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wab@4prEsent i nvention relates generally to el BCT/DS008027280
devi ces whose functional |ength scal es are nmeasured
i n nanoneters, and, nore particularly, to
configurabl e nol ecul ar swtch arrays based on crossed
nanonet er-scale wires joined by bi-stable nolecul ar
scale switches at the 15 intersecting junctions.
BACKGROUND ART [0002] The silicon integrated circuit
and its contl 1. [ zaf | ted an
el ectroni cg¢ﬂgf§PW%%M¢%€§W§W§aﬁ éhﬁ%‘ft due
to econonmi ¢ and physical constraints. Current
integrated circuit devices are being manufactured
ust ng sub-m cron scal e di nensi ons, while new sol utions
are enabling the devel - oprment of nanoneter scale
devi ces. [0003] Prior proposed solutions to the
probl em of constructing nanone- 25 ter scal e devices
have involved (1) the utilization of extrenely fine
scale lithog- raphy wing X-rays, electrons, ions,
scanni ng probes, or stafECh)NIGAL IHEEDne the device
cpjrponents; (2) direct witing of the device
conponents by electrons, 1ions, or scanning probes; or
(3) tleeodi r eciThe Hwedephlinventionheetstes aengrally riki elgctrohic devices
CONPORRARL Sfur‘fﬂtn&rﬂl qgﬁéﬁ“ &Bhied U Smeabl¥ed TRI RinoRERR, &iRdWinidle
(1) is that the wafer WO 2004/ 021443 PCT/ US2003/ 027280
2 on Ramicglarly, h‘é’ Genfigeebleg molasyiar tSWHER tansys apasgheen tqgossed

W t hi gangméBRdchiel W€ igadOby bbRanis infdeclbr kBSe @ﬁr\féﬁé@ at the
features in at | east two Jlnen5|ons for several

stit c SBEseEing MnelipBs: of | it hography, fol |l owed by etching
or deposition to build the devices. This level of

control does not scale gge a8 deV|ce sizes are
reduced to nano 5 neter ons. |t becones
extrenmely expensive to inplenment as de- vices are

z(r:glble pmvm t (?'hg %P&)ﬁrgtggrratseg %!rc%lt angP’(Q (S:c.!:n |nued r-rll-mlaturlzétlon has

20 created an electronics industry that is now facing its limit due to economic and
physical constraints. Current integrated circuit devices are being manufactured
using sub-micron scale dimensions, while new solutions are enabling the devel-
opment of nanometer scale devices.

[0003] Prior proposed solutions to the problem of constructing nanome-

25  ter scale devices have involved (1) the utilization of extremely fine scale lithog-
raphy wsing X-rays, electrons, ions, scanning probes, or stamping to define the
device compbnents; (2) direct writing of the device components by electrons,
ions, or scanning probes; or (3) the direct chemical synthesis and linking of

components with covalent bonds. The major problem with (1) is that the wafer



(2) is that it is a serial process, and direct witing
a wafer full of conplex de- vices, each containing

wo pootlorans of conmponents, could well require nPOYUS2003/027280
years. Finally, the problemwth (3) is that high
i nformati on content nolecules are typi 1 o cally
macr onol ecul ar structures such as proteins of DNA, and
bot h have ex- trenely conplex and, to date,
unpredi ctabl e secondary and tertiary structures that
cause themto twist into helices, fold into sheets,
and form ot her conplex 3D structures that will have a
significant and usually deleterious effect on their
desi gredhien efétorekne@ ar bai ermsi @@a@ﬁed\@i \lwtrﬁnSa emIsIEfractipn of the

i nterfac themto the i mpossi bl e,
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20l quirestthec dasg@reana‘ infecdonoerdibn ef evoesn csmplax] funbtidnel elements
r eadé.dcx a%%];gs%su Fn%qrories and input/output devices. Nanometer scale de-
vices have been developed for providing specific functions including memory as
disclosed in U.S. Pat. No. 6,128,214, “Molecular Wire Crossbar Memory”, is-
sued to Philip J. Kuekes et al on Oct. 3, 2000, and for input/output and signal
25  routing as disclosed in U.S. Pat. No. 6,256,767, “Demultiplexer for a Molecular
Wire Crossbar Network”, issued to Philip J. Kuekes et al on Jul. 3, 2001, and
in U.S. Pat. No. 6,314,019B1, “Molecular-Wire Crossbar Interconnect (MWCI)
for Signal Routing and Communications”, issued to Philip J. Kuekes et al on

Nov. 6, 2001; all three patents are assigned to the same assignee as the pre-



DI SCLOSURE OF | NVENTI ON [ 0006] In accordance with the
enbodi nents di scl osed herein, a conput- 1 o ing system
wo eroioppghement i ng one or nore el ectroni c cir cuPCEHUBRD$027280
gain is pro- vided. The conputing system conprises one
or nore two-di mensional nolecu- lar switch arrays. The
nmol ecul ar switch array is formed by assenbling two or
nore crossed' planes of wires into a configuration of
devi ces. Each device conprises a junction formed by a

pair of crossed wires where gne wire 15 crosses

anot her, and at | east one connector species that
connects the pair of crossed wires in the junction.
The denbRlér@ibn.aR dnfea ek tres@ihrsl Faratd o dqressBcorporated
neters,. %nd i ncl udes at | east one switching capability
pr oi¥ieil PH{PYEREE (1) one or nore connector species
and fobesipai r AOhedy dstedr Werd%ﬁelo;ﬁmi'nt (fRYricationcambiigegration of

abl e _transi st havi funct 0
2" roaveaeh soei cvires B fen trbetnelt e et SoneTE R
condhectendily nsdacoredict or wire. At | east one of t he
devi ces on one of the nolecular switch arrays is
configured to inplenent one or nore of the electronic
circuits. Specific & 8 EE3F YVENTHAN t 0 i nt er con-
nect the devices and to connect the devices to two
structures that provide volt- ages equal to a desired
Si gnEQDOtf]eveI Ih @ccadanice witly theteathodinenis|disglasedahdreiva comput-
|t f
Ak R e R U
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advantage is Signal restoration oOr
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create gates and inverters wt 'g | anot her
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can
def estatettbdtefunctions as a conductmg semlconductor wire. At least one of the

devices on one of the molecular switch arrays is configured to implement one
or more of the electronic circuits. Specific connections are made to intercon-
nect the devices and to connect the devices to two structures that provide volt-
ages equal to a desired signal level for a high voltage level and a low voliage
25 level
[0007] The molecular switch arrays formed provide the advantages of
economic fabrication and configuration of complex functional elements for the
construction of computer systems. Another advantage is signal restoration or

the ability to restore the logic levels of the signals by providing structures to



ance. Since there is no requirenment that any pair of
vertical or horizontal wires be adjacent each other

wo@eroohayR4nny ot her particularly geonmetric or PCT/US2003/027280
topol ogical relationship, defective horizontal or
vertical wres (defective either due to | o breaks or
shorts in the wires, or the failure to form working
devices at their junctions with other wires) can
sinply be ignored, and the array inplenented wth
what ever horizontal and vertical wires are functional.
Al so, the functional differentiation of the arrays
into different regions or quadrants need not be

shar gbite dafdsnf@ iRRIelANEh b8 SBHERCHEE Bivattgd BMNEle Afrajshe
junctions of the array 15 can be characterized. The
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20 BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a perspective view of two planes of wires;
[0010] FIG. 2 is a schematic representation of a crossed wire switch or

crosspoint switch comprising two crossed nanometer scale wires, with at least
25 one molecule bridging the gap employed in accordance with the teachings

herein;

[0011] FIG. 3 is a schematic representation of a crossbar switch

depicting a configured switch at a junction as a short circuit between the

horizontal and vertical wires of the junction;



[0014] FIG 6 is an illustration of the stacking of
two or nore crossed planes of wires formng a
wa@omvitiogeamt i on of devices and nore parti cul ar | pCTHER2003/627280
1 oatop viewof a three plane configuration; [0015]
FIG 7a is a schematic diagram of a configurable array
simlar to FIG 5, but depicting the formation of
Schott ky di odes having a direction such that they do
not interfere with the correct |ogical operation of
the gates formed wthin the array; 15 [0016] FIG 7b
is a schematic diagramof a Sonf | gurable array simlar
to FIG 7a, but depicting the formati on of essentially

ohm gogijodes mést fRap 3651 GPLHSIHRNSISBE @bt daH"Hétdoﬁfb%red at
when conductlve wre joins p-type sem conduct

wi r ethe jyngtippzgf twg exossel wires e pag eliwg Sga&éctrw@tor (Fi6. 4a) or

C0”n%&r{dgaungfseh%ndﬂé{o?w&@F‘IGSAKB)t ch 2o array devi ces
deplcted in npl enment an inverter V|n?%one

junct®&H in Fé%c%'scﬁj%%?'@ﬁfﬂc diagnern &f aﬁ?'@\gur@B'elni‘q el
gsspﬁr%yf déjéﬁ)lcﬁ@lh@%bmbhuﬁj oft the cHﬁdLﬁﬂ\lél ahd seidoRBuct@Tvirg or
evi ces t wo_ i nput
oo BaowReneh . %t o6 heciees B T uadaiper somgirable
speciéviges;,connecti on of the nolecular switch 25 array
devi depl d L n_Fl LN
NANDEE: | GBS 0p aiieraton St PP REER of fue P mpRPibssed
C on nalat]esaﬂi Mrés folgingra Icelmflghmtlorsuﬁ degibes andmaore ganticutarly depicts

pi Cc n_Fl G 5.1 nt nore conpl ex
gsec?ﬁo@ 'egvcglar% ?Planeg?ﬂ: ur%{mq’ he AND- OR-| NVERT gate as

a si gy gat eF,IGVD BCG0hhedati@adrdi /otUS2001811BRIE 288y siGilar to
[ 0021]- El | C

1002k, B! £t kot tﬁé'fornﬂgfogcéd nAART dBliod ﬁew.ng d bR dH lion
depi thatitiey do ﬁcbt@.lter&re aitll ther eoryeciriogidal eparation @bthesgatetSdormed

for m,anid A tlled structure; [0022] FIG 11 is a

schemat i c aFgr am of a confi gur abl e nol ecular 5
4ai t (916l r ay ST igra s@pemetis diggram of a gerfioptaplegrgy similar to

di ff eferh, BASALpickHgNHheOforhitRn SpBQééﬁﬁd|1¥%rﬁ:ﬂQ diodes at the
semi conductor Wi res or nanow res he di vi si on of

the SFIERACUGRHERtaloINGORRr AWES ofonelirs gUiEp ins  p-type

devi g&ficonductor wires;
[0017] FIG. 8a illustrates a specific connection of the molecular switch
20 array devices depicted in FIG. 5 to implement an inverter having one junction in
each quadrant;
[0018] FIG. 8b illustrates a specific connection of the molecular switch
array devices depicted in FIG. 5 to implement a two input logical NOR gate;
[0019] FIG. 8c illustrates a specific connection of the molecular switch
25  array devices depicted in FIG. 5 to implement a two input NAND gate;
[0020] FIG. 9 illustrates a specific conneétion of the molecular switch
array devices depicted in FIG. 5 to implement more complex electronic circuits
such as the AND-OR-INVERT gate as a single gate;



[0023] FIG 12a illustrates a specific connection of
the nolecular switch array devices depicted in FIG
waQao0s02140p| enent an i nverter havi ng one junct i PeT/U$2003/027280
in each quadrant; [0024] FIG 12b illustrates a
specific connection of the nolecular switch array
devices depicted in FIG 11 to inplenent a two input
| ogical NOR gate; [0025] FIG 12c illustrates a
speci fic connection of the nolecular switch array
devices depicted in FIG 11 to inplenent a two input
NAND gate; is [0026] FIG 13 illustrates a specific
connection of the nolecular switch array devices
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depj d FlG .11. and progr e

or ockim® SORBS T s sEiehage et e 1 PhtetERl apigouar

[ 6028\}litdﬁl @raylSmila ta ElIGheénwut depictingr amifiefena posutlonmg of the

ignf epl Cplagn «%ﬁg#lda&or vﬁ@s o? ar%wdg gﬁ&%ﬂ loa :Bsm%{\oof the wures

p- iypiléo erquad@htS\mﬁ@fwmbb titmceﬁrtype hor| zont al Wi re

nt hﬁ g ght I*I@}Ma% |m§?rg{e§%ts edi n:at%%lqgc@lgn BPhe 'n{})ﬁe%[ﬂa?gvgtch

Wi th t e correct functioni n con
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the mobh guHem:field effect transistors. BEST MODES
FOR CARRYI'NG OUT THE | NVENTI ON WO 2004/ 021443
PCT/ 9828103/ 0 F1S8tRb iustrajes rfipesifmeenpetion pf the metasdlar switch

her ebfay ddiRed pBted if ERE 1134 nfirfent Wﬁp&t@caﬁNéWq‘a@
can change its state nultiple tinmes via reversi b

procB¥3lsych HS- He lluskpiga eiseeciisrcoparptien pidhe mopcyanwwitch
wor d§rra$db@:c§é/\diép€etbd(iﬁpld361@@ﬂfb@ne@iﬂgwﬁd iRSRHAND dad:tipl e
RIS TWRTY W A .
ol eandye dewkes Sdepicted! @CHIGE 11hav infiderhed® ridk adompRixYelbd®dhic
?P?Ez%e t%“ltc a%%e?mkﬁﬁ\zﬁwgggt%g cg%ehe ot her
( si nplog7iconf ik@r blllegtrates the use of reflection and rotation of multiple
molecular switch arrays, as depicted in FIG. 11, and programmable crossbars
20 toform a larger tiled structure; and
[0028] FIG. 16 is a schematic diagram of a configurable molecular
switch array similar to FIG. 11, depicting the formation of a diode by joining a
p-type vertical wire with the n-type horizontal wire in the right lower quadrant
that does not interfere with the correct functioning of the gates configured in
25 the array because of the “push-pull” nature of the configured field effect

transistors.

BEST MODES FOR CARRYING OUT THE INVENTION




reversibly swched fromone state to the other
(reconfigurable). 10 [0031] The term "m cron-scale
waleemensidans” refers to dinmensions that range PEDIS2003/027280
mcroneter to a few mcroneters in size. [0032] The
term "sub-m cron scal e dinensions"” refers to
di nensions that range from1l mcroneter down to 0.04
m croneters. [0033] The term "nanoneter scale
di mensi ons” refers to dinmensions that 15 range from
0.1 nanoneters to 50 nanoneters (0.05 microneters).
[0034] A crossbar is an array of switches that connect
each wire in one set of parallel wires to every
menbeefiftfong second set of parallel wres that

intersects t rst set (usual wo set
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nanofeage frod hiissimstas to pfeyymigeamnelirs I Siagnct i onal i zi ng

gr oupspzhinat CHR frth @M 004 g%ﬂeﬂé@ns refers to dimensions
PCT/ 82 03/ 027280 8 ductivi t% type of the wires. A

pl ur &1t apge frong | dpicremetes devmjor Gt Wﬂ’fp"ﬂﬁerassen‘ol ed to

pr ovg@g%ﬁ var gt txmofna%rﬁét&rs%alb dFRHsRS reBd & u.ﬁféHs.&% that
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20
Crossed Wire Switch (or Crosspoint Switch)
[0035] In related patent application Ser. No. 09/280,048 (“Chemically
Synthesized and Assembled Electronic Devices”), the contents of which are
expressly incorporated .herein by reference, a basic scheme for chemically

25 synthesized and assembled electronic devices is provided. That application
discloses and claims a quantum state switch that comprises an adjustable tun-
nel junction between two nanometer scale wires. In accordance with that inven-
tion, an electronic device is provided, comprising two crossed wires having

nanometer dimensions, provided with functionalizing groups that control con-



[0037] Reference is nade now in detail to a specific
enbodi nent of the present invention, which

WO bdouseras es the best node presently cont enpl aP€riub3003/027280
10 the inventors for practicing the invention.
Al ternative enbodi nents are also briefly described as
applicable. [0038] FIG 1 provides a perspective view
of an enbodi ment of a two dinensional nolecul ar
switch array 10. The nol ecular switch array 10 is
formed by assenbling two crossed planes of wires 12,
14 into a configuration 15 of devices. The device
conprises a junction 16 forned by a pair of crossed
Wi r eauonvhlﬁjrtﬁip@dif&he’\ﬁvi& ArpﬂtﬁeSIEﬁof&ﬂ@i dr6dseaMite® Ay 66 asdRkhbled
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SUi t flhn6d Bpb&Yehling twoldr@séd Biahds slars as, m&nnwcdhﬁgurat.on

forneg W, t ize on the order, of tens of RVD

3504PDAIAES g@ﬁ%ﬁd@@%ﬁz’f’sﬁmt@“ nétiamed; by %P?'é rossed
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H@I&gﬂi@s 0 %ole%ﬁ@ %o%\f)cfuﬁés %9 d&l% eﬁiTlQeanW idértind & switch
prOV| at,

connector Speci
molecules. When an appropriate voltage is applled across the wires, the switch

molecules are either oxidized or reduced; see above-referenced U.S. Pat. No.

6,314,019. Alternatively, as described below, the switch molecule 24, or a por-
25 tion thereof, may undergo a mechanical movement between two states.

[0039] Further, FIG. 2 depicts a coating 26 on wire 20 and a coating 28

on wire 22. The coatings 26, 28 may be modulation-doping coatings, tunneling

barriers (e.g., oxides), or other nanometer scale functionally suitable materials.

Electronic devices 18 can be formed with a size on the order of tens of nano-



in one enbodinment, is bi-stable. The connector species
may conprise a dielec- tric (e.g., oxide, nitride) hot
web@aeams trap region, or a nolecul ar speci es. PATES2003/027280
nol ecul ar species is addressed by setting voltages on
the appropriate two lo wires. Thus, by the sinple
process of crossing one type of coated wire over the
other, a switch is fornmed at wherever the intersection
occurs. Furthernore, in one enbodinent, the chem cal
species that formthe nolecular |ink between the
W res can be el ectrochem cally oxidized or reduced.
[ 00401 The above-identified co-pending application
Seri gleteldto a ol r%blag@ré)éﬁp@%Gﬁdkh@%oﬁta&%ébﬁen%o wires. By
processes to l[%r oduce di %cr ete cros f Wi re ,%al rs, .
such°RRosIas G mplciesg which fofm @ dgpiag faysieen feikss {mpedulation
P ][ 0C@&sind)af is pBﬁEﬂﬂ’@fol Bd dendes 8%2 AEkRe \farn@mdf eﬂwﬁcawd@@red
of m craneter res.
c o BB PR e e HeGfiTia A BT R PR e B auentm
clsas ste& sfitchnodremising 2n adipptebldi |tlmgel jatgﬁom24 betwedretwdaemhores
prop s of devi ce ey requirenment.q
Pher ffoebas gt 2 % 4o Wik féand(ee B & RGP BN SipereS
bet vvemmetewmaoememt rscbdelsblet'ﬁeycomwptobep@%@ayamh@nsmdlblyc-
rmdl [ d V.
vol t é’,cggg étox%e nl'&rlﬁ@ IgCit é%?trrogﬁté %ﬁ gr %%o%&m%ﬁr éé)%?eéa The
conpmo@nwar spesies s modietsed dyy $dﬁ®gm®ﬂta@sf @t thei apprépsinteatwo
rr
Barr ks, Tﬁu& tﬁ‘e SF%@S oo @fdsbi éoné’%iep\é’%‘?ggétgfmﬁr&?ager

wr ed s hediY erateo curr
chanfedtherid §Wlf0b ﬂmrmmtbﬁ@reyerdf\e mtesggctiohogckest Firthermare,

turni, b diiRdi nfeﬂf ther@'sgpﬁc\él’ spef8d haORfh ﬁwte' r%lec‘oula?ﬂrq( between

comuni cat 1 on and signal routing networks. M- |ecular
Swi t digedreg gan P?]@'P‘EI%W@'@I%‘X ONeire °rdﬁdtm§ﬁecul es, in

whi clpoapp! | Ca‘fﬂeona%veﬂden‘fﬁ’éd ag@_ & Béiloﬁ’f ddn8  No.
nol ecul es and oxj di zes the oth er 4/ 021443

PET/ CRB#HYID I9558bes id‘“["ﬁ’@ﬂ?] PIOReTSRR ¢ é’i“?éjg'é‘)? ﬁ&crete crossed

enbodira®alrs, subie a€ GRBRE IrPFIGS AIE AlsB tisébsEdiherdiD R proeess for
mat eri al _t hat, di sgl aﬁs a si 8nl ficant, or rggegs,ur abl e,
de(\: c

hyst 8/6R&7Ng q&yicps Made fiprp &5iox Bﬁst"éa?é”%'ﬂ?*\%s W'Hi*ned
f r omonary ent - Melletwg&mmbamgacﬂrwohaﬂs mylcbma 901 arg-nusibat &f

ot L REHEAPR oE TRk Es. SBp B i 05, fsired properties of
cat etreniesice. e kep irequpymeant of tr{eOﬁlﬂél:]JIelsns thapwher they are sand-

errbo(\:/ivllched tbetwtelgﬁ t\ﬁcg) Ql gt?otﬁs tﬁ&erﬁéyebc'e g'g&ro%gmgé@?no%med (i.e.,
oxidized or reduced) by applying a voltage between the electrodes. When the
molecular components are so modified, the net effect is that a barrier, e.g., a
tunneling barrier, between the two wires is modified, and the rate of current

25 flow is changed. This forms the basis of a switch that can, in turn, be used for
memory, logic operations, and communication and signal routing networks. Mo-
lecular switches can include redox pairs of molecules, in which application of a

voltage reduces one of the molecules and oxidizes the other.



mat eri al that evidences switching based on electric

(E) field induced band gap changes that have been
wale@eoyrred. These materials are the subject OPCHUSNO3/027280

pendi ng patent application, Serial No. 09/823, 195,

filed on March 29, 2001, en 10 titled "Bistable

Mol ecul ar Mechani cal Devices with a Band Gap Change

Acti- vated by an Electric Field for Electronic

Swi tching, Gating, and Menory Appli- cations", by

Xi ao- An Zhang et al and assigped to the same assignee

as the present application, the contents of which are

expressly incorporated herein. Three primry

mechivigims arle thé Solegsiegl eamddislead red cordaetopfspédid 24 may

h di ff hes. T .
rech SRS i Bah et 2 Epaien! BPmpartes e ins
i nducwbni-oditage ourvef cdotined dimat cwmet-vmtag&itrmbdxﬁrismtlh @n;ohd-

t h d
ol e cieeRhefn B o Suh BT Rl PeiERegy. (ofbanes
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Che DRI, oo Bohh St RO P-BGal BAGNE i SRS
changategaljea @viggncep it inenpsedpn elettdn @dlequmqhband rgap
vi a Eﬁbﬁ‘lb&@thmé %Eér‘? BisBdvefeRC PElL rﬁ?agérfég & S the Q{E&@fq&feadco-

by |ncreaS|ng decreasin It-
| ocaP¢ingiratent qp@tmv?n Szl 99@231&%&!@@9@%@%&@91 en-

ehangRdCBEEeE MYecutar MtARSIS Povesd GiFS BaR@ '@ra?%ahg@ Acti-

Vi a charge segaratlon or reconbi nati on and )
br eal@tePorn E Ftﬁﬁﬂ%for Ewatrqrm%\@}chm)%mﬂi NdMpmery 2eali-

bandcgiofs"CHARBE-AH 2hdiB| RGHLAd of ngdi 'Ekgthe%ram%t és@fgﬁ&a' &5the
WO 2004/ 021443, PCT/ US2003/ 02728

f or eBEP5TY ARSI p e FoNERN s Whigh: 21§ W%ﬂl"@@er@teﬁ'\é’ﬁéﬂ"}/
ex- emrpé ﬂn‘ryary afedhdniensadrd aréufmaataﬁud Rfainid¥e oV b1l tAd! FrediahB%S

0L hGE SRR ey DRl o 1, e
swi t Bi4ig nol ecul @3 Erceicdi blﬂr(%ﬁekl’) inéiteb Yothion d1@t Rhst one
2kl SRR 080 ) e BE L Be s e
bet wesetar/stéater cagfigurat®njray be done once (irreversible) or
mul t [0@115% tinmes ( r&y%[fhcéikpih&)ced charge separation or recombination of
20 the molecule via chemical bonding change to change the band gap:

[0046] (2a) Efield-induced band gap change caused by

the change of extended conjugation via charge separation or recombination ac-

companied by increasing or decreasing ©- and/or p-electron localization,

[0047] (2b) E-field-induced band gap change caused by
25 change of extended conjugation via charge separation or recombination and 7-

bond breaking or formation; and

[0048] (3) Efield induced band gap change via molecular folding

or siretching.



[0050] In FIG 3, a plurality of sets of wres 32, 34,
one set configured at an angle to the other, provides
w@2damo2di3rensi onal array 30 of crossbar or crpSEpPs100$/027280

switches 36 where a single switch is fornmed by the
wires 32, 34 10 and a nol ecul ar species (not shown)

| ocated in between the wires. Each switch 36 can be
programmed to be cl osed, thereby allowing current to
flow between the horizontal and vertical w res that
it connects, or open, where n connection is

est abl i shed between the two V\]i res 32 and 34. O her
functional- ities that can be achi eved by the crossbar
SW t @hagdd’ I aY TRE Gord§di LEskriptibinad¥ichidP noREAES RERidrely. &-
Pat . ® 95} 6, 128, 214§6't?90051;bFIGS 4a igﬁd 4b g %I ct eyn
exan‘?jﬁl@a%fa"@ te pbRsliperis &f the yarqus @pRYs dislpsed Berelgesan em-

conf higpaR¢ S\ﬁifbﬁmé mﬁueg%%newbp@mmﬁg tmwhms‘nf @m&sﬁlbh
states, as escrl bed i n above-refer

o BB FSIECISS SRR ARG SaSHP gpPAGEe sttes
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of | SHABTRY D omo8 FevRyoIBeY o ipie tmeSdebtsblgF, 1
same[0as@i gnedn &5G.tAa puraliy of sespei wicatd2p84, . onkieekomfigured

see 4op mad Pane &t Brovd woBPisuectBa e o s o

26 %wplnmmltches 86 svhelieva smglaaslwndi isafioyphedciapt thean®6r32a84
/ 2 2 9

BB 1 #R0a RBTE PRy ool Sty Beotdd o beriBth P QAN Gkon

fi | eswitch 3henriemesgraimpiitd be cBseddeskey aowiad camentde flow

S 9N5Lbéh 1B hoRANE) ARPIGHIER RS Y BERBAR or open, where no

appl I catl on. e contents o or egol ng WO pat ent
appl twaettionds as’t@hé)egrlémey theniwgr Wrnsa32cand iy Ether Bipctional-

refe |
¢ s 89 0000 ) U8 030 S NG O e

PET/ W@Mﬂ@’ﬁf@@ No3 8,128,241 | be appreciated that

bi pojes1t r anS*I@S Od S aktPYb aéﬂ.&raaaéxah\webﬁ a&%ﬁf Ak {rénhsistor
t he gractl ce of the teachings hereln.

The
t r an$RS £} be fonfigered ppd recopigizedsigiy ?—ﬂe@ wa) ¢ Siatege agy
fi el deRfifeRiGh abdve aEreientéd U GFE‘&) Noi & b5d, 167, soweicas agpllcation

o 8 e S B B 2 Sy e oo
YhenFabie Mealoha@Rd Gld tih éhe BanhdsCefl Jawies R. i Eatae Ur. ted ahahdvs-
vol t g‘lgr?eJ tg\{% éan%ehaes&g%geeasl:%e pfreos%rrlrte gppﬁcatlgnh eHAWGVgII th?s exa
ple is not limiting; for another example, see application Serial No. 09/699,080,
filed October 26, 2000, which is a divisional of application Serial No.
09/280,188, filed March 29, 1999, now abandoned, entitled “Molecular Wire
25  Transistor (MWT)” and filed in the names of Philip J. Kuekes et al and &s-
signed to the same assignee as the present application. The contents of the
foregoing two patent applications are expressly incorporated herein by refer-

ence. Finally, the transistor shown in FIG. 4a is a field effect transistor (FET).



put into a high inpedance state and effectively bl ocks
current flowin the hori- zontal wire 40 through the
wo eovgtozams \When the vol tage on the vertical w PET/AR2003027280

set to a high level, then the FET is put into a | ower

i npedance state and allows 1o current to flowin the

hori zontal wire 40 in either direction. [0053] The

transistor in the second state 44 (FIG 4b) has a

horizontal wre 40 that is put into a | ow i npedance

state in the junction regardlgess of whether the

vertical wire 42 in that junction is in the | ow

vol tage or high voltage state. In the |atter case,

vvi r et vaid baraﬁpézi_awaahaaﬁpdﬁraﬁnélbmﬁl thiy sleniedy BslempiBged in
\/\48\’? onftﬁ" Ef‘% h4 has. no i nfluence on the current
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sem ¢ one the ranS| sto . .
004080 aspsaR (3055 P Sotrgtrabls TR kentston s woyidee.
[ nducaa’nrﬁrlsmmia)l aopairadf cesgmlt ranbwirdsh ens efithe oasrdnmésaconvpinsleg a

cre g?érﬁ %Hda& ?rﬂ%&la??na s’%gaé PrsH; “nﬂ@ét.‘w n Of h? Stﬁﬁrl r{éﬁﬂév%%?og]

I cren
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of t gat e
S|stor either forms a conflgurable transustor or a sw1tch memory bit that is ca-

pable of being set by application of a voltage that is larger in absolute magni-
tude than any voltage at which the transistor operates. The pair of wires cross

25  at a closest distance of nanometer scale dimensions and at a non-zero angle.
[0055] Eaton, Jr. et al also teach that FETs are fabricated using a
/ cross-bar array, comprising a two-dimensional array of crossed wires, in which
one plurality of wires comprises a semiconductor material and the other plural-

ity of wires comprises a metal. The semiconductor wires become the transistor



[0056] In yet another enbodi ment, a nenory effect
(trapped hot elec- tron considered as a configuration
W@ t@i®)14nmy be i ncorporated into the nano- scaP@r/UsS2003/027280
transi stor. By providing an electron trap, it then
becomes possible to have a special type of
transistor. The electron trap conprises either the
dielec 10 tric with charge-hol ding defects discussed
above or the nol ecul ar species dis- cussed above.
[0057] If the configuration state is not set (no
electrons in the trap), then a transistor is forned,
but if the configuration state is set (electrons in
t he ahd te) metbh\elresahddmerforﬁﬂtlcﬂpﬁl’a géte Gh ﬂﬁeéénﬁdﬁwal@dfbrivﬁre. A
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céndg@ﬁEEWWWMﬁ holes then one or nore electrons in
th I 1 I t
ofea(ﬁgﬁ%gtlem3§5ghﬁggé%ﬁgﬁMQﬁ%ﬁfmemégagééégqugmopge&
el ectremAOnsidgredi 25 preaofightiienystetel maytiwdineeprrated ingcthe seb-

t her gigi QQﬁQPS&érSFS dﬁ% iy Qﬁléle@tr{}fag%%% ﬁtt{elc{ﬁ\é’sr Bossible to

represented as I~ M|

r epr B¥erft gpegiablypg afd@lnélamhﬁ heelgctramtrapomprisdsaitherdiheydielec-
sl figwith MG lHMR RtddE o(stcﬁ’ss@@léﬁode orQIf!J r%gl%bl}fﬁ'lséemes dis-
netalllc i ke) and where rese

i nsufusesy akRYet i on of t he nDIecuIe that is connected to
t he masg- scal ieindicbRfguftiion é‘tﬂ'te |5W1(§tt}>e! (n@'%ﬂacirons lﬁﬁeﬁ%thgﬁ

dlfferent and having a rel ativel

val uB TapREion s OERE Byt ifithk corfigus a%% Fté‘fei ﬁgseﬁé?'%ct*ﬁf’@% in| the

and irap)théN @ithek @n Sﬁeﬂﬂér&:toged SWieh mﬁﬁﬁéa' V\lheﬁeldé §\kl@ﬂ %eopen
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L T R R
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pref ﬁ)ﬁﬁ%d Al (1513@ %§am;9<§ 'oP% llnglg&lea%gvatntt]a%%ou yS %m{alo?ed as an

t han mati cs,
20 electron trap in practlcmg the embodiments disclosed therein comprises a

molecule having a structure represented as

[0059] I-M-I".

[0060] where M represents a conjugated moiety having a relatively smaller

HOMO-LUMO value (to make it effectively metallic-like) and where | and I’ rep-
25 resent an insulator portion of the molecule that is connected to the nano-scale

wires 42, 44, with | and I’ the same or different and having a relatively higher

HOMO-LUMO value. The presence of the two insulating moieties | and I serve

to separate, and control the distance of, the M moiety from the nano-scale

wires 40, 42,



5 difficult to control and thus could possible short
out the device. The arene rings can be in the
worplogoel4as pl ane or perpendi cul ar thereto. An BPXEDPL083/027280
depicting I = 1" = C8 hydrocarbon chain and two fused
benzene rings, is illustrated below. 00 I M 10 [0062]
I n one enbodi nent, a conputing system for inplenenting
at least one electronic circuit with gainis
provi ded. The conputing systemcom prises at |east
one two-di nensi onal nol ecul ar,,switch array 10,
referring to FIG 1. The nolecular switch array 10 is
formed by assenbling two crossed 15 planes of wires
12, 1ed6int o aTlieoNf ingietyashioald bef higtayw b@ﬁ@atdﬂaéﬂﬁi RVEHE com-

conpri tion 1 crossed
wired %he@fsec 5'{‘10 &nef‘s CLP gg‘?g%n tSP]‘Zﬁbtﬁ &Dur&jﬂ‘@r e gramatc ragies
connéet for Mgpecihe soddgatenalgeiesndidiies, pat thusfthe ér@&&ﬁcﬂmonetles
Wre h nction on 1
Funcepaf Alube Rt il a8 ppd BEs hiif fien gl are ore
bé&t wdifiguli Wecqntmi amd rth;s)could wossibtkeshor ogtnthe divicey The arene rings
capa re.c r -
spec Péérlsﬂ)é it @Xl'eﬂﬁéjr Fﬁé?.r g%agééjlé\g{hﬁﬁe}oe%ﬂ%gg%glﬁ dep gﬂr&; I
has ahe @se'!ydmcampm ghairf @mdma fusled benzammtingsr is dlestraéd below:
wres. At |least one o levi ces on one of the

nol ecul ar switch arr $| configured to inple-

: g .~Specific
connectlons are made to nterconnect the devices and
to connect the dévices tdwtmo structures that pro 25
wiode voltages equal to a desired signal level for a
hlgh t age | evel ow vol tage | evel .. [ 0063

h\g ?ée]c ul ar Ihs%l@%t crﬂggdr"ﬁ%n);s o) Pﬁ%’l’g ?yé gor H'k’%meml”g at
adv alﬁ@ﬁg@s etfetronic onaiti vathf gabr is eadvided 'maacbomnfmggsystetn cim-
of c t 2004/ 021443
e 0300/ o0 3 BB rhocelr e i 0 erihdto
syst Elﬁs 1. Togmalaghiag switchr afagr10tie fdFnad by a%dmi)llng)lt\m:crbaed
§W t GBnAldf @MeQ—@Z %Yntb”é'cl)hf@ﬁraﬂ&{& d{em?& EQ& 'EQ %851%1’3%
species 24 and forns a antum sta ecular s A
18 clyfgion P igmed bélae‘e?tlfrqf@aHS‘ﬁ%ﬂ veiesis ieeshone witengregses another

j unchis bRt Hﬁ‘@@oﬁn@@cort YRcidk 22 Zormets e pa§t JTENES W& 20,

SMAtCh array 10 has one
2 in the junction. The junction 16 has a functional dimension in ranometers

(the distance between the two wires), includes a switching capability provided
20 by one or more connector species 24 and the pair of crossed wires 20, 22,
and has one set of wires formed above ancther set of wires. At least one of
the devices on one of the molecular switch arrays 10 is configured to imple-
ment at least one of the electronic circuits. Specific connections are made to
interconnect the devices and to connect the devices to two structures that pro-
25 vide voltages equal to a desired signal level for a high voltage level and a low
voltage level.
[0063] The molecular switch arrays formed provide the advantages of

economic fabrication and configuration of complex functional elements for the



5 or nore sets of wires 20, 22 forned to a thickness

that is about the sane size as the connector species
wQ24qo4aed4dver an order of magnitude | onger thaPCT/US2003/027280

diameter. Alternatively, the two wires 20, 22 both may

have a thickness that is about the same size as the

connector species 24. The two wires 20, 22 nay also

have a thickness that ranges from sub-m cronmeter to

m croneter dinmen 1 o sions. The junction 18 of the

mol ecul ar switch array 10 maygfunction as a singly

configurable or reconfigurable switch. Furthernore the

junction 18 may com prise one of the elenments
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one Qgbo a8 RC4Ohe SBRTRP spétidd SRR nRAALRESSY. 22 may
the

| ayers 12, 14 to connect 20 crossed wire pairs.
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rrprlsm a stator por - tion and a rotor portlon
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ti vepyseSdnakif eheSélahests sEl@Qf@&lromhﬁe Q%F%%s%'tm § Wf keSRtors, di-
array 10 enploys an array of chemcally- 25 fabricated

Wi T egd%anq ansisiors, (I hgr\/}u@? 20+ 22, 9f{Be pﬁlﬁpqlq\{tswmh array 10 inde-
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pI I cation an
tion and a.rotor portion, wherein the rotor portlon can switch between two rela-

tively stable states.

[0064] The molecular switch array 10 employs an array of chemically-
25 fabricated wires 12, 14, or an array of nano-imprint, lithographically-formed

wires. Examples of the latter approach are given in (1) U.S. Patent 6,294,450,

issued on September 25, 2001, to Yong Chen et al and entitled “Nano-scale

Patterning for the Formation of Extensive Wires”, (2) U.S. Patent 6,407,443,

issued on June 18, 2002, to Yong Chen et al and having the same title, and (3)



expressly incorporated herein by reference 5 [0065]
The nol ecul ar switch array 10 further conprises one
w@ed4o1awd res in a given |ayer that is separ aP€&l/ys2003/027280
formed and functionalized in a plurality of dif-
ferent ways to forma layer that is heterogeneous in
Wre type. The junction 16 of the nolecular swtch
array 10 has a state that is altered by the
application of a voltage. The junction 16 al so has a
state that is sensed by detergining its |o resistance
value. [0066] FIG 5 depicts a configurable nolecul ar
switch array 50 that im plenents a array further
depi UtS. maitenh 6, 4BmEA0L isanéon@ Afigushes, 2o0z) wt/bngecwufrmﬁi ntdled

54, the p-t sem c ctor res 56 type
Seni oAt PR RELT HetohB et B gy vl o -
di vi sigesd ©f the Bemaiasgignee2as thé,pr&ent a?ﬁlceﬁ)Sn lal;ﬁoall( 610M;‘ chl?e
adrant 64 ("Cl" 8 ("p"), "n") o
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conf fegant a/@VsetOffcmsa Ias@tthms hetdrogenonsl inswite t@&. Toé junction 16
cr osﬁibfgé niBlechiaP swi R:ﬂ' é?.%gsn\ﬁﬂ r%g rées?at%%? ISt Q%ré?ladf thg agpllcatlon

crossed wres conprise con or wmre "Cros
p- t ypka vltege.viine wnawnawpalﬁpmasai datedlyatis ssahsedobyettanteremng its

bt WeRRidhBEMIULT @ conductor wire crossing an n-type
wre wth an agproprl ate |ayer of nolecul es between

t hend0086]p- t y PGt p EPRiCts fof eanfigurakig olecar sydteh ggay\pe that im-

t he El@l‘nént@fa &Fe@sfﬁr%@r Wbﬁl@t%gctﬁm%éltﬁﬁﬁlgQﬁ%e%ﬂ@t}bﬁ@{}wrgg&
or 54 and one p-ty sem conduct or 56, wt

appr 8pr N4t FétyPﬁ)F%EH”EPCtP'éVE?S b2t andethe mﬁ@msem*mﬂwr avires
fiel dsefiectaldd aprisStherdivisitin of naViRes 527%4P§6 ran@fs8 |nto four

crossed wir c rises, X n% ctor
She AL BEACohAtCroF IS8 (R ROST hBpFUpRHEDE Shsoes.
| ec u{NaéreIea@fequabahmeeaspabla;ejtha\[u@mdrenﬁmcmemfprmﬁ@bI e
nol e r arra 50,2e cros ed p%
of 2SR gur ErsRds bR GeRRlar iR SheL i S1E.
f i r storaazjuodtions n@mamrﬁ@%h@m rEtGTEi SISA Q0O 28 @6
17 hayvj I t%o to ositioned
par a?f?/ %’P&tb%r (Er crgsts%oﬁn swithes rh (fhe Opalrto(f) Fro\s,\;lser éNSn%g &om%{ﬁas 8
gecopehdptlanwire trosdinges pHepe wige wtri an sppreptateolbyey-df ynpecules
between them, or a conductor wire crossing an n-type wire with an appropriate -
layer of molecules between them. A p-type field effect transistor set 68 when
the pair of crossed wires comprises one conductor 52 or 54 and one p-type
semiconductor 56, with an appropriate molecular layer between them. An-type
25 field effect transistor set 70 when the pair of crossed wires comprises one
conductor 52 or 54 and one n-type semiconductor 58, with an appropriate mo-
lecular layer between them.
[0068] The configurable molecular switch array 50 has crossed planes

of wires of a configuration of devices further comprising a first plane of wires



sem conductor wires 56 positioned parallel to a second
set of n-type sem con- ductor wires 58, where the
w@2aogfpe14geni conductor wires 56 connect to a fiPGI/US2003/027280
m croneter-scal e structure 60 that supplies power (V+;
a positive voltage with respect to ground) to the
devi ces of the nolecular switch array 50 and the n-
type sem conductor wires 58 connect to a second
m croneter-scale structure 62 that supplies a
grounded connection (Gnd) to ,the devices of the
nol ecul ar switch array 50. 10 [0069] The confi gurable
nol ecul ar switch array 50 thus conprises a plu- rality
of phavirg afirst setss @dnduictoe sviras 62 zpssiﬁxﬂieatpedalldzllﬂdﬂﬁfsb@jhﬂ saneF

f t 0070 bl e
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[ 007852 tr(aﬁ)suﬁpllgé 5§Fouﬁ%féogﬂécfﬁ9rln RB to @ng dRlic& &qﬁeomblggular

swi tches where the second set con uct or wires
of tRWIGN 3Gy 581 ane of wires cross 20 the first set of

Bot Y pR6SEM COﬁf&’éHnﬁHuraYMler ﬁ§le&ﬁar%@vﬁ$m§rra§/%Q% o%h@ﬁfes%f

wires; and [0073] (d) a second configurable set 66 pl?
cr os & %Pa'ﬁ\ﬁ’ftcﬁqfi‘é%d wilgg &nd apsnsiataddistionseand dirthevenmpsises:

Wi re§00541 of the fid)sd cdrkigireniolsets Sﬁpﬁrpé’ﬁéld ekrbl8 raRsand
set o t&%/?@gsem conductor wires t he second

pl an @’ Bf setf conslyetar wireeo% 8hihe ditit &lsne ofpiresceipssy the
SW t a3t satfof)-type sBaRoRIUSIBEWiréd 575 &@m,r sdt6Rd i of von/eﬁr e

t fi bl
b3 ot o' Juteh ek Soliiiae s b URE RIS P kb
set @Berefthefitsy pat of cerddctef Wieed 52 vins ifiest oraae oﬂwﬁesacross the
to.th
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crosH9d2int swit chés 4 dirstscamfifuralde seet6406f crosspUifit switches

2004(,08L 44 sEsht YRRl Ires ‘54 of the first plane of wir%g cross

20 the first set of p-type semiconductor wires 56 of the second plane of wires;
and
[0073] (d) a second configurable set 66 of crosspoint switches
where the second set of conductor wires 54 of the first plane of wires cross
the second set of n-type semiconductor wires 58 of the second plane of wires.

25  [0074] The configurable molecular switch array 50 has a specific con-
nectivity where the first configurable set 64 of crosspoint switches forms a first
set of connections to the configurable set 68 of p-type field effect transistors
and a second set of connections to the second set 66 of crossbar switches.

The second configurable set 66 of crosspoint switches forms a first set of con-



nections to the set 64 of crossbar switches and a

second set of connections to the configurable set 70
wotombypes fiel d effect transistors, thus partiP¢DOB2993/027280

the devices of the configurable rm ecular switch

array 50 to a configurable set of functional regions

or quadrants. Each quadrant nay have different

el ectrical 5 properties and different connector

speci es 24, where the devices of the no- |ecular array

50 are--capable of being confjgured into functiona

sets 64, 66 of crosspoint sWitches, a set 68 of

p-type field effect transistors and a set 70 of
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can be done by conventional semiconductor masking techniques.

[0076] The configurable molecular switch array 50 has a first quadrant
25 68 that comprises the configurable set of p-type field effect transistors and is

connected to the first micrometer-scale siructure 60 that supplies power to the

devices of the molecular switch array 50, the second quadrant 70 comprises

the configurable set of ntype field effect transistors and is connected to the

second micrometer-scale structure 62 that supplies the grounded connection to



19 the devices of the nolecular switch array 50, the
third quadrant 64 conprises the first configurable
wa@ea4ot14ehe crosspoint switches, and the fourtPCT/US2003/027280
guadrant 66 conprises the second configurable set of
the crosspoint swtches. [0077] The architecture of
the nol ecular switch array 50 is very tolerant 5 of
fabrication-induced defects. The configurable
nol ecul ar switch array 50 in- cludes a neans for
characterizing the junctions of the nolecular swtch
array 50 to identify any defects in the wires and the
junctions, see U S. Pat. No.5,790,771, "Apparatus and
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Wi T 635 Ree Hlad ?’68&1‘"&?5@1 r?o?}-'ﬁ%%% iy Wres 82 (plane 2),

and have one or nonol ayers deposited
bet VB&W] any e Gaidjan illustration of the stacking of three crossed planes of

wires 74, in the specific case where there are two connector species 24, one
of which forms a switch and the other of which forms a configurable transistor,
25 as previously defined. The illustration depicts a perspective view of the three
plane configuration 74 where wires ncluding conductive nanowires 76 (plane
1), and conductive nanowires 78 (plane 3), are oriented perpendicularly to p-
type semiconductor wires 80 and n-type semiconductor wires 82 (plane 2),

and have one or more molecular monolayers deposited between any two adja-



WD 2004/ 021443 PCT/ US2003/ 027280 20 cent |ayers of

the wires. For exanple, the three plane configuration
wQ4q04l0a048  transi stor nol ecul ar | ayer 84 depoBCT/@82003/027280

bet ween conductive nanowires 76 and sem conductor

nanowi res 80 and 82, and a switch nol ecul ar | ayer 86

depos- ited between conductive nanowi res and

sem conduct or nanowi res 80 and 82. 5 Wile the

sem conductor wires have to be nanowires, the

conductive wires do not have,to be nanow res. The

maj or virtue of doing the foregoing is that the

nol ecul ar | ayers 84 and 86 need not be confined to
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however, that the sin hott
in- todtiBed buidepisting e fesmaten 0f§|§@¢tﬁmd@ﬁe@68 g*dh@semlconduc-

conf {ogHieRl fu\ﬁ’bﬂdﬂb MHiSeR Weacyreégns éfné 985@4 8 T%@ such that they

configurabl e nol ecular switch array 50 can
conf A Ortdpterere withdhe serpact @gqupe'tayorbpf lagie geted firmed within
C|rcmbb&ayaglud|ng digital circuits ranging froma

| ex electronic

inmp verter _circuit to nore co
&rr’r clﬁ?g such'g'gsnifﬂs@ fehpmaticipgram gf%ﬁ‘é@%‘&?@e ag@ys0 similar
anal grFIG. 7aubdtSdebidtngthe TernaBEH bff éshtially hrhialdidyet W hkRe
and ana nverters. FI Gs. 8a, 8b, 8c

C
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quad nts are con ure
simple nverter circuit to more complex electromc cnrcwts such as digital signal

processors, and analog circuits including amplifiers, neural networks and ana-
log to digital converters. FIGs. 8a, 8b, 8c, and 9 depict examples of digital
25  electronic circuits implemented using the configurable nolecular switch array
50. FIG. 8a illustrates a specific connection of the devices of molecular switch
array 50 depicted in FIG. 5 to implement an inverter having one junction in each
quadrant. Two junctions in quadrants 64 and 66 are configured to be closed

crosspoint switches 92. The p-type field effect transistor (pFET) symbol 94 in



crosspoint switches 92. The p-type field effect
transi stor (pFET) synbol 94 in WO 2004/ 021443
wWEDAOBRED3/ 027280 21 quadrant 68 represents BCT/US2003/027280
junction configured to be a pFET, with the horizontal
wire 96 of the junction performng the function of the
gate, and the vertical wire 98 the source and drain.
The n-type field effect transistor (nFET) synbol 100
in quadrant 70 represents a junction configured to be
an nFET. Wth this con 5 figygation, an input signal
"A" 102, connects to the gates of the configured pFET
94 and nFET 100. The two FETs are al so connected wth

cl 0s quadtanb 68 reppeents sshdtioh esnfidded o K@ pFEP WitWed horizontal
quadr, an%giﬁm .66, The  result i ircuit t
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[0084] FIG. 8c illustrates that the configurable molecular switch array 50
can be use to implement a NAND gate 112 as easily as a NOR 110 and FIG. 9
25 llustrates that even move complex logical functions can be implemented. The
‘AND-OR-INVERT" gate 114 shown here is not a cascade of two AND gates
followed by a NOR gate, but rather a single gate.
[0085] FIG. 10 illustrates the use of reflection and rotation of two differ-

ent multiple super-quadrants 50, 118, to form a larger two-dimensional tiled ar-



[00851 FIG 10 illustrates the use of reflection and
rotation of two differ- ent nultiple super-quadrants
woe0401843t0 forma | arger two-di nensional tilPdI/aR2008027280
2004/ 021443 PCT/ US2003/ 027280 22 ray 116, where a
first super-quadrant 50 conprises four nol ecul ar
swtch ar- rays and a second super-quadrant 118
conprises four programmabl e cross- bars. It will be
readily apparent to one skilled in this art that other
tiled arrays may be created,py assenbling
super-quadrants with appropriate reflections 5 and
rotations [0086] FIG 11 depicts an alternative
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molecular switch array 120 and the n-type semiconductor wires 128 connect to



m croneter-scale structure 130 that supplies power
(V+) to the devices of the nolecular switch array 120
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m croneter-scale structure 132 that supplies a

grounded connection (Gud) to the devices of the

nol ecul ar switch array 120. [0089] The confi gurable
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20 [0094] The configurable molecular switch array 120 has a specific
connectivity where the first configurable set 134 of the crosspoint switches
forms a first set of connections to the configurable set 138 of p-type field
effect transistors and a second set of connections to the configurable set 140
of ntype field effect transistors. The second configurable set 136 of crosspoint

25 switches forms a first set of connections to the configurable set 138 of p-type
field effect and a second set of connections to the configurable set 140 of n-
type field effect transistors, thus partitioning the devices of the molecular
switch array 120 into a configurable set of functional regions or quadrants,
each having different electrical properties and different connector species,

30 where the devices of the molecular array 120 are capable of being configured



type field effect transistors, thus partitioning the
devi ces of the nolecular switch array 120 into a

wa oovitiognabl e set of functional regions or quaPCBDERN3/027280
each having different electrical properties and
di fferent connector species, 30 where the devices of
the nol ecul ar array 120 are capabl e of being
configured WD 2004/ 021443 PCT/ US2003/ 027280 24 of the
nol ecul ar array 120 are capabl e of being configured
into functional sets of 134, 136 crosspoint swtches,
a set 138 of p-type field e@ﬁect transistors and a
set 140 of n-type field effect transistors to
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a specific connection of the devices of nol ecul ar

swi t eHPestPRGt 820 depicted in FIG 11 to inplenment an
sVepber haviTRg amdiRative R6ifigible Mmdkanhr gwigtraamal 120 also

be configured to implement a \ariety of electronic circuits ranging from a sim-
ple inverter circuit to more complex electronic circuits. FIG. 12a illustrates a
specific connection of the devices of molecular switch array 120 depicted in
FIG. 11 to implement an inverter having one junction in each quadrant. Two
25 junctions in quadrants 134 and 136 are configured to be closed crosspoint
switches 144. The p-type field effect transistor (pFET) symbol 146 in quadrant
138 represents a junction configured to be a pFET, with the horizontal wire 148
of the junction performing the function of the gate, and the vertical wire 156 the

source and drain. The ntype field effect transistor ("FET) symbol 152 in quad-



25 junctions in quadrants 134 and 136 are configured
to be closed crosspoint switches 144. The p-type

wo p@ka2efl ect transi stor (pFET) synbol 146 i n PUBRUSZNN3/027280
138 represents a junction configured to be a pFET,
with the horizontal wire 148 of the junction
performng the function of the gate, and the vertica
wire 156 the source and drain. The n-type field
effect transistor (nFET) synbol 152 in quad WO
2004/-021443 -PCT/ US2003/ 027280 - - -------- 25 rant
140 represents a junction cdﬁfigured to be an nFET
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he confi gurable nolecular switch array 120 can
be u¥W qeectipfrdtent a NAND gate 164 as easily as a NOR
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of ty®ilddd¥ates that even move complex logical functions can be implemented.
The “AND-OR-INVERT” gate 114 shown here is not a cascade of two AND
gates followed by a NOR gate, but rather a single gate.

25  [0100] FIG. 14 illustrates the use of reflection and rotation of two differ-
ent multiple super-quandrants 120, 170, to form a larger two-dimensional tiled
array 168, where a first super-quadrant 120 comprises four molecular switch
arrays and a second super-quadrant 170 comprises four programmable cross-

bars. It will be readily apparent to those skilled in this art that other tiled arrays



gates followed by a NOR gate, but rather a single
gate. 25 [0100] FIG 14 illustrates the use of

w0 edospet4edN and rotation of two differ- ent nmuP€T/pEm®03/027280
super - quandrants 120, 170, to forma | arger
two-di mensional tiled array 168, where a first
super - quadrant 120 conprises four nol ecular swtch
arrays and a second super-quadrant 170 conprises four
programmabl e cross- bars. It will be readily apparent
to those skilled in this art_that other tiled arrays
WD 2004/ 021443 PCT/ US2003/ 0247280 26 may be created by
assenbling mul tiple super-quadrants with appropriate
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al ternative enbodi nent aconlgu rmec
swi t\litage is pml’&drdaynbeipwmee\@!qer@Vr*ogl c circuits
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nano r-sca evl ces ere each device further
tonpiay Jeks crealingnpyig pquyﬁ%lgp@prﬁﬁ? )?pﬁpeplif @ [intereqnpgetion of one or
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plement a variety of logical functions ranging from a S|mple mverter circuit to
complex logical functions.
[0103] Thus, there has been disclosed a configurable molecular switch
25 array comprising a plurality of nanometer-scale devices having junctions
formed by crossed \;vires joined by bi-stable molecules at the intersecting junc-
tions. It will be apparent to those skilled in this art that various changes and
modifications of an obvious nature may be made, and all such changes and
modifications are considered to fall within the scope of the appended claims.

30



conpl ex |l ogical functions. [0103] Thus, there has been
di scl osed a configurable nolecular swtch 25 array
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having junctions formed by crossed wires joined by

bi -stabl e nol ecul es at the intersecting junc- tions.
It will be apparent to those skilled in this art that
vari ous changes and nodifications of an obvious
nature may be made, and al k7 such changes and

nodi fications are considered to fall within the scope
of the appended clains. 30 WO 2004/021443

PCT/ US2003/ 027280 27 CLAIMms Wat Is Clained Is: 5 1.
A computing system (74) for 1nplenenting at |east one
el ectronic circuit with gain conprising: at |east one
t whatlis®amieanal nol ecul ar switch array (50, 120),
said nol ecular switch array (50, 120) forned by
assenbling two or nore crossed planes of wires (10)
into at. o‘bnﬁmguﬂmtsyewﬁbfmdév igptemending al éapst aney glectronic
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confli gura nano-scale wire transjstor
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wherein specific connections are made to hterconnect said devices and to
connect said devices to two structures (60, 62, 130, 132) that provide voltages

equal to a desired signal level for a high voltage level and a low votage level.

2. The system (74) of Claim 1 wherein said at least one connecior
species (24) of said molecular switch array (50, 120) forms a quantum state
molecular switch comprising an electrically adjustable tunnel junction between

said two wires.

3. The system (74) of Claim 1 wherein said nano-scale wire transistor
(38, 44) comprises (a) a pair of crossed nanowires that form an intersection, one
of said nanowires comprising a semiconductor material and another of said
nanowires comprising either a metal or a second semiconductor material, and



2. The system (74) of Claim1l wherein said at |east

one connector 25 species (24) of said nol ecul ar
waeMooti4ay ray (50, 120) forns a quantum st at e PCT/US2003/027280
nol ecul ar switch conprising an electrically adjustable
tunnel junction between said two wires. 3. The system
(74) of daiml1 wherein said nano-scale wire
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(24) of said nolecular switch array (50, 120)
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(GQ)ane of wires having a first set of said p-type semiconductor wires (56)
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positioned parallel to a second set of said ntype semiconductor wires (58),
wherein said p-type semiconductor wires (56) connect to a first structure (60)
that supplies power to said devices of said molecular switch array (50) and said

25 n-type semiconductor wires (58) connect to a second structure (62) that
supplies a grounded connection to said devices of said molecular switch amay
(50).

7. A method of fabricating the computing system (74) of Claim 1, said
30 method comprising:
(a) forming a first set of wires comprising a plurality of said first

wires;



that supplies power to said devices of said nol ecul ar
swtch array (50) and said 25 n-type sem conduct or
WoR00e9214858) connect to a second structure (62)PCTES2003/027280

suppl i es a grounded connection to said devices of said
nol ecul ar swtch array (50). 7. A nmethod of
fabricating the conputing system (74) of Claiml, said
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t osedegted from the group consisting of (1) a configurable p-type field effect
transistor (68, 138), (2) a n-type field effect transistor (70, 140) and (3) a

20  configurable crosspoint switch (64, 66, 134, 136), and two micrometerscale
structures (60, 62, 130, 132) that supply power and ground connections to said

devices.

9. The configurable molecular switch array (50, 120) of Claim 8 wherein
25 said at least one nanometer-scale device is further selected from the group
consisting of (1) a pnp-type bipolar transistor, (2) a npnype bipolar transistor,

and (3) said configurable crosspoint switch (64, 66, 134, 136).

10. A method for providing said configurable molecular switch array (50,
30  120) of Claim 8, said method comprising:



devices. 9. The configurable nolecular swtch array
(50, 120) of Caim8 wherein 25 said at |east one
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group consisting of (1) a pnp-type bipol ar
transistor, (2) a npn type bipolar transistor, and
(3) said configurable crosspoint swtch (64, 66, 134,
136). 10. A nethod for providing said configurable

nmol ecul ar switch array (50,30 30 120) of daim8, said
met hod conprising: WO 2004/ 021443 PCT/ US2003/ 027280
30 (a) conbining four said nolecular wire switch

ar r ays (@)neombinirfgi fosit sadipelecutan adeamiitcl a0ays1BE) adind stipetr

%ﬁd?aﬁ;g@d %@i%&h rprb 91 g%GGBQ&a%'H\% a ﬂ&as'&g

reflectl rotatin sald
saﬂltﬁdiﬁ%‘éb 8 Y@ber quadrants (50 5 118 120, 170)

eac h i rom)cpef@cﬁrrg&mdfrb@tnﬁgt” éﬁd‘ﬁr@iérﬂ%ag%dct)r(dc%ggll «ﬂﬁflggb?mtsa(%o
irs uadr ant s
f‘gsc 52@%17 @ eaﬁ'i’ '"I?‘é%ﬁ‘?ecgﬁé’”g?ta ‘gl 89irst super
quadr arie) placho at 26 one bf sid ilremlpeoqmdm‘ntﬁ(aommedga&nt to

Suagéasggrged%@ahﬁrs@é gy&;nte@ﬁg@%% %afssm W
| edtper gHadrats éa18d 198 endl piagineratderad oaatod sa@i $€co8d suFd)

Orqlﬁidrén@sa@tw 0!7@ Qrﬁja§e'i‘l|t & §t|léa°stt ond B%an&k‘&‘%é@hﬁel(cflggrants
| east one of said
10 AR A %H%@ OBF S PUHPEFReR e ants Gy 120 fereby
16@8jming at’ Ieast one of said tiled two dimensional array of molecular switch
arrays (116, 168).



