the charge carriers, e.g. electrons, being conducted
across the channel 206 that, once the charge carriers are near the source region
202, a number of the charge carriers get excited into the gate oxide 210 adjacent
to the source region 202. Here the charge carriers become trapped.

25 In one embodiment of the present invention, the method is continued by
subsequently operating the MOSFET in the forward direction in its programmed
state during a read operation. Accordingly, the read operation includes
grounding the source region 202 and precharging the drain region a fractional
voltage of VDD. Ifthe device is addressed by a wordline coupled to the gate,

30 thenits conductivity will be determined by the presence or absence of stored
charge in the gate insulator. That is, a gate potential can be applied to the gate

208 by a wordline 216 in an effort to form a conduction chanmel between the
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15 potential V2, but which is sufficient to establish conducti@gs'{gﬂ m@e
channel 206 of the MOSFET between the drain region 204 and th

region 202. As shown in Figure 2B, applying the first, second and gate
potentials (V 1, V2, and VGS respectively) to the I\/%FET creates a hot -

el ectron in ectlon |nto a gate oxide 210 of the ND§ t to the
sour ce regl‘J PPOHIS1359 1 ot her words, 20 applying the f |C|§e5§%g§@%§ﬂd and gate

potentials (VI, V2, and VGS respectively) provides enough energy to the

charge carrier %our&agdth%'d%ﬁir%@&fsas&ﬁnb%&hﬁ&ﬂéﬂﬁéﬁﬁmﬁﬁ{g%@eﬁﬁﬁwhanna 206
that, once the _char ge carriers are near the source region 202, a nunber

of the charge ORANGEFS get excited into the gate oxide 210 adjacent to

the source regi on 2QgvevElehdv infie ploBRmBiRd QAL thedoiddd86PdBndel ZBREd. 25 I n one
enbodi ment of the resent i nvention, the nethod is contlnued by

subsequent |y ofMPPFRT vildavasdiEr yoliage iuprshaidiegiap BV 1d) dicemt ihe n it s
progranmmed st atdn xdgiaﬂ ﬂg: aad § Sea6hdoPRdga thrdiold AR (URNgiatenttdi@ie r ead

operation includes grou n he .s e.region. 202 and prechargi ng the
drain region aSPFect¥Yhal asg’fﬁtl ‘g %ﬁf:%ldrﬁ‘ﬂlﬁ‘ema’é???@@”ﬁ%k“h ressed by
a wordl i ne couplaethct@dibh® tmaaéﬁhmgswtmb&&mmmmanwwmmstaygrudrl be

determ ned by the pre t edc |nt

i nsul ator. That' °]|‘4§Ethé“5§§§“"b%’f§ﬁtﬁ‘5fe%olhmsl8° Bbrf‘?c T‘ﬁé%ﬁte 208 by a
wor dl i ne 216 i rx@ea2Hf dfdidMOSFETGdRat ©odedoats egiocp@nnel between the 9 0 3
JUN 2005 2004/ 0 1856 PCT/ 17 03/ 01449 e_drain regions
as done wi :Aﬁ addres}éogma hd"gaé’agf convenﬁlqngﬁg{sfgﬁ%ﬁ/lahgffs %However

now i n its progmaeeidan sizwh 804 tenos zwoitdgegivicotinl,olr drrimaolot2B6(VAIS) séthp MOSFET
will have a fir %gg %ﬁg td & <G e 5 drain
regi on 204 and g&vgéeng%én o}s{;‘g‘g%@%%ﬂgﬁ (riegldcr)grt\ (Vt2 § (}jpg{acenit1 to the
source region Z@gys. X@belpbmm&mﬁﬁgmthw%mmﬂlﬂ sggpnect i on
with Fioure  2henfCrfl fhaGdd i GACRE G50 IPFRERSEM biyent | on. the

Vt 2 has a greater voltage threshold than due to the hot electron

injection 21¥ m*ﬂﬂedeﬁlz;larteeesee&ﬂvaemmoebeh@ﬁerwtmﬂéé@mﬁo t he source

region 202. 10 vﬁﬁ&%ﬁﬁ&@gﬂaﬁm@d%@rﬁﬁom@éﬂcﬁﬁ Sof U Pr&Bkt nieatital (1 ds)
detected at the_ second source/dral n re%ﬁ‘ 04 versus a voltage
Vi MOSFET,

potential, or dPEFEVEIST feprgeents thysaydugtion beavior of the programmed
described above in connection with Figure 2A, according to the teachings of the

present invention. As shown in Figure 2C, for a particular drain voltage, VDS,

20  the current signat (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 according to the teachings of the present
Invention. Again, this is attributed to the fact that the channel 206 in the

25 programmed MOSFET of the present invention has two voltage threshold
regions and that the voltage threshold, Vi2, near the first source/drain region 202
has a higher voltage threshold than Vi1 near the second source/drain region due
to the charge 217 trapped in the gate oxide 217 adjacent to the first source/drain
region 202,

30 Some of these effects have recently been described for use in a different
device structure, called an NROM, for flash memories. This latter work in Israel

and Germany is based on employing charge trapping in a silicon nitride layer in a
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between the second source/drain region 204 and the first sourcqjyggnqmﬁ
region 202 (lds vs. VDS). In one enbodiment, VDS represents the voltage
potential set up between the drain region 204 and the source regi on 202.
In Figure 2C, the curve 15 plotted as DI represents the conduction
behavi or of a conventional MOSFET which is not programed according to

t he t eachi ngwoobostetnesépr esent i nvention. The curve D2rceppsesantts t he
conducti on behavi or of the programmed MOSFET, described above in
connection with Figure 2A, according to the teachings of the present

i nvention. As shB%CqﬂhenF?%%hEemng“%? SEUTIP-cFrarengrlly, B- Fibmetdde, VDS, 20

]'Ehe ;:ﬁrrent si gnatha&dci@ﬁ%h_?_ﬂ@ﬁ@ﬁﬁrﬁﬂﬂ&tmécb& Eﬁ&%?@y%ﬁu&ﬁ{&koﬁi S‘]?;{e]:egl ?R 204
rogra C i gni fican ower an the

CSII: r ente s!ogngl W%&%é@?@ﬁ%@‘{%’% Plst N&é/loﬁpa?% ¥&gi on 204

Ior L_he con;/e[\ti mwzoomFﬁmmlcmnmmhowmwmmdppa@c“ mgdlt ng Eo me
eachings o e i nvent,i ai s is attributed to the

fact that the th W@ [218‘65 &‘ﬂfe gE&fg SFETR oMot dPPpr esent

i nvention has tws4y$is @ue. MEihﬂigdUaﬂpﬁglxﬂﬂﬁcoamdnﬂd”@te ihsaRtoyOlds @ge

Vol tage ¢ hr eshol bmEOieT Ebp MK Batsh st P AP S g B et o

the charge 217 t Df;ﬁmm;bnﬁu@totbevxga,t\ﬁﬂ@xmd'e 18917 ppdpacen ] chiuge trip@ing it St

sour Ce/ dr ain r egllugunum OéldF%Qr enagﬁae feclgagﬁm %f f Fﬁb§ m@%\ée Jcﬁgﬁes:qt y been

described for use In a evice structure. °NROM  f or
flash menori el FEdneslly, &t $zr Phasiesiof Semibgrdaabr Dexivek, @remy igipgsed on

enpl oyi ng char ge itr Q0 0.3 JUN
2005 V0 2004/ 001 B pe BEIER B Dotk skl nMiBleo ibefb b T T
devi ce struct ur eiscfaggpoinfaiateptain gpte imBula®ist(sen gerterally, L. ForvGlead Acteesid, zat i on of

Channel Hot El ectmﬂo&mlﬁgﬂu% lﬂ‘Xpst”hﬁi ﬁ%&bim@?hguﬁ S8Ger 91 2 |
device," | EEE El ectron Devi ce pp. 56 558, (Nov.
2001); B. Etian et allncontagiighe a&ovﬂ)whﬂpedwmtzr@anmn&pﬁplpﬁ@es 2-Bit 5
Nonvol atil e MyT0pyglaliing 2 MESEETEL @ 6dvE9NAiLIBNINGS trhPdbbrge inVPhirst ofd, No. 11,

pp. 543-545, (Nov. 2000)). Charge trapping in silicon n|tr| de gate

i nsul ators was t FRSCPAFIERSE ToRisR AL hF G ipplaia aiarepeehsT iR P2 eRPices (see
general ly, S. Szesurdeliy:s @gion. Ofhe REDSFEIRENISE R62riRM R opSfitbdEM cithr Y., 1981,
pp. 504-506), Ch%rre%gont guglp t%!itr;'lgel\lJBSP'EThasastorage density of 1bit/iF%. The

MOSFET can be operated with either the first or the second source/drain region

20 serving as the source such that a charge trapped in the gate insulator in either the
first or the second storage region, adjacent to the first or the second source/drain
region serving as the source, will provide a reduced drain source cuomrent. The
MOSFET having a storage density of 1bit/1F? is based on a modification of
DRAM technology.

25 Prior art DRAM technology generally employs silicon oxide as the pate
insulator. Further the emphasis in conventional DRAM devices is placed on
trying to minimize charge trapping in the silicon oxide gate insulator. According
to the teachings of the present invention, a varety of insulators are used to trap
electrons more efficiently than in silicon oxide. That is, in the present invention,

30 the vertical multiple bit memory cell employs charge trapping in gate insulators
such as, wet silicon oxide, silicon nitride, silicon oxynitride SON, silicon rich

oxide SRO, alumninum oxide Al,Q,, composite layers of these insulators such as

11



al um num oxi de gates was the nechanismused in MCS nenory devi(cgdUN 2088
10 generally, S. Sze, Physics of Sem conductor Devices, Wley, NY.,
1981, pp. 504-506), and the present inventors have previously disclosed
charge trapping at isolated point defects in gate insulators (see
generally, L. Forbes and J. Geusic, "Menory using insulator traps," US
Pat ent 6, 10 M8 § s5ed Oct ober 31, 2000). In cSTTUFOPPET he above
wor k, the present invention disclosures 15 programm ng a MOSFET in a

reverse direct Io%emthén%nmsmﬁﬁ@of&xéeaha{h%ﬁax%m%mo%ﬁﬁ%%u%w age region
in a gate |nsul at or ad acent either a first or a second source/drain

regi on. The - Odea il theshareyiEpaing gificineyiof fiison dj rect i on
such that the MEI)! t@Sw@ucﬁﬁﬁfoﬁﬁgcQ@f&$blhébn%mh@rrcéﬂlgosﬁe II% of MOSFET can
be operated with either the first or the second sourceldrain region 20
serving as the SUGHRMeanNTfat a charge trapped in the gate insulator in
either the f$irst omg‘ira@Ammas&ﬂeaagﬁommlqlamg@lk@ﬁgéﬁengl@othe first or
t he second source/.drain erving a F source, Wi ll provide a
reduced drain $B ‘E@‘B‘Eﬁﬂh@ﬂ 9ﬁ? °f7\9m‘fmf‘é19 ﬁé}‘“é”%"‘tm@‘ég@é%l ty of

| bit/1F2 is baSﬁChmgsoﬂthﬁdteﬁhﬁ&hh@D AkhowdRAMLRGANME OGiical RRORY | Or art
DRAM t echnol og

Pur ther the. onyROETEIeA K BHE) SitRPLF o - Beler e on  Lrying Lo

m nim ze char géMDBEBp)mg extending eutshidlyiom a)snbdﬁtegaamemmosmnml Accordi ng

to the teachin t he ese V. i.on. a.yvarie i nsul ators are
used to tragb %%eac%?tgﬁusm%?%r é’foF:a((g:hl % m%ﬁ%ﬁhﬁelﬁ%dﬁ ! %e@ That is,
in the present aihmrémﬂ¢p@d1(n+3@t)ph3mntavueHMﬂdem@pbirtcgnmermiey cell

I h t. d
ST oon i cr P adiORRR 00 cllod il it Seco R Bl B Ser g &2, '
al um num oxi de cnpedgeeicndihisddcated indyecveica pillahbeteeen e first trod the su_ch. as 110
3 JUN 2005  WWO,20044,004836 r %&Q%Q&%’o@gﬁp ve?}“ﬁ%%h%n tfla” si licon

nitride, or oxide and then m num oxi yers as

oxi de- ni tri &e- ebefimenipg Figre o achin pRRs Embﬂﬁgméhefqh@mehegom?r%m l'i con

oxi de may be | @ya saehsiiso 0y astlbﬁ,c&aasa@onggée &fmel&&ealgnfaf bifdGsifl £ ONPOSI t e
| ayers of silicon oxide and nitrid gure | lustrates a verti cal

NREM 301 havi ngoamd FioRgeS dBifSieEyodhent showa 1o Figure, he gate msulaor 307
includes a gate insulator formed of an oxide-nitride-oxide (ONO) corposition

307. In alternative embodiments, discussed below, the gate insulator 307

20 mcludes a gate insulator selected from the group of silicon dioxide (SiO,)
formed by wet oxidation, silicon oxynitride (SON), silicon rich oxide (SRQ), and
silicon rich aluminum oxide (Al,O,). In one embodiment, the gate insulator 307
has a thickness of approximately 10 nanometers (um). In other embodiments,
the gate insulator 307 includes a gate insulator 307 selected from the group of

25 silicon rich aluminum oxide insulators, silicon rich oxides with inclusions of
nanoparticles of silicon, silicon oxide insulators with inclusions of nanoparticles
of silicon carbide, and silicon oxycarbide insulators. In still other embodiments,
the gate insulator 307 includes a gate insulator 307 which includes a composite
layer selected from the group of an oxide-aluminum oxide (Al,0,)-oxide

30 composite layer, and oxide-silicon oxycarbide-oxide composite layer. In still
other embodiments, the gate insulator 307 includes a gate insulator 307 which

includes a composite layer, or a non-stoichiometric single layer of two or more

12



one bit per one photolithographic feature squared (IF ) unit ar%
according to the teachings of the present invention. As shownUj n-‘%ﬂ&%re
3A, the vertical NROM 301 includes a vertical metal oxide sem conductor
field effect transistor ..(MOSFET) 301 extending outwardly froma
substrate 300. The MOSFET 301 10 has a first source/drain region 302

whi ch in thiwomsetassnel enbodi ment includes a heavilpcrdspede§sn#) n-type
region layered with an n-type doped region. The MOSFET 301 includes a
simlarly structured second source/drain region 306. A channel region
305 is |ocated |“H‘eE“F?ése\9"éFeE‘iﬁE’§I‘heﬁunafSI]Efé’P@gHtaP’I‘}@ (P8¢ 23AY™ e  second
source/drain regrgns, 302 and 306 respectively. As shown in the 15
enbodi ment of Fi gure 3A _a gate 309 is separated fromthe channel region

305 by a gate insul Eigt 3B nstrates pnelqchioal sayvalens ARy 48 tsrvetifd vert i cal
pillar oppﬁSl ngmd&z:ilﬁ@ﬂ@lm&mﬁ?@@&yl nad sheweiiragia BB firgthown i n
Figure3, the gate insulator 307 .inclu te insulator formed of an
oxi de- ni t ri de> oXPHENEeREe 3(96?{‘&83‘?'?‘11%93%%?“ T%‘ngqgi 8‘65 *@fBodi ment s,
di scussed bel OWuaﬁéﬂﬁssﬁﬁﬂ& 31isLHoa;n@1rto 818 Zecdf soncb/dg@Sedon PRt eThensuI at or
selectedfromthe di oxi HOAR fo ned

oxi dation, sili&BH %&?ﬁl‘f’?”iﬁ y?sé%wmsﬂt oé?%af’s oXI d%“( géa

silicon rich al L’m‘v N, Gix ihel em§olindOEI Figore mdweertboghtmmatorﬁﬂubldg;ane

[ nsulator 307 % fiyd ggégag??ﬁrofmgww%?mg%& OnANPIRLEI S (nM . I n

ot her enbodi nment’s, ins I'nc es a gate insulator 307
sel ected frongt hethgﬂhmptndéoftﬁ!ﬂ)@mt@mﬂﬂmrcsmal um num oxi de insul at ors,

silicon rich oxides W bleRlthallss 8ine HABARRERCE! £evifcal | 1 CON si licon

oxide insulators with 1 nc u5|ons of nanoparticles " of silicon carbide,
and silicon oxy@é@ﬁﬁ'ﬁd"esPWW&MOSFE\TERVMEI“WW°%WMIWH% the gate

insul ator 307 ingl yds stfém&gél%glbmélaﬂa9§w§xﬁ7sm%s:égmhasdmﬁ?a@ conposi te

| ayer selected fromt gé an oxi de-al um num oxi d Al 2(B) - oxi de 30
conposi te | ayer sl ﬂlﬁ@%‘tﬂ?’“@k?‘ﬁ%}“ﬁi‘% Y ihedTet SAPETEE | ayer. In

still other 1¢nbagisa@adess of RANGFLE oo icdfceBbhin defi6h 104QGd @e gat €
i nsul ator 307 which_ includes a co osite. | of a non-stoichionetric
singl e | ayer of SPiRBY Beragrgpeon 359 ‘SC?dJS FRIRF 28D Q"%"é’%ﬁﬁ%ﬂ%
PCr/1JS2003/0 1449gzo;m@t erheaieﬁgr&fi&mhedsef:dsxmmowge reifod i prévfides ifdrisgaoial ( Si) ,
titanium (Ti), rgatlons%?g raé. erence 1$1 -Il-mc embodiment of Figure 34, is not intended to be
limiting, and altematively the first storage region can be associated next to the
20  first source/drain region and the second storage region can be associated next to
the second source/drain region,
According to the teachings of the present invention, and as described in
more detail below, the vertical MOSFET 301 can be operated in either a firstora
second direction, e.g. a first and second mode. That is, the vertical MOSFET
25 301 can be operated with either the first source/drain region 302 or the second
source/drain region 306 serving as the source region. As will be understood by
one of ordinary skill in the art upon reading this disclosure, the vertical
MOSFET operates at reduced drain source current when reading a programmed
charge state stored in either the first or the second storage region, 340 and 350
30 respectively.
For example, in one embodiment the first source/drain region of the

MOSFET serves as a source region and the second source/drain region of the
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Figure 3B illustrates an electrical equivalent circuit for the vdld iJghi00s
NROM devi ce structure shown in Figure 3A. As shown in Figure 3B a first 5
transm ssion line 304 is coupled to the first source/drain region 302. A
second transmission line 311 is coupled to the second source/drain

region 306. The circles, shown generally as 317, reﬁ&r{esent charge traps
wi thin the Ygat"&"*H3Ul ator 307. Thus, in the enbodi FERESEPEHGUre 3A
where the gate insulator includes an ONO | ayer, the traps 317 represent

| ocat i ons Wher GOBFBELRNS: iHin Riof i 86 nidde ¥ dgdiatiod B Bl fki de of the ONO
gate insulator 307. According to the teachings of the present invention,

the vertical IoESEfrnregion of he HQFHEE derVESEEfraavsionpnd the$aso8d programmed in

at |east one @frcdukhinksdont B MUSSHETELOG 234 SoudRGeFonif § MREphQIeagEe I €Qi ON
350 in the gate insulator 307. In the enbodi nent shown in Figure 3A the

first storage Qfé’g‘f’éﬂ‘?“iS 340 is adjacent, or neighboring, the second

source/ drai B regi oRs3hBbeARderithtl byeCsTREISHOLAGE tHeQBuphh RRihd thisad] acent ,
or nei ghboring_the first source/drgi_n region 302. The designation first

or second st orH¥esye gidaReqrdngdp HriteRetings of hE prEmbivenfien. 31 $Snshi p ref er ence
in the enbodi ngitodiefentftheieftRalIMOSFET HAO4 stbrafeairal of éheldR ped dnd1 i Ng, and
alternatively the first storage regiQn can be associated next to the 20
first source/o‘?’ﬁ"?‘lmf’w MY T’h‘@‘?@@aﬂ‘a“&%‘?‘ﬁ@ teBmBEPHERI B associ at ed
next to the sageiidasedr Sedadfambothaly st stof@e fgidh NP 4xd thedwecoh@achi ngs  of
the present .invention as .descri bed i I ail below the

vort car - wiSrEoTaRs e e TR af Stk prmet 8 MOFHTIRRE tecong

di rection, e. gchaie pivgainmadih bebakeilstrothge regioaB4( s thelsecoud stbdagenl MOSFET 25
301 can be opeLated with either the first source/drain region 302 or the
second sour cefdrai n region 306 serving as the source region. As will be
under st ood by one AsPnexfardmaryskgldn khie ait will irderatand ypoo readipmthisng t hi s

di scl osur e, th(ﬁcho%ﬁrEth@Ahargbﬁ 2 %ﬁr‘@tﬁﬁa&&éﬁﬁﬁqﬁéfﬁ%@*{bﬁégume current

when reading a progranme e state stored i first or the
second st orl@geregienp49rmd B eeconddta®s regBo 3pQapatestaiygh Witage thresbddnpl e, in one

embodi ment t hewﬁénrﬂﬁtMéﬁgﬂ@gﬂﬁﬂd%&% DNdfRfent NSt soMEESARES rSfh\46s as a
source region and the second source/drain region of the 13 0 3 JUN 2005
or the second source/drain region 306 serving as the source region. Thus, in one

embodiment of the invention the channel region has a first voltage threshoid
region (Vi) adjacent to the first source/drain region a second voitage threshold
20 region (Vt2) adjacent to the second source/drain region which vary depending on
in which direction the MOSFET is operated, e.g. which of the first or the second
sowrce/dram regions, 302 and 306, is presently serving as the source region.
In one embodiment, the second voltage threshold region (Vi2} in the
channel is adjacent the first source/drain region, and the first voltage threshold
25 region (Vil) in the channel is adjacent the second source/drain region. ifa
charge stored in the second storage region 350 illustrated in the embodiment of
Figure 34, then V2 has a higher voltage threshold than the Vi1 when the
MOSFET is operated with the first source/drain region serving as the source
TEEION.
30 Thus, Figures 3A and 3B illustrate a change from previous vertical
transistors to now form an NROM type device along the sidewall with, in one

embodiment, an ONO gate structure. The nitride layer is used as a first and a
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WO 2004/ 001856 PCT/1JS2 0 O 310 14 49 7 MOSFET serves as a dr aiAﬂ3 r&@p@g
ina first node of operation, and the first source/drain regi A
MOSFET serves as a drain region and the second source/drain region of

t he MOSFET serves as a source region in a second node of operation. 5 As
wi || be understood by one of ordinary skill in the art upon reading this

di scl osure aR@ JInpesdl Ng to the teachings of the presgiiyd el 0N, iN
one enbodi ment the vertical MOSFET has a storage density of one bit per

one photolithographic feature squared (1Fr)- unit area since a bit can be
witten to, or sstood gdrge slomge regbll when theglavicd i etresded irlth¢ deeerfediredtiogt or age

crbodi mont s, ¢ he TERPER § AR eah g0 RIE AR e Mot e 11 st

enbodi nment s, es a ge prograrme
storage r egi on J@eng ol stoned ch@n@n@eﬁﬁpﬁgesemrr’égiovﬂc B80n. nﬁat@feﬂof ordi nary

skill in the ar torYMcEhﬁﬂk@ﬁ%é&rﬁﬁ%g%%v&?%@&u&@'uﬁursgﬁlﬁ.‘&'a@a? e, the

charge programmed in the at |east one of the f irst charge storage 15
regi on 340 ané tcheesmdbnrgrent arthgerrasddispions Ghese bapsistors agrapregiatedol t age

threshol d when tﬂg%M%FaEeh éﬁulgggr@ﬁggsd%sre@aﬂdhf?tc%@d ARG 8REctib S

source/drain region he second source/drain region 306 serving as
the source regi dbpt chppgsen qeﬁ“’ﬁﬁé“ ciEiFd PHnthawre! {This reyeiitheshlithe channel

region has a fi r&eacuakﬂsagﬁotsmea&beit%fd&@%mlghv;:hém@?haﬁ;@,nﬁternasthe first
source/drain region a second voltage threshold 20 region (W 2) adjacent

to the second sdthPEIFt¥S%F2r egi on which vary depending on in which
direction thaoMOSFETFigse ORalusts a portign ofdthastbrpdral B0 dckdribg Rrhd he second

source/drain reqi 2 and .306 resently servi.nq as the source

O o A R e per i O BeRay & PR ELbt BoPBgi on (VL2 i n

the channel i s ingjrativeatuwhiee of vertiRbl pﬂﬁtk[mﬁtﬂl‘rﬂli]@léﬁginaﬁoryaﬂﬁ dofher first

vol t age t hreshol d (Mt l) t he channe t the second
%iféﬁ%ll‘%ﬂoar d4{)i Efo(rlmed ac;fcﬁgm 10 the%gﬁa'gxia ?H)

source/drain regl B g ore e secon rage regi on 350
illustrated in tiweerpvodionresd onetef orfingy sigl! BiAhe arheil] abfir&idagpoa hi gher

vol tage thr esiol che 3t SN, o MASD o Deucd BRECT hp2staLgd v th the

first source/drain region serving as the s reglon Thus Fi gures
3A and 3B ill ustqf’h‘fﬂesaﬂ@ﬁlaag'éw#rﬂbrﬁiomaewsé‘efs4%rﬁ55|5b%t’rﬂmtf"r@f?§r‘*sthGrs to now

forman NROM typg#g\wk cEudl P, Lher sladenalale sgiﬂa;ahad b& B nidier of

trenches 430. According to the teachings of the present invention, the number of
vertical pillars, 401-1 and 401-2, serve as transistors including a first

20 source/drain region, 402-1 and 402-2 respectively. The first source/drain region,
402-1 and 402-2, is coupled to a first transmission line 404, As shown in the
embodiment of Figure 4A, the first transmission line 404 includes a buried first
transmission line forrned benpeath columns of the vertical transistors, 401-1 and
401-2. A second source/drain region, 406-1 and 406-2 respectively, is coupled

25 io a3 second transmission line 411, Thus, these devices can be formed in array
structures such as DRAM arrays, with bit or data lines as a common source line
and a common metal winng line.

As shown in Figure 4A, a channel region 405 is located between the first

and the second source/drain regions. A gate 407 is separated from the channe]

30 region 405 by a gate insulator 407 in the trenches 430 along columns of the
vertical pillars, 401-1 and 401-2. In one embodiment, according {o the teachings

of the presen: invention, the gate insulator 407 includes a gate insulator 407
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enbodi ment, an ONO gate structure. The nitride layer is used as a first
and a 14 0 3 JUN 2005 WO 2004/001856 PCT/ US2003/013197 second @005
storage regi on when the device is stressed in the reverse direction.- The
transistor is addressed and read in the forward conduction direction, the
presence of stored charge in the first or the second storage region, near
the first WO*¥f¥¥8econd source/drain region servi nﬁcﬂgszf"ﬁg%%urce, will
result in a large 5 change in the current in the forward direction. These

transi stors agelfRHRRSH Sup P YilbdidMHdi($iB)Tones by wbtidkidad, can be
stressed and/or tested in either direction t hat cha%r)(%: can be stored

SO
in either endsHigongrmitidefEaY), silipan Bl gxidg (RO} ppdpafpmumpn pXide (ALOS)- each

tran_Si stor 1o piffher éﬂ%@diﬂcﬁgsac&frdiﬂﬁfoﬁhé\%bjﬁgﬂf&i&%?esémiﬂ%ﬂﬁod,&]itsi ty in terns
of bits per unit area 10 Figure 4A illustrates a portlongﬁf a nenory

array 400 acc@piginggjaterstOf fnshudesepaisingyletopdO7spigcted fmunthe siopp eht i on. The

menory : n F_? gl&fhleoﬁ%h alufhi B OMRe iz%s}ﬂatéﬁsz §idoh Figh @:idwmtmlﬁmmfsiouﬁﬂi cal pill Sr s,
vertical multiple hit nmory .cells, and or .vertical MOSFEIS 401-1 an
401-2 formed é&@@?ﬂ?‘ﬁg’g‘&"‘lﬂhﬁh@éaﬁlﬁ? ’Hﬂgﬂ?ﬁ W%Elc}uﬁ?’?s°£ﬁ?’°1"%i"r?ti on. As one
of ordinary skifkiliconBarbid€ aad §licsh bkycapide Beilabe. npachdrmbediceng t hi s

di scl osure, the nunber of vertjcal illar.are fqorned.in..ows and col ums
ext endi ng out \ﬁ&?”m‘%gt?}hﬁ}ﬁa&h“égﬁﬁt@?%%mﬂ?m &’gﬁ%ﬁﬁsﬁﬁoﬁogure 4A, the
nunber of ver tidhaiks Pdolpadits Jayd (7. IInali et @inRnahe copypaitalard 48 a nunber of
trenches 430. .According to,th eachi.ngs ,of the.present. i.nyvention, the
nunber of i)’(9/e|“{‘ﬁ?"l§"éi"la Sé‘F&"“%B% °°g°‘h %&le-%?upggﬁ/%l%éaﬁ ra%lgi stors

iTEcI ]Eldl n? a fidxm;&éﬂpi_)a}}audmhﬂoskbmgcregidoﬁg:dﬁ@ngxmidﬁeﬂzidﬁ aefpect}yel %/

e first sourcel/drajn reaqi - ~ U oafirs
transm ssi on Icio'ﬁgwiﬁh).u@ g‘?ﬁgé\{nmlﬁ?\d%?%%%eng‘g%ﬁngﬁ%%g?&Fﬁgﬁr e 4A, the
first transm sgmmﬁttlam4%4rdm+smd@mrbl§ingle@ym pidwo orpengsm ssion | i ne
f or med: beneat h ol NS o\ Y6 drGborl SAMRIRNPNS), ufidfnsbufind 401-2. A

second sourceldrain region, ] 2 respectively, I's coupled 25
to a second5t r@mns i angtheremibpdiment;lapcordingie theteashipespbthe@Ese®an be forned in

array  Struct UpessGUGD ASinkIRAN48Y flhdes aifiokille-Birlde 8iad @NOY dates as a common
source line and a confron netal wiring line. As shown in Figure 4A, a

channel regi or®3®r#¥-| ocat ed between the first
Figure 4B illustrates an electrical equivalent circuit 400 for the portion of

the memory array shown in Figure 4A. As shown in Figure 4B, a number of

20  vertica] multiple bit cells, 401-1, 401-2, 401-3, .. ,, 401-N, are provided. Each
vertical multiple bit cell, 401-1, 401-2, 401-3, . . ., 401-N, includes a first
source/drain region, 402, a second source/drain region 406, a channel region 405
between the first and the second source/drain regions, anda gate 409 separated
from the channel region by a gate insulator 407. A first and a second storage

25 region, shown generally as 417, exist in the gate insulator 407 as described
herein,

Figure 4B further illustrates a mumber of first and second transmission
lines, bit lines or data lines, 404 and 411, are coupled to the first and the second
source/drain regions, 402 and 406 respectively, of each multiple bit cell 401-1,

30 401-2, 401-3, .. ., 401-N. In one embodiment, as shown in Figure 4B, the
number of first and second transmission lines, bit lines or data lines, 404 and

411, are coupled to the first and the second source/drain regions, 402 and 406
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and the second source/drain regions. A gate 407 is separated fromthe
channel 30 region 405 by a gate insulator 407 in the trenches 4B& JiN ﬂﬂj
colums of the vertical pillars, 401-1 and 401-2. |In one enbodi nent,
according to the teachings of the present inventi on, the gate insul at or
407 includes a gate insulator 407 15 0 3 JUN 2005 WD 2004/ 001356
PCTNS2003/ 0144%dssakrcted from the group of silicon decpistd@qisie2) fornmed
by wet oxidation, silicon oxynitride (SON), silicon rich oxide (SRO,

and al um num oxi de (A1303). In another enbodi nent, according to the

t eachi ngs of t heespriednelongpebymns pfthe mezgory gﬁﬂeAln%mf&fﬁPfdA‘B% f9fEl udes a

gate insul ator %Q»Zormle%iaeﬂdwmwe QEBL!{@ mlgémanlal&m Jed folineal um num
oxi de i nsul at ors, silicon rich oxi es W t i ncl usi ons O? nanopartl cles

of silicon, sil igaefoBsS eseh mplpie B éﬁllsaloﬂﬁfﬂf‘i"sl%@lsﬁﬁ“@ﬁén@f nanoparticles of

silicon carbide, andngielcbhion eqaralRbAfiFRalliishews thd deciitat her
enbodi nent, according to the teachlngs of the present invention, the

gate insul at of APPRCCHopTn (s@EaY, TA6 FRRST ¢ éirﬁté‘gﬁeﬁe“&@'?anslnﬁs?m‘%“é’ﬁbodl nent ,

the conposite | &y&lor 4 1idkd 40H&lAUTE Formh GATRDHHINA il BMRIhed Orfe GRbECT ed from
the group of an oxide-al um num . oxi.de Alzq,é§ ox| de co 0Si te | ayer, and

oxi de-si | i con o-¥puafief densnding wpan inedishsurgian | @F‘Stofﬁbélﬂ MW enbodi ment ,
the conposite | gpetardiibr istedsied 0F grundRQOPOIRictand dpplyin a4@i€ anddiraifl
non-stoi chionetric single |ayer f .t s selected from
the group of si [VPX&8h ?@e?d&?¥W5m°§ma\%ﬁfmuﬁnﬁcFé°ﬁ’ga n?“%%h(Ta) In
anot her enbodp MebhductBArg of Hé Fsibtor deltemiheia eidemgrivelyf the fsicpeagent i nventi on,
t he gate insul ato 07%%&%“ des an xuﬂde nitride-oxide (ONO gate

I

i nsul ator 407. PP 8 el ectrical equivalent circuit 400
for the portion of Ednexamﬂmm}onatmtmﬂmmmstmmtﬁnghr%g.amgrmwmm in

Figure 4B, a nu"%im%ﬁugn intflds'c \F)eg’igng Eél&h@n VJ&I;UOB%JR{) the g#g ﬂnmﬁator

401- 2, 401- 3, dre provi Eac rtica tiple bit cell,
401-1, 401-2, 4GLt:one or mpprlveNjcaliM@FRETs anddrappingsa chargs iny thefirghsigrage r egi on,

402, a Secon%sqeg. gﬁﬁre%@u&‘ﬁ%%a@ﬁot@seéaemgiwaﬁmlegoé%ﬂmbet ween t he
first and the second source/drain regions d a gate 409 separated from

the channel regicswmmy; dafa fandd | Wik daiven withgrhighyoftege eptentili VRIS &dond st or age
25 region, show,ORReAA} it 488 wihilbé hel4i Sdroind pbtBiRial alEeniatSueh aluRiple 407 as

descri bed bit cell 401-1, 401-2, 401-3, . . ., 401-N is addressed using a cell associated
wordline, e.g 413-1, 413-2, 413-3, . . , 413-N, hot electron ihjec.tion occurs

20 trapping a charge in a first storage region, within 417, in the gate insulator 407
adjacent to the second source/drain region 406. Subsequently, when the multiple
bit cell 401-1, 401-2, 401-3, . . ., 401-N is read in the first direction, data line 404
is precharged to a fractional voltage of VDD, data line 411 is grounded, and the
cell addressed using a cell associated wordline, e.g 413-1, 413-2, 413-3, . .,

25 413-N. The multiple bit cell 401-1, 401-2, 401-3, . . , 401-N now has a first
threshold voltage region (Vt1) adjacent to the first source/drain region 402 and a
second threshold voltage region (Vi2) adjacent to the second source/drain region
406, wherein V12 is greater than Vi1, and the multiple bit cell 401-1, 401-2, 401~

.» 401-N operates at reduced drain source current reflecting a stored charge

30 trapped in the first storage region, within 417, in the gate insulator 407 adjacent

the second source/drain region 406.
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herein. Figure 4B further illustrates a nunber of first and second
transnmission lines, bit lines or data lines, 404 and 411, areldalli 8 t o
the first and the second source/drain regions, 402 and 406 respectively,
of each nmultiple bit cell 401 - 1, 30 401-2,401-3,...,401-N. In one
enbodi ment, as shown in Figure 4B, the nunber of first and second
transm ssi W28 bit |ines or data |ines, 404 an8CTHINOMAHY coupled to
the first and the second source/drain regions, 402 and 406 16 0 3 JUN

1005 WD 2004/ 001856 F;SC%)/{,%SXKZWQ@%II?Q%%??ZOlr_Ieiggg’tJO\{SI Y, _43i_ﬁr1]glcol ums of the

menory array. A nu such " &s “wotdl’i nes 3-1, 413-2,
41;3-3, FAe 413rd§;mmﬂhdﬁl I ' I ir Gatitten %Jﬂ:cndmﬁéinwathédirztcﬁonmcrfm' 409 O}‘ each
multiple bit ce opg 1o t NOLY, A : rica

equi val ent ci r’%l?l"fcgloarcﬁl‘g’lsé"u&%seg %%cg\%%%%?'he aéﬁ"e‘g%?{iprcogq B c%frqtr?ecti ons in the
array. The nunbend difectidn; shiglavdtagegoenidh! (VRIDSappEedie theifgs, bit |ines or
data lines, 404 and .411, f \éi!rgl . hdbeldid bodlel one can be
gr ounded de%eﬁ%cé'gﬂ%f)c QPﬁgV\?r"ﬁt%hv |rec#q%1bqﬁg’t%%ans[t§?%r d|?§Il;bei ng

operat ed.  Theegianaié isgromdddsand rgats pachtiblis gppiiethiditegaisieondtmie and appl yi ng
a gate and dr %}eaeta\égl;%g}g.ch elxi)gt@gmtﬂl;go ﬁ@{hgsgcg&s%%@m@pd ground are

i nt erchanged an conductivity e transistor determ ned.

Al ternati vel y regitne ofibe vericabmpltiple bit eally &g seaprarinapekHl p o Bpposi te
direction. For,exauplen rdAind e SRR PRBLanfnild ih 8 beddhd difciirde, €. g.
progranm ng | r?p a fi r%?rdi rgcti on, includes cgr_leati ng a hot el ectron

i nj ection ilAt ducivses ereating ¢ bt glestrasinjecen Piodhesate ipgulais PELG AT cql  MOSFETS

and trappi g g, &Hakg8] bt 6it bk $1a sdonli AR gelregibie WM Indilaet Ne gat e
i nsul ator adjacent to the second source/drajn region. In this exanple,

data |ine 411 'RPpipg pebaxge intheseganditoresseginn idhe sttt atirgPtovpD, and  t he
ot her data |i nge fQ4oWed/drail epithlstthdtiat RhGnRBaLfIO bie bl iftead MARN a gi ven
multiple bit cell 401-1. 401-2,. 4ql]h- 3, b ias h4%\70ga ies_;_e aéjnd(&'f sed using a
cel | associ at SPoPHBiFreEfiorbe mpltigle jif gelijhas 4 frst thieshpigyoyage regic é N, hot
el ectron i njseciijebdit PR Hrst sdidcd/drip Pigiog 462 @b asgend threshold valtbgest or age r egi on,
Sourcel drai n PEPLRYUAOE - A LEqnen PyecAREI ALY AR o o1t
401-2, 401- 3, .than Vi2 403NMIQSFEE apbrites at tadnced drain selirgeaotrény wherghe the | | ne 404
first source/drain region 402 is operated as the source region.
_In this marmer, charge can be stored in either end of the channe] 405. As
20 one of ordinary skill in the art will understand according to the teachings of the
present invention, there is no interference between the two different storage
states since charge stored near the drain has little effect on the transistor’s
conductivity when it is operated in the saturation region. The devices can be
erased by applying a large negative voltage to the gate and positive voltage to the
25 first and/or second source/drain region. The coincidence of gate and first or
second source/drain bias at the same location can erase a transistor at this
location, but the gate bias alone or ﬁrﬁt and/or second source/drain region bias
alone is not sufficient to disturb or erase the charge storage state of other
transistors in the array. This results in the ability of each transistor to store two
30 bits of data and a higher memory density results in terms of bits per unit area.
Hence, when a multiple bit cell 401-1, 401-2, 401-3, .. ,, 401-N is

addressed its conductivity will be determined by the presence or absence of a
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is precharged to a fractional voltage of VDD, data |ine 411 is grounded,
and the cell addressed using a cell associated wordline, e.g 403-JUN 2005
413-2, 413-3,. . ., 25 413-N. The nultiple bit cell 401-1,

401- 2, 401-3,...,401-N now has a first threshold voltage region (Vtl)
adjacent to the first source/drain region 402 and a second threshold
vol t age regi owo udigséadj acent to the second sourcel dr acwvussgiooer 406,
wherein Vt2 is greater than Vtl, and the nmultiple bit cell 401-1, 401-2,
401- 3,.. ., 401-N operates at reduced drain sgurce current reflecting a

stored charge 3CMFELYPetinits e ar pqnd stoegiegpfadiaset hthe st itk 417, in the
gate insul ator 4echnd@shuaeARin redifitsefae Qi tle SQAe CidiladinRasiRgloonN 406. 17 0 3
JUN 2005 WO 2004/001856 PCTI US2003/0 14497 go%\t/ér sel %/ t he gﬁl tiple bit
cel | 401-1, 401-°9mRFllga referencyprdugymycell Jpd 5o felepfrd gsing f sepsq APARCT o, and
read i n a secondheiopetstioh ofDRAMBETst aihplifig is deffibal, O akangld, inaNS. Fap t hose
descri bed aboye..,T i7§_ \Qg 5%1%@0%%1”&“ n.a. Sﬁcond_gd%'rp%cti on, a hi.gh
vol tage potenti Al°%( e @g‘fra t o 7t $PERIE LETPLEFHICEBN regi on 402
of the vertical hmilahd pe@pdrittd iatferend: hereine Thewirag eauld eéhiugd baaddresse@gi on 406 i s
grounded, and a gate tential is applied } e.gate in arder to create
a conduction chéﬁ%@?d%éhﬁevcve vr?n{'%n%ﬁﬁn?egfmgﬁndbg‘ﬁ%p%g%@ﬁ?s ue(rac?%/drai n

regi ons of the veitpickit celivibiinpyebfadiian. cel | . As one or ordinary skill in
i L 3PP Sl Bl AAMAD el Soflh BELOR iy JREOBLACT 1O 11 @

second direction 10 includes creating a hot electr njection into the
gat e insul at é9 @hd teftdo wHRllyProgram pibcolle p deviads torbdve Fiplilar dsimatcbik| s i n a

second storage gl Oty T ob G IRR. LERRRUNGRAIREIS: ilihlirsecond

storage region in the gate insulator adjacent to the first source/drain
regi on such t hatdemEaselisisan #limtiplh) be prgramget fo hage the sagnejcgnduigvitysecond

direction the myauhdsPh&chiideic@e! has a first threshold voltage region
(Vtl) 15 adjacent to the fgl rst. source/drain region 402 and _a second

t hreshol d vol t adechipgsgf B PretmbiTventions g empe arplififfcandeteshapallstiffe@rdr ai n

regi on 406. her gu cetlor dévice@hRakteRibtics BlRAH stideindidel dnagreMaetide Oper at es at
reduced drain source current en the the first source/drain region 402
is operated as tHE*ETHE O PR s manner, charge can be stored in
ei ther end of the chmvnekmkddbmenf\fappiig a@hgeah thergahe iratiytos didcént tothd he art

wi 1 understand sg‘c%%g) go%c@%n%eéipnemglgﬁag gi;:r@%lsng%fnmtnpa? threshold voltage in the

Vt2 by approximately 0.5 Volts when the multiple bit cell is read in the first

20  direction. In one embodiment, reading the one or more MOSFETs in the first
and the second directions includes using a sense amplifier to detect a change in
an integrated drain current. When read in a2 first direction, with no charge
trapped in the first storage region adjacent the second source/drain region 406,
the multiple bit cell will exhibit a change in an integrated drain current of

25 approximately 12.5 pA when addressed over approximately 10 ns.

In one embodiment, trapping a charge in the gate insulator adjacent to the
first source/drain region 402 includes increasing a normal threshold voltage in
the Vil by approximately 0.5 Volts whenr the MOSFET is read in the first
direction. In one embodiment, reading the one or more MOSFETSs in the first

30 and the second directions includes using a sense amplifier to detect a change in
an integrated drain current. When read in a second direction, with no charge ‘
trapped in the second storage region adjacent the first source/drain region, the
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present invention, there is no interference between the two different
storage states since charge stored near the drain has little e JguN 2005
the transistor's conductivity when it is operated in the saturation
region. The devices can be erased by applying a | arge negative vol tage
to the gate and positive voltage to the 25 first ‘and/ or second

sour ce/ dr aM? P¥EPSH.  The coi nci dence of gate and fi PSTUSI Mg
sourceldrain bias at the sanme |ocation can erase a transistor at this

| ocation, but t e.bi. |. L.f1r S&qPsd source/drain
regi on bias a‘f"’ggéglgﬁsw}}&’ﬁlgﬁhﬁft%cqlﬁ%%mﬁdg"glg%?%? %Ic])rc erase the charge
st orage st at e approxgitdaety 12t5rietwhenaddressidrpverappmrimately IPiwss results in the
ability of each tr | stor.. APGhdbl hide @id a hi gher
menory density resg‘%ﬁswf%{df&eagﬁgﬁg{lﬁ?ﬁ%ﬂg% S‘F‘@?‘%&fé’?%g gHence, when a
mul tiple bit cdidclosut®guch arrayd of rpultiph it Glls are convamantiiréabzedddr essed its

conductivit e ) t &aiin f a 18 0 3
JUN 2005 V\é %@ﬂ%%d@%%f%lﬁz%ﬁgﬁgrge é%tggftggﬁ?sr?&t he first or
second st or ageinyesfdrorgatedpmiaton of thomulgple bit pelt ingJpdes pate inglpters gelestsfr ce/ drai n

region servi Yk iEier 12684 IO SfolRADY WethxMation; 80RAKIRE L O A
reference or um"(;}/l_kgxgluﬁ%g sg%t ected US| gg a sense anplifier. The

operation of DRENirsie RO Hlgep rich xide, ALORMBIPIE gYde, LofpPaste, mdi U, S,
Pat. 5 Nos. 5, §2%mtk8exided Wi PragiQR; Fodhtdl andh J06usfi] IMerddrl ustsgSibgnesd to M cron

Technol ogy Inc., and incorporated by reference herein. The array woul d
t hus be addPestps” Migier digcdpsue 7P Qgﬁ%’é‘ﬁl‘silﬁ?réffl Pﬁ‘ﬂ?FéPl’L?Qg(ﬁ' in DRAM s,
but progr anmedcgSentiohdl rbakistord¥ot adarekd decddp astl sapéeinplimeddzaBe The write and
possi bl e erase_feature could bhe used duri nlﬁ nuffaci.t ure.. 10 and test to
initially progfRbmaks pite gny Lerorbaeypa dn galp s&%"’%‘? S %9 nat chi ng
conductivity bef or gigifee SAIB 4@ afd wbfdl in lliukieitins the uield chiargensgirgptor s in t he

et ence o BT uRSi o S gbbe b B AR g hove e
invention, @ S&de@ngtqihe feachingCaithedteéses invention| Thidt isf Bgerc®sSB15 in cel | or
char act or | St 1 ORI A8 crHEe! PenSREra Ao RS KB EE T °° | appi ng a
charge in the gabréingmsthé Rbdingnef]legeestnt iryentivs. And, Figure 6 illustrates the
operation of a conventional DRAM cell 601. As shown in Figure 5A, the gate
insulator 502 is made thicker than in a conventional DRAM cell, e.g. 502 is
20  equal to or greater than 10nm or 100 A (10 cm). In the embodiment shown in
Figure 5A a vertical multiple bit cell is illustrated having dimensions of 0.1 pmm
(10° cm) by 0.1 pm. The capacitance, Ci, of the structure depends on the
dielectric constant, €,, (given here as 0.3 x 107 F/cm), and the thickness of the
insulating layers, t, (given here as 10 cm), such that Ci = €i/t, Farads/cm? or 3 x
25 107 ¥/cm®. In one embodiment, a charge of 10* electrons/cm? is programmed
into the first or the second storage regions in the gate insulator of the vertical
multiple bit cell. This produces a stored charge A Q = 10" electrons/em’ x 1.6
x 107 Coulombs. In this embodiment, the resulting change in the threshold
voltage {A Vt )of the vertical multiple bit cell will be approximately 0.5 Volts (A
30 Vt=AQ/Cior 1.6x107/3 x 107 =% Volt). In effect, the programmed vertical
multiple bit cell, or modified MOSFET is a programmed MOSFET having 2
charge ﬁppﬁ in the gate insulator adjacent to a first or 2 second source/drain
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second source/drain region includes increasing a nornal threshgifjv@hwgge
inthe WVt2 by approximately 0.5 Volts when the nmultiple bit c

inthe first 20 direction. In one enbodi nent, reading the one or nore
MOSFETs in the first and the second directions includes using a sense
anplifier to detect a change in an integrated drain current. Wen read

in a first digepbd@Rse M th no charge trapped in the fchgkopl@#0e region
adj acent the second source/drain region 406, the nmultipl emﬁj?ot cell wll

exhibit a change in an integrated drain current of 25 approximtely 12.5
A when addr essedepmesemppmsbmaetxeglyn,i\&hmnhbvhaonwéregmbb@ﬁarfeﬂwpmc apping a
charge inthe g uI at acent t he i.n region
402 incl udes mitﬁrees H&gg’&tp res‘lglhc‘%lg ERSHIH% ﬁ%‘){,ﬁg& allyby

appr oxi mat el y O.MMmevthemeﬁmtmmeqonummmdi rection.

I n one enbodi neng, .readi n %@E t 30 and
the second di rec{l 0 sagﬁlnéguécfesg%élglﬁ%ﬁ]ﬂgn 51 ig"%hrﬂéﬁmcfg%l:ct a change
in an integrdt eddweddminsenrsegnrent \loe A Qe qlwtremé:eﬁm dmersions on, with no
charge trapped jLp.t gg 'ﬁ rst
source/drain reg %rﬁlagfvﬁztﬁﬁg = %ﬁﬁbé%&%h WO 20%9?%%1&#%&

PCT/ US2003/ 01449c'hampiapp-|oem1ately 180 plectigps ip the)gate pisplatgr efthagaickln an
integrated drai mnaﬁﬁxesﬂaexpjdjacap&ﬁa%m&%me&o@ R HRSR Badr essed over

approxi mately 10 ns. one of ordinary skill in the art wll understand

upon readi ng thl#PW@PGBW@W%PHWI%ﬁ“%HWbl t cells are
conveni ent |y jgeal | Zegyda 5B s ORlithds ARLERNHOEARRAM LBNMI 88 YoveACCOT di Ng

to the teachings of the present invention a gate insuylatar,_of the

multiple bit cel Yeriicalpeitpie bigeailof the gissent ipyention | Asopeof orfipay B ther oup of
thicker layers O&ﬁn%&ﬁﬁﬂ%ﬂﬁmﬁmﬂdﬁkd&ﬁkmﬁmmﬁﬁﬁﬁwmym tride,
SRO silicon rich oxide, A1203 al um ntmag R‘;) @%%ﬁ%‘?rs and

i mpl.ant ed oxi desPSHEITVEL %R gefc volagr Bk R € <1 vt y using

i nsul ator 10 trap;ﬂtageMﬁm@d&hmﬂﬂﬁg@&s@ﬁﬂ,&heﬂﬂﬂhpﬁmgﬁmﬁgﬁéo 181

Cct ober 31, 00 nt| onal g‘ﬂa‘F torﬂnsésfec%;1 addws decode and sense
anplifiers calt b °g?“é’6‘ﬂ idd ?1 g RIS TR TP 0 gat e

i nsul ators of si kmmyns@bclsdme@%rsehu&&@mdmﬁﬁﬂ@pms@m’tmhemm

plustrating theyig gm&n&%ﬁuﬁt%ﬁ@g,%du%%kgfc}s%&mpmmwmbo modul at e

the conductivity o vertica
elcctrons in the gate insulator of the vertical multiple bit cell, having dimensions

of 0.1 pym (19° cm) by 0.1 um, will raise the threshold voltage of the vertical

20 muitiple bit cell to 1.0 Volt and a 1.0 Volt gate potential will not be sufficient to |
turn the device on, e.g. Vt=1.0 V, [=0. '

Conversely, if the nominal threshold voltage without the gate insuiator

chargedis % V, then I = pC,, x (W/L) x ((Vgs - V1)¥/2), or 12.5 pA, with uC,,
=nC, = 100 pA/V? and W/L =1. That is, the vertical multiple bit ceil of the

25 present invention, having the dimensions describe above will produce a current
=100 pA/V? x (1/4) x (4) = 12.5 pA when the charge storage region in the gate
insulator adjacent either the first or the second source/drain region serving as the
source, is not charged. Thus, in the present invention an un-written, or un-
programmed storage region the gate insulator adjacent either the first or the

30 second source/drain region serving as the source, can conduct a current of the
order 12.5uA and a charge stored in the other storage region of the gate insulator,

adjacent either the first or the second source/drain region serving as the drain,
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15 according to the teachings of the present invention. That is, gi ggrzﬁﬁg
5A-5B il lustrates the operation of the novel vertical multiple bd J I
501 formed according to the teachings of the present invention. And,

Figure 6 illustrates the operation of a conventional DRAM cell 601. As
shown in Figure 5A, the gate insulator 502 is nmade thicker than in a
convent i ondO R4l |, e.g. 502 is 20 equal to or JIEAEEUKREA 10nm or
100 A (10" cm. In the enbodi mrent shown in Figure 5A a vertical multiple

bit cell is il]lustyrat Vi i_rension fQ 11! ' ) by 0.1 m
The capaci tancwe#inés,lgmo q él%fg‘:?}hg@?%%}%’o 'e%él% gglc?gfllmtsﬁge&gcglg%nggt&ri c
constant, e" (gteaisnlalveradjacest Ghd the 6 of the Fécord soump/drainregiethieninzess of t he

i nsul ating | ayers, t LV I - 10’ . e 2001t
Farads/cn? or a)?(e Sﬁlgtelg%fg%r%%s ﬁenﬁglﬁéq%mn%ggd?un%gﬁ} n.{éﬁg l%;ldr%gtejﬁng 1012
el ectrons/ cnR ons operdigaa sk th the aat willtuhéerftind yporgeadingethis disdpsres thor age r egi ons

in the gatedi n%}%qég%%wéﬁDm%@mgwﬁ%&ggﬁu, c&fdakily gfilss produces a

stored charge _ ] ctrons/cr x 10"" Coul'onbs. In this
enbodi nent, t hech dfgmcenig carmterebe bitkuse t hreshold voltage (A Vt )of the

vertical multiple bilgeddopitirsbn, Ba SRRGAKABR AW o Maldrad A 30 VU = A
QG or 1.6 x 10" /3 x 10"" Volt). In effect, the programmed verti cal

nul tiple bit c@F)storage cappritorsichaigadtssiirmaColpmbs o). dhess g eyerRavi ng a

char ge trappedyd fedf heavdRbecukras h ale®it 186lis 36910 A0 Thishd ilisdhrad ivd Second
source/drain 20 0.3 JUN 2005 WO 2004/ 001856 PCT1US20031014497 regi on,

serving as ¥ segrection s Bignre & pshpim in Higrze & Siofpet 54 Efherge e o £irst
vol tage threshghgh chfeikd? Bodadd to)stoding 360,000 eRAEbnY.0l t age t hreshol d region

(Mt2), where Vt2 is greater than Vtl, and Vt2 is adjacent the first or

t he second source/ &cﬁq‘ﬂnﬁr@&%?ﬁchm%séﬂfmeﬁ@“%mmﬁ%&ﬁ@sf%' ® such that
t he progr amredarpofehklifp a613hisess patsive ok O StcHésal Basr d6fcecin r ent For A Q
= 10" el ectron i n the di nensigns i ven ahove, . this enbodi nent of
the present in@é‘%ﬁ%‘ﬁyﬁbﬁmﬁa Vg f)‘???@g‘?“gﬁ'ﬁﬁ’ﬁ‘eﬁ’ot?epéﬁﬁ?toxi mat el y 100

el ectrons i3 theenjat, & progath tie atmsistor U4 vequites oBlly a sworek thapgecn et cel |

adj acent .either,_the fir.st _or th e i ion .depending on
in which directidn The mi etglatﬁ él(ﬁ%'ls{’g@e tilggég%/ef?%?}e ege%ggdgl gure 5B aids
to further il sestee/dam redien ssomgus the sonrdsedfabous A 0Gdlectings ihby ateaisPdr t i cal

mil tiple bit cgbly Bl ' CoBiRRfYr sl PeROlk MragfRogRABr AL vAGA NArY SKill in

multiple bit cell is un-programmed, e.g. no stored charge trapped in therein, and

20  if the transistor is addressed over 10 nS, a current of 12.5 pA is provided. The
integrated drain current then has a charge of 125 fC or 800,000 electrons. This is
in comnparison to the charge on a DRAM capacitor of 50 fC which is only about
300,000 electrons. Hence, the use of the transistors in the array as active devices
with gain, rather than just switches, provides an amplification of the stored

25 charge, in the gate insulator, from 100 to 800,000 electrons over 2 read address
period of 10 nS.

The retention of the memory devices depends on mobility degradation,
which is for all intensive purposes probably permanent and trapped charge which
won’t decay with zero or positive gate bias. There are some design

30 considerations involved in that the easier programming with SON and/or SRO

insulators will result in shorter retention times.
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art will understand upon reading this disclosure, if the vertical
multiple bit cell is being driven wwth a gate voltage of 1.0 Vﬂlt{}@\%m
and the nom nal threshold voltage without the gate insulator c z;?r di's
"AV, then if the storage region in 15 the gate insulator, adjacent
either the first or the second sourceldrain region serving as the source
region, i s chagrdesiee transi stor of the present inveptiooeonddds be of f
and not conduct. That is, by trapping a charge of approximately 100
electrons in the gate insulator of the vertical nultiple bit cell, having
di mensions of 0.1 glXiauee 7 awegonygevice is ilpstrajed accprding ¢o thisadhingsafhol d
voltage of the uRrhi&alinelidUirid iburbbdict 9 chlinda BOh @z 1.0 Vol t
gate potential wll not be sufficient to turn the device on, e.g. Vt =
1.0 V, | = 0. COoRYerdseiumn depodem 44, 18 AP sempy Baiigrirgt 144g&bani t hout t he
gate insulator R£OP8FyHH2 Hhsids oftapfitalityofbeGeal oultfelnlt cXu fdiVas, - Vt) '/ 2),
or 12.5isA wth C" =isC = 100 jsA'V' and WL =1. That is, the
vertical nult P plfamsdeccering tohe teprhings ofthequessnt invention whgss, wasdlinen 8% he

di mensi ons descrdndgit BRQ760 M EdrrnfnBdite e dintd tows Rld cblumns, HiPecBMyY X (1/4) X
('/) = 12.5 A when_the C?(?étﬂl? st orage re7<sgi on in the gate insulator

adj acent eit her &IPS G AL EHH A S TE FOBFLRAAT e 7086 WLeEr vi ng as
the source, isdneﬁtmlaar«mdtswmuﬁesisnaiehenqactamﬁmermu&ea&oman .
un-witten, or up:, progranmed siorage region, the gate _jnsul ator adjacent
either the fi rst‘g‘m&?ﬂ’g°ﬁ%§°ﬁ%%&%ﬁ@ég??ﬁﬁg@‘\#‘%g as the
source, can dondnaiorpdevite 740nd ednnédue to e ltimd 2echbdeA74B)sknee apifige stored in
t he other storage region.of th e insul at or. diacent either the
first or the secdRl a5 pudr racr Pagise Saf bimn el i e, 21 0 3 Jun
2005 WO 2004/ 0Chidaie ilaek/ Rl 00 Ble@dedodyrrayw42. not significantly affect the
conduction. If the p?ﬁédoﬁﬂlﬁ %&%@%%o.@%awme S0 Empi B GrchP34 ator.

adj acent either the first or e second source/draln region serving as
the source, is chagsogtel apdepiumriselestersnileen cotnrintselpdt dindsi762.cBlielsenat | | not
conduct As oge %ﬁﬁ&@lr&ﬂﬁﬁ?&&{u%sih%pﬂt&atﬁ%e&&gdM&Lm@ﬁg@ﬁ%m@on readi ng

this disclosure, the 5 sense anplifiers used in DRAM arrays, and as
descri be above, ¥seata el fepatheapemosypmay d4 et iamyespit V@i detedints on the bit

lines. By way o0f74800Ra s réffror the RNESWNARh P Aay PRAM AhidabingdDwér@ Nt oFar ad

(fF) storage capacitors chargded to 50 fentoColunbhs (fC), 1f these are
read over 5 hne 780 (via the row decoder 744), which couples all of the memory cells

corresponding to that word line to respective bit lines 760, which define the

20 columns of the array. One or more bit lines 760 are alsc activated.. When a
particular word line 780 and bit lines 760 are activated, the sense amplifier
circuit 746 connected to a bit line column detects and amplifies the conduction
sensed through a given vertical multiple bit cell, where in the read operation the
source region of a given cell is couple to a grounded array plate (not shown), and

25 transferred its bit line 760 by measuring the potential difference between the
activated bit line 760 and a reference line which may be an inactive bit line. The
operation of memory device sense amplifiers is described, for example, in U.S.
Pat. Nos. 5,727,785; 5,280,205; and 5,042,011, all assigned to Micron
Technology Inc., and incorporated by reference herem.

30 Figure 8 is a block diagram of an electrical system, or processor-based
system, 800 utilizing vertical multiple bit ceil 812 constructed in accordance

with the present invention. That is, the vertical multiple bit cell 812 utilizes the
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uS then the average current on the bit line is only 10 AL This is
illustrated in 10 connection with Figure 6. As shown in Figure §3 siNhiiihg
a 50 fC charge on the storage capacitor equates to storing 300,000 -

el ectrons. According to the teachings of the present invention, the
transistors in the array are utilized not just as passive on or off

SW t ches a3vQeH98Pas devices in DRAM arrays but ratPGEUSHENHPT ve devi ces
providing gain. In the present 15 invention, to programthe transistor
"of f," requires I tqred chargge.i.n the. rage reqgion in the gate

i nsul ator, adj %%ﬁ?%mga{?ﬁéﬁ?%ﬁ dgeﬁ?%%ms%@%‘%ng%ﬁ & rain region
servi ng as t heFigoes2ee, Theproa&edrtbaskd ByselnfOD nap be 4 fonipher stea, 4 s 0.1 m by
0.1 pin. Conversel if the parti.cul st o reqgion th ertical
Tl ¢ ple bt CRPEeEmtasiset P Al ol SrloOE s bSO 1
therein, and 2Qemdry.t Tte systeamn@iOstabides sceattid posesaus oL PUPSNIS;.g.22 current of
12.5 isAiscprovided T 'n;ﬁg rai (S char ge of
125 fC or 880,‘8‘(56’@6%5%%“:1%%5% |%ﬁ%§'ﬂhﬁ’ﬁ%@°ﬁ%gﬁl{u§%#ﬁ%§gﬁgﬂgﬁgrge on a
DRAM capaci t or/@fievi® 8683 wehi s $2& Iombsp beirderd that 3ebuolR) edyde o saes. Hence,

t he use of the LaSEALS cbdd 0l hArdkse _M%,Mibpfg wi th gain,

rat her than ju%fibﬂ%gm%td?heé% pro{)/l?)ges g‘n*arrp%s?ﬁ catfon _o? the stored 25
charge, in thecogeanienderpyrpioses oply, thetyaB200Bs pesn gheradis e iagle P over a read

add_r ess peri Ogc&hﬂb(he{r‘i& 815%11%@&%ﬁ9n&fne&%ry%ﬂg£ﬁéeﬁﬁw ces depends on
mobi lity dg%r adation, which i1s tor all intensive purposes probably
T

per manent afd inyempere dThe Rroceseorpted pystepsiR0 canddse Anpludes rad,ealtmgPorposi t i ve
gate bias. hem@wsq;;m&&ﬂ(ﬁ?a&@é@ﬁwmmmﬂy%ﬁwmmn that the

easier programmng with S insulators will result in shorter

d
retention timedd amm@d%ﬂ@@@&%r@%bﬁﬂbe1%%%&526@9@14497 In

Figure 7 a npnmngg-@{ggﬁggi@ashgd@m‘aﬁﬂdhmordi ng to the teachings of

the present invention. The ne y .device 740 contajns menory array 742,
row and col um decéﬂﬁpgcwla‘%@%ﬁsbﬁ%ﬂ%“gﬁ%‘ STE t 746, The

MENDry array 74hd comitbdigiats cad becpredlided aind tht e muBéry idedds 800 hisibpéne bit cel |
CEllS 700, P, SRR ALn b B PT he BSe R oo
and col ums, reiipad{ROMI8Y2 includes a programmed MOSFET having a charge trapped in
the charge storage region in the gate insulator, adjacent either the first or the
second source/drain region serving as the source, such that the chanmel region
20 has a first voltage threshold region (Vt1) and a second voltage threshold region
{(V(2), where V12 is greater than Vtl, and V12 is adjacent the source region such
that the programmed MOSFET operates at reduced drain source cumrent.
It will be understood that the embodiment shown in Figure 8 illustrates
an embodiment for electronic system ;circuitry in which the novel memory cells
25 of the present invention are used. The illustration of system 800, as shown in
Figure 8, is intended to provide a general understanding of one application for
the structure and circuitry of the present invention, and is not intended to serve as
a complete description of all the elements and features of an electronic system
using the novel memory cell structures. Further, the invention is equally
30 applicable to any size and type of memory device 800 using the novel memory
cells of the present invention and is not intended to be limited to that described

above. As one of ordinary skill in the art will understand, such an electronic
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The bit lines 760 of the nenory array 742 are connected to the sense
anplifier circuit 746, while its word lines 780 are connectgqmmfﬁe row
decoder 744. Address and control signals are input on address/control
lines 761 into the 10 nenpry device 740 and connected to the colum
decoder 748, sense anplifier circuit 746 and row decoder 744 and are
used to gai n weadyenpss Wite access, anong other thinggyatRededSerENOIY
array 742. The columm decoder 748 is connected to the sense anplifier
circuit 746 via control and colum sel ect signals on colum sel ect |ines
762. The sense 18stampin Yeifdricged io smple-pABagepomtssing viitspurtevatana suelst i ned f or

the nenory array : : h:ﬁ' n@ rray 742
over input/out pu%e&ﬁfﬁgga%h?}ghr#%%éﬁ%%&g@?‘I&ﬁxﬁé&% ea %%ﬁh%e cells of
t he menory arr aypreessotandaletriapery deyices word |ine 780 (via the row decoder
744), which coupl es ally;Qfodk et SBAPEY n&E dhSnors HiLESRORALP hat word
line to respective bi_tpbll.i n%s.(%‘nGO, H?vxjiﬁ]i ch def i_or?g the 2 ‘%gé& %‘r’fgﬁgo%f t he
array. One or “no#sdessibed i hisgisplgreineluds elsgtrenic Systermeldr usefemeRery par t i cul ar
word |ine 780 anglodiis, deliBediviGhotemulel, Vot Rinicdie mo AR EprBRL: f i er
circuit 746 connected to a bit 1ine colum detects and anplifies the
conduction sens®adueat gaplicatigp-srepiliy Bpefyieggnd may fichdempitilayere| | | where in

the read operati gaitHiemodMdl S&hlcRElie) taR furBer®e ¥ @ibcEBpdnelt S £QMBHGFL O A
grounded array plate (not shown), and 25 transferred its bit line 760 by

measuri ng the poBEfPRSFYsHPs.sithen g goget isisiop el BRane-¢@F8eRahi t | i ne 760
and a referenme tdmpetedVi Slforittile, RE indbsirhdl amtrbM@stéth, tan birdd&h, addWherper at i on of
menory devi ce sense anplifiers is des rilbed, for exanple, in U S Pat.
Nos. 5, 727,785; 5,280,205; and 5,042,%%’ | assigned to Mcron

Technol ogy | nc., and Utiliefibpof ahatifidationof fvell estbiisHa@ DRAM tedfolbiypade 8 i s a
bl ock di agram of _an electric system .or processorsbased. system 800
utilizing verticaoWMierys %%loﬁda}ééﬁe prpgﬂ‘f%%%os TEE ™t F8888r dance with
t he present i nveodcipgran arbheaf 4F sgyarddhvehen giewedciadm shok¢, iopdach toankistodtiak aB12
utilizes the SginiR éqgﬁé- . 497 nodified
DRAM cel | as %ﬁp#ﬁ? Ogg%ﬁh%&d%%crl ed | %&%g%gﬁ%{#!ﬁ%%g@g tl%%ﬁe wth

Fi gures 2-4. Thedpptydeysditfiygedd Fsquared mi8gea. (11 islyec minioomprgtobrablsyst em  a
process control gyehigidkapniEdiheRiolSS heYRhRR e AUnidod. BFReessor and

associ at ed

particular CMOS technology is 0.1 micron, then the data storage density is 10
Gigabit per square centimeter.

20 It is to be understood that the above description is intended to be
illustrative, and not restrictive. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
imvention should, therefore, be determined with reference to the appended
claims, along with the full scope of equivalents to which such claims are entitled.

25
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menory. The system 800 includes a central processing unit (CPU 802,
e.g., a 5 mcroprocessor, that comunicates with the vertical mg yipgiss
bit cell 812 and an 1/0 device 808 over a bus 820. It nust be noted that
the bus 820 may be a series of buses and bridges commonly used in a
processor-based system but for conveni ence purposes only, the bus 820
has been il |vughi &t®AnR8 i@ Single bus. A second I/O device 810 is
illustrated, but is not necessary to practice the 10 invention. The
processor-based system 800 can al so includes read-only nmenory (ROV) 814

and may inclyude peripheral devices such as a floppy disk drive 804 and a
conpact di skH(CD)ngﬁ%fc&[ngpg%)%‘tPﬂétcog}pé’éln@ommni cates with the CPU 802

over the bus 820’ @oerigatlih a0 niBordificRitid dfectbhhsi: ARBSRRIR! o0 bY

those skilled in the art that additional circuit
si gnal s can axéengingoutedrdinfrdm hsubstrite, thre MO FFEE hiavieg a0 shasrdegdrain

sinplified tg help focus on the invention. At | east one of the verti cal
mul L1 pl o bi o888 P PR KRy & repborn et g be et S iaing o

char ge {1 apnegordsoutdiinsfiaeiens bl g @ReRA bk IR BaLSI I B QT

adj acent either the first or the sécond source/drain regi ving as
t he source, sgtechselaier; t he channel region 20 has a first voltage threshold

ar eater than vt & TR EORFSon ARSI AN Bl e cbisgh o hat the
programed MOSFETa ehdiassnibsisCINC ShpIHdab IS QEbA® shied/Gfin reffon | | be
under st ood that the enbodi ment shown in Figure 8 illustrates- an

enbodi ment for el eeregrihe MOYSEERisH progianmyed MQ§HEhhavieg acokake menor y
cells 25 of S invent i.0 re used.. The.illustration of system
800, as shoy%gé} _ng "‘i%ugegdgg gfg}iogeioﬁ?gﬁgégorf‘%e rﬁglggiaag aa?e@‘ﬂ'l‘l{e?t%rlag%m"standi ng
of one appl iifighd @ite indnlatdriand Shérdel With &iHer tHel 5 doycerain18piBh &5 AR
invention, and is not intended to serve as a conplete description of all

the el ement $e¢and souke(draig region serringeas themsourepyregiomsuetsibatithehe novel nenory

cell struct t Lhvent| ks.equal ly 30 applicable to any
size and tygggé?m%eg&h??’sggw}g}ag%g&q ﬁ%q%gﬁaﬁﬁg'%o&%%/c%??&j@d cells of the
present inventi orwhereinittide firsttagd decbnti @oleeldiath t@GorisuftthaMaleser i bed

above. As one of ordinary skill in the art will understand, such an
el ectroni c SHAeE sQuIreidrainegiopwiihauseoend© SHET. US2003/ 014 4 9 7

2. The multiple bit cell of claim 1, wherein the first source/drain region of
the MOSFET serves as a source region and the second source/drain region of the
MOSFET serves as a drain region in a first mode of operation and wherein the
first source/drain region of the MOSFET serves as a drain region and the second
source/drain region of the MOSFET serves as a source region in a second mode

of operation.

3. The multiple bit cell of claim 1, wherein the first transmission line

includes a buried bit line.

4, The multiple bit cell of claim 1, wherein the MOSFET includes a charge

programmed in both the first storage region and the second storage region.
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system can be fabricated in single-package processing units, or even Qﬁ a
single sem conductor chip, in order to reduce the cormuni cat i on{i Judl 2003

bet ween the processor and the nenory device. Applications containing the
novel menory cell of the present invention 5 as described in this

di scl osure include electronic systens for use in nenory nodul es, device

drivers, power 'TEIQSWHQ. j s r dul es, and
applicati on\-lgs?peci I cﬁﬁ%lgu es, gﬁléﬁ%l’%%ghﬁﬁﬁﬁga%gﬁ O™ ti chi p
modul es. Sucdjacentahe first seane/Htain Fegion) andiwherleirouip eaind sedrage regiongty of

el ectronic systens, such as a ¢l ock, a television, a cell phone, a
personal 10 HTHEE SecQnd SONTSHEEHN KRickn | ndustrial control system an
aircraft, and others. Conclusion Uilization of a nodification of well
establ i shed DRAM technol ogy and arrays will serve to afford an

i nexpensi ve renorheduvitipte bifvad] ¢ff daisi 5 tvaresein decehpygeaprogragandd indkhe squar ed
when vi ewed frﬁm above each transi.stor E{as an 15 area, of 2F squared

Si nce each dFasheRse c@é‘% rc_gfrgf’ &'OF346 TBeIPR apd, CHSEUMINIPEY LRGP i s one
bi t f or eachs Hifh S6AEIrUIA whef the MOSFET i BEcicl MR c\éf;i‘llbﬂirﬁ% he

phot ol i t hographi c dinension in the particu of og

particul ar GMBSeAdeainmegioygr ths secohd spwce/drain tegior feevidgbatlwtsouage density
is 10 G gahit. per square centineter. 20 It is to be understood that the
above descrirfﬁ’f’ n is intended to be illustrative, and not restrictive.
Many ot her enbodi ments will be apparent to those of skill in the art
upon review ng the above description. The scope of the invention should,
therefore, Be detlermuéigledit ¢ellafficdaimnk evherein the gappmedatbr has ai ns, al ong

with the full. scope.of equivaleats to which such clains are entitled. 25
25 0 3 JUN ifﬁiﬁg“"sg\ﬂg%l’ﬁf%"&agﬁq%iﬁnf‘%".mef?”s&m?}érti cal multiple bit cell,
conprising: a vertical netal oxide sem conductor field effect transistor

(MOSFET) extending outwardly froma substrate, the MOSFET having a first
source/ drai 8- r edib§rmulipleciviell efslaimel, avhgrein thegdatminsualatoh amhedesraggiteon

between the jfd§58 @idiiom the group of silicon dioxide (SiQ;) formed by wet
oxidation, silicon oxynitride (SON), silicon rich oxide (SRQ), and silicon rich

aluminum oxide (AL, Os).

9. A vertical multiple bit cell, comprising:

a vertical metal oxide semiconductor field effect transistor (MOSFET)
extending outwardly from a substrate, the MOSFET having a first source/drain
region, a second source/drain region, a channel region between the first and the
second source/drain regions, and a gate separated from the channel region by a
gate insulator;

a wordline coupled to the gate;

a first transmission line coupled to the first source/drain region; and

a second transmission line coupled to the second source/drain region;

wherein the MOSFET is a programmed MOSFET having a charge
programmed both a first storage region and a second storage region in the gate
insulator and operated with either the first source/drain region or the second

source/drain region serving as the source region such that the channel region has
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second source/drain regions, and a gate separated fromthe channel reu%i on
by a gate insulator; a first transm ssion |ine coupled to t he 0§ 4% 2005
source/drain region; and a second transm ssion |line coupled to the
second source/drain region; wherein the MOSFET is a programed MOSFET
having a charge programmed in at |east one of a first storage region and

a second stof age vﬁﬁﬁe%esﬁdldtrgg‘?oﬂﬁg) iargﬁégn?{(?%e g sﬁgﬁgﬁﬁ'ﬁg r%gi&%] 28! ther

the first source/drain reglon or econd source I'nTregton serving
as the sour cecombvaltngs tirhshdiditegidre(Vip)y afjacenmedhdfohd somes/dias repion educed

drain source gurrent: and wherein.both the first _and second source/drain
regi ons of t¥W Ck&%ﬁ@ﬁpeg Bg anan ¥ gien theMESER Tis operatedeatshd  MOSFET.

2. The nultiple bjyherefl the #rstGb@icBdain Y!ggdﬁda tﬁ@gego%jﬂ? uR QMG S L& N

region of the MOSFET serves as a sour regi on an e secon

sour ce/ dr ai rofrthg MWPSIET sheze a MID8RET asecondsoascerainaegion egpeniviely forhi r st
node of operation Wrein the first source/drain region of the
MOSFET serveasseﬁgn% I'M"regi on and the second source/drain region of

t he MOSFET serves as a source region in a second node of operation. 3.
The multiple bit cell of claiml, wherein the first transm ssion |ine

i ncl udes a bifti edTlig multipleebit gell Fhelaimu® .t wireinbihe seeind wafitage thireshdld wher ei n

t he MOSFET i nci a_chanrge .progranmmed in both,the first storage region
and the secol?ig] Ogggr&e;dlé ee‘aﬁg%efl lﬁg‘ﬂﬁcegr%lﬁrgéﬁgme .ra“i*ﬁ%g‘ﬂ’ﬂrlﬁ“i%m%bergpt cel |
of claim 1, mbgigivoltigeahfdshslt rédion aUA) bk @Rarkre] AUGERAL tht Recdnlir St

source/drain region, and wherein the second storage region is adjacent
the second s®Ure&rgnaegion.agidorhergn Vikbanahigher eltage thresholdthao ithd W15,

wherein the r ] 1,04t h t east oqne of .the f.irst _charge
storage regi ‘gﬁ&atﬁg %gﬁ%@g@;ﬁ% r%tfg% ?’E‘g‘éﬁ? gﬁlk 5%“8?@’33%5‘390&‘ $YRe 8biFage
t hreshol d weenrdehegidISFET i s operated with the adjacent first

source/drain region or the second source/drain region serving as the
source region. 7. The nultiple bit cell of claim1, wherein the gate

insulator hag a The multiple bit cell of claim 9, wherein the gate insulator has a

thickness of approximately 10 nanometers (nm).

12. The multiple bit cell of claim 9, wherein the gate insulator includes a gate
insulator selected from the group of silicon rich aluminum oxide insulators,
silicon rich oxides with inclusions of nanoparticles of silicon, silicon oxide
insulators with inclusions of nanoparticles of silicon carbide, and silicon

oxycarbide insulators.

13, The multiple bit cell of claim 9, wherein the gate insulator includes a

composite layer.
14. The multiple bit cell of claim 13, wherein the composite layer includes a

composite layer selected from the group of an oxide-aluminum oxide (Al;03)-

oxide composite layer, and oxide-silicon oxycarbide-oxide composite layer.
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t hi ckness of approximately 10 nanoneters (nnm). 8. The nultiple (b};i(t cell
of claim7, wherein the gate insulator includes a gate insul alarJUN 2005
selected fromthe group of silicon dioxide (SiQ2) formed by wet

oxi dation, silicon oxynitride (SON), silicon rich oxide (SRO, and
silicon rich alumnumoxide (A 203). 9. A vertical nmultiple bit cell,

conprising: 13, verttesalitiphl Bit cOKbASaife, GRBALE HRY cohipdlsie BiEemnlabansi st or
(MOSFET) extendi ng outlvrﬁv‘a% dI(;/ frorr?la substrat e, %Ohe&;l\s/[%FlgT ﬁ]a\}lltdnﬁga first

sour ce/ dr ai rFompegitolayera o2 pomdtomdioroeyid siagle layayiod two ar oroaameateriabgi on
between the fjr and.the second saurce/drain.regions, apd.a gate
separated f rsg%cféﬁg O, G5, =L pup %fg:ﬁllg Onﬁﬁaggﬂmtﬁh@gé%?mnh%r dline

coupled to the gate; a first transm ssion line coupled to the first
source/drain region; and a second transm ssion |line coupled to the

second sour dé/ dr akh¢ melgiplabit celhefrcdaim 3, vehemisErRRAts ingulstasgnenedasd: MOSFET
havi ng a chqﬁ‘gﬁ R 3 f&e%&%ae.%xfd r( orage region and a second
PR &%e ggge I {Gr an@‘

storage region nsul-ato operated with either the first
source/drain region or the second source/drain region serving as the
source regign such that the channel region has 27 0 3 JUN 7005 a first
vol t age t hr édhol d* PISHISH afrey,|cpmpaisiagent to the first source/drain region

a second vol tage tlhﬁ]ﬂ%? e o Vit ] h cond
source/drain r egiaon ?% ﬁeélggyﬂ‘gigégn@ %egiggg&:ﬁﬁﬁl\%htf%{% ag}lﬁsgr&?? %‘Hj t he
MOSFET is opeparhted by areflchashehakin dable vértitatm@ltipledst ebllbinbludegi arstand t he

second source/drain region of the MOSFET share a first and a second
sour ce/ dr ai ORE FREAQb @SECRNd soprcsidraip regien gorhpmmt magion betwege theul ti pl e

bit cell of fﬁ%t%ﬁ‘t]?e setBfd g’&ﬂﬁeé‘&x?ﬁ ré?ﬁ)ﬁ?%nﬁ%l ?@&Rmfeﬂsé?&{lq%engu hgn (Vt2)

in the channel 1's adjacent t sgurce/dral i region, erein
the first votdiamgby tlgateshsilator,egi on (Vtl) in the channel is adjacent the

cpeond | sourcel ol b ASULan, GMNELoln W2, has B Nuaher ol a0
sour ce/ dr ai RadPRuRIpISER KEINGIoRS chitfins 9P HeGReth6F #Hy;
a number of word lines coupled to the gate of each multiple bit cell along
rows of the memory array; and
a number of second data lines coupled to the first source/drain region of
each multiple bit cell along columns of the memory array;
wherein at least one of the multiple bit cells is a programmed MOSFET
having a charge programmed in at least one of a first storage region and a second
storage region in the gate insulator and operated with either the first source/drain
region or the second source/drain region serving as the source region such that
the programmed MOSFET operates at reduced drain source current; and
wherein the first and second source/drain regions of the MOSFET share
both the first and second source/drain regions respectively from another of the

vertical multiple bit cells.

18.  The memory array of claim 17, wherein the number of second data lines

include a buried data lines.
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11. The multiple bit cell of claim9, wherein the gate insulator .has a

t hi ckness of - approxi mately 10 nanometers (nm). 12. The multiple i3 Juhef0d
of claim9, wherein the gate insulator includes a gate insulator
selected fromthe group of silicon rich alum num oxide insul ators,
silicon rich oxides with inclusions of nanoparticles of silicon, silicon

oxi de insulat orsm/gr}l%g igﬁ%'&%?alﬂflﬁ fh'e(M5§FEfr ﬁ%lh 41 b| de,

and silicon oxycarbi tors nmul trple bi cI aim?9,
wherein the pgagrenmresluhémdrthleﬂ'xrttts(tesgaegmnmpdshd&cbmyﬂbrag&tﬂegla'ﬂﬂe mul tiple
bit cell of claim 13, wherein the conposite |ayer includes a conposite
| ayer selected fromthe group of an oxide-al um num oxi de (A1203) - oxi de

conposite | ayer, %b%ﬂyldf%%qwa?g}gf fiie! f{%%%\,\ﬁ%g layer. 28 0

3 JUN 2005 15. The nmulti'ple’bit cell e conposite
| ayer incl u@dﬁcantdbmﬁwlsowceldm regom, andwhersirothe Isecmmﬂtstarﬁgsnegginesl ayer of
two or nore terli glecteﬁfro mthe group of silicon (Si), titanium
(Ti), and t &HeSFRIHS 556PD 9%l e bit cell of claim9, wherein
the gate insulator i ncI udes a nmultiple |ayer of oxide-nitride-oxide
(ONO). 17. A menory array, conprising: a nunber of vertical nultiple bit
cel I s extendilng f¥hsrmemenimrtayafslaam@0, wherairathe dhivge pragrahesd 1mﬂgrae| n each

verti cal des firs sou e/ drain region,

second sour c!%e}sg?%ei #‘ﬁ‘%@f%ﬁhaféeé 57%%?9?%6?‘5)?1’8&5‘8? or?ﬁ%regfan%rf’at‘é%d t he
second sour eaigh abliageqBicahld AR iR M@S?E’ffei@%?@ﬁaféa WikP el d Eé%@ﬁ'mﬂst

region by a gate insulator; a nunber of first data |ines coupled to the
second souré@!ﬂrﬁﬁfdﬁmrwr@w@ﬁScmdhomtfdrqbﬂlscglmusmhg aaﬂmrsgumal ums of

t he nenory %%8%{ a nunber of word lines coupled to the gate of each
mul tiple bit | along rows of the nenory array; and a nunber of second
data lines coupled to the first source/drain region of each nultiple bit

cell al ong coI ums of the menory array; wherein at |east one of the
mul tiple bi 22cel IHheimemopyasgy atsiaimVfcwiarein the gate insulator of each

multiple bit cell has a thickness of approximately 10 nanometers (nm).

23, The memory array of claim 17, wherein the gate insulator includes a gate
insulator selected from the group of silicon dioxide (Si0O2) formed by wet

oxidation, silicon oxynitride (SON), and silicon rich aluminum oxide.

24, The memory array of claim 17, wherein the number of vertical multiple
bit cells extending from a substrate operate as equivalent to a transistor having a

size of 1.0 photolithographic feature squared (le).

25. A memory array, comprising:

a number of vertical pillars formed in rows and columns extending
outwardly from a substrate and separated by a number of trenches, wherein the
number of vertical pillars serve as transistors including a first source/drain
region, a second source/drain region, a channel region between the first and the
second source/drain regions, and a gate separated from the channel region by a

gate insulator in the trenches along columns of pillars, wherein each transistor

30



having a charge progranmed in at |east one of a first storage Urﬁwpm?nd
a second storage region in the gate insulator and operated with either
the first source/drain region or the second source/drain region serving
as the source region such that the programmed MOSFET operates at reduced
drain source current; and wherein the first and second source/drain

i f . 1 ' [ dr.aj
ool one respacph prpr v Aol Rerric Rt GuBH S BT RPN B

18. The nenmsuyh drat aylanfstarhgd dentity foMeacieirisidier inUADBI (& casRoaad data |ines
include a buried data |ines. 29 0 3 JUN 2005 19, The nenory array of
claim 17, wibeilihegsepisfeature sauaed,dES)a charge programmed in both the

first storage regj i The nory array
of claim 17, V\he?dex?lﬁn?ﬁgfb?gs@ﬁ g’@%gé’gtéﬁré %%iﬁl ?1&&8 %%%ﬁcég%ﬁ?mf ?{grEafI? rst

sour ce/ dr ai negiegiof eacharahsistee m&ing cohensasfahdimeinorageay: egi on i s  adj acent
the second source/drain region. 21. The nmenory array of claim 20, wherein
the charge progr ZhHEabsof ogd Lines qoupled to the gate olgach ansistonalogs rawsr age

region and tjpens gﬁg&,ﬁ} . region creates a high voltage threshold
when t he MOSFET 1?ls oper a‘?’égﬂ%\jth the an adjacent first source/drain

regi on or the seconunisowfssjodd &iansmsgibnkineecoupieg taghd fist s@urtedraid €gi on.
22. The nenory array.of claiml7, erein the gate insulator of each

nul tiple bi f%‘@?&ﬁ@%ﬁ‘%@?@g@%ﬁ)ﬁﬁﬁﬁ I nanometers (nm.

23. The menory arg@feiafat agi WhSE & ' %IHH]E]IEI‘ ncl udes a
gate insulator sel e'(s:lt é“é fro%egoﬁgn groﬁg)h(r)bfhgll‘%lnlggggﬁ 93%1([{) e |d02) f or med
by wet oxi MOSERT hevirigooshageyprograimteed(iS@Neastame of ialfirstastoragetegidnun num
oxi de. 24. The nmenmory . array of claim17, wherein the nunber of vertical
mul tiple biaPsegF?@d&?réﬁﬂ%ﬁﬁ’nfl%ﬁﬁ %Pt%H’_SEIPFQétaBdBB%‘F%é” eidhetitheal ent to a
transi stor Hav $08rcd/drEhZEgioh o the s@é&ﬂ%bhﬁc@ﬂ%ﬁ%@i&n %e?r@{fn 2§ &d (1F).
25. A menory array, conprising: a number of vertical piFlars forned in
rows and colregras secht thaidhe ghansgh regics| has & fiosh valtsgdthreshold ragidng¥®plr at ed by a

number of t Lo Pa%@rﬁ%b thvgqﬁrrs{a éo%rée?a“zi'ain region a second voltage threshold region (Vt2)
adjacent to the second source/drain region which vary depending on in which
direction the MOSFET is operated; and
wherein the first and second source/drain regions of the MOSFET share
both the first and second source/drain regions respectively from another of the

multiple bit cell transistors.

26.  The memory array of claim 25, wherein, the second voltage threshold
region (V12) in the channel is adjacent the first source/drain region, and wherein
the first voltage threshold region (Vt1) in the channel is adjacent the second
source/drain region, and wherein Vtl has a higher voltage threshold than the V2
when the MOSFET is operated with the second source/drain region serving as

the source region.

27.  The memory array of claim 25, wherein the number of first transmission

lines include a buried data lines.
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nunber of vertical pillars serve as transistors including a first
source/drain region, a second source/drain region, a channel rﬁe:’gi]%mus
between the first and the second source/drain regions, and a gate
separated fromthe channel region by a gate insulator in the trenches

al ong colums of pillars, wherein each transistor 30 0 3 JUN 2005 has an

area of 1o ot objd KOGk APk AIHELS. SMUASEACWDIPER RN SLOLS {10,

bits such that a data st nsity’for each transis i

each one phpogrhinmedgndpitctht dastustaragaoregiondnd e2ecomd storiRekredbn fi r st
transm ssion |ines coupled to the second source/drain region of each

transi stor along colums of the nenory array; a nunber of word |ines
coupled to the ¢ ﬁ% r j: St-Or . ry array,
and a nurrberjggf gre}%orﬁ%mtg ansa#idgg ?d(])ﬁ %’ @Egggt&%?%% S%%L%%%g%@g?

sour ce/ dr ai radjaceqfithe ficst searcé/dtaimregiat, and where thelkevonsd sefragdegivarer y
array; wherei,n atheast ne of m.lltiPIe bit cell transistors is a
programred USRI SKFORY STUEE{drARTeI%g r anmed i n at | east one of a first
storage region and a second storage region in the gate insulator and
operated with either the first source/drain region or the second

sour ce/ dr ai 3% egihe memonyragrayofchémPGuwberein thgicbarge podgrahated il éhecdrannel
regi on has first | t.age, t hreshol d r.egi o Vit | adj acent to the first
sour ce/ dr ai ﬁeqsgﬁl?eo?ﬁﬁc iié% Sheres s1oraesd e%‘ﬂ’g @%‘ﬂ 81(‘36’6?%6# 56?1‘]3%“?/{"3)0“ gaftstent to
t he second %%%gém ithreEIR0E WheWMeMOSFET id@PERHINGI1P the! 285 WBHCHY st
direction the FET is operated; and wherein the first and second

sour ce/ dr ai fovIEgidens region prethy/SBPET setrge/drail oighon deevihg as theaodrezecond

sour ce/ dr ai @eéj@gi ons respectively fromanother of the multiple bit cell
transi stors. .- The menory array of claim25, wherein, the second

vol tage threshold region (Vt2) in the channel is adjacent the first
source/drain _region, and wherein the first voltage threshold region
(Vt1) in théleharfHeelegtEoniepystamtcompsisiigeond source/ drain region, and
wherein Vtl has %}L}B&Qg&.x‘g tage threshold than the Vt2 when the MOSFET
is operated with t'he secbnd source/drain region serving as the source

regi on. a memory device coupled to the processor, wherein the memory device
includes a memory array, the memory array including;

a number of vertical transistors extending outwardly from a substrate and
separated by trenches, wherein each transistor includes a first source/drain
region, a second source/drain region, a channel region between the source and
the drain regions, and a gate separated from the channel region by a gate
insulator;

a number of first transmission lines coupled to the second source/drain
region of each vertical transistor along columns of the memory array;

a number of wordlines coupled to the gate of each vertical transistor
along rows of the memory array;

a number of second transmission lines coupled to the first source/drain
region of each vertical transistor along columns of the memory array;

a wordline address decoder coupled to the number of wordlines;

a first address decoder coupled to the number of first transmission lines;
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27. The nmenory array of claim25, wherein the nunber of first
transmission lines include a buried data lines. 31 0 3 JUN 20083 JUB.100fhe
menory array of claim25, wherein the MOSFET includes a charge programred
in both the first storage region and the second storage region. 29. The
menory array of claim25, wherein the first storage region is adjacent
the first Source/adg’gébﬁh ££c9§s§'aec@dégc¥ﬁb%ﬂo%é H%ﬁ@r"m@cé&d"&ﬁ%&i&e | on 1S
adj acent the second source/drarn region. . e nenory array ot cl ai m
29, wher ei n lirleg anbdar ge programmed in the at |east one of the first
charge storage region and the second storage region_creates a high

vol tage t hreshol &%ﬁﬁm@mpﬂﬂﬂ%th&&?tﬁ@dhwwn@ pember ¢fcent first
sour ce/ dr ai Q. nedi gfgnz{neg.he second source/drain region serving as the
source region. f . An €l ectronic system conprising: a processor; and a
menory devi ce cougheeeintaoleabteorgrod destsansistonk i eprogtanene MDSFER havigg

i ncludes a nepgory arra t he nory arggz.%ﬁi ncl udi ng; a ,nunber of vertical

transi stors AP ARSHAP 3 P2t BR0 Starageregivg and @sseonded by

trenches, Wa,ﬁfr%e}eg_ﬁﬁhniﬁ@gm fsQatdr 364 Fﬂ&ae_a&i' aﬁheﬁﬁwfﬁﬁ{ HufleMdrain€9i On,

a second source/drain region, a channel®region between the source and

t he drain recgiomsy thesdecandgaueeshparegionsdrvimgmat ilee iwaeregionagilothaby a gate
i nsul at or; nunber, of. first transm ssion l.ines led to . the second
sour cel dr ai b€ REGRBhTegiPnbatA St oltees Bresdoldredion U3 rgioest nhe B ¢ ne
MEeNDry arr ayoude/deHiR egiét a WoAH VORS:eGRIBIAE réfort DP9 aljacét téagh vertical
transistor along rows of the nenory array; a nunber of second

t ransni ssi one¢dndsourseldntindegion whichfvarsdepsoding ehdn avhich dieggition thef  each
vertical tr @'gﬁsgri aleorn% colums of the nenory array; a wordline address
decoder coug\? t BB ﬁ*b of wordlines; a first address decoder

coupl ed to the nuesin@he fitst id ecant® SHuss/@ain refiRss of 8 MOSFET share
the first and second source/drain regions respectively from another of the

transistors.

32. The electronic system of claim 31, wherein, the second voltage threshold
region (Vt2) m the channel is adjacent the first source/drain region, and wherein
the first voltage threshold region (Vtl) in the channel is adjacent the second
source/drain region, and wherein Vt1 has a higher voltage threshold than the V12
when the MOSFET is operated with the second source/drain region serving as

the source region.

33. The electronic system of claim 31, wherein the number of first

transmission lines include a buried data lines.
34, The electronic system of claim 31, wherein the MOSFET includes a

charge programmed in both the first storage region and the second storage

region.
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0 3 JUN 2005 a second address decoder coupled to the nunber of .second
transmission lines; and a sense anplifier coupled to the first &fJuMhHld
second nunber of transm ssion lines; wherein at |east one of the
transistors is a progranmed MOSFET having a charge progranmed in at

| east one of a first storage region and a second storage region in the

gate insul at a ] j t A1r source/drain. region or
t he second s%jl"jrce ?ggﬁﬁﬁgf%ﬁl&ggf%@gg%s‘b?%ﬂélhst%éu%sggtro ?&egﬁglgﬂé‘% t hat

the channel adageonthhdsstaoticeslrain égiagend Whesdivtit seegidiohyt tegigtisacent to
the first so rce/tgrain region a second voltage threshold region (Vt2)
adj acent to "’tdri:"g’ems & SrP1d SOMCE/AiB 989 gi on whi ch vary depending on in
which direction the MOSFET is operated; and wherein the first and second
source/drain regions of the MOSFET share the first and second

sour ce/ dr ai & egi Diseleasmacsysteat yf dlaiond K natidiein tiod clange progamghed Br s. 32.
The el ect ror{hc tsl%st emo clfai m 31, wherein, the second voltage threshold
regi on (Wt 2)IF At IPAR opR ghihe firsicharge storage regionsand dhe seoond stormegiregipRgi on,
and wherein hi (=11 o Ty hannel is
adj acent thecrgiggso{\%ﬂgﬁtsvg}&?écete drgél? reg?jé%{\/f(g%bd@g\ﬁeo églka)rtlcc{/ﬁdlﬁ%&a hi gher
vol t age t hr eslesent fivbsourdeédreindeginhen thehecdddSohdceldrainnegiah eekvirig 4y t he
second sourcg/drain region serving as the source region. 33. The

el ectroni c sYSEERFOFEE ai m 31, wherein the nunber of first transnission
lines include a buried data lines. 34. The el ectronic system of claim 31,
wherein the MOSFET includes a charge programmed in both the first
storage regidn anthedectmaimsydtest of dae 3 ¥, eticosin t1R3gASindibit?@PBack35. The

el ectronic stem of .claim 31, erein. t fiyst storage region is
adj acent t héy_ Fllsggtr né%‘ff!eéé‘/gﬂ‘?ea‘?]ﬁ‘\ﬁ?tgéﬁ?ﬁte‘gﬁm%gﬂuﬁ of gHices dixadsst or age
region is g8i@g EHmddty wQUXMADAUGREIAShrilE B @R, and silicon rich

aluminum oxide.

38.  The electronic system of claim 37, wherein the gate insulator of each

transistor includes an oxide-nitride-oxide (ONO) insulator.

39.  The electronic system of claim 31, wherein each transistor operates as
equivalent to a transistor having a size of much less than 1.0 lithographic feature
squared (1F?).

40. A method for operating a memory, comprising:

programming one or more vertical MOSFETSs extending outwardly from
a substrate in a DRAM array to have a storage density of one bit per one
photolithographic feature squared unit area, wherein each MOSFET in the
DRAM array includes a first source/drain region, a second source/drain region, a
channel region between the first and the second source/drain regions, and a gate
separated from the channel region by a gate insulator, wherein the first and
second source/drain regions of a first MOSFET share the first and second

source/drain regions of a second MOSFET, and wherein programming the one or
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36. The el ectronic systemof claim 35, wherein the charge progrhdndtth 8%
the at | east one of the first charge storage region and the second
storage region creates a high voltage threshold when the MOSFET is
operated with the an adjacent first source/drain region or the second
source/drain region serving as the source region. 37. The electronic

system of clighn3ikica ST iﬂ@lu@? }??%ﬂ%}ﬁﬁiﬁéme He (ﬁ?ﬁ&e Jel3p! st or

includes a gate insulator selecte e-group of "silicon dioxide

(Si 02) for m@dObYEldein afirstand erseceidldireotiom »yhrirdin prhegrirt@ig inanfirssand con
rich alum nuchj)ﬁ(ge. .38. cllrrllfgels_el ectronic systemof claim37, wherein the
gat e i nsul at’of® LeHon gp stor includes an oxide-nitride-oxide (ONO

insulator. 39. The el ef\\3R¢ & fisH ShR egjrot&{tﬁj 19 Shrst WE@?&&I‘S@%MJ&@““ stor

operates as equivalent to a transis having a size o ess than
1.0 |ithogr dwhvestied MOSEETsquared (I F2). 40. A nethod for operating a

menory, conprising: progranmm ng one or nore vertical FETs extendi ng
outwardly from a subs%pgg”r"ég?H&Qnmﬁﬁggrﬂpﬁmﬁgt%ﬁ%‘) QUrei@itensi ty of

one bit per rgsign oPiRhRIidaRADSINT.C feature squared unit area, wherein
each MOSFET in the DRAM array includes a first source/drain region, a

second source/ drai n r eappbing agahantestialite gigate dfdhewetical MOSFESL, andid t he
second source/draj .egi ons n ate, separated.fromthe channel
region by a gat e%.b‘ﬂ%ﬁP%PBS’,’“%ﬁ%ﬁéﬁ%rF%f?fbd ?qdrﬁe RoieP laése@g'}?ﬁog%m B&IUr ai n
regions of aefticaBMORISHETinsldéseredigld ot eledtn $§6A in®QHE gRedr ai n

regi ons of a second MOSFET, and wherein programmng the oné or 34 03 JUN

2005 nore vesHaterpf theoorrasmpredIQ$EE Ts sueh hiahe progravemeh MQSFRDhas ver ti cal

MOSFETS in j E?gg I i rei.n programm.ng in a first
and a seco%gggléﬁéo |on%f1§£ﬁﬂg%§ghé§§+ i}?sﬁat"\éﬂ?if?@?“3%‘??5&‘3@“88?"6% al to a
first sourceéglomimthe ggiednsuditor, ahé thegirbgranimdIBERFE Togual bl digrateSoRRN

vol tage potential to a second source/drain _region of the vertical

MOSFET: either the first source/drain region or the second source/drain region serving as

the source region.

41. The method of claim 40, wherein when programming in a first direction,
applying a first voltage potential to the first source/drain region of the vertical
MOSFET includes grounding the first source/drain region of the vertical
MOSFET, applying a second voltage potential to the second source/drain region
includes applying a high voltage potential (VDD) to the second source/drain
region, and applying a gate potential to the gate in order to create a conduction
channel between the first and the second source/drain regions of the vertical
MOSFET.

42. The method of claim 41, wherein the method further includes reading
one or more vertical MOSFETs in the DRAM array in a first direction, wherein
reading one or more vertical MOSFETS in the first direction includes:
grounding the second source/drain region;
precharging the first source/drain region to a fractional voltage of VDD;

and
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applying a gate potential to a gate of the vertical MOSFET; and wherein
applying the first, second and gate potentials to the one or nBdeJUN 2009

vertical MOSFETs includes creating a hot electron injection into the gate
i nsul ator of the one or nore MOSFETs such that a programmed MOSFET has a
charge programmed in at |east one of a first storage region and a second

storage reglon iphts 08LE bISHLAIAbo Ak SN ATHEGNOSTET can be

operated with ei st sour rain-region or e 'second
source/drain region serving as the source region. 41. The nethod of

cl ai m 40, rein_when prograpmng in a first direction, _applying a
first voltage: po?la’r‘hm%fpg nglﬁgn fiirehergiy whes pipgrammiag ina st dinsetioner t i cal

MOSFET i ncl lt':ﬂf‘a%ing P elePBor h)ﬁ‘ecfti.bﬁ $tito W%ﬁ@frgﬁﬁid? oA Qi fmsrla%e }ecéi ;icﬁl

MOSFET, applying a second voltage potential to the second source

regi on i ncINQ8§EAppicjidey tappingla chalge dy theffirstensriagd regidalh thegitee second
source/drain ion, and | yi a te potential to the gate in order
to create allc\,%lﬁf’ggrcac‘ﬂ%ﬁ‘?m t@ﬁﬁﬁﬁ@pﬂ@%@%@ Theeetonryeh tha whee tiecond

sour ce/ dr ai MOSBEINSrefl ih BR 81 dit&abn ET%as a st (EdsHOM Wiafd &1 M 41,

RO
wherein the nethod further includes reading one or nore verticar MOSFETs
in the DRAMregipm(Vil)adjaféntse theifirstcoime/drath eegiomand & agtiond tieshodd nor e

vertical MOSFETs in. t irst direction jncludes: groundjng, the second
sour ce/ drai n OE%%‘? rgﬁfongﬁégc)ﬁ’élﬂaﬁf'ﬁtgmﬁfesef’?? §OU§Q§2&8’@/T BOPVPEIGIHN A1 a
fractional yeddterdRaroVtI VA the MOSBSET ggé’atéyh't 2lfced SRR ¥hRE Andat © .
potential of approximately 1.0 Volt to the gate. 43. The nethod of claim

42, wherein when progranmng in a first direction, <creating a hot

el ectron injgcti i he .gat . i nsul.ator of the one_or nore verti cal
VGSFETS. | ncl*des e aifed OEcioRh Fy oMeteifnabpiRe chbred I8 45 sl oHIAE « o
gate insul ajateradp &&@&boﬁ@soh?&/cﬁﬁﬁ@@@oﬁmw&ﬁé@E@édﬂir{ﬁ%ﬁ&ﬁaﬁum that when
the MOSFET is read in the first direction the MOSFET has a first

threshol d vareshedd veliagedn the¥ 12)byappexanetelyod.f oltsiwhen the MQSFET 4 n regi on

and a seconqeagd%?ﬁm}sg iré/é%iohage region (Vt2) adjacent to the second
sour ce/ drai n region, V\,ﬂerel nwvt2is

45, The method of claim 44, wherein reading the one or more MOSFETs in
the first and the second directions includes using a sense amplifier to detect a
change in an integrated drain current, and wherein when read in a first direction
the MOSFET will exhibit a change in an integrated drain current of
approximately 12.5 pA when addressed over approximately 10 ns when no

charge is programmed in the first charge storage region.

46.  The method of claim 40, wherein when programming in a second
direction, applying a first voltage potential to the first source/drain region of the
vertical MOSFET includes applying a high voltage potential (VDD) to the first
source/drain region of the vertical MOSFET, applying a second voltage potential
to the second source/drain region includes grounding the second source/drain
region, and applying a gate potential to the gate in order to create a conduction
channel between the first and the second source/drain regions of the vertical
MOSFET.
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greater than Vtl and the MOSFET operates at reduced drain source current.
44. The method of claim43, wherein trapping a charge in the gat&3 JUN 2003
i nsul ator adjacent to the second source/drain region includes increasing
a normal threshold voltage in the Vt2 by approximately 0.5 Volts when
the MOSFET is read in the first direction. 45. The nethod of claim 44,

wher ei n reading i AEollor BRI OBRET hE melhe itk ingfifled igsgeONd

directions includes using a sense anplifier to tect ange®in an

i ntegrated dmgion meare vertical MQSFerieithe BRAM readin siseaohd ditctiting ecti on  t he
MOSFET wi | | & hi.bi%gga chan%e in an.igb{g(% d dflai n cyrrent of

appr oxi mat el Y TINSRIGHRF HJUPESSHHF 1B Ia3cany dYectig when no
charge is pripglgaégred in the first charge storage region. 46. The net hod

of claim 40, wherein when programmng in a second direction, applying a
first voltage potssaunding the firbtesobicesiraingegiom/ dr ai n regi on of the vertical

MOSFET i ncl ud Ly hi_gh vol t potential .(VDD) . to the first
Sour ool drai n 1 oo BRBHERR Bl AR AR s Ahefomhl elites ¥l t age

potential twDDhendecond source/drain region includes grounding the
second source/drain_region, and applying a gate potential to the gate in
order to create @PPb#eRIEesteRotentialiappisetmately kh¥oltitoghe gatd t he second
source/drain regions of the vertical MOSFET. 36 0 3 JUN 2005 47. The
met hod of claim46, wherein the nmethod further includes reading one or

more verti calg. MOSHelfethod bhelalARA whéra whendpro@apimeingin £6édoad.  Wherein
readi ng one Qr nore vertical MOSFETs in the second direction includes:
groundi ng t Kareption craaling @ detelastron imifcan inte eresteyingglatonof Swoanedr

ot enti al o Seneakah TR v B RE bl in (e SR0 AR e m
47, wher ei n imtengae ingulatoradigeem tatiedirorsdurcd/drgiatregion sedtedhi WherfthBOt
VOBFETS. | noINUSEER s Bt i Shayirachor Hs OSBR] ieoriigevasgron.

voltage region (Vtl1) adjacent to the first source/drain region and a second

threshold voltage region (Vt2) adjacent to the second source/drain region,

wherein Vtl is greater than Vt2 and the MOSFET operates at reduced drain

source current,

49.  The method of claim 48, wherein trapping a charge in the gate insulator
adjacent to the first source/drain region includes increasing a normal threshold
voltage in the Vtl by approximately 0.5 Volts when the MOSFET is read in the

first direction.

50.  The method of claim 49, wherein reading the one or more MOSFETs in
the first and the second directions includes using a sense amplifier to detect a
change in an integrated drain current, and wherein when read in a second
direction the MOSFET will exhibit a change in an integrated drain current of
approximately 12.5 pA when addressed over approximately 10 ns when no

charge is programmed in the second charge storage region.
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in the gate insulator adjacent to the first source/drain region such that
when the MOSFET is read in the second direction the MOSFET has (3 fJUN 4805
threshold voltage region (Vtl) adjacent to the first source/drain region
and a second threshold voltage region (Vt2) adjacent to the second
source/drain region, wherein Vtl is greater than Vt 2 and the MOSFET

operates at sjedugeghetfl 0r oM E£L Heloré RbmpfidingINe net hod of cl ai m 48,
wherein trapping a chargeri n thge: gat gi?l%’nsﬂllpatlgg adj acent to the first

sour ce/ drai n r egiforming @l vediewl imiltipdeabit uell, avhreocindbrnting dsihredrtical molltipige i n
the Vtl by §8tpr X1 qﬁéely 0.5 Volts when the MOSFET is read in the first
direction. 58 °“FARHe™hod of clai m 49, wherein reading the one or nore

MOSFETs in the first Bafinghevepapniidlok@esbanoniRabreaa Hatng a sense
anplifier to detect a change in an integrated drain current, and wherein

when read i trapsigter OO SFET) extending outvatisHRm wistibstatd iths MOSKERNge i n an
integrated drain rrent ._approxi mat e 12.5 pA when addressed over
appr oxi mat e!%?v‘f 8 aﬁllés’t\/a?gﬁceﬁ%mng Eéf”&ea qegorﬁ:ir %JQ‘F%? rie%loflh%g]%aé'eﬁﬁag'(?ﬂar ge
storage regibefiveed thdfirskt dhdNhéR8&ndsburcéy/didh b@fodsOind £ gifle REpARateB FOHY .
conprising: formng a vertical multiple bit cel [, whérein form ng the

vertical nulthg ghagnelgpgiop by la gatecnsiiater, wherein thy farstend second satred/drexi de

sem conduct Q¢ .fie i FET) extendi ng outwardly from
a substrat e,%‘%l{#és %gf é%%l\nng}ﬁlagg@eﬁrSQ@%%ﬁgpﬁcg?[ﬁmpé 8RS 9% second
sour ce/ dr ai RedondiIMOSFETGBSHRBEYely;€0i On between the first and the second
source/drain regions, and a gate separated from the channel region by a
gate insul ator, wher eiffring affirpictransmissinadineFouplad de therfirshsouresiirains  of t he
MOSFET sharg.the first and second source/drain regions of a second
MOSFET respectiVely; formng a first transm ssion line coupled to the
first source/drain rdgiming afsecondtgamdmsseivanihetchapiedits eddcdridre coupl ed to
t he second sourgs[draln region; and

source/drain region; an

wherein forming the MOSFET includes forming a MOSFET

adapted to be programmable to have a charge programmed in at least one of a

first storage region and a second storage region in the gate insulator and to be

operated with either the first source/drain region or the second source/drain

region serving as the source region such that the programmed MOSFET operates

at reduced drain source current.

52.  The method of claim 51, wherein forming the MOSFET includes
forming the MOSFET such that the first source/drain region of the MOSFET
serves as a source region and the second source/drain region of the MOSFET
serves as a drain region in a first mode of operation, and such that the first
source/drain region of the MOSFET serves as a drain region and the second
source/drain region of the MOSFET serves as a source region in a second mode

of operation.

53. The method of claim 51, wherein forming the first transmission line

includes forming a buried bit line.
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wherein formng the MOSFET includes formng a MOSFET adapted to be
progranmabl e to have a charge progranmed in at |east one of a i3r N 2005
storage region and a second storage region in the gate insulator and to
be operated with either the first source/drain region or the second
source/drain region serving as the source region such that the

pr ogr ammed FEMRA6 i 52. The

met hod of c:\%i'sm 51, \/\E@?gi%ﬁd?%?%?’%ﬁ%%gWEﬁ#m%gﬂ% odre‘rsri ng the
MOSFET such fomaing aMOSFESt adapied cebel paigranigd anhavie chige Maphédin lsghves as a
source regi og fmd t he second Sg;ce/drai n region of the MOSFET serves as
a drain regit q]lfsﬁstgrafgerrggmﬁﬁgi SCNdrSITARHICEIRY such that the first
source/drain region of the MOSFET serves as a drain region and the second
source/drain region of the MOSFET serves as a source region in a second
nmode of opébati drhe rB@hod hEclkin hbdvidreiolfaiming the M@SREhirchudes ng t he first

transmssion line. i f orm buried bi.t [ine. 38 0 3 JUN 2005
54. The net 38’31“8%‘%‘? Wsﬁéﬁ%gﬁe ﬁ’iﬂ ﬁPW@ef‘Fgémlm%@FeP%Fﬁifé’é‘ fornming a
MOSFET adaptsggrckArdif ARG thet ME Y& 0aHRIPSelES ) e first
st orage regisoncanél t f\éeg?glgcond st orage rggi gr?ggggg.&gl'grﬁgg%%?%eggmgfﬁ% ai m 51,
wher ei n f or sPwgedrain MESEET i ncl udes forming the MOSFET such that the

first storage region is adjacent the second source/drain region, and
such that the second storage region is adjacent the first source/drain

region. 56. sghe MBiehpethed of t1ains b iwhetia tEintink M MUSHEEMIGEET | ncl udes
form ng the MOSFET such that the charge programmed in the at | east one of

the first domanige tha MOIET sughdkat sheichargs wegramunest inrthgat leagyionaof theat es a

hi gh vol t age. .t hr and. oper,at es at reduced drain source current
hhon {re. notEe i Wt A AREN Moty SolaBERETh GERena R et

sour ce/ dr ai nhresigl® andbpdriKes sELRAGedSRANGEMIE iReAtaMhethe MOUSFET & t he
source region. 57. The nethod of claimb51, wherein form ng the MOSFET

i ncl udes f OPAiatRg Witk anedipeent ene pf the Srstisparce/drain regien et e seeepda t hi ckness

of source/drain region serving as the source region.

57.  The method of claim 51, wherein forming the MOSFET includes
forming the MOSFET such that the gate insulator has a thickness of

approximately 10 nanometers (im).

58.  The method of claim 51, wherein forming the MOSFET includes
forming the MOSFET with a gate insulator selected from the group of silicon
dioxide (SiO;) formed by wet oxidation, silicon oxynitride (SON), silicon rich

oxide (SRO), and silicon rich aluminum oxide (Al,0;3).

59. The method of claim 51, wherein forming the MOSFET includes
forming the MOSFET with a gate insulator selected from the group of silicon
rich aluminum oxide insulators, silicon rich oxides with inclusions of
nanoparticles of silicon, silicon oxide insulators with inclusions of nanoparticles

of silicon carbide, and silicon oxycarbide insulators.
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approximately 10 nanoneters (nn). 58. The nmethod of claim51, wherein
forming the MOSFET includes forning the MOSFET with a gate i nsul &8 dtN 2005
selected fromthe group of silicon dioxide (SiQ2) forned by wet

oxi dation, silicon oxynitride (SON), silicon rich oxide (SRO, and
silicon rich alum num oxi de (A1203). 59. The nethod of claimb51, wherein
formng the dySHErhd Methl B9 clafe? ST Wlerk Btk Tl Mddkir BR) Gl NSl ator

sel ected fromthe group of I con num OXI nsuFat ors,
silicon ri cHooningdkse MQSFE’ﬁWthsalumnﬁ:osﬂte laymmp@irntsnlﬁices Of silicon, silicon
oxi de insulators with inclusions of nanoparticles of silicon carbide,
and silicon oxycarbide insulators. 39 0 3 JUN 2005 60. The nethod of
claim51l, whgrei NeBF é)lgm FET with a
conposi te |ayer gre;{egﬁﬁggfggglr 61‘51:[%[I:lg%rrirlshlc?i}‘i:‘gélrl SIfx%l]Emja'gtb'\éo\iher ein

form ng t he CMDPPER W@l‘rgaae msuia’pomcﬂlaieb fyreningjatempositel 1ayerrgaieriabulates

formng a corrp05| atge ins tor. sel ect f omthe group of an
oxi de- al uni fem tSQ %ﬁi € H‘?: rp @xide a@gp -SXUleSOMPOSEE | i con
oxycar bi de- eﬂ%n@QﬁiMbSélhé‘od ArbidoxiddGorAfdsitedhyef. ¢l ai m 60, wherein
form ng theQaNS/IDSFET with a c%om te Ilayerrﬂgéast eqj?}‘r%sul ator includes

formng a conposi te | ayer gate insulator, or a non-stoichionetric single
| ayer, of t or i,al s selected from.the f silicon (Si),
titanium (Tif; %tgﬂ‘ﬁ ﬂﬁr?l ?6 wpreig @%ﬁ%&“&ﬁﬂwﬁm wher ei n
formng the cb@ﬁﬁi‘é 1@1?&4 %&@B?ﬁlsulﬁl@f' fHch@ied WE&&?M&E 15}@%&&%&&?@

i nsul ator includes a | e | ayer of oxide-nitride-oxid
The met hod @ra@pmsmlsmommrsemaie aampﬁgm prempeSREErials ctlacted frofothei ng a

photol i t nog P & PIARTH Wb G 385 i lral™ 20

63. The methed of claim 51, wherein forming the MOSFET includes

forming the MOSFET such that the gate insulator includes a multiple layer of
oxide-nitride-oxide (ONO).

64. The method of claim 51, wherein forming the MOSFET includes
forming a MOSFET having a storage density of one bit for each 1.0
photolithographic feature squared (1F?) unit area.
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