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WO 2004/ 094956 PCT/ AU2004/ 000523 1 QUANTUM TUNNELLI NG
TRANSDUCER DEVICE Field of the invention This

WO pa02/094966 rel ates to the accurate neasur enent PENAU2004/000523

nmonitoring of fine relative novenents or

di spl acenents, for exanple |indar or angul ar
separations or 5 translations. The invention has
particul ar guyANTUM TUNRELEINGI TRANSDUCER DEYTEE! S
of mcro or nano order. O particular though not
exclusive interest is the neasurenent of vibrations,
and quantities derivedFidélgpfne ihventbnt ransducti on.
Background Art There have been a nunber of published
proposal s for the use of detectable 10 changes in

quant pRistiHPEdr Rélafldl ot AQUMBRS @ sIterhenOanddidhitoring of fine
order displacenents or notions. For exanpl e,

Kativpashlements or Hisplagenuards dier xadipid liaeahengngular separations or

etector for a mgcro structure h. a '

e gldh,d e MuBhtoR bRS AR RN eksRheon 6 tiRpRements of
§RA51 OrVinayoofordet. Ul pdriieulgr thiight dthextierieh inferast is the
gap, in the order of 1 nm between_ a sanple and a .
measpeaeentaindpiations and guantiiesenved frenagiqsdional transduction.

di scl osure by Kobayashi et al "An integrated

tunnelling unit" appears in Proceedi ngs of MEMS 1992,
Travenunde (Gernany), FefBapkgrouggbArt |n an extract

entitled "M crosensors get tunnelling"” in Design

Engi neering (Morgan G anpian Ltd, London, UK), 1
Novenbkerellsave bese centirsbar df publisbedaroposals for the use of detectable

ccel eranmeter that .religs o ne| fect
TS B CRnttS] (SR, St o (TSRS G G namo order
WRbRIcemElits eth6onsAnNHoR dXaprisle MBCdIRtYiaehl et ani kave proposed a
force sensor head disclosed in European patent

gisblacemernd idetectpr dor AdNiEre StuGkIrg st A% an aigmic force microscope

; : ‘ .
%ﬁ%{éﬁﬁwgﬁl r%fé%%&ﬁey%%@ééﬂe?@ﬂg@y% gﬂ% é‘h ﬁp%lhlg%&ﬁgﬂre]ﬂp{oethe length of a
gapokethe ord@cef 1ThAgt bétweehha damplendnd w Shaspenmdemetallic tip. An
towards and away from each other. 2

/ ¢ QX her .
aedier oelated disciasuan geyreiRiRavashy | aE &naﬁmt@mated tunnelling unit
LHBOSS! ihNSroRBEYRGR & MEMS 1992, Travemiinde (Germany), Feb 4-7, 1992.

In an extract entitled “Microsensors get tunnelling” in Design Engineering (Morgan
Grampian Lid, London, U.K.), 1 November 1997, there is a disclosure of an
accelerometer that relies on tunnel current effects fabricated in a silicon-on-
insulator (S.O'.I.) wafer. This device, and a micro-mechanical atomic force sensor
head disclosed in European patent publication 262253, rely on the sensitivity of
detected quantum tunnelling current to the variable width of a gap, typically
between a tip and an opposed surface. That is, the tip and surface move towards

and away from each other.

Other disclosures of arrangements utilising quantum tunnelling between a
tip and opposed surface are to be found in US patent 4,806,755 and international
patent publication WO 97/20189.
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tip and opposed surface are to be found in US patent
4,806, 755 and international patent publication W

w@70020409% WO 2004/ 094956 PCT/ AU2004/ 000523  2rdiiaU2004/000523

present applicant's prior international patent
publicati on WO 00/ 14476 di scl gses m cronechani cal
apparatus for neasuring or nonitoring the relative

iti di spl t of J
o 5RO el APaeBBET By MEBAietRL Pater duliietialyvo 0or14s
aiscRsBYt drofRIRABAICES hppdratusNRIr, measanny | srhhdHitoPihgathe relative
5 electrical potential difference across the

positloe tasr displasemenit sofatvie etgmaniseinquhigium painmie¢lpnggte electrical

§<§6@®@3&R§b5 e%enggsgﬁoé%ﬁ@%;%egér% dguéffﬁ'éél, Lk ae?%'fcauon of an

Blechital b@fentlbﬁtiM@%hd&éc@@@@ﬁ@@oﬁ@@@tdﬁé dnére lbra @agiectable quantum
form of the device, respective substrates noun

BTGNS e eibeVees BaNTIdIarss Thisdeying 1§ SenRive 1o the degree
Bf"ﬂﬁgrgflehp e}@%ra}%‘?‘élr 8%89%?‘%8&%@&1@‘585{%& %oﬁaﬁgtors In one

accu mal nt al ni n gap 1 nc

fcoth @fathehmme) gespecivesiatatéesomolint oppbsedarraygaficonductors at a
nmedi.um such as c cI oh xane.  The

Qn epts and
SPRTIRY U dae 4paY dsie 10 ARBSHOMSs JFHac RReS agedgemsfifep accurately
frg{/e lrwllgﬂ?ls arﬁ)efg)gluﬂfe ﬁ\%obéﬁ%‘f 'Wnéﬁoﬁ%éﬁr%sa&da@%ratlon film of

ect of present invention
anmrgmicmexﬂiasssuﬁh g% ayclobexanevi ces enbodyi ng those
15 concepts. Summary of the invention The present
invention is essentially directed to a nonolithic MENS
or NEMS c@hcapﬂsmmj siouctapgs disolpsetién Y60I1 4466 havegreat promise

n int rnatJ al .ent i.cation WO 00/ 14476 .

| RVide LD £ APRUGRUGRT 8 P PRRGIENG (Yhi Tt 2 pblect of the
Efese%@ iPRBRESH PuUbsbviabea- cHyd ohvemritien yeores @%bbdymg those
rovides a nonolithic mcro or nano el ectromechani cal
tonesscer device including: a pair of substrates
respectively nmounting one or nore elongate

Summary of the invention

The present invention is essentially directed to a monolithic MEMS or
NEMS structure for applying the concepts disclosed in international patent
publication WO 00/14476, which structure allows parallel translation of a pair of

opposed substrates.

The invention accordingly provides a monolithic micro or nano

electromechanical transducer device including:

a pair of substrates respectively mounting one or more elongate

electrical conductors; and

resilient solid state hinge means integral with and linking said
substrates to relatively locate the substrates so that respective said elongate

electrical conductors of the substrates are opposed at a spacing that permits a



el ectrical conductors; and 25 resilient solid state
hi nge neans integral with and Iinking said substrates

wa eooneh4sé vel y | ocate the substrates so that rePGpPAaU2G0¥/@00523
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said elongate electrical conductors of the substrates
are opposed at a spacing that grm ts a WD 2004/ 094956
PCT/ AU2004/ 000523 3 det ect abl e’ quantum tunnel i ng
i e[ntI bet ﬁhe onductorg when a suitabl e
gelectoble fuaiiianyhneling copen defween ie onetickys when a suitable

@%tiﬂh@él wentM@sfﬁérené@asdaﬁatéodaéfoeé %@b&@&s JBANS

permts relative parall translation o
substrates transverse to said el ongate el ectrical

conduct or sy rEheleiAblYig (H8e0 ﬁﬂ?ﬁ%%ﬂgg@%ﬁ@s relative parallel

el ectri cal conductors nount ed o res

Yabslatianef saicesshdisttan tisablgrspadoabictlonddiasleagreyisbyductors.
said resilient solid state hinge nmeans is di mensi oned

to have a substantially |lower stiffness in a sel ected

di recﬂreferaatsy,athe/&)Ftpmsedderoﬁgéte)relec‘m&éloé@ﬁ@cté% ‘hﬂﬁ.mted on the
sel ect.ed dbrectl on. an enbodi nrent, said solid

LFSREStiNG Y S%@l?sar@ F%’E@”ﬁpa@@ét one outstandi ng

pillar or post fromone of said substrates and a web

I ntegr jOInIng the pillar to an edge regi on of

t he oﬁa ‘?Q@@F?'@ﬁ éa'q:é?S"é%it@’idn@taltG} hézge means adtmenstoned to

5218 S088aAGE R A FRRLER.£0HIOLBEELIE, Bl F'a ircion

artbugmalttomslsatectﬁfd dinéctiom,woul d typically require one

or 15 four solid state hinges. In an advant ageous '
device, the respective substrates are typically planar

pI at ek1 an mbedsnaatclrsad:d solif statet hinlgey meainkogdmprises at least one

Ggqr@ess a}%g one%g#erl yi ng t he ot her. Rectangul ar or

BFEE Q5 PQRA A OfEe0 a%ﬁ}ﬁﬁugg'@?@’(% ang enyelgfintegrally Jommg
tHaee g fad !
0104 8 PS5y B A o,
s@drhm@% ine¢argewould converiéntiyheompesé rgpair of solid state hinges, while
detection of rotational or angular translation motion would typically require one or

four solid state hinges.

In an advantageous device, the respective substrates are typically planar
plates or wafers each of substantially uniform thickness and one overlying the
other. Rectangular or square plates or wafers are advantageous, although in the
case of four angularly spaced solid state hinges, one of the substrates is
conveniently of disc form.

Brief description of the drawings

The invention will now be further described, by way of example only, with
reference to the accompanying drawings in which:

Figure 1 is an isometric view of a monolithic transducer device
according to an embodiment of the invention, having a pair of integral solid state
hinges and especially suitable for measuring linear vibrations;
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The invention will now be further described, by way of
exanple only, with reference to the acconpanying

waele@wiomyse i n which: Figure 1 is an isonetric VPEWATL008/000523

nonolithic transducer device 25 according to an

enbodi nent of the invention, having a pair of integra

solid state hinges and especi&lly sui tabl e for

measuring |inear vibrations; W 2004/094956 ) )
PCT/ AU2004Figousn2 and Bjajerrespectivily 2 plea viewpand avgifg elevational

a pl I eV ' t4.onal view of the device
Y'Pﬁ’ﬁﬁpétd%gl'cugﬁﬁ@&%g?ﬂ%@%Jre 4 is aviewsimlar to

Figure 1 but froma different angle, of a nodified
formof the device depicted in K. €1, .. [ NQ.;

|t egr al - SOBHEF 48 rewt hifalsdo TRETL byt 4Rth ErgHnt andle, of 2
mRdifiddebrimoemif dbbiee dfaticedsiRomguie 1Fihawvireg fourhiatdgral solid state
one hinge so as to be sensitive to rotational

hingés] ati ons or vibrations; and Figure.6 is a simlar

view of a device having four solid state hinges

equal 'y angul arly arranged around a disc substrate. 10 _
Enbodi nent kigofe tthdepistemt modifiek farm e dhe edevdes isbewnoin Figure 1

5B o haf BEA-IP 5 Yl P Rap A iaps crybrgpons:anc

a type suitable for the nmanufacture of mcro- or :
rooni de. PRHES Bl 2o Btanped 8 Gl hr¥Ra plisald state inges
Bh@IRFarRfuIRY AfrEngld afdund BefsSutigiag, 15 | arger than

the other and formng a base for the structure, and
the other 25 being suspended over base plate 20 from

a pair of resilientggHddimens ofthedaventigat ures 30,
32. In this particular enbodi nent, each plate or wafer

20, 25 is of uniform thickness, and plate 25 is

L e TR AR, oy O ALY P B850 ) O 8 intratd
pricaiotithi@ GstruureEdyhicalo foromsst iise3 maferidl - 0f lee type |switable for the
an%nllJJ e?ét&rned(inp r%icfrBP g}' Rgﬁg_ gt'rt?étﬁrezs?forl enxatntl]blsé ﬁﬁéotr{ S%Sﬁium arsenide.
The device comprises a pair of rectangular plates or wafers 20, 25 , one 20 being
larger than the other and forming a base for the structure, and the other 25 being
suspended over base plate 20 from a pair of resilient solid state hinge structures
30, 32. In this particular embodiment, each plate or wafer 20, 25 is of uniform

thickness, and plate 25 is positioned centrally symmetrically over base plate 20.

Hinge structures 30, 32 are integral with substrate plates 20, 25. Each
comptises a wall-like pillar 34 upstanding from base plate 20. In this particular
embodiment, each pillar 34 is at an edge of base plate 20, and the outer face 35 of
the pillar is flush with the edge face 21 of the base plate, but other arrangements
are of course possible. Suspended plate 25 is linked to pillars 34 by respective
elongate hinge webs 36, 38 that join opposite sides of plate 25 to the inside face
of pillars 34 in mutual coplanar alignment. In this particular configuration, hinge
webs 36 are of a width equal to the thickness of plate 25 and arranged so that

their upper and lower edges 37 are flush with the respective upper and lower
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30

enbodi nent, each pillar 34 is at an edge of base plate
20, and the outer face 35 of +the pillar is flush with
wo b@4eoiyss f ace 21 of the base plate, but ot herPCT/AU2004/000523

arrangenents are of course possible. Suspended pl ate

25 is linked to pillars 34 by respective elongate

hi nge webs 36, 38 that join opéosite sides of plate 25

to the inside face 25 of pillars 34 in_nutual coplanar

faceg 2deofiplaten2’ aind ssathat #igiakppentdgr BAtis dushnyiiyand orthogonally

bs 3 f i 1+ hi
SEoct with TrSie o8 0 DpBet Bloe 3 Bl T over Cehen ©
5004/ 094956 PCT/ AP0OA! OODESS -5, 1 aoas 24 ol pLaten

ce .
and b Vi FrrTagdraledaesr NERE Bghs it s g reteely thin in a
ggédi?)aogs?waluél %ﬁbrafzgg\%@,vza Buf e paletivély |aRe UPRERsiedde a direction

of pillar : w Il be understood that because _
monveal tadbe phBear ther kinges wee gy endakle, datdsthayg very low motion

BB B B B LB Py govement

ihengemaA0aebiiehl y bendabl e, that is have very |ow
notion resistance, in the parallel direction but are

highly stiff and resistant to novenent in the nornal

di r ecth®ppdbed Fases 8, PactplRds 24 2 ard paeslelfd alfigh degree of
are parallel to a high degree of accurac:é, and are
ha

aequracy.aanmiarersat spar iungfosn Rasing o5tgarhperat waich thefe can be a
le gk i .
L e L

_ ctors in theSe faces.
frices OF ooutilitpaea micot bprasbaslecibmeehanieal dédse, thasesaces 23, 24

23, 24 h nbedded el I ical . [ .
Gain BBl REASES TS SaRUGAAR A RS e pars
i 88 PR g 9 i o cotecs 42

prpidadon atatap @0pA6ifat epelyigtan appropoiaée elestrical potential difference
di fference 15 across fhe orpp

6795 13 EPp53adiao0iisl e RATRD Ve dRRe S aigotEls Auhttum tunneling

86 @%Saiass éQP 50, E9éctHEA corPiRBE6hd BERVRAT ¥eRBcRMUY 8l Tonductors
42 and condlctors 40 can be integrated through the

#0cgo beeibtegatedabreugh thienkinge nvalise36Gif or ement i oned
i nternational patent publication WO

As explained in the aforementioned international patent publication WO
00/14476, this 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
any lateral overlap or relative angle between a pair of opposed_conductors. The
device takes advantage of this linear relationship in that the detected value of the
tunnelling current will change as opposed conductors move out of alignment with
any relative parallel translational movement of plates 20, 25 transverse to the

conductors as the hinge webs 36 bend.

In a particularly suitable application of the transducer device 10 of Figures 1
to 3, linear vibratory motions transverse to the plane of hinges 36 may be detected
where the base plate 20 is affixed to a surface and vibration in the surface causes

relative vibration of plate 25 on hinge webs 36. A transducer of the illustrated kind
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00/ 14476, this quantumtunnelling current is
critically dependent on the spacing 20 between the

w@ewdietss s because the quantum wave functi on PEDAYS004/000523

exponential |y outside the conductor surface, and the

detected current wll also be a function of any

| ateral overlap or relative an§l e between a pair of

opposed. conductors. The device takes advant age of

&thirderbi oveaaino eiménsioskiqan funchian at highl éegoeadiesadnd: hefice can be
the tunnellin rt@grent AR

Weseiag FoPRNSRS freaugnPy MHEATOS, 8 gLy ths gepls in quantum
1%'hé|llln 'cn}rfeﬁ"ﬁ‘%ls%é sBB\RRBOELoR oBifa1RSN 2P &i of alignment.

transveérse to the nduct ors as the hinge webs
bend. In a particularly suitable application of the
transgycefer %?)}Shéaeuol"pof){he':t‘r%o‘%eilﬂe{n% gu&tgs ures 1 to 3 is as
vi bratory notfons transverse to t hi n
adiovw enetet éc twdrch \pieee25 tpeojeasemmzmmi mpmdaftbl bhedﬂmwx It will be

?a@gr%%{%%c? Jﬁ%’f‘rj@\é: ‘g%%%é %%ln:a!’?%tg%ges &ﬁﬁgﬁmﬁ%@ea}wr@ment of any
%%5}7‘%&00 rlv%g:i ftIR ddshtistal BaReqldimh. WO 2004/ 094956

4/ 000523" 6 at mcro or nano di nensions can
function at high frequencies and hence can be wused as
a Senﬁgﬁjré’g 4Mih |f|ﬁ§t?é‘t%nfil¥th\é:r RirabdirentdYr Qﬁéﬁéﬂthlﬁgmlcro or nano
t he peaks 1 n quantum tunnelling current as
dpwoeeuavmgohjtaranGosmnabt&rtstlca oaapplications. ihega’amture of Figure 4

Anqt he tl t d [ depict

retimgric B § oot At 1Engs RIS IR wPB 150a: G0t fize. 1320 0n
gfthéY @ib@céfstﬁer‘&@sﬁﬁ%e’de I@@é‘d@ﬂ T Hid eklgpialidws VMn'ebr bRotion of the
appreci ated that 't he deV| ce can be generally appl

ed
s@snm@laderalgte drerwitorespact tqdbﬁtbalsﬁd%la@eﬁ@éﬂ?@ﬂ Bm dimensions of

Db oA s et BB S 0 or nano

devi ces having alternative characteristics or

- vor i GianuSely, 28, S b RBlre BNl s 17aShlide"220 so that

ﬂr?é)@mam?@latém @?o;@bish@éntﬁevﬂ@r fﬁshtdfrﬁfrahﬁm@mbl@lpﬁs@ 234. This

. This design all'ows |inear nption of the
dasnger@ll@uvqoaag@laugtatpnmfr hepeantilevered dlalgswith| rgspeatrt the base

WZ«Q Ilgee s&lg@fj@g Sf ﬁfgf% 6 s pbficati fo FALBRE ahBafRr rBtation of the
plates. Here, the suspended plate has four equi-angularly spaced radially
extending hinge webs 336 to ensure better, more accurate positioning of the

plates and to provide a quite different response.

An exemplary size range for the illustrated structures would involve a
suspended plate dimension (edge length or diameter) in the range 100um fo
100nm. Typical hinge dimensions would comprise length 100pym to 100nm, width

50um to 50nm and thickness 50pm to 10nm.

Any of a variety of known fabrication methods could be employed in the
manufacture of the devices of the invention. Appropriate such methods might

include:
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Conversely, the structure of Figure 5 has only one web
hi nge 230 so that 15 the snmaller plate 225 projects

w@anvaiodeser fashion fromthe single post 234. A@I/8U2004/000523

design all ows angul ar rotation of the cantil evered
plate with respect to the base_plate. The structure
of Figure 6 is also applicable %o relative angul ar

rotation of the plates. Here, the susgnded pl ate has
four equi - ENgul Bcugsediorebearu(RiB) §or ia plat ggpRiStyef about 15nm

gf}é%ﬁSSG to ensure better, nore accurate positioning

20 plates and to provi de a quite different
response. An exenplary size range for the illustrated

structures ul d..i nvol v.e di nensLon

(edge | engt gqoorgﬁ?%gpéﬁaﬁpr%ﬁgﬁp%d @6%1’9?@ of 5 or less.

100nm Typi cal hinge di menS| ons woul d conprise length

100pmto 1QQnm width m t.o 50nm t.hi ckpess

to 10nm 2@3Any3%cfrq 13) afg 'ﬁ?‘{ﬁ' PP d‘ﬁﬂ?l é‘§tflgoﬁeaCtR’e ion etch
|1Et)ods coul d be enployed in the manufacture of the

deV| ces of the invention. Appropriate such nethods
m ght include: WD 2004/ 094956 PCT/ AU2004/ 000523 7

(1) focussed iogTRAA Efe@rof:ﬁém'idﬁl gfdHedt € gaps 50 of

about 15nm ‘or ?ess icon-on-insulator (SA)
for interplate gaps of 5nm or | ess. (3) sacrificial

Lo\ S MBTANEL BB £63EL 150 B SRS oBpd o, os. by

débeslhng |aveelfhehgmbcbmdlecmlabI(SAM)daydﬂeom\memmitoas surface, and then

Wefdod | Be” tunijately et B e DIESmIeh PALEEahY FiRerfollowed by

é@é;%r%ﬁoﬁ ke tlﬁé‘\’%/ﬁﬂ\h %gér 19 thigrdBskhhdini te Ac%l{p @oRBPbe related to
FI B, foll 0 evaporation of t | ayer.

the mkﬂesaQéSPd\hmatatlair pl ate gap woul d be related to
the thickness of SAM nateri al .

For a gap of 1nm or less, presently known fabrication methods would not be
suitable. Accordingly, in this case the plates might be fabricated separately and

well spaced from one another and an actuator used to bring them into proximity.

The elongate electrical conductors and the contacts could be applied using
implantation or nano imprinting technology or any suitable method.

Solid state integrated hinges 40 are very accurate and have very high
tolerance. Errors arising from variations in spring constant or web construction
details and materials can be controlled and minimised to very low values. The
illustrated transducers can function in vacuum, in very aggressive atmospheres, in
the presence of strong magnetic and electric fields, in strong radioactive or cosmic

radiation, and at exceedingly low or high temperatures.

Reducing the dimensional scale of the transducer devices from the micro to
the nano scale in the aforementioned ranges (that is from MEMS to NEMS) should
improve performance and reliability of the hinges since, as established by a
number of studies, decreasing size is accompanied by a corresponding decrease
in the number of defects. Many physical parameters can be controlled to a higher
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For a gap of | nmor |ess, presently known fabrication
nmet hods woul d not be suitable. Accordingly, in this

W@ a®e/094986 pl at es m ght be fabricated separat el BCEHAU2004/000523
wel | spaced from one another and an actuator used to
bring theminto proximty. 15 Jhe elongate el ectrica
conductors and the contacts could be applied using

i npl antation or nano inprinting technolp rany.

etision withefRei@asiny isirest aueh iﬁﬁ"@@]eé?réd"\%y‘ff&ese?%mawdums and
\/ i ie%e ' ' n [ of solid state
LRIt BRI PraBTietRpda (o SIROA TR Sl

WEH $lirigest isorery degiai With difietinras estialaded 4o beetypinally @vesdl O years or
and minimsed to very.|low valyes. The 20 illustrated
QyesRo8RIbPY Gé’ﬁ'ﬁsfq}cr?@i(‘it'BHO‘ij% p@ﬁeﬁﬂﬂfﬂc?'n very aggressive

at nospheres, in the presence of strong nagnetic and

electric fields, in strong radioacti.ve or, cosm c .
r adi a{ﬂw@ﬁ,ncglnan@tstmg@aiaﬁ@&ﬁlq 8l VEFIOHs gq{ternatlve constructions, for
%)?ém&g%s%gegni@%%%ﬁﬁmteﬂﬁo&g, hepshanelofsralisinyf opfiised solutions
ansducer” devices fromthe micro to the nano scale )
fon partcuaborpepticatioosednr pargieslatt fas pessiblentavertsct ghe geometrical

NEVS) shoul d 25 jinprove r f or man nd, reliabiljt :

SR B harbedlBr 2 o, B3 gy g eterie, anc
i g&ct skl A 8lIISaSsP BPHY St @ selected motion range

%iorrggcg]c?ﬁ |ng% gi‘rﬁg%?e In the nurrberﬁof def ects. Many

ainy sequateddaequraatoyr s can be controlled to a higher WO

2004/ 094956 PCT/ AU2004/ 000523 8 precision wth

decreasi ng size. Such paraneters include elastic
nodul Applivations ef éhaldeyidesr inghigsi foste prepes, tflows meters, gyroscopes,

R i At e
06y GRbHY mMINBRurkOdi¥RAbSN &Y to e endbéniieht b the yoéasurement is

of continuous performance. 5 Nunerical and str_uctura‘ .
anasia)sfar examala dugnaaswingaeredymmic: BEHReRs in fagroplane or ship

xanmpl e using fini I t t i s capabl e of
ﬁ?%'@ﬁmqgea ’rﬂrs%@iﬁ%@faﬁﬂﬁ ndsr%ftg%rt i cul ar
applications. In particular, it is possible to select
the geonetrical structure of the transducer or of the
solid state web hinge, the materials, and dinensions,

for the optimal parallel notion of the plate, in a
sel ected notion range
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10 and required frequency. Applications of the devices
i nclude force neters, flow neters, gyroscopes,

wOoRnar4966n neters and accel eroneters. An appl i PET/ATZ008/H00523

particular interest is to surfaces where m ninmum

di sturbance to the environnment of the neasurenent is
crucial, for exanple in neasur9ng aerodynam ¢ surfaces

in aeroplane or ship 15 design and testing, or
é@%ﬂﬂ er disk drive testing. WD 2004/ 094956

004/ 000523 9 CLAIMS | A nonolithic mcro or

ano t . ' ' i i na .
Parr SrEIHETFITER Fhahd BEHURortRlcel faRBlbe dilice Moluding:
el ongate electrical conductors; and 5 resilient solid

stat e_hi_ng ans.integral. Wt i ki ' :

subst? Qtagsgft%UEb%r}@t% i@%ﬁpﬂl\%’é’ a&gﬁﬁ ﬁgé sd?u%spggfcgé d%lgngate slectrical

that ¢f@rpRedrsvangai d el ongate el ectrical conductors

of .the substrates are opposed at a spacing that

permts a detectable quantum tunnelling current

bet m@%ili@ﬁﬁs§®l§t&éqﬁﬁgéﬂﬁ%n@ infegraioRitle seldeifiking ahid substrates to
I fference i

pot enti al s applied across the conductors; \
10 whrstativelys liadte dhe ssubisiietesh padbaheesRegivensald elongate electrical

relative rallel, translatio f ' t ;
{ansoAruBRS of i AR A8 onddiet B R HELRD thet permits a
An el gsibErimRs hanirtam timmsithe eurdet i mstwaenottdi mpntoctors when a
claim2, wherein the opposed el opgat (? el ectri g_gel )
condugditable placical petentia diftespres IsaPPliggRgrPss te genductors;
substantially parallel. 15 3 An el ectronmechani cal

transducer device according to claim1 or 2, wherei .

sai d whetdin said solid gtaie firdehMeGESRAYAYLS @l@rv&mnaﬁﬁﬂfaans'avon of
to ha ' ' bi d

o v ooy pupStal R efoe O ¥l AbidatB RIS Barb TR RS
selected direction. 4 An el ectronechani cal transducer

Qevi anaeﬁggt?gr%gghél%cgf ﬁéﬂ%&uce% o%rvic% according to claim 2, wherein the

opposed elongate electrical conductors mounted on the respective

substrates are substantially parallel.

3 An electromechanical transducer device according to claim 1 or 2, wherein
said resilient solid state hinge means is dimensioned to have a substantially
lower stiffness in a selected direction relative to a direction orthogonal to the

selected direction.

4 An electromechanical transducer device according to claim 1, 2 or 3
wherein said solid state hinge means comprises at least one outstanding
pillar or post from one of said substrates and a web integrally joining the

pillar to an edge region of the other substrate.

5 An electromechanical transducer device according to any preceding claim
wherein, for detecting linear translation, said hinge means comprises a pair

of said resilient solid state hinges.



20 wherein said solid state hinge neans conpri ses at
| east one outstanding pillar or post fromone of said

waageases and a web integrally joining the pii/AER008/000523

10

an edge region of the other substrate. 5 An

el ectromechani cal transducer device according to any

precedi ng claim wherein, for d@tectlng i near

transl ation, said hinge neans conprises a pair 25 of

§ai d Aemsélectmmacbahktaistraneduﬂaﬁg:@/jca/thHGMQ)maaBn 5, wherein said
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{r ansHESE adue inde RepR T s GERpaReL Abamant s o
hi nges i ncl ude hlnges webs i n nutual co-planar

align ect omsc ani cal transémﬁtﬁcer devi

nt
Accor gﬁ%n%e%m@ﬁ? Bhieg= ?ra'ﬁ G deVics acQy EBéPﬁ”‘”nyB}e of claims 1 to
det ecyl wﬂeﬂimr PAAbERIAbNOST AREHORI &F BRGLRL t?éhé@ﬁcbr?rﬂﬂotlon said
said 5 hinge neans conprises one or nore angularly
spacetiingsl meass aperisegesie & Maredegtladsphaad salid state hinges.
transducer device according to any one of claims | to
7, wherein the respective substrates are planar plates
8r mﬁardecimmeobamcla“rawddwr deliee. ackoAting to any one of claims 1 to

5 whof oIR8 orSPAREE LRSS oL cPIRDE! digsaPT Waers, one

overlying the other.

9 An electromechanical transducer device according to claim 8 wherein said
plates or wafers are rectangular.



