WD 03/094171 PCT/ US03/ 11290 1 PATENT PD 100202292-1 5 MOLECULAR W RE
CROSSBAR FLASH MEMORY TECHNI CAL FI ELD 10 [0001] The present invention is

di rect ed woerangdiry to el ectroni c devi ces whose functi onalpCirarsgs/in2gsecal es
are neasured in nanoneters, and, nore particularly, to config- urable
transi stors based on crossed nanoneter-scale wires. Such configurable
transistors find use, for exanple as nanoneter-scale nenories, and, nore
particularly, as flash nenories at a nanoneter scale. 15 BACKGROUND ART

[ 0002] Flash nenories are well-known; see, for exanple, a discussion of
NAND flash nenories by Jung-Dal Choi et! al, "Highly Manufacturable 1 Go
NAND 20 Flash Using 0.12 m Process Technol ogy", Internatiga&% £l ectron
Devi ces Meeting, Dec. 2-5, 2001, as reprinted in IEUM'Technlcéw Di gest, pp.
2.1.1-2.1.4. Al such flash nenories are fabricated aPDi{p&IOZAonet er
scal e, using |ithographic processes,. By "m- croneter” scale is neant that
the functional dinension is neasured in mcroneters (typically about 1

m crometer down to tenths of mcronmeters). 25 [0003] The density of such

m crometer-gscale f'aﬁﬂﬂﬁﬁﬁ?ﬂ%@%ﬁﬁ%&kﬂ?%%%4§Pﬁ25A§9@AE9Nﬁ§YincreaSing needs
S

for nore nenory in | ess area nonet er -scal e nmenory devi ces
are al so known; see, for exanple, U. Patent 6, 128,214, entitled

"Mol ecul ar Wre Crossbar Menory", issued to Philip J. Kuekes et al on

Oct ober 3, 2000, and assigned to the sane assignee as the present 30

i nvention, the contents of which HféINRebFESPat ed herein by reference.

[ 0005] Nanoneter-scal e sem conduct or devices, such as field effect
transistors (FETs), p-n diodes, hipolar junct'on‘%éﬁnsi tors, and

conpl enent &Py 19908y t er sThegpegenbinygytionds digected @%@E@? B 455 ose

PCT/ US03/ 11290 funéional length scales are measured in nanometers, and, more particularly, to config-
urable transistors based on crossed nanometer-scale wires. Such configurable transistors
find use, for example as nanometer-scale memories, and, more particularly, as flash
memories at a nanometer scale.

15
BACKGROUND ART

[0002] Flash memories are well-known; see, for example, a discussion of
NAND flash memories by Jung-Dal Choi et al, “Highly Manufacturable 1 Gb NAND
20  Flash Using 0.12 um Process Technology”, International Electron Devices Meeting,
Dec. 2-5, 2001, as reprinted in IEDM Technical Digest, pp. 2.1.1-2.1.4. All such flash
memories are fabricated at the micrometer scale, using lithographic processes,. By “mi-
crometer” scale is meant that the functional dimension is measured in micrometers
(typically about 1 micrometer down to tenths of micrometers).
25  [0003] The density of such micrometer-scale flash memories is insufficient for
ever-increasing needs for more memory in less area/volume.
[0004] Nanometer-scale memory devices are also known; see, for example, U.S.
Patent 6,128,214, entitled “Molecular Wire Crossbar Memory”, issued to Philip J.
Kuekes et al on October 3, 2000, and assigned to the same assignee as the present
30  invention, the contents of which are incorporated herein by reference.
[0005] Nanometer-scale semiconductor devices, such as field effect transistors

(FETs), p-n diodes, bipolar junction transistors, and complementary inverters, are also
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known; see, e.g., (1) application Serial No. 09/699,080, filed Cctober 26,
2000, which is a divisional application of application Serial No.

09/ 280, 1880 oBiopads March 29, 1999, enti- tled "Ml ecul ar WeCe&/URHNRIEGt Or
(MAN) ™ and filed in the names of Philip J. Kuekes et al and assigned to
t he sane assignee as the present application; Yu Huang et al, "Logic 5
Gates and Conputation from Assenbl ed Nanow re Buil di ng Bl ocks", Science,
Vol . 294, |ssue 5545, pp. 1313-1317 (Nov. 9, 2001); and (3) Adrian
Bachtold et al, "Logic Circuits with Car bon Nanotube Transistors”,

Sci ence, Vol. 294, |ssue 5545, pp. 131%- 1320 (Nov. 9, 2001) However,

these refer enﬁ(ﬁavgadg%eg%)% ( :agpglﬁa 1011 Serlamor 89/99?\68&%?& df%g)e?% 2886 ?er e remains

a need for nano- sca e ransi st or
devi ces. DI SQa(&Shﬁ?Eal@EplicWEbfﬁbmt{oﬁeeiﬁ] N<I> ﬁ9/a8£b1(88,d7éq<ié@rw2? H9%%entienbodi ment s

di scl osed her &1 e@ “Mglelgl E]Wll.%(“i%ﬁstor%ﬁv&f"ﬂ)’am ﬂ‘é%@(hé’ nén?es Qfﬁl‘ﬂipqeﬁuek&cégpr i sing:

[0008] (a) source and drain regions in a plurality of approximtely
paral | el fi rstal gidrassigned torthgseprrsegnee esdhecresp Arpligation; tYh dlupngietal, “WPgie s

conprising 4 SeMd;Ca 'Coﬁlb’tﬁattlgﬁ R kdniled Nah@w@oﬂlﬁlﬁﬁg BsdksAlr SticAcel &@I ONS
separated by a channel region

0009 ] lurality of
appr oxi mat el y 9%rlers &35 RPcbid 131%(9\1%5 %e%’gbf %ﬁéﬁd’rﬁeflb]%aCE“eg%al |L8ﬁ'€t er, the
second wires occzfmislﬁlthr@r@hmﬁmwmﬁmmanmm@wol omt Briedb4sopp. a3iet al , t he
second wires cr. [ n i rst re est di n of nanoneter
scal e di nensi dr%?@lé’f’%e%@ﬁt%%wegeét er‘?%lrev?nrern cee§ %1?1(581{9?1086 s \Xi%fgses and at a
non-zero angl €o@épr t heéhed)dam e¢maing @i reersior & oarfoeraln m\halpmtay whblowagoscal e

transi st ors; and Sch?g%glstto{]%)u?e@ hot electron trap region, associated with

nano-
each |ntersect|on irst wires with the second wires, for

controlling conductance of an associated tran- sistor. [0011] The discl osed

enbodi ments sol ve the probl emppdcrmaRR@FantERsIONTEM Ory at a very high
density, in which the spacing between bits is on the order of a few nma-

noneters. An extrenely regular and therefore i nexpensive assenbly process
is used. 30 [0@d¢] Al SaniabroRiaRe MdANGE eibddindnbedielviddiersnnt satti-galk osed

herein, a conf wire transistor is provided, conprising (a) a
pair of cr%)%se%ﬂ%ﬁﬁlﬁ%?/ﬁyﬂseoéovadng SOMBF " Ehe nanowi res conprising a seni conduct or

mat eri al havi ngo@s]first con@ustuicgiang desrdreg€iaseinlQORERP P approximately

parallel first wires of nanometer-scale diameter, the first wires comprising a semicon-
ductor material, the source and drain regions separated by a channel region;
[0009] (b) gate electrodes in a plurality of approximately parallel second
20  wires of nanometer-scale diameter, the second wires comprising either a semiconductor
material or a metal, the second wires crossing the first wires at a closest distance of
nanometer scale dimensions between the second wires and the first wires, and at a
non-zero angle over the channel regions, to form an array of nanoscale transistors; and
[0010] (c) a hot electron trap region, associated with each intersection of
25  the first wires with the second wires, for controlling conductance of an associated tran-
sistor.
[0011] The disclosed embodiments solve the problem of making a flash mem-
ory at a very high density, in which the spacing between bits is on the order of a few na-
nometers. An extremely regular and therefore inexpensive assembly process is used.
30  [0012] Also in accordance with the embodiments disclosed herein, a configur-
able nanowire transistor is provided, comprising (a) a pair of crossed nanowires, one
of the nanowires comprising a semiconductor material having a first conductivity and
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WO 03/094171 PCT/ US03/ 11290 3 the other nanowi re conprising either a netal
or a second sem conductor material, and (b) a dielectric or nolecular
speci es twotmsaptiand hol d hot el ectrons. The nanoscal e w r @CTtusansi2gd or
either forns a configurable transistor or a switch nmenory bit that is
capable of being set by application of a voltage that is larger in

absol ute magni tude than any 5 voltage at which the transistor operates. The
pair of wires cross at a closest distance of nanoneter scal e di mensions
and at a non-zero angle. [0013] A nethod is provided for fabricating the
nano-scale wire transistor, which com}ri ses providing a first nano-wre,
provi ding a segond nano-wre, . cau t wires to
cross at a cl o@estger an(fwue com%q‘s lnﬁanoma eml%?a gﬁcgn%éeg?%dﬁg&%%ﬁga%ﬁd at a
non-zero angl e(b) adndlegn@mmhlwglaltsta@leh@ttraeh@dmkddmt decrpusy Bginenescalssdrei - at ed
with the tr ansfrﬁlts@l{)r enﬁxgrqgrleiﬂlsa le le trﬁsigtﬁpo?%lg@ﬁche}ﬁé‘n% @ tmdt ﬂ%@lﬂaglléegm ng
crossed-wire devices IS pro- vided. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0015] FIG 1 efteinggetdy guplisrtiopaf ¢ viage that gt i Aolgicimseniars hendddi nent of a
m - crometes- Scadage & Wash theRERIMr opleRRd. Ghe FhirGt whrbs drées & a\tlogudt Gdtditd &r t 0 t hat

of FIG la, but o r art e od| 20 nt of a mcroneter-scale flash
menory enpl oyi PFQ‘O‘QG"'FIISB%‘T?WG‘S@%%‘ MWAFGIFIO#EE 2, on coordi nates of current
(1) and vol t agmo(3y) . ISAanelﬂ;{Oths ﬂeﬂdddtﬂ)ﬂ"lgbndafmg the Yarohatlaeire risisiogs of a
flaSh rrermry beFV\%en t de I_SSOUOT_"‘%I? ]{OVI 11 ]aSCCO nano—iw%e aussﬁlhermtl C Vi ew
of an array of "ff %‘fmpmsesdja(fw ;S PERr Ry POYORE 2 ST QPOFEUE &I 5E%a 1 ash
menory; 25 [ 00h8firsFkfd sedonid qam-wicep tqdress atvd dogegfdisones @nlbmewemle g a
nanonet er - sgal ﬁle[; k@S tha A8 MO YerPiefll S8 LRIR MRS 1B} Beotlof B8P kgibl Fsock 15
representation o transistor conprising a pair of crossed nano-scale
wires and a ho@tefb‘f"’élt"b?m“ﬁtplap region associated therewith; and [0021] FIG
6is a SCheth 0014]1 agr amEePs ebishe aﬁanyf@lﬁ&'&@émﬂgrUr&geGQﬁféQi@&we@E},q)ro—30 show ng
the features tVlag enabl e construction of an arbitrarily conplex integrated
cir- cuit.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. la is a side elevational view of one prior art embodiment of a mi-
crometer-scale flash memory;
[0016] FIG. 1b is a view similar to that of FIG. 1a, but of a prior art embodi-
20  ment of a micrometer-scale flash memory employing a floating gate;
[0017] FIG. 2, on coordinates of current (T) and voltage (V), is a plot depicting
the I-V characteristics of a flash memory between the gate and source;
[0018] FIG. 3 is a schematic view of an array of floating-gate field-effect tran-
sistors used as a flash memory;
25  [0019] FIG. 4 is a top plan view of one embodiment of a nanometer-scale flash
memory as disclosed herein;
[0020] FIG. 5 is a representation of a transistor comprising a pair of crossed
nano-scale wires and a hot electron trap region associated therewith; and
[0021] FIG. 6 is a schematic diagram depicting a crossbar interconnect and
30 showing the features that enable construction of an arbitrarily complex integrated cir-

cuit.
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Case 100202292 WD 03/094171 PCT/US03/11290 4 BEST MODES FOR CARRYI NG QUT
THE I NVENTION Definitions. 5 [0022] As used herein, the term

"sel f-al iwoed/09as1l applied to "junction"” nmeans that the j@ogtisoniebat forns
the switch and/ or other electrical connection between two wres is created
wherever two wires, either of which may be coated or functionalized, cross
each other, because it is the act of crossing that creates the junction.

[ 0023] The term "sel f-assenbl ed" as used herein refers to a systemthat
natu- 10 rally adopts sone geonetric pattern because of the identity of the
conponents of the system the system dchieves at least a local mininmumin
its energy by adopting this configuration. [0024] The term"singly
configurable"” neans that a switch can change its state only once via an
irreversible process sBEHLM WEFQR CARRY BYG QU T THEINYENHONeact i on; 15 such a
switch can be the basis of a programmable read only nmenory (PROV), for ex-
anple. [0025] The term "reconfigurable" neans that a swtch can change its
state nmultipl Bef8E via a reversible process such as an oxidation or
reducti on: Bn mﬁmr \Aomlggd fehh, &W;érﬁhs&ﬁﬁgﬂﬁ” Mﬂ&d't@‘rj&cﬁw&@&&wl H)glzg]
times such as e nenor its-in a random access nenqr :

The term "conf &@UP%JB?C@"XW@JW?S éqets}‘ﬂ%% and/p10H el@‘ifﬂ‘fafi‘j’ﬁ?eémr;[e{’exvﬁ%n WPacon-
figurabl e". [00QR4]is dbeed veerver bio sirabditér o gwhialppby Bdtoitel @ firbli@elited neans a
nol ecul e havin t |l atively.lo ner a.khe.nol ecul e may be
either irrever grf)%le%\éﬁsf)g}\}%{’g Ted lt;%h efa\ré{oo?ncrgﬁsg%s até&é%sséhet"ﬁleu%nt her (singly
configurabl e) ®02Hever sThsltgymgelftasisatiled’t asmsadrhereitrafiess to 4 gystemahaprdter
(reconfiguyabl gy 2ddBR28he MoREAORER! 1Ecatle TR BR @Gty B ESngoRentll JFBRSI ONS t hat
range from1l m-" croneter to a ?ew m croneters in size. [0029] Sub-m cron
scal e di nensi ofistemgthe systepachip e AlslPashs Lo Atinipamde ity prstgy by 2dwtivg Gisonet er down

to 0.04 m cronen@h§ation.

[0024] The term “singly configurable” means that a switch can change its

state only once via an irreversible process such as an oxidation or reduction reaction;
15  such a switch can be the basis of a programmable read only memory (PROM), for ex-

ample.

[0025] The term “reconfigurable” means that a switch can change its state

multiple times via a reversible process such as an oxidation or reduction; in other

words, the switch can be opened and closed multiple times such as the memory bits in

20  arandom access memory (RAM).

[0026] The term “configurable” means either “singly configurable” or “recon-
figurable™.
[0027] The term “bi-stable” as applied to a molecule means a molecule having

two relatively low energy states. The molecule may be either irreversibly switched
25  from one state to the other (singly configurable) or reversibly switched from one state

to the other kreconﬁgurable).

[0028] Micron-scale dimensions refers to dimensions that range from 1 mi-

crometer to a few micrometers in size.

[0029] Sub-micron scale dimensions refers to dimensions that range from 1
30 micrometer down to 0.04 micrometers.

[0030] Nanometer scale dimensions refers to dimensions that range from 0.1

nanometers to 50 nanometers (0.05 micrometers).
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[ 0030] Nanoneter scale dinensions refers to dinensions that range fromO0.1
nanoneters to 50 nanoneters (0.05 mcroneters). Case 100202292 WO 03/094171
PCT/ US03/W029/0941%51 [ 0031] M cron-scal e and submi cron- scal e ParreEss3/tepers to
rod or ribbon-shaped conductors or sem conductors with widths or dianeters
having the dinensions of 1 to 10 mcroneters, heights that can range from
a few tens of nanoneters to a mcrone- ter, and | engths of several

m cronmeters and longer. 5 [0032] A crossbar is an array of sw tches that
connect each wire in one set of parallgl wires to every nenber of a second
set of parallel wires that intersects the first set (usually the tw sets

of wires are p 09ﬂnd| CUMﬁ:FontsgdlceﬁigQuﬂl&&{-scafg%restljgfeg 6 I%drapﬁbb%n-gfglﬁed essary
condition). [0033] "HOMOD' he commn chem cal acronym for I ghest

occupi ed no- 16011‘16‘6?5? %frse%‘F‘lfHdt‘%‘rrs withypyidfhe or dipyatyrs haging fhe dé’éﬂﬁﬁﬁﬁ of h@m cal
acronymfor "l G)N\Iﬁﬁirontbfbﬁb@helghtbﬁhzﬁdaﬂﬁﬁﬁgé%hﬁd' fe@tddk bedanemdieMas @REmL-UMOs ar e

responsi bl e fo eI tron c cqn-, ductl |n nol ecul es and the energy

di ff er ence, { f%ﬁ-’i&@&ﬁ)@ﬂmmﬂ%‘f °¥ffe HOMD and LUMD and ot her

ener geti cal By m@az]py oA ewssbatis mdmay af ssvificles ltlﬁsmd datiewird fafond Re0fel ect roni c
conduction pr OE#%I&:& \%i?es?J evglg%% a ero e%ondlsgtfo"f parzl E':l eren%ay gtels sth% férPFt:, Ielng ,? ];f ect

transistors (F are use construct menorie

FIGS. la-1bh, sEREMsEHEYEe e setbOf wiesrmpyiewendicubn lpshehatier, b@, this iy nwhiret are f or med
sour ce regi onsegldy afdiigfyai N regions 16. A channel region 18 extends between
the source 20 and drain _regions 14, 16. As depicted in FIG 1 a, a gate 20
is used to cont®3Y the ﬁ%&?o‘?theéPfé‘@?W@ﬁ@wPlﬁC@W@l fonighest opearjeno-18.  As

depicted inmoFl chl:ltrbrblﬁalha)vlglat“EUﬂ@”|1§thé'8&1ﬂndnrbh51ﬁmla6ror@ﬁ4fOPQO\Wsttlh'lo@- floating
gate 22 to control the fl is seen that the substrate 12

is of a first PEICAMAYSR li’lﬁlpf BS Oéﬁaggﬁéﬂ%c?ﬁer wPonRle B giefiropisgPns 14, 16

are of the oppoductisi inemdd@hilas an'rdythe ehlejrgg diffetence? or éa@QBﬁ]oMmM@hmeh theF| GS.

o s EEPIY ) BBl OB 24
for the electronic conductmn propertles of the molecule.

15
Flash Memory.

[0034] Field effect transistors (FETs) are used to construct flash memories. Re-
ferring to FIGS. 1a-1b, such FETs 10, 10’ comprise a substrate 12, in which are formed
source regions 14 and drain regions 16. A channel region 18 extends between the source

20  and drain regions 14, 16. As depicted in FIG. 1a, a gate 20 is used to control the flow of
electrons in the channel region 18. As depicted in FIG. 1b, the gate 20 is used in combi-
nation with a floating gate 22 to control the flow of electrons. It is seen that the substrate
12 is of a first polarity, here, p, and the source and drain regions 14, 16 are of the oppo-
site polarity, here, n*.

25  [0035] As shown in FIGS. 1a-1b, a flash memory writes a bit by injecting “hot”
electrons 24 into a trap 25, specifically, a dielectric (which may be an oxide layer), as-
sociated with the gate 20 (FIG. 1a), or onto the floating gate 22 (FIG. 1b). This injection
happens when a voltage threshold is exceeded.

[0036] The I-V characteristics of a flash memory are shown in FIG. 2, which

30  shows two curves, one where V=Hi (Curve 26) and one where V1=Lo (Curve 28). Vr

is the threshold voltage on the gate at which the transistor starts to conduct. One of these

curves, Curve 26, indicates that hot electrons are present. The extra charge between the
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sociated with the gate 20 (FIG l|a), or onto the floating gate 22 (FIG

| b). This injection happens when a voltage threshold is exceeded. [0036]
The |-V cwertaotdri stics of a flash nenory are shown in Fl GCTA]Sowm2eh 30
shows two curves, one where VI=H (Curve 26) and one where VT=Lo (Curve
28). VI is the threshold voltage on the gate at which the transistor
starts to conduct. One of these curves, Curve 26, indicates that hot

el ectrons are present. The extra charge between the Case 100202292 WO
03/094171 PCT/US03/11290 6 gate 20, 22_and the source 14 dictates the
properties of the |-V curve. Mre speci fi cally, if electrons are the
carriers in thegat%@@@§hr§ittﬁg soﬁ@@ﬂ%te&ésIa{egl'bggftlés%?thghﬁremé )\/%ore{]g%ﬂ'icgl pres-
ence of hot electrons is evidenced by I'ower Curve fe the
carriers, then i $gstrons predhefargiers in e frangiptergegiear{§rqugh @Whﬂ@ﬁ@etbenﬁ@e migper Curve
28. 5 [0037] Flefme 0Bhé BRWMONAE eAlidhéy b3 vef Clrkel. EQoletrd e &ARR, GO HEM
connected in se- F—eEG%S Ee sour(:(gql_lefdi of on FE 10 connected to the drain
16 of an adj ac&FTPEEPOL CRCPRES eYdgneed by BreiheYs Zhar al | el col urms 32 (two are
shown, 32a, 53211903a]re pr Bid. d@(bwsRDM&yMofF(Eﬂ‘@lOtwﬂf@cIﬁd@ﬁmﬁpoﬁ%de 34c,

" b et ghbor i g bl T EEOESER A e R ke Pyl G i FEIERT 9% nf et Pon
of a hot el ect rdity elesychmrallelodlupgs 32 fhus ere shownh@ac bbb gre promdtadn@ovzsm_34r acteristic
current as a f l{f&ﬁxt dré)_@lo% 3g§'t3@b \é% t3@(g%reocpea%5'gy ﬁercoﬁ&%g‘t gta%?tt e bb ghab tor. A

specific bit in the array 30 be 'read ac ng a v age =Med (a
medi um vol tage)co%ﬁn%%féagﬁ?@@ﬂlé‘ahmwcshﬁnand V—H| (a hi gher voltage) on all

ot her rows B3#4a, [ooadJ_c 34qihe pééulltmg Bﬁv&lﬁﬁlﬂgﬂlﬁlgdﬁf)l§oﬂam& beneehgrtathqarl um t hat
have V=H ap 15 o the ates 20 wil | gass current” freely. The

I i e
sel ected transi8 %?fﬂi’/ﬁ “ﬁ“?flg?/ %IC jRetpristic cuaent a3 Upchiomef egfe velipes uribe %Shat is a
function of theoduritiensisdr. AGbectflcenitt it GiRSartay ap pad bol@ad by IpIa&nQéiTvﬁtag@ By

measuri ng that ur sSens ed col -
um, then the v\g_ U g%lor}%l ed¥1\4ﬁl ang[efon the’ %Ct?dggvcvi 94%%8?? é}) gheéfv gi’iaﬁe %i)

descr i ption is othenrews P, IdeddtAlribe fransisérs mgroreleasi column gt hazﬂvﬁfaradance Wit h
an enbodi eyt %!1§qu) e t&@b%ﬂppas@cum&fy A}‘Qe §e§ct9cf @a\ﬂélg&%lﬂx/ %/feg 1 ng a

plurality of approxinately parallel semconducting nanow res with a
plurality of aﬂi’assﬁffW“ﬂteftféwmﬁé‘%‘b?lalf@}wmf&eln%b%P bHlgcEens drarped PRET nanowi r es
44, as il ustr akefe 200B¥hdeasurthg that current with a current sense amp 36 for the selected col-

umn, then the value of the bit can be read.
[0039] All of the above description is true for existing flash memories. In ac-

20  cordance with an embodiment disclosed herein, a memory 40 is provided by crossing a
plurality of approximately parallel semiconducting nanowires 42 with a plurality of ap-
proximately parallel metallic or semiconducting nanowires 44, as illustrated in FIG. 4.
This creates a two-dimensional array 40 of nanoscale transistors 110. Next, a hot elec-
tron trap region 120 is provided near enough to each gate 20 that it influences the

25  switching characteristics of the transistor. This trap region 120 may be (1) a molecular
species between or near the wires or (2) a dielectric layer on the wires or (3) a dielectric
layer above, below, or between the wires. In any event, the trap region 120 is considered
to be “associated with” the gate 20, within nanometer dimensions. The dielectric layer
must include defect sites to hold charge.

30  [0040] One example of a molecule advantageously employed as an electron trap
in practicing the embodiments disclosed herein comprises a molecule having a structure

represented as
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This creates a two-di nensional array 40 of nanoscale transistors 110. Next,
a hot elec- tron trap region 120 is provided near enough to each gate 20
that it iwbloaemaes t he 25 switching characteristics of thecrrnsoyigbor. This
trap region 120 may be (1) a nolecular species between or near the wires
or (2) a dielectric layer on the wires or (3) a dielectric |ayer above,
bel ow, or between the wires. In any event, the trap region 120 is
considered to be "associated with" the gate 20, w thin nanoneter

di rensions. The dielectric layer nust jnclude defect sites to hold charge.
30 [0040] One exanple of a nol ecul e advant ageously enpl oyed as an el ectron
trap in practicing the enbodi menys, di scl osed herein conprises a nol ecul e
havi ng a structg resented as Case 100202292 WO 03/094171

PCT/ US03/ 11290 V2% efants AP P BB R ClaVES ipelisa HOMOBUMOy havi ng a

rel atively Srralvzilﬁr(tol-rﬂvat hﬁfﬂb‘@elﬂﬂdtdﬂl&-l&&)&nwﬁm llahd Bfrefp%ént MehdlaEfR) |1 c-11ke)
and where | pres t.he nol ecul e that is

nsul at or of
connected to t & %anos(():l%ue%at P Connﬁ?ed tﬁif“ Of‘?‘?lelw“é?ﬁéz (4, Wit agd Edbge o
di fferent ald Feneiondiffarertehdliaving b yeldtivgphie ghet-KBMAOLILUINDD vathd €he ﬁFé&ehc@btesence of

t he two I ns Ul aEh'ela/% 1%3%% Iﬁéi?tles ﬁﬁlq I’I serv§ l%rsg %rafe anﬁ%{pn%rr ﬂh%dlSt%l?igOfCtg r Ol | t he

di stance of, the M npie romthe nanoscale wre and |'
must be of suffnio’éiyé‘i?fnqleéﬁ@ftswlea’ﬁﬁsﬁ@‘idlty to insul ate Mfromthe

el ectrode. As @4gxanpl and b mist bd F sElQPInGRLR ) iful iR s
non- conj ugat edgleqﬁrg& igem fi crglsl g clér olrllﬁlgha?{r%ld&npth ur ea{\?t(gr%g Eﬂ%an about 6

carbon atons i mﬁx%epq yléﬁ IOHSGEIHO%FIBWO@@’ %w%nanfenw@tgél site

hi gher A HO®WO Blhdmana,l dl@rboh YiiC alth YreAf Hhah QDA 6 cBB8n MmsSis H@ﬂrﬁ)l}eéﬂa [0042] On
t he ot her hand ch exhibits netallic-|ike behavior, is conj u- gated

noi ety, such agloyegu uch 18 teffep Vf’glﬁrethIS“e ‘%@ﬁ%@%@“ﬁﬁot’{@lue Sﬂ”wf‘%né‘fe %ore fused

benzene 15 ri dgsf3tobepol yacetyl ene. Such noi eties have the requisite | ower
CEONDT LU veliy, {YPbAL L B0t 0, S0 Blady S 2370k T
conpact ness cogpidddenialt fush as, brtagt lingted wyplenteheriny amwt bonaofueddibegedecor M over
the conj u- 15 rings, or polyacetylene. Such moieties have the requisite lower AEgomorumo value,
typically on the order of 1 to 2 eV.
[0043] The M moiety should be highly conjugated and relatively compact. This
compactness consideration tends to favor the aromatic moieties for M over the conju-
gated alkyne moieties, and thus the aromatic moieties are preferred. Alkynes, being long
20  and thus less rigid than aromatics, are more difficult to control and thus could possible
short out the device. The arene rings can be in the molecular plane or perpendicular
thereto. An example, depicting I = I’ = Cg hydrocarbon chain and two fused benzene

rings, is illustrated below:

BN © ¢ PO

I M r

[0044] While one pair of insulating moieties is shown above, more than one
such pair of insulating moieties may be present.
30 [0045] The exposed ends of the I moieties are attached to the electrodes 42, 44.
I and I’ may have appropriate end groups, such -SH, so as to attach to the electrodes 42,
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gated al kyne noieties, and thus the aromatic noieties are preferred.

Al kynes, being long 20 and thus less rigid than aromatics, are nore

di fficul twom3eentrrol and thus could possible short out tReTAS3/cR The
arene rings can be in the nol ecul ar plane or perpendicular thereto. An
exanple, depicting | = 1" = C38 hydrocarbon chain and two fused benzene
rings, is illustrated below. 25 OOI MI' [0044] Wile one pair of
insulating noieties is shown above, nore than one such pair of insulating
noi eties may be present. 30 [0045] The exposed ends of the | npieties are
attached to the electrodes 42, 44. | ahd |' may have appropriate end

groups, such - hBal0g ot Do ~Rs8. 190202292 WO
03/ 094171 PCT/ %Jf;,'o:-l? i leQ é%ge%%pﬁénge% gir?d(r)(ﬁlpg gtg‘j‘é"[utse asgﬁglﬁm%\gns of

control ling \/\h&?ﬂtﬁﬁh‘fﬂfhtbﬁfelﬁtcﬁ@ieml ecule is in contact with the el ectrode.

[0046] Based ongguéje for gg@awmgﬁﬁegtutg%tcﬁﬂmlltlslea%yﬁ@%% kb AR 2% | 1 €d 1N
the art to construct other I-MI"~ configurations that are useful in the

practice of th&EFsHYFEM- Is configgfpiops Byats wdtldt e ppgisn of therpbodiments
char act eri stsi cgissbsed hegdi@nge, depend| ng on the M noi ety. For ex- anpl e,

several rings hol d sev ele tr ar ed t e r| Thus, nore
rings are pre?@%ed, bE‘t‘iI‘ agha’t?‘%tﬁrtsf%ﬁvégalﬁ ”fhﬁ%‘”t@?t%‘? °1‘?53f I‘Fé rings will
be a limting tapltcevetabrings ban holdsberal @éctronsmgslpar%e o:hearrngerhut hereaings al | M

noi et y’ t he rmrI%IPFEF&i%é Ib{ltCaS n{eﬁt?ﬁnf:c{.'a%om %91 0%“’16?11’1 SWlh QC d él?rfgf{?ert I es.

the Mnoiety is ati'vely , It ta ter VO place an
el ectron on it *helnﬂmp%ipé@tgs Tthp dargaCipoo e maistyi the Elﬁmlnte@thcalhdtht mols- it is

easier to ipl acge ﬁ%ﬁd&sge&fap 1R MRicly iRIBEy sulall, it Bk G Sleb@bofact @ have nore
than one aromatic ring, but it is possible that with too many rings,

shorting of th@laﬁfe%let?ét“t%’ﬁlltd‘f@&?hlﬂ‘eﬁﬂ%o LHEK g i atiigend Bt itingssi noi ety
ultimately depwﬂsceaﬁ eIeE’tByn\bﬁhﬁedQEno&baﬁeﬁd@ﬁhblehﬁ hitMie n@Fe théh ¢hé aroftAtivver sus how
| ong the devi ce i %

h][e} Based  on thfﬁlé ngs herein, such a

determination 8%t % POSSI efhﬁt Tithy TR RSy %?O%lflg ¢ dg‘élfe Gh §f<°f'“i & in this

art. [0048] It ma@mainslmgqb@é&c Ml reoigtpuliithadkdepénds o1 thgeltageplaoride thetvireachi eve a

hi gher denS_LiSt y 42, 44 versus how long the device is expected to last. Based on the teachings herein,

such a determination is readily within the ability of the person skilled in this art.

[0048] It is also possible to stack the rings, in order to achieve a higher density
of hot electron storage. For example, U.S. Patent 5,287,421, the contents of which are
hereby incorporated by reference, discusses the polyacenes (two or more fused benzene

20  rings), which can be stacked, due to their planar structure.

[0049] The molecular species, such as disclosed above, can be, to a first ap-
proximation, treated as a capacitor, recognizing that an energy is required to place the
electron on the M moiety, or charge the capacitor (the M moiety), which is the same as
the energy required to write a bit to memory.

25  [0050] The energy that the hot electrons must have (how “hot” they must be)
is determined by three factors. First, the electrons must have energy greater than the
barrier height (in volts) of I or I’. Second, the electrons must have energy greater than
the LUMO of the M moiety. Third, the electrons must have energy large enough to
charge M treated as one plate of a capacitor, the other plate being the electrode that is

30 the source of the hot electrons.
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of hot electron storage. For exanple, U S. Patent 5,287,421, the contents
of which are hereby incorporated by reference, discusses the pol yacenes
(two or mepaspuged benzene 20 rings), which can be stackedT/ubog1eot heir
pl anar structure. [0049] The nvol ecul ar species, such as disclosed above,
can be, to a first ap- proximtion, treated as a capacitor, recognizing
that an energy is required to place the electron on the Mnoiety, or
charge the capacitor (the Mnoiety), which is the sane as the energy
required to wite a bit to nenory. 25 [0050] The energy that the hot

el ectrons nust have (how "hot" they nust be) is determined by three
factors. First}hﬁﬁngWQQh%&g§nnust have energy greater than the barrier
hei ght (in volts) of I or F. Second, the electrons nmust have energy greater
than the LUMDI®FLlt he NARWRSERproagthior epnstrupfing dhesnangsentestransisser thiway bmer gy | ar ge

enough to Cha'élﬁﬁbl%ﬁlﬁl@ikﬁ%@reﬁss tﬁzﬁ‘@au@it%tﬁe Qﬂcov@reﬁégéé@ %&Ea’uoﬁ BRq gtdier plate
bei ng the el ectrode 30 the source of the hot electrons. Case

100202292 WO 0371841 f?fi Wﬁﬁﬁ)éﬂhﬁwﬂe@“MNa‘ﬁlB‘éWé‘leé"fW?t@” Fie£AUFPSY or . [ 0051]
Anot her appBoaOhwmdfmﬁﬁﬂ&&dﬁﬁﬂhﬂﬁhHﬂﬁﬁ@ﬁﬁQ&ﬁﬁMﬁtﬁﬁ@ﬁﬁmﬁ&ﬁ&lFﬁmﬂm&ﬁy be

sui tably enplo¥$naﬂﬁrqnn &%m Qat ta H% qw_pe above- referen ed application
filed in the Ranes of Pt B I TEREE A VAP O AA By Y S B Scul ar Wre
Transi stor", themu@nmedugmﬁOBmehm@hxaasmnwmﬁmpomaMEthﬁmemaqhyd¢eference.
As taught in tﬁ?t)f@ipers) lcbrﬁﬁLISésoar}netJf El:ﬁ seﬁﬁc%nducfa{)&/ir&%gc%gl lﬁ%tl!algsls%r gndqgs bar

array, conprising a two- C|nen5|ona array of crossed wire I'n whi ch one
plurality of W@’s‘”’é"éhﬁﬂﬂ?#@@m@n&%Frg%%)ﬁdhﬁ??@}cowmt@wl&lAanlﬁcwldne)egmer pl ural -

ity of wires cenpg juﬁ&ﬁn %f BRE dhre pathGeakS 11sARCH Gl Hist8S RECANR LN
transi stor and the wires induce formation of a gate in the

seni conduct or W'F &, ‘nsfr{lﬁ‘f‘r"df o, he pates aieh 1 dormer btwee gouje ﬁ‘éitqf%‘hre%if’nsé‘ﬁ'c hwre
pair creates aﬁ&mﬁ&mem&mkmgfmagﬂmﬁmdm&ﬁ&mﬁ@mf&ﬁ&nthe metal wire to

insulate it fr he ga nme rce._and drain regions
de- fied by thgﬁ%ir]eatl ofn YS%a“f’gﬁe”m d‘me“% t“?%“’%yeﬁﬁg gth8*rel‘ixﬁne°°n1 0052] In
yet anot her en’ﬁiémdrmratconﬁguwma;e) ety beincroraguipsd theoknedakatanssor.dn- si der ed
as a configyr amooiamgglaa@&mm Pfher REHLBEREED 101 Locb iR HRBARERSE

transi stor. provi di ng an electro econes pOSSI ble to
have a speci a| TPW@H@? trgprcapBLises gfper the dielectric wi charge—holdlng defects discussed

above or the molecular species discussed above.

[0053] If the configuration state is not set (no electrons in the trap), then a tran-
sistor is formed, but if the configuration state is set (electrons in the trap), then either an

20  open or closed switch is formed. Whether a switch is open or closed depends on
whether the gated region of the transistor conducts with electrons or holes. If the transis-
tor conducts with electrons, then one or more electrons in the trap will form an open
switch. If the transistor conducts with holes, then one or more electrons in the trap will
form a closed switch.

25  [0054] In any event, in one embodiment herein, the first wires 42 and the sec-
ond wires 44 each have a diameter of up to 50 nm and the second wires are separated
from the first wires by a distance of up to 50 nm.

[0055] The present invention allows transistors to be formed with a size on the
order of tens of nanometers to a few nanometers. By choosing a hot electron trap re-

30  gion, associated with each intersection of the first nanowires with the second nanowires,
for controlling conductance of the associated transistor, it is possible to build transistors

with a wide variety of specifically desired electrical properties. The inclusion of an
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The el ectron trap conprises either the dielectric with charge-hol ding
defects di scussed above or the nol ecul ar species di scussed above. [0053]

| f the cowbiogos€ri on state is not set (no el ectrons in thecrrespy112ehen a
tran- sistor is formed, but if the configuration state is set (electrons in
the trap), then either an 20 open or closed switch is fornmed. Wether a
swtch is open or closed depends on whether the gated regi on of the

transi stor conducts with electrons or holes. If the transis- tor conducts

with electrons, then one or nore electrons in the trap will form an open
switch. If the transistor conducts V\ntH hoI es, then one or nore el ectrons
inthe trap w coe 41 5 I n_an \{elllg in one
enmbodi ment her‘¢’3>1f“‘it|’”l°a{f %ett R et lr”z?s hOstl%:tr-ons . %e s34 each have a

di anet er of upaltows5@evnmdaladultﬁmet1®é@bﬁrﬁddwt¢@@Sl@tple separ at ed fromthe first
wres by a disgggge of e}hfaﬁlég rflar L&%ékfo%hﬁex@&@&@Qgsemysfagesm al | ows

transistors to be forne Size on of tens of nanoneters to
a few nanonet epssd toBpmg the saiofyiesand gt fog ré%}tlalf Bfieye P&?ﬁ@‘é’ms 30 giewhles Associ at ed

with each i gt E6RE GlsbiWly Blocdsfeg sbd tﬁ@follﬂ@ﬂ@%ﬁe@§at¥ﬂt§ hme%&f@en&ﬂﬁ"%@h BRNOW r es,

for controlling conductance of_ the a§ ci at eg ransj s (;M fa g; possible to
bui | d transi st BFEPorged Rergin Ry defergaees By Pt & §: I et IF‘{/ JePed S ect ri cal
properties. Therdssbval Meh&H’, dued o PMBH%Q&M&QOM@?}/ZDMHS PREiy/ US03/ 11290

10 el ectri ca! I }ﬁz’zgge’%%ﬁ?eb\%i\ged ] é’otb 1gmn ?rq%yv h,,t Lap i 'i‘ﬁ’eoEorEI gal%%ggons near

the gate region; R tnction to
transi stors. [ 6i0mGhneAlD, 8kl Bi8ePajent é@iﬁlﬂéﬁ, eatiftbdt Remdfigexer fone Moteadiry e assenbl y

process is us%et&o &mema émmﬁmn%s&eﬂtéﬁmﬂafRﬂ&ée@éta%rﬁm | owi ng

nanowi res. For exanpl es of such assenb grocesses see the
i ssued patents3 %Oﬁb ¢ 8rRatent @2%‘459\/(??1@}?%?@0[5% drepaniag @athﬁéﬁ@raﬁmbgf ref er ence:

U. S. Patent 6, tgtgns%%vlrﬁﬂtldsﬁeh%jY VOheB GG SWtErBber £3, 06@ Dad UVE marfeyt i ssued
to Philip J. Kuek Qct ober 674

3, .,2000; U.S. ent.. 6,248, :
entitled "Met héﬁl‘b‘i’wﬁ&niuﬂ‘?ﬁ lm?fo‘%ir‘? g@SSbarggtgrﬁ%ecttW%bo%o%%na‘ & anmins et
al on June 19, ingQ@d Cotidnfmicalaise lidsued, i@ Bifliy 6 Kuelentt 4 beNovebed, 260p) adixer for a

Mol ecul ar ;I% aSSbguTC(‘irto SQQI?(?@N%H%@S@ (P{E?Sf{nt?ﬁPDFW%Af 4|5gsued to Phi '|'I p J.

Kuekes et entitled "Nanoscal e
Pat t erni ng f or [@0RE For nBIG. & depofs a single transistor 110 comprising a pair of crossed nano-

scale wires 112, 114, with the hot electron trap region 120 disposed in association with
the junction 118 formed by two nano-scale wires. One of the nano-scale wires 112, 114
comprises a doped semiconductor material, while the other of the nano-scale wires 114,
20 112 comprises either a metal or a doped semiconductor material. If both nano-scale
wires 112, 114 comprise a semiconductor material, both semiconductor materials may
be of the same conductivity or opposite conductivity. The distance between the two

wires is of nanometer dimensions.

25  Crossbar Array of Crossed-Wire Transistors.
[0058] FIG. 6 represents an embodiment of a crossbar 50 that employs the con-
figurable molecular wire transistors 110 disclosed herein. The crossbar 50, which is dis-
closed and claimed in U.S. Patent 6,314,019, entitled “Molecular-Wire Crossbar Inter-
connect (MWCI) for Signal Routing and Communications, issued on November 6,
30 2001, to Philip J. Kuekes et al and assigned to the same assignee as the present applica-
tion, consists of a layer of vertical nanowires 112 and a layer of horizontal nanowires

114. Junctions 118 are formed where the vertical wires 112 and the horizontal wires 114
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Ext ensive Wres", issued to Yon Chen et al on Septenber 25, 2001; and U.S.
Patent 6,314,019, entitled "Ml ecular-Wre Crossbar |nterconnect (MACI)
for SignaWoORew9417i ng and Communi cations”, issued to Phili pCT/usSkueRes et al
on Novenber 6, 2001, all 15 assigned to the sane assignee as the present
application. [0057] FIG 5 depicts a single transistor 110 conprising a
pair of crossed nano- scale wires 112, 114, with the hot electron trap
region 120 di sposed in association with the junction 118 fornmed by two
nano-scale wires. One of the nano-scale wires 112, 114 conprises a doped
sem conductor material, while the other Lof the nano-scale wires 114, 20 112
conprises el t.hglross‘?‘ @C?Ae ﬁl%alﬂetgeggﬂdiz?a%@b%am Engsr 52?@1%%{&&1!% }J}Te ‘Q,Ot h
nano-scale wres II , if conprise a sem conductor materi al’, bot h

sem conduct or pdiddingsat.gnheny indigeteddfy dotipd ligespe) wmayrbd oreatedin thy cigesbas pHessi t e

conductivity. TheofinshRhss QRtVaBLe shBraleEouitdish &5, b¢ cafcrdd@ BRABIG!
di mensi ons. 25 Crossbar Array of Crossed-Wre Transistors. [0058] FIG 6

represents an &iBHPsRERecHrlY compdediydierericrresthat sWiphhis 998 tamelet ofh®o% i gur abl e

mol ecul ar Wsr e cédaadting strehy AlikDailicBC hasathl hed eérical Whe Giosstekic, which is

di s- closed and cl ained | .S. Patent 6,314,019 itled "Ml ecular-Wre

Crossbar Inter Fongﬁcﬁﬁﬁlg;gfw‘f%afm? i’)lf’segir(ll Ogeld%éto%tfi]ah@’ g%;g"%tﬁfﬂ?h?eccg?i ons,

i ssued on Noveffibeirto Sgm3fs 2 @¢kontdl or Fticklicpssbar wisekesttieg thatonfipaktiassfi gned t o

the same assi 0QEGa Gk AGRLARAR 1o ARRL LCirbliperSARS! ShSicPlo, 3o Ayer of
132"and a 1a £ B

I
2,7 .
vertical nanow res layer of horizontal nanow res "114. Junctions
118 are formed 70\T8r%: $2n84 B piifecipg napgyiegransistor hevein torieekprendibpesheledirioh res 114

Case 10020_21%9_2cm&&&s%ﬂgZvifesP&I_/ﬁﬁoééf&l&&pwﬁqlﬂang P Sising YAitddel Bion&d ectri cal
nets (one indicated ashed |ines one indicate %éwif‘?ei%\f{%’ée solid lines

by d 2
54, and one i nd‘iv’écﬁfse&e){eﬁ?ocﬁ‘?ﬁ‘l“‘ta%‘éfu?)if?fgﬁd @6?0“}‘?’&&9“&0‘& ©rEat "crossbar 50
as part of anvimd Rgwallaes Olias); dhd can Thets @n Sfparted tcicut iof etitthsly bdnpléx4, 56 can

cross each other , wi thout being el.ectrical.ly connecte . ¢rossbar
o ton 1o open Seaighs rRGHEs AR O E 8 LLEBIC L iONISE G il Bl 23
hori zont al and oveansisten (nophpes extapallje the lorssbari agray $0y Aliereatingy tveocbr mpreswi t ches

that are Cllgse%:ts,(é%g@i,%g mg}ocomﬁe_%t’ to Qtelecd@Bhnic &Rice §3 (e%!;'i‘e‘éo%aﬁf@%p@ﬁg gea- fined to
segrments of horizontal or vertical crossbar wires by setti nq t he
confi gurati on @Ftranisier) igmahip thecrpsshan aay OB rThaepEpHe deyicrikeher pXigpabes rj cal | y

open switch, dengiaees, £y cofdsise d4anoscale configurable transistor 110 herein.
[0059] In the circuit depicted in FIG. 6, it is to be understood that all pairs of
wires 112, 114 which cross will have the switch 118 between them open unless it spe-
20 cifically intended to be closed by the design of the integrated circuit. The freedom of
a circuit designer to arbitrarily select the mixture of device types and interconnect to-

pologies (of which FIG. 6 only shows arbitrary examples) makes the circuit valuable.

INDUSTRIAL APPLICABILITY
25

[0060] The nano-scale flash memory disclosed and claimed herein is expected

to find use in nano-scale electronic circuits and as very high density memory.
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76, 78, 80, 82, 84. By using the nanowire transistor herein to make and
break el ectrical 10 connections along wires in a |ayer (segnented w res)
and by uswog3meiitage controll ed sw tches (el ectrochem calpCealshs)12bor ned by
some pairs of crossed nanowi res between wres in tw |layers (vias), one
can create an integrated circuit of arbitrarily conplex topology. The
W res may connect to an electronic device (e.g., resonant tunneling diode
or transistor) (not shown) external to the crossbar array 50. Alternatively
two or nore 15 nets, e.g., 54, 56 may qgnnect to an el ectronic device 86
(e.g., resonant tunnellng diode or transistor) internal to the crossbar
array 50. The el ectronic device, whetheypgxternal or internal 86, may
conprise a nanoscal e configurable transistor 110 herein. [0059] In the
circuit depicted in FIG 6, it is to be understood that all pairs of wres
112, 114 whi ch wiaps 6laielilis: have the switch 118 between them open unless it
spe- 20 cifically intended to be closed by the design of the integrated
circuit. The freedomof a circuit designer to arbitrarily select the
m xture of device tlypksaancildihtienaonnesprisimg: pol ogi es (of which FIG 6 only
shows arbitrary exanpl e G v DU
APPLI CABI LI TY 25 [ 0060] é‘ir%ggg%ﬁéﬂag’ca 1‘énsf“%J élﬁraﬁé% "“}pij’r"’éfmate& Sﬂ{g’fﬁd cl ai med
herein i s expedctiedof npgpnfeienstalg diampter, saithiirstswisss eoratirisiog p ssmiieondiictocwtes and as
very high denshg]ysa{g%mgg%ndgﬁgge Iggsgglggageg%yy\gag%g%;?l PCT/ US03/ 11290 12
CLAIMS What Is Cained f nano-scal e fl ash menory conprising: (a)
source and drain regi on@b) E"%‘F %GCB‘PCET' &% Riyjalidy ofapppenRttshaputilpl eadites i r st
wi res of nawnon®ef ﬁhoﬁ&@s@ledﬁaﬁﬁﬁf 8did seSehid hrirkd Cofdpriste Bfer G QEREInSIRY mA-
sem conduct or nate- ource and d %gln reglon§ se%arated by a

BT

fen rar I s%a o%
channel regi on®"fhy g‘ﬁ?‘g BICSETPOJEE T8 SHU YT VIS 6F © $fatel v

paral | el secondanmnetesscalé_@mmﬁsmamh a1id sealdevitks a;lmaiaﬂrfirstsﬁted afaand W res

compr i sing el tRGL, SAELEPAMERAL Ras L3bhith 8y RplBLAL w3l fgCON Wi res

crOSS|ng said first res at a c anc er’ scal e
di mensi ons bet ween sai dCkebdslctyon e regiod. aswridted witls tackhinteassctiop nfisaiit  a

15  first wires with said second wires, for controlling conductance of an associated transis-

tor.

2. The nano-scale flash memory of Claim 1 wherein said hot electron trap re-

gion comprises a member selected from the group consisting of (1) a molecular spe-

20  cies associated with said first wires and said second wires, (2) a dielectric layer on either
said first wires, said second wires, or both, and (3) a dielectric layer above, below, or

between said first wires and said second wires.

3. The nano-scale flash memory of Claim 2 wherein said hot electron trap region
25  comprises a molecular species configured between said first wires and said second

wires.

4. The nano-scale flash memory of Claim 3 wherein said molecular species
comprises a molecule having the structure represented by
30 M-I,
where M represents a conjugated moiety having a relatively smaller HOMO-LUMO

value and where I and I’ represent an insulator portion of the molecule that is connected
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non-zero angl e over said channel regions, to forman array of nanoscale
transistors; and (c) a hot electron trap region, associated with each

i ntersectwor3o$413nid 15 first wires with said second w r @€T/fS03/11290

control ling conductance of an associated transis- tor. 2. The nano-scal e
flash nmenory of Claim1l1 wherein said hot electron trap re- gion conprises a
menber selected fromthe group consisting of (1) a nolecul ar spe- 20 cies
associated with said first wires and said second wires, (2) a dielectric

| ayer on either said first wires, said second wires, or both, and (3) a
dielectric | ayer above, below, or bet ieen said first wires and said second

W Tes. 3.' The %asgig-fﬁss?gvlirgs a]lcnld%gcg C{Tglrlzﬂg,r%ith angl’aﬁlé%a%levgpﬁfffgfe a%@hzg/m Qlt e! eCtr on
trap region 25 °COonNprisés a no ecul ar species configured betweeén said first
wi res and sai dresgchridghenil@MO.LUMO THie. nano- scal e fl ash nenory of Cdaim3
wherein said nol ecul ar species conprises a nolecule having the structure
represented by 30 I-M1'. where Mrepresents a con]éu_gat ed noi ety having a

relatively small er SHEwmanoseete flash mg@ory REHCIRES whereigln §f 1§ 2 lopgq3pbeR ejfr an

i nsul at or part ieRy@fat & héh-doRLSed h&l didain M & aConiaed adictyCase 100202292 WO
03/094171 PCT/ US03/ 11290 13 to said first wires and second wires, with |

and |I' the sane or different and having a relatively higher HOMO LUMO
val ue. 5. The nano-sTial rand-scals Madmatanoyy effCl4ohai whedinihEriea varlop chdin o5 a | ong

carbon chain 5 noiety that is n- conj ugat ed. an reiR, Mis a conjugated
noi ety. 6. Thegﬁﬁﬁ&aggéﬁrgmfafoﬁlé ﬁrﬁ%ﬁ%&;}}%‘g"‘”@ ‘%}uﬁnogab%grme% enr{,'l , 1" is a carbon
chain of greater than 6 carbon atons and has a AEHOMO LUMO val ue of about

3 to 6 ev. 1%0 7. TGETQea%Bic%%! fﬁlsII Jn@l‘ﬁ%}r %g@@ﬁﬁ/ 5 QJhergnf”}\i/qu éle\’:\@@ E‘r@rh heM i's

sel ected fromthe group consisting enzene ring, polyacenes, and
pol yacetyl ene arwup lversising AEROMIene NDEy aplyrsenss, wd orplyagetilege 2nd\has g The

nano-scal e flagh menpry.of rid.ai i depherein said first.wires and said 15

. OM : . .
second wires each Rave a di aneter of up to 50 nm and where said second
wires are

8. The nano-scale flash memory of Claim 1 wherein said first wires and said
15  second wires each have a diameter of up to 50 nm and where said second wires are

separated from said first wires by a distance of up to 50 nm.

9. A nano-scale wire transistor comprising (a) a pair of crossed nanowires that

form an intersection, one of said nanowires comprising a semiconductor material and

20  another of said nanowires comprising either a metal or a second semiconductor mate-
rial, said wires crossing at a closest distance of nanometer dimension therebetween

and at a non-zero angle, and (b) a hot electron trap region associated with said inter-
section for controlling conductance of each associated transistor, thereby forming a
conﬁgurable transistor or a switch memory bit that is capable of being set by applica-

25 tion of a voltage that is larger in absolute magnitude than any voltage at which said

transistor operates.

10. The nano-scale wire transistor of Claim 9 wherein said hot electron trap

region comprises a member selected from the group consisting of (1) a molecular spe-

30 cies associated with said first wires and said second wires, (2) a dielectric layer on either

said first wires, said second wires, or both, and (3) a dielectric layer above, below, or
between said first wires and said second wires.
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separated fromsaid first wires by a distance of up to 50 nmm. 9. A
nano-scale wre transistor conprising (a) a pair of crossed nanow res that
form an iwoaB®eari on, one of said nanowi res conprising a PEMUSOIII2EE Or
material and 20 another of said nanowires conprising either a netal or a
second sem conductor mate rial, said wires crossing at a closest distance
of manoneter di nension therebetween and at a non-zero angle, and (b) a hot
el ectron trap region associated with said inter- section for controlling
conduct ance of each associ at ed transistﬁy, thereby formng a configurable
transistor or a switch menory bit that i's capable of being set by applica
25 tion of a voltage that is larger in absolute magni tude than any voltage
at which said transistor operates. 10. The nano-scale wire transistor of
Cl ai m 9 wherein saild- Fsmenerssale wisniransistyy of Clalgt Wrivhewsinsrif seslegiropispier sel ect ed
from the group geB&hskdsAGnodkulirkpecis boRfiSEddIbBvesRed fidPwhdsasd ARsQehAt ed with
said first wres and said second wres, (2) a dielectric layer on either
said first wirés > said second wires, or both, and (3) a dielectric |ayer
above, below, or between said first wires and said second wires. Case
100202292 VIO 03/ 09474, PCT{ LE03 L1220, dbdh The Na0e- SEale e
transi stor of Claim1 ereln said hot el ectron trap re-~ gr ' &nprises a
mol ecul ar specicemprisgsaiiofparlebhvive thaseistusagrdesfnteddy Wi res and sai d second
wires. 5 12. The nano-scale wreransi stor of Caim1l wherein said

nol ecul ar species _conprises a nolecul e having the structure represented by
I-M1'. where “RfF prasemte oupsrdrpdtepvirgiaaeiptivelsmaler AOMO-§ ly smaller
HOMO- LUMO 110 vahdifd aféle IMHa TG epresdfigh hnsulabd® PorBsi the aldlebiSiAt & BfneRQf t 1 ON Of

t he nol ecul e that [ second wires, with

.1s cannected to.sai ir W res an
and |' the sand® $# %f’tf“f“@? AR SR Wl‘fﬁiviwﬁb{ %PdSIE Bp S99 4 eprioAtd havReND- L UMD
val ue. 13. The raingy biglal BOMO-EUMOanisd. st or of Claim 12 wherein I, |I' is a
| ong carbon 15 chain noiety that is non-conjugated and wherein Mis a
conj ugat ed noi ety.
13. The nano-scale wire transistor of Claim 12 wherein I, I’ is a long carbon

15  chain moiety that is non-conjugated and wherein M is a conjugated moiety.

14. The nano-scale wire transistor of Claim 13 wherein I, I’ is a carbon chain of

greater than 6 carbon atoms and has a AEgomoumo value of about 3 to 6 eV.

20 15. The nano-scale wire transistor of Claim 13 wherein M is selected from the
group consisting of a benzene ring, polyacenes, and polyacetylene and has a

AEgomonumo value of about 1 to 2 eV.

16. The nano-scale wire transistor of Claim 9 wherein said first wires and said
25  second wires each have a diameter of up to 50 nm and where said second wires are

separated from said first wires by a distance of up to 50 nm.

17. The nano-scale wire transistor of Claim 9 wherein said configuration state
is not set, thereby forming a transistor.
30
18. The nano-scale wire transistor of Claim 9 wherein said configuration state

is set, thereby forming either an open or closed switch.
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14. The nano-scale wire transistor of Caim13 wherein |, |I' is a carbon
chain of greater than 6 carbon atons and has a 4EHOMOn. UMO val ue of about
3 to 6 eWwO0208/04471 The nano-scale wire transistor of C ai mPCI/UshEIRIN M i S
selected fromthe group consisting of a benzene ring, polyacenes, and

pol yacetyl ene and has a AEHOMJY LUMO val ue of about 1 to 2 eV. 16. The
nano-scale wire transistor of aim9 wherein said first wwres and said 25
second wires each have a dianmeter of up to 50 nm and where said second
wires are separated fromsaid first vv|r5es by a distance of up to 50 rim
17. The nano-scale wire transistor of Caim9 wherein said confi guration
state is not set, thereby formng a transistor. 30 18. The nano-scale wire
transistor of Claim9 wherein said configuration state is set, thereby
forming either an olfeRbopangeisewires nsispr, oiciaim % pboen 29D v eI 171

PCT/ US03/ 11290 cora&saa senliB6hdAG Anatsial d WhERin! BB Bin&bQuctOf mskdlsNa® Wher ei n
both sai d nanow res r| se a sem conductor material and wherein both

sem conduct or tS%tP‘?%?F‘ e t he sane conductivity. 5 20. The nano-scal e
wire transi stor of Claim 9 wherei n both said nanowire conprise a

sem conduct or materj,al, and wherein both s copduct or ials _have the
opposite conducti V|jtO lrhelﬁanﬁfca?e Ve thoa t ofe% rgl“'(;:ha e}nnlﬁ’q’gfalq €agt"one
nano-scal e w reommanslsgnmndmrpnatesmlr@d whetpingofhaiemicofdugpiosgedisiavo- Wi r es
that form an Hﬁ{e%g(gﬁgéogﬁhcmg@e of said nanowires com prising a

sem conductor material having a first conductivity and another of said
nanowi res conprising either a netal or a second sem conductor materi al

having a second and. ARRSH toR FBAKEACE le¥dt bk naddldalt Bre BaddRior &hBALIKLON trap
h 15 each intersection of first nanowires with second

region, associ ?aéed Wlml
nanowi res, for QAR B FITRY EURYTE hat igre e iperseoen QRLU SHd PRAVES S8 st or, sai d
met hod conpri Sipfighg & aymipsmdudtati mgert hivegsd fisn eorfdidtisity @ Mrovdet 6f said
nanowires comprising either a metal or a second semiconductor material having a
second and opposite conductivity, and (b) a hot electron trap region, associated with
15 each intersection of first nanowires with second nanowires, for controlling conduc-
tance of the associated transistor, said method comprising:
(a) providing at least one first nano-wire;
(b) providing at least one second nano-wire, crossing said at least one
first wire at a non-zero angle such that the shortest distance between said first wire
20 and said second wire is of nanometer dimensions; and

(c) providing a hot electron trap region associated with said transistor.

22. The method of Claim 21 wherein séid hot electron trap region comprises a

member selected from the group consisting of (1) a molecular species associated with

25  said first wires and said second wires, (2) a dielectric layer on either said first wires, said
second wires, or both, and (3) a dielectric layer above, below, or between said first wires

and said second wires.

23. The method of Claim 21 wherein said hot electron trap region comprises a

30  molecular species configured between said first wires and said second wires.
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(b) providing at |east one second nano-wire, crossing said at |east one
first wire at a non-zero angle such that the shortest distance between said
first w rwo0309and said second wire is of nanoneter di nen®CerEsp3/ane (c)
providing a hot electron trap region associated with said transistor. 22.
The nethod of C aim 21 wherein said hot electron trap region conprises a
nmenber sel ected fromthe group consisting of (1) a nol ecul ar species
associated with 25 said first wires and said second wires, (2) a dielectric
| ayer on either said first wires, said second wires, or both, and (3) a
dielectric | ayer above, below, or between said first wwres and said second

wires. 23. The net hadTRf médhaioMtRin MR badMotbclRtspRleeEdnipARs b LAR- I €gi on
conprises a 30 Iecg@ar speci es configured between salg first wires and

sai d second wi FHEPVER IIGFAGY03/ 094171 PCT/ USO3/ 11290 16 24. The
met hod of C aim 23 wherein said mwalecul ar species conprises a nole- cule

havi ng the stryctune re sent ed ere Mre
conj ugat ed noi ggt%flrehaﬁ eDengs T e aF@e Oletyswhavlmlg %%ﬁﬁ%@f@gﬁ@ and where
| and |' repreyent anérwhprnémddtmesmm m&ﬂatcmbortlbreofmlnwmemhlethatlmmnestectonnect ed

to said first b di fferent
and having a \fdelgagﬁu\%%éw@gn%wmw%&vla @anézg Mt} eéf%eﬁt%ﬁ%c? of Claim24

wherein |, |+ jdatiyely bigher HY) Ratlpe- moi ety that is 10 non-conjugated and
wherein Mis a conjugated noiety. 26. The nethod of Claim25 wherein I, I’
is a carbon chain of reat er ghan 6 car- bon atons and has_ a AEHOVDZuIVD

val ue of about 3 td6 Glaimadavhersinl ol IS lovg i o irpsethE i i s

sel ected frnom tnbtecogfugmmaﬁd)wsdraﬂMmgcﬁﬁJuga&dhﬁm@ene ri ng, polyacenes, and

pol yacetyl ene and has a AEHOMO2uMO val ue of about 1 to 2 eV. 28. The

met hod of Claim 21 wherein. said first wwres and said second wires each 20
have a di aneter of A¢pTheaneBQd piftlama@s whaeiel, $'4s deagen dndh ofigreas than & cgepar at ed

fromsaid firsgt, Wihesqahy a%EngMCS)/EU%Q CHucQatdR: 306 29 NM

15 27. The method of Claim 25 wherein M is selected from the group consisting of
a benzene ring, polyacenes, and polyacetylene and has a ABxomorumo value of about 1

to2eV.

28. The method of Claim 21 wherein. said first wires and said second wires each
20  have a diameter of up to 50 nm and where said second wires are separated from said

first wires by a distance of up to 50 nm.

29. The method of Claim 21 wherein said hot electron trap region forms a con-
figurable transistor or a switch memory bit that is capable of being set by application
25  of a voltage that is larger in absolute magnitude than any voltage at which said tran-

sistor operates.

30. The method of Claim 29 wherein said configuration state is not set,
thereby forming a transistor.
30
31. The method of Claim 29 wherein said configuration state is set, thereby

forming either an open or closed switch.
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29. The nethod of Caim 21 wherein said hot electron trap region fornms a
con- figurable transistor or a switch nenory bit that is capable of being
set by apwbiosasdiion 25 of a voltage that is larger in abs@Cutusosragm t ude
than any voltage at which said tran- sistor operates. 30. The nmet hod of

Claim 29 wherein said configuration state is not set, thereby formng a
transistor. 30 31. The nethod of Caim 29 wherein said configuration state
is set, thereby formng either an open or closed switch. Case 100202292 WO
03/094171 PCT/US03/11290 17 32. The rre#hod of Claim21 wherein both said
nanow res conprise a sem - conductor material and wherein both

sem conductor materials have the sane conductivity. 5 33. The nethod of

Cl aim 21 wherein bo#g aid nanowi re conprise a_sem con- ductor material and
wherei n both senmico J@? prthofatieriaioy A hstran botfesalhieeyiree commiee semif vity. 10
34. A crossbar catduetyr afatefislommie Ghatbifi ool ¥énGemdudBACRatERKI Efe CROMELSI NY a

junc- tion forned bt}(/.a pair of crossed nanowi res where one W re crosses
conduc 1%. . : . : . . ;
anot her at a non- zero angle, said junction having a functional dinmension

i n nanoneterss, wherein at |east one said junction in said crossbar array

conprises a nol ecul gy Ty Iﬁghotdroﬁgﬁjléﬁp&herem Aaﬁf r{agovﬁ%ggl}l rlas!: ! secr)r]:ico%r ossed

nanowi res, said pair of crossed wres conprising a rst “Sem conduct or
nanowi re and a d8@erarrierizhang wiherein peth semiegndpnser meteriels bive the oppasigndoadugonduct or

with a hot el egt#pn trap region associated with each intersection of first
nanowi res with second nanowires for controlling conductance of each

associ ated tran- sistor, thereby formng either a configurable transistor
or a switchomrenory i dddbr irSy ot @pall-wirddevi@l Bgh 884ce Rym@RRLLGaki on of a

vol tage that i %OJIJ arger, ian aab§ol utdenaga‘gini tude' 20 than any volt age at whi ch
sai d transistor operat@s P55 “IRE ErOTED AP E P TSt A H 34 afBT ei n sai d
hot el ectron t rep anggiserd jowien having a functional dimension in nanometers, wherein at
least one said junction in said crossbar array comprises a molecular wire transistor
comprising said pair of crossed nanowires, said pair of crossed wires comprising a
15  first semiconductor nanowire and a second nanowire being either a metal or a semi-
conductor, with a hot electron trap region associated with each intersection of first
nanowires with second nanowires for controlling conductance of each associated tran-
sistor, thereby forming either a configurable transistor or a switch memory bit that is

capable of being set by application of a voltage that is larger in absolute magnitude:

20  than any voltage at which said transistor operates.

35. The crossbar array of Claim 34 wherein said hot electron trap region com-
prises a member selected from the group consisting of (1) a molecular species associ-
ated with said first wires and said second wires, (2) a dielectric layer on either said first

25  wires, said second wires, or both, and (3) a dielectric layer above, below, or between

said first wires and said second wires.

36. The crossbar array of Claim 34 wherein said hot electron trap region com-
prises a molecular species configured between said first wires and said second wires.
30
37. The crossbar array of Claim 36 wherein said molecular species comprises a

molecule having the structure represented by
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prises a nenber selected fromthe group consisting of (1) a nol ecul ar
species associ- ated with said first wires and said second wires, (2) a

di el ectriwoloageri’on either said first 25 wires, said secomd@TWiSO®s129®r bot h,
and (3) a dielectric |ayer above, below, or between said first wires and
said second wires. 36. The crossbar array of Cl aim 34 wherein said hot

el ectron trap region com prises a nolecular species configured between
said first wires and said second wires. 30 37. The crossbar array of Claim
36 wherein said nol ecul ar species conpr%ses a nolecule having the
structure represented by Case 1002022921 WO 03/094171 PCT/US03/11290 18
I-MI1'. where Mrepresents a conjugated noiety having a relatively snmaller
HOMO- LUMO val ue and where | and |I' represent an insulator portion of the
mol ecul e t hat S8 O FETeEeRY 2 copyugaied dnopgty Raving o relafively gmaliss &%’I%VMQ with I
and |' the san®altdandiwvhdr€rR00 répidend avinduGitod porflonfoBihanbMelethdl isghiectddOMO- LUMO

val ue. 38. The,cro ar. array of C ai 7 reinl, l' is l.ong car bon
chai n noi ety tt%séilfdsii?rg Wﬁg%@gﬁgﬁoﬂ%ggﬁdwﬁﬁaﬂﬂﬁgggFaﬂwl\ﬂr fhé:‘le’é?ntca&ﬂ' W&t%d i ety.
10 39. The 6&r osddbizely bigheaOMD-IAMO M3 wherein |, |' is a carbon chain of
greater than 6 carbon atons and has a DEHOMO LUMO val ue of about 3 to 6
eV. 40. The crossbar array of Claim38 wherein Mis selected fromthe group
con- sisting of a BEnPes@ssbirgay efdiigimce ndsreindidis pding zerbenydheinewotyd has a
AEHOMONUMD val Wgt is Ad-BhjuRR@bHd whele Mis Yonjbdted dfl&y.Cr Ossbar array of O ai m 34
wherein said first wwres and said second wres each have a dianmeter of up
to 50 nm and where said second wires are separated fromsaid first wires

by a distance of uB9lThe o@ssbeiarraddf ¢Rim I vehefeinqSIS Ra CarbnlcBin M grkeAthdn 34 wherein
said hot electron trap region forns a, copnfigurable transistor or a sw tch
menory bit thaf 8% E%H}dgla%afA%@‘Y’%ﬁM%vﬁ“eB{}b%‘ggf"l Veation of a vol tage that

is larger in absolute nagnitude than any voltage at which said

40. The crossbar array of Claim 38 wherein M is selected from the group con-
sisting of a benzene ring, polyacenes, and polyacetylene and has a AByomonumo value

15 ofaboutlto2eV.

41. The crossbar array of Claim 34 wherein said first wires and said second
wires each have a diameter of up to 50 nm and where said second wires are separated

from said first wires by a distance of up to 50 nm.

20
42. The crossbar array of Claim 34 wherein said hot electron trap region forms
a configurable transistor or a switch memory bit that is capable of being set by appli-
cation of a voltage that is larger in absolute magnitude than any voltage at which said
transistor operates.
25

43. The crossbar array of Claim 42 wherein said configuration state is not set,

thereby forming a transistor.

44. The crossbar array of Claim 42 wherein said configuration state is set,

30  thereby forming either an open or closed switch.
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transi stor operates. 25 43. The crossbar array of Caim42 wherein said
configuration state is not set, thereby formng a transistor. 44. The
crossbar wproagoaf1 Cl ai m 42 wherein said configuration stareTiGsoye29o 30
thereby form ng either an open or closed switch. Case 100202292 WO
03/094171 PCT/US03/ 11290 19 45. The crossbar array of C aim 34 wherein
both said nanowi res conprise a sem conductor material and wherein both
sem conductor naterials have the same conductivity. 5 46. The crossbar
array of C aim 34 wherein both said nanl%wi re conprise a sem conductor
mat eri al and wherein both sem conductor “materials have the opposite

conductivity. 10 CapeTHO002L Hay of Claim 34 wherein both said nanowires comprise a

semiconductor material and wherein both semiconductor materials have the same

conductivity.

5 46. The crossbar array of Claim 34 wherein both said nanowire comprise a
semiconductor material and wherein both semiconductor materials have the opposite

conductivity.

10
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