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MEASURElI NEMS USI NG TUNNELLI NG w%mmmmﬁm -ONGATE CO\IDUQICE&M*}&;#@pOf

I nvention This invention relates to , nmeasur enent an i i ng
of fine 5 relative positions or displacegnents g. rotational or angul ar
separ atwowm4ens di spl acenents, vi brations®% near sepapetiommoms .
transl ations, alignnents and -msaljgnnments. O particular, though not

excl usive, interest is neasurerent! of angl es. ,~ Background ~trt t0O . K~

devi ces designed for ultra precise neasurenment of angles include

aut ocol MeRsUrRBVENTS USING TENNELONG DURRENT BETSMEEN ELONGA TE) 6GNRUGTAR®d syst ens.

Aut ocol I i mat ors use neasurenent of angular deviation to determne in turn
eg, straightness, flatness,-squareness and parallelism Mdemfornms use

| aser diode li~t sources and beansplitters) and incorporate a mcroneter in

t he eyepi ece 15 view ng sys%_foﬂn@(;ﬁwnate measur ement of angul ar
di spl acenent. Typical best -"accuracies are 0.2 arcseconds, for a neasuring

f 0 : k i ¢ ter- | e .j nst t i f
el Ogr A Guea Htes I e Aot BER ORI A IO MB ST TRR ) eq by &
pakr  Rlarleash e disptenitints, heg.e rotatishait boniguiarhiskparationotdrer noves

through the angle_to be neasured. The 20 rel ati ve phase .orange between the
two rdispiacementsi yibstionss linean separations o tepslationst aggnmentshandoveabl e

| g _ "iEhanfioveabl e
e o salplibnlt, Or FRRREEF. bBubl ol SERRER oA i i RiRNRNE Ry ° 08 © 1

typi @agleg. rather large instruments. Often they forma key part of another
scientific apparatus, such as a . 25 diffractenmeter, where the precise
rﬁ}asure of angle determ nes the resolution and duality of an instrunent.

e Accuracy of angul ar ne 4,3 the subject of Zhang et al.
"I nproving the Accuracy of g%s*irgﬁggsﬁéenent Systemwith Optical Gating",

™5 i gy odfRe B AR A T WPl sy 10,11

Vot 43. roposes the use of ex gratings with
Si neaiftocoiirhators, r adiffraician v baged asystettiser and haggearsenbasedandystepsrt s an

accuracy of 0.2 arcseconds w th ot al.vipe |n . I §.an object of
Chi Shytpcalimators pSe ﬁ?ﬁﬁ"&eé"?'\grdf ?@%@%@%ﬁ %g{negﬁgﬂém lrtr%rﬁi B9y ng of

r el ajaihiris] flathess, squdienpssandrpatatielisth e tiMedera fgmhsuse llaseraliodsr ot her wi se,
to a satisfactory a'ccurligc§ t hat. is r%ferabj bet t er than t hat achi eved

wi t HoRh SoRTces and bearPsPRIRE. A0CHRF gae%méwefa 'Phi9€ WAP%n The

L5V QARG sPAREMTBE ScdtlfaRDPEaaTBment bPalgllaediplacehmnt! MBypidal besously used,
and entail's nonitoring the quantum._tunnelling current _$etvveen two proximate
el e@ceuraeies aphacarssecongs.Jpea MRasupng manRe of TRGIGSREOYS a preferred

enbodi nent, tvvo arrays of aligned conductors may be used) and these may
advant ag%ouihg tie carhon nanotubes. ntipn accordingly

provj de Wh (qoMGmetels e t"f'f@?ﬂ%é? BF;H??S@{!E‘QX}%?&?_'"QS Bo(iﬁtﬁd'f'or moni toring.
t heyhigbitht “euridirhidpeed Ginddire¥canned bly © pairvsd rehdimgheads. nCnedsing: T
7 these is stationary while the other mo\res through the angle to be measured. The
20 relative phase change between the two resultant signals is an indication of the
rotation of the moveable reading head with respect to the fixed head. Accuracy

achieved is said to be 0.1 arcsecond.

' These-prior devices are relatively expensive and typically rather large
instruments. Often they form a key part of another scientific apparatus, such as a

25 diffractemeter, where the precise mqa_spre_..{)f angle determines the resolution and_

quality of an instrument.-

Accuracy of abgular measurement is the subject of Zhang et al. "Improving
the Accuracy of Angle Measurement System with Optical Grating”, Anna_ls of the

R
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' associating the elements with respective elongate el ectrical ?yxﬁ orB'
di sposi ng the conductors preferably in approxi mate alignnent; gt Rid 03
separation and applying an etectrical potential difference such that there
is a detectable quantumtunnelling current between them and . 20 detecting
and/ or WedMM476ig sai d quantum tunnel ling current. PrefpcahUgmootshe rel ative
positions of the conductors is adjusted to determine that position at which
maxi mum quantumtunnel ling current<is detected. In a second aspect) the

invention provides apparatus for use in nmeasuring and/or nonitoring the
rel at i G&PIA 430N Bﬁaﬂ-awmewr@meénawwf MHEX PRSIl us

i ncl ud | . QREat j C p. e associ ated
w th tfie PukBoh s ieAg, bRk ehfghedrlie dd BB i dedBadlolcr o, s
MAR 208)2 arcseconds with & \ProldQpeResiruméit/ 00733 3 preferably substantial ly
aligned in nutually parallel relationship, at a nutual separation such.t hat
a detectable quantumtunnelling current nmay be .generated between them on
the appl i CRtisogn obbjéct 6f aKiET inv@itionote Prbvibie Hof | e NAEadREMBAN ahhe
conductors. 5 The apparatus may further include nmeans to apply said
potlenmanitodng fa; eizlve pogitians) dfedisRlacemgatse cwhelthgr ;angwais dinear igs quantum

t unnelJy WisFu . H/g?)e -5 e |V appar at us
furt hte)*rﬂel nc 'ugegryr?ggﬁs to%éﬁ}ﬁgf%ggﬁ%%ﬁb\%ngSF?ﬁ)nn{sh%gPX?ﬁgggonduct(_)rs
t 0 detith khown instrumepds and techoiguies.ch nmaxi num quant um 10 tunnel | i ng current

is detected. The position or displacenment nay be one or nore of a
rotational or angul ar separation or displacenent) a vibration, a |linear

Sseparation or translati o,glmggmg’l j a msalignnent. ' Preferably,
"tBe el ectrical conductors are f6vv| gtﬂ%ﬁ{?ﬂg%ron or less eg, inonet 5 : or
) nore enbodj . fw‘gg [ -ard - n range. ln the

| atter case, e t'(‘::'g'n u o%s anmaé eQ%g(rz‘gg% (ﬁgﬁ%?ﬁbsrgg;mo%gg?ﬁvh" hélicity.

ot0 r ased,s and. entailsr monilerog tmef quaniuNs i nelling o currenpfbeiwemntisvo or

nanowi res.. Alternative o~z 1 nduct prs .may be) e icron to

- PreFate’ elhgtigal eorioncrors, brelsfab. B0 ARS SFhenPRhsorb 8 HBEREn s, e
condemibodindity tvae dfayseal alignedobmdudt@ss mayObd hesed) dhi thse iy be

associ at ed vvitg the aforesaid el enents by being nounted in or on an -
insuP‘é‘f é?ﬁ?ﬁ!_ﬁﬂﬁ@?f’ﬁ bstrate, preferably flush. with a surface of
the substrate. The substrate may be, eg. a solid or a crystal face: The
conduct or,s _may he pl I .t espect.l m.c_sie on a vicinal

sur'f ace. TREVAYREBORERGindh BRYeE: B It ashbal agpel ot o Fledppag "

16 _-~aridéstimonitoring the relative position or. displacement-ef two elemints) inbiudielg:gr i ds or
arrays- of electrical conductor segnents, preferably wired in parallel e.g.

t hrough a singl-e.supply | ead, which grids or arrays are conpl enentary and
over | ai dassogitingdhe lelernentd withoespeajive relengate elgdtiical eohdystorsi ity t o obtain

y ) disposing the conductors preferably in approximate alignment, at a mutual ;
separation and applying an electrical potential difference such that there is e
a detectable quantum tunnelling current between them; and

20 detecting and/or measuring said quéntum tunnelling current.

Preferably, the relative positions of the conductors is adjusted to determine

that position at which maximum quantum tunnelling current is detected. R

In a second aspect, the invention provides apparatus for use in measuring
and/or monitoring the relative position or displacement of two elements. The
25 apparatus includes a pair of elongate electrical conductors adapted to be

associated with the respective elements, and means-for disposing the conductors,



detectabl e quantum tunnel ling currents. "' S MAR 2003 V\qﬁog\/ﬁﬂﬁm{]BCT/A
U9910033 4 Brief Description of the Drawings The invention w || now be

f

urther described, by way of exanple only, with respect to the -acconpanying

drawi ngs, in which Fi gure 1 is a fragnentary cross-section of a first

t

embodi nRiteefdszdrano- _= 5 dinmension device according t%%gmigtl on, with

he respectlve conductors general ly aligned and el ect rfi tions

di agrammatically depicted; Figure 3 is a nodification of the enbodi ment of
Figure 1 in which the conductors are substantially at right angles; . C_ -

Fi gur qréferabhp stbetintialyi lafigndd i AUfuAIN ﬁral?é? @Hl%bﬁ?”terttg%u flises

multiple i O nanotube conductors; Fire iIs aviews

ar to Figure 2 of a

nodi f is€paradan such W&af@rﬂgtﬁcfﬁﬂﬁ quantprrgmneetangfunem m&i be rgenératiexpl cts a
rt d
VaL Eolitestunb o BRESpARRlotbr ok YL polenlafiolphes tRivestihebod rrent

of theonductsts. i on that ut~ises an etched conductive overlay and a Y film
applied by f--_ Langmui ~ Bl odgett technol ogy. In the enbodi ment of Figure
i) respective nano-dinmension elongate electrically conductive wites 10, i

f

1, 50f i dtihe dppafdies RRYTuBerSHélode ficdns 4 aFaﬁléa'ih StehBa i gembedded
S

Iush in respectlve i nsul ati ng nmedi um substrates 'y 2, 13. ?nt lis case) the

wi 1 es2nshrpeann o dpeeindiosmBasuAthe qugntym tuneelipgrasiniest betwesni tbeshi p, at a
separca;,f,&gogr gap 18 in the range 2-50 Angstrons, such that_when el ectri cal

-dap by a potential source 26 across t.he conductors) - . there is a

quant um tunnel |'i ng current 1 p0 between them detectable in suitable 5

detect | orpingabh! 1R appard AR RNRAN ARLAALCSBEL HdSoRaNea® 5 A

itable technique fo ing the ron beam

) nanoPesiliengy ofiihe com!wmsdn detérminsithab pdsition a whichemaaimume qdahtuneat ed on a

E ﬁ,f] b&'ﬁ%vﬁ?@ﬁ% This is described, eg. in Wlkinson et al,
| ectron

eam nano ography, an article in the text 'The: Physics and

Fabrication of 5 M cr osi ni ctures and M crodevi ces" (eds. Kel ly & Wei sbuch,

Spri ng-V%le%mbﬁ ;b@é hw,at all el GaAs
conducti ng res on a semi nsﬁ‘f t1ng suB agfg'?zat%rngg{) {)pl i cations
of tsepamion car, displacement; sa oibrplien.ca linear sﬁbaaatmraosammaﬂnpramoupl ed to

r

eswaﬂﬁrﬁg‘g di spl acenment or position is to be neasured or
nitore n general tunnelling current 100 is proportional to the

product of the | ocal denS|t| es of states on a pair of adjacent el ectrodes

(

tunnelling matii x el ement's between states on

i €. conpliasdrabiy) the WedtRcsl CoRLLER P e df MRS ﬁ'ﬁ&%ﬁfor%@ &4 $bRe’ Of the .

el ectr is also a

15enai mprecembedimests, of VW’KB in thenrand-orglep ta suh-mitroardnge. laltbelattyde curvat ure.

t

FUT 381 196 GonBbias i JBHEBEL AafREA Rhly o ki dopendent on

he spaci ng etmeen e con uctors because“t tinction decays
prithen singlel gr mu!tewdk ohearbonduomﬁiamamfsaoe nanowirebe Alereatively, current will

h ti n etween a pair of .crossed, nanot ubes.
‘?’he m%té‘?& é’égmg'f q?hﬁ" M?@Herﬂ'ﬁéhe?f‘eéﬁmﬂqaél and angul ar
relmnmmmmebmbmede;mtmabwn@yﬁéﬂ@r leHgel hirh@r fedsr ent 100 wi | |

20

The conductors may be associated with the aforesaid elements by being
mounted in or on an insulating or semiconducting substrate, preferably flush with a
surface of the substrate. The substrate may be, eg. a solid or a crystal face. The

conductors may be placed along respective atomic steps on a vicinal surface.

Advantageously the electrical conductors are arranged in_respective

ordered grids or arrays- of electrical conductor segments, preferably wired in
parallel e.g. through a single supply lead, which grids or arrays are complementary
and overlaid to place the conductor segments in sufficient proximity to obtain

detectable quantum tunnelling currents.



20 change sharply as the |ongitudi nal opposed surface segnents of the
conductor ~ ' _ ,) nove apart with increasing rotational and/a[

transl ational msalignnment or vice versa. Mdre particularly) sét”ﬂﬂ gﬂﬂ3
Schrodi nger wave functions for the gap 10 are found in Kiejna 8

Wj ci echWstongs7é Met al Surface El ectron Physics", Perganon |,, ?5 (t 996).

1t could be denonstrated fromwave function anal ysis thwlémloomant um

tunnelling current is critically depgndent on the spacing betweeh the
conductors because the quantum wave function decays exponentially outside
the conductor surface, andB#efDeSMRIR ot Giawill,k! al so 6e a ~ function

of the relative angle between a pair of crossed #8noconductors. . - The
gap i 8 between the aligned opposed conductor surface segnments is thought to
be nost appriberinvantibll wid ioWebé & troms rmre preferably 2 ~~ 5
MAR ~ 20 0Q 14476 6 PGI/ A 33%[3’8%15%2%% b examples onlynwithit or

segment"gs %‘Bﬂ@smmm)pn@dramn@mwmgth that can practicably be placed
and aligned on the substrate and, have | eads attached, eg. in the range 1N
to 10- 2m|g‘n&’ Gap 18 nmay be a partlal vacuum or nmay be filled wth an

appropri at 'ﬁ‘febll'ﬁrﬂ fragmentary crossaseption néfsa ikt @ﬁ%g%gtygpal nt ai ning, t he

?ﬁ!to 2? g‘é’gﬁgﬂ?ﬂé‘t@ a sepﬁgg %al J Yé’ﬁ\%ﬁf n‘g?hoﬂsg]g Eﬂsabbtyveiltoﬁdwtbp% medi urr)
refer mmrmmmmrcmw&iﬂ%gﬁ%@g %I osed bel ow) . .The

|l atter is thought to be a particul arl h to the
nal ntenance of accurately parallel fine separ ation. 10 The ant neans.nmay

ncl ude pi Bgwel 2osra enqdificdtionner MEm’BBGW{% Fﬁ“ Sa{e)l .e faqr. performn ng
af orene

.; {adj ust cggﬂk@ ? nano, di. lensj on Ievel The "Bntd? e dhe s £ urt her
enhance %’e“'ﬂ’étﬂﬂ?g@x cI i bdrical as lot" carbon nanotubes. In

t he case of the grl ds or arrays |f t he conductor segnents are conngcted .in

parall el) i f effect 15 and this wilt facititate
cur rent. asur enen evylgfg'&ﬁ&gqnpj'gf’fg gap iembodimeat that ndiigentliemplec onnect i ons,
@?debe@pndmymshe sandwich will be able to act. as two . dinensional
arrays of point -capaC|torst whi ch can be switched on and off
i ndepender:tgtgtémﬁ formng a "pixelised" array of tunnelling wells. ~e tl~
current tF is|a dewisiinilanto Figure 256 0MRd s ~:. 20 dependent
on thguaspect rata (length to separation gfkafgﬁgu% Hé’gg'ﬂm' , and a nm~
den the conductor segnents of the two grids/ arrays are perfectly aligned.

Figure 3 illustrates an al ternative embodi ment in whi ch the el ectri cal
conduct oF@.,pé) rallel, nanotubes 1 Ca) 1 Ob) 1 Cc, 1t a,
11, 1 SuRg Shdgicty ep05| ?MS‘ 8f19?6én§mb391"?ﬂ' trefiFigure bsormeddn a 12, 13" |

Pr o%mﬂmﬂeﬁmdum ng a set of aligned nanotubes on a substrate are
described for exanple) at Chauvet et al, Physical Review B52) 52 ( 1995):

Ga'ﬁ@ Yewrimilar ol Fig@es Hoand3)of 30k embSHiaibnt of the

9‘5 ~| A~ Q003 wo oon~n6 PCT/ A W99/ 00733 ~7 Heer et al, Science 268)
45 1 :
)

20

-——-petentiat-differenceis applied

5

invention that utilises an eiched conductive overlay and a film applied by L
Langmuir-Blodgett technology. . . C

in the embodiment of Figure 1, respective nano-dtmensnon elongate

electrically conductive wires 10, 11, of widths in the nano to sub-micron dimension
range, are embedded flush in respective msulatmg medium substrates 12, 13. In
this case, the wires are superposed in substantrally aligned parallel relationship, a

a separation or gap 18 in the range 2-50 Angstroms such that when an electrical | -

by a potential source 26 across the conductors,

there is a quantum tunneliing current 100 between them detectable in suitable
detection circuit 27.



The properties of single wall nanotubes are described) far exanple) in
lijim) Nature 354, 56-58 ~i 991 ) and |ijim et al,. Nature ?{6%%@%
(1993). Carbon nanotubes of a variety of types ~ are al so describe t
Cstting et aJ, 5 Physical Review J3. 55, 55 (199'T). A particul ar techni que
for prod¥epomgszs gri d of parallel conductor segnents S”F{‘ﬁgb'% for this
invention is by epitaxial deposition of 'nanotubes or o 3di mensi on
conductors on the atom c steps of &vicinal surface produced by-slicing a
crystal at an angle to a primary plane. The separation of the conductor 10

segnments mefy Buit uteahnigue i for egpakiag, tHeutermBodimeht Hﬁeﬁ%ﬁghy_b@é‘ﬁ! ! ﬁ' "
ich the

Fi gure : modi fication of the enbodi ment of Figure 3 In

nanot u %ns(ﬁ'g{r%?a odl V&Egjllgﬁﬁg cRagucling: Wee sae besdelineatecban @ semps 14, 15 on
'a st equnddctind sutidtrate!” T1s s fde 3 i S e odi ments i n which
the re ec_ti\?é arrays of _lsé _cg%%?f c%nggﬂ‘g '%’Acgrogné{g{ﬂbﬁfef 8A Mano- or der
di nren hpeeaphyot anamdiclbheis) the dest dithan@agsivs t Bnd hEabRelioht ¥fs 210 of

ones aiidrbsi Q trate 212 t endi substantially at right angles
to thgj conduc {)er$ s%%%?d?‘ﬂ%esoiﬁ%?%')’ :}awg’quq{l,(ﬁprm-m r8e6) 213 _

| nst ettt deseribesginid Wostrstes tahset ! Parailel CAIARL ARSI be at_ '~ some ot her
angl e e,g. to forma di anpnd or. rgi_r?onboi dal typemg?g%sc?ﬁéﬁgpﬁ'nal y20

| at t | BEUIA10G Substrale, o practisal applications of ther devics sebstrates foe pRiks 12t i | i Sing a

| ar ge13afd Qlssoéiafed gH I pe .PEP@' S of .crass-over points 250 will form
an artifjcial scatteri%tr?gb atl?’i cFees e eecfélie%eqti) gdisplacgment Ar at ons -

di r edl08#on ds lo bemeasureidor menitloded.ch structure into the space 218 between
the-conductor arrays. ff each line is independently electrically connected,
‘ig they are not electrically in.parallel, there 25 will be a pixellised

) aftay whilBroeneraintumneliipg corment 10 isipropastionakio thpi préabét GaAe loca)f OF at ons,

Wt hgerspsiaf § erj. I variation of , the scattering ~
a1 s bf e B0 oCpaP B! RORECHT eictPodes) o Bepbicnershi enneber or i ng t he

| at t feges.dadhe suat ohthelsqiliane of thenmhneltimg mvria bleheds HeREEL} BE&d 0SS- over

poi : - R 2003 Received 25 August ZOOp. g_ Figure 6 is a
furtheron l(e)%‘for%%t Ml?\rl]s ﬁ%f’c%s%%'ﬁes ction, OF they unnellingpatentialaridcal |y snot h
f r eshé \eledtesec dumvatime. .aRdrthémcreN BUSHIRS turelfhg JdmenfiE d by etching
£ %gyfﬂ“%om 331.0f Bg d) and then filling tgne Interstitialr grooves by
applreation B g shacng, er")r‘?ﬁr‘bﬁl%ﬁﬂé’l"cwsé’eﬁﬁ%ﬁﬁh& quagiuotgave process. The
t wo function alesays \exponertiafy Budside e D oY r ,ot-her :
Sui Ea%g %nggi c lubricant film 318 ﬁg{,ﬁ?g%éﬁggc%ygé&qg%f%ﬁeaﬁgr noshr i nk

wr ap .Maei # (1o the, irelativey rangle thetween ai pait raf- owsisedi cal
nancahottess. The hbéentioncidkesh p ~ t he nmegsurenent of

angl e ai%l es .o'f r.ot atfon) rdgtzih%\r?gl égg’fggf&g@‘re ﬁg%fé%q \%gﬂ?er&halllm sal i gnnment
at ?ﬂ“é‘?" iUl splatignghip in that the; deteetod valurmfdbe turalellingerdrennobavimeasur ed, for

2@ X amahge shid ' e nt._maxima per unit of time. It is
though?eto B??gggﬁpg" é%a%@é%fﬁgééfﬁggw °6$“?).°ﬂ’d‘é‘i‘€§econds .over

) _ajh TBQYEr aparb with increasing eottionalrarsifor transhatidnal mi%alighmehral 85tglevi ces may be

US &drshor measuring or t5 nmonitoring ewe |inear position or translation. If

one substrate in the enbodinents ofi Fees 3, 5 and 6 is translated with .

respect to the other, there wit be a series of very peaks observed in

tunnel Imée sartic@aky 186t ' nce traversed w- be given by the nunber

of observed peal?sﬂh nes bﬁ§c%rrogln|§t8ﬁ.ﬁaﬁ'§t 6&7@8‘50?5?1 rHR9RR dBsarethe resol ution

wi foung dn dfiejnac& INVgisieaiowshic “Meth!hSurfac) BDéctnUﬁePﬁgﬁgthpg mon€- about 200
y

An ' C | vai | abl e pangl i t hogr aphy t échndl ogy, bud about
25t Oﬁg%é)xn%getmr'%% évtﬁé'ﬁjﬁﬂ%té%tgafboé’g.Wal*??eP"WGf'%'iaé‘ﬁ_ sispihatithermuamteronal ef f ect s

wduhoeling burerttis idakicailyt Gepearident bBNthe spacing between the conductors ’
because the quap‘tum wave function decays exponentially outside the conductor o

- --Surace;-ane-the-detected-current Wil ass b&  funclion of the relative angle
between a pair of crossed nanoconductors.

J The gap 18 between the aligned opposed conductor surface segments is

thought to be most appropriately in the range 2-50 Angstroms, more preferably 2-



nonitering or neasunt, eg. in a seisnograph. ~i~t?i D SKEWWE ', :~"siJ ~ .
"- 5 MAR 2003 Received 25 August 2000 . = CLAIMS 1 (anmended) Apparatus for
neasuring and/or nonitoring the relative position or displ acew#nMARf ggm’p

el ements) including: a pair of elongate electrical conductors adapted to be
associ atw@oof44s t he 5 respective el enents; and neans for disposing the
conductors at a nmutual separation with a variable |, r&CTAUIORIAI e bet ween
t he conductors such . that a detectdbl e quantumtunneling current which is
a funct%&g of said _relative angle nay be generated bei ~nn8rn the conductors

on appl fops. dhecgansiuctor abgmetienhiaglcodbrii sai d
CondUCtéHrﬁpra@ﬁW sggcca(rjﬁi ng,to chNm 1-r?é'§thf§ﬁg?%f’ﬁ§%ﬁﬁﬂﬁa%ans to
adj ust the relati've %’éﬁ P GNeH oprbe suhstate amd havedlehds Haenadat

posi ti @g. it thetrande RI6 WO WAgr ~turr tunrrelting current is det ected. 3
Apparatus acx~ordng to .2 whérein said adjustnment neans ids 15 - one or

more piezoelectric positioners.”' 4 - (anende~#) Apparatus' according {o

any cl ai m 1Gap 280 PO ShRiaf Kh&om o£hngate efedr~I c~nduGors are
substantial ly ali r“r?zd in (réuht ﬁaF’?é“%’Hr%’FF@gﬁ E"? ’ﬁ’@d with-an- appwpriate angl e. i s

a mBashedugt Swuta | HFRRGemMents fop acowrately g ar at us
aacor g 6f(.le’ 2% cl ai é)tr'ei r'1 g@?@(g%%g%%'wecondub‘t ors
are arranc};ed I'n re(g‘l CRhveeangs dzg:Pﬁg‘edﬂt&aP¢&itjming othawpardial, conduct or

| irg ot anjorgamnicymedicnm prefe t d laid to pl
ThTeeedl prefereart bR BLAEHY & bulibhernedathesti o quant um

' the c e nts.in sufficient” proximay.
tunnelg%ggtiﬁﬁ’é’ﬁ't e éﬁeﬁsmmjbﬂ)& panticularty effeqive #hipishch tolife €' @i M 5
~wher emairt mmwhﬁﬁ“d}gﬁaﬁ,ﬁeg&pg@@gsai d grid or array are

‘sbstantially parallel ign td relative angle to the conductor
)sigrrents?,g‘)%et he ot helrrsgg'gs) C:.%QQ&,LQ ool ( :;~;7Ec"~ :~J;(:~~arr d_—-~~£ -~
~4d- zoo aehustrient 3l i P rav(s) ... paratus according to

cl ai @bﬁaﬂ% 6 wherejn the conguctor geg?ré%f’@'\éo?gsgmgpf o peay (ar e vi r ed
el ectr'IEAT IS REFOIING adistmenis ateenddiBersipatevens accor di ngto anypr ecedi ng
cl ai mvherei n sai d5 ebngate el ectrical conductors are - .
' The aforementioned effect is further enhanced if the conductors are
cylindrical, as for carbon nanotubes. In the case of the grids or arrays if the
. conductor Segments are connected in parallel, there wil| be an émplifying effect
} 15 and this will facilitate current. measurement. However, if the lines have
. u:'dependent connections, the grids forr_ning the sandwich will be able to act as two -
-dupenslonal amays of point “capacitors® which can be switched on and off
;r)dependemty. forming a “pixelised” array of tunnelling wells.

The tunnelling cument 100 will exhibit minima at one or more positions <
20 dependent on the aspect ratio (length to separation of conductor segments), and a

maximum when the conductor segments of the two grids/arra

S are
aligned. 4 perfectly

-
-

Figure 3 illustrates an altemative embodiment in which the electrical
conductors comp_{ise multiple . parallel nanotubes 10a, 10b, 10c, 11a, 11b. 11c
> _ deposited on insulating medium Substrates 12/ 13, .. - . <. oo o oo e e

N Tt e e

Procedures for producing a set of aligned nanotubes on a substrate are
described, for example, at Chauvet et al, Physical Review B52, 52 (1995); de



d~r~ensi orvs. of theorder of mcron _to nanoneter H- 9 Apparatus accordizraﬁ3

~ claim8 wherein said elongate electrical conductors - are caT omlAR
nanot ubes or nanowires) or mcron to sub-mcron quasi one 10 10 Apparatus
ac~r~g-tv--any precedi ng clai mwherein said conductors are associated with
the ~a~®QMamIARt s by being nounted in or on respectie gwﬁwgor
sem conducti ve substrates. 11 Apparatus according to clai e said
conductors are flush with a sure of7 the respective substrates. - 15 12
Appar at us according to any preceding claimwherein ,each said electrical
aor r d~kleef et alySeienres268 §43 (199D catd Kiangtebal, Casb&rP33 0909 Vd eigea) surface
providing a substrate_ 13 Ap~trrs=according to any one of clains 1 to 8
wherein said elongate elrectrical conductors conprise respective segnents

of an int edhal pRPediescefcsingle wal exanotubas iresdéstribee %6y a%mg@n%'ct ive
substrate.%%&&r’gqggé accaordi ngﬂ;o claim 13) ~ wherein sart segments are
separ dp @ "Sr d199) 2nek pared aly Naturen 363, 663+605 i(ngo3yedi um 15
Appar Gasorit ' 05 Ad¥ie |20 ' erein, saigd nutual separation
of opposed gﬁr %(?ggs‘gg?rents%ﬁpgﬂ%% ae‘féegksrrgl\éyg c@&?dﬁ?t(g?‘gjg #1i3. 25 the

r afge Physical Reyiew Bng5, 58419gP. O~ f ~:~ (- 5 MAR 2003 Received 25 August
2000 -11 10 .~ 15 16 Apparatus according to any precedi ng clai mwherein

said nutual separation of opposed surface segnents of said electrical
conduct or \ particulat heehnisgeg doo pradiuig/An geid rof (Paraliel ZoABBAGA grsording to
any [ i wherein sai.d condyctors-are in 5 one Or nore conductor
segrr%'m S of'%ﬁég?ﬁ’gf‘ﬂ‘”f %EYWB@X'i'O&?WB'WfWaWh@ﬂM mareer di ng-to any
L ecdithension eormduthsirs ohithé atohmigateds ¢ vichaPsi ﬁég@ grs at said

. nﬁt ual _separation incluc~s an .intervening firrgrlr‘:\esn #Eegﬁlngy%&c%nfi ne said

Dfilm? ﬁ’d“%ﬁp"ir@.ﬂ 00': 19 24 PRGN Plang. m e \separationi df ithe eondoétog filmis a
10 msedmeévits Ahay? Be reqiliF br frediilar® | . O.éq ratus according to
any Erecedi ng _cl afrﬁ]g wher ei ng’lg%u' ggﬁgaﬁ'g%?g’?quéﬁbgf’ﬁ %gl %L'Q,‘Hﬂcﬁ:xmrs at

sai d>MAWSLAIMadification of the ambediment of figire Din Yhiokpiar AintuBEsardi Ng to any

.precgéﬁogge@t,aﬁg L s 5 @PelsiD Stdrh @kt ,'spzenent neasured and/ or '

nmonitored is ° ong&Q (E)rmérqr%re g?'péz@i%?é)'t’%ﬁtgé%ﬁ“b?sé’ﬁ'gﬂlsé?p@gp‘ﬁ?'aﬂ onal

di spfiudf@eRnent) a vibration, a linear separation or translation, an

allgenmenrt arid a ni-salignnment. . 22 Apparatus according to any preceding

claim Séipd el ongate electrical c~r>duCtors are arranged in respective

ordered GONERS-$and4 ilusiipte embodiments dnimhish they nespeivevasagh)oft he
15 o&wrsWiﬁ%PWﬁdﬁﬁpﬁ%“Fde?rcﬁrﬁgﬁsions when not nanotubes,
"are arriz'nged with the conductors 210 of one arrai/' in or on substrate 212,
extending substantially at right angles to the conductors 211 of the other array, n
or on. substrate 213. Instead of a right angle, the angular relationship 'm'ay be at
) ) sor.ne other angle, eg. to form a diamond or rhomboidal type of two dimensional
20 lattice. In' one application of such an arrangement preferably utilising a large
number of conductor Jines, the set of cross-over points 250 will form an artificial
scattering lattice effective o scatter a beam of atoms directed parallel to the
sandwich structure into the space 218 between the conductor arrays. If each line
is independently electrically cqnneCtéd. ie they are not electrically in parallel, there
25 will be a pixellised array which is an analog of a two-dimensional “pinball game”
for atoms, with predefined scattering centres.

SO : e e —i Rram e o e e n e bt 1 e sk ae mmin B eiees e s eme aeeress t e twm o e esmem s el me ieese mmmemmatereh ceis o om s emsees shem i me ppen

In a variation of the scattering lattice, it may further include an array of
magn_etic elements forming the lattice and creating 1-dimensional domains at or
between the cross-over points.



define a lattice of electrostatic scattering wells. 23 Apparat ugﬂ Kgo&@ ng
to claim22, wherein said lattice further includes an array of" 8 t 2803

el ements formng the lattice and creating 1-di nensi oRedeived 36 Mmgist 2000

or - bet ween said cross-over points. 25 24 Apparatus according to any one of
claims 1 to 23 further including nmeaps to ~~i.--vrpr!~n ~ . ~ 5 MAR 20D3
Recei ved ZS August 2000 - 12 apply: 38rd el ectrical potential dif.ference).
and nmeans to detect and/or neasure said quantumtunnelling current between
sai d conductors. 25 (anended) A nethod of neasuring and/or nonitoring the
relative posgd@ls i8'a ARENEmBbdimt fH WHRA'each SUBLHARM2 313 5% assocl ating
the elenments Wth respective elongate electrical conductors;” Wng the
cmduGatomically smonth fnéshiy pleawed micayiankd the candudibrs 316, 31 1 ure forgled bet ween

t he conducgtars and ' tg the conductors an_electrical ~~~e such that
there i m%%ﬁgy%%rﬁ%ﬁﬂﬁémi'ﬂﬁ" &@PQM intarstilial graaves dynduct or s

t hat i Pﬁ“édﬁg W}Hu’hﬂa ' . | I d/ or
measuri%ng sai td(%ﬁantumtunne ?ﬁ*gﬂxggﬁlr%ghﬁw;@ﬁdg&n@%%&r%o I ng to dawn

24) & unrays maydestpapiediasdeiorg byreecyaioheniane op othersuitable drgani€ aonduabns to
det er nj 0 Qr, re positjions a i ch Xxj mum ~ tunnel ling current ‘i s
det ec%M%&?Mh@%'M@kmyomni toring the relative
position or_15 dsplacenent of t el epents including: respective ordered
grids or arm%%'%‘f am QSFT‘%."W napgdeviees. Qmpt ed to be

associfl e Mang ,{,ﬁé g?e’y&, gim% urém gn-"r‘raa‘ﬂ,? Lafi.aR@si ng the grids
or arrays in a _E:o I e %a an‘?tgver %lugl mut ual (!,ébsgraggil%ﬁ)?to pl ace the
condudotation al speegk ind algnmento misaligribentoat micrsicepicaitide quant um

y LORPC e S i, B B 6 BB S ool 2% M o

)

ar r ay measuring the nabber of ARientimaniria per dnibof fime. H isithought 1o ber t her i ncl udi ng
- the re [ the grids or arrays to

Eeﬁﬁg?sﬁé??%g u?ﬁ’é‘f’?ﬁ)ﬁ'ﬁ'ﬁ’ %’%ﬁ-bi%&%ﬁ%g\z@%{mmr@ aeall i ng current is
det ecifghiarranhe of 20° orso.® ' ~a~ a003
Alematively, the ilusirated devices may be used for measuring or
15 monitoring relative inear position or translation. If one substrate in the
embodiments of Figures 3, 5 and 6 is transiated with respéct to the other, there
_ will be a series of very sharp peaks observed in tunnelling current 100. The .
distance traversed will be given by the number of observed peaks times the
separation between the conductors; the resolution will be of the order of the width
20  of the conduciors, i.e. about 200 Angstroms with currently available
; nanofithography technology, but about 10-30 Angstroms with nanotubes.

The rotational and translational effects would both contribute to vibration
monitoring or measurement, eg. in a seismograph.

AMENDED SHEZT
PEA/D)



I I'wi WLv77~WI)J Received ZS August 2000 -13 29 (new) Apparatus accordi nﬁ]n to
claim27 or 28 wherein said adjustnent neans includes one or not & MAR 2003

pi ezoel ectric positioners. 30 (new) Apparatus accor drgékived 25! Righs€200028 Or

29 wherein the conductor segnents of each said. grid or array are
substantially parallel but aligned at 5 an angle to the conductor segnents

of the other grid(s). or array(s)..-9%-(new) Apparatus y to any ane of
claims 27 to 30 wherein the conductor segnents of each grid or array are
wired electrically in parallel. . 32 (new Apparatus according to .any one
of clai to 3i wherein said elongate electrical c~nc~Ctor segnents are
of the order of mcron to f 0 nanoneter dinensions: 33 (new .Apparatus
according to claim 32 wherein said el ongate el conductor segnents are

car bon hanofaiended) Apparaiusdfo) measuiing aRd/oP nfonRtofihg RN rdltivel pddition
c~rnerrsio~nat conductors. . 34 (newj Apparatus according to any one of
claims ' 27 Podisplagament of tweielemenispingiding: ~ di sposing said grids or arrays
at said nutual separation irictudes an intervening filmand nmeans to
confine said 8lm 35 (rrcw Apparatus-acxo~nding to claim34 where said
i nt er veni nga Ppaimef elongate lelecrical condycioiscadaptednto be associatedhmithabevent .- ~ .
36 ew) Ap i to any oi~e of clains 27 to 35 wherein said 20
means for #W&Wg%s or arrays at said nutual separation includes
nanot ube or_buckybal.t (C~), beari,ngs. 37.. ew paratus according -to
any.. orie "Bgans hdﬁwﬁwm%ﬁt QWB&;?‘H;*‘!Q&"W a variablei on or
di spl acenenblaiie JngRd betwked 1HD ebh@iders Sud th& a Wdﬁﬁ%onal or

| near -.. ~ o~ 0 J~L~

.apgul ar separational displacenment) a vibration, a
curent which-

B MR Y 3 is 1A Junclisns okcsaidy miathe Aanglestmayse - 14- 38

)540i i0 s at | ﬂa-vﬂfeahr %ﬂ“l@ i n d,a,msal i nt. (new
Appar at us ccorra{cﬁd;g 1o ar@gone 0 Bﬁ?‘?%@&‘%@g‘ Q@Pm Bby the
cris- over difference betwedresaidcondictors. ar r ays define a lattice of

el ectrostatic L
2 Apparatus according to claim 1, further including means to adjust the

relative positions of the conductors to determine that position at which
maximum quantum tunneliing current is detected.

3 Apparatus according to claim 2 wherein said adjustment means inchudes
15 . one or more piezoelectric positioners. ' :

4 . (amended) Apparatus’ according to any claim 1, 2 or 3 wherein said
B = elongate electrical conductors are substantially aligned in mutually paraliel
),\ ) relationship whereby said relative angle is a measure of misalignmem o
between the conductors. .

20 5 Apparams according to any preceding claim, wherein said elongate
electrical conductors are arranged in respective ordered grids or-airays of
 electrical conductor segments, Which grids or arrays are complementary
and overlaid to place the conduétor segments in sufficient proximity to
obtain detectable quantum tunnelling currents.

25 6 (amended) Ap‘paratus~ accordmg to claim 5 wherein the conductor
segments of each said grid or armay are substantially parallel but aligned at
said relatjve angle to the conductor segments of the other grid(s) or

... - .?.'
el L 3REET

HIAHEA ] |



scattering wells. (new) Apparatus wording to claim38) wherein said lattice
further includes an array of magnetic elenents formng the_ | afd ?003
creating lionat domains at or between said cross- f"@ceﬂ@d@ﬁiuﬁ_?

Appar at us aKxorcgng to any one of clainms 27 to 39 further i ncluding
apply said electrical potential difference, and means to detect and/or
measure sai d quantum tunnel |'ing carl@ent between said grids or arrays. 41
(new) Apparatus for neasuring and/or nonitoring the relative position or
di spl acerrent of two elenents) including: respective ordered arrays of

ans -~

par al | el W;e el.ectrical conductors adapted 15 ~ . ~..~ ~ted with
t he respectq 1enents; and ~ ° s nmeans for disposinging the arrays at a
nmut ual separatlon in which the e~ri~l c~nduCtors of the arrays are

subst tlal ned i,n nmutual |l ara relati onghi.p, such fhat when said
el ene Iﬂ%ﬂ éﬁ’o’p@ga'f’ é@ %sgfi oﬁﬁ?'ﬂ'et"éﬁ F9"€‘l’°t8'éf’89’@8ﬁ €’§ ors, a

det ect abI eeﬂéﬁiﬁﬁq‘ 5,1,5‘;[1 ﬁ@cﬁkﬁ mrat ed between the conductors
on application o ectrical pot e'r]x9 |fference bet ween the conductors
exhibits a series of peaks that provide a measure of said relative position

'nct ull ng (it “ApfiéhusSpgang” G Hhiedidy D where ShFT < o

detser i ne ¢londaie @lectticalh¢cortuctorseare nolhthiu ardernott picrehl i) gapoimetelt | S
detected. 43' (rvwv) Appar atus according to clai'm 42 wherein said adj ust nent
nmeans ;. .Y T~ ~ 5 MAR 2003 Received 25 August 2000 - i5
i ncl udes one or nore piezoelectric p03|t| oners. 44 (crew) Apparatus

~accordi ng to claima4l), 42 or 43 wherein id elon e e] ectrical conductors
‘e FRLRS raiio n Sk s Whecon el HBnGRIS dectissl om0 ot b

) accor dl ngawcsib%hm%m ®F Thandwires! aas}ast:ﬁnﬁ&sgbrme%n Qquasnehgt ors are

car bon nanot ubes or nanow res) or mcron to sub-mcron quasi orre

di mensi ondimensionateonductors. ~') 46 (crew) Appgratus wording to any one of
clains 41 to 45 wherein said conductors are associ-ated with the aforesaid
el ements by being nounted in or on respectlve irti ng or sem c~nductive

sithsiPat cAPparatus Aqrording I ANy mdlas im wherein eonguclers are ai d

conductorgsngﬁmgdl aﬁ!{é%(fl r C trates .

(newt Apparatus accorﬁﬁgr 0 any one o @aﬁn’é& @te}*;qamhé?e&zach sai d
el ectri cabspentivel i mﬁmguhstrGeﬂectl ve atom c step on a

vi ci nat surface provi d| ng a substrate. 15 49 (new) Apparatus according to

any one of clainms 41.: to 48 wherein said elongate ell conductors conprise

respttti Mpam}neracsomnomhwgsamerm@am vendugters are dlushnwith & i ng or
sermi cond st~ Appar atus according to claim49)
wher.ei n swgﬁﬁgmse% ed and/or overlaid by a nenbrane or film

of insulating medium 20 51 (new) Apparat us accordl ng to any one of clains

B fjﬂe WWOF%W range ngs‘f’é’iEjf “Egp?ﬁgsv)s °

) iﬁpar at ueoxhsctords disposednalong & m‘spebhremtotﬂ:ctsleﬁbmbmmnal smiate
providing a substrate.

13  Apparatus-according-te any one of claims 1 to 8 wherein said elongate
electrical conductors comprise respective segments of an integral

20 conductive layer on an insulating or semiconductive substrate.

14 Apparétus'according to claim 13, wherein said segments are 'separated ‘
and/oroverlaid by a membrane or filrfi 6f insufating medium. "

15 Apparatus according to any preceding claim wherein said mutual
: separation of opposed surface segments of said electrical conductors is in
25 the range 2-50 Angstroms. -

AMENDE?? SHEES



mut ual separation of opposed surface segnents of said elec L ﬁARB .
rs. ~F. ~ ,- 5 MAR 2003 . .c v. ~.nv~yrWi.i Received 25 i 29%3.
conductors is in the range of 2-20 Angstroms. 53 (ngubivePDsAdfwst 200601 di ng
to any one of clainms 41 to 52, wherein said conductors are in one or nore
conductor segnents of length in the range f 0'~ to 10'2m 5 54 (new)
Appar atus according to any one of <llins 41 to 53, wherein said far

di sposi ng said conductors at said nutual separation includes an
interviewing fern and neans to confine said film 55 (new Apparatus

accord| gt | ai g LN 'I | S..a fli organi c

medi um 8eg a Or?féjgn?aé&cw EB % %8%%((?@@\4 g'ﬂﬁ’) ﬁe?‘%'ﬁaé@k{n d'%ﬁ'ﬂfe{]o any one

of clai ms 4depafation, ofdpposed safack BBgMEnisCsf shid pREtrital EandLctedyGhor s at

- said nutual separation includes nanutube or buckybaN (Ce,) bearings. 57

(new) Apparthe fiangecof&-20 Aostiomsy one of clains 41 to 56, wherein said -

position or displacenent neasured and/or ponitored is one or nore of a 15 ~
rotational or angul ar separational displacenent, a vibration, a |inear

separ at7 on Apparatusateustiog 1o any précedingtiaiem whereinssaid condictors Gge fmewt ’

Lo gl y 818 O MRy eppaiiier el of @nah i toe Fanm e 0% et ot andl or

neasure said quantumtunnelling current between-said~corrd~ars. 20 59 (new)

A net of d/ t t 1 at
G opi dB m”%?ﬁmc& R, R 31, prencty cleim, Suseeine sBRG, oS Mot s wi t
respect i vedigholivg Sai'cordudbry dtaaid m‘m@a%aaaiaﬁoﬁlmwé&éﬂ IfENBHIPGC

.segnents; disposing the grids or_arrays in a conplenentary and overlaid
tual ° isaktfme conduct or segments in sufficient
)prommtythat) on N1A~:~? ~:;:~. . ~ccnr~~ ~ -- 5 MAR 2D03 . ...,n.~.w,

ns Recei ved 25 AugusE 2pp§ 17 aEpI ying to the conductors _an- el ectrl cal
pot ent? al Arperalps aceording hare said intervening| iim s atilgmoet a8Anel | i ng

1 ent b%}W érgjgng;%n? ent. and detecting andl or neasuring said
quantumtun el T ng cuUrrent 0 (new A nmet hod according to claimb59,
further including adjusting the relive positions of the grids or arrays to

ggt greztm'egteAgas:ams HRESrdRi 16 | AR precelihg Noiifn| WHBHR adid neHAS Siok| N9 curr ent
disposing said conductors at said mutual separation includes nanutube or

buckybail (Ceo) bearings.
21 Apharatus according to any preceding claim, wherein said position or
- 15 displacement measured and/or mohitored is ‘one or more of"a rotational or
angular separational displacement, a vibration, a linear separation or
) transiation, an aignment and a misalignment. '

22  Apparatus according lo any preceding claim, said elongate electrical

. conductors are arranged in respective ordered grids-o#arraysmf—*&e:tﬁeal

20 conductor segments, whereby the cross-over points of the respectwe arrays
_ define a lattice of electrostatic scattering wells.

23  Apparatus’ accbrding to claim 22, wherein said lattice further includes an .
- - -array-of-magnetic-elements forming the tattice and-creating” 1-dimerisional

domains at or between said cross-over points.

25 24  Apparatus according to any one of claims 1 to 23 further including means to

Rl Tt o Lol o W e X3 oourd
A7 BHEES



61 (mew) A method of neasuring and/or rmnl toring the rel ati pg'ARt Izg(I}’IBO r
di spl acenent of iwo elenents, including: '10 t5 20 associ ati ng the el enents
with respective ordered arrays of-parallel elongateggleffld28 ft20e9~t 0~S;
di sposing the arrays at a nutual separation in whi cﬁ the el ectrical
conductors of the arrays are substantially aligned in nutual paraMeH
rel ati onship) and applying to-the eb&ductors an electrical potential
c~rtfer~encae such that there is a detectable ' quantumtunnelling current
generated between the conductors that exhibits a series of peaks that-
provi de a e of said re sition or dis cenment; angd dete-~r~g
and/ or measméps 5@‘3 %fe%m Bﬂﬁ"hﬂﬁéﬁﬁ ﬁ@cecu?'?‘%ﬁf'ea'gﬂg h@(\ﬁ’z‘?{ accor di ng
to claim, %asuférg‘a udritGUdhREiRPbutPérit Banbéén 9&80398!:&&:@"5 of the arrays
to determ ne one or re posi tions at Whl ch maxi mum quantum tunnel | i ng
current is detected. /~ ~w "1l C Lt .30 ~ostlt tlrCdi~lV
0,

P51 58, A Cimkfii) WS of st Shcrbr MehitbFnGthe bt Fosiion
Ul c*al] ca] arldisphdcenidnt obivinbleneints; ibcladihg:a] cal caU] cal caU] cal] ca] caU] ca] ca
U caljcaUcalcalUcalc aUc aJc aHL Zw} ~ L=C_
rf|wgkfa\W]ca]ca]calcalUcalUc aJc-
a] cg] ca] cahesdeitingahe eleméns withfespeainblelengaté bicdlical addimiens] cal ca] cal cRa
Ul caU] ca | x<F{/8; >HR~#* @Q upj e_ZTU] ca] cal] ca] caV] ca] cal] ca] caUl.cal] ca] c
«a]lia] coa/]ecégaispa&ﬁﬁaiﬁmé&md fa%fﬂ pdtGal Sepafatic wiUh vilriele fdiaie al ca

C _~
} vqkf a[ Vj eanglejbeiwesnineceanduciors pod)|apphiing tq the cendusigrsan elettried) ca] cal ca

~' cal] ca] ca] C fél;
BE $$W&&D&m @%‘%)‘ﬁl‘g' mag% i 4 %F\&ﬁ?m Auanim. luneling
- UV] ca] cal]|asientbbiweehdhé cabfiuctbrstbhtis]aciunttion oht#ndaéleJhnglhca]\da] cal] ca] ca
] caU] ca] caU] ca] caU] ca] ca] ca..r/ 000BOJOKOMI00000011d111Z2a2u2r 3{ 3a4e4444(H| v
ghoal V] e Wmm]mmmm]mah&lﬁa@ cabkn] cal cal caU] cal ca] c
a] cay ca] cal] cal] ca] ca] caU] cal] c”a] caU] cal] cal] ca@®V59688z9999=:: 3;t;

i >E‘J]$>bm methiodogt odingd @B QR R4 Tunfies_i :iiiﬂhhmﬁ ﬁd}iﬁ]hﬁgahé rLej]latwe | cal ca]
a] cal] ca calc ca] cay caU] ca cal] caU] cal] caU] ca]ca] caU] ca]c
a] ca] ca] %&@&é@%@& AKED%QA% wlgb]We._
ZT] 1 U] ca] priabaiimhhajdasiftins ivired wd@ablega] caUl ca] cal] ca] cal] ca] cal] ca] ¢
a) calU] ca] ca] cal] ca] cal] ca] call ca] caFFFG$G) G3F CGECHOHRHUHHHHI JJ aJ KKKKLW.mLL
LLL{vgkf  ZUj e_ZT] ] caU] cal] ca] caU] ca] ca] caU] ca] cal] caU] caU],ca] caU] cal caU] ca
] caUpga] caiew)hpadratus] for headdningl aad/en seHitornhombC ridtivel bo4iidAVghNNL Cg OOPQQQ

RR4SASCS SNBSSXSpSvS{tojd Z calcalcaU calcalc a c aV]c a
15 cemenpoﬂw %mentlsJ]i lu!:ﬁng! H caj cal M v

¥

, ‘respective ordered grids or amays of elongate electrical «eonductor
) ) segments adapied 1o be associated with the respective elements; and

means for disposing the grids or arrays in a complementary and overlaid

mutual separation-to-placethe-conductor-segments in sufficient proximity
20 for a detectable quantum tunnelling current to be generated between the

grids or arrays on application of an electrical potential difference between

'the grids or arrays. |

- (Wew) Apparatis ‘according to, claim 27, further including means to adjust

_ the relative positions of the grids or arrays to determine that position at

25 which maximum quantum tunnelling current is detected.
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Wi c =5 MAR 2003
- a]ca]ca]ca]ca]calca]ca]ca]cal C;U] ca] ca] ca] ca] ca] ca] ca] ca] caL J,‘}?U] ca
. vSSSt TTTMJUV* VWWWWGWAKDb XXXYYYYYZ
;ZSZt Z=7CZ}wr | gb] W] U] ca]ca] cal]calU] ca]c"alc"a]c"a] cal%ﬁcg'gf%g] éﬁﬁ‘t%ﬁ@&?ca] ca

] ca] ca] calU] ca] ca] caU] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca

CzZzZI O[T\ #)\ N bW\ Z) 19 K’\&"{ui)j dU]YTI ]gb]\L/J]\]caﬂ ca} 22& 22} 22&2
cal Cal] Cal| caUj cau] Ca
Z]Lﬂcgalﬂch?]cg?tﬂaﬁi%aﬂﬁ?] cedealoadcal eal 8a>aaaaaal/ bb{vql f [V]]ca] cal] cal c

:} ﬁ:{f?lgf’ca m}i\%&%ﬁ%} Cg%jvﬁ}@a{% géﬁ‘ Cgﬂ %g] 58 Werein said adjustment

bbb7 d 6 SR dnt dsré Ipid26blec e @deitiondrs. [ U [ VI U ca] ca] cal ca] ¢
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( )conduclor segments are carbon nanotubes or nanownres or micron to sub-

micron quasi one dimensional conductors.

34 (new) Apparatus according to any one of claims 27 to 33 wherein said
157" ‘means for disposing said grids or arrays at said mutual separation includes
" an intervening film and means to confine said film.

35  (new) Apparatus.according to claim 34 where said intervening fi lm is a film
of an organic medium, eg an organic solvent.
36 (new) Apparatus according to any one of claims 27 to 35 wherein said
20 means for disposing said grids or arrays at said mutual separation includes

nanutube or buckyball (Ceo) bearings.

37" -(mew) Apparalus according 16 any one of claims 27 to 36 wherein said
pesition or displacement measured and/or monitored is one or more of a
rotational or angular separational displacement, a vibration, a linear
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7) 40 (new) Apparatus according to any one of claims 27 to 39 further including
means 1o apply said electrical potential difference, and means io detect"
10 and/or measure said quantum tunnelling current between said grids or

arrays.

41  (new) Apparatﬁs for measuring and/or monitoring the relative position or
displacement of iwo elements, including: '

respective ordeted arrays of parallel elongate electncal conductors adapted

15 - . - to'be associated with the respective eléments; and '
) means for ¢§sposmg the arrays at a mutual separation in whlch the
) electrical conductors of the arrays are substantially aligned in mutually
paralie! relationship, such that when said elements change their refative
position laterally of said conductors, a detectable quantum tunnelling

20 current generated between the conductors on application of an electrical
potential difference between the conductors exhibits a series of peaks that

provide a measure of said relative position or displacement.

42  (new) Apparatus according to claim 41, further including means to adjust
~-the-refative-positions-of the corductors 16 determirie that position at which
25 maximum quantum tunnellmg current is detected.

43  (new) Apparatus according to claim 42 wherein said adjustment means
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.45  (new) Apparatus according to claim 44 wherein said elongate electrical
5 conductors are carbon nanolubes or nanowires, or micron to sub-micron

“’) 46 (new) Apparatus according to any one of claims 41 to 45 wherein said
| ) conductors are associated with the aforesaid elements by being mounted in

or on respeclive insulating or semiconductive substrates.

10 47 (new) Apparaﬁjs according to claim 46 where said conductors are flush
with a surface of the respective substrates.

48  (new) Apparatus according to any one of claims 41 to 47 wherein each said
electrical conductor is disposed along a respeclwe atomic step on a vicinal -

surface provvding a substrate.

15 .49 (new) Apparatus according to any one of claims 41.to 48 wherein said
) ) elongale electrical conductors comprise respective segments of an integral

conductive: layer on an insulating or semiconductive substrate.

50 (new) Apparatus according to claim 49, wherein said segments are
separated and/or overlaid by a membrane or film of insulating medium.

20 51 (new) Apparatus according to any one of claims 41 to 50 wherein séid o
mutual separation of opposed - surface segments of said electrical

"'condwtom‘lsinmraﬁgé ZSOAngstroms T

52  (new) Apparatus according to any one of claims 41 to 51 wherein said
mutual separation of opposed surface segments of said electrical

AME»MTIZT opnT



#3n" 85" 10968 ()= | JaIIKKLI [ bCl Y 3n¥A0%(F& ()-: 3mhi0% & %) 2003
qE#) MA0% * " & ()-0 GO#) nvd0Yd* 4& (%(g '(;#10%% (1 2) 50) MARym,,“
#"10%*y& () - LMWLLLLLLLLVU4 - 109%Xp) X& A D g*"ro*
>10%/%z {)-(é: U 109R& ()- S&) "10% & () - LLMVMVEN] [ : ng"“‘Qei‘é

f2110%) & ()- ) 10%Kp) X& () - F&lO%(p X& ()- 'y 10%Kp) X& () -

S, 109%p) X& () - f GNNgOOQQQ( [ : v #1Mp) X& () -G [, #10%p) . & () -G
$110%) & ()- jF 10%) & ()- }yM 10%) & () -

f9110%) & () - QRNRRASGSHSI SJS| [ NA410Xp) XL0Xp) X10Xp) X 3 y>10%Xp) X& ()-3

y5xspsy Sust TR b8 W fehgmior a0 Adions: ) 1006 (" Viowr ()
sLlOO%& () - @9%00/;/6;& ()-1 tTUV"WGV\X\Y$&1§A41O 0') 109%8& () - TOS#&lOfV&& () -
B o B 5 8 S TR i
gglg/ai%%(<1|<& &6%10% & () nbZ: zé%%%e%%qﬁfi%é@%%g

| @! 10% & (p* to#m & ()- Ks#10986 9%& ()- s9: ! 10%*~& (
S109% & ()-#\\Z]]" AU [:vU4  n3+! 10% & () - &(MlO%‘&() CYL$#10% & ()-t
3"10% & ()- o! 10%* ~& () &&10%& ()-~n |[:-410$ 0=109%%& ()-
A=19%548 ( [new)7Appé &rly) ofe df$ciaNAS4)to 53, wherein said

[$10% )& ()- L G410$ =109 & 1Q98 & () S109% & () - 10% & () - F
52 e AR B
100 & ( Yea i ox s g .

8%&()() ““““ ansz410 510%&() 109 & ()- ' P- 0%&()- -10%&()

%W & ()
| ) 55  (new) Apparatus according 1o claim 54 where said intervening film is a film

of an organic medium, eg an organic solvent.

10 56 (new) Apparatus according to any one of claims 41 to 55, where’vir'r‘said
means for disposing said conductors at said mutual separation includes
nanutube or buckyball (Cgo) bearings.

57 (new) Apparatus according to any one of claims 41 to 56, wherein said
- position or displacement measured and/or monitored is one or more of a
15 . rotational or angular separational displacement, a vibration, ‘a linear
: separation or translation, an alignment and a misalignment.

58 (M) Apparatus according 1o any one of claims 41 to 57 further including .
means 1o apply said electrical potential difference, and means to detect
and/or measure said quantum tunnelling current-betweensaid conductors.

20 59 (new) A méthod of 'rrnleasur_ing and/or monitoring the relati\)e position or
displacement of two elements, including: | '

‘associating the elements with respective ordered grids or arrays of elongate '
electrical conductor segments;

disposing the grids or arrays in a complementary and overaid mutual
25 separation to place the conductor segments in sufficient proximity that, on
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10 associating the elements with respective ordered arrays of parallel elongate
electrical conductors; | |
disposing the arrays at a mutual separation in which the eleclncal
conductors of the amays are substantially aligned in mutual parallel‘
relationship, and applying to the conductors an electrical potential ,

15 difference such that there is a detectable 'QUantum tunnelling current

- generated between the conductors that exhibits a series of peaks that_.

provide a measure of said relative position or displacement; and

) g m and/or measuring said quantum tunnelling current.

62 (new) A method according to claim 24, further including adjusting the
20 relative positions of the arrays to determine one or more positions at which
maximum quantum tunnelling current is detected.
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