*REDUCED LEAKAGE DRAM MEMORY CELLS W TH VERTI CALLY ORI ENTED NANORODS
AND MANUFACTURI NG METHODS THERECF RELATED APPLI CATI ON Thi s
patent application clainms priority benefit fromU. S. Application No.
511/524,343 filed 20 Septenber 2006 which is incorporated herein by .
reference. TECHNI CAL FI ELD The information disclosed herein

rel at es gener al REDUCED BN KA GCESDRA M MEMORVOELLS $VITHE VERTIC AL WY
menory cells. GRIEXCEOGROWNDRODS ATNIP MANUFACTTIURINGAMETEEODS AUSEREOF
has a market-driven need to reduce the size of devices used, for-
exanple, in dynam c random access nenories (DRAMs) that are found in

conput ers and nobil e comruni catWéTgpftP@ﬁ%.AI&ﬁrrent ly, the

i ndustry relies on W T I ASki of
its basic devices %ﬁfpﬁgérﬁtegﬂspg%g}eo\q}id(izagﬁg ﬁ%l yﬁﬁ%%ﬁfﬁgﬁﬁ@@g@ﬁ io'ng
t he channel | dn{i2h,368 filddc2Orfeptembex 206 vdaeh is arcdorated fdreih 8y edfersnde.
transi stor (MOSFET). Increased channel scaling of the MOSFET can

| ower the channel resistance. Consequently, channel | eakage currents
may increase. This relationship HEECENIQ@WUEIEIE present MOSFET

channel design less useful for_ providing increasingly smaller . nmenory
cell's, and thus, tH&g&fpanationdisglossd hersigredatessgensradh idrmbedimenty@her at e

reduced cel | Q%ﬂ%ﬁ&ﬁétor%&i%, %ﬁ@%@g%ng}k%ls‘[HE DRAW NGS 25In the

drawi ngs, which are not neceSsari to scale, like nunerals
descri be dlbstantially similar conponents throughout the several

views. Like nunerals having differ uffi xes represent
different instances of substanti al ﬁabgﬁ(f)ﬁﬁ])zonponents. The draw ngs
illustrate general e s@iicomioci deviemptiestrybus 2 Matkebiriveahesd to reduce

limtation, variqus enbodi nents discussed in this 30 docunent.
the size of devices used, for example, in dynamic random access memornies

(DRAMS) that are found in computers and mobile communications systems.

15 Currently, the industry relies on the ability to reduce or scale the dimensions of
its basic devices to increase device density. This includes scaling the channel
length of the metal oxide semiconductor field effect transistor (MOSFET).
Increased channel scaling of the MOSFET can lower the channel resistance.
Consequently, channel leakage currents may increase. This relationship has

20  made the present MOSFET channel design less useful for providing increasingly
smaller memory cells, and thus, there is a need to find other mechanisms to

generate reduced cell geometry.

BRIEF DESCRIPTION OF THE DRAWINGS
25 In the drawings, which are not necessarily drawn to scale, like numerals
describe substantially similar components throughout the several views, Like
numerals having different letter suffixes represent different instances of
substantially similar components. The drawings illustrate generally, by way of
example, but not by way of limitation, various embodiments discussed in this -
30  document.
FIG. 1A-C are cross-sections illustrating nanorod formation according to

various embodiments of the invention.



FIG 1A-C are cross-sections illustrating nanorod formation according

to various enbodi nents of the invention. FIG 1D is a
per spect i vVWOAIRRP363"1nanor ods accordi ng to vari ous enbodPEENEHIHI2040e
i nventi on. FIG 2A-B are cross-sections illustrating a MOSFET

according to vari Olﬁcﬁﬁbqghﬁﬁ‘%e%ﬁ% viERQFhMREs B PbrdmE tévaribuk S A
surface viewillustrating a T according to various enbodi nents

of the invent iestpodiments offhegnvention. a cr oss-section illustrating a
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i s bl ock di agram of menor I"ce accor
enbodi nent s ofvatibgs érﬁh/celﬁlﬁtrﬂflofthe inveftid 6 illustrates a sem conductor
waf er according to variqus enpbodj nents of the #nventlon

7
illustrates a circdilf- AdtRswE a&EE’GWdlIFrﬁraf’Bg § MO %ﬁ?ﬁ@&l&f@ﬁ?‘éo‘ﬁf the

i nvention. 15RL(BqdBndngs @ftf?é pekntilhagramillustrating a circuit nodule
as a nmenory nodul e according to various enbodi ments of the invention.

FIG 9 is a block dil&ghasm crossassctiat illngfrading e Inecarp pélbacsystingto astousdi ng
to various enbg HE ?‘% (ﬁjt t he |tnvent|on FIG 10 is a block diagram
i lustrating an el &e¥t% Wet S as a nenory 20 system according to

various enbodi ment FI6 sﬁshIﬂod;megFamQﬂa nidnfory ddvitSacdofdin@al vali@gr am
illustrating an el ectronic systemas a conputer system according to

vari ous erfodicmbefEnests ofithe infeadioni on. DETAI LED DESCRI PTI ON
FIG. 6 illustrates a semiconductor wafer according to various

embodiments of the invention.
FIG. 7 illustrates a circuit module according to various embodiments of
the invention.
15 FIG. 8 is a block diagram illustrating a circuit module as a memory
module according to various embodiments of the invention.
FIG. 9 is a block diagram illustrating an electronic system according to
various embodiments of the invention.
FIG. 10 is a block diagram illustrating an electronic system as a memory
20  system according to various embodiments of the invention.
FIG. 11 is a block diagram illustrating an electronic system as a
computer system according to various embodiments of the invention.
DETAILED DESCRIPTION
One approach to increasing the on-chip storage capacity of a
25  semiconductor is to increase the number of capacitor cells per unit area, which
generally means reducing the overall size of the capacitor. However, reducing
capacitor size may result in a lower capacitance per cell. If the lower cell
capacitance means more capacitive elements are needed to maintain or improve
upon a performance characteristic, such as the ability to maintain a storage
30  charge over time, then any gain in capacitor density may be offset. The double-
sided capacitor provides one useful device structure for increasing capacitance

without a commensurate increase in area. A double-sided capacitor may be



One approach to increasing the on-chip storage capacity of a

25sem conductor is to increase the nunber of capacitor cells per unit
area, whi cWOP8MERaI Ty neans reduci ng the overall size oPCTNE2007/020403
capaci tor. However, reducing capacitor size may result in a | ower
capaci tance pektale€bhalldrffof HBRnIpMVBY irfePdabing ARAGEIEANE Corl¥RANST tA®{nBulator
capacitive elements are needed to nmaintarn or inprove upon a
performance cha#emal sepasating theseaperiigsplaiee ability to maintain a storage
30charge over tine, WeM ' ' ffset.
The doubl o si ded S B Bkt L 3AE DA ARREH der TP bERRIDL ' Ty
I ncreasi ng capacplednicaen avcéss rahsistorclocaraiaioat proximitye aiee perfoiamee A

doubl e- si ded capacitor may. be caled smaller, for ex |l e, . by.
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DRAM nmenory cell is typically coupled to an access transistor |ocated
in cl ose proxicahtinued Fegucien nchasizee the daubbasidedmapratontorisnshzan cel |
density, the S t [ I t | e-sided ca i.tor may be
formed in a s%grgﬁéegq e@é%‘%ﬁﬁ rﬁgrm%' @gggrgh&gﬁgcﬁog@ﬂes&@mgs ”g\%g(%% “Thued
reduction in thasistoZelnthe tRe oflOMOSFHE, sling apaltdr typicdl9meatcidading
arrangenent then, may involve further reduction (or scaling) in the
access trdfsi dhoyhanpe] lgngth gsauell aschannghbyidiy whichamaylgad ipdower drpipni cal | y
means reduci ngode LREBAANE! LGRS InaPaltR) hishS oBNRNE HalticHufenieh Ch
may | ead to Ioeveredrai n-sgﬂs);ce resﬁts’st%?\%e (rﬁ@?.o Lower r%ﬁg ma§n_al | ow
hi gher of f - st dtoav baswkengtbe deaiy andtsource. Allowertratmayamsiitiord eainereanelin
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potential 15 barrier may be fornmed between the source and the channel
bl ocki ng dfai rparrier may beformed between the source and the channel blocking drain

current flow. The application of a drain voltage may decrease the potential
barrier height between the source and channel, increasing the drain current at
near and below threshold. The drain current may therefore be due to the drain
voltage as well as the gate voltage, effectively reducing ry at near or below the
20  inversion threshold. A higher gate leakage current may also occur at shorter
channel lengths due to the higher gate electric fields. Many embodiments of the
invention may operate to reduce the leakage currents as the channel length is
reduced.
The bulk (or native) band gap energy of a semiconductor material is the
25  energy separation between the conduction and valance bands having a three
dimensional continuum of energy states. A semiconductor material with a three
dimensional continuum of energy states does not, generally, exhibit substantial
quantum size effects such as discrete energy levels, spin-orbit splitting of heavy
and light hole bands and changes in band gap separation. Quantum size effects
30 may be introduced by altering a crystal’s dimensions. A change in the physical
dimensions of a single crystal semiconductor material does not generally change
the bulk band gap energy of the material, if all three crystal dimensions are

sufficiently large. Conversely, reducing the size of a semiconductor material

3



current flow. The application of a drain voltage nmay decrease the
potential barrier height between the source and channel, increasing
the drai n W@eHI6HE near and bel ow t hreshol d. The drai RCEUR8T20#gy
therefore be due to the drain voltage as well as the gate voltage,
effectivel y renaciange thelbaid gepanergy obihilk avatdriag to?iicreasercs slaft to highehol d. A

hi gher gate | eakage .current | so occur at.shorter channel |engths
due to the hi GREEYgSATeEt Bag oh e freercasstal fumssions Sumsss sediogmiy pall
I nventi on nay pypetsh e,tag'gfi EQJ(-;BE? ﬁ%ﬂ%_eh%h&%r%ﬁtérﬁ}hﬁy%ﬁu&?ﬁ‘ea&ﬁ?g}“e|

| ength is reduced. The _ ‘native) band gap enefgy o
sem conduct or band gan efl thé matenial t243nosense ghove ep hnkxtband gameengegyrstathias the

conducti on _and,.val.anc an ving. a thr di rensi.onal _conti nuum of
ener gy statses.dlweégrﬂrg%eﬁlaﬂé{ﬁ(gf%ﬁﬁ?‘gﬁsir qtuc '?EheaCh eelg%lerlf‘gr ibf)nrll% ap

conti nuum of efargysishad AatctiabGustdiby igemanalihshsiony kiapibk esplofddat i al
guantum si ze effects such as discrete energy |evels, %Pi n-orbit
splitting of He&awthasamstennn theprderpfipnanamefermay Betermed darowdy
separation. Quanturm, ﬁiaﬁ\?eﬁ%(ﬁﬁfeﬁts% i@)’ﬁé}ﬁis&d?fcﬁ RS RYméd %ﬁﬁagélﬁ a
crystal's di nensions. change 1 n" the physical dinensions o single
crystal sem cenduwet ssminatdectonharcdoes oneaitedyabetantidlly pelpendieutahe dul k

band gap er f the teriial, if all three. crystal dinensions are

suf fi ci enﬁlrdy Iq“é‘?foﬁ‘?.Ofé&H{’;ZﬁageeII?,smp%ﬁﬂﬁﬁﬁ’ ctli]‘ﬁléneéﬁ cf\é"p&f"e 4 nanere %ﬁﬁ?}cﬁor

material  may seRdessel,NRe SRRl FaRoEREG A Using MEulTAL Bhlobdst Ardiskease

or shift to higher energy, if at |least one of the three crystal

di mensi ons i s CA¥8e RARPFAdANIpdgsyhesehannel ragin. exanpl e, a rod shaped from

sem conduct or nat ey . rQy: . i al
Ha@hgﬁ?éffgﬁa‘ﬂ%an Balifl& (&R cﬁéﬁg{i’égggf ﬂ%ﬁﬁﬁfr %—Eﬁjl JRARE

to i ncrease above gap energy e as the aneter or
the | ength of sirte theqdomstry eatulsadded Thadter tharipetromc pluperies pfithe bEORFERp

of a rod-shaped material caused by its spall di nepsions be ..

expl of Led 13 FBHITH CHPECuRaIBTES Sharis s 1BF BBt LR ATENER SRS be
termed a "nanggdded, alsRiff@nde SHRRELIRAESS frotd thie@limbrhisidtal &dnfihughannel s
are formed using one or nore sem conductor nanorods orijented

subst anti al | y spéaspe advedimgnsiopalalengtygfstaias én g changbegioamaay qcpurs orre
cases, the ch i he
channel regqi Ogﬂ,{ﬁg& S@Meueg‘?c%g“ %@t"ﬁl%?@éﬁ?ﬁ@}aﬁ@aﬁﬁ%dﬁ%ﬁ?@%ﬁ cas%s,

a nanor od i nclgapleserghnef ihbasmebnduemr onterial may MMareasead sheodtiasel. The

alternatives to the.designers of FET- based devi ces singce the
geometry 2l Vet fﬂﬁsasrofttilrecl\g{sgé&emm feabbpraps@wma@vsﬂf C3HE MOSFET

15 channel UsitAgsiuabybiisy saéh & ik SarridSmbhifitied. ABIGIEEA cHalifel RAMOT Od

channel is reduced, ‘a shift in the density of states, froma
t hr ee- di nensi @rivgher band gapeneigly may pravdda alow leskagelPureens betwaen sharesiang of

states 10 the 8RR FRLAN IR AREHLIGCORRAVEN L i NEUBBCHLAN |

and hol e effective™nass may nd "gap ener
sem conduct or mat e admmeay MOSFE adanhe nateeiatiz3imgld crystd1gilikon.| Sivesn is

effective sses of the charge carriers m rovi de inproved _carrier
transport 2pr offdRHFRA “‘gﬁfﬁw‘g%\%l%ﬁf%'?m &% v@?/ea%aﬁ et cal A ET
channel wi th @it 6edre38 FRAMOREE D WithBY%iIRLA VedRalRidchvh bhakhaidBaped
current between source and drain regions, a |ower gate-channel

| eakage currens aambrad,foamsﬂicps Wlticiﬂ iehgtrgpd@npelﬁommmm MISPET channel
material is Slng%rgds(,: ;é/d%g:f%lg e Aiﬁxﬁ&gf of?fle! Illa%gl%dl, for example from 13 nm to 7

nm, increases the band gap energy at room temperature from its bulk (or native)

30  band gap energy of 1.12 eV to 3.5 eV. Additional energy band gap separation
may be possible by decreasing the nanorod diameter ever further. Lowering the
surface state density of the channel along the side of the nanorod using a

dielectric or a semiconductor with a band gap energy exceeding the higher
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25a material where the electronic band gap increases as the physical

size of the crystal decreases. For a MOSFET with a silicon vertical
el ectron cWEH®3eHiped as a nanorod, or a silicon vertPEHISHEPEEN4EN

channel formed with multiple nanorods, reducing the dianmeter of the

nanorod, for exa@pletter@anvrdd, May 415 ificieiBe theldng 86 SeplalitioR aDidre@sing the
energy at roomtenperature fromits bulk (or native) 30 band aa&_
energy of 1.1bapi/gaposegamstienmanergneq BHH} andrnihegyhoraphyngel eiieats.dpdpding

may be possi blbﬁn%i/o-gﬁl(&rt@ﬁ%iagiﬁdﬁgedr@fl&%lﬁgeagh ter ever further.

Lowering the surface state nsity o nnel al ong the side of
t he nanorod usi ng ¥IGi tAesct cioss-sectian Blestratiop demsrad fomnatioreacbendihggap

ener exceedi ng t he hi.gher er of the nanoyo | so jnGgrease
The. band odp. sanasrmeaie e RS He togaD GansCipira Puite i A
reduce DI BL ardmptifgra sitehkulssharelt sthsh@etnSateridlCd el theh fiRdbd; §ueh Band
tunneling induced off-state | eakage. FIG 1A is a cross-section

i | lustrating risengemiasimnmaybeaced laisage embediggpisonbstedio bdiBay s of
t he i nventi on. . ' . t . S

sii con subst PSRBTy EIRERH Sllfon SR IRUFolD SR GARRL Bl
as silicon gerlohAingy compyiste silisation sapplsicener aasitivod iomdistators The tutatrate
101A may cqnpr.i a fer, such as a sil|icaon,wafer. ,In vari,ou
enbodi ment'§, J0D& ey AloomRTitegn EoREH TR Ha -*’%&ﬁwswe?amﬂ? Flices
silicon on i nsyRlPEmbddifess RtidR iR shB&RHA oTAYwith mlmé\)f/glr'):agﬁglqu)

i soelectronic material such as isoelectronic silicon.
enbodi ment s i weiendeé cryial sufzses: dn somegmbaediments,gloe Jubsteayg 191 Aamdy be eut)

oriented crystal, surfaces.. In sone enbodi nents, .t st rat 01A
mmy e cur - andriet BUIREES KRR R B ol o T R R 58S <o
15 rel ative t @nihe @ANswkics néiial pbhAGeYNOr mal (shown as Y). 15The
inpurity and/or electrical carrier concentration in |ayer 102A may be

adj ust ed t& obt ai n Thpanpwdy pedfor elgeincal eatHerconantptionwylaysg Afph anaybgy er

102A may be a j fe: s 1 0 YS!
enbodi nent s, tagr@%gglcye?ot%% (?regl;@ﬂlaa e %R@ﬁﬁ)g&g% Sgﬁ"%]ie’t ]b?erlsigﬁ%é%yous
enbodi nent s, thhe dopgdeto prodde man-tipe candhigitiarinisaink ymbodintestst the feybit y

doped d | | i ous 20 enbodi the | 02A
tmy be of ¢ ne 10Zmma it eevth Rty ol a1 2o e
enmbodi nent s, h‘f@lﬂe%bstﬂqﬁ%ﬁhﬂ&t@t{bﬁzﬂ@%b&i (oY uhdtpe@ABFer € e vdrious al

inpurity concentration as the substrate 101A. In various enbodi nents,
| ayer 102A0i s embpments; Biglavse 1¢ddbmay ae af the sane condyglptydysasithient s,

layer 102A may, coaRIio3&. %Q%élxﬂﬂoo‘?ﬁqeﬁt?Eihéfdgértiro%%a}% {iemy%ﬁe
various enbodi nents, Tayer may conprise an epitaxially‘grown or
deposited fil samé nlesioivd imphoiyi copcengratidries thegmbstrate 1 €lon clandariats on and

conductivity type.of the | r. .102A be adj ust si.ng i on

i npl antation t%‘%ﬁélmeé‘kf’eﬁ’?’?f?@éﬁ? e@%ﬁ’ttgf' E‘%StrﬁtSﬁgb‘gt k"ag’inlfn The
llayer 103A nmaynibedinhferhyan ceayfhy ddddpNsa 8 dortiol of HERuBRrafAAL NNt S,
may be fornmed from |l ayer 102A. The | ayer 103A may be fornmed using an

epi t axi al Zpr ovegeusgimbpdinegsis laeo 24y wereanprisaye epiaxAlyaee e er  102A
T o BRI oW oo
| ayer. | n soneordustdityrept of the layer 102A may be adjusted using ion implantation to

achieve the desired electrical concentration.

The layer 103A may be formed on layer 102A and, in some
30 embodiments, may be formed from layer 102A. The layer 103 A may be formed
using an epitaxial process or a deposition process. Layer 103A and layer 102A
may be of the same or of a different conductivity type. In various embodiments,

layer 103A is a substantially unintentionaily doped layer. In some embodiments,
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| ayer 103A is a doped | ayer having an inpurity concentration of Iess

than 1x1017 cm 3. Exanples of n-type inpurities include_ P.  As, an
Sh. Exarrplgg%?smﬁﬁﬂ]/pe inpurities include B, Ga and In. FT[@W"ZM%
enbodi ments, |layer 103A may have an electrically active concent ratl on

of less than |lxyeD 103 & tis- Bdopled layar haviteg dmeimipodiyroendeniratidreofi leqsmlnantly:lo

and/or electricaj ive concentratio aded_in_a direction
SUbSe LT a1 |y o NG LA TRy FTRUEEY PRuES RoksrEnd ShECIRIG b-ope

embodi ment s, dﬁﬁuﬁﬂm%élﬁde BG4 8{d I‘ﬁ' ‘E?thecé%ﬁﬁo\ﬂxrﬁ&{té Y@e?%ﬁ?ﬁfayﬁwe‘m i's
graded in a diréction substanti al n33/ijara el e ‘'surface nhornmal .

In some enbodue&mmogllytaﬁwelcnmmrratyo @semandwﬂ%ncmndhtmtu vity type
of layer 1Q3A usted.10Qu i.on
g em%\éd ]t he 1mHPntgtaino or (g:chtncalfﬁ(ergg 1%5 El%én(%r {151? ﬁD ég&éerdqri63 A

parti cul ar “el €ctri R AT n so I'en

has substanti aihﬂeMIddBﬁbS&EIEllg?(pB@Hﬁdekﬁty thieyguefac@sndrinel. Julvatieat e 101A
In various enbodi nents, |ayer 103A is faorned fromthe substraje 101A.
In sonme enbod@ﬁ’&ﬁtignemwagf@rlmwsw apdPr elsetreally sty GReetrating Issfipled inp e

L0IA. I n vari ScRAHKERMN palaftFb helfhe bR, 30 ordt BRLERRA A 15

may be forned ma single er such as a silicon wafer.
shown in FIG 1mp\r,mtlyavpa¢enﬂr®150m areycohductivityrbye ofilayérel 03 Arrhzyclee anil’luscdde

| ayer 103A.as a._mask 05A e b e of

oY heodnar alngaetim i iamB PRyid atar i SelRp F oot Baah

be formed of ambodinEney, lA9tr MR IeRBESstantialletht sdrfe Sdidbictivityhigetdsatd st a
nmetal, or a dielectric 20 adaptable to various Ilthography rocesses.

Spacers 104A Faystigte k%ﬁrréavamla@é}w mpenfsplaxer 1034 4s fprmed figinsthe ¢ apl e
etch resistant, S%faf‘ef 108l thRROBRbEIReR, %&%osA% rfoxi]f(mﬁbl%ﬁ}{ofth e

conprise, w thout mtation, a sem con ct or
Si C and Si GeCsulstiec]Oddt rInwalsQusrerrdmdisridntschmemllﬂ‘m oﬂé)ZAaamdcsuMaterhOGIA

and Si 02, pol r suc as a. ot esi bl oc ol ymer such as
25di bl ock lgo %s' st"%gq ﬁég %\ﬂHcoﬁb‘f’?ﬁ’gt hyl met hacryl at e,
a netal such as W &s@hoﬂiﬁ iR, AlA, 1896r mmns)omona&d ethefsugnR ofkhenor e
| ayers of sem conductors, polyners, block polyners, dielectrics and

netal s. |In var®sno %ﬁbam%kaser thaéerslﬁééén@fbpcfamﬂwdy theeshapg oferdlings a
sel f-assenbl e u I

enbodi nent s, qﬂgﬁggzggk&é%ﬁggge e?rfgr rre sah[aég ![aj%eé lelﬂ md ifg{ﬁ?eg qfan
with an isl anahumbkleoﬁpattémhlde rriatariah;rshdwphmdnasiistnmmetal tdnadsqbem:ws 104A
may befo | f-ass er fo mn i rcul ag shaped
ol - 1 n” 2B BRI etaious REOERRLREC A ST D PRER byl

sel f - assenbl eddiaditt ko RYSCRSA erIgthMItaBIE'@tch ?éé%[anﬂ-%t%nal FhemdB is a
cross-section illustrating nanorod formati on according to various

enbodi nent s oftmbrdimestse lyPolP4AHpaxcompiise, without HpBation a seracondnctog
1038, A chis Ty SR SRRGE G A SR TR S AARRRAS . X oo
as desired usiomgmtride and SlOg, a polymer such as a photoresist, a block polymer such as
25  diblock copolymer blends of polystyrene and polymethylmethacrylate, a metal
such as W, MO, Ta and Al, or some combination of one or more layers of
semiconductors, polymers, block polymers, dielectrics and metals. In various
embodiments, the spacers 104A may be formed as a self-assembled layer in a
shape of an annular ring. In some embodiments, the spacers may be formed as a
30  self-assembled layer with an island-like profile. In various embodiment, the
spacers 104A may be formed as a self-assembled layer forming a circular shaped

hole. In some embodiment, the spacers 104A may be formed by a self-

assembled layer process without the layer 105A.
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5for exanple, diffusion, inplantation, and anneal processes to adjust
the electrjcal mechani cal properties of the respect] ayer s
bet ween thg%gﬂ%82@?3§11048. In sone enbodi nents, 102B and?%ﬁ%@é@’%
be further processed to adjust the electrical and mechani cal
properties of a poFiGohBas a tross-seetipeititstvating agreresd fhirmatedn accondohgrio t he

spacers 104B usi.ng the .spacers. as a _ nas I ar i e i,ments,
IBthe ol sotri RO THBATTEL tiing eShile oo s Ty THea SEFEEEH: o
provi de a CONQH&HH ¥ndved| 1@&1@3&@@@10@%&%@@%&@%@4& layét 103Bi OUS
enbodi ments, the electrical properties of the [ayer 102B may be

adj usted to f d¥ihisneinblayesy W2Brradied 1ef8heay be firthespresesegiisigsiragtusingast
in part, |ater d ; : I .1 he
el ectrical gpr (%-%Jeérxt‘ynlngisb’ gﬁffu%ir%g’ lf@?;aglr?{n%’%%ﬁ%Jaggé?%g%ﬁ%%&gwé;&? %urjzr:r%}a
regi on cont actahdgheahahiqaépropegieost the respectivé-lafers b&wicen theGpasss-194Bt lion
illustrating nanorod formatjqn accordj t 0 various enbodi ments of
the inventi on.somsﬁ@,goqhave?ss W@bandia 1§$%gw$5@r81_er PR Ee% 02001 B shown
removed bet wegRcifisl MRac&hanidd dlopkRlcibP P péitive bi the Mspaaine 'Iagérsﬁﬁr%étw ure
110C. The material between the spacers 184C may be renoved using 20

an etch proceggderdhespasys d04Rusindhbaispacersas e maskh hawrieucembadimenis, a

pl asma etch, and.other suitabl Qoce 1o various enbodi nents,
Phe dept h 07 EREIGEH pRenEe pELEIFRERF ol YRR G o5 e
vertical nanorkegtstiveielohadiat&Tid the PackRd 0¢BAaMNEdricie gmbodiments) tay er
102C fornms a shared doped drain/source re%iqon, of a %nsi stor. In
sone enmbodi neftesticalropsitiene|the,jayeri19AB srayibgadipsted felormone QEgFe 25may

be | ess than Qhéﬁ%&g@%ﬁ&%&%ﬁ%ﬁ% 106 i%&,ﬁ%ﬁgaglggﬁ@er%ﬁe %aE’érH B or

col ums and rmay ha ateral cr ’s_s-sectlpn S substantially in
the form of aluswhe gneabmeintaghacloarical pedpertivslof thi dayst 1028 mabeas

illustrat in.Fl 1D. FIG. 1D il l.ustr.ates nanorods 110D fornmed
accordi ngqgo \7&”?&%&0 g&“&%ﬁ%}a‘i’ ﬁ%i‘%m%]adf)ﬁeéisrleﬁl\‘?@nti on. The di aneter of
the |ayer 103D bel oGt D€ ispaesisctléatilingmying angeod fopmhtadndétording tdm t o

about 15 nm |In _sonme enbodi nents, a dianeter of_ the 103D | ayer bel ow
t he spacers 16&11394?5?91'3}08%“@@ ofdhs mnentions Hers, layerk3Gtand @ neron) of layer

eneral, the dj i ] j r
: e hovE e e Rt I B e aomnar o

band shift. In various e t ween

spacers 1021) stregtuied 10@r fThaiateriakiratw e, th¢ spasasi04rinag beeamayed usipgr s
102D, 103? and_a Borti on o subsi‘rﬁite Eiqa% rial i‘%‘lD na%%@e renoved
bet ween t K8 sBREEPETAGTDENER 2 HFhPiHet &'ohis? KIS REPelHpEN €8t on
Susing | ayer 1A@dtheruitabldiprdcedses. NavaRb@CRBIdIGentd) Be d@POWIXhe etch may | N
sone enbodi nents, |ayers 102D and 103D are forned fromthe substrate
mat eri al 101Dbefgsp thapdipn.elayeayeiC aiXhpvertigal nenmodaijudyae 4 1¢e farms theof

B T L e e e
sone transistor. In some embodiments, the channel portion of the vertical structure
25 may be less than 0.5 pm.
The nanorods 110C may be formed as a pillars or columns and may have
a lateral cross-section shaped substantially in the form of a disk presenting a
vertical rod-like structure as illustrated in FIG. 1D.
FIG. 1D illustrates nanorods 110D formed according to various
30  embodiments of the invention. The diameter of the layer 103D below the
spacers 104C may range from about 0.5 nm to about 15 nm. In some

embodiments, a diameter of the 103D layer below the spacers 104D may range

from about 1 nm to about 10 nm. In general, the diameter may be chosen

7



10enbodi ments, | ayers 102D, 103D and 101D conprise silicon layers. In
vari ous enpodi nent | ayer 1021) and 103D may conprise $ | ayers.
In sone egg’g) oﬁ@ﬁf%? | ayer 102D may be a Si Ge | ayer andﬁi'%ﬁoﬁég?ﬁm
conprise a silicon layer. In various enbodi nents, |ayer 102D may
conpri se a sSilaccotingay the dasicbd gy darfdl heft.| yerioud emisdiraergsyiledayent s,

| ayer 102D and/gr .| ayer 103D may l5conpri se SiClayer or a Si GC
| ayer. A0 bafies thr paesTe L BRY T PRGH BT TRERPE  ansi ot or
according to %{Hoﬁﬂﬁenmgﬂs%@bsl(gb 4nld& JoRVeRI Y osObktratdahferidl 1811y &lakyi Ccal
nanorod 210A is first formed, then a gate dielectric 206A is forned

in contact wi the remevediehvesh thesspacans DBysuch thahthereds np skdreddoped sagéon

I nsul ator 207A may be ne, en the. 2 apnorods over |ayer 202A.
An opti onal% fiu&né){?yﬁg&{)%? g?tgﬂﬁsﬁ%@er PE?rCF%&g%f]%rsﬁ% r?)f)et ween t he
nanor ods (not show) sont®embaiifets,ahyRed 102D adGA3Daye Remédfremdhal ong

t he sides of the nanorods 210A surrounding or_encl osing the channel

regi on. |n sorfebsrisrgaateasl191D¢ Fer examplealayer B3Rand 1§3Ppaaydistagportion
dielectric 20 J I iy@kiand N
vari ous enbod ?‘r%é}%{sggﬁéeﬁgtg?%sltgﬁgttg@q%%%ﬁgﬁghéthgwg%%gﬁlﬁ?uesct ric
206A may be diehfbtedemntsyatbetratall 81D Beasindlesrysth! gliton whfel dgsome

material s ;i.nclude,..w thout limtation, .S1Q2 Si.N, .and . nitrides.and
oxi dyni tr ildes el"'g’roﬂlé‘be"\%ﬂ_’ falxeréilb%bfo%@/anﬁia}&ﬁf?mgﬂﬁds 1(Eon!l?ye§so[{gv.arlous
enbodi ment st hgnt@aineenth, BlyeC102DCandEY3 D @fEY dofifpride SITEIORS. EnRbbi - | ayer
dielectric. The thickness of the gate dielectric 206A nmay range from

about 2 nm 30 ebodments, yeniiZDyapebrs Pigedayer ped K may eoraprseacsilicon
material and r t i i i ] 0 n
Cone enbodi merper FivPbAPaRbERegY 15yl b0z faF bifblisc FRBR AR d B
be fornmed w t HO8Da SGedayehi Inlsnms smbodiwients, dydrfl@2Prnd/ohiagémldSPasay

FIG 213 i,.s cross-.sec chﬁ il Iugtéacékngr a MOS transistor according to
vari ous ermBodi“FERIEE P HETiNISNT ot Here, two access transistors
200B are shown sepamel 28 iD¥rodsebS iflhitAling MO8 trddsiftor REdrBiAg s t he
substrate 2013. The isolation region 2123 may be_ a shall ow trench

i sol ati on regiv@royssImhodiments ¢fdhe mveione Hleers Hiervedival ranord 164 ivhms ¢ o
electrically i t G . S : Lt I
2125 1y be ar Mo gh PEaRIARRC A0 dorhled i Chtfce AR it AU
as vapor depogiitAdfSicORrtidahnaornes.chisoldion2014 may be forset deiwean thegi on

2123 f d.i ' f th trate 2013. T
Cranst ot olD | fehgad Pyt b 1080 Aottty FRY e SRR REOR ce
regi on 211B athehikeR MR RR6roak (1 SroddOTR Gaiciislaiti @206 AMral b Riiae!

region 2033, and a shared drain/source region 202B at the second end
in contact wi talpngHke sdesodéhe naggiodh210Asuronpdiagpbenciasingshe ginpelo| at i on
regi on may useg,: I r S i i:

nanor ods conf ?g%}?‘gdﬁ. sﬁ&%g@?bﬁmt%ﬁk g’?s’%}agor\? 2% %g}ﬁéﬁ%ﬂﬂ@?&h&%&a
transi stor. | rremedoftbesamndisiecttib enatezialyt In vafioushembodiméntsakhechannel

regi on 20 15may b ss .t han 250 nm var i ous..enbodi nents, the
| ength of Tohe M Aok Hrafits Sele e 3058 M e R BRE AR About | 20
run and about E]x_ﬁﬁllpleﬁﬁf gate dielectkit@nalei s MONEs G¥iHou2BBRatioRy Sigs, Siny; sR
over the gate dielectric 2063 that surrounds the nanorods in the

channel regi onitpdgndrridygitidesfemiesrivifiayi, Me, W, Ta, Hf, and Al. In some
embodiments the gate dielectric may comprise a composite multi-layer
dielectric. The thickness of the gate dielectric 206A may range from about 2 nm
30  to about 20 nm, depending on the gate dielectric material and related properties
such as a dielectric constant. In some embodiments, the insulator 207A and the
gate dielectric 206 A may be formed with the same thickness or with different

thicknesses.



formed as a shared conductive gate region by filling-in the area

bet ween th% 3263nm ods 2103 with a suitable conductive matﬁ rial. In
sone enbodlHEAPEe e gate region may be formed such t hBEVUREPEIZOW3 o
shared gate region. Exanples of conductive gate region materials

i ncl ude, but are n®IG.2Biis adsstsmpticpdﬂlyﬁfaﬁhgaMOSrﬁ‘mdisomodrdmg tAl , W

Mo and Ta, binar.ies such as TiN and TaN,. netal silicides
Wsi x, Ni Si, Covgpﬂusa?ﬁ?sjbc’ﬁ?rg?qs oftheypvention; Here, BRe 2 Riransss Ofﬁébﬁgfar? ayers

250f conduct i WgowRb ata¥dd byFdreklatidiSreioh 0128 R2RedBY tRQub&FAELD1B. The
overlaying gate conductor 2083 and may conprise any suitable

i nsul at or, i ndsaletiongegian 2 hRimay beri shallowrirensh golatigp rggicurfgrmed in the

oxynitri de bassggrlﬁg ﬁ%ﬁ%@ﬁég gglﬁﬁ%ﬁé {y&&trﬁa} ’Agolaté/\’i-ne-g@ces gﬂyﬁg{b@s Nbbe

Dr ai n/ sour e re ared source/drain
30 confi gur ed 200Bbé&solmnioalregién 2 28 mapbd acdtchediregion ﬁ&edmnh adaalectmannel

regi on 2033 of the nanorods such that nQ current flows across the
channel regi of&Fals 'i"g‘raé V@%?réieﬁ?%‘gds i’b@’%ﬁ@@&n?gs g‘?‘é‘”&%‘ﬂbuctor

2083. Drai nlsz‘élS@Z[ﬁﬂhﬁ?bg%eWa laﬁafrfﬁels&b\éuaelzb@z.l The SceMt h, ion
i nplantation, and deposition processes. In some enbodinents, the

dr ai n/ source rt@gm@mrszmqimemhy vm@ceilommddsﬂsl 0B wittoz émlrv@gmnegwm V& dtous

ool ysi |1 cdy, SPEerSpEe Binces EnanGh i K BB b Sl e ey

be obt ai ned f aiaiteurtd fégianHOQB%Cﬂkls&oa@Qﬁl adndeaiith thedhael ©gioan
211B using a chem cal 5 nechanical process as are known to those of
ordi nary skil In Peme ﬁ’@b%‘PmeFrFW&?I?téﬂﬁlsfe%%B’éb’H%tg elegtricallyjiselotere

regi on over| aéﬂoup ’b?%ﬁx’cﬁr gﬁ@ﬁs Zlggﬁﬂf@xrﬂﬁ hﬁ%v‘éﬁﬁh%a&i’eﬁ may

be fornmed to t he nan not vvn FIG 31s a
surface view dfanastNDSImsnmwmbdmneatscﬂméhnggl ctfdil&/@ﬂl@d:shahﬁeleﬂmolm’ZMt s

o e ST o B S B SReh SRISBR e BELE L

| ess nanor ods.chiiiR] i«é@fdnlzlé)aB r@a{]mnﬁtwereﬁgb@n 2803BardfabbhtG 5028, coupl ed to
the drain/source region 302 forma conposite of parallel channels,

whi ch may be el ectrh @P‘lef%‘iﬂﬁﬁlréawwaébéé%ﬂt%?f the saig diclesisic Zé)ﬁgwn)
In sonme enbodipk b Sounte e hé‘fn‘t Rk 28 %anngwa GalbyE onmaxbe

electrlcallylsolateapura tyo vertic regi ons
vari ous enbodlfqmmdsa,s atshayed sanidat:m@rgateag'glon bg fiflingeiy thearesbawean the

G AT AT e T G T T
access tr anSI Sgtatbrre%Qﬁ) mayrbes&ﬂﬁd@n&mﬂmrmﬁé s nol dh@retl goledtdion) EREHpME 0312
ey be used t %ohguctleft: gatg recg?onarg;tter?gls g}%ll{lgl: Pi)?lt are not limited to, polysilicon,
metals such as Al, W, Mo and Ta, binaries such as TiN and TaN, metal silicides
such as WSi,, NiSi, CoSi, and TiSiy, a dacecamine, and combinations of layers
25  of conductive material. Field insulator 209B may be formed overlaying gate
conductor 208B and may comprise any suitable insulator, including, without
limitation, S10,, SiN, and oxynitride-based dielectrics containing Si, Al, W, Ta,
Ti, and Mo.
Drain/source region 211B and shared source/drain region 202B may be
30 configured to be in electrical contact using the vertical channel region 203B of
the nanorods such that no current flows across the channel region with zero gate

bias voltage applied to gate conductor 208B. Drain/source region 211B may be

formed by epitaxial growth, ion implantation, and deposition processes. In some
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20t o the access transi stor 300 from adj acent capacitor cells (not

shown) . y of exanple in FIG 3, but not by_|im I a
shar ed ann hJ;Béﬁé(ﬁ&zﬁfsta-”larrangement of ni ne nanorods 310 m%’bﬁ's#n@ﬂ%:ﬁh
with a center-to-center spacing of 24 nmusing vertical nanorod
channel s (not ee‘rbodim)eduaﬁierdgaiaﬁsmute eegibd 21 il Bndiydedorered aa aghdred region.

di el t 30 th abqu d d t
Coetact or “308 lnvekdhsantobinteats, traldadie Seaibn » IELERT (AP e aE dopethnt o

include a gat q,oqlsﬁiceﬁtslccsrdwﬂsmeﬁ SR AIGy éle&bﬁétm Yel dBrdined
about 20 nm channel 1on dianeters rangi ng from about 5 nmto

about 15 nm Jmhg@ﬁmﬁpw &R andedynig sourne egivacd éB usigdichgmicabm
about 3 nmst o ah hﬂ';cégr&%}s aFAf 181;6(0?1;'}6 ﬂ%fsegiat;rﬁl{[nhlg)skﬁf) I%ee ”E’l%i?

and/ or channels orne € access nS|s or o
such transi st @mbotimyensd, ﬁecztdud&m rregldnpeeriaymgamm’rmBménhestl cs. | n

general, the nunber of vert] el s rface a
det er mi ned and"¥ f%ﬁ%{f%@d?ﬁ m@’hqegn @eeﬁ@q{mﬁiﬂa@a@% a
particul ar nargga‘,@ﬁ)t uring process. FIG 4 |s a cross-section

illustrating a nmenory cell according to various enbodi nents of the
i nventi on. Here a BbRaMicesurfaggviewndladdes transisierasserdingdn yakausr 400

and P'OUb' ‘1@%08%?&?& ‘%ﬁﬁdﬁ %ﬁgz?ntlog“he%%eta?f@e ﬁhsﬁo‘e}%bﬁﬂho%&&e

conflgure e suppor y and/ or ¢ou acc
transi stor. ThﬁldidlﬂdﬂmlclESBO dethnaecpatDantreglosBm @at mhpitchide alorethdege

received froman in circujt e charge

est abl i shes aﬁ'a%‘Pr8€$ ufie ‘fertéqah f&é?@é%gl%ﬁﬂ?ﬁrgfﬂﬁ@t%é] 9@6 %‘e
capacitor pl atd‘%‘a’in/@&&c@fkgloﬂ%%z FOBY Ecdn‘i‘ﬁd&ft@@ﬁﬂa‘?ﬁllei @:%hélb %l&ﬁﬁ’kﬁ%ﬁé‘“ on
of storage cell capacitors can be found in S. Patent

entitled Met helectrorllFooupleddoa capasttanas 3Ch e shqyrn)cbrmq esnboditherts, Hi gh

Di el ect I I
Mo 10/ 788507 TRoRv Py Bl sy e et RUE NP BaloRBt SRl *
bot h i ncor por ahthebiegiont.elevigi@uhi@nBodiments ttllimscblatedﬁmgleh)zlz may be ukdd

vari ous enbodi ments nd as shown |n FIG 4, the n-type drain/source
region 411 of ¢ ﬁléct&e%@eéol@ﬁeé%ve‘@ henel gpgionspf, @Bﬁs%ﬁﬁeﬁetqséﬁﬁrod

channel' s 403 mﬁe%ﬂﬁﬁf 5hgﬁner1’ L‘é}{x(ﬁls%? in adiR@nelcBEh Haﬁ31&9135(ﬁ)e In some

supporting the electric field ween capacitor plates 421 and 423
may pl ace eacwndbpdnmm@omeo@lateglrwomlm may eoured ¢ isoliateta aapaaiior copled

pl ate 421 gt St l.n c
not fl ow t2 oug‘!ﬁﬁl ﬁgge\?%rfu!l SX{St?rchléﬁanne rcémt?cg acﬁtﬁééé}%s?%(%%/ﬁ%%Wo d;ﬂ ﬁYO in
t he absence ofoyavdylﬁexmﬁplem FH}. BQButgﬁteynmrtﬁﬁmt@ghﬁ@Bannhm gaee

enbodi nents, 20 the g iE_e’_llconduct or, 408 har ed a ﬁlonduct or coupling
the gate regi @ﬁrarg,gengﬁqéo g, panorads e‘f?ﬂ}? Wit eRteE eIt or 408

may conprise npldiddbeadins aiRg @ertlcal nanorod channels (not shown) having about a 10

nm diameter, a gate dielectric 306 with about a 2 nm radial thickness and gate

25  conductor 308 with about a 5 nm radial thickness. Various embodiments include
a gate dielectric thicknesses ranging from about 2 nm to about 20 nm, channel
region diameters ranging from about 0.5 nm to about 15 nm, and conductive gate
region thicknesses ranging from about 3 nm to about 10 nm. The number of
parallel coupled nanorods and/or channels formed as part of the access transistor,

30  or other such transistor, may affect desired performance characteristics. In
general, the number of vertical channels per surface area may be determined and
adjusted according to specified design rules for a particular manufacturing

process.
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gate el ectrodes coupl ed using a conductor. The vertical channel 403
of the na ,may be sufficiently small in dianet t he
el ectroni nwgaﬂgsﬂﬁ p energy of the material in the chann {JT&Q@BQ@%

is greater than in the non- 25channel regions, such as in the

unet ched portion otFIGnéimtrwmsedticaiiﬂhsmtingemea@mqelmzordmgtt:tverious
substrate | aye ln v I’JOU trate 401, the
n-type shared® thaawe&&ﬂfé V‘@Eﬂ ‘BHH%? Wﬁgﬁﬁﬁ &F%?P%%S and/ or
the n-type dr ajaféiser4@Paddebuble-stikd cap:Ritdor23esht khPthpa offBdpatitcdimayi teh
the sane lattice_constant. In sone enbodi nents, the substrate 401,
the shared 30 canféswcgtﬂheéépmtgﬂ@u andfgr cqupled 4o Bigregesy Egtswrztf{éeand/ or

t he drai n/ gour

enbodi mant§ aﬁgblé-?gileﬁ? spi)%ltjt%rgs&?gg ?%@%1%%@6! llebéég&s%élﬁl Ci eplu ? Wcullta(rrmte
to elimnate gheanb)swclsthaetheichage estabsluh‘ﬂs aasleatrhlf@ltbxcr@ad&regymﬁaumzjap

shift. In so embodi nent s,, the dr / ion 4

Shar ed dr ai no PEBHTRE GoRABP AT T2 VAR 00 Vb B RERPL e e OB Y IHTER ¢ e
shared drai n/ 9@4ioffe cBIUtAAHAS cansbaBERI BUf 51 & NoY 6 080,887 érfditled

el imnate quantum size effects in that portion. In some enbodi ments,

the shared dr dethesblor FermiagaStoragrXapgcitasdisnuatible withdligh Hlielectpe ane 413
using vi a,gol %%nét@&t%g@%t‘lndb Ul iﬁﬁgﬁto 11§at%ﬂ%%§hlrﬁ&tlﬁf78%,@§7 2R
source dra| n reglon e used as"a dgroun pI ane or-a sitmiar

conductive r e@emibonﬂubtsﬂnbnemws’mgﬁ Solldr[ttisinbsipoaited bysefeodnpt Beleino
t he ground pl an 413, I n various enbodi nents, the substrate forns at
| east a part oft reghdtet i ve pl ane such as a ground plane. In sone

enbodi nents, an el %?Hricﬁ@kam‘b%hﬁhtsoe{hdra%gh% ﬁt@éﬁhﬁ"mhpgﬁbﬁuﬁ?&ﬁ&r ned
in the substrate bet ween 10 t he nanhorods 410. In various enbodi nents,

the substrat e regign ¢bngfitheaccess tensistor #ifbdre yn mmctthn mmrod/ehatmleﬂ'iﬁal

such as a,silicon mafe arnier gonce one
erbod; mends, | CROCHARNR T SRk MR st SORRGR BP bl el oG

pl anes. In valbbmesn efpxoionpiates42 1tdnd 498 m@la&bm ddid/sbircé pghondi1asn a
plurality of conductors coupl ed tQ one or nDre conduct ors

15el ect r odes, CeRtActYith eapasorplats A 1ial substagtialiy qqual nogeanial. In this e8%8r ge
placed on t he ch@Refla B‘%t flew tlQMgﬁtHéoJeHﬁgﬁch%h&"?égléﬂ !ﬁﬁ%ﬁaﬂl ﬁé}lopé/d 410

conductor from an input/output circuit (not sh for ‘exanpl e, may
be stored duriimthetahsenae cbsbias ptacmtasomgats cafdiictet éﬂ&a Teisome ermbocﬂlmenﬂaer

current pakh |s r OVi r ilJustrated i.n

The. char 0neyTetReng ietor A e o ToHRHcls Pl e RN g Pper”
vertical diregidronartdeddse ahu, g gapemidhadr 408ahey dbaibnaadmttt]ﬂe gietreact i ve
ground pl ane 413. A portion of the el ectrlc field may have a vertical
pot ent i al gracs?t@rﬂecgetlwsuwlﬁ UG AR uF‘é@H??V&ﬁ?ab‘Fh%@“HéﬁB%ds 410

of the access jhERHS ﬁmﬁaﬁﬂpsu?ﬁ&%@n-fah% ﬁﬁhhre efePsgHhai e ROFORSHAHZ,

411. In the absence of voltage applied to t gate conductor 408,
subst anti al | y gapensugy efthe friatems] Shethasrel reficrn 4)3sio grester thagimths ndd2,
411 (off to.the e conductor

408 oy eesabrhimelmeeisn& i §b i urRlen P aGhoRHint R kRSt ol T
field conponemégopstpadhesibatiate tyt¥o1¢ hﬁﬂﬂﬁiuséﬁBodlﬁqeﬂﬁI e ¥istrage in

cooperation WI4tOP t{u? r?-t}gpaets%ar(gld ?ilra?tslgorulrge rlegl%r? E1024 ?t?e channel region 403 and/or
the n-type drain/source region 411 are formed from a material with the same
lattice constant. In some embodiments, the substrate 401, the shared
30  drain/source region 402, the channel region 403 and/or the drain/source region
411 are formed of silicon. In various embodiments, the drain/source region 411
is made sufficiently large to eliminate quantum size effects, such as a higher

energy band gap shift. In some embodiments, the drains/source region 411 may
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may further generate a charge inversion |ayer (not shown) extending

i nward 30fr2)m ésg% %ate di el ectric along the channel 403 Dbetween

dr ai n/ sour && PEYIEEHE 402, 411. The charge inversion IayE?T/H‘%?WOZO”m
el ectrically couple the drain/source regions 402,411 to forma
current path theehsred@ianR@B6urck Fegbaddn el iciibbdimentshepdrélom o OMHs sinaasd
have a circul ar cyoss-sectign and the electric field includes. a
radial pote nt‘{r%ﬂ’fsﬂf‘r&‘a’l’eg‘.r?ﬂ‘l%%ﬁ%mﬂ?ﬁ' Wg@‘i“?ﬁlyé‘fr gatog%vmgﬁ? qpaptym Bétween
the capaci tor st e thadpdriior: MSAHE eMbbdimehs, HE HaaSBAnASuke fHioRth 4b31
and the shared drain/source region 402 and/or substrate 401 and/or
conducti ve gr cueaipsidde theqraundrdgneail B asing Mia hodgs 4udtshewm)23n varidisschar ge

espoct i ve ool BIaRlr U berhf B eeior W3t usdy G pipd Bint "€
of f-state, thererpiidy chaiudtieh RgOA! IMddnicyenibddindey, g sabstekieot towgilad to

bet ween the capacitor plate 421 and the channel region 403 may be
|l arger with t R gawyt e UlBo v Merrous smbadimentysthe suhsirets dorms) at fegtiied

from the same RSt koWt AR ARDARNGh Bt ErBoaifichOH

nanor ods). Thi's increase t may provide an
i ncreased el eclactitabaslaiiar region (fntchdwn)gnad ledbmenisn theesubidyate Bwednng

t he anmount. .of charge e i ng .t he capaci tor. plate 421 though the
channel 1 a9 orlReipBOrofR 1§ in Aotk EraRa Ty JHEF B TY ERRE Bet ween
t he source/ dr lddtrica@Dy Adh-Géhduaivgd rhdi&ridl i la siiRBh Mafet QethBA¥wicarHee e

DI BL by inproving the sub-threshold ideality factor and sub-threshold

vol tage 15 swichABcentratipge dusofns gmbedimerische greundplaned I3auneongmise Rar ge
| eaki f i tl
transt ot o 4002 R Bt Blant i QUlousn RIS oA I e BoPo0e

| onger times. formed as kiplaraliy iof cdydoctkrscioagieditn ol oa muenumgudtensj ce 500

according.to varjous enbodinents of the iLnyention. The nenory device
500 may iﬂél ud céﬂ eﬁr?‘?ﬁyﬁgie%aﬁgﬁ%ﬁe?%@%&%w, an address decoder
504, row access Ci ChiigepYace®bn tHeRhpHIoPREH % Yolthgelifay tratkénittéddmyt I ol
circuitry 510, and an gite'ril)put/out put (110 g?rcuitgéédl . The nenory

cel |'s 502 nmy ceudystar i@moeinppt/ouiué cieeuii(apt shpwak farexgppleamay s sjored
coupled to the,: ' it b I it.
oo enory soStEOPUBGESESoBl gl do PR 300 Rl U Ry
processor 514 Foothetenmepoelyillmstndtedin FIG. 4,nhd clabhgpwngy beouspd vesthblisicaess

to the nmegqpry cont . The nenmor,y device 50Q is sho to.recejve
cont ol < PanalcEoRGIR ndhpr BEEL chpctnpehest heseriigor Piaged! idinens.
signal s. The rBhARicHvelEbLEEpIRR0AITRYA BéEbE oFIRE Blevit HRld MayPkARaSRHicH a
I/Olines. It will be appreciated by those of ordinary skill in the
art that addi tPtsatdl ggadientperpss thpehanbelregen 403efdhenangrpds 41Hebihe ded,

and that 30 t Be JEA M FBh §EwREn &le%n%g%gﬁﬁ’l Qgr%{gsf L?('Hqgii.ffﬁﬂ 1l

I'p
focus on, and not oObscure, various e I ment I'nvention. Any
of the menory of ebltage appladso teqate, coadet@si®8 cdubstadiatly ho vudrent oy

include an_integrated.circuit stryucture d/.ar elenents in accordance
Wi th var s ais PEOtSR i v resians et girst

Application of a voltage to the gate conductor 408 may establish an
electric field across gate dielectric 406 with field components perpendicular to
the channel 403. A gate voltage in cooperation with the gate dielectric layer 406
may further generate a charge inversion layer (not shown) extending inward
30  from the gate dielectric along the channel 403 between drain/source regions 402,
411. The charge inversion layer may electrically couple the drain/source regions
402, 411 to form a current path there between. In some embodiments, the

nanorods may have a circular cross-section and the electric field includes a radial
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exanple, the array of nmenory cells 502 may be fabricated according to

enbodi rren_ta,ogoé&?glnventi on, so as to include one or ggéﬁugz%{)]%z%?o%’

as shown in It should be understood that the a

description of a nmenory device 5 500 is intended to provide a general
under st andi ng pofenpelsgadiers. Therfornagon ofct anrmest, paginbketweentbe capacitonplaie e
description of ,al.l the el nts. and featur of, ..a ecific type of
rorory” such A2 EradaE iy B g KR 0 and B PBRE RO ar o
equal l'y appli Q'@%lbﬁfllﬂ)DalW sEbstRte0d ah¥/BEcAidudRRdundiplaeial 3,378 Alosy Not
intended to be Timted to the DRAM descri bed above. O her alternative

10 types of ddhg eapaciiosdps tnedissiange thipngh the chanaelfegiepasmoviagicy) and
flash nmenoki e L , - | a synchronous
DRAM corrmgnl >S/C a?@ﬁ g}r%g}gﬁ@oingsthésl%%&ﬂlf syo(rilfc?:iH% %%ﬂé@%ég%ﬂl cs random
access nenory), SDRAMe(ismsistor offiatase, Wrgyﬁ%dﬁdohtmmndomﬁr@mﬁm
DRANE. and 1600 REF) PESRHbITG gresetonsIE 431 A e phogpeegon A Banar e
waf er 600 accayigh e nhkbrod410 WsanGoPP AR Shathel AeméIHERthORmMeAS
shown, a sem conductor die 610 may be produced from a wafer 600. The

seni conduct or neaterial withraehplipland gap opagn (e g vithoviarenegdon Thissugreasedt e
| ayer or fer LS Gl j i circuit
devi ces, }[1}@ pee P?rgg %Elgkﬁéfg%gﬁl%?hﬂ)?ﬁ%é@?%ﬂﬁ%&%@%tg%@%%% 3%% gor&ﬂl er 600
may contai n a eieefrend therepptedacing tie aronht cfehirge sstapihg theiapsitod Plate 421

cont ai ning the sa fuyncti onal i . .JThe sem conductor die 610 nmay be
packaged in a%ﬂ”@ggl&e(#\?@“eééﬁ?fb&%nﬁe%%ﬁﬁd Wefﬁ%aé‘ég@ ‘g‘ﬁ%@ﬁ&? ng
t her ef rom (notyesNRHMe soRfcidrdth NGRR3R 1R chi¥helieafori 408 nffredite di e
for unilateral or bilateral comtunication and 25 control. “The

sem conduct or RIB& tyigprewng the sulrthresholdidealjtyafactdr aidrsobrithreshoid eatliage or
el enment incac ] ri e di men f 1 I nvent i,on,

i ncl udi ngqgne%%ﬁﬁgmrt?oe S%@%‘E‘}%gsr%&lgsonsﬁgg%éﬁu"@Ef%aigﬁngakmg O‘Elﬂlﬁ 7
illustrates acapacitor 425nevdiilige 129 oaas okirdiighotht accesy tramsistoe ABMdAsBNt  Of
T A
circuit nmodule 700 py@. EWi%aﬁ%ﬁBﬁn{oﬁ'@dém:%@@drﬂihg t@¥arfils

i ndi vidual sem conductor die 610. The circuit nodule 700 nmay conprise
a combi nat i on egbodimentsad thecinesntidh.c Ehémempnpleyive 300 may anchalei aptayrap bf

functi ons,,0r i .0 f. sen tor dies 610 tal ning the
same func Poné‘?elnfo?/?%@%?og’rﬁ]n%rd ée%%géncﬁ g%%@gtrtograca?ségr Byéﬁé]&gfﬂl ¢l t
modul e 700 mayceetisduitryp$0g, easiol Gty HY dd Adingitycithult (180 sifhil15¢2.0r
el ement in acgrglr dance wi { h gnbodi ments of the invention, including
one or nore narsIROTY SIS FRAYI CAMPFIES ONE9T THPTG Fap2gol SRllEepertivaly

circuit modul @oifled i6d8e FRIMRIYssTREME 566 arfd@id Gftumn access circuit. The

memory device 500 may be operably coupled to an external processor 514, or

25  memory controller (not shown) to provide access to the memory content. The
memory device 500 is shown to receive control signals from the processor 514,
such as WE*, RAS* and CAS* signals. The memory device 500 may store data
which is accessed via /O lines. It will be appreciated by those of ordinary skill
in the art that additional circuitry and control signals can be provided, and that

30  the memory device of FIG. 5 has been simplified to help focus on, and not
obscure, various embodiments of the invention, Any of the memory cells,
transistors, and associated circuitry may include an integrated circuit structure

and/or elements in accordance with various embodiments of the invention. For

13



driwvers, power nodul es, comunication nodens, processor nodul es and
applicatiop-specific nodules, and may include nmultilayer, nultichi
nodul es. Tﬂ'é)@?ﬁj@ﬁ?-’tl nodul e 700 may be a subconponent OPCHU%{’P?/%ZP' Sof
el ectroni c systens, such as a clock, a television, a cell phone, a
per sonal conpukempleatht @pey sDmehoicgild 502 msshsbridatedaco@tlingné server
such as a file gerver or_.an. agrgj ication. server, an autorm(?i | e, an
Undustrial corfRBRERs e INEOPC0-AEo B PHpramorp RENIPYS, 5 STy e
700 may have guyasigdy of |eads 710 extending therefrom and coupl ed
to the sem conductor dice 610 providing unilateral or bilateral '
comuni cati on and dbshorlgibe understopd that the gbevealesssiption pf e memonodivice as a

menory nodyl e Q,..according.Lo various,enhodi t of the invention.

A henor y i 0gBRREEE R g Mt B R Ro e 4B Con ai ned
on a support &khctitdgandusiiera cgppixaddsytipliopon il ig clupodnts dnd feltmes 6fk bus
wi dth and the desire for parity checking). The nenory npdul e 800 may
accept a comméReFIds grart W@Hyaﬁucéﬁm- EYRhsrompmy cobpdimeits eHBen) on
a command |in i ; i dat a
i ks 330, Tha"anenng ey BIcRle 03kl pR B sy B e

to | eads 840 ewt mimhided tofredmitddgo shedPRAM &béribeiabove LAberad®matiee shown

FG o Al eat sRaSGres A bl i aR min”" " "
integrated ci medmdries! Adaitienslly? BRDRARIGLA dompiise #EARARRONM DRAM,

enbodi nents of the invention, including one or nore nanorods, as
shown in FI G cemmonly referred tp anSGRANG(synghgenoys graphigs Mndr a58€8¥ an

el ectronic sy Eqéﬁqr j . SRR t EeAM

i nvention. Fi g‘f‘ﬁa‘gﬂg ows é%;ng%g%f&rsom C Q’)S/Sstem 9%{)%@()911?%i8ni ng one or
nmore circuit rocbledaty ot STRAMY sovelbasi SynshlbkE rooRambes)™ DR AMS ante a
user interlf acet919 hﬂqt .Frovi des a user of the electronic system 900
with somne fsorr?llgf CONTPEPS or observation of the results gener at ed by

the el ectronic syst@. §strHes? saniasaduenr Whfep 605 Rcotdgab vageusI10
i ncl ude a keyboard, a pointing device, a nonitor _or printer of a

personal conpéibediments qfiheigventian, Ag Sﬁﬁ"@b pggmisendystos dig Gl 0gpayber adi o;

an ignition Syr chlaed fl@hﬁ%@?af@( 6@?%9@%&%&%%9 d%tﬁlﬁwﬂe%diﬁﬂﬁalgecar d

reader, keypad, display or currency dispenser of a ut omat ed 'l er
machi ne, as wphiterasd o heubshiatmiayenerobd fereo (i0nk e cbateins cirdthiey, ws anegrated

mterfacezglo may. further i | ude a%%%gcti%&rrrﬁegrow %gto}-\(v)vafewoo

circuit devices, to pertorm a spect emicon
may contain a repeated pattern of such semiconductor dies 610 containing the

same functionality. The semiconductor die 610 may be packaged in a protective
casing (not shown) with leads extending therefrom (not shown), providing
access to the circuitry of the die for unilateral or bilateral communication and
25  control. The semiconductor die 610 may include an integrated circuit structure
or element in accordance with various embodiments of the invention, including
one or more nanorods, as shown in FIG. 1D.
FIG. 7 illustrates a circuit module 700 according to various embodiment
of the invention. As shown in FIG. 7, two or more semiconductor dice 610 may
30  be combined, with or without a protective casing, into a circuit module 700 to
enhance or extend the functionality of an individual semiconductor die 610. The
circuit module 700 may comprise a combination of semiconductor dice 610

representing a variety of functions, or a combination of semiconductor dies 610
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5el ectr-oni ¢ system 900. Access ports are used to connect an

el ectronic_s {’ﬁ m 900 to the nore tangi ble user interface con‘g

previ ously 8?/28 A5 1by way of exanple. One or nore of t RETLP '{1‘?29403
nodul es 700 may conprise a processor providing sone form of

mani pul ati on, coniainiigy thesamk functiomalityo fOnermp tiose fetmoorductoudipeé B) 4fo t he
user interface 710, ot her |nfo mation eith e ranmed 10
into, or ot herc\‘/\rnc‘é‘émﬁaﬁl\‘?%agglaﬁ'ﬁomﬁﬂé‘t 3 OpF YHrerate gq&%s%@@t%rc&r will be
appar ent fromgidygnt msgceoﬁanc%mmn%dﬁﬁ&ﬂd Siund ﬁﬁv&ﬂtibﬁnmcﬁhﬁ’l QnE6E I oni c
system 900 may be associated with certain nechanical corrponents (not
shown) in addimdronanagodshes stiogun FIGddul es 700 and the user interface
910. It shquld be rsto r du oS 700
in the el egtronl C %%Q}%e& Ogs?:aan&f)e re gac“ewu‘%mm%ga srlﬁ%g]lees i Nt e egrat ed

circuit. Furt hiﬁauvsi@nmwdrhﬁ)daleecdommnﬁbaayﬁhﬁmlﬂ@@rmssobmmlsMOrrponent
of a larger electronic system It should al so be understqod by those
of ordinary SI@PPII‘“FIHD‘FH“(?’%WM%?SEWW%’&FWQE myitEaxsr.deplachip godilss. at

| east one of tﬂ%cﬂ&ﬁpﬁﬁédﬂe%bij:%#@%ﬁ%%m@@ﬁ&ﬁbf‘a%e‘tﬁ%ﬁaie ff circuit

structure or elenent 1 n accor ce wth enbodi ments o I nvention,
i ncl udi ng one systemyseclo adonds a thigvisien, shd\hphqm, FpagontDonFiu@r, a0

il lustrat a bl oc an._el.ectraoni

Gystom 1000 adRspi AEBErS ARk A S S RE @A R HE i ol GPticion
menory syst emsdQe0 aBito@biléial lman@rcoﬁﬁblesyﬁfeﬁipmyalfmﬁuhﬁsotﬂ&g e a
menory controller. 1010. The nmenory npdul es 800 may each cgntain one

or nore 25 mefdEyit @eévleégomhamav%&wfd??@saﬁo %ﬁqﬁi%@évﬁe@sandlo may
contain an int.ggna &ﬂh@kén%bﬁduétfo{'rplu&ﬂf@ BVid gﬁﬂi‘ﬁ&ﬁex&l Br Bt} dance Wi th

enbodi nents of the Invention, inc |ng one nor e nanor ods, as
shown in FlI G ctiDmunication Fiecomnbry control l er 1010 nay provi de and

contr ol idirecti a erf ace bet n the rrermr 0 and
an externe{s systemF@E;Shilh?%ateTﬁcwl ? AT RS d@%@o F{'l)"
control |l er 103QrifRyentodind®6f fhic inv@ALorRIA ﬁ‘léhﬂrflﬁﬂ@m@d@o g ien@en in
FIG 1D. The rrermry system 1400 may accept a conmmand signal fromthe

ext ernal syst éphltiRls meomay deidces Sil@ gontainedon haupgpid 8bt (thepambsas gepeyally
modul es 800 ory %eu mgr@eg e d¥ir 866 2R TR dbsite/ fot ﬁﬁt}gﬂ&klr@glg%/

provi de data in ata ou put et ween the one" or
nodul es 800 ammbmdmnmdubr&@ﬁlmwtmbnmnﬂﬂEﬁgMﬁdata dxitarha cfbﬁmrﬂler

comput or 29t L TODRT L URRED PBOEroRIfE oh AP Bhact e outpa

invention. A camuattiRks 5&0’%1?&60%9291&1&16 800 Bhdidla BnlRr 30885 de chadddteand a
menory system 1000 housed in a conputer unit 1105. The conputer

system 1100 alt@lpadedAfeaxtengdingfrosy theshrrost8 1an Tap teeds 3 are shoytrelor
subcomponent . UiEPE BERAACHEL FYRAhipe G e REMRAY dRNRIRRIC L e 2 ©
i nterface conmpementesf tisuatmay devikeydidanad, cbhifh arminpgrandd diguid stroatere
25  orelement in accordance with embodiments of the invention, including one or
more nanorods, as shown in FIG. 1D.
FIG. 9 illustrates a block diagram of an electronic system 900 according
to various embodiment of the invention. Figure 9 shows an electronic system
" 900 containing one or more circuit modules 700. The electronic system 900 may
30  include a user interface 910 that provides a user of the electronic system 900
with some form of control or observation of the results generated by the

electronic system 900. Some examples of a user interface 910 include a

keyboard, a pointing device, a monitor or printer of a personal computer; a
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101130, a-nonitor 1140, a printer 1150 and a bul k storage device
1160. O hey, ¢ ts associated with the conputer sys ch
as rmdens,{vé)ez\(wgz@g%?i ver cards, additional storage devi kgﬁu%éﬁ%moi?éy
al so be included. The processor 1110 and the nenory system 1000 of

t he conput er styﬁhgdialh@ﬁspﬁwnrlspeaﬂcmsmf p cadid; el igniticn sitely) gruge @gaat ed

circuit. Such si C ces n uni operate 0 reduce
t he communi cath® Sﬂ%tfia?rgatﬂ aﬁ% ANE A& W@ggg é’rﬂln@ ‘Sycﬁﬁﬂﬁﬂi?ft

The processor oFhdQuiehtedielcmaiieRive, 2Y WeB A% dBEOMTRN- ﬁ@d}ﬁ:@dlﬁteﬁa@esor mor e
nanorods, as shown in FIG 1D. In sone enbodi nents, the printer 1150

or the bulk st or agdhgessrdetentassd ] funaydunheineluds acerseperiR avided toui t
structure H:'SHEE n%ﬂerﬁ‘%ﬁ’ 4 0%??;;3’1“(5 @s@@?déorﬁgﬁc%i%n?%c{r&%c E%Y@ﬂt' on,

i ncl udi ng go one re nanor as Shown 1 A
above Detai l ecﬁomesmemctre amgibhkchserimeerfaed emgpuaests previcduely peadaacyywayg
i i art of the detailed description, The draw ngs

drawi ngs, which forma
show, by way @? exammale Phe Pomoreqfdhs qircptt :pgulgs AR Nmay comprss a processor

embodi nent's, Wabifing k6 kst df%ﬂﬂu%ohQ:Ohﬁf)ledr@n@cctlon%f%ﬁﬁltseﬁem oftl €
described in enough detail to enable those 25skilled in the art to

practice the mt;eltﬁttmﬂnﬁ usvhmteefab@alG;emfg)tlmynfbenatmmlthe@;repm@gwmmed

enbodi nent,s, lzed oqi and I ectri

changes mal?; beXtr(ﬁa eOL"!ItIV\Ell= gfdvd‘ge)ege{?’ttfl%ée#? 8?%‘?’?%8 9% p@s&ml k&P %ar' ent

i nventi on. Therdaeth@ilisedf Bﬂﬁﬁ}ilb@f&ﬁﬂuslﬁgwéﬁ)eﬁdaaﬁévuemcrsgiteﬁﬂot)maty&ken in

alimting sense, @éeg the scnaxﬁe of, the various enbod] nents, i s defi ned
vafihgeral

only by the ags®§ EFhS'@}FﬂéPP’P%‘EﬁHFS\)(HPfe%'?P%m) in additipp tq he 5

docunent, the dhibFod@es P60 ardthe é’sre?m'tb?ﬁge 9ff It &&Mdkﬁtogattﬂ?}]he
docurrents to include one or nore than one. In this docunent

term"or" is Wwaedr moregfcait madukes Aothiandthe elsttuomicozystemi0§sen be twiam:@ey

i ndi cated Furt u Ilcatlon
docunent s ref errwl[’e%mﬁ&{%m&dgcu ﬁ.‘g R‘ﬁ%%r}lf)f'%sé g{)c&?a}/ g?%rence
herein in theisubeiipon@ityf a dgdrittud@bnit Bybtert. dlyshdud AlI8EHE Mdeatd byy

reference. In the event of .inconsistent usages between this docunment
and t hose docdlﬂﬁéﬁpgoréewm%v tﬁa@w rqﬂé‘lﬂéﬁﬁhé@‘ﬂoﬁ“ﬁ"e‘h%%td@f’i Meohe

5i ncor por at ed tl’ie%@xﬁ &ﬁﬁes%@%sgz ctaﬁtaﬁl%'ﬁhﬂ AR RURPLAITRIL Bf Yehhyt hat

of this docunent; f rreconC| bl'e 1 ncons stenC|es the usage In

this document mmwrdanee. with embodimehts ofithd émvshiden irtchaling ¢me cabomve

descripti aﬁ i Nt ende Lo b%gﬁb strative, and not restrictive. For
e

exanpl e, B0V AES T di ments 10 (and/or aspects thereof)

may be used |n conmpiGal ¢ usttatesa Black\diagranrof alVBRYr&ihfste@{iarkn BRGIyS
wi || be apparent to hose of skill in the art_ upon review ng the
above descri pt¥gem ! accppshng torvarips smbedipsny af the fyeption: HePEMOFE, be

det erni ned w Tspstérﬁfl%@ﬂﬁ?cérﬁalh%‘ﬁe éﬂﬂﬁﬁ%é?n&#r%dﬁﬁles%{) i #ﬁoﬁébe full

scope of equivalents to which such clains e entit
appended cl ai wsntrallse 196k rhe memory modules 800 may each contam one or more

25 memory devices 810. At least one of memory devices 810 may contain an
integrated circuit structure or element in accordance with embodiments of the
invention, including one or more nanorods, as shown in FIG. 1D.

The memory controller 1010 may provide and control a bidirectional
interface between the memory system 1000 and an external system bus 1020. In

30 some embodiments, the memory controller 1010 may also contain one or more
nanorods, as shown in FIG. 1D. The memory system 1400 may accept a
command signal from the external system bus 1020 and relay it to the one or

more memory modules 800 on a command link 830. The memory system 1000
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15"i ncl udi ng™ and "in which" are used as the plain-English

equi val ent f respective terns "conprising"” and " Ln. Al so,
ig t he foIi%’(g’\?\zﬁo(r)f%f;d}gq7 imps), the terns "i nclmadi ng"gand "co%ﬁ@#&&ngwé

open-ended, that is, a system device, article, or process that
i ncl udes el enmmeyprovidedata tripohartdodatamemit bettcethafone pr swcmemer min a

claimare still e to.fal tthin th 0 of. 1h claim

Mor eover, 20i M™% Eesg@ﬁla%%hﬁﬁx%ﬁ&n %?en}%%tozﬁﬂgﬁat?ﬁl ’if&m"second, " and
“third," etc. are wWediNBluSiriteASbloPGhEramdTdn lebirdit sysineAdCebnifiter

i npose nunerical requirenents on their objects. The Abstract is

provi ded to c&§ies LAPQ pccgding to viarious epphodimenfaf i ipveniien: e computer; ¢
llow th ' ' t t '
oLl 0w he seadgah i kaLnGRGSHAALE IR DAL SHEORIRLER

be used to i ntieapomputerurii M0S. Thecanpyer systemed00 algo edrvishes anlegammpe

Also, in th ove, Detail ed Descr.i.ption, ri ous featyres nay be
O ooned t oget RER SlEC R e P e S EOe YAt B TRt b

interpreted agydtétha0gd,R8 2 kompbnMCTRE EREhutkr¢it@n a0l Sftfonhly is
essential to any claim Rather, inventive subject matter may 30lie in
| ess than al | cpeiaimngpess igerizcesampprantsasuchiag e kegwdrdehiz0o8 prinfing deniss,

the fol | oyyng ﬁmiarﬁorﬁ{o 118, ﬁgﬁnie{-“f%%h%?b%& b e bFe A5k bfh%r
Description, w each clalmstanding on its own®as a separate
enbodi ment. \dhmponehitscdssdciabetl wish the cOmprieDsystear] 100, aohips msiems, davice

vertical channel coupl ed.at first end of the vertical .channel to a
Scapaci tor, tREVHERT Sc%ﬂ%‘t%ﬁsﬁ%rlag%%wfqe&lﬁt%H""B’@ISIP%Eﬁ‘é’i‘é‘{?daq‘ﬁ%t i ve band
gap energy of ,pRbant 8l 10 AuMhdEehbs sggt@m@b@ oﬁh@b&hg&gféf)?tgfndlloo can

substantial 'y surrounding the vertical channel; an el ectrode
coupl ed to théeuworporated ethasingle infegratgd cirenitli Sakck singleackage prothssingenor y

cell of ¢ I1 §i muiliits I\P{t'l? rogér&e%.' FedG&RE Lérgﬁluﬁi%atﬁmq%lljebll)e%@génqﬁg processor and
the memory circuit. The processor 1110 and the memory system 1000 may
contain one or more nanorods, as shown in FIG. 1D. In some embodiments, the
printer 1150 or the bulk storage device 1160 may contain an integrated circuit
structure or element in accordance with embodiments of the invention, including
20 one or more nanorods, as shown in FIG. 1D,

The above Detailed Description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of illustration, specific embodiments. These embodiments, which are also
referred to herein as “examples,” are described in enough detail to enable those

25  skilled in the art to practice the invention. The embodiments may be combined,
other embodiments may be utilized, or structural, logical and electrical changes
may be made without departing from the scope of the present invention. The
Detailed Description is, therefore, not to be taken in a limiting sense, and the
scope of the various embodiments is defined only by the appended claims and

30  their equivalents.

(19 ]

In this document, the terms “a” or “an” are used, as is common in patent
113 3

documents, to include one or more than one. In this document, the term “or” is

used to refer to a nonexclusive or, unless otherwise indicated. Furthermore, all
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capaci tor associ:ated with a dynam c random access nenory. 3. The

menory cel] of one of clains 1 and 2, wherein the vertical channel is
coupl ed t oVOREYYBYLi t or using at | east one shared dopeBCHERBH20493
4. The nmenory cell of claim3, wherein the at | east one doped region

is formed fr orpuali@itibhs;gateﬁtumarplateﬁthdocﬁmrmhecfmalmgw thed dOﬁmﬁlemI’h@e of
clainms 1-4, wherein the vertical c¢hanpel 20i ncludes, a ¢hannel portion
with a subst afBGogqrited by sxlerancedicra indhety priifety, a5 thopgh RivEpa/Ivcel | of

claim5, wher %ﬁd&rﬁ&?&‘te&ﬁ??&f@r@ﬁée@'ﬂ YheGl/Ef Ok ol 967 uSRES hQRelAdisd
di aneter of between about 0.5 nmto about 15 nm 257. The nenory cell

of one of cl aidesumers angthosedatutients 56 gicdpetatssithyodsrange,dhefisageingtie t o

I di sch ' d w h ' . . T1h
renory cel I ongnrapd Biaened SR e sl R 19 Bt cal

channel is | esBcihiétt; 35(rdabncildble ibondiftendidNE Yisdpelid i deamestt Cl ai ns
1-8, wherein the dielectric is configured to support an electric
field al ong tken%@stical channel to couple a charge at the first end

wth a shared dopeq, i ohothacrs iR AARRIORSHIECTIIRIONTLAZPAEE 10, The

menory cell of one o wher el el ectric
confi gured to ilhoctopevahad mtirestattive e et exampleptheabaleadesaibediembodinentsand

the channely ML el Aol hOSSARS b UGB EBAIL BRIy 11 A
other embodiments will be apparent to those of skili in the art upon reviewing
the above description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled. In tﬁe appended claims, the terms

15 “including” and “in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the following claims, the
terms “including” and “comprising” are open-ended, that is, a system, device,
article, or process that includes elements in addition to those listed after such a
term in a claim are still deemed to fall within the scope of that claim. Moreover,

20  in the following claims, the terms “first,” “second,” and “third,” etc. are used
merely as labels, and are not intended to impose numerical requirements on their
objects.

The Abstract is provided to comply with 37 C.F.R. §1.72(b), which
requires that it allow the reader to quickly ascertain the nature of the technical

25  disclosure. It is submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to streamline the
disclosure. This should not be interpreted as intending that an unclaimed
disclosed feature is essential to any claim. Rather, inventive subject matter may

30  liein less than all features of a particular disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed Description, with

each claim standing on its own as a separate embodiment.
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a plurality of capacitive cells coupled to an input/output circuit,

wherein sone of the plurality of capacitive cells include a capacitor
coupl ed t oYAPORUBEYL transistor conprising a vertical cRaHH&IYVEY1%n

configured to transfer charge 10 between the capacitor and a
conducti ve reg¥hat idelsiatkddsn a signal associated with a processor, and
wherein the vertical channel region conprises at |east one nanorod
configured to reduce a | eakage current between the capacitor and the

conductive region UsiBgof RANGYRRIMgNer gy difference. 1512. The system
of claim 11, wherein the ‘at |east one nanorod shares a gate region
channel material. 23¥eftisal channedpouplednte figst end of the varticgchamel @teer ei n
the gate regign_channel terial .includ at |least _one of _a

i el setri o Sand ey ar Beosar e o el Mot S eF Pl e srermgfne
11-13, wher ei mndtéifal diraligcthe channglg| udes a gate dielectric configured
to support an inversjion field in the vertical channel region. 15.
The system of one @idsckigibstentially symeunding the gerieal chappel; 8xk nanor od

is 25formed from at deﬁ?él%ctfbﬁ@c@%legll S e VePitaPifih I%Eﬁg‘;t]l{bﬁ%é}e&}ibi con

wafer. 16. The system of one ains 11-15, ere e capacitor
i ncl udes a doubl e-si ded capacitor. 3017. The system of one of clains

11-16, wherein the.pluralit f. capacitive cells .are configured to
forma poiPi ot of - Aodiraiy HaifRieloR ninottiufe serdofisds f BbHFE00403
18. The syst erhgciton@setiatéd ithe didandid randbRratdds kopgnory nodul e
conprises a DRAM nodul e.

3. The memory cell of one of claims 1 and 2, wherein the vertical channel is

coupled to the capacitor using at least one shared doped region.

15
4. The memory cell of claim 3, wherein the at least one doped region is

formed from a silicon substrate.

5. The memory cell of one of claims 1-4, wherein the vertical channel

20  includes a channel portion with a substantially circular cross-section.

6. The memory cell of claim 5, wherein the substantially circular cross-

section has a diameter of between about 0.5 nm to about 15 nm.

25 7. The memory cell of one of claims 1-6, wherein the field electrode is

configured to regulate a discharge current associated with the capacitor.

8. The memory cell of one of claims 1-7, wherein a length of the vertical
channel is less than 250 nm.

30
9. The memory cell of one of claims 1-8, wherein the dielectric 1s
configured to support an electric field along the vertical channel to couple a

charge at the first end with a shared doped region.
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19. The system of one-of clainms 11-18, wherein the at |east one

nanor od 5i pcl udes % region with a band gap energy greater than 1
M@V“ A

.12
eV. 20. A% it, conprising: a channel region coﬁf)T’Pg%Oﬂﬁozgf03

| east one nanorod, wherein the at | east one nanorod includes a
vertical transport region of sem conductor material; 10a gate region

enconpassing at. | east a portion of the at |east one nanorod in the
verti cal trangaortaﬁ‘@&?egﬁ’;"yﬁﬂﬁ"foneo clgims 134w %P%esqia?%c Pegi on
coupl ed to thgoakel&PRlcodpEaBINM R tbailond Bf £BEhnALIRIARELsidHhnd (FEdAfRAd] OF
cell. 15 21.The nmenory unit of claim 20, wherein the channel region

i s confi gur ed majeripd ¢o Mcrehsefthetiativaheandygap eoergygy. 22. The nenory unit
of one of ¢lainms 20-21, wherein the at | east one nanorod is
configured™t o provide a shifted band gap energy. 20 23. The nenory
unit of one oflicl aianssi2fr ddfpristigt ei n t he channel region is configured
to reduce an off-state | eakage current associated with the capacitor

cel |. 25 24.The neddiyalifiof cacigiecdls cepriedie anaopuyoulpHieristit, Wheigat e
regi on incl udggna o3RRG PLE ABLIBYE @éus%pdmzegaseagz%i@f cdrgg?eaftomcc@%s a
. e nmenory one

gate dielectric and a gate” conductor. unit o
of cl ai ns 20- 2¢psisthecasiprisiige: watial clagned negion Ghfigured tguamtrchargse a

common ga el.ectrode. 26. The nmenory uni.t of one af c¢lains, 20-.25,

wherof n a0 abEbuER B Rt tar e ERIRe Rty Soef S s Send afomBisivE s

nm and about 2Gréd¥ksor, and wherein the vertical channel region comprises at least one
nanorod configured to reduce a leakage current between the capacitor and the

conductive region using a band gap energy difference.

15 12, The system of ¢claim 11, wherein the at least one nanorod shares a gate

region channel material.

13.  The system of one of claims 11 or 12, wherein the gate region channel
material includes at least one of a dielectric and a gate conductor.

20
14, The system of one of claims 11-13, wherein the dielectric includes a gate

dielectric configured to support an inversion field in the vertical channel region.

15.  The system of one of claims 11-14, wherein the at least one nanorod is

25  formed from at least one of a silicon substrate and a silicon wafer.

16.  The system of one of claims 11-15, wherein the capacitor includes a

double-sided capacitor.

30 17.  The system of one of claims 11-16, wherein the plurality of capacitive

cells are configured to form a portion of a memory module.

20



WD 2008/ 036371PCT/ US2007/-020403 27. The menory unit of one of clains

20- 26, wherein the vertical transport region includes a gorti on with
a quanti zaPM"¥H&dy that is greater than a bul k band §apUsHery403s5
28. The nmenory unit of one of clains 20-27, wherein the channel

region is couplged (Thedysi€aofendsfaldims 0 W] ewlicgh the memSry niddalgrenor y
unit of one of clainms 20-27, wherein at |east one of a second

10dr ai n/sourcé%’@&?@rﬁ*%ﬂ&l\’{ﬁ‘éd\ll@ast one nanorod is fornmed froma
single crystal sem conductor substrate. 30. The nenory unit of one
of clainms 20-29, wherein the vertical transport region includes at

| east one of dA9si | iThemystemn bof cwnofgdaima -0 wizneln shesit léastome bBo@odi de.

31. The nenory_ynit of .one.of clains 20-30 erein the gate region
ncl udes & ratBSE dEEER MR adand saE @S g LA and a
polysilicon. 20 32. The nenory unit of one of clains 20-31, wherein

the capacitor cell is coupled to at | east one of a row access circuit
and a col um 28cesd BIREHY Ynit, caBprisiigiet hod conpri sing: propagating

charge through a pra%ﬂ%ﬂe?%%io%%fg@ﬁgi}] %@?559?# ﬁhn@ro%Sﬁrﬁ?ljeﬁlQHéjkﬁgﬁf

material according to a spé€cifi e vertical region coupled
to an el ect r odme asswed achdesa vértical cappoit region efisdmiconductda roxbiiialg

charge fl using the predefined vertical, regjon erein the
cem condudbor - mat e PEIT TS SRFOBIPER e e gh Safie et SAouz0ed: han
its native bandi@aRrtRARH&¥pordiEgion; and

a first drain/source region coupled to the at least one nanorod at an end

supporting a capacitor cell.

15 21.  The memory unit of claim 20, wherein the channel region is configured

to use a shifted band gap energy.

22, The memory unit of one of claims 20-21, wherein the at least one
nanorod is configured to provide a shifted band gap energy.

20
23, The memory unit of one of claims 20-22, wherein the channel region is
configured to reduce an off-state leakage current associated with the capacitor

cell.

25 24,  The memory unit of one of claims 20-23, wherein the gate region
includes a shared gate material comprising at least one of a gate dielectric and a

gate conductor.

25.  The memory unit of one of claims 20-24, wherein the gate region is

30 configured to use a common gate electrode.

26.  The memory unit of one of claims 20-25, wherein a diameter of the at

least one nanorcd is between about 0.5 nm and about 20 nm.
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34. The nethod of claim 33, .wherein propagating includes propagating
t hrough at | east one nanorod. WD 2008/ 036371PCT/US2007/ 020403 35.
The met hodWORZ0BME6HL cl ai ms 33-34, wherein propagati ng PREUS8T020403
propagating charge to di scharge the capacitor. 36. The nethod of one
of clainms 33-35, wherein blocking includes bl ocking 5charge
associated with a | eakage current. 37. The method of one of clains
33-36, wher ei #7bl odlae mgmogy puifesonsaf sleims 40-36. shseatn thy vigeicaliranggort

el ectronic en i [ ' i Is j
associ ated wi (HSn DERAeRTRorbn SRR B ARl And' et il g ik
form ng a ver thandgapcdmergyel transistor using a first sem conductor

mat eri al and a second sem conductor nmaterial, the first sem conductor
mat eri al inAcorporating a nanorod geonetry to increase an el ectronic

energy gap of jghe ijt :rﬁeﬁ{orf 8t S%Q%E&im{@d—ﬁ,ivﬁierei@ﬂﬁ chi¥heBRERAGs

sem conductor material having a native el ectronic band gap energy

| ess than t he ceiged togndeconskdrdingaprceregiapy of the first sem conductor
material; and formng a gate region enclosing a portion of first

sem conductor material. 20 39. The nethod of claim 38, wherein formng

a vertical chagnel Theawsiosy ofit bNelewdeRiho20v T)gvhstdimatdledstbsy éfal setdndt

i ncl udes silicon. 40.  The met hod of one of clains 38-39, wherein
form ng aWer dransowsmission apd thedpast epe nrapied 1t foamed fram asiglegmeialct or
material inclydas Haichd stbdidafeSt 25sem conductor naterial with the
sane lattice constant as silicon. 41. The nethod of one of clains
38-40, wherein formng a vertical transistor channel includes formng

using a self %ﬁ.se”qjhg(rjnelm%ye it of one of claims 20-29, wherein the vertical transport

region includes at least one of a silicon, silicon germanium, and a silicon
15  carbide.

31.  The memory unit of one of claims 20-30, wherein the gate region

includes a material comprising at least one of 2 metal and a polysilicon.

20 32, The memory unit of one of claims 20-31, wherein the capacitor cell is

coupled to at least one of a row access circuit and a column access circuit.

33. A method comprising:
propagating charge through a predefined vertical region in a
25  semiconductor material according to a specified signal, the vertical region
coupled to an electrode associated with a capacitor; and
blocking charge flow using the predefined vertical region, wherein the
semiconductor material has an electronic energy band gap greater than its native
band gap energy.
30
34.  The method of claim 33, wherein propagating includes propagating

through at least one nanorod.
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30 42. A nethod conprising: form ng an access transistor conprising at
| east one rtical nanorod; formng a capacitor cell su [ eg by t he
access tran |2tsobsg{g’?37gnd connecting the access trg&gfpgp 23
the capacitor cell using a plurality of electrodes. 43. The nethod

of claim42, wer eiThehotimidg oae ofdsias33tIawhesingropagetingasiudésor m ng

an annul ar gate structcglre. 3.4. The net hod of claim43, wherein
forming an anriPRagatg chatgeto disthares the FAPAELf or i ng an annul ar gate

di el ectric and an annul ar gate el ectrode. 10 45. The net hod of one of
clainms 42-44, wherein formng an access transistor includes formng a

shared drai n/ $6ur cdhegasithnd ofpee Thelaimst3Rod, whergmelesking 1n¢lpdesdiockg
wherein form : . I includes renoving material using
a spacer | gyep:_ga.r%ga&%&%@r\%{h@?ﬂ%ﬁ@mﬁai m 46, wherein renoving

i ncl udes renoving material supported by a substrate. 48. The

met hod of one of clains 46-47, rein_renoying  includes 20 renoving
at | east one of a gﬁ?ﬁﬂqwfﬁﬁf\é?‘%%%mséﬁtﬁﬁaw gF 'bé‘?FiH?gla"lEé‘?ﬁ conduct or

vafer. 49. TheetmlhPofdin®i8nthe Sledtdfc ér?e‘régoanw}@% i Sl dioh Wik

access transistor includes first formng the at [Neast one verti cal
nanorod. 25 Sdas fihdassenidtediwith agate pofentidlai ns 42- 49, wherein
connecti nqot he access transistor includes coupling the at |east one
nanorod to the capacitor cell using a capacitor plate. 30 51. The
met hod of one 38f clamemod 2oMfrisigier ei n connecting the access

forming a vertical channel transistor using a first semiconductor material
and a second semiconductor material, the first semiconductor material
incorporating a nanorod geometry to increase an electronic energy gap of the
15  first semiconductor material, and the second semiconductor material having a
native electronic band gap energy less than the electronic band gap energy of the
first semiconductor material; and

forming a gate region enclosing a portion of first semiconductor material.

20 39.  The method of claim 38, wherein forming a vertical channel transistor

includes forming with a material that includes silicon.

40.  The method of one of claims 38-39, wherein forming a vertical channel
transistor using the first semiconductor material includes using a first

25  semiconductor material with the same lattice constant as silicon.

41.  The method of one of clairns 38-40, wherein forming a vertical transistor

channel includes forming using a self assembled layer.
30 42. A method comprising:

forming an access transistor comprising at least one vertical nanorod;

forming a capacitor cell supported by the access transistor; and
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transi stor includes connecting the access transistor to the capacitor

cell using ectrode. WO 2008/ 036371PCT/ 1JS2007/02040 52. A
menory cel}‘%c%ﬁ%@lﬁ?ilng: an access transi stor adj aégygs:fogwgfnm

substrate | ayer, the access transistor conprising at |east one
vertical channel skepsdtingtha acess trafsistonto (he aspacoreccll esing eplurelitaohel
sharing a gate,electrode and at | east one drain/source region with
5anot her vertie&eﬁ °%%annel ; and a capacitor coupled to one end of the
access transistor. 53. The nenory cell of claim52, wherein the gate
el ectrode encl gses a region ingluding a quantized band gap energy. 10
54. The menory#3cel [Thgm Srclaim 4% esgnggm%@mcwmmapr mekides one
vertical cRhan i 9@@@% substrate layer. 55. The nenory
cel |l of ong opgib:?lg??rﬁs - E%{e\%/\ﬁéértteﬁ%h the substrate layer is a
15silicon wafer. 56. The nenory cell of one of clains 52-55, wherein

the at | east one vertical .channel,, the sybstrate |ayer, and the at
| east one. dr ai sodPE et oL R 43¢ YT ARG HeavuR e pie AAHE ¢ he
same lattice GRISdedMmirdan Mhulad Bitc ARIRINE 28 lah aRfulfNBteQlectbad. M
52-56, wherein the at | east one vertical channel, the substrate

| ayer, and the at |east one drain/source region are a fornmed of a

singl e matgr i qt'S: 2%@ ni%u{B%tq'}%Q &P Hs%lzﬂﬂ W ?rtef’?iqloﬁr%rr} 0y F&g%é tE%Eistor
electric freld’in a vertical el ectron Chahnel; establ'ishing a
second el ect riincliides fehmimg 4 stewredadriinGahrceteginint on channel to di scharge a
capacitor, wherein the vertical electron channel includes a

46.  The method of one of claims 42-45, wherein forming an access transistor

includes removing material using a spacer layer.

15
47.  The method of claim 46, wherein removing includes removing material

supported by a substrate.

48.  The method of one of claims 46-47, wherein removing includes
20 removing at least one of a substrate material and a portion of a semiconductor

wafer.

49.  The method of one of claims 42-48, wherein forming an access transistor

includes first forming the at least one vertical nanorod.

25
50.  The method of one of claims 42-49, wherein connecting the access
transistor includes coupling the at least one nanorod to the capacitor cell using a
capacitor plate.

30 51.  The method of one of claims 42-49, wherein connecting the access

transistor includes connecting the access transistor to the capacitor cell usinga -

gate electrode.
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sem conductor material with a first band gap energy greater than

silicon, apgA0WesRin the vertical electron channel is ﬁ?’ﬂ@[(’ﬁ%#’%ﬂ
region of materral with a second band gap energy | ower F an e TiIrst

band gap energy, and wherein at |east one of the vertical electron
channel and t e r egh owmoty ¢ellicompakingave a | attice constant equal to

silicon. WD 2008/ 200.7/ 40 T th claim 58,
wher ei n est abl i shi %éggge%;%‘{s‘ g rgg]tacr:t%(%:9 ?Sg"lbgt?%t%c ﬁlgglse aggetsgﬁﬁsés |rng a

charge on a capapiikag apleast ene bafcal bganelt shagtdak acdditie & easvdreveitizal
establishing a chargr% includes establishing a_charge on the, capacitor
pl at e associ atGanns $IR0EE dSalsiclecapiroamndahlrattions Aran/gopreerpgion@ithod of

one of cl aisns l0.1€ blishing a first electric 10field
5 e ?Eﬁiﬂﬂ&l Al
ar

i ncl udes establishing a c gé on a capacitor plate. 62. The method
of one of clains 58&Bgacitwhemupled tesnaddiof iermgcess framsstorel ectric fiel d
i ncl udes establishing a first electric field with a vertical
potential gradient. 1563. The nethod of one of clainms 58-62, wherein

est abl i shi ng &3secamd neneey E¢lbofl dlsids2l, MatrefiaRe gits elaar@iegclassgeapaci t or
associated with a dynamc read only nenory cell. 64. The method of

one of cl ai ms TS@oBHclugiNgAquINEzsd NG &3 §96TEY- second 20el ectric fiel d
i ncl udes qgtablishing a second electric field with a radial potenti al

gradient. 65. A system conprising:
54.  The memory cell of one of claims 52-53, wherein the at least one vertical

channel is formed from the substrate layer.

55.  The memory cell of one of claims 52-54, wherein the substrate layer is a

15  silicon wafer,

56.  The memory cell of one of claims 52-55, wherein the at least one vertical
channel, the substrate layer, and the at least one drain/source region are formed
with materials having the same lattice constant.

20
57.  The memory cell of one of claims 52-56, wherein the at least one vertical
channel, the substrate layer, and the at least one drain/source region are a formed

of a single material.

25 58. A method comprising:
establishing a first electric field in a vertical electron channel;
establishing a second electric field in the vertical electron channel to
discharge a capacitor, wherein the vertical electron channel includes a
semiconductor material with a first band gap energy greater than silicon, and
30  wherein the vertical electron channel is coupled to a region of material with a
second band gap energy lower than the first band gap energy, and wherein at
least one of the vertical electron channel and the region of material have a lattice

constant equal to silicon.
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a user interface coupled to a nenory, the nmenory conprising a
plurality 25o0f capacitor cells, at |least a portion of the capacitor
cell's incl W@2983/B63east one access transistor, the accBSHUBHAHRYBor
conprising at |east one vertical channel shaped as a rod, wherein the
rod includes a first band gap energy region and a second band gap
energy region, the second band gap energy being |ower than the first

band gap ener @y, ardewnsagof claie 5Bi whareibgstablishpgadfusiplectigfidd and t he
30 second ban . I egi reduce a channel

| eakage curreﬁ?&ﬁﬁﬁéggﬁg%yﬁggé%%ﬁéﬁg%%%%B%ﬂB§BH03 66. The system of

cl aim 65, wherein the user interface is coupled to at | east one of a

personal digital assistant, a cell phone, t el evi sion, conput er
and a net wer k %er vdihe mpghodafglam 2P swhcssin gsta lkf’gmélaé‘i‘ﬁ%e ? $ wherein

the user int ere%@ﬁl‘?shii §(9ﬁf%egiﬁrtﬁgc§pgcifo?E}ﬁk%ﬁs&iﬁé@ﬂﬁﬁ 2 @6CRELd Wi th

at least one of a processor and a node 8. The system of one of
clains 65-67, capesrter.n t he user interface is 10configured to transmt
a signal to at |east one of a processor, a display and a storage
devi ce.

61.  The method of one of claims 58-60, wherein establishing a first electric

10 field includes establishing a charge on a capacitor plate.

62.  The method of one of claims 58-61, wherein establishing a first electric

field includes establishing a first electric field with a vertical potential gradient.

15 63.  The method of one of claims 58-62, wherein establishing a second
electric field includes discharging a capacitor associated with a dynamic read

only memory cell.

64.  The method of one of claims 58-63, wherein establishing a second
20  electric field includes establishing a second electric field with a radial potential

gradient.

65. A system comprising:
a user interface coupled to a memory, the memory comprising a plurality
25  of capacitor cells, at least a portion of the capacitor cells including at least one
access transistor, the access transistor comprising at least one vertical channel
shaped as a rod, wherein the rod includes a first band gap energy region and a
second band gap energy region, the second band gap energy being lower than the
first band gap energy, and wherein the first band gap energy region and the

30  second band gap energy region cooperate to reduce a channel leakage current.
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66.  The system of claim 65, wherein the user interface is coupled to at least
one of a personal digital assistant, a cell phone, a television, a computer and a

network server.

67.  The system of one of claims 65-66, wherein the user interface is
configured to receive a signal associated with at least one of a processor and a

modem.
68.  The system of one of claims 65-67, wherein the user interface is

configured to transmit a signal to at least one of a processor, a display and a

storage device.
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