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15 Background Art
Atom optics relies on the concept of providing beams of atoms sufficiently slowed
down for their de Broglie wavelengths to be of manageable nanometre-scale
dimensions. An ongoing challenge is to develop suitable optics devices that will
allow beams of atoms, or of ions or molecules or charged particles, to be usefully

20  employed for their wave-like properties.

For example, interposition of an atomic lens can allow a beam of atoms from a diffuse
source to be focused into an array of lines and dots of nanometer dimensions, a
technique that can be applied as a novel form of nanofabrication. Such developments
25  were described by R.J.. Celotta, R. Gupta, R.E. Scholten and J.J. McClelland, in
“Nanostructure fabrication via laser focused atomic deposition”, J. Appl. Phys. 79
(80, 15 April 1996a; J.J. McClelland and R.J Celotta, in “Laser-Focused Atomic
Deposition — Nanofabrication via Atom Optics”, pre-print, NIST; J.J. McClelland,
“Nanofabrication via Atom Optics” in Handbook of Nanostructured Materials and
30  Nanotechnology, Vol. 1, 335-385 (2000); M.R. Walkiewicz, “Manipulation of Atoms
Using Laser Light”, PhD Thesis, University of Melbourne, (2000) 222p.” J.J,
McClelland, William R. Anderson, Curtis C. Bradley, Mirek Walkiewicz, Robert J.
Celotta, Erich Jurdik and Richard D. Deslattes, “Accuracy of nanoscale pitch

standards fabricated by laser-focused atomic deposition” NIST Journal of Research
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particle optics, and consequently in the manipul ation of particle beans in
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(international patent publication WO 00/14476), a nenory system (US patent
6, 128, 019), and a. depul tipl exer (US patent 6,256,767). A mcro or nano
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(conductors) deposited on it and extending as an array of parallel |ines on
t he subststatcase iThbe tnores vbstanat dectdcat @adastat ecbskhar snetwadll, reliisisince. The

arrays of ,parallel mcro-_.or nanqcqnductors on the two substrates facing
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array of %ﬂ%ﬁi,gl%randarﬁ@miméeméﬂﬁpd@vﬁ6:%536,,76730h conprising a cross-over
poi nt,or a junction fornmed where a pair of spaced conductors cross but do
not touch one another. Each junction has a state, e.g. capacitance, or

quant um t Amiietd dr@né blet@ithl conductor crossbar network comprises a set of two separate
substrates, each having a two dimensional array of micro- or nano-wires (conductors)
deposited on it and extending as an array of parallel lines on the substrates. The two
substrates are separated by suitable distance. The arrays of parallel micro- or nano-

20 conductors on the two substrates facing each other may be at an arbitrary angle with
respect to each other, but of particular interest for some applications is the case where

the arrays are at a right angle. Thus a crossbar network consists of a two dimensional

array of micro or nanometre scale devices, each comprising a cross-over point or a
junction formed where a pair of spaced conductors cross but do not touch one another.

25 Each junction has a state, e.g. capacitance, or quantum tunnelling current
conductance, that can be altered by applying a voltage across the respective

conductors that cross at the junction.

The most significant feature of the aforementioned US patents is the presence of a
30  connector species forming an electron donor-bridge-acceptor (DBA) molecular
junction (a molecular switch) at each cross-over, while international patent
publication WO 00/14476 does not include a specific connector species, not even calls
for them, but instead relies on a sensitivity to quantum tunnelling current at the cross-

over points, and discloses how the set of cross-over points will form an artificial
2



conductance, that can be altered by applying a voltage across the
respective conductors that cross at the junction. The nobst significant
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modi flySi ngngllegcgrrao‘tgreaag\ng% Lgrticles, eg atoms, ions, molecules or charged particles, which
includes a micro or nano electrical conductor crossbar network having multiple cross-
over junctions that define respective scattering points for the particles of the beam,
wherein at least one structural parameter of the crossbar network is selectively
tuneable to obtain a desired manipulation or modification of said beam when incident

20  on the network in a pre-determined direction.

The invention also provides a method of manipulating or modifying electromagnetic
waves or a beam of particles, eg atoms, ions, ﬁlolecules or charged particles, including
directing the beam as an incident beam into a micro or nano electrical conductor
25  crossbar network in a predetermined direction, which network has multiple cross-over
junctions that define respective scattering points for the particles of the beam and is
arranged so that at least one structural parameter of the crossbar network is selectively
tuneable to obtain a desired manipulation or modification of said beam, whereby the
beam emerges from the network modified or manipulated with respect to the incident
30  beam.

In the context of this specification, references to a micro or nano electrical conductor

are an indication that the conductor has a width in the micron to nanometre range.
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The respective subsets of conductors can typically be supported in or on a respective

insulating or semiconducting substrate.

In certain applications, the conductors can be carbon nanotubes of arbitrary helicity or

20  radius, either single or multi-walled.

In one or more particular embodiments, there can be a connector species at some or

all of the cross-over junctions in the crossbar network.

25  The separation of adjacent layers can be determined and defined in any suitable
manner, in some cases dependent on the presence and nature of the connector species
of the crossbar network. For example, the gap between substrates supporting
respective conductor layers may be an at least partial vacuum or may be filled with an
appropriate medium. Suitable arrangements for accurately maintaining the gap

30 include the use of buckyball (Cgp) nanobearings or nanotubes, or the interpositioning
of a separation film of an organic medium, preferably organic liquid eg cyclohexane

or soft matter spacer eg. Self Assembled Monolayers (SAMs).
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splitting the. incident particle beaminto a plurality of parallel subbeans,
P 15 gscale dimensions. P P y P

Tuning can also be achieved by electrical and computer means, through pre-

programmed tuning or real-time modification of variables eg conductor potentials.

20 In one application, the apparatus is a diffraction grating with respect to an incident
particle beam, for splitting the incident particle beam into a plurality of parallel sub-

beams, i.e. a diffraction pattern output.

It should be noted that for passing of charged particles through the grid, for fixed
25  polarization i.e. constant voltage between the grids, charges will drift in the overall
field and will be deflected from the plane of the two grids towards oppositely charged
grid. To counter this so overall the charged particles cannot “feel” the polarization,
the device can have oscillating potential; i.e. oscillating from positive to negative
charge. The frequency of such oscillating applied potential of the electric field will
30 depend on the dynamics of incoming beam of charged particles (mass, charge,
velocity) and geometrical characteristics of the grid (spatial extension, separation

between the lines, and separation between the planes).
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di f f er entprovidé aijeredde Basglidf schib@inggpaemsus of Figure 1 to provide altered de
Broglie scattering patterns. Description of a Preferred Enbodi nent of the
I nvention Referring to the drawings there is shown an enbodi ment of the
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the order of magnitude of the lattice spacing of a lattice of scattering points 20 defined

by crossbar network 10, and is thereby diffracted so as to form a diffraction pattern on

downstream image plane 30. In this way, incident beam 15 is manipulated or

modified by crossbar network 10 whereby the beam emerges from the network

20 manipulated or modified with respect to incident beam 15.

Crossbar network 10 comprises respective spaced layers 12, 13 of elongated electrical
conductors 16, 17 typically provided in or on respective insulating or semiconductor
substrates, not shown here for purposes of enhanced illustration.

25
There are a variety of techniques for forming crossbar network 10, well known and

understood by those skilled in the art.

In each layer, the electrical conductors 16 and 17 are parallel, and the two conductor
30  arrays extend at 90° with respect to each other so as to define multiple cross-overs or
nodes 25. The nodes 25 thereby form cross-over junctions at which, when the pair of
conductors are energised, the resultant electrical fields define scattering points 20 in a

scattering field pattern of electrical potential gradients.
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conductors. Moreover, the lattice form factor (or scattering “atomic factor””) can be

varied by altering the magnitude of the voltage bias at the crossover junctions.

20  If conductor layers 12, 13 are independently mounted in a structure that allows their
respective substrates to be relatively moved towards or away from each other, or to be
relatively rotated, respective physical parameters can be tuned to vary the scattering
pattern in other ways. For example, in the second configuration of Figure 2 shows
how a square network or lattice can be converted to a rhomboidal network or lattice

25 by simply rotating one substrate and therefore one planar conductor array over the

other.

The spacing of the conductor layers 12, 13 is preferably in the range of 0.5
nanometres to 200 microns. If the spacing is less than approximately 10 to 15
30  nanometres, quantum tunnelling should dominate and will be observed at cross-over
junctions or nodes 25, and will contribute to or constitute the mechanism by which the
nodes become scattering points. At higher spacings, the cross-over points will form

capacitances with a defined electrical field pattern.



conductors. Mreover, the lattice formfactor (or scattering "atomc
factor") can be varied by altering the magnitude of the voltage bias at the
crossoverwpunatizesss. | f conductor |ayers 12, 13 are i ndependrnisiopiassunt ed
in a structure that allows their respective substrates to be relatively
noved towards or away from each other, or to be relatively rotated,

r espect i eompytatianal ansbimmmezicel anatysis df éhe parerdetenspaee for thesillustrateceddvieg pat t er n

i n ot her .ways,, Fqor ex l e,. in,t .second confiquration of Fi.qure.2 shows
now & squAPERhIs har R GRe gt S TeBE Bt PR 3 sl i, vor ko
lattice Lypsdsiil ¥o Agh@idally compuHAd régpeaivdnttunber afdduRtoOmaeRl@nakheconduct or
array overpthe ot her. The spacing of the conductor |ayers 12, 13 is

pr ef er ablggomgiricab2-Ihstgretise of B devirsriaterars afselzaid abatlp sarametern&ompaci ng i s
| ess tha - 0X] tum tunnelling should
doningtquﬁggagﬁkggégg%gé$§%§néfm%$%§gg%@§§ﬁF%ﬁc‘ions or nodes 25, and wll
contribute to or constitute the nechani sm by which the nodes becone
scatteri poi nts. At  higher spacings, the cross-over points will form
capaci t arfduisagrd ponkicgians inguds, dut piedit llfql@ﬁ&°=|d1§f1?§¥ﬁ?@9ﬁﬁ§l@éiaﬁ6"ﬁg}g and
nuneri cal HBLE SlandsNG1onRATRIECEncS BASRIHOA bbltfediioHS kpakRdedisvbee 1
capabl e 3Fﬁ%$%viding optim sed sol utions %or’part%%ulaf gppl?%g?ions. I n
parti cul satoms,tisdtepep esd imvlesules, gravieretarniidsevenabother iastdim@dpect i vel y tune or
nnduI%te inreal-time the geonetrical 2-D structure of the device in terns
of sélected variabl e paraneters fromthose di scussed above, for optiml and

desired perfiproeRicRrstéd thoaaRdindBRldnCaikélofsl ddichdfiRd iRUhisadRcifiehtidn m t ed
to, nanofabrication and patterning using particle beans, atomwiting and

deposi t i citendedersd] plfarestye enpelingtese cPytvet onmsie of i the tiadisislualnBakisesecul es,
gravi met §P§r [ s. It will be understood that the
inventioﬁﬁﬁﬁgg'%ég%g%%%ﬁge |ﬁgagﬁﬁa%%&§¥3pecification extends to al
alternative conbinations of two or nore of the individual features

menti oned or evident fromthe text or drawings.Cains: 1. An apparatus for
mani pul ati ng or nodifying el ectromagneti c waves or



el ectromagneti c waves or a beam of particles, eg atons, ions, nolecules or
charged particles, the apparatus conprising a mcro or nano el ectri cal
conduct orwonosghassonet wor K having nul ti pl e cross-over | eottAwnes/ s defi ne
respective scattering points for electronmagnetic waves or the particles of
the beam wherein at |east one structural parameter of the crossbar network
i s sel ect¢lahy tuneable to obtain a desired manipul ation or nodification of

d b h d
Girection. 3. o gaar 02 PEPnERirk s ORbIRe  Betiep e rlnet i o

waves or el ectdlamagiaghdtic WawsSorod b&r@@ﬁ@aﬁfcl@aégiaﬁdrﬁ@ 161@6}@1&61bd’iﬂlest& claim1l
wherein the conductors are flat strips or wires of any suitable
cross-section @ﬁ@eérﬁa@ﬁlﬁboﬂﬁe&m&m@s SYFBRATISHg 2 BicImn OF PP a elgstrical

Tani pgl ating ootk hlseEhSLHONRIRE Hh AGNRYES: o PhEEHLATRANGLAS, vaves of

a beam of particles accor ing to el n the’conductors

crossbar net V\ueipebmeescattwmg points ﬂohelec’amgegﬁbtmamrmtor ¢het parfEles of d:heons. 4,
An apparatus for mani pulating or nodifying el ectromagnetic waves or

el ect r omagnet |b@ Maves or a beam of particles according to claim1 wherein

the conductors are el 3R dedsh oh@%&ﬁ@thfa‘l%a%?éi&doﬂ AbedrSssBACHetNAM 19 a
subset of nultl |l e substantially parallel" conductors, eg on a respective

substrate. 5. cwﬁmﬁmeableftorob‘mmapi@md n@nmﬂlalﬁlodmymtgﬁwtl@otqﬁmdgnet ic
wavesor el ectr ves or 8 beam o arti es according to clalml
V\/nerzlpn t he spvgm r?g % ‘Yhe )m%%et \F\ﬁ%ﬁh W@W%%ﬁgﬁcptr ewlpﬁcfﬁr%cégﬂ | ayer

be in the range 1 nanonetre to 500 mcrons centre-to-centre, while the

spaci ng between | ayers is, , .in the range 0.5 nanonetres to 200 m crons
bet ween oppés e cBRARRSo o é't?élﬂ"’éatmgn oaplsa¢l£mg qleftromarnelic avavsy o

modi fying el e%ﬁéo%ﬁﬁ@ﬁédc%(\%‘é OF a Bkam of particles according to claim 1 wherein the

conductors are flat strips or wires of any suitable cross-section and are

15 supported on a substrate.

3. An apparatus for manipulating or modifying electromagnetic waves or
electromagnetic waves or a beam of particles according to claim 1 wherein the
conductors of the crossbar network have a width in the range 1 nanometre to

20 300 microns.

4. An apparatus for manipulating or modifying electromagnetic waves or
electromagnetic waves or a beam of particles according to claim 1 wherein the
conductors are arranged in respective spaced layers each having a subset of

25 multiple substantially parallel conductors, eg on a respective substrate.

5. An apparatus for manipulating or modifying electromagnetic waves or
electromagnetic waves or a beam of particles according to claim 1 wherein the
spacings (pitch) between the conductors within each layer may be in the range

30 1 nanometre to 500 microns centre-to-centre, while the spacing between layers
is, eg, in the range 0.5 nanometres to 200 microns between opposed conductor

faces.



el ectromagneti c waves or a beam of particles according to claim1l wherein
the respective subsets of conductors may typically be supported in or on a
respect i weoizn@ul2edsong or semi conducting substrate. 7. ARCRNIEDEI00E3SEOr

mani pul ati ng or nodifying el ectromagneti c waves or a beam of particles
according to claim1 wherein the conductors are carbon nanotubes of
arbitrary hel iAn tappaetus aflirumaniputatiog ei mepdifying raléctiomagngtisd wages A5

apparatus for i pul at.ing _or nodifyi l.ectro net i,C beam of
particles accﬁﬁgﬂﬂ'gagﬁ%ﬁl Vi 9 %\ﬁ%qnipﬂga(rﬁ%l%acgpgﬂlgg g()oér%%lén\g?g\&lgge%{e%h?es at
some or all ofedb&ive QEeBVEl comtitelordgay ByriditlyChe suppdrtedeinvor kon 8. An
apparatus for mani pul ati ng or nodifying el ectromagnetic waves or a beam of
particl es accaoesppeityctipsuddtuigmr Sesen anﬁ’éb%réﬁ?ar ation of adjacent layers is
det ersi ned and defined in any suitable manner, in sone cases dependent on
the presence and nature of the connector species of the crossbar network.
10. An appay.atAisagparatisfor pangulatigg o niddying eiecteheghettmagvestor @ beames or a
beam of particles according to claim 8 wherei ndtheégarg b%)ween sgbstrat es
supporting reh@atticles agenrdingite claim,leyherpia té‘hc UCIOESTe SAtbOp BANQIIRGS M 11. An

appar at us o JraRHYy LG 6 I kRS Ak BEREATBANGLT C vaves of a beam of

particles accor erein filled wth an appropriate nmedi um
12. An apparatus for manipul ating or nodi fying el ectromagneti c waves or a

beam of par{ic]es according to.claim8 wherei.n arrangenents faor curately
nai nt1§i ni nggt Heh E}ﬂ’ﬁrart%gotﬁ&%qm’éa%%é’_r &Odgﬁg}%ﬂﬁwonﬁ@g%c Wﬁ‘ﬁ%boégrtie%%s or
nanot ubes. 13.,rARRRRACA MO ClaiRNi Whtraihithde efe ARHnEMbNGeeleest oatagnet i ¢
waves or a beam of particles according to claim1l wherein arrangenents for

accur at el y maiaraliofithegcrodseovigapinictiensiit dhe ressbar retseds t i oni ng of a separation
filmof anorganic nmedium preferably organic liquid eg cycl ohexane or soft
matter spacer eg Self Assenbl ed Monol ayers (SAMs).

9. An apparatus for manipulating or modifying electromagnetic waves or a beam
15 of particles according to claim 8 wherein the separation of adjacent layers is
determined and defined in any suitable manner, in some cases dependent on

the presence and nature of the connector species of the crossbar network.

10. An apparatus for manipulating or modifying electromagnetic waves or a beam
20 of particles according to claim 8 wherein the gap between substrates

supporting respective conductor layers is an at least partial vacuum.

11. An apparatus for manipulating or modifying electromagnetic waves or a beam

of particles according to claim 8 wherein filled with an appropriate medium.

25
12. An apparatus for manipulating or modifying electromagnetic waves or a beam
of particles according to claim 8 wherein arrangements for accurately
maintaining the gap include the use of buckyball (Csp) nanobearings or
nanotubes.
30

13. An apparatus for manipulating or modifying electromagnetic waves or a beam
of particles according to claim 1 wherein arrangements for accurately

maintaining the gap include the interpositioning of a separation film of an

10



14. An apparatus for nmanipul ating or nodifying el ectromagneti c waves or a
beam of particles according to claim1l wherein the apparatus includes neans
to sel ectwoebgs/2use sai d at | east one structural paramerer/AaR20aswe13set wor k.
15. An apparatus for manipul ating or nodi fying el ectromagneti c waves or a
beam of particles according to claim 1 wherein tuneabl e paraneters include
the angl e bet wegmid heedain.gpreferally ofrgpaie diquid egoeitblaiesane on spBspate ve

| ayers of the wires (tuned atjvel ting the layers), the
potential di ffSB‘f‘Cé’ﬁ8%gﬁlggéée&ﬂbmg‘i%nglagerc?}r(%é&%ver poi nt (tuned by varying
the potential applied to the individual conductors), or the actual
configuration of scattering points defined cCross-over junctions in the

ned b
net wor k. 1614.Am apgnseates fos nfastpulatinig oy |r%qd1ﬁyg1&f>rie%mwgwﬁgWéYeé&r Pdisalnet i c
waves .or a beam of..particl ol Cl.al r:el u I
par angt er inclotrf ear?cﬁ% écﬁ%(r:‘ﬁﬁ q(ggc?a\r}\}e%egg%ﬁj%{géﬁ% qpé{i/%@g lo#m(tl%?eﬂggﬁdﬁct ors.
17. An appar atsdkcfivsly tmeispidlatldasgne strogidial pamgeek ef theawbgmbt i ¢ waves or a
beam of particles according to claim1 wherein selective turning of the
tuneabl e paraneter, where it is a spatial paranmeter, is by nechani cal
adj ust ment 4 RE0Ratel Fks R LAt ERIREABRE Galessorsi i NEMS or
MEMS) . 18. Xﬁ'%g%a rzrrﬂ%és]ﬁ) grrl n? pl§| at1 ng }?}gem)di fyi nglel ectromagneti c waves
or a beam of psrpartitles aamodingitngelaion @1 whereib7tunedieparanpseradpeludadlit neans

i ncl udes piezoel ectric tuat ors of .kn type, suitahle.fo r i ng
adj ugl ment s atan,g%ﬁt&;_twgqn @ﬁ%‘ﬂ’é‘fnrt%oggaﬁﬁgﬁ8?%@%%1’%%?6911@?“'%1&57%3p?g(r?%e{nus f or
mani pul ati ng ogi:so@hdedi ByorephivelyOMBHES Bhd Ry¥B) B Soteitid) difforericeparchdlc| es
according to claim1l whérein the apparatus is a diffraction grating with

respect to an sepoiientosepedt peithdivaed dbsnaewing tirapofeatial parligd foithSplitting

the incident el ectro I v, It} . J raki of
paral |l el sub- HE Wé,uar&gl%gfogﬁ)’\fﬂ%rtg%? %t‘éﬁ%ﬁgﬁg‘g?%&gu pdﬁﬁgr%gpﬁh&é%gg%%t us for
mani pul ating ofy sresh-dwer fghctbecihribnmgwetki.c waves or a beam

15

16. An apparatus for manipulating or modifying electromagnetic waves or a beam
of particles according to claim 1 wherein tuneable parameter include the

spacing between adjacent layers of the conductors.

20 17. An apparatus for manipulating or modifying electromagnetic waves or a beam
of particles according to claim 1 wherein selective turning of the tuneable
parameter, where it is a spatial parameter, is by mechanical adjustment means

forming a nano or micro electromechanical system (NEMS or MEMS).

25 18. An apparatus for manipulating or modifying electromagnetic waves or a beam
of particles according to claim 17 wherein the adjustment means includes
piezoelectric actuators of known type suitable for performing adjustments at

nano- or micrometre scale dimensions.

30 19. An apparatus for manipulating or modifying electromagnetic waves or a beam
of particles according to claim 1 wherein the apparatus is a diffraction grating
with respect to an incident electromagnetic wave or particle beam, for splitting
the incident electromagnetic wave or particle beam into a plurality of parallel

sub-beams, i.e. a diffraction pattern output.
11



of particles according to claim1 wherein the electrical conductor crossbar
network have an oscillating applied potential of the electric field; i.e.
osci | | atiwg 2fesonm4sosi tive to negative charge. 21. An apparau280sfoI3ss

mani pul ating or nodifying el ectromagnetic waves or a beam of particles
according to claim20 wherein the frequency of such oscillating applied
potenti al bCB‘O. Alnfetppd;]mms rfgmamipu]dting ompdifyiing elecepagnstiatwayrs ehePeamhani cs of
i ncom ng beam char ge artjcles (;ma . char val oci e
geonet ri cal cﬂgi’%‘é’f@? igasc‘t“?r@g’go plain rWﬁgf(e ;snpg}%i %?Ctgxege%g)%ér@r gltebgséﬁragt i on
between the | 06%:k apde SADAsallafil bR potdntiaploingss) eledic fekiptiod of

mani pul ating or mnodi 2%; ng el ectronmagneti c waves or a beam of particles, eg
atons, ions, mesfiketing np positieg (g epiietahatgss, incl uding the steps of:
directing the beamas an incident beaminto a mcro or nano el ectri cal

conducttor crossbar network in a predeternined direction, which network has
mul tiple crosamipphrajusifot inanipulatiag olafilifeing efpaomegestivomtee ot agepni nts f or
the particles of the beam and i _aréﬁg&%d.s tHat at | east. on %.tructural
gar amaéI er of Phaaiclss gseerding: Ao K™ @&‘i‘;ﬂ?ﬁe FIHetfe ] Is‘é‘h} 8SC§B}1gEn a
esired mani p . hf | L hi ' b
ggﬂ}égﬁg)}égglgl '?fjﬂr Ohfe efeRtricaft1®fs RAriRlaebERERIPE HelyaMBsOr beam

wher eby the beam el m the network nodified or mani pulated with
respect to thefiinciniept beaime ol r crapgpdepirtichav(masy, Swsgn, Ecitx) madhdg of

nccoting 1o remriiss SREFETRECS BEraUL e arstpel MR G BAvhT o5
any suitable %Q%S%ﬂpsgﬁg}ati@p&tae@ﬁa@meged on a substrate. 24. A nethod
of mani pul ati ng or nodi fying el ectronagneti c waves or a beam of
22. A method of manipulating or modifying electromagnetic waves or a beam of
particles, eg atoms, ions, molecules or charged particles, including the steps
15 of:
directing the beam as an incident beam into a micro or nano electrical
conductor crossbar network in a predetermined direction,
which network has multiple cross-over junctions that define
respective scattering points for the particles of the beam and
20 is arranged so that at least one structural parameter of the
crossbar network is selectively tuneable to obtain a desired
manipulation or modification of said electromagnetic wave or
beam,
whereby the beam emerges from the network modified or manipulated with

25 respect to the incident electromagnetic wave or beam.

23. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 wherein the conductors are flat strips or wires
of any suitable cross-section, and are supported on a substrate.

30

24. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 further including the step, prior to directing the
beam, of tuning the crossbar network by tuning at least one structural

parameter of the crossbar network with respect to the incident beam.
12



particles according to claim?22 further including the step, prior to
directing the beam of tuning the crossbar network by tuning at | east one
struct ur avopascareiser of the crossbar network w th respe®CTiAw2005®013881 dent
beam 25. A nethod of mani pul ating or nodifying el ectromagneti c waves or a
beam of particles according to claim22 of using conductors of the crossbar
network having a wdth in the range 1 nanonetre to 300 mcrons. 26. A

nmet hod of i pul ati.ng. or Lfyin l.ectr net i v r egm of
particles ggc]é”r H‘ieﬁ@dtog TRrap %tflggﬁ%ﬂ%f:ﬁegg&ﬁ’gé@glﬁ%g?%?gaib%‘al?eogpecti ve
spaced | ayers ,gagshavimhedoSdae? oF wiktdoptiectsr ttaatciakbar eavakl el
conductors, eg on a respective substrate. 27. A nethod of manipul ating or
nodi fyi ng el edayviogagridthiio theapage bnagpnidigrip 00 pustone| es according to claim
22 whgr ei n the spaci ngs between the conductors within each |ayer nmay be in
the range 1 nanonetre to 500 microns centre-tocentre, while the spacing
bet ween | ayps 9 hethod®f hahipllgingoog@ofiffing aivotremagseticovA@6 omadreansofbet ween
opposed conductor faces. 28. A method of manipyl ati or podifyin

el ect r omagnet ibertidaseaccaiding bR HAIHF 25 At @r@néglgag’@o?%%ﬁﬁtofso I}, Ir%ﬁpgﬁt?'% wher ei n
the respectiv S of r S ; i a ective

i nsul ati ng or %géﬁgc%ﬁcteﬁﬁgr}gﬁ?ﬁo raZthpé%%Q&Pﬁﬁ {rirlg? %ogﬁgéf%nr;[%g?’pgl&gﬁang or
modi fyi ng el econducagneigion awmvgstios substyatam of particles according to claim
22 wherein in certain applications, the conductors are carbon nanotubes of
ar bi ¢ ary helicity or radius, either single or multiwalled. 30. A nethod of
mani pul at | n97.9§ ofBRHd O MShiBhISGHS BFROAEYING l@WSmaBhetit WORR0RT Heatil éft| es
according to claim22 of providing a connector species at sone or all of

t he cross- overpajtishest dcoprslingntot dlaine gbgvsh@mm thet speeikgs Batwean dha erzguetprs

mani pul ating or..nodi f,yj ng el ectro i f ticles
according to cl? }I%eﬁﬂytﬁﬁ%rlg%%fz e rﬁ?%%ﬁé% i’6 né’rﬁ?treg{éi gocogﬁ?&{) %y%e?gre :tg

det ermi ned anded®ed ivigik the spatyngShitivedl laysras)eg, inithe smge Ocasmemdapetedent on

15 200 microns between opposed conductor faces.

28. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 wherein the respective subsets of conductors
are supported in or on a respective insulating or semiconducting substrate.

20

29. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 wherein in certain applications, the conductors
are carbon nanotubes of arbitrary helicity or radius, either single or multi-
walled.

25

30. A method of manipulating or modifying electromagnetic waves or a beam of

particles according to claim 22 of providing a connector species at some or all

of the cross-over junctions in the crossbar network.

30 31. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 wherein the separation of adjacent layers is
determined and defined in any suitable manner, in some cases dependent on

the presence and nature of the connector species of the crossbar network such

13



the presence and nature of the connector species of the crossbar network
suchas the gap between substrates supporting respective conductor |ayers
bei ng an wo 2b@arb4sparti al vacuumor nay be filled w th 20TaIRDEGMVIZAS e
medium 32. A nethod of manipul ating or nodifying el ectromagneti c waves or
a beam of particles according to claim 22 including accurately maintaining
the gap by t has dmegapfbebuesinysubsttat¢sGappontiap otspastivepondicteralapirs beisg a83. A

met hod of mani pul ati or nodi fyi l ect romagneti ¢ V. r a beam of
particles acc&?@?ﬁé’a{lgﬂw‘%‘m? ?yﬁgei ﬁ’éﬁ‘ﬁ ltﬁﬁ?&pﬁégﬁl%tlg\%ﬁﬁﬁlggof a separation
filmof an organic nedium preferably organic liquid eg cycl ohexane or soft

matter spacer eg Self Assenbl ed Monol ayers (SAMs). 34. A nethod of
mani pul at i n32.dx medwidfofimepiptlaiing omugRidying clesiremagnetiy Wagmobe bsamiglc es

o te ol aimooinel udi iy . ! d at
east Sona st r deisiscpiihedt it o B ARPTEART W NI AR d By ol RS BB E 2
or modi fyi ng ekeet bwkabE(d6) naaviesriags éx xdatmbed. particles according to

claim 22 including by tuning any one or nore of the nore easily tuneable
paraneters including the angl e between the alignnments of parall el

conduct or's b9 £ GRARE! d84RadiBYIEGSe Bf nlolityitle R MDA cWaves o i beéhyoff Ot at i ng

the | ayers), e potenti rence each separate cross-over point
(tuned by var ypartipldshecmadirgnibi cdimadhinchdingointempositming oflmbepatmidndiler s) , or

the actual configuration of scatteri i pts defined b :
| UnciiPons. i 16N AEERR RS AL Sp M ALETR AP & ROOLHATE ShTBHRLE] on o

“live” Conductsgaéer@gsEHmsganme&M&@ﬁaye@s(SAm).uneable par anet er i ncl udi ng
t he spaci ng between adj acent |ayers of the conductors. 36. A nethod of

mani pul ating or nodifying el ectromagneti c waves or a beam of particles
according tg,claim?22 incl.udi | ectd v [ t e

par anet er, &ﬁ(é éneiqfﬂoqz‘%% @anggf[aﬁgg %ﬁa}c’g?f‘é{n reaé%@h{r%g%ﬁ%n‘%g‘gﬁs dggﬁe%g%nn%fnt means
formng a nangaticléd &dcerdedent dloineeh alehhg prowiding (udhSiooveldvEMBY tune

15 said at least one structural parameter of the network.

35. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 including by tuning any one or more of the
more easily tuneable parameters including the angle between the alignments of

20 parallel conductors in respective layers of the wires (tuned by relatively
rotating the layers), the potential difference at each separate cross-over point
(tuned by varying the potential applied to the individual conductors), or the
actual configuration of scattering points defined by cross-over junctions in the
network which is tuned by altering the configuration of “live” conductors or
25 tuning the less easily tuneable parameter including the spacing between

adjacent layers of the conductors.

36. A method of manipulating or modifying electromagnetic waves or a beam of
particles according to claim 22 including selective turning of the tuneable
30 parameter, where it is a spatial parameter, by mechanical adjustment means

forming a nano or micro electromechanical system (NEMS or MEMS).

37. A method of manipulating or modifying electromagnetic waves or a beam of

particles according to claim 22 including using a diffraction grating with
14



37. A nethod of manipulating or nodifying el ectromagneti c waves or a beam
of particles according to claim?22 including using a diffraction grating

wi t hr espewD 20@/@msonci dent particle beam for splittingprChaunesiodess
particle beaminto a plurality of parallel sub-beans, i.e. a diffraction
pattern output. 38. A nethod of manipulating or nodifying el ectromagnetic
waves or a begsspedt tpamtincidest prrtide dieary, far splitting the ineid¢nidiantiplappayi ng to
the el ectrical conductor .crossbar ,netwark opposi te oscillating applied
potential of {Hea@walityjof PFﬁaﬁgloﬂ,uﬁibe@?’-‘&dsﬁcP33&?@%’& p&‘%tle%?u;ﬁtbn from positive
to negative charge. 39. A nethod of mani pul ating or nodifying

el ectromagnetic waves or a beam of particles according to claim38 wherein
the frequeniy Aomethodrofosanipulatingner mpdifyiag elsetremegnetic gfavener abes qic fiel d

is determned d ndent .on .t he.dynanm ¢s..0f i i : d
partitles (m?ggf%@ﬁﬁfﬁ%fhnget?8@6}1?1%&3%1%@%%‘%3%@%%@6:%&?&(ﬁ%ﬁ §§ erclg)gti cs of
the grid (spatidakba@nesittk an oppeiRratillaindsipied potehtall oiiths cleanid fddar at i on
bet ween the planes). 40. A nmethod of manipul atiing or nodifying

el ect r omagnet i€ ofgitating prigntaiopiresp Pegitive £q RREAUYRH ially as hereinbefore
described with reference to the drawi ngs. 41. An apparatus for mani pul ating
or nodi fying el ectromagnetic waves or a beam of particles substantially as
her ei nbef or 39, de areiddest mirtipulatigoemodifying teheetrdmaghatigsyaves or a beam of

10 particles according to claim 38 wherein the frequency of such oscillating
applied potential of the electric field is determined dependent on the dynamics
of incoming beam of charged particles (mass, charge, velocity) and the
geometrical characteristics of the grid (spatial extension, separation between

the lines, and separation between the planes).

15
40. A method of manipulating or modifying electromagnetic waves or a beam of
particles substantially as hereinbefore described with reference to the
drawings.
20 41. An apparatus for manipulating or modifying electromagnetic waves or a beam

of particles substantially as hereinbefore described with reference to the

drawings.

15



