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MEASUREMENTS USI NG TUNNELLI NG CURRENT BETWEEN ELONGATE CO\IDUCTCBS,:-J F[j] Eé (12093
Invention This invention relates to the accurate neasurenent and
monitoring of fine 5 reldtive positions or displacenments, eg. rotational or
angul ar ¥We@er4#Té ons or di spl acenents, vibrations |inearPGepGINTIBNS oOr
transl ations, alignnments and misali gnments. O particular, though not
exclusive, interest is neasurenent of angles. Background Art 10 Known

devi ces designed for ultra preci se neasurenment of angles include

aut ocol | | MEASEREMENTR YSINGRNNE NG G BHENT BETHREN %GQE%F%’?%E%%F syst ens.

Aut ocol I i mat ors use neasurenent of angular deviation to determne in tum
eg, straightness, flatness, squareness and parallelism Mdem mwﬂmﬂwwﬂmm“m
| aser di ode tight sources and beansplitters, and incorporate a

i n the eyepi ece 15 vi ew ng SyFlefdof Miveation at € nmeasur enent of angutiesies*

di spl acenent. Typi cal best accuracies are 0.2 arcseconds, for a nmeasuring

range ' of 1¢RicahGsiribANEftes 10, hekdteiatd HEARsREASENY %%mﬁhhgrm%e a pair of

radial gratings rotate in unison at a uniformspeed and are”scanned by a
pai 15 ofrelatnedipogitibasdeyr. didplasenlenthee® rdationgli onanguidri separations er noves

t hrough. t he angl e .t e e T 0 re ' has hange hetween the

t wo regﬁpragﬁfnegksg n‘gﬁ?%f’gggﬁéﬁ{dgg?ﬂ%ﬁ%&of&t krga%%ﬁgﬁ?'o ﬁ‘ﬁg'?'%?ﬁ‘g ﬁB@eabl e .

r eadi nghigtigHmentsh Qfepaticilat, ahblgh ok atkclueh@, iflerast deymeakirenrat ict said to

be 0.1 arcsecond. These ~ prior devices are reélatively expensive and

typi caPPge$-at her |arge instrunents. Often they forma. key part of another

scientific apparatus, such as a 25 diffracteneter, where the precise
_.A:i\easure of angle determ nes the resolution and quality of an instrunent.

Accuracy of angul ar neasur eneBackgroud Atbj ect of Zhang et al. "I nproving
the Accuracy of Angle Measurenent Systemw th Optical Gating”, Annals of
theg ~. KR déVices\edigHet\Voo uittal P&y BER3arednent of angles include

autocollimators, diffraction based systems and gears based systems.
Autocollimators use measurement of angular deviation to determine in turn, eg,
straightness, ﬂatness,_sqﬁareness and parallelism. Modem forms use laser diode
light sources and beamsplitters, and incorporate a micrometer fn the eyepiece
15 viewing system for accurate measurement of angular displacement. Typical best

. accuracies are 0.2 arcseconds, for a measuring range of 160 arcseconds.

In 2 known goniometer-style instrument, a pair of radial gratings rotate in

ﬁilison at a uniform speed and are scanned by a pair of reading heads. One of

) these is stationary while the other moves 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 prgcisge measure }_Jf angle determines the resolution and

quality of an instrument.-

Accuracy of angular measurement is the subject of Zhang et al. "Improving

the Accuracy of Angle Measurement System with Optical Grating”, Annals of the

AN
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CIRP Vol 43, No. 1 (1994). This paper proposes the use of index grasi Eﬂg
with sine function transm ssivity, and other enhancenents, and reto t n2003
accuracy of 0.2 arcseconds with a prototype instrunent. It is an object of
this invention to provide for fine neasurement and 5 ~~ nonitoring of

rel ati ve W¥476ns or di spl acenents) whet her angul ar, | ipcFarueme7es her wi se,
to a satisfactory accuracy that is preferably better than that achieved

wi th known instrunents and techni que$§. Summary of the Invention The

i nventign_proposes . an approach.quite different fromthat previously ~ " ?0
used) atﬂﬂgn\’&i 43 Nynt { g‘fﬁ‘ﬁgqﬁﬁ% PEASMPIARCEER A LSA P dNFeeamRlings Wiln t wo

pr oxi ma i : t _ I S] ln a
preferr %@egfbnﬁgtydng%s)ﬁg %\‘gk%ra?g%h% @i'ﬁ'g%t% ngsfb r?gﬁ{:l{ég(ra g %yé%g?a& Y e‘ﬂ:, and

t hese A2 adsecunagevinsd pradatypamstresmesshot ubes. The i nvention accordingly
provides, in a first aspect, a nethod of measuring 15 and/or nonitoring fhe
rel ative position or displacenent of two elenents, including: ' associatlng
t he el enent St s tan robjgob cafi this dhvangjan etoe lpextide dat finen duedsorsthernsti 3p@Si ng t he

condyct or Sadt efecably. i n approxinate alignnent, a nutyual separation and
appl i ngeatomg. of e epB?%ﬁqqsaP'a‘%’??'@?gﬁﬁﬁtssm ﬁétaﬂ%g‘l’e lipary ofet ect.avl e
quant urathewied, | tb N satistacBly BESUNEE tHah eSTpreTaFhLAP béﬁéfﬂ{dnn@;aﬁa%e{/e&masur i ng

said quantum tunnelling current. Preferably, the relative positions of the
conductwittsknownigstiuments andilecbRigie® t hat position at which maxi mum quantum
tunnelling current is detected. ' In a second .aspect, the invention

provi des apparatus for use in nmeasuring . " and/or nonitoring the

rel ative position or di splgammkary afm@m\,g.l',@&gnt s. The 25 appar at us
.-bﬁncl udes a pair of elongate electfrical conductors adapted to be associ ated
S Wth the TepReGhietfioR ABBBLSS af A05 duRte GiERMT! d rS,-~ 5
MAR 2003 .. rvvV V\l_)_oo /1. W6 %CTn?b 99/ 00733 3 ’%g{rief eréﬁﬁﬁ/ﬁﬁ’%ﬁﬁu N y
al il¥nedsedy anduahiajis pmanitbang ribeaguanm ptunaellingmeuaant depeeart it such t hat

he apploiifiectiBahid) cotiions {refdtabbr Hag WindRERIE! Oy diriferind "o "
conduc_emlbedipﬁnfhwvmmmyatd ofs alignedt uo:gdhmto:isnniaévflbemts ared a'ﬁssbynﬁqi d
P el PRGIRSRoPEbaLarRBs AAORUBE ALt or 5. Pref er bl y. the appar at s,

further includes nmeans to adjust the relative positions of the conductors

to determ t.hat positli j. i.nym_quant um 10 nnel l ing current
i s detected. e.lnﬂ\éer&% ﬁﬁ%ﬁﬂnﬁ Bygs]‘}f)c?%(te%an%rffg‘{ r%f?‘%{; aowggraﬁt #ﬁ?%asb’f"" .
r ol Bt i apvlddr monitoringl the relathee position or didplapemeatehiwo sleviditsitinahiding: | | near
separation or translation, an alignnment and a misalignnment. Preferably, the
el ectrical conductors are of width 1 micron or less eg) in one 15 : ~ or
nor'e enbodassodatingthe wilethénts withhrespectivecrldegate @lactbealiconductomnge. | n t he
| atter ,case, the conductors may be carbon nanotubes of arbitrary helicity.
or radius) either single or multi-walls of carbon nonofil anents) or :

- ~panowi r es. disposing dhe eehgyctorseprefarablytiorappreximats adignment; rabra motuwalhb- ni_cr on

~-quasione- géﬂggrgt?drp Q% applying an electrical potential difference such that there is ~
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 maximurm quantum tunnelling current is detected. L

In a second aspect, the invention provides apparatus for use in measurihg
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,



conductors. tn sone enbodi ments, the conductors nay be of Ie{ﬁgv];mﬂ.R npuesr

| ess. - 20 The conductors may be associated with the aforesaid el enents by
being mounted in or on an insulating or sem conducting substrate, .~ -
preferably flush with a surface of the substrate. The substrate nmay be, eg,

- a sol'id ayopwunstal face: The conductors nmay be placed P%LrpAqg?/é@? ective

atom c steps on a vicinal surface. --_- Advantageously, the e -i cal -
conductors area arranged in respecti8e 25 ordered grids or arrays- of
el ectrical conductor segnents, preferably wired in . _ parallel e.g.

t hr ough peefeiablyl substppliallyl elighedniri chutgallyl paealledr fefitionahip, GRNP| MERRyary and
overlaid to gql’ace tﬂ}eqsco duct%r segnents in sufficient proximty to obtain
LSPRL AL R PelsRiable AEarum Rinpglling currest mEy begenewten)/ 14476 .

PCT/ A ' @ Rar g : ' | v Lon will now
be fur tﬁ%ﬁh@gé‘g@?rﬁboed, Iel;%f d\}\gflﬁgﬂ‘ Btteifg%{)#gnagn ﬁg@n\?ﬁ ﬁﬁ?'eel;‘ggéie“f‘gg'ﬁ h?ee
acconpaggniduglogs.awi ngs, in which: ¢ Figure t-is a fragmentary cross-section
of a first enbodi ment of nano 5 di nension device according to the

i nvention) with the respective conductors generally aligned and el ectri cal
conn&ct i ons Theagparates mayliugherdptivde dheaRs o appl daid poteatiaf diteiehes, of t he
enbodi t Figure 1 ip which t conductors are substantially at right
angl es %EI "dgérés %} (i!'este t’?‘ﬂdg v @Fﬁ?‘l’rﬁgﬁ? GUeniym B‘Q”%'F‘%ﬁi"@%&&ﬁﬁﬂ’i‘t%ﬁhat

utili sesndudidrspl e 10 nanot ube conductors; Figure 4 is a viewsinmlar to
Figure 2 of a nodification of the enbodinent of Figure 3; Figure 5 depicts
a variation of the enbodi nent of Figure 3, formed in a particul ar manner;

and , ~ 5 .Pieigably, thé appardtas’ feihed aichidesFhiangStol adpit 3nefremtiber t her
;-«:)nbodl ment of the invention that utilises _an etched conductive overlay and

fi | nPegienssy the cpadurions toslelermine thal PRAIPE R Which maxireursguediumnt of

Fi gor etuﬂ;nemﬁegeé,i,t\@dg@@@dji mensi on el ongate el ectrically conductive wres
10, 11, of wdths in the nano to sub-m cron dinmension 20 range, are

enbedded flush in respective insulating mediumsubstrates 12, 13. In this

case, the Whegisiiof ordieplaciéhtirhay B Bhae WrirAbleYofdd P&Qﬁ&a?%f gﬁénﬁﬁr

rel ati onship, at |, a separation or gap 18 in the range ngst rons,
such {SERAANRBMO%, Misplacemendas Yibsatiag, al linpars separstion orajsansiatibnbyare pot ent i al

: souraﬁgn,aenpﬁd)§ﬁ,;§£%nﬁ?’,\,quct ors, there is a quantumtunnelling current
100 between them detectable in suitable 25 detection circuit 27.

Preferably, the electrical conductors are of width 1 micron or less eg, in one

15 .-or more embodiments, of width in the nano-order to sub;micrpn range. In the latter
case, the conductors may be carbon nanotubes of arbitrary helicity or radius,
,eit!her single or multi-walls of carbon monofilaments, or nanowires. Altemnatively,

the conductors may be, eg, micron to sub-micron  quasi one-dimensional

) conductors. In some embodiments, the conductors may be of length 1 mm or less.

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.

Advantageousiy, the electrical cohdL_n_gtors are arranged _in_respective_ . _

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

detectabile quantum tunnelling currents.



- 5 MAR 2003 WOCa/ 1d4T6 PCTJAt J99/00?33 5 ' A suitable technique for

maki ng the enbodi nent is el ectron beam nanolithography, in whi thaa_hi gnﬁﬁs
conducting wire can be delineated on a sem conducting substrate. A
described, eg. in WIlkinson et al, "Electron Beam Nanolithography”) an
article i \WW@ppadgrxt " The: Physics and Fabrication of 5 Mcrostructures -and
M crodevi ces" (eds. Kelly & Wi sbuch, Spring-Vertag, 1986’F7W3?’00G§g3;cri bes
and illustrates a set of parallel GaAg conducting wires on a seminsul ating
substrate. In practical applications of the device, substrates or plates
12, 13 are associ ated or coﬂni&@e‘s@ripﬁﬁﬁ&ﬁ&h&%ﬁ%ﬁ@ts whose di spl acenent
or position is to be neasured or nonitored. 10 In neral, tunnelling
current 100 is proportional to the product of the |ocal densities of states

on a pair of Hig Wveniorewdchowdesfutther demBLEat in ofher ternms, to
the sum Qf E{:}%ﬁ_ﬂﬂu?re of the tunnpelljng mat r8‘| Q‘@ag’rrg{]?%%e%m Wihites . on
both el ectrodes g FCOPRAYINGLrawingst puhiehinct i on of the tunnel | | ng ¢
potential and the electrode curvature. Furthernore, quantum tunnelling
current is cr'Ft%.i cLa}I l%vﬁl dependent on the spacing between the conductors
because the qirant unmwWavERGTRRIENG SrassEagtion of andingti shibpdibést sendhs
conduct aimensibrmdavicendcédigingde rent will be a function of the -
relative an %e bet ween a&}gg_’lgr hﬁ%%ﬁ%@s@gﬁh%w{ iR srespactiven gemduictorst akes
advant age"@% ly ﬂ@'@#@f@r@ﬁ@tﬂgﬁmnemwsmﬁég&bnﬁmicangggairm%el ationship in -
that the detected value of the tunnelling current w 1T 20 change '
sharply as the | ongitudinal opposed surface segnents of the conductor nove

apart with i'M@¥BRihg Mmadifayinal ofathd/ embbdiatsit afi Piyire M %'Wﬁ?g or vice
Wersa. ddndociend Ard i I chr odi nger wave functions tor the gap

' X)B are found inﬁﬂﬁﬁgbﬁg"@%ch@?ﬁﬁagﬁm "Metal Surface Electron Physics”,
Perganon 25 (1996). It could be denonstrated from wave function anal y'si S
that the qu FETR § ki isc.critically dependent on the spacing
betyeen t hemggnducﬁjg rm ;ﬂwllo%'@’g'a gkeg {:ﬁg;eqtéh?ﬂ WFJ@“PUF]M atilisesoayitiple

ex neH?P%FPP?CB'M’@%:the conductor . usrface and the detected current wll
al so be a furiction~. .of the relative angle between a pair of crossed
nanoconductgrs. 30 The gap 18 between the aligned opposed conductor surface
segnent s i s 'S¥BAE@ viewisimilardo Fagyre @nofi s trrldf icbﬂoﬁ@tﬁ@?ﬂ% §§§%6Aoigstro'rrs,
nore [Figherably 2 ~- 5 MAR 2003 WO 00/ 14476 PCT/ AU99/ 0 9 ngstrons.
The conductor segnents nmay conveniently be of any |length that can
practicably be placed and aligned on the substrate and have | eads attached,
eg. in theFiguwgs de Oz Vari 8 may _he a partial vacuum or -may
be fill &d"yvi th an a%%t%op?ig gtgg&%%ﬁg&ﬁ S?ﬁﬁ’%ngP?%‘ngl'}éH%n%eﬁ%mé in G :

- accur BBEIY'AMANELANGY t he gap Z8 include the _. "use of buckyball (C-}
nanobeari ngs 20, 22, or the interpositioning of a separation filmof an
oqgani_,c ium gr eferably an organic lubricant eg. cyclohexane (further
di'Scl dsed HEYES 'S arkiew sirvlar to Eigutesuigand Boofleefiattigidrhbetimiehl ofhbeCt T Ve

Tappr oaeéntion idakenan rat el rallel fine separation. 10 The
adj ust ment ,neﬁgr?smngasgki ﬁ@l gﬁggéi g@@é"ﬁ% r%/‘ff!pr%éfs?ﬁﬂaﬁerf'ﬂﬂoapﬂﬂiWWbyt er--_

sui t 2ANgMu-Bledgetbtaahnglogyj ust nents at nano di nension | evel . The ‘-

af orenentioned effect is further enhanced if the ~ conductors are )
cylindri Cﬁ{ji}ﬁas for carbon nanotubes. In the case 6f, the grids or arrays

if the coffiUE®opmbedimentsofriigerenrectesgettived 3izdd-Gimerdis] E‘ek\j\d,é?'é%be an
sur

anpl ielectritane thsdicti i plt facilitate current nea t. However,
if the fi neg havehiquga\g’;c%'gn.‘t eﬁtﬁ'%’{% T’c}hE,”aﬂﬁéOﬁubdmidronmﬁmgmdsre sandwi ch

WOl t rHYeaBre embedded dlesh im reipuetise Mzalatidbl ANS: Lok, " C i {ors" which
can l‘?ﬁéﬂet %%e?,.gon and of f i r?c%pendenta_ll.ﬁ? r?%?#ﬁlgsaggﬁéﬁeﬁéﬁ?gédsn array of
tunnel T I g’ wel I'£8° #fSYRATRESS] W%Pﬂf@ﬁﬁy Rligned paratishrdrationdhipl B at one or
nor ea geparation or 48p AHo : t spect ratio.(length to separation, of
conduct or .se né%_g)h,_'gﬁgggfﬂxlzr{%éﬁ\%‘é w Tw&n@&&ﬂ‘fﬂe&ﬁgﬁiﬁnﬂ&ut he. t wo.
""gF"l"'dE?'ﬁ'Ptfao{' _ BCoas fappliey byl & patentidfi urce D6 bj:f‘bggr%eéoﬂhcﬁ)l L ernat ive.
eMboRe R a' quaflin Ruhhéif Soheht I U

a
t 100 between them detectable in suitable

25 detection circuit 27.



conductors conprise multiple . parallel nanotubes 1 Ga, 1 Ob, 1 Cc, t 1 a,
11 b, 12 ¢ . ~, 25-... _ ~e.Po. _sited on insulating nedium subgrsa!ﬁsR 3603
13 Procedures for producing a set of aligned nanotubes on a substrate are
described, for exanple, at Chauvet et al, Physical Review B52) 52 ( 1995);

de , 5 WRRYKIDE WO 00/ 14476 7 pCTI A U99/ 00733 Heer et gl @g}oﬁg e 268,
845 ( 1995): and Kiang et al, Carbon 33, 903-914 ( 1995). gerties of
singl e wal | nanotubes are described) Sfar exanple, in lijim) Nature 354,

56-58 (1991) Aand. lijima et al, Nature 363, 603-605 (1993). Carbon
nanot ubes of “a SYAARIR {echniquenddr amaking sthedestddimentatis Csibkirsly Kdadl . 5
Physi cahafsiith , : arti.cul ar techni que for producing a
grid of par al_f‘deylaﬁg%ﬁau“g?é? %2%%%?%&58?9é‘ﬂ'ieecﬁ"bpetcpﬁ'@e?WefPﬂ dosermis by
epi t axi apndustiogisubsinatel Thizaizotedieibedr et hew;m@,ggndétnansé@&r&gggeuct ors on
t he at O,(]Lﬁo' ,&e s _of a vicinal surface produced by sliting a &) at an
“angle to“a B POY b1 2heartigiee iR elhgr deXtonThe - Physiconand t BabricdtisggpENt S May
be r&guMitrostfuctutes @antiMicrdtidvices” [BE! fe iy arallel Figure 5 shows a
nodi f; cation of the enbodi rent o;&%i 5%!’2&3(".?% |cl§aqnﬁg'\{%ﬁ8t 4888 are
deposi t'B8t fescrikes apdyiluatratesca set ob parailel Gaagicngletifg WMres ba #RBeiSt epped
h"the

vi ci nal; Lau . 4.ilJustrate, enbodinents in which 't

res pect'?s?/}égﬁ;?r ayg‘: l'(b)% Eﬁa r(:a%ﬂ%%pwcsatgps Hf @‘Fo‘i'ﬂ"'%ﬁHP%thiﬁs or platgsoiayr der

di mensil@ngrenassoaiated nemobuies , to ale8padtivaNeRfheaid mﬁcfgﬁ ggggﬁéﬁ{,ﬁ éﬁllo of t one
[ gles to

array LR..ar. o ubstrate 212, extending substantially a

t he Cohgsdgérb?ssr}o e megsured or giaRlpregk ray . in oc on. substrate 213. Instead of
a right angle, the angular relationship nay be at sonme other angle, eg. to
f or1p‘|a di anpnd or rhorrbgi dal type of two dinensional -~ 20 lattice. In one
- dppli cati on @ENERLHURRCIDG SHARRLHAO isrRrPReRIBNG! tat thii prbdigctaof Ithe geanunber  of

conducdansities nsfSstate@cors at p&lf of &8 vV | 2 (Ll _forman artittciat
scatter] g I aﬂtet oo of feciive tameeny ?e%ﬁtpga%teg?ﬁ g&%qcé?ﬁj'o‘?rr'gc&gﬂr paral | el
to t hd®TxhdQitie sumy ofcthgrsauars ef thecuspelling Fisrib etensenms beevss SiagdOr arrays.
- 1f eacih bothelédtrddede I SRl bRal nnected) ie they are not
electrically in. S&?J’E&? j%{)hé/é?%' > 2’5‘)’?'\%"#'"?/%@"%&51%? ?”Gi RAENUAN and which i s
an anfto@! ’°§etmnsFmﬂa&mm.nhaﬁmtugﬁﬁm’inéﬂﬁ’fg URERE idVdificedef i ned

sca t bé}w F S erddhi Lation of the scattering lattice) 1t may
furt hg$ i_ncelgﬁ e g‘% E rér}ggg ggtwr%éntg'ﬁ@" P@Wéﬁ&‘?‘:@ﬁ?%ﬂ?@ quaetum wavee and
cr eat fungtian dlecayss iespanentialipioussias tis RAHUGBR sLRBcE! 959 tAY SleAb]t S-

current will be a function of the relative angle between a pair of crossed

" nanotubes. The invention takes advantage of the aforementioned exponential
and angular relationship in that the detected value of the tunnelling’- current 100 will
20 change sharply as the longitudinal opposed surface segments of the conductor

) move apart with increasing rotational and/or translational misalignment or vice
versa.

‘ More particularly, suitable Schrodinger wave functions for the gap 18 are

~found in Kiejna & Wojciechowski, "Metal Surface Electron Physics”, Pergamon

25 (1996). It could be demonstrated from wave function analysis that the quantum

tunnelling current is critically dependent on the spacing between the conductors

because the quantum wave function decays exponentially outside the conductor
--surtace,-and-the-detected-current Will'alsé b& & fundiion of the relative angle

between a pair of crossed nanoconductors.

30 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-



- 5 MAR 2003 Received 25 August 2000 -8 Figure 6 is a further enbodi nent in
whi ch- each substrate 312, 313 is atomcally snooth freshly cl eaved m ca)
and the conductors 3i 0, 31 i are formed by etching an overl ay=8§0MAR32003f
gold, and then filling the interstitial grooves by application of a
mol ecul ar WMGk4yer by a Langnuir-8l odgett process. The two 5 arrays may be
separated as before by a cyclohexane or other suitable of§&HU8%0FE i cant
film 318 maintained by a~ outer thermfshrink wap 340. The illustiated
devi ces ajqugégtectivghel ectro- nechani cal nanodevi ces. On the one hand) they
may be appl e ot h FreRsdvdaksrgroenta mue sonasritaly B of ah@lé it ati onal
speed; ardndrad t ' | at, m croscopi ¢ and 10" nmacr oscopi c
| ev~el . Rot_gjt i Oﬁg?‘?gﬁ%‘aﬁ%%ﬁh%gﬂ%é%m ; S'f"é?traéﬁaﬂﬂﬁfl kaveplpade atitachiew) t he
nurmber of9ciirthe rangesbyi toal Qn lomgit of time. It is thought to be capabl e of
an accuracy of the order of 0.01 arcseconds over an operational angular
range of 20 % so. Alternatively, the illustrated devices nmay be used for
nmeasuring or G Bninagrben@ pettial vieulrh 'GRRMAOE: LR QL transl ation. If one
substgatrﬁebip tksu.e.errbodi mantg of Figures 3Fna§ g%lcfh'%gi with .an, appropgatg t h
respect to 't he SGiARE arangemens for pecurataly mesntainingthe G118 iRdades HPser ved
i Nt unneiskiof GuekytafTCe} Han ; j nce,.traversed wlt be given by the
nunber ?h%er%_gea S t?%f”"?ﬁ?ozrg%aﬁﬂeo'ﬁy%e?%%wwéacsgmcaﬁmrs; t he
resol ut{’ 1 preg@icomedivgn. preferabiy an beganicliubriétniodg. IR ORHCHOLS),. |- €

- - 9 RSereRe g
about 28f3c868 ber méﬁﬂﬁ“ﬂtﬁ@% aﬁal | abl e manol’l t hography te ol ogy)
but about 10-30 Aﬁz'st FOnB Wt & B8 @Partividary, eHectives prroatit vans| at i onal
ef f ect sMadtenansetaf accuratehpparaliéiding kdtfym. Moni toring or measurenent, eg.
~i\n a sei snograph. AMENDED SHEET | PEA/AU '- 5 MAR 2003 Received 25 August
"QOOS‘Q'-Q CLALMS 1 (anmended) Apparatus for neasuring and/or nonitoring the

rel &five podheiasinstnedi mphas emyrinciofe pierolRiRNLSeitid ing: ai r¢ of
el ongateg;: Lcal nductors, adapted to be aséggflgé%é%\?ﬁkpﬁw?w% (~
'sBitEbIE A der Rl RS 1p |
respective el erents, ISHmeots: Y nagodimensigntlaeelconduct ors at a nut ual
separation wth a variable
The aforementioned effect is further enhanced
cylindrical, as for carbon nanotubes.

if the conductors are

In the case of the grids or arrays if the
conductor segments are connected in parallel, there will be an amplifying effect

15 and this will facilitate current. measurement. However, if the lines" have

- independent connections, the grids forming the sandwich will be able to act as two -
dimensional arays of point “capacitors” which can be switched on and off
l?dependently. forming a “pixelised” array of tunnelling welis.

) The tunnelling current 100 will exhibit minima at one or more positions C
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 perfect)
aligned. ' e

.
-

Figure 3 illustrates an altemative embodiment in which the electrical

conductors comprise multiple . parallel nanotubes 10a, 10b, 10c, 11a, 11b, tic .
25 deposited on insulating medium substrates 12,13, . .. - . .. ..o

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



rel ati ve angl e between the conductors such that a detectabl e quantum .
tunneling current which is a function of said relative angle mayn_'bé MAR 2003
generated between the conductors on application of an electrical potenti al
10 difference between said conductors. 2 Apparatus according to claim1~)
further. iYM@PULMT6g. neans to adjust the relative positio NuobhsFonduct or s
to determ ne that position at whi ch. maxi mnum quantum tunnel'l'ing ca_.rent IS
detected. 3 Apparatus according.to cfaim2 wherein said adjustment nmeans

i ncl udes,k 15 one or nore piezoelectric positioners. 4 (amended) Apparatus
accor di hipar&t ahypcanse 268, 849 (19958 anrdfiang etal| Gaﬂimn:ga,tgnaegﬁﬁfﬂgiggﬁl
conductors are substantially aligned in nutually parallel relationship

wher eby said_relative an?I e, is a neasure of msalignnment between the
conduct ors. P0e Prepartiesiolissingle ovall ngnotabesiyarpr eesedibeg, forckRidpleMysr ei n sai d
el ongat g gl e | Cc are arranged in respective ordered grids or
arrays @frﬁél @é{drr ??gﬁ ' %@%ﬁiiﬁ?ﬁ) %‘&n@m% ,e?\ﬁﬂ'i tatye; i@&%ﬁewsg@e

conpl en@atbhy namstube<iof 2 dakietyPbA®RelshgreC i 0 suf ficient

pr oxi m'%t,o obt ai n_det ect ableg qug’ﬁ)t um t u%%ﬁ%ﬁ%nb}gggg@%ﬁ%%@,( anended)
Appar at S&iaéﬁleMPWgB-tsﬁ-éﬁe(ﬂﬂQ@- wherein the conductor segnents of each said
grid or array are substantially parallel but aligned at said relative angle

to the conductor segnents of the other grids) or 5~ ~4A~, 2003 Recei ved
2' S August ZopRyticular techaigue yor produgingza ged af paraliel gohductorisaiymeAts 6 wher ein

the cop I ﬁ.ggrﬁﬁ;e 0f L ray are wired electrically in
par Sl gggzﬁzggie&deéjﬁgé{g’? ;%g%:’g'o&éf 0%3' gogﬂzzglpéﬁﬁcﬂ'gghﬂ %?Qﬁ')[/mer ei'n
sai corglue oodne @ gpssofad eicinil ¢ PRd i 0 _
- anone%e&gg;agr%ns' ons., .. 9 ABE_'ar at us acc_ﬁg di ngut 0. cFai nL%e8' %@gﬁn sai d
- oh ongafe dracty i ¥hEPISN IR & BPEALY PIANG o FNe\ SEPRMAIOD ©f thareamiduetor or ni cron
t 0 1ubsedroents mapde regeladioriReg AR but ®) SRk Yraterdifly t&rélwf.arr-aré&% %ﬁccor di ng
wherei n_said conductors are assoaated With the

to any_preceedi cl ai )
af or es odvse?é'?r%ﬂg%at'w og]ép?@"?ﬁﬂﬁ’l’f?@&f ¢frFigereod in adhielt they sanaisbesitareg or
sem cafuhesited in DALY o Pe sidceABRAAbHE 466071 18 4P clabm 9 here said

conductors are flushwith a surface of the respeCtiv yewal 15 12
Appar C8ccording to any preceding clai mwherein each said el ectrical
conductor is disposed.-along a respective atomc step on a vicinat surface
provi di ng F.,substrate. 13 Aﬁ)parat us according to any one of clains 1 to 8
wher ei n sal Ui AR diustiple embogimenistiorwhich the irespeativpemtayscosegment s of
ans ntesdadto LMA i i or _seniconducti ve :
st £ o ors OISR SRICE S raRo St SHIdl N, B HoL FRROLBE et s ar e
separ & @@naed rwity dhe gondugtoss ARbotiweeocarray lim of dmsubsirateg2edi um 15

o op o ngRg SpStanfally Tty BEGRE Lo Mk PR RN L ALl B pEayings the
r angeORomGubsiiRte 233 Instead of & rghRaPOR3 tRe aejuid réRtiHEHB ImaP BE at
some 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 lines, the set of cross-over points 250 will form an artificial
scattering lattice effective to 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 connected, 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.

In a vanation of the scattéringnlattice, it may further include an array of

rnagngtic elements forming the lattice and creating 1-dimensional domains at or

between the cross-over points.



-11 16 Apparatus according to any preceding clai mwherein said n%)m 003
separati on of opposed surface segments of said el ectrical conduC Rgg

* “the range of 2-20 Angstrons. 17 Apparatus accordi ng t Reaetyedi2SeAwglisngogd ai m

wherein said conductors are in 5 one or nore conductor segnents of |ength
in the range 10~ to 10'2m 18 Appar at %s according to any preceding claim

wherei n said neans for disposing said®onductors at said nmutual separation
i ncludes an intervening filmand nmeans to confine said film 19 Apparatus
according to claim 18 where said intervening filmis a filmof an 10

organi c. nedi Eiguresisca furth@eimboslirherstiih which éaissiate3t2rigig to any
precedi ng cl.aim wherein said means for disposing said conductors at said

nut ual s@ﬁ&ﬂ%&'ﬁycﬁmq%maey deayvedunisacand li@mwuptqrs::s)%&*at aredermed

t t
7 Ly, BOTST OO PRI i BB 5
angul ar appieatidri wmhmlbcs:ldraﬁamérb? a/wmgmwm:oc?dw ;b'r@éésss TPRMwb! ON or

nment and a n sal i gnment par.at us according to

t t
oy £ oS gneY be EPaTaIRe & balgH By aIcyElonexae oo siher Sokabla pwama anged | n
Pt NG9 taldty it SRR URlp SFETE . vhereby Lhe

cross-over points resp ctlve arrays [attice of .

el ectrostati Eéﬁ' ing,to cI m 22) :
wher ei n sai dq’Pat%Fgce urt her | nc ng@ﬁ{aﬂ;}‘} a%h%ﬁ?c%égﬁ'é'??%"éﬁ Se ts form ng

the | at thecmahdmt,an mey He appliedo thé readorement cﬁfanglesbﬁh?lée ol sai d1 s
cl ai ms to

Cross-ov ol nt I’at us accor dl ng to any one o

furt herrq dPﬁ@“hé 'Q'é@'wm&aﬁé'@cmcmm 2000 - 12
-apphy Sadrddicepiciievel! HORL ﬁi?{al tect and/ or

B seasure sal d quant um tunnel I'I ng current \?\B% con’d&t ors. .
(arrendem}?awm ﬂi@mtmbemdsunengmummpemmt otnmeg lttnhmaugjrmo be p05| tion or

di spl ac 5 associatin el.enents with
respectﬁ@;mﬁ a%wmaﬂ'&%o%ﬂ@fg@“a" HOLETR 8B%Vagﬂ'mluct ors at a
mut ual axtgniarahnmlofam‘homarl able relative ante between the conductors and
applying to the conductors an electrical -potential difference such that

there is a ddesitivblyctheliitiited dewebs my wﬁﬁﬁlbrbﬁémﬁgt&e conductors
tha{ s a fu.nctlorl OB,,Ea' d relative angle; and

5 ‘monitoring relative jon or transiation. if one substrate in the

embodiments of Figures 3, 5 and 6 is translated with respect 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 ofthe conductors, i.e. about 200 Angstroms with currently available

_' ) nanolithography technology, but about 10-30 Angstroms with nanotubes.

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

AMENDED SHEET
PEA/AL)



10 detecting and/or neasuring said quantumtunnelling current. zgofm&gﬁia
according to claim?24, further including adjusting the relative posi

of the conductors to determine one or nore positions Receled?s ABZISTRO00
guantum tunnelling current is detected. 27 (new) Apparatus for measuring
and/or nmonitoring the relative positign or 15 displacenent of two el enents
I ncl udi ng: reéspective ordered grids: OP'arrays of elongate el ectrical
conductor segnents adapted to be associated with the respective el enents;
and neans for disposing the grids or arrays in a conplenmentary and overl ai d
nmut ual sepapmes on to place the conductor segnents in sufficient proximty
20 ~ for a detectable quantumtunnelling current to be generated between
the grids or arrays on application of an electrical potential difference

bet ween the ¢amended)Apparaius for meaiging gnaéay) mopiterning the raiative giositiono,

.claim 27, further incluydi ans .ta adjust the relative positions of the
grids or arrﬂgﬁwwﬁﬂfﬂogﬁﬁerﬂﬁép‘apgﬁgat ~25 whi ch maxi mum quant um
tunnelling current is detected. .. ~ 5 MAR 2003 i.. ntiv~nvvt~J Received
25 August 2000 -13,2 new) aratu ccording, to claim27 or_28 wherein
sai d adj ust n%?a'ﬁﬁéﬁioﬂgﬁ@ ﬁ@éﬁgﬁ‘;ﬁo C?Rfﬁédﬁp%lq Betassecigles withtbes. 30
(new) 5 Appar a&w&gwMQM aim27, 28 or 29 wherein the conductor

a .

segnents of e sal grid or array are substantially parallel but aligned

2} Tnan) 209 Snddhe! 187 RBEHG 1R ORRIABISat%] miGaldiBliafitrl iR )g viar ! Y5}

31 (new) Apparatus accoOrdi 0 any one o I s erein the
conduct or segelatites anblecbelweeni theocorducigrsasuchnithatda edetetiablea lqusnium

parallel. 32 (ne arat us.according to any ane qf..cl ai 27 tag 31

--mﬂer ei n sai d“&ﬂ"g%gtAgB : cf"?‘ Lal® cﬂ)r{ﬂﬁﬁqod‘r °3e§#ianf§a%‘fee %‘gﬁi HBa% kR of
“mcron to 10gamerateRf BétwdenRRE icoRductdrs 6R ARDIIARIRA’ G &% efschiiddlipdteritial ¢l ai m 32
wherein said el ongate el ectrical conductor segnents are carbon nanotubes or

nano r es) odifferencebetween said ¢0BAUCIQESi one di nensi onal conductors. 34
(crew) Apparatus according to any one of clainms ~27 to 33 wherein said t5 ~

~ means2f og Apparetisngeearding ter iclaimoit, dunthersingluding dmeansido adjpsir the on

ppparat us. - JEPE, B bt B BnlRABE: 16, dRROiRlEg AR} oSkl 2t i,

maximum quantum tunnelling current is detected.

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

4  (amended) Apparatus' according to any claim 1, 2 or 3 wherein said

elongate electrical conductors are substantially aligned in mutually parallel

) relationship whereby said relative angle is a measure of misalignment
between the conductors.

20 5 Apparatus according to any preceding claim, wherein said elongate
elec'trical. conductors are arranged in respective ordered grids or.arrays of
electrical conductor seghents, which grids or arrays are complementary
and overlaid to place the conductor segments in sufficient proximity to
obtain detectable quantum tunnelling currents.

25 6  (amended) Ab'péhra"fds' ‘according to claim 5 wherein the conductor
segments of each said grid or array are substantially parallel but aligned at
said relative angle to the conductor segments of the other grid(s) or

LN SREET
R AN



of an organic nedium eg an organic solvent. 36 (new} Apparatus accordi ng
to any one of claims 27 to 35 wherein said 20 means for di sposi/@ags 9a 003
. grids or arrays at said mutual separation includes namu@ghgjggAﬁﬁﬂg %
(Cso) bearings. . 37 ~ w(n~ew)- Ap(-~atat~- according -to any one of clains
27 to 36 wherein said position or displacenent neasured and/or nonitored is
one or nore of a rotational or angut 3P -separational di spl acenent, a
vibration) a |inear ~ ~" M-",~ 2003 Received 25 August 2000 - 14- _
separation or translation, an alignment and a msalignnment. 38 (new)
Appar at us acggr 'yg to any one of clains 27 to 37 arranged whereby the
cross-over points’of the respective arrays define a lattice of

el ectrostatic scattering wells. 5 39 (new) Apparatus according to claim 38)

wher ei n,sai d jce r.her, | e of nes i | nts formng
the | at t7 ice %ét"%a#cx’é&%itﬁeﬂ%}%%?r gg?’r@érrﬁgyg © 8&%&5%%@@%% 8?055- over
points. 40 (éﬁﬁﬂ)gﬂWﬁWe&ﬁdeﬂﬁcQW Aparaiies. of clainms 27 to 39 further

i ncluding nmeans to apply said electrical potential difference) and neans to

detect 10 and/or neasure said quantumtunnelling current between said grids

or arrags. {armiewd) Wpsdraiuss abeordigate! dniy0 pretidiig BT Wdigint B&id € ative
position or displacenment of two el effents) i ncl udi ng: respective ordered
arrafs of palendaie eleairicaltconsiugtors iarel ofc thedordasr ef mieoneto Panomeber

associ at ed %}ih t.he respective elenents; and J neans for disposing the
arrays at a eparation in which the electrical conductors of the
arrays are substantially aligned in nutually parallel relationship, such

opnductor's. ARPARIE ParURg IR € el e BicRgRle epngBl EhiusloRe neen
" t/he conduct ares carbonppanstabés or afandwirklsg Ok mickdn o tstbtrnitronligiasl enee bet ween
the conductqrs exhibits a series of peaks that provide a neasure of said

rel ative pod¥mensior MUY Eenent : 42 (new) Apparatus according to claim
41, further including neans to adjust the--relative-positions- of the-.
conductors determne that position at at, which 25 nmgxi nu uant um

t unttel 1Png 2PRFBRIS 8 gAPANY Brecermng) clam G SRIC TGS &Pai m 42
wher ei n sai gkeadiated Wil B2 Bforesaid- eferiéits 268 3béiR§ CmMtRmied iNUSNSbn2000 - 15

‘respective insuiéting or semiconductive substrates.

11 Apparatus according to claim 9 where said conductors are flush with a
' surface of the respective substrates.

15 12  Apparatus according to any preceding claim wherein each said electrical
R ) conductor is disposed along a respective atomic step on a vicinal surface
" providing a substrate. '

13  Apparatus-according-to 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/or-overlaid by a'membrane or film of insulating 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.

AMEMDET SHETT



i ncl udes one or nore piezoelectric positioners. 44 (new) App_{gt MZ\R 2003
according to claim4l, 42 or 43 wherein said elongate el ectricdl conductors

. are of the order of micron to nanoneter di mensions. .ReReive®) Adgusare00s

according to claim44 wherein said elongate electrical 5 conductors are
car bon nanot ubes or nanowi res) or mcgron to sub-m cron quasi one

di nens' ronal conductors. . 46 (r~ew) 1Ap’par atus according to any one of
clainms 41 to 45 wherein said conductors are associated with the aforesaid
el ements by being nounted in or on respective insulating or sem conductive
substratfs. Whphfaths ~8Mlordganat unyagreedting ERint! WhHerdR WART emedidl
conductors are flush wwth a "surfacé of the Tespective substrates. . 48
(new) Appar atsgparation ofiopgosed surjacensegrhentsaofraaidi glectrical comduatons isdanh sai d
el ectrical cg@nductor,i.s,.dispqsed al ong a respective atomic step on a
vicinal surf 'ﬁ?HB\ﬂfal'qgkﬁg"gmﬁ'r ate. 15 49 (new) Apparatus according to
any one of clains 41 to 48 wherein said elongate electrical conductors

conprise_respective segnents of an integral caonductiye |ayer on an

nsul at i1Rg oRPRRR ing Io 80, Breceting M, WhReIn SR SRRRUCRIS Araimg to

claim 49, wh i i b gd by a nenbrane
| 18 6hé bFmore Qomn%rﬁs Bﬁlb%;f’ﬂ A@%é%ﬁh’ 16983 ha°f. by

or filmof insulating 0 51 (ne par at according to any one of
claims 41 to 50 wherein said . nmutual separation of opposed ~ surface

f i i S i Ad.ci-he 2 . 52
segment g0 ag@ggaﬁjses&émﬂg WWE@E%&@ | aife]) WhERE Saic GRS b P

(new) Appar according fo any on ains 41 to 51 é€rein sald mutual
separati on ofisposing said contlucierssalgsaidh mutudl sepadationdocivdes kn intervening/AR 2003

rv. i,tWyrg~ss Received A 00p -16 conductors is in the range of
_R-20 Angstr .a@%ﬂgﬁoﬁgfﬁéhﬁcor ding to any one of clains 41 to 52)
" wherein said conductors are in one or nore conductor segnents of length in
the ra 10~ to 10" 2m 54 (\ne aratus.according to a ope of clains
41 to o RS getoring b P 1p St iAER bR Bt B i 1A it ua
sepggati on igrgani€ Avediiin] &4 an irii@ sbivbt. and neans to confine said film 55~
(new) Apparatus according to claimb54 where said intervening filmis a film

of an organic- nedium eg an organic solvent. 10 56 (new) Apparatus
accor diggy t Apparatos cactordihgitos ady precédingvblaire] wiaeitl saidnsndans forsposi ng

sai d conductpors at said tyal separ,ati on,incl udes nanuytube or . buckybal |
(o) bon | mlsposhg Sk FoRMIoE: SCEa Tiiieh SOCH LNy e nandbe o Lo 56,

wher ei n sai guagﬂa“i(g& Beafngs! acement nmeasured and/or nonitored is one or
nore of a 15 rotational or angul ar separational displacenent, a vibration,

~ a linear separation or translation, an alignnent and a m salignnent. 58

(new)” Agpar ﬂFHﬁraﬁ?é:‘Hc@Bﬂﬂld Qo aiy Prcéding! Aam®, hekdin Sdaid Upédiion idic! uding .
means to apply said electrical potential "difference, and neans to detect
andifor neasdisplasementmeasurad and/er monitoged issane iosmerercfsaretational @t ors 20

59 (new) A g¥ iof2 g% i QLd Ng | &tV ition or.
di spl aéemn?ﬁélggfﬁbgf%@ﬁ{ ﬁ'nc u%iﬁthggz) n‘gis)%g'%ﬁ'at% ng‘e_tﬁ ﬁe@éeqagﬁtgﬁfzdrw th

’ "2especti ve transiatioh, ani alignment and pamisialighmeptt e el ectrical conduct or
-Segnent s;

22  Apparatus according to any preceding claim, said elongate electrical

conductors are arranged in respective ordered grids-o#arrays:ef:eleettical

20 conductor segments, whereby the cross-over points of the respective 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 lattice  and creating 1-dimensional™

domains at or between said cross-over points.

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

"N BHEET



di sposing the grids or arrays in a conplenentary and overl ai d{rrut ué‘i\IR .20[].3 25
separation to place the conductor segnents in sufficient proximty that, on
'-- 5 MAR 2003 . ~..~.~.ws~ Received 25 August 2000 Rgczwe@p_;wuggsttmobhe
conductors an el ectrical potential difference there is generate

detect abl e quantum tunnelling current between the grids or arrays; and
detecting and/ or neasuring said quan‘tlﬂhtunnel ling current. 5 60 (new) A
nmet hod according to claimb59) further including adjusting the relative
positions of the grids or arrays to deternmine one or nore positions at -

whi ch maxi mu 1 net hod of
nmeasuri ng an%@@%m%%ﬁgélt h@ﬁp g#atdﬁ*\;étéeﬂﬂ)%eS|%ﬁ%ﬁrﬁ%§&s ctgsd%{égln@ﬁ/ Obf two

el enent s) i noheasurg saiqurtgitanmneling berrenitdotaéen mﬁ:ﬂtoh@ﬁ@l%% i ve ordered
arrays of parallel elongate electrical conductors; disposing the arrays at
~a nutual separation in which the electrical conductors of the arrays are

subst ant2sl | amendedy A' hethtd of nﬁaéahﬂ;gebna@mémhgﬁheafaﬂnt@ﬁ okhidsh to the

conductors an electrical potential 15 difference sucCh that rei1s a

det ect abl e ~ afqdisplagement obiwo elgments,dncludisger at ed bet ween t he conductors,

that exhibits a series of peaks that provide a nmeasure of said relative -

position or displacenent; and detecting and/ or nmeasuring said quantum

tunndd | i ng casseniatingdbe (elements witht lespecliveceldngaie tefeattical woiductdrs; t her

i ncluding adjusting the 20 rel atiaee positions of the arrays to determne

one or nore gdisposingrbeatondoctars ralxa moutugl separation 'with lai vayiable rrelativies

det ect ed. Af%b%Al Al . A A

| 9. A AY, . ANGXle belween e conduciorsand applying to the sogducters,an ejectrical

“hvakfal V] ca%@hﬁa] em&aﬁhcab&wm&a] igahcedtéaﬂaﬁﬂ GehAfins abrRkmAgcaUl call
ya] ca] ca] ca] ca] cRa call ca]c calcaUca UlQ

7bp{ vpkf a\ W swEand bp thef HF@&&MMM%@P@FM@&HW&]W%@%] ca]cal c

a] ca] ca] caUl cal] c
detecting and/or measuring said quantum tunnelling current.

26 A method according to claim 24, further including adjusting the relative
positions of the conductors to determine one or more positions at which

maximum quantum tunnelling current is detected.

il

27  (new) Apparatus for measuring and/or monltonng the relative position or
15 displacement of two elements mcludmg

respective ordered grids or arrays of elongate -electrical conductor
) ) segments adapted to be associated with the respective elements; and

means for disposing the grids or amrays 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.
28 (hew) Apparatus 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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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) Apparatus according to any one of claims 27 to 36 wherein said
position 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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scattering wells. -

(new) Apparatus according to claim 38, wherein said lattice further includes
an array of magnetic elements forming the lattice and creating 1-
dimensional domains at or between said cross-over points.

(new) Apparatus according to any one of claims 27 to 39 further including
means to apply said electrical potential difference, and means to detect
and/or measure said quantum tunnelling current between said grids or

arrays.

(rew) Apparatt:Js for measuring and/or monitoring the relative position or
displacement of tiwo elements, including: '

respective ordered arrays of parallel elongate electrical conductors adapted

" to'be associated with the respective elements; and

means for disposing the amays at a mutual separation in which the
electrical conductors of the arrays are substantially aligned in mutually
paralie! relationship, such that when said elements change their relative
position laterally of said conductors, a detectable quantum tunnelling
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.

(new) Apparatus according to claim 41, further including means to adjust

- the-relative-positions-of the-conductors to determine that’ position at which

maximum quantum tunnellihg current is detected.

(new) Apparatus according to claim 42 wherein said adjustment means

ANL: L 55 HERT

).- SI#10%& ()-!-M 10%&' ()-!(s' 109& () -



1033 1033! y8z#10983&' ()-!;
S3S) 10%aE&’ () - 0017112] 2dEr S41 10" 10% & () - 10% & ()-S ! 10% & () QW& P‘}
 10% & () - Received 25 August 2000
y10% & ()-Zj 22Z33L4U44) A2r SA! 11 109% & ()-: 109% & () -, ! 10%{&' ()-!" F$10% (& () -
'F$10°/«((& ()-s! 10% & ()-45/6*7{77, 8z[§84' @Y#10% & () -
1$10% & ()-Y/ 1 10% & ()-!Hd ' $10% (((&{)-F!'d $10%3(D(& ()-F!
, ##10% (& () -, 8] 888999989xmbC! $10% u&' ()- 10( 10(
10(3: MLO% & () - F9s! 10% & () - Y7s! 109%&’ () -
FY410% & () - 49eRB8Y e o RiEIE pidzoeleb®ié positriers.- 10% U& () -
10% u& ()-910% u& ()-10% u& ()-10% u& ()-: ;S;; <<y=a?mbCl!L "10%-& ()-
Ss10% &’ () -y! L#10%PP& () - 10% u& ()-f1110% u& ()-f @0% u& ()-y==>>?F?2"2mbC
l,10% u ) - e 6 430 0/
Soomue 1) AP ARRAEE) ackadlgn e 51 S B NG SHE bnoate
=10% u& () - - Ieeetrical Cond@mony are3he omerloknﬁ@wmmpomp}mmm@n&w& ()-
S109&' ()-! Kl "109%& ()-!s9:! 109BB& ()- BBhCCZDEFzX6bC! ! P* 6" $1000W& () - ! A& #10%
WA () - Z! Y &) LO0%EE& ()-! Yf &) 10%&' ()-!sF"#10%&' ()- @O%& ()- FFFFFFFF<G~_=!.11!n
s! 1090 T&Y ) - xmmwnayatusm@dmg -tb @lava B4 wherel® skid elongate electrical
'10F>109%&' () - <GGGHE! | dJxV4~ =!1y' d}O%I'T& gé G }#! 109 T& ()-! | 9#109% T& () -
't 9aDoa T (FDM'@Q@@W &aqbpm of y'aRgWHRSaPh MUErADx I—E lb-micygn :

10JJ! [f>10%] nF. A 0%&' () -
F. 94 0% () og/éié{'%ib@fi {MMP =1i @ 109%& ()-!3#10%g& () -

109g& () -LM 10%;& ()--10%g& ()-!13F 10%gg& ()- 10JJaNbNNOO=PP}[9.=!i!S

: %1} gi/%tyg)g&l J%@%’@“ i3t ?%?8’@3?‘ ‘§ )a%Po@fQ& Saips_H 1o, 4p mhersin, ‘T’H( 10% -

( uctors are associated with the aforesaid elements by being mounted in
109%g& () - 3. $1 % 1.3, gﬁo /}J‘ Y& SShCli |- 109&' ()-YL10
%8 ()- 9% 10(V&"‘8}§J , '@a&?f‘aé 9@8%%? : SSSSSTWIUJELC! i | S
109&' ()-FM 109%&' ()-f109%& ()-, s! 109%&' ()-
10 47 (new) Apparatus 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 respectwe atomic step on a vicinal -
surface providing a substrate.

15 49 (new) Apparatus according to any one of claims 41 to 48 wherein said
) elongate 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 overiaid by a membrane or film of insulating medium.

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

- conductors’is in the range 2-50 Angstroms.

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

AMENMDED o



' 10%&' () -s10%& () - UURVWWWWA?DCEi I YF(%40% ; & ()-"1 9% 0%&' () - 05? &g/
W 1I 10%

L0%&! () - | W 109%°P&! () 109%&' () - WV XOXXdYYA2bCl i | 9109 () -! Q &6%4
& (-:1110%& ()-:! 1. $100& ()-, 310% ()- YYYYYYYYYr S4! - 100me: (< U 31 10%
888 () - &$&10%T&! () 10## 10## 10##! | =10%#& () -\ ZZ,

[[\\ul zX9r S4! F10%m& ()-!e
1 100& ()-1"1 109 () - @ #10%E ()-1 K @Pro%& ()-!el! 100& ()-u\/]] " RAA{\ =r S4l
10%7&() S+ 10%1& ()- )10%1& ()-Z " s$#10% & ()-! s$#10%m& ()-! dF! 10%

& ()- S0 zXJ<4l 10 10! 8=109%& ()- 9Y10%m& ()-!Q 6"10% a

a& ()-! 90S& o R " +a=a

boP. 4! 3" 100@%%@@5@%}%@ gﬁ’iﬁ%’?gﬂw{% /«z& () 10%2& ()-!'F 10%z& () -
10 bbbblecccz[ 4.| 3 &f I&log/df* Ir& ()- AWove& (

| L0% (243~ 103 P 56 Id 29 Bof e 1 7t s
114$10%22& eondudics Sav@itk dne- orikbiel 8fiductor $égroemrsoss{lbagih!in the range

10z! Tl #10%g9é& %I&EYI L &L 1 109& ()-9910%& ()--10%& ()-!.1F 10%09& ?)- 10z
10z{ hhni i j xk@ M3 s 109 ()-!'Vr' Z940%& ()-3'd! "10%& ()- .
vSy#109&' () - l e@l0YBB& ()- 3l #10% & ()- Y1 GrHM mInKniYm} r g\ : '

111 10%8HSH&' ()- 10g 10
1099510544’ (Mm:a E@(Gszqqdmg te ampgee (of- clawss 411todPrwhereinjsaidnirnn’ 2g\

1111 3#10%

Ls 109 () - 8PRI SRR 1919 condygiors 2t saitmytyel sepayption ncludes an

111" F+" 109 ibdervidrii #d (eans @ confitfe &id'fimy#10%&' () - 3! h* " 9f &10%& () - M@51
0% ()-Err'sssssss}irg\:!

) 55 {new) Apparatus according to 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, wherein 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 monitoréd 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 (nein)- Apparatus according to 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-between-said conductors.

20 59 (new) A method of rheasuring and/or monitoring the relative 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 overlaid mutual
25 separation to place the conductor segments in sufficient proximity that, on
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5 60 (new) A method according to claim 59, further including adjusting the
relative positions of the grids or arrays to determine one or more positions

at which maximum quantum tunneliing current is detected.

61 (new) A method of measuring and/or monitoring the relative position or
- ) displacement of two elements, including:

10 associating the elements with respective ordered arrays of parallel elongate
electrical conductors; |
disposing the arrays at a mutual separation in which the electrical
conduciors of the arrays are substantially aligned in mutual pafallel
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 |

detecting 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 meore positions at which
maximum quantum tunnelling current is detected.
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