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- MEASUREMENTS USI NG TUNN BETWEEN ELONGATE CONDUCRORSARR 2083 of
"Invention This invention Ihe accurate measurenent and nonitoring
a

{

.pref er ablPSEHS §

of fine 5 relative positi cenents, eg. rotational or angul ar
separ at i on¥0@p 1 & pl acement s, ViBrati ons, |inear separati ORSI/OU99/00733
transl ations, alignnments and m sali gnnents. O particular, though not
exclusive, interest is neasurenent of angles. t Background Art 10 Known
devi ces designed for ultra precise nmeasurenment of angles include

aut ocol | | mRBIFENANTE FHRE THINE GO 8 FUESRT GREVERLEGRGA " BRRHFTERS  arrs.

Aut ocol I i mat ors use neasurenent of angular deviation to determne in turn,
eg, straightness, flatness, squareness and parallelism Mdern forns use
| aser diode |ight sources and beansplitters, and incorporate a mcroneter
in the eyepi ece 15 view ng syst efiefdof lmventiane nmeasur ement of angul ar

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

range of 160 artisenentsen rélated ttauracgoritd mdaiursighe ah8Shomrng, ofdidal r of
radi al _gratings rqtate in unjson at a uniform speed and are scanned by a

pair o réRIVAgPPRILRRS amndisglacementsed@ rYaltipnali BhaARGURI SEPRTR0BE hef noves
through tdhgnaethentsO Wi§raliBRs Uligshr $8Sardflor&! Gt inssRiBAE, Camg SenfelaRen the

two resultant signals is an indication of the rotation of e noveabl e
readi ng hoisdligamentse ) eparticdar, Hooagx edt rexgtisivic dotesest ischieasarementsai d t o
be 0.1 ar %sgicond. These prior devices are relatively expensive and

typi callf ther | arge instrunents. Oten they forma key part of another
scientific apparatus, such as a 25 diffracteneter, where the precise
measure of angle determines the resolution and quality of an instrunent.
Accuracy of angul ar nmeasurenent Backdgrowwbprtict of Zhang et al. "Inproving
the Accuracy of Angle Measurenent Systemw th Optical Gating", Annafs of
the 102 4 APRnown\V2vidEl ddsifndCicrALLDS HONSS rRed3urBméat of Aingds. indludg994) .

Thi s paper  proposes the, use of index gratings wth sine function

transm s?i"‘\tf%to@?"azﬂﬁ' otcﬁ%rracg%arp@é ntsg',Steé'ﬁ%l _raé'gor 882t Rags acySEme. 2
ar cseconggitgddiindtory 058 ni@SsuUrémbehUBEBAgulat HelatiBR tebd&etmPk ihhiutn,idyention
to provide for fine nmeasurenment and 5 nonitoring of relative positions or

di spl acefERSINagRctaBRSDRGURERNESE AR MaralielisimeMadse farpsaustaleser dieder y
accuracy r.efe e ; chi : .

instr unegélgta;é%"gé?gaﬁﬁi %ﬁ%}t#' ﬁe?]%mérr;/&(') {é]éé}afen\%em'?\éﬁ%f%} q'?rtlrl)\%%ylg%'ﬁc%r oposes
an appr ostewing sysenti fof acewiatd measutemergrad\anguidnydidlacsment. aigpiealt edts

noni toring_ the guan tunnel | i current between .t roxi nate el ectri cal
conduct oPecirafigf aFa b 2is s, B erSing BR R Jal aBr et ERbod nent | ¢ vio
arrays of aligned conductors may be used, and these nay advant ageously be
car bon nanot ubes. L v i i y.provides,. in a first aspect, a
et hod of meatugisiMEssEsITRORE e 2P0 Y of Fotial SedtiegrrBlé R

di spl aceuorisbn ait a whiferhrespeddsand aed vdarsd by 20paialF NGadiRg HJagBENDAe Wit h
respectiyve eI,on%%te el ectrical, K conductors; disposing the conductors

PB%erﬁli"ie the) Jheemeves thralgh the rnglener 28 maasHrRe: appeyi ng an
el echpi Cadjathet Sdderbnalidd BEEER aCtivd RAluIthRESRNals & dRTiRBIARLE cAYRRT UM

tunnel ling current between them and
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 measure of angle determines the resolution and

qualitfy 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

ORI
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20 detecting and/or neasuring said quantumtunnelling currentg ,Pr «?,f'ﬁpap Y,
the .rel ative positions of the conductors is adjusted to detean'l‘n&t | !

"' position at which maxi rum quantumtunnelling current is detected. In a

second aspect, the invention provides apparatus for use in neasun~g
and/ or non¥P8¥i44d6 t he rel ative position or displacement of PEURUMNETAENt S.

The 25 apparatus includes a pair of elongate electrical conductors adapted
to be associated with the respective elenents, and nmeans for disposing the

Cunstanti GRS B 4hdl-Th el T° 5P PRl InddR8ior pleR b flhslagn

separ at i oging Watictidnararesntiesiety, Avldecthaashandamierst) anmg repsLah aBBYrabyg of
generated_between them on the application of an electrical potenti al

di ffer enc"é‘?t?éﬁ%"é’ﬁ‘dﬁNéthc%HEHjE'tYBEé'.‘Stﬁm’r%- apparatus nmay further include
means to apply said potential difference, and neans to detect and/or .
measure the quantumtunnelling current between the conductors. Preferably,

t he apparat us 'fd?t%@ql%lﬁfd Sn’ﬁ’éﬁ%‘_"l’b t%dj"’l?é’tde_t RS fiéﬁaﬂe@éuﬁﬁﬁsﬁl”ﬁim of
the condugbAférirgd o elehitiVeNBobiiahs RAS tispRiteRietll! Gneifar BHELAHAMAYN o 10

tunnelling current is detected. The position or displac t may be one or
nmore of aothemwisé,onak satisfantpry @ccer@eurthgl snpreferablypbetteniban, that actbewdd on, a

| i near separation.o lagi . al i gnnent and a m sal i gnnent.

Pr ef erabl“&%}1 ?’#eﬁ@fnggrtuﬁeg‘g?a@%t\%& S are of width 1 mcron or |ess eg, in
one 15 or nore enbodi ments, of wdth in the nano-order to sub-m cron range.
In the latter case, the conductors nmay be carbon nanotubes of arbitrary
helicity or radius, either siSuthmagy ofthe inwexition of car bon nonofil anent s,
or nanowires. Alternatively, the conductors nmay be, eg, mcron to

sub-mi cron quabie owentibnmpnopasesl ar @ppooddr Suité rditensat drdmdhaeptevioushe | °
condugctors y be of length 1.nmmor |ess. 20 The conductors nmay be
assoc\oajt é‘ﬁeaf tarf‘qeh%mﬁ‘f%rrgg%\'it%r"@ éﬁ%nﬂ‘éa@y”‘beﬁ“ﬁ@emﬁnFHHePh_SQ?FW%W awo

i nsul at i RGoAnasE BisRichl dndtctord Sprefdrablypsehanallimehkiehl. Wr B @efedfdiace of
t he substrate. The substrate ma eg. a solid or a crystal face. The

_ y D€,
conduct oresnbagimBst, pwec aerays Gfgallanegeeenductesomay Beepsedbnand thesenaiay
surface. a’éggngt%é@gt‘?&g?leycar%ﬁl'?n%&%é.éCal conductors are arranged in
rder grids i

respective or arrays of electrical conductor segnents,
preferably wired in parallel e.g. through a single supply |ead, which grids

or ArTays ar et BRIl MR th b ordl AbBct ANt AEaapAEENtS 11

sufficient proximty to obtalnm detectab guant um t'unne
15 and/or monitoring the relative position or displacement of two elements, including:

associating the elements with respective elongate electrical conductors;

disposing the conductors preferably in approximate alignment, at a mutual

separation and applying an electrical potential difference such that there is -

a detectable quantum tunneiling current between them; and
20 detecting and/or measuring said quantum tunnelling current.

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

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

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



2 ~ APR 2003 wO 00/14476 4 Brief Description of the Draw ngs PCIT/ A
U99/,00733 The invention will now be further described, by wad fAPR2088 e
~only, with respect to the acconpanyi ng draw ngs, in whi ch: * Fi gure 1 is a
fragnentary cross-section of a first enbodi nent of nano- ' 5 di nension
device aco@yebiiagst o the invention, with the respective copgpausygreeneral |y
aligned and el ectrical connections diagrammtically depicted; Figure 2 is a
modi fi cation of the enmbodi nent of Fig#e 1 in which the conductors are
substantially at right angles; Figure 3 is a viewsimlar to Figure 1 of an
enmbodi rrenterena@ty @ubsiiagb«sﬂymﬂhgnw gn10wutizalyt pperliebriglasensyp. [ gurrautal s a

Vi ew si f re 3
Figure sooraspidh Skl Rt i alndoyi o ARRCHETEEE plheraied

particul aétwmnrtaém amchel applidatignred £m elecicel potestiat disﬁéremeFBeguem tl'ile and 3
of a further enbodinent of the invention that utilises an etched conductive
overl ay ePRAULIIs) m applied by Langnuir-Bl odgett technology. , In the

enbodi ment of Figure 1, respective nano-di mension elongate electrically
conductlve wires 10, 11, of w.dths in the nano to sub-nicro i mensi on 20

range? are erﬁ?d%fé‘%?'ﬁ%s’ﬂaY NS fRcled] MeaRS 1P 3PPHG Hpﬁﬂt'gwg?ﬁeﬁﬁs 12,

13. In t&'\érrfé.%?u@)totdéﬁed@‘ah@ﬁor%@aéﬂ%@%@%ﬁﬁtdnﬁ‘tmh@n&dr?érl%eﬁbéém%
parallel relationship, at a separation or gap 18 inthe range 2-50

Angst r ongrndygiasst hat when an el ectrical potential difference is applied by
a potential source 26 across the conductors) , there is a quantum

tunnel ling current 100 between them detectable in suitable 25 detection
circuit 27. PrgferablpRitpcppactos futhes imeadesugeaats 33 Bijust Aheuralativee

T

» whi ch aligned con

'-subsmattenné]hmg;cmrserdesdetm eg. m W| | ki nson et al, "Electron Beam

Nanol i t hography", an article in the text "The Physics and Fabrication of 5
M crostructures and M crodevices" (eds. Kelly & Wi sbuch, Spring-Verl ag,
1986) t hat dé’sherp’ndwizaramddiisﬂ)llauemeat myebeseﬂae of nae alf kabtaBmAs| @rmrtgmiari ng

cores onasmlnsu bstr ractical licatio t he

devi ce, 556’35% P8t 8% dlbsrpt' eglg%rg %ﬁt' Q@ESEiS&PéEﬂ% 8635‘1”5&%'96 taE'spectl ve
el ement | ﬁﬁaﬁtdh@ﬁhﬁ@ﬁﬁ@ﬂhe@ﬁ p05|t| on is to be nmeasured or nonitored. 10
In general, tunnelling current 100 is proportional to the product of the

| ocal densities of states on a pair of adjacent electrodes lie.

conduct ors), Pesferdblpttheleldatiica coh@udtBls Séndialidihhe nficreare |6ds édiantonanel | i ng
matri x el enents between states on both electrodes. It is also a senS|tive

f uncty oPr SROEIRENRIHMENTS: ﬁéwwbéfmheama%er%éo sHbvRicEIerapgey i the datte
Furt her Rgg, tHi!B8BANBEMNARYY bBLAHYER Gilinotubes! bl iafdirhd, helicity or radius,

either single or multi-walls of carbon monofilaments, or nanowires. Alternatively,
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.

Advantageously, the electrical conductors are arranged in respective

25 ordered grias 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 tunneliing currents.



15 dependent on the spacing between the conductors because the quantum wave
function decays exponentially outside the conductor surfac )[‘t m&aﬁ
detected current will be a function of the relative angle Be Q)air of
crossed nanotubes. The invention takes advantage of the aforenentioned
exponent i g gfpdemnaul ar rel ationship in that the detected PH}A%WWn} he
“tunnelling current 100 will 20 change sharply as the |ongitudi nal opposed
surface segnments of the conductor noved4apart with increasing rotati-onal
and/ or translational msalignment or vice versa. More particularly,

sui tabl e Schr odi nger wave f uBcief Orscfiptiotlof thaDratviage found in Kiejna &
Wj ci echowski, "Metal Surface Electron Physics", Perganon 25 ( 1996). It
coul d be denonstrated fromwave function anal ysis that the quantum

tunnel | i ng curTheninverstiaey mli caw be feihendesdriton, tiyewapadiaxgnips \WaBN withe
conductors because the guantum wave func];‘i Bn decays exponential l'y outside
the condU€BBFCIdR eREE0 YR &R bWl rent will al so be a function of
the relative angle between a pair of crossed nanoconductors. 30 The gap 18
bet ween the alj gned, opposed conductor surface,  segnents i s, thought to be
nost appr opr i 5@1"9 | r‘lgtah apgIFgLA™Y - GeSHIARHALRE 2 ﬂb?‘eerﬁpﬁﬁ\§?%|‘§ pano-2 4 APR
2003 WO QfinbAGER BLiidd ARBIAII 33 the FUAIB! WA nd BSEOAHNC kGhuRpgENt S
may conveniently be of any |length that can practicably be placed an

al i gned @enerallysligaed ane elgairicm gennetigss giagiamemtically depictéts range 1 N to
10'2m long. Gap 18 may be a partial vacuumor may be filled with an
appropriate 5 nmedium Suitable arrangenents for accurately maintaining the
gap 18 i ncl ud€igue e aomastificalipal ¢f amnbegimtdael migHreo) in2yhigh thae

i nt er posi t.j,Qnl Log i) f an organic nedium preferably an
organic Icéhggéggﬁté}égsibgl%@?éweégﬁgﬁt(a{@re?her di scl osed below). The latter is
thought to be a particularly effective approach to the mai ntenance of {

accurately pa g r At l oFf i iﬁ'@ﬁt : i ncl ude

pi ezoel ectri cr: gggie i'%h%sﬁgﬁﬁ'kﬁggn%%%g éj%%@kga or 62??@@%5%%5116‘?%& ment s
at ndfo denewbeaontestets; The af orenentioned effect is further enhanced if
the conductors are cylindrical, as for carbon nanotubes. In the case of the
grids or arrays if the conductor segnents are connected in parallel, there
wi || be an anpigufe/4ima efdvesimileb tafrdurd Rof\a inodifigation bathee embodintent of
measurengnt . However, if the |lines have independent connections, the grids
form ng [ 5ndwich wilt be able to act as two di nensi onal arrays of point
"capacitors"” which can be switched on and off independently, formng a

"pi xel i sed" I f . tunnel | i_ng,. wel The tunnel | i current 100 wil |l
exhi bit m ni iﬁlg@%’e gn%epg&sn%r‘)éﬂg%&ﬁﬂk g’?% EW@gﬂLﬁhgﬂgwgn t ﬂo‘gmg p'Bc‘? ratio
(I ength partiselaata@innen afd conduct or segnents), and a maxi rum when the
conductor segnents of the two grids/arrays are perfectly aligned. . ...
Figure 3 illustrates an alternative enbodi nent in which the electrical

condubt or s coFigures® ishalvievpsienipata Figren hraoidubes a fuher dmBadinerPof tHd a, 11
b, 11 ¢ , 25.deppsited on inégé%yngg Hedi um substrates 12', 13'. Procedures
for prodif¥eRlPT gk ubkses iagh 0BEVEn O¥edah It e Wik aRelied i Bed, (Tor
exanpl e, Lalgririinevdiactite@hnol&y si cal Revi ew B52, 52 (1995); de WO 00/17476
4 APR 2%03 PCT/"A U99/ 00733 '
In the embodiment of Figure 1, respective nano-dimension eiongate
electrically conductive wires 10, 11, of widths in the nano to sub-micron dimension
20 range, are embedded flush in respective insulating medium substrates 12, 13. In
this case, the wires are superposed in substantially aligned parallel relationship, at
a separation or gap 18 in the range 2-50 Angstroms, such that when an electrical
potential difference is applied by a potential source 26 across the conductors,
there is a quantum tunnelling current 100 between them detectable in suitable

25 detection circuit 27.



Heer et al, Science 268, 845 ( 1995): and Kiang et al, Carbon 33, 903-914 (
1995) The properties of single wall nanotubes are described, for exanple,
-~n iijim, Nature 354, 56-58 (1991 ) and lijima et al, Natfre APR320EP3- 605
(1993). Carbon nanotubes of a variety of types are also described at

Gstling elyg@doiaargPhysi cal Review B. 55, 55 (1997). A parttwk?gg,&g%hni que
“for producing a grid of parallel conductor segnents suitable for this

invention is by epitaxial deposition & nanotubes or other nano di mension
conductors on the atom c steps of a vicinal surface produced by slicing a
crystal at anAasgitabléotechprduearfyr phakieg Tee eyepediateinonisofelddvencmedact or 10

segnents nmay. be regular or irregular. hut is nost preferagbly parallel.

P oure. SnaRUIRSaREh fredeh ST FRReIGdRe TG FEUF S e A | he
nanot ubegomdiRtiHE PRABIsirad. I Thié I HeWerbedl dghen SNAKIRSSH 6@ At wb&ras eaaml4, 15
on a stepped vicCinal surface. Figures 2 and 4 illustrate enbodi nents in

whi ch t htapelihegmphy’ appapsid 105 thentfrtt dhe Jofhysiasr And Stakfication of

nano- gr deg.. [l j ; b r g i, e uctors
210 o o ds FEHed nd WAt oBRlETIBhY BBy & &R St ragr IS8R gt
angl es tihat descrimeduaridillusatescd sehef pardadel GaAaypndoctivg woas substseatie 213.

Enstead of a.right .angle, the angular rel ationshi be at SO ot her
angl o csuBthe Skt Brndicst SPRisRan el he R SLRSHReRelRRal 220
(lattice. 13 mrengssaRRitéE Hrl Sdupid Y ClRspéctver BRUSSTREtwiRGRS RiispMaembrt! 681 ng a

| arge nunber of conductor lines, the set of cross-over points 250 wll form
an arti fRQsitan isdabedneagredor Maniterg%cti ve 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
t heyl@re not 'eigeseralctnngliing cygea! 160 s prapogional i the peodschpkiie losad arr ay

~which is ; gz im' lajedpd I N i th
predefi nde%glst%g?éfggﬁ% grénatmﬁgg. I'n a&ggreieéﬁogﬁgode't e gg%ﬁ)éﬁrﬁg t% tice, it
may f ur tteems,itochadenmanf the syuase ofdiom sdrinellsigematrixseleovemis etweenl siateésce and

creating l:dinensional danmains_at or. befween t Cl OSSr.Qver .points.
cor oo3~ ~p§h%#&?5§qﬁ nggélige8&9@&51@&&@&)@39;1%O{yn_negmg pé)t%n%bﬁngoo?,
Fi gure GhéSelactredd tefvatuieo di FtHermBraihg@dnteac turiidifily ateedtld cabdall
atom cally snooth freshly cleaved njca gnd t he conductors 310, 311 are

formal SPRERERTYEN dhe GPaFing,beiveenng condyelors baraLs & RNy Wae
| nt er st ibialon0BOEHRS oo RARKIP B e 2oMBLAGHISiaRBNShaNRE dite

I e
Langnui r - Bl odgett “process. TLe two 5 arrays may be separated as ﬁte?ore by a
cycl ohexarrenbrwillt bera siunctign eofothgantletivaiarigentetiveem 8182aimaeiniczossed by an

outer ther rink, wr. 40. ' a I r f '
el ectro- gﬁ%%ba:?hﬁdﬁg%fé{/o?'ctea-sw.ggCé]é\{aﬂgatdgné?ﬂ-é%%}fé'%ﬁ‘zeyn%ﬁﬁﬁgb%ﬁgbéﬁﬁaeld to the
measur erapdtarnglulzangladsnstap it tat te 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

fo‘und in Kiejna & Wojciechowski, “Metal Surface Electron Physics”, Pergamon

25 (1996). It could be demonstrated from wave function anaiysis that the quantum
tunnelling current is critically dependent on the spacing between the conductors
because the quantum wave function decays exponentially outside the conductor
surface, and the detected current will also be a function 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-



rotation, rotational speed) and alignnment or msalignnent at m croscopic
and 10 nmacroscopic |level. Rotational speed can be neasureg,, f anmpl e, by
measuring the nunber of current maxima per unit of tine. t‘i@ﬁﬂ%%ht to
be capabl e of an accuracy of the order of 0.01 arcseconds over an

oper ati ongo gip@ksar _raage_of 20 or so. Alternatively, thed}ystsated

" devices may be used for neasuring or 15 nonitoring relative |inear “position
or translation. |f one substrate in thé enbodi ments of Figures 3, 5 and 6
is translated with respect to the other, there wil! be a series of very
sharp peak@ Asilgstieméd The condaien SROMCEME endy tooverThethdpbetdricy lenginetheed wi l |

be given : r i e i n the
conduct or & PREELITEE, Facdrafi FenarBint sTRSAATaITRAS IR SRR
conduct or&g. ih tee ramgeuty RO Angsigons with currently avail abl e

nanol i t hogr aphy technol ogy) but about 10-30 Angstrons w th nanotubes. The
rotational and translational effects would both contribute to vibration
moni toring or GEASW araynbe ®Partiad vacsanswoghapioe diNed. wittr@n—approbriafeE
o~ Z%~ éD/OOB?,O 2.2 PCT1AU9910073 3 Recel ved 25 August 2000 9 _ 21,
AP R Zdadnegiymysuita RARIAMAYP AP RFLRISHY MEL¥RININGLERR T 8 MAIDMENg t he
rel ative posafbiRyBin @SPhacBTRRhgORO! 20, & BRERItpodifiGhiHE RS sébaPRidn of

el ongate el ectrical _conegu_ctors adapted to be associated Wth the
r espect i Vilmedianegrganicanedivea neefe@blyars peganiglubhsanioegl wyclohexane Hurheral

2ot oct airdbacbL Al TR Be Mol B Be & PERUTERy SRRRAR SR T

rel ati ve maigtenamey ob ecgantmivnpacdiibidinsesspardtiorconduct ors on application of an
el ectrical potential 10 difference between said conductors. 2 Apparatus
according to claim11, further including means to adjust the relative ~
posi ti®ns of (The ajusimenoreane miay chddecpit hadlepoisigdsiionats ahkredwmaypienu r§1
guantum tunnel |.i n urrent js detected. 3 aratus according to claim?2
wher ei n §é.‘iﬂﬂb'Sd?ﬁ’g?@mm%glf'@trﬁ‘?mf@LB@”Q%‘%&&'B‘P 5’*"rﬁ?r"e pi ezoel ectric
positioners. 4 (anended) Apparatus according to any claim1l, 2 or 3 wherein
said elongate_elecjrical .conducgtors are substantially aligned in nutually
paral l el rel afrﬁﬁné f%’"ﬁﬂ%?’@&e egftgf’{j '?eluémﬁ{}ee%c@%i éyg"erm%é‘m’@to&? are

m sal | gneplindrieal, e fort EbeR NHlnetes. 79 the ARMRAT 1 Yo JRESSH ailay<Oif XY
preceding claim wherein said elongate el ectrical conductors are arranged

i n respe€Pnyecter segreantgr agscanestadalisprarliel deere will be andampiingeefiesit s,

whi ChOr S Bis AfiRYSciRafe CRIMRIETRBLSIMHAIM, OVABWBIEL! f Rh&Chddnhaganduct or
segnents 1 n sufficient proximty to obtain detectable quantumtunnelling
cur r ent sindepeadéntmmmdedions, phe gridssfoaminy thenspridwich aiilht & ablectoaiat as lwo

conduct Olimensional arrays of point “capacitors” which can be switched on and off

independently, forming a “pixelised” array of tunnelling wells.

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/arrays are perfectly

aligned. o

Figure 3 illustrates an alternative embodiment in which the electrical
conductors comprise multiple parallel nanotubes 10a, 10b, 10c, 11a, 11b, 11c

25 deposited on insulating medium substrates 12°, 13"

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



segnents of each said grid or array are substantially parallel but ali gned
,at said relative angle to t he conductor segnents of the otgﬁr %I’I diéu , -

' ~ . ..-n~C ~ :r ~t=::au C0/00770032 2 _ , PCT/AU99/ 0d#38PRe€l3/ed 25
August 2000 2 4 APR 2003 -10 array(s). 7 Apparatus according to claim5 or
6 wher ei nwdhe/eemgduct or segnents of each grid or array arecwistU&horss
electrically in parallel. 8 (amended) Apparatus according to any preceding
claimwherein said 5 el ongate el ectri cal conductors are of the order of

m cron to manoneter di nensions. 9 Apparatus according to claim 8~ wherein
sai d el oftparet 8!, Sciariceal68c SABILITH) sa@ Kiaggrai g Q&f@@nlﬁﬁe§06r91ﬁa(ﬁ@ﬁﬁ)r es) or

m cron to sub-m cron auasi one di nensional conductors. 10 10 Apparatus
according-to any- preceding clai mwherein said conductors are associ at ed

wi th the af or dbai propediesnols spglepaiatgnanninbesd are dascohed.eépreexarvplei nsul at i ng

conduct o e A TsSASE 2Ro8 P L ARBOR 3 PECRRRBheL Rfplh da899°5

Appar at uE aRsePrdinabes any passedointypekaam atser eescritich as abstlied et i, cal
conductor_is dispaosed along a respective atomc step on a vicinal surface
provi & n§ ﬁsﬁébB?W8W555§3 g& Stus-accardin-g-to any one of clainms 1 to 8
wherein said elongate electrical conductors conprise respective segnents of
an integral 20 conductive |ayer on an |nsulat|q&ﬁgﬁ@seniconductive

substrate. 14 AQ%B?%@M@CBE'@HPJ%BFWCE‘I%?‘ BN i GPNSMClPr Segmants ar e
separ at ed, grié %r %Y@FHv%hﬁorWs By r?ﬁ}%&;aneeeés.{.éA B ManbRpigsabi BeheBdhgm 15

Apparatus according to any preceding claimwherein sald nutual separation
of opposéiinensidracendustprs minsthefateraicdstep ot aivicihal sonfdae tpoedudeas! bynsiing he

- Rocer vedd o VRE A B 19 4 eriprlpaleeno THec SAIRARGy ot T SRSl ey

pr ecedi ngegrhahta mag e regmmrdormn’egalar slaﬂaxlsahbsmpm‘fembnoserhlleUrfF&?gme ssagment S
of said electrical, conduc n the Angst r ons.

Appar at ughs 8raPfcatiPmal r%feéa?'ﬁbenwé Fi n”q'ﬁlr%f’bi”ﬁ Ling e@m%%age are in
5 one or yEReBRdNIS Wy BEBREBIIReSdivd 8&%@ dtépd g, ﬁgr&?a]&eﬁpé@w&ﬁ%m 18

Apparatus according to ‘any preceding claim wherei n sai d neans
di sposi ngurfaded conductors at said nutual separation includes an | ntervem ng
filmand nmeans to confine said film

Figures 2 and 4 illustrate embodiments in which the respective arrays of

15 conductors of micron, submicron or nano-order dimensions when not nanotubes,
are arrahged with the conductors 210 of one array in or on substrate 212,
extending substantially at right angles to the conductors 211 of the other array, in

or on substrate 213. Instead of a right angle, the angular relationship may 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 variation of the scattering lattice, it may further include an array of
magnetic elements forming the lattice and creating 1-dimensionatl domains at or

between the cross-over points.



19 Apparatus according to claim 18 where said intervening filmis a film of
COFA°¥H organi ¢ medi un) eg an organic sol vent. 20 Apparatus ac®TdANGHWOT3hy
.preceding claim wherein said neans for disposing said dueceived 25 dugst 28001

mut ual separation includes nanutube or buckyball (C~) bearings. 21

Appar atus according to any preceding cl Si m wherein said posi2 i oAPRr2003

di spl acenment neasured and/or nonitored Ps one or nore of a rotational or

angul ar separational displacenent, a vibration, a |linear separation or

translation, an alignnment and a misalignnment. 22 Apparatus according to any
precedi ng cl ai Rigura® id Ffusthgaembeldimérti i athiclosdcte sobstrate 312 8adiged in
respective ordered grids-orarra~rs=of =ebectrical 20 conductor segnents,

wher eby t [éomicadly sgipath feshly cleavedimicreane i cenducters 3 19eAi harafamad ce of
el ectrost g, : j I p i ol 8 wher ei n
cai d 1 att YRGSy 00, Sa1 6F ok anGhEn ARG Plercfid ollety e
lattice amppticaticn ofga hotéouarshomalayerdyna hangmuirBlodgek erocesisdToe tes - over

poi nts._ 25 24 aratus according to an e of clai 1.t0,23 further

el udithg HENRaNEIGDS separaicas GRTB S &Y RAPRISH GUhar SRBIEooBEIc25 August
2000 -12 qubrizatht NR378 Prairiaiied phA ottéchénédhripRiviiapi 3o, di fference, and
nmeans to detect and/or measure said quantumtunnelling current between said
conduct ors. 25 THaTRANAEA AeviBdafk SfediBTURInRARAIaRINIRIGRE, ORe
relative position or displacenent of two elenents, 1ncluding: 5 associating
t he el enethesone handecthpymnay be @ppliedtathel measurement ofidoglesr anglds sposi ng t he
conductors_,at. a tual separation wth a variable relative angl e between
the. conduleBlelMrudha Srce Bparalininsny e Bf4Ray et & FcoRe 8 alry T o

 di T f er@nc enfevesedpicfevel eR6tational shledantbe mEdsiddférsMRhplE NGy CUr I ent

bet ween the conductors that is a function of said relative ang{l} e, and 10
det ect i ngMmaRSUENg e suMbey of guerfuaAXig pPemyl of tigec liris dtqught &0 henet hod
accordi ng i [ i i j i L\e positions
of “the contRafistSnbauldlh/otihe ghiordl 0181 BRSKEbAE el e Bpliais el C

quant um t angelal raxgecofr20°rdr sos det ected. 27 (new) Apparatus for neasuring
and/or nonitoring the relative position or 15 displacenent of two el enents

i ncl udi ng: reSAﬂéﬁiaﬁeelwtﬂi@rimfstt}ﬁédaeﬁbegh{%&m 0ed fargeasuriigesrt r i cal

conductor segnents adapted to be associated with the respective el enents;
and 15 monitoring relative linear 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 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 SHEZT
IPEA/Ai)



nmeans for disposing the grids or arrays in a conplementary and overl ai d
CONPTtAl separativrrto-place-the-cvrrductarsegnents in suffici erGT/BUORIANTEY
.20 for a detectable quantum tunnelling current to be geridcaived2bauges200be

grids or arrays on application of an electrical potential difference

between the grids or arrays. 28 (new par at us accordi ng tog‘;lt’ap‘pﬁzzuﬂa
further including means to adjust the T€lative positions of the grids or
arrays to determne that positi on at 25 whi ch nmaxi nrum quant um tunnel | i ng

current is detected. :~li.:., . C_:.. CDI 00370032. 2 PCT/ AU99/ 0073 3

Recei ved B AmMeist 2000 _ 13 2 4 APR 2B 29 (new) Apparatus according to

claim?27 or 28 wherein said adJ ust ment means i ncludes one or nore

pi ezoel ectric positioners. ew) Apparatus according to claim 27, 28 or
29 wherein the (emnade@lbﬁps’é@&%fq rpeaiing and/ar moniodng she Egjativesposition

substantial ly it gle to the conductor segnents
of the other gl?,?géf;ﬁa% arré@“‘?g%&?ﬁgﬁﬂg\p aratus according to any one of
clainms 27 to 30 wherein the conductor segnents of each grid or array are
wired electrlcl p e of
claims 27 to é\%i'éf) geﬂﬁ{ %H SI g%ég% éﬁe Cé@%r%%tgéég cg)ér&%aetégre@p}/t e of
the ordger of mesmtﬁ@emnemsmmier di nmensi ons. 33 (nevv) Appar at us
according to claim 32 wherein said elongate electrical conductor segnents

are carbon nanmémﬁoaassg@ew thésconﬁﬁcmr@’aﬂa rotual Bephedtion Wital vadiadle
di mensi onal conductors new) Appar atus accordl@? to any one of clains

27 to 33 wher erglativa @ng@ hemgerr dhe wongustony syghdt |a1sie@>ectabma9%araunsa| d
mutual separ at j o) yiag %ﬂﬁénﬁ’hﬂﬁ] %Vsnfq?\%néh'g? \?ﬁ%‘f]d ”r‘é?aﬂﬁ gl%”frﬁér}ﬁ i d

film 35 (new) par dt us accor gtocla er e sald erverming film
is a filmof agenemted betvestinutiie amnductars gemapplivativerdf.an electncal potential

10 difference between said conductors.

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

20 5 Apparatus according to any preceding claim, wherein said elongate
electrical conductors are arranged in respective ordered grids or arrays of
electrical conductor segments, 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) Apparatus 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



36 (new) Apparatus according to any one of clainms 27 to 35 wherein said 20
coopeeats for disposing said grids or arrays at said nutual separgtt/anjdongi7gsies
.hanut ube or buckybal | (Cry) bearings. 37 (new) Apparat uq{@@g@gdgmgﬁﬁz@w
one of clainms 27 to 36 wherein said position or displacenent neasu
and/or nmonitored is one or nore of a rot at| onal or angul ar a I
di spl acenent, a vibration, a |inear AA1O=:::~: iep APR mg
CD/ 00770032 2 PCT/ AU99/ 00733 ' . Received 25 August 2000 14 Z 3 AQ?
~Q-~ separation or translation) an alignment and a nisalignment. 38 (new)
Appar at us accogregﬂg) to any one of clainms 27 to 37 arranged whereby the
cross-over points of the respective arrays define a |attice of
el ectrostatic scattering wells. 5 39 (new) Apparatus according to claim 38,
wherein sqaid | f C f éaq;ﬁgﬁ rm ng
t he Iattlge an ?é:ér g§t5| é\%édighﬁet%s?gﬂg% g’gr@”ﬁ‘?‘%{? tgr et wegor{eésa d ct§oésfg over
poi nts. 40 (nesdchApishorartay arecwireld etectricallyijn parallef. cl ai ns 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 arrays8 41 (@rrm@deﬁppApmnasz‘ mccummglrnongnympldeoedmgnctaunl mhetdin saidat i ve
position or | acenent, of two, el enents respective ordered
arr ays> of paraﬂ a‘%r%ﬁﬁt&f:%' E?'é‘é‘f“f‘?@a?%(%cfﬁ@t%’ gga@fcégnl@ pang/meter
associ ated W tdimbR§ioh§spective el enents; and neans for disposing the arrays
at a mutual separation in which the electrical conductors of the arrays are
substantially aligned in nmutually parallel relationship, such that when
said el erpnt s @ﬂa&%std&eb q.ﬁ@&uaﬁ @@ﬁb?é.ﬁ@aloaéashggﬂev elBEtrieal 5'% tors,
a detecta Ie guant um tunne current generat bet ween e conductors
on applicati orarafcaahorelrwptuhm opoepawires, dr fmieraente sbbtmiseen tduastonduct or s
exhibits a ser es af pe provide a neasure of said relative position
or displacene megﬂo?%lw?! E)é ‘atus according to claim4l, further
i ncluding means to adj ust the relative positions of the conductors to

det er hat 05| aon a h 25 1 1in urrent i's

dot octba. 103" ARBATats et 0 16 b R B A M e O gt 8 e

means ~~N: ~. assoclafed withu tﬁb_aloréﬁrd/ elekhents by being mounted in or on
respective insulating 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
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  Apparatus 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.

AMENDED ‘“HEL_ i

{Lone



C0/ 00370032 2 PCT/ AU99100733 Received 25 Augu st 2000 _ 15 2 b AP R 2003
©*Ht¥ldes one ar nore piezoelectric positioners. 44 (new) AppRCEMALES9/00733
-according to claim4l, 42 or 43 wherein said el ongate eRewrivedQalAugasd20000r s
are of the order of mcron to nanoneter dinmensions. 45 (new) Apparatus
according to claim44 wherein said elongate electrical 5 con t

carbon nanot ubes or nanowires, or m cr'ga to sub-mcron quasi ?gﬁﬁ? Zﬁﬁf

di mensi onal conductors. 46 (new) Apparatus according to any one of clains
41 to 45 wherein said conductors are associated with the aforesaid el ements

by bei ng mgunt dgparates adcdraigeadi ey Nsretédingg citims enhereiusadid v enutual
substrates. 10 47 gn_evv) ApEarat us .accordi n% to claim46 where said. .
conduct ors ar e SBP&HORNOf PPROSEH FYHRCR Pegmenteeherifiajecttea)qanduelors isin new)

Appar at us accog@ 31 E%f@(—?'o an sl‘?c‘;mF.l ains 41 to 47 wherein each said

el ectrical con uct0|g I's di spoSed along a respective atomc step on a
vicinal surface providing a substrate. 15 49 (new) Apparatus according to
any one of,-cl ai i L Chi t '

compri se. 1 3sporPPafbtul Sociaiiip e rrakeuio BRAR, Gngldi LR AndugRiL Bt

i nsul abi ng or ereorc muttecbhdectsubagmehis. of Séndth émthermpaeatiStoat®andi ng t o
claim49, wherein said segnents are separated and/or overlaid by a nenbrane
or filmof insulating medium 20 51 (new) Apparatus according to any one of
clains 41180 S5Apphmatws racgerdingntbuahy seneaedingoolaih, ayheosiad said inseamss dgnent s

of said electrical conductors (s in the range 2-50 Angstrons.’ 52 (new
oparatue. secofiphsng sa et Al saliTaulET Sehaaign drusra s intyeni
separation of QRPASEthedmst8EBnRse SR MmOf said el ectrical AVEM-,r1, --,

~ ~~— CD/ 003700. 32. 2 PCT/ ALQ9/ 0073 3 Received 25 August 2000 -16 - 2 ~

APR Q003 53 5 54 55 10 56 15
19  Apparatus according to claim 18 where said intervening film is a film of an

10 organic medium, eg an organic solvent.

20 Apparatus according to any preceding claim, wherein said means for
disposing said conductors at said mutual separation includes nanutube or
buckyball (Ceo) bearings.

21 Apparatus according to any preceding claim, wherein said position or

15 displacement measured and/or monitored is one or more of a rotational or

angular separational displacement, a vibration, a linear separation or
translation, an alignment and a misalignment.

22  Apparatus according to any preceding claim, said elongate electrical

conductors are arranged in respective ordered grids-or-arrayszof-electrical

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

23  Apparatus according 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

AP e - S~
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57 58 20 59 25 conductors is in the range of 2-20 Angstrons. (new)

cogdoat at us according to any one of clains 41 to 52, wherei n SQTHAUOMIITEDr s
“are in one or nore conductor segnents of length in the Reegiged 19Aagist 2000 2m
(new) Apparatus according to any one of clains 41 to 53, wherein said neans
for disposing said conductors at said nutual separation inclazdeAPRn2003
intervening filmand neans to confine dfd film (new) Apparatus according
to claimb54 where said intervening filmis a filmof an organic mediun) eg
an organi c solvent. (new) Apparatus according to any one of clainms 41 to

55, wherein sapgphieang bRictritiaf ARREAGAIS Aifr&RRd UsI P Redbs SBI defBét UiHd/or

separation includés nanutube or buckyball (C-~) bearings. (new Apparatus
accordi ng to ameasnte sdid quantun unnedirgecurvend betweera saidmesiducions.or

di spl acenent neasured and/or nonitored is one or nore of a rotational or
angul ar separational displacenent) a vibration, a |linear separation or
transl ati @6, afaméndedieAtmeihddaofnmeatigmgrand/or (menijoribgpibeartelative quositibrng t o

any one of claing 41 to 5 urther including means to apply said electrical
potential di foEa'ﬁBéFe@ﬁﬂzﬂ{e%e'FH’%’ée‘f “Q‘ﬂﬂ/ or measure said quantum
tunnelling current tretween-said con~fuctors. (new) A nethod of neasuring
and/or _monitoring the relative pos|tion or displace t of t el ement s,

i ncl udPng: assB%?%ﬁﬁq'l'?g tgﬂ@‘%‘?%’h@r’ﬂ' WSPHC?‘@S?J’QEQ‘T?\?@%&HE?'&P MF@&Sior arrays
of elongate electrical conductor segnents; disposing the grids or arrays in

a conpl enent ar §isBPRINGBE | candusinre At 3 Jputual issRaratiop Witk a yariableairiative

segnents in suffigi | R} t 3 =l ' candiE F =~

cor o03~003X. X M%%P%&R’U%%j gi(%?%ﬁduéta% %QSP%QZ%WRSQCW ‘235‘46% aE'n %émf: al2 4
~APR 20@B appl ypotgntial differermed suchrthatinherecist @ datectakle nquaritumii furmedinge
there is generated et ect.abl e guantum tunnellin ur.rent .between the
grids or array%“f"%mg’e ?%h%‘@o'ﬁﬂ’& %Pltlrr\%tdﬁﬁr PH@'@?&%@J&%?UW ?ﬁ@ﬁe?mgng
currenb. 5 60 énevg A met hod according to.claim Sg, further including

adj ustPng the &IPS '?Q/%“@BEF\%*‘&H@"%@W@‘W&&'BW' P9 SY¥eRly det ermine one or
nore positions at which maxi rum quantum tunnel|ing current is detected. 61
(new) A nef hod‘\d’ﬂeW@QsaFermﬁn_Eﬂ &!a"’ﬁ‘paﬂt dithey inpliding adjusting dbpt felativer

di spl acement  of,dihsbP R bSndlidi6is ' BEtermine one or more positions at which

maximum quantum tunnelling current is detected.

27 (new) Apparatus for measuring and/or monitoring the relative position or

15 displacement of two elements including:

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 arrays in a complementary and overlaid
mutual separation—to-place the-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 (new) 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.



10 associating the elenents wth respective ordered arrays of parallel
cogrgiyate el ectrical conductor.-s; disposing the arrays at a mpatuate9/00733
.'separation in which the electrical conductors of the arrpa¢sivéd ® August 2000

substantially aligned in nutual parallel relationship, and applying to the

conductors an electrical potential 15 djfference such that ?gr B @

det ect abl e quantum tunnelling curre nt" lgeher at ed between th 0 c% ;s

that exhibits a series of peaks that provide a neasure of said relative

position or displacenent; and detecting and/ or neasuring said quantum
tunnel i nggcur {gé) A@%a@él@‘é’) aéhdmhgo@ eRfRr 27 g 29 whéeddin Zaid fadjusiifent

i ncl udi ng adj ustl ng the 2D retativd positions of the arrays to determ ne

one or nore poSiaansrrcludesane or MOIE MIRACGIESHICLPPSIIONR!SI i ng current is

detected. ~ftR4,.,.. --, .., . r ~n~~r Cc~. ||~II ,1 .AaL. A Y. A&?. A 2. A &Y. A

JAYL.A LA, A A, AHAeAAF A CANL TH{M QN DE. Un

a| Pzupkf aWB0u] c(a]em] aapasqtua]acapm@aq Ima]?'ca]iﬁaqrcaﬁ) o:ar]sera]ma]a:apm;atoa] calc

I KW

2l cal cal cal cal c2 2o eaCakh Gk e e KU LBHNRA TRl SRl gpl ol c

a] ca] cg] ca] ca]j @ﬁ]afﬁglé:t@]tﬁa]c@aheéﬂoeab bAts] sfahé altfer] gadﬂ@r}aw&)ca] ca! e$@qH

EN"#n%&&' ((((()5*h++5, mhc”YU] | ca] ca] ca] ca] ca] ca] ca] cal ca] cal ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! - . >/ a0OnDo0
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a! q¢{ C_DEEEEFFFFFFFFFF~GGGHHI | Jt KKLLLLMEMVyt oi d_ZU] ca] ca] ca] caU] ca] ca] ca] ¢

a]U] ca] ?%L (ri| ﬁﬁ% (newaBppaiatus @g};g?@r@% ?rt%a%aw]f cddiond @4 toaBd a\}f?%@]ft shish] i:a] i:

al] ca & ca) cal ca

ca] ca] ca] ca] ca? 89?%“?? f afﬂrc%\']c(t,%{] ?%ﬁ?@aﬁ%%a‘{%g %3 ﬁﬁ'&%} %Ja] caJc

a] ca) qg] ca] ca] ﬁ@]@h&)@(@m@fom( 26Z<Z?2ZNeuZZZZZI N [[[[ vN y\ \\ ] 11} xsmhc”Yl gb

] X] c]]ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caU] ca] caU] ca] c

a)J ca] ca] cal] ca] ca] ca]ca] ca]ca]ca

194111111 QQAM(\’EM})_ApFacam;# dccording to dlaiff BbWahbadiNY Hidi >8ibsgdte adleatan] ca] c

~a] ca] ca] c”*a] ca] ca] ca] cal ca] cal ca caU] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] c

a] ca] caU] ca cagendustairegments @ge £a crnfmamjgm anownres or micron to sub-

L e

hhnhhhiiiiii>]xj~jjjjjkkkkl T mmrommml n{upkf [ VI gb] X] ] ca] cal] ca] ca] ca] cal
cal cal cauhgal cilei) ABAERLS FoBadf ks ke B AR 27 &R 5boNGRlF hkp ool
| nbnqnannnnnnmneangmomﬁ@éu or asays ar sald odivla] ¥épdratide rchaddsca] cau

ool cacalf oo s calcaleghat salcalaliga) cal ks oo ca calcal ol cafcal

ssyssOt Ot u>uSuuu) v. vavvvwoww7yxyyyyMe} zzz~yt o} xr ngb] Xl gb] X] ] ] ca] ca] cal] ca
]]1ca] ca] ca%ca cal ca] ca] ca] ca] ca] ca] cay c@a%ca] caU] ca] ca] ca] ca&’ca c

a] ca] ca] c8%ca] Apraraus; acpogging dg claim3id, whemmsaig iplerveniogdian is alfllw 10%p

P ) oo o P Sl RS Qo S dopafe ()| 100 0100

10% & () - S$YS10% & ()-G 10z 10z 10z  $=10%& ()-!&9! 10%z& ()- y1' ' 109%& ()-Y

DE. UnaB} "24 @1%@()\5:];%% ‘gcéérd%rfd: ﬁ:}%ﬁ@ e B %iSindd 2% to 35 wherein said

c10% & ()-"y
20 means for disposing said grids or arrays at said mutual separation includes

nanutube or buckyball (Ceo) bearings.

37 (new) 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



al }A?3 2213/ 10% & ()-y) ! 1098 ()-38& 10% & ()-!1 "#10% (& ()-!10% & ()-
coRYRIDIR' () - zP}oP?! 3/ 10#10% & ()- 10 10 10! ( &6s' 109%&' ()-!, PCT/AU99/00733
865’ 170% (& ()-) L2GA0% () - KV} 7 2P?1 1096 & () - 9109 & () - L lebeh (0828 Adguls&B00L0%6m
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sl 10%% ()'r?’%ééﬁg '\47p]p9y said electrical potential difference, and means to detect
10 and/or measure said quantum tunnelling current between said grids or

arrays.

41 (new) Apparatus for measuring and/or monitoring the relative position or

displacement of two elements, including:

respective ordered arrays of parallel elongate electrical conductors adapted

15 to be associated with the respective elements; and

means for disposing the arrays at a mutual separation in which the
electrical conductors of the arrays are substantially aligned in mutually
parallel relationship, such that when said elements change their relative
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 relative positions of the conductors to determine that position at which

25 maximum quantum tunnelling current is detected.

43 (new) Apparatus according to claim 42 wherein said adjustment means
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conductors are associated with the aforesaid elements by being mounted in

or on respective insulating or semiconductive substrates.

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 respective 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 overlaid by a membrane or film of insulating medium.

20 51 (new) Apparatus according to any one of claims 41 to 50 wherein said
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
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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 bdckyball (Ceo) 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 (new) Apparatus according to any one of claims 41 to 57 further including .
means to 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 measuring 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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10 associating the elements with respective ordered arrays of parallel elongate

electrical conductors;

disposing the arrays at a mutual separation in which the electrical
conductors of the arrays 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

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 more positions at which
maximum quantum tunnelling current is detected.
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