WO 03/ 022156 PCT/ USOL/ 27562 CYLI NDRI CAL ULTRASOUND RECEI VERS AND
TRANSCEI VERS FORMED FROM PlI EZCELECTRI C FI LM FI ELD AND BACKGROUND OF THE
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Bruyne. A further advantage of cylindrical ultrasound transducers is that they

can be centered around an element of which the position is to be measured.

This is used in a drawing implement digitizer system described in PCT
15  publication WO98/40838.

Structurally, a number of different types of cylindrical transducer have
been proposed. The De Bruyne patent proposes a “Sell transducer” which is
capacitive device formed from a complicated arrangement of cylindrical layers
intended to produce a cylindrical air gap of about 20 um. Such a structure is

20 costly to manufacture, and is likely to be unreliable.

A second type of transducer which has been proposed in the field of
medical applications is based on piezoelectric elements. An example of a
medical transducer of this type may be found in U.S. Patent No. 4,706,681 to
Breyer et al. which discloses an ultrasonic marker. Here, a cylindrical

25  piezoelectric collar is sandwiched between two electrodes. Application of an
alternating potential across the electrodes causes vibration of the collar, and

hence emits a radially propagating ultrasonic signal.



as a transmtter and a receiver. In practice, however, many considerations
result in many transmtter structures being ineffective as receivers. This
is partiwolaokysérue of cylindrical elements in which al mogtusoiersentire
cylinder 5 contributes to wide angle transm ssion by actuation with a
relatively hig power while only a small portign of the c Iing r is
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Although a cylindrical ultrasound transducer is relatively simple to
implement using piezoelectric film, implementation of a receiver poses
additional problems beyond the general complications of cylindrical receivers

20  discussed above. Specifically, referring to Figures 1 and 2, there is shown a
schematic plan view of a freely suspended cylinder 10 formed from
piezoelectric film. Figure 1 shows its relaxed state, while Figure 2 shows the
response of cylinder 10 to an incoming ultrasound signal wave front 12. Since
the piezoelectric film is flexible, the oscillations of signal 12 generate waves

25  (exaggerated for clarity) traveling around cylinder 10. The direction and extent
of flexing of the piezoelectric film varies along the wave form created around
the cylinder, resulting in reversal of the sense of an electrical potential
generated between the electrodes. As a result, much of the potential generated
by the piezoelectric film may be dissipated in local eddy currents within the

30 electrodes, greatly reducing the overall signal voltage as measured between the

electrodes.



2 WO 03/ 022156 PCT/USOL/ 27562 A further problemof inplenenting a

cylindrical ultrasound transducer using piezoelectric filmis the tendency
for the eWeaBnexdést o act as an antenna picking up unwant @d¢TaiSev2Tsénagnet i c
radi ati on which may result in very low signal to noise ratios. 5-There is

therefore a negd.for a cylindrical ultrasound receiver structur enpl oyi ng
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flexible piezoelectric film the hollow cylinder having an outer surface,

an i nnersignalitadwisearatiopt ral axi s and a hei ght neasured parallel to the

centr axi s; b) .a ,sensing el ect.rode formed from cqnductive terial
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conductiv gﬁﬁ@ﬁ' i the outer surface; and (d) a support
structure&P r SJ%E%???%gﬁgﬂghﬁollom/ cylinder, the support structure being
configured to support the hollow cylinder in such a manner as to all ow
propagation of vibration waves circunferentially around a major part of

t he hol | oSUMMARErQF iiEE aN'VENEIQNNsi ng el ectrode is 20 formed as a strip
extending in an extensional direction substantially parallel to the
central axis along a major part of the height, the strip subtending at the
central axis aph@nsteSef imvehtioR' B 4 h@flinPicaPaffhstiid té&civdrusiigurd eature
of the present invention, the strip subtends at the central axis an angle
of not noemptdyamg piezo&lscciolndi ng to a further feature of the present
invention, the grounded _electrode extends over a major part of the outer
surfakh. Accordceding to therteardringscef thedrefent e gptiendhere; ippeoxidedh, ant here i s
al so proﬁﬁ%&&hﬁﬁ;&&ﬁ@&-&ﬂ% addi;%gnah ﬁlectrqu %orngg fronlcopductive
materi al prising: (a) a hollow cylindér formed primarily from

flexible piezoelectric film, the hollow cylinder having an outer surface, an
inner surface, a central axis and a height measured parallel to the central axis;
(b) a sensing electrode formed from conductive material applied to the inner
15  surface; (c) a grounded electrode formed from conductive material applied to
the outer surface; and (d)a support structure for supporting the hollow
cylinder, the support structure being configured to support the hollow cylinder
in such a manner as to allow propagation of vibration waves circumferentially
around a major part of the hollow cylinder, wherein the sensing electrode is
20 formed as a strip extending in an extensional direction substantially parallel to
the central axis along a major part of the height, the strip subtending at the
central axis an angle of not more than 90°.
According to a further feature of the present invention, the strip subtends
at the central axis an angle of not more than 30°.
25 According to a further feature of the present invention, the grounded
electrode extends over a major part of the outer surface.
According to a further feature of the present invention, there is also

provided at least one additional electrode formed from conductive material



3 WD 03/022156 PCT/USO01/ 27562 applied to the inner surface in a pattern
non-conti guous with the sensing electrode. According to a further feature
of the prweenw2iisventi on, the at | east one additional el @trrusde2zxt ends
over a mgjor part of the inner surface. 5 According to a further feature of
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use additigadtdds. as an ultrasound transmitter, thereby serving as an
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t he support structure I nctfudes a conductive core el enment deployed within
the hollow cylAcadedingnosadirternfeange ofsthe prasedit dnedrivi; icoaligaawdt fsrt wi t h
the sensing electrode, the conductive core el enment being el-ectrically

grounded. usec@diiongllytas ameltmsetied fragsmitfsire thenebyt sarving e ag aidassninde cor e
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electrode to the transmitter circuitry and to ground.

15 According to a further feature of the present invention, the support
structure includes a conductive core element deployed within the hollow
cylinder in such a manner as to avoid electrical contact with the sensing
electrode, the conductive core element being electrically grounded. According
to one preferred implementation, the conductive core element is a metal core

20 element. According to an alternative implementation, the conductive core
element is formed from conductive foam.

According to a further feature of the present invention, the flexible
piezoelectric film is implemented as PVDF film.
According to a further feature of the present invention, the sensing

25 electrode and the grounded electrode are implemented as substantially
transparent electrodes.

There is also provided according to the teachings of the present
invention, a method for operating an ultrasound transceiver for receiving and
transmitting ultrasound signals, the method comprising the steps of:

30 (a)providing an ultrasound transceiver structure including: (i)a hollow

cylinder formed primarily from flexible piezoelectric film, the hollow cylinder

4



transmtting ultrasound signals, the nethod conprising the steps of. 30 (a)
provi ding an ultrasound transcei ver structure including: (i) a hollow

cyl i nder Woroame1psi marily from fl exi bl e piezoel ectric fil ®CTtusel/bmsbt ow
cylinder 4 WD 03/022156 PCT/US01/27562 having an outer surface, an inner
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maj or part of the outer surface; ) receiving ultrasound si-gnals by: (i)

connect i n@nglst of notemarkithtand}) (iiinatleast ent addidionabiniee etedtrmdedosned ode to
el ectrical ecting the sensing .electrode to receiver

e
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a novable element, the systemincluding a first group of novable
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to at least one of the additional inner electrode and the outer electrode.
There is also provided according to the teachings of the present
invention, a method for operating a system for determining the position of a
movable element, the system including a first group of movable ultrasound
20  transducers including at least one ultrasound transducer associated with a
movable element and a second group of fixed ultrasound transducers including
at least two ultrasound transducers maintained in fixed geometrical relation by
attachment to a base unit, the method for operating including: (a) operating the
system in a measurement mode in which: (i) one of the first and second groups
25  of ultrasound transducers transmits at least one measurement signal which is
received by ultrasound transducers in the other of the first and second groups,
and (i1) a position of the movable element is derived from time-of-flight
measurements for the at least one measurement signal; and (b) intermittently
operating the system in a calibration mode in which: (i) at least one ultrasound

30 transducer from the second group transmits a calibration signal and at least one

other ultrasound transducer from the second group receives the calibration

5



received by ultrasound transducers in the other of the first and second
groups, and (ii) a position of the novable elenent is derived from

ti me- of - fwoght221seasur emrents for the at | east one neasurememtussi/grsatl ; and
(b) intermttently operating the systemin a calibration node in which:

(i) at least. one ultrasound 30 transducer fromthe second,.group.transmts a
calibrati ggig%ai?’gn%ﬂd aﬁ@ ‘?Fﬂ’r‘été%"[ Hﬁgm Her Bl ?%ré%e&n o aﬂglﬁ]%gﬂlgbiom t he
second gr i j tdi 5 WD 03/022156 PCT/ USO01/ 27562

si gnal , a(r?lg&(siﬁ%iﬂécﬁg??%ﬁﬂg?icgﬁbféﬁogﬁ%lbn is derived fromtine-of-flight
measur enent s f Xcdobdingalo ar furihen featwealof thecpredéntginvendon,uat hest fopat ur e of
the present invention, at |east one ultrasound transducer fromthe second
group is iulsasomad: depnsdugare framarthe epeoondorgsaupy iy nimpleatentgd: rass dhad
transducer_.struct.ure s.al so Brovi ed according to the teachings of
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the grating having a plurality of openings spaced at a spatial frequency.

of | ess t Heamsdiesutushdlfpr asgivem fesuendy of ultmseundhsignatowhile miamizing of t he
in air. For_a cylindrical

'ength of _the given f i ul
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the acconupeMingd sphew agﬁ,spwﬂrﬁéquen@@f_ lésd thad AfoeMalf andlRefeydty of a
freely suspended cylinder Tornmed from piezoelectric fiiminits relaxed

state; 20 ledsGthan iabouat sclqearer,col/ithey whvelamgthy of ndler gdfenFigyuencly wiien
exposed to_ an ultrasqgnic signal; FIG 3 is an isonetric view of a
cyl i ndri caltrggoupdsgurair-t Fanse egXidrical transducer, the grating is preferably

configured as a cylindrical grating surrounding the transducer.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein: |
FIG. 1 is a schematic plan view of a freely suspended cylinder formed
from piezoelectric film in its relaxed state;
20 ~ FIG. 2 is a schematic view of the cylinder of Figure 1 when exposed to
an ultrasonic signal;
FIG. 3 is an isometric view of a cylindrical ultrasound transceiver,
constructed and operative according to the teachings of the present invention;
FIGS. 4A and 4B are plan views of the outer and inner surfaces,
25  respectively, of a piezoelectric film employed in the cylindrical ultrasound
transceiver of Figure 1, showing the form of electrode patterns applied to each
surface;
FIG. 4C is a schematic plan view of the film of Figures 4A and 4B in its

cylindrical configuration;



constructed and operative according to the teachings of the present

I nvention; FIGS. 4A and 4B are plan views of the outer and inner surfaces,
25 respecwowsloyz1s©f a piezoelectric filmenployed in the egriusdi/etsat
ultrasound transceiver of Figure 1, showing the formof electrode patterns

applied to eac face; FIG 4C.i.s a schenmntjc plan yiew of the film of
D res 4n and HIETIR BOEh isgienti gy oB A el Rare o Vemmroia g 6

PCT/ US01/ Z4%8dricil Rrasound sE&QQFBngqué w of a netallic core elenment from
the cylindrical ultrasound transcelv of’Figure 1; FIG 6 is an isonetric

view of a condlG. eisf @raiBonwsteic aliewest a \WohdhictivRfodie coseeleaser@wiicher nati ve
to the core elenent of Figure 5; 5 FIGS. 7A and 7B are schenmatic isonetric

vi ews i || usey Be upesl as 4n aliemnatiee tnihgerd elenfent of RigwkSctri cal contacts with

the cylLindrical_pldrasoun transcei ver. of Figure. 1, eqnploying cqnductive
adhesi Ve; FIG Ft;:»[tl}iss ﬁgs@fgr@t iage i%ﬁﬁ%‘f‘?‘? c‘SW‘@&)‘i MIgRS AHPStRYINE deliBtid

t echni que : iyl l ect i Gal .4 hath l.ndrical ultrasound
transcei vetgag?ql%gfﬁ}r gg, n%ﬁ%élg%cgggé%?%%fiwéﬁcglﬁnggﬁ %g}ﬁgﬁ ﬁﬁ&sognfis a
schemat i c tiamoo@ven ¢f Mg 1,|elm§lb'fyﬁtg' ahdactihé hghdserdini que for  form ng

el ectrical contacts with the cylindrical ultrasound transcei-ver of Figure
1, enpl oyi ng pill&; 8Ap @ schematic isometrmmeitirciljstrating aseobnd: tevhaipel feet r i ¢
filmfor &.se in ‘?t-lhe . 15 cylindri ctgl ul trasound transcei ver of Figure 1,
showi ng arP4MgHektIg C"E’é@ﬁ‘ﬁ Yithathe sy ligeiried 1HEasoun transseiver of Fipmei s a
sche I Cq Ny l: ,.ng the filmof Figure 10A rolled into its
cyli E?I call’ %Q@?ﬁlhéﬁﬁlgglfg&g%g%gﬁ’ock diagramillustrating the main

7 asouna. ©1 andcarer o gl SeRAN i it YL or
forming electrical contacts with the cylindrical ultrasound transceiver of Figure
1, employing pins;
FIG. 10A is a schematic plan view of a piezoelectric film for use in the
15 cylindrical ultrasound transceiver of Figure 1, showing an alternative
configuration of connection tabs;
FIG. 10B is a schematic isometric view showing the film of Figure 10A
rolled into its cylindrical form;
FIG. 11 is a block diagram illustrating the main components of a

20  transceiver assembly including the cylindrical ultrasound transceiver of Figure

I;

FIG. 12A is a schematic representation of the operation of a system for
determining the position of a movable element, constructed and operative
according to the teachings of the present invention, operating in a primary

25 mode of operation;

FIG. 12B is a schematic representation of the operation of the system of
Figure 12A while performing a self-calibration operation;

FIG. 13A is a schematic representation of the operation of an alternative
system for determining the position of a movable element, constructed and

30  operative according to the teachings of the present invention, operating in a

primary mode of operation;



FIG 12A is a schematic representation of the operation of a systemfor
determ ning the position of a novable el enent, constructed and operative
accor di ngwomstokasé eachi ngs of the present invention, oper @&0Igpoi/a7582 pri mary
25 node of operation; FIG 12B is a schematic representation of the .
operation of ttﬁ sigfge,m of F:égure 12A whil e Ferform’,ng a self-calibration
operation; FI GFl@3A3Bds 3 schemalie repressntaliamehiheppesatiomef iseyystam®for an

alternati tem.iQr £ oni sition.of a,movable el enent,
constructeé g‘é‘%ﬁ%ﬁsg)h(‘)‘gé’regﬁ@‘éﬁ%%égﬁﬁ%ﬁgf%“t%%b%ﬁPHgs of the present

i nvention, operagGiNg4ifR & RhbMBAY MRARIAE ORSY asf op; rEtéer@3/g%?n;§§6_

PCT/ US01/ 27562 FIG 13B is a schematic representati o% of the~operation of
t he syst emon$trudtedand op8rativei dceopding ao thegeamwhigsf ofctiel presdritdnventeomt i on;
and FIG 14 is a schematic isonetric view of a protective grating,
const r oict d8F BsfdvBh antsasovad sxapsdeResy to the teachi ngs of the present

I nvention, 5 for use with ultrasound transducers. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present invention is a cylindrical ultrasound

receiver 61 ' ' il ms. The invention
ool ver  BESCRIPPRINGSE THAS PREFEIRED ERASOPIMENTS! Thiizer srecom ™0
The principles and operation of receivers and transceivers according to

t he present invention ma b?. better urg{jer ti)od vviqtlh reference to. the

drawi ngs  and tHE PECSIPRYRNTIR Baserimiicah b ltrasouhe TRReTHeRPT BARIGENGEF awi ngs,
Figures 3 | r I S t: : I n Lver

gener al | yfé’lég%dgﬁﬁﬁ%fz @#&9?@2‘%3?@%8?’&%&&0 rgglssgn%{og?,?&%l%ﬂg%(égwfg ed and
operative sa@}cﬁ-ﬁﬁﬁd@gvdrg)jridﬁ?jﬁ&a(gphegﬁ_ of the present invention. Cenerally
speaki ng, receiver 20 includes a hollow cylinder 22, formed primarily from

fl exi B0e pi ezodheqririceples lany dpevitiogp aefhresetvers snd fnecéversarvcordieg tosur f ace

26, a central axis. 28 and a height h asured ,Paral lel to axis 28.
the present invention may be better understood with reference to the drawings

and the accompanying description.
Referring now to the drawings, Figures 3-11 illustrate various aspects of
an ultrasound receiver, generally designated 20, and its associated assembly,

15 constructed and operative according to the teachings of the present invention.

Generally speaking, receiver 20 includes a hollow cylinder 22, formed
primarily from flexible piezoelectric film, having an outer surface 24, an inner
surface 26, a central axis 28 and a height # measured parallel to axis 28.
Applied to inner surface 26 is a sensing electrode 30 formed from conductive

20  material. A grounded electrode 32 is formed from conductive material applied
to the outer surface 24. Cylinder 22 is supported by a support structure,
represented here by a core element 34, configured to support the hollow
cylinder in such a manner as to allow propagation of vibration waves
circumferentially around a major part of cylinder 22.

25 It is a particular feature of most preferred implementations of the present
invention that sensing electrode 30 is formed as a strip extending in an
extensional direction substantially parallel to central axis 28 along a major part
of height / and subtending at central axis 28 an angle o of not more than 90°

(see Figure 4C). The dimension of strip 30 is preferably chosen such that it
8



Applied to inner surface 26 is a sensing electrode 30 fornmed from

conductive 20 material. A grounded electrode 32 is formed from conductive
mat eri al wppBioezis6 t o the outer surface 24. Cylinder 22 ispsaapsotewsd2 by a
support structure, represented here by a core elenent 34, configured to

T brat i on CmoStondt o d¥is BRS atolt P SUpBIATRRE S 4R% ihaflonSih BYARRGS2 50 °%s
It 15 a Paidice! by uftRRbUIE \irallBsd oP'IRY RitAtkd %&@ﬂg[@i@%degef. pf nidae present

i nvention that sénsing electrode 30 is forned as a xtending in an
ext ensi onahsed] thecdinoenssonssirardhioa¢n yugatiadt| eyllinder 22 suppbrisvonty 2Bowtl bng a
maj or part of height h and subtending at central axis 28 an angle a of not

nor e t hanvavelengie o dhe evibgytionshdrathere ibamnther abput pthaee i Wayslengthapl v
chosen. sug hat, i 8. \W\0.03/022156,,PCT/ US0L1/ 27562 . cprres ds to,l ess
Chan aboulyiiSd {ihsarudtin i FIERE s P onaihie dpir e s it ed oy

ul trasoun H ' i ' ; t ases,
the. o monelphRe ks ATl prdSe Cah T ORI byl LERUSTY 0voiDpdT88 long 2T

wavel engt ks gtrip BO sublindbi Nandle al dENedshidantadubDovht bRIsCES Viereedrghigt hs 5

Il lustrated schematically in Figure 2) so as to mnimze interferénce

ef fects ahdwevbe the keidtiAsf atripJ0l is, typhadly classer! tongibperabhrrmgtan bér gel y be

avoi ded so long as strip 30 subtends an angle a of |ess than about 90 at
axis 28. beevesnghoypt 20 podabent 3Q°Hs axis@$h of strip 30 is typically chosen to

subt ep@ an angb.g a af . ge?t(ﬁeen ahout 20 and ahqut 30 at axis.28, 10 The
principle of opéfaPi'BRAP cOBFRAEPN BT FeGeINer A8 d1% @PBieciated b¥ i ng back
to Figure ri ahqQv L RC] r nd to

{0 o U eFesbeEoder ATUSRANT B 220 5NN, MBIBN FelES ke
cylinder. Al fo RRiEtvibAfioar Walésaivhich pR;PaheNaduhaahti peephe/NSPhON t he
surface of the cylinder experiences substantially the same vibrations
subst ant i ayligder5Aisradepehdanarbifariliigoditiometilocalized senduram thesurfaesefire waves
are incident. At the sane tine, since the circunferential extent of

sensi ng efctoudenoexrerichgey substantially the ¢ fanGavibraisn sybstanbally br at i ons

propagat i ﬂ%e&a@ﬁ@éﬁq%fttﬁg dfrbdtiBn B which the pressure waves are incident. At the

same time, since the circumferential extent of sensing electrode 30 is small

relative to the wavelength of the vibrations propagating through the film, the
aforementioned problems of phase canceling and lérge capacitance are avoided.
The result is a highly effective, wide angle ultrasound receiver. These and other

20  advantages of the configuration of the present invention will become clearer
from the following more detailed description.

With regard to materials, it should be noted that the present invention
may be implemented using any piezoelectric film material and suitable
conductive electrode material. A particularly preferred example for the film

25 itself is PVDF. The direction of polarization should be oriented
circumferentially around the cylinder. The use of such films provides particular
advantages due to its wide frequency-band response. Specifically, it has been
found that conventional narrow frequency-band receivers based on
piezo-ceramics tend to shift signal noise into the frequency range of

30 measurement, drastically reducing the signal-to-noise ratio. In contrast, the



af orenenti oned probl ens of phase canceling and | arge capacitance are
avoided. The result is a highly effective, wide angle ultrasound receiver.
These andwotdime212@ advant ages of the configuration of thepomasent7ssnventi on
will becone clearer fromthe follow ng nore detailed description. Wth

regard to terials, it should be ted that. the.present,.invention may be
i npl enent é&nﬁﬁsfrﬁ@egﬁy-bapazrs@w@erfsr ok Ui Pressiat VERIOBnsed in SHPBINaBBALIC i ve

el et 1 ode i Shibalauefh BREHKE YL AL RE SIARH PIRURLE AL B0G folhfn 5 1t oe! !

i s PVDF. Irectron o l"ari za e ori’en

ci rcunf er gibiidelygrah@y 8ahdited cWraléehoisEhigtidse of such filns provides
particul ar advantages due to its w de frequency-band response.
Specifically, iSuitehe benductiveunthterivds foonhe rel¢atrrales nachele, foue que mmot- band
receivers based on piezo-ceramcs tend to ,ihift Si aal noilse jnta the

f requeRcy l%ﬁﬁgt%fc%@p%‘é%‘lﬁ%ﬁ‘tn}ngj%r Nc8YSF qr@d&‘% ni ARBIGILYRS|ID; o- noi se
ratio. In r.a t 3/ .56, PCI 75 ] f uency- band
receivers Vg l% haeﬁ%rrls’«?sa 2%{[ S?W%nrg ilts)g,g&ll}}g%dd 4 %ré%ég)%%élﬁa%%g‘hm&%\ngflhatésrg?c)lslgquent
filteringsedi dentify the signal of interest, have been found to provide a
greatly enhanced signal -to-noise ratio. Suitable conductive -materials for

t he el ectrodes Asiclmejortedt aadienot onb | majdred ptablemonmpesicidtedhs witht ai ni ng

carbon, silver and gold. In_applications in which a transparent structure
i s requi r dmplementaiapafeneyliniitngt vityasonad dransduges usingpiezasleqsin fibned

it ad0unde dresaely SR YRR agsdockinPlibn s A ano A 50 BB of ¢ he
el ect rodegrg) f URARAGH 3P0 AMnAHnEANA0f OLIifliffE" MRONBHIMIohEMpre@plidl | on- To
b i np trons o

mnimze or elimnate this problem preferre ehent a t he

present i rupiémentationd vlehopeesent iMkeatibedhcluds ondi srhmohe fgntties shhiehd
sensing electrode 30 fromEMradiation, as will now be detailed. Firstly,

grounded dielpta gieldsznpingfelecitside MidremdsMonadiationaas viill pavt bodetailed.out er
surface 24 of tlﬂrestlfyl, lgrrr(])unT eldsel];c(:)trr(r)?e 32 (i)?er:]t%lfleﬁ;[lgl Ve%tesnrziesl (l)ve?rao ldana?orsggr% |Or}g

15 outer surface 24 of the film. This forms a conductive shell around sensing

electrode 30, thereby tending to exclude EM fields from the contained volume.
This, incidentally, is the reason it is preferred to position sensing electrode 30
on the inner surface of the film rather than externally thereto.
Additional shielding is preferably offered by providing at least one
20  additional grounded electrode 36 formed from conductive material applied to
the inner surface in a pattern non-contiguous with the ns.ensing electrode.
Preferably, additional electrode 36 extends over a major part of inner surface
26. Where two or more separate regions are required, they may advantageously
be electrically connected by a bridge portion 38 of the conductive material,
25  such as is shown in Figure 4B.
A further or alternative contribution to EM shielding is preferably
provided by employing an electrically grounded conductive core element 34
disposed within cylinder 22 in such a manner as to avoid electrical contact with
sensing electrode 30. Core element 34 is typically, although not necessarily,

30 part of the support structure for cylinder 22.

10



el ectrode 30, thereby tending to exclude EMfields fromthe contained
volunme. This, incidentally, is the reason it is preferred to position
sensi ng ewewtizxdes 30 on the inner surface of the fil m rareUsoharse2
externally thereto. Additional shielding is preferably offered by providing
at | east one i:o addg'tional gr’ou&%eeg el ectrode, 36 IE}orm&*d fromconductive
material appl i 64418 O BhRWS QHE(PIS cinplgmentationeeh corgrelemsht dddissawi th t he

sensi ng el r . f I |l e e d ver a

naj or par tn%g%] c?o%ﬁg}eni%nﬁf g@g& é@y %gglgq‘{g\?\% Ogj_rn (r%{)ljriéeaflo&'g(glr%li&tgﬁrﬁbeéqsg]ﬁ% are
required, thdiQlhe THn B ARARIEDIH Tree 06 vEbraLd, Iof@bleyn i BACK! IRGe yrAedr | dge
portion 38 of the conductive material, 25 such as is shown in Figure 4B. A
further owitl aerdatddvdianetdrrpdatiph 38 owverEMnstjor paiit o itss heighf. dnatsirtain pr ovi ded
by enmploying an electrically_ grounded conductive core el ement 34 di sposed
Wi t hi nd cyICA¥de thepon-gortgetregionsrirdmed by reduged diasnelsr ppetian dbmayche wi t h
sensing el egtrode 30. .Core el enmen IS typicall | 3 howgh not

necessari |S‘>%, ICI% tﬁa?\fm(g%l?cﬁr c@u‘i%’g?éﬁg]tﬂ? &8%{%?% ell% tQ I#‘ﬂd%ﬁe@f.gv‘i]@ > WO

03/ 022156 yRGHAHRM FHR0Rind 1a9Lf faay BOANErpRBE] BEGI RN &fe ieTRh&ITENs a4 on of
core el emgnt 34 as a %e?%g}é:ggge ea?/errent, V\/ng‘lg%ﬁ rrae?hb(ggggﬁ*g-as sho(\l/m or

hol | ow. | Bemminigelectrodei30re that the filmof cylinder 22 is free to

vi brate, core elenent 34 is here forned wth a reduced dianeter portion 38
over a major pigurefo shosvsas ajternative ideplemientatiosfwore elemeand 34 Jormed t

el act 10 cal Qb RoRRClis HoGEndh B et r A CECNEE R i | JEMGh Snanhci {1 onal
el ect 1Pcal'® . 8 i
el aot r ode oG 2 BrRCul B R RRHIGRD G BTl o @Phon B0 S

34 f or med vidr@tibno RWidandidindee 220dm thish cadd, anc additiofginimalathgt Wgen isore
el ement 34 and cylinder 22 typically does not significantly interfere with

propagat i @anerallyredquized betweon corerelemienndk and gensing elecsodad®, an addi ti onal
gnglt ?2;2935?“/?{1 oir(?er t%e&%{(g lulsg orfer%gei:ii/grd 28,ezti}¥§ggrigt%reelegtlri%a génn%%tiggg sensing
15 must clearly be made between the various electrodes and the appropriate
electrical components of the associated circuitry (to be addressed below). It is
noted that a wide range of effective connection configurations are known in the
art of piezoelectric device design. For completeness, however, brief reference
will be made to a number of connection configurations which are believed to
20  be particularly advantageous.

Firstly, with reference to Figures 3, 4A and 4B, it is noted that a
preferred form of cylinder 22 is configured such that a tab 40, carrying all the
electrical contacts, projects therefrom. Three techniques for connecting these
contacts to corresponding contacts of a PCB are illustrated in Figures 7A-7B,

25  Figure 8 and Figure 9, respectively.

According to the technique of Figures 7A and 7B, tab 40 is aligned with,
and pressed against, the corresponding contacts 42 of the PCB which have been
prepared by depositing a drop of a conductive glue 44 on each.

According to the technique of Figure 8, tab 40 is forced between the

30 PCB and one or more spring element 46. Electrical contacts are provided on

one, or typically both, of the PCB and the spring.
11



In order to make use of receiver 20, appropriate electrical connections 15
must clearly be made between the various el ectrodes and the appropriate

el ectri cawomaempunsent s of the associated circuitry (to be adUrsSsyzm$62

below). It is noted that a wi de range of effective connection
configurations are

conpl et eness, KHEEY pg tBF"%fGCBEW%%fC@guFﬂ ﬁlzgﬁﬁtﬁri de(g{lcﬁﬁﬁ‘g’zﬁsi gg ot
connect | Ofee HSHO' AR UG RrSH BYSth 0 anderReBREpbATRY

that a pl‘c@ﬁﬁlbf%ickfe(y’(mﬂfeMBl nder 22 is conflgured such that a tab 40,
carrying all the electrical contacts, projects therefrom Three techniques

for connecting Tiuteing briefhy a@fsgl!rés déAr é@fbdﬁ& ri@er@datsaom ot aliep@Bver e

| | ust pat d Fi 7A- 7B, 8 {
Accor db ng OBTENGURBG AR i ehoctscir d an anBichecoftat’ s 403 NG Al h,
and pressed;a azt)ﬂéltl e c?ﬁﬁ& Pﬂhé}gthﬁﬂ%f'g%én?xtaﬁg ) P{H%? ﬁ c{@h'ﬂﬁg have

been prepare eposi t rop of a co on eac

Accor di ngcbﬁﬁgbﬁitfbﬂcmmlﬂ}uﬁnﬂf)g&hmﬁﬂaﬁof}hgbre%@ 45 forced between the 30
PCB and one or nore spring element 46. Electrical contacts are provided on

one, or typicalAlthdghhdevicet 2@ IRGBbaenl ddseribed ithys fht WO an3mbRB0E6d

PCT/ US01/ 27562 According to th%technlqge of Figure 9, a nunber  of
conduct i vECGIV, e sime stRactpredd hghly syied her wva?ctra%ﬁtveaﬁxstem,tsb 40 and

engage,cor, ndi n ke urnin r o]
o0 O AR ingf L AR RBIE Rt BURAE TR P LB RER B o1 e
pi ezoel ectyaik tB'FighfeMEh HCHilf Bt ﬁ&%d ttﬁasafcﬁaoﬁdldelé&%de‘m seq)r@fémmyy from
cylinder 22 rather than tangentially. In other respects, this

confi gur atcoeer a $arbelpryp@niah afcusfate 26rwiposite Ergurded e$ec4rod%l Ihdugk, devi ce 20
has been described thus far as an ultrasound receiver, the sane structure

i s hi ghl y dsiiing@otetial gppliedh between these vio elpstredes is. bighly effective Bot h

recei ving and trans tt|n now be. des ribed. Referrin
9 genera&e an trasou mgngl, §1m?1ar V¥'o {he operafion o a conven 1onal 9

15  cylindrical ultrasound transmitter.

As mentioned earlier, it is advantageous that both grounded electrode 32
and additional electrode(s) 36 are grounded for shielding purposes during
reception of ultrasound signals. In order to maintain this advantage, a switching
system may be used to selectively switch connection of one of the grounded

20  electrodes to transmitter circuitry when transmission is required.

Thus, referring to Figure 11, there is shown a re:presentation of a
transceiver assembly employing device 20. The transceiver assembly further
includes a control module 50 having receiver circuitry 52 electrically connected
to sensing electrode 30, typically via an amplifier 54. Control module 50 also

25  includes transmitter circuitry 56, and a switching system 58. Switching system
58 is associated with either grounded electrode 32 or additional electrode 36
which serves as an actuating electrode, alternately connecting it to the
transmitter circuitry for transmission and to ground during reception. The entire
assembly is typically operated under control of a processor 60, details of which

30 are not essential to the present invention.
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back to Figure 4B, it will be noted that additional electrode(s) 36
preferably cover a large proportion of surface 26 opposite grounded
el ectrodew®23/0T11866, a driving potential applied between PoFIS01/2X562
el ectrodes is highly effective to generate an ultrasound signal, simlar
to the operatijn of a.conventigna rasound transmtter.

. | 15 cylinpdrical l,il ﬁ
As nentioned e P pRgration, when the, ASRCIRIY " 1S ‘fmSOPﬁ‘?(G BLﬁS%?P“éﬂnecW de 32
and addi ti,a0flondl ERklrBHE 85 land Gubr el BRIl arBERU b Mo R, RAGERY dur | NG
reception of ultrasound Signals. In order to maintain thi s advantage, a

swi t chi ng offerizigetive MAYxiRfinY 99dildle BV ebidltidley VeNérd ahnginiisioatis @dquifedyne of
the grounded 20 electrodes to transmtter circuitry when transmssion is
requi red. aTHuging &plage iy applied gor eithar, growmdedi eleetnodin 32 pemdsiteonadt i on of

a trapsceiver assenbly enployin evi ce 20. The transceiver assenbly
furtheg ie#(?i?ﬁﬁ’égg'%alocﬁ%ﬁag&}}%‘iﬁﬂ@ §tg"ﬁ§vi ng receiver circuitry 52
electrically c | o .vbl ca | nplifier
4. ot rol " modur o8] by B SERS D pEACHRE Ryl ¥ EAEETP

swi t chi ng gpsbembde withih ¢hé Reopsey 61 €48 pHfciptesass e %te@@htwntvbn@d)ﬁ.

gr ounded elag(s;trode 32 or additi%al el Iéct rlgglees 36 I ch serves aLByén

act uat i ng vedyeef exaaepleait sbowldt kel noted et ce¢arger 20 maytdneploy mamerthan ene
circuitry for, transm ssign and to ground during reception. The entire
assenbl y~ isenipg;degtrgdeo 38 rspased grewnd cyhoden 28 Thipymmebsopsedl fafeai | s of

whi ch 4,30 ar ot ti@al 40.th [ i nvention. 12 VWO 037022156
00 9B, FASEHS b O PR E Db G Sl VAR
recepti on,idMi@i@dghag@wfe&heg beRFecHO RN Qi AL it ei'segz)gsﬂ% 2 dfife
connected to gifound, thereby offering the maxi mum availl abl e EM shi el di ng.
When t r ansppssiimate dircedon riatbrmadiodr freimgassliteagmts ait applrighel receieerd her
grounded el ectrode 32 or additional 5 electrode 36 to generate the desired
si gnal . | tAlgraatielpeimat exprapletiniwhishithe wavglengtinis short eemparsddadhe
refinenents be e.Wmthin the.scope . of t princi ples of .the_.present
| mvent i onsiis, ST W e dhpiod. s OSBRI R BPosbBe PrARERLCEPUBOBST oy
enpl oy sMI8nfféflyBnnected sensing electrodes to achieve inherent tuning of the

receiver to frequencies of interest. In other words, if the spacing corresponds to

in-phase spacing around cylinder for a given frequency, the signals from each

sensing electrode will have the same sign and will add up to an increased

amplitude. At many other frequencies, some degree of cancellation will occur

20  as was described in the context of Figure 2 above.

As mentioned earlier, cylinder 22 is preferably cor;ﬁgured so that is
supports only about a single wavelength of the vibration waves within the
piezoelectric film induced by ultrasound signals at the working frequency.

More specifically, half of the circumference (nD/2) is preferably equal to the

25  wavelength of the vibration waves within the film. For this reason, the diameter
of the cylinder is generally chosen to be inversely proportional to the intended
working frequency. By way of example, for a working frequency of 90 kHz, a
cylinder of diameter about 5 mm is generally preferred.

Turning now to Figures 12A-13B, it should be noted that the transceiver

30 functionality of the transducers of the present invention are particularly useful

for implementing a self-calibration mode according to another aspect of the

13



sensing el ectrode 30 spaced around cylinder 22. This may be useful for a 10
nunber of reasons. Firstly, by analyzing the detected signals separately
and i demnwpDfogiomgysohase di fferences between the signals, i®PCrasposssble to
derive approximate direction information from neasurenents at a single

receiver. ernati:vel Y. in s ' i C . th.J.s. short
conpar ed p Bé%ﬁte{nvg%'{zlégé%/mg@Iolfﬁegser@ggelﬂtﬂ r%%%e%%?@i‘%@é& gpgﬁg%ﬂse él t he
spaci ng oforadetétiifingOthe baskRIOIH Mot aIBREdBetSensi ng el ectrodes to achieve
i nherent tuning of the ‘receiver to frequencies of interest. In other
words, if the Byawaynof aurodsponds shouldite pdtad ehatpdtrhswindrtmeebfefjiightder f or
a given frequency, the signals from eaé:@ sensing electrode w )] have the
same si gnbasd digitizesgrystems sutler fionr PERIeMSsaphpeewiaey due tRatignidiciat

frequepnci es,. .sone. deqgree o ancellation wll occur .2Q as described in
the oot exeriaforty S SPedh ok MRE0 Mhoftl Bl wuRiy ol Chiefy ARReS7RE" °
preferabl y hiuge!l sk |igity SHPHREE $ t W OhSatise! engt h
of the vibration waves V\ﬂoﬁ?‘ltrl]nqlﬁgy pi ezoel%g?r gﬂ%agr%m?%duced by ul trasound
si gnal s athet peesewtr &dpegt bf espipresynt inventoss peovildes al detf-chlibrhtiofni faditity
circunference ((err)D2) is preferably equal to the 25 wavel-ength of the

vi br at i onwhashew1lhinoW be dessribpdm For this reason, the diameter of the

cylinder is generally.chosen to i.nver.se roporti.onal to the dntended
rking. frequen eI s 1dd s Sbubl ahptaticaly eyl o6 ke a
cyl i nger ' ' y: ' to

Fi gurg(g 1§§§c_e%1§'\:lﬁ ?ﬁ esﬁgﬁﬁ%n gg%@@ﬁ? E%@nhénﬁugalgé?\%ﬂag%@@g%c lonality
of the traassticer 30 absdci@ed@MaaLNndvabREIEMEnBT R andat lcasd @vd Wittasednd  for

i npl enenting a self-calibration node according to another aspect of the 13
WO 03/ 0221trs8sdeCErsUBh 17@ imbRrainedas dinedi gopamdtiionl neldtiom by Atachmentrtoss ed

precision and reliapility in a system for determ ning the pqsition of a
movabl e ePaifewil 7§yPW\HV Qﬂseilﬂ?ﬁtmg?ﬁ?n@q porgp INeAsyECTRERtINOIS &f the ¢ r asound

R T T S e e e
resul {5 f r gir£band@@nsducer 70 which is received by fixed ultrasound transducers 74
and 76. A position of movable element 72 is then derived using time-of-flight
measurements for the ultrasound measurement signal.
According to the teachings of the present invention, the system is also
intermittently operated in a calibration mode in which transducer 74 switches
20 from its normal receiving function to transmitting, sending out a calibration
signal which is received by transducer 76. Since the distance between
transducers 74 and 76 is a fixed value defined by the structure of base unit 78,
time-of-flight measurements for the calibration signal can be used to derive
calibration information indicative of variations in the speed of sound in the
25 environment within which the system is currently operating. This calibration
information is then used to correct the derivation of the position of movable
element 72.
Referring briefly to Figures 13A and 13B, these illustrate an
implementation of this aspect of the present invention for a system where
30 movable transducer 70 functions as a receiver for receiving signals transmitted

by fixed transducers 74 and 76. In this case, the calibration mode is
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tenperature, pressure or humdity. In order to conpensate for such
variations, the present aspect of the present invention provides a
sel f-cal iwopaBioe1sé acility which will now be described. Tucaiusgl/2issst to
Figure 12A, there is shown schematically a systemfor - 10 determ ning the

70" associ BRI AT BY o REE iy s B YRt ekt s b P aeblRE ™
transducenscihratién 4 dlRehittBd THyX GAnSGRIRL14.CRI a[IChlket GBs XAt thachment

to a base unit 78. @F% the case il l'ustrated here, the nor ma? measur enent
node of t peincipted efthennveidim denains as befong at | east one neasurenent signal
from novabl e 15 ul trasound_transducer 70 which is received by fixed

ul trasound tr adsuuiagmew o Figige 14, thargpissihovaha protestivp Beatinge gengralty i s t hen

derived usjing timne-of-flight asurenments for th | trasou sur enent
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al 50 i Nt GElld e kPR e Br Al IPpRMAERAGiER Yol BRauCer 74
swi t ches romits normal receiving function to transmtting, sending
out a cal iybrabouad tingtaderwhi ch is received by transducer 76. Since the

di stance between transducers 74 and 76 is a fixed value defined by the

structure of b&dechaniaal 7@rotectione- ofust | pian  Meaquowrdedt sfof otransdicees,i br at i on

signal can be ysed to derive, calibratijon ipformation indicatjve of
vari at i ondaUEUH, élb‘ésédu%?gs%%ﬂfll‘?cﬂ“% fmsswhigh Agnrasly dRmaesd-WHeBk t he

o1t SRR AR g LA AR Sa0RED U

to correct rivation o € I on ef erring

briefly teopfh@upes”i3.,alifbchidBs ih AAseh ithdrdadiftéd SnRRsity "Bt SEMHivity @fF of this
aspect of the present invention for a system where 0 novabl e tTransducer

70 functi cecepaisnanre scgiifieanthyoimpaiosl) duegtosthg e sertee avfsvaridusdprbiective ed
transducers 74 and 76. In this case, the calibration node is 14 WO
03/ 022156 shragtuegsory fpoex the figpeduest-ed by nomentarily enpl oyi ng transducer

76 as a receiv to.receive,. a c[ali rat ibqn sit%nal transm tted bx.dtransducer
74 In all ot hﬁrro g]gggg%? 81,‘ el[nﬁxénaesuc problems, the present invention provides

15  a protective grating structure 80 in which a periodic pattern of openings has a
spatial period S of no more than A/2, and preferably no more than A/4, where A
is the wavelength of the ultrasound working frequency in air. By using a
grating with a grating step S significantly smaller than existing systems, little or
no directional disruption is caused to the ultrasound signals. By way of a
20 practical example, for a working frequency of 90 kHz, corresponding to a
wavelength in air of about 4 mm, a grating step of 1.9 mm has been found to
offer minimal disruption to the transmission and recéption of signals.
To minimize attenuation of the signal, the proportion of the grating
which is open is preferably maximized, subject to the mechanical requirements
25  for the structure. In the aforementioned example, the open area of the grating is
preferably at least about 70% of the total area within each grating step.
Although shown here schematically in the form of a rectangular grating,
grating 80 may clearly be implemented in a range of different forms to suit
each particular application. Thus for a cylindrical transducer, such as those
30  described above, grating 80 is preferably implemented as a cylindrical outer
sleeve having openings with periodic spacing S.

15



principles of the invention remain as before. Turning now to Figure 14,
there is shown a protective grating, generally 5 designated 80,

const r uctwo oafoek16per ati ve according to the teachi ngs of aPCarishee7s6aspect
of the present invention, for use to provide nechanical protection for an

ul trasound trapsduger chani cal protection nust  often. be praovided for
transducers, B?(EI?‘E?}I]%%\} t[r.m)sgigcggi ﬂﬁoﬂaé?ﬂé’f'ngﬁttthiec“ﬂq%p\mﬂ cRl#te easily
damaged. : inS1 I f oo f i cant

o gnal i Srihg IIEHCSL ifhd £82 UKL (a) BHEbHIFEReTL: df3frl B8R Rd

transmi t t gehtingt 801 drt Ypreferststp simplumeltedf§ as sabaphtidlly &fafssdrom Eleafimtd ¥

i mpaired) due to the presence of various protective structures in front of
t he transtisieg .transpatent ndanductive | natenial efosutie slesiiodes , andhdrapsparent

i nventj on provide rotectjve ating structure 80 in which a

peri odl ¢ B%ﬂ‘%sr R fhe é@%ﬁ?lﬁg@“ﬂgéﬂ\é tog[bﬁthé%tﬁé?‘i @’& ‘§tré}§°‘}ﬂ5p%?%1u€ﬁran Xl 2,
and prefe I 214 i

uItrasounE mg¥gpﬁgggﬁﬁahgﬁgﬁtﬁhag¥§$ﬁ§§g%%$%d&§ﬁnéﬁéf%ﬁgﬂ&ﬁfﬁgghgﬁ%ting
step S si g dseEaRtiéw oF ke {jg,r than existing systens, little or no
directional disruption is caused to the ultrasound signals. By way of a 20
practical exanple, for a working frequency of 90 kHz, corresponding to a

vavelength |0 & it healiileifelThaf ! MdvVeIdkiBiBhs hrd idTENAAE oRFER, fOuUNd to

of fer mnimal disrupti ransm ssion a reception of si‘gnals. To
minimze @drverdaixagipled, dnldethat gialy, othbe epibolaRNEMte Mr@fpokiibledivithimehe Whi ch is
open is preferably nmaxi m zed, subject to the nmechanical requirenents 25
for tHe sspititand ¢he sovpeiod thd presegrinventedh. exanpl e, the open area of the
grating is preferably at |east about 70% of the total area within each
grating step. Although shown here schematically in the formof a
rectangular grating, grating 80 may clearly be inplenented in a range of
different fornms to suit each particular application. Thus for a
cylindrical transducer, such as those 30 described above, grating 80 is
preferably inplenented as a cylindrical outer sleeve having openings with
periodic spacing S. 15
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WO 03/ 022156 PCT/ US01/ 27562 Specifically for transducers associated with
the witing point of a witing inplenent, it should be noted that all

conponentwoaB/oexiamsducer 20 and grating 80 are preferabl ycrmsheesat ed as
substantially transparent elements (using transparent conductive nateri al

for the el ¢ sparent 5 plastics or the like for grating 80)
to the ext@%fg?mmsound transducer can be | ocated very close to,
and surround, the witing tip wi thout obscuring the user's view of the
tip. It will be appreciated that the above descriptions are intended only

to serve as ejanpl A8 ul@buntabediBeticopiptvingnbodi nents are possible within
the 10 spirit and the scope of the present invention. 16 WO 03/ 022156

PCT/ USOL/ 27562 (i) WHAT hoHoeL Ay lEfer| formed pumatity disonn@exiblee piezoelectmior i si ng:
(i) a hollow cylind forr rimarily fromflexible piezoelectric film
sai d hol |l ow cyl i nde?{llﬁa\ﬁa;}gq’é’mo@htcédméﬁr haywg AR PWSErSUTEAGES ABEINNST cent r al
axi s and a hei ght e | e].. .t id.. al is: (i) a.sensing
el ectrode forned fpg‘rqrﬁ%%eﬁgau(%?f]@gel rgr%ltseé}}il% g%‘éﬁfg’é&%re sBPH’“IgLﬁérsa rface;
(iii) a grounded el ggftyfldgid;or med from conductive material applied to said
outer surface; and (iv) a support structure for supporting said hollow

cyl i nder, sai d(iipuppeensisg elctrode foanhed) foonfdogduetivd enaenigoapplieditd hol | ow
cylinder in such a manner as to allow propagation of vibration waves
circunferentially af¥driBne svafase; part of said hollow cylinder, wherein

G rect i on subst i AETysd 24TERdE Sofuf ol ki P dnafERas g B “part of
sai d said outer surface; and
(iv) a support structure for supporting said hollow cylinder, said
support structure being configured to support said hollow
cylinder in such a manner as to allow propagation of vibration
waves circumferentially around a major part of said hollow
cylinder,
wherein said sensing electrode is formed as a strip extending in an extensional
direction substantially parallel to said central axis along a major part of said
height, said strip subtending at said central axis an angle of not more than 90°.
2. The ultrasound receiver of claim 1, wherein sai(] strip subtends at

said central axis an angle of not more than 30°.

3.  The ultrasound receiver of claim 1, wherein said grounded

electrode extends over a major part of said outer surface.

4. The ultrasound receiver of claim 3, further comprising at least
one additional electrode formed from conductive material applied to said inner

surface in a pattern non-contiguous with said sensing electrode.
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hei ght, said strip subtending at said central axis an angle of not nore
than 90. 2. The ultrasound receiver of claiml1, wherein said strip subtends
at sai d wenBnad15@xi s an angle of not nore than 30. 3. Theculusrassend
receiver of ‘claim1l, wherein said grounded electrode extends over a nmmjor

part of said outer face. 4. The. ult und, recei ver o l.aim 3, further
conprising at I%éastfH%ﬁ]Zﬁ%S(ﬁ)apfiirgﬁgllvléléld;afgéggae“’f ‘6\'?‘ S 152 aid%?ﬁtjc‘meve .
material  apptidad] ElRc@SdeXBAR ovet W hafoR paht &F ARl InPEPsiiPakecONt i guous wi th
sai d sensing el ectrode. 17 WO 03/022156 PCT/ USOL/ 27562 5. The ul trasound

receiver of claim4, wherein said at | east one additional electrode extends
over a major part of said inner surface. 6. The ultrasound receiver of
claim5, whereibn salle adtrasemst woeivenddi ¢tlaonal, wherdtin cdad ias legsbuomed. 7.
The uItrasg nd rﬁgeive of claimb5 configured for use additionally as an
ul t rasound 54§W§ legtgpde isppumdedser vi ng as an ul trasound transceiver, the
ul trasound transceiver further conprising a control nodule including: (i)
receiver circuitry electrically connected to said sensing electrode; (ii)

transmtter cipcui tfyq uﬁ%g?lgr;ﬁjd %ch%e?%éﬁ%@c@y@%%ﬁr X 'f&dﬁﬂpﬁ’éﬂ]&g an

actuating el ectrode se romsai d grounde e and sai

addi ti onalas 2@l @S QGR BAGGORE, HEfedy dedvinlk! £ NRuBtaoahE tdnsealéy tRonnect
said actuating electrode to said transmtter circuitry and to ground. 8.

The ul t r asititaseund ¢rnsesivaffucher corprisingasiontsdineb Bl prdudiagr uct ur e
i ncl udes a congigcti ve core, el enent deéﬁlyoyed wthin said hollow cylinder in
such a manner t FESFYPHCIEPWEHY rlechricabnhéennectidita saul senswgsslegiradesct r ode,

said conducti (of0) . t _hein | ectrically grounded. 9. The
ul trasound rec ﬁ/er&go?s%ﬁgfﬁf%ﬁ%g?(gi n said conductive core element is a
metal core el egt .4 1QvitdhiRg Us§H@ROWSShAIAERT With O Gl &Fdlen sai d
conductive core

selected from said grounded electrode and said additional

electrode and configured to alternately electrically connect said

actuating electrode to said transmitter circuitry and to ground.

8. The ultrasound receiver of claim 1, wherein said support structure
includes a conductive core element deployed within said hollow cylinder in
such a manner as to avoid electrical contact with said sensing electrode, said

conductive core element being electrically grounded.

9. The ultrasound receiver of claim 8, wherein said conductive core

element is a metal core element.

10.  The ultrasound receiver of claim 8, wherein said conductive core

element is formed from conductive foam.

11.  The ultrasound receiver of claim 1, wherein said flexible

piezoelectric film is implemented as PVDF film.
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element is fornmed from conductive foam 11. The ultrasound receiver of
claim1, wherein said flexible piezoelectric filmis inplenented as PVDF
film 18 w0R8202156 PCT/ USOL/ 27562 12. The ul trasound Pexaisos2756f cl ai m
1, wherein said sensing electrode and said grounded el ectrode are

i npl ement ed as %;Jbs ntially ‘trans aren;; ‘gl ,ectrodea. 13. A nethod for
operating an ullérasdBfdultrashundi (reFiveR, of caimyi g Whergn rsmid npansing

ul 11 asound CPREL Ind  PRGTERARIEE° FRESHP ot P ERBn B o SRl o7 o

primarily tf;{,@ﬁaﬁehe@qh@ﬂr@despi ezoelectric film said hollow cylinder having an
outer surface, an inner surface, a central axis and a height neasured
parallel to said central axis, said hollow cylinder being nounted so as to
al | ow propagation of vibration waves circunferentially around a nmajor part
of said hollow3ecyl Anthsthod for eperating g eltraseunsti érahseareet forawcavimguct i ve

terial lied.to said i nner. syrface, sajd sensing, el ectrqode bein
e < i BT RS B Sotsor e sigi pfde Pl
substantial |y F(f)lr g' %i&iﬂé%ﬂ'lﬂtrgﬁﬁhﬁgl‘an@ééﬁeﬁtmm% inBRlife. part of said

hei ght, said st tending at sal centr axi's an angl’e of not nore

than 90, (a) at |eagk)ong agdotv obdinderneforb&CiprRafilyor #8A fnetble
conductive material applied so as to extend over a nmgjor part of said

i nner surface in a patt empiczoetectdntfiloymasd Wollow sgliddereinsiing aal euter ode, and
(1) at |east one outer electrode fornmed fromconductive material applied
so as to extend over a nEPHAcHapk igpeisspupface, a central axis and a height

measured paralle] to said central axis, said hollow cylinder
being mounted so as to allow propagation of vibration
waves circumferentially around a major part of said
hollow cylinder,

(1) a sensing electrode formed from conductive material
applied to said inner surface, said sensing electrode being
formed as a narrow strip extending in an extensional
direction substantially parallel to said central axis along a
major part of said height, said strip subtending at said
central axis an angle of not more than 90°,

(1) at least one additional inner electrode formed from
coﬁductive material applied so as to extend over a major
part of said inner surface in a pattern non-contiguous with
said sensing electrode, and

(1) at least one outer electrode formed from conductive
material applied so as to extend over a major part of said
outer surface;

(ii) receiving ultrasound signals by:
(®) connecting both said additional inner electrode and said

outer electrode to ground, and
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outer surface; (ii) receiving ultrasound signals by: (K) connecting both
said additional inner electrode and said outer electrode to ground, and 19
WO 03/ 02200683P2MsdJSOL/ 27562 (1) electrically connecting ®ardSeeersing

el ectrode to receiver circuitry; and (iii) transmtting ultrasound signals

of oot rotie and said ol er bl snes G hoiofnblne BleCufle 4birfEhet yot e

for determ ning the positiQQitRf aid Movabl e el enent, the systemincluding a
first group of novable ultrasound transducers including at |east one

ul trasound t r affsjuceanassiicg altedouwnd kigaalsrioyvapleing| sedving andtage seapnd gr oup
of fixed ultrasound transducers including at |east two ultrasound
transducers mai nt ai A&t ong jolegaide dAgMyonakinpen flectrpdey andt saidhadier to a
base unit, the net hoﬂefor operating including: (i) operating the systemin
a nmeasurenent node i (i’\ﬁ‘i’ldgh: (x) one of said first and second groups of

ul trasound transducers transmts at | east one neasurenent signal which is
recei ved by ultrasound transducers in the other of said first and second

groups, and (1)14a pAsmtihed fof opdratiPuaRbentiRRMmiifindaht pesitbhANa
time-of-flight neasurenents for said at | east one neasurenent signal; and

(ii) intemmvabdarielemepetiat ispgemhmcdydingr ifinstagoabi of atdvablematteasoond whi ch:
(x) at | east (i?ne ul.trasound transducer from said second group transnmts a
cal i brati &nsdysess iaglydmig akdeast opre atresound) irarssloger assapiated cwithf aom sai d

second gr gUR, F8EElNiEit and a second group of fixed ultrasound transducers including
at least two ultrasound transducers maintained in fixed geometrical relation by
attachment to a base unit, the method for operating including:
()  operating the system in a measurement mode in which:

(X) one of said first and second groups of ultrasound
transducers transmits at least one measurement signal
which is received by ultrasound transducers in the other of
said first and second groups, and

(Q) a position of the movable element is derived from
time-of-flight measurements for said at least one
measurement signal; and

(i1)  intermittently operating the system in a ca]ii)ration mode in
which:

(®) at least one ultrasound transducer from said second group
transmits a calibration signal and at least one other
ultrasound transducer from said second group receives
said calibration signal, and

(1) calibration information is derived from time-of-flight

measurements for said calibration signal.
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said calibration signal, and (3) calibration information is derived from
time-of-flight nmeasurenents for said calibration signal. 20 WO 03/ 022156
PCT/ USOL/\R®98/822136. The net hod of claim 14, wherein at | e&€t/usne2715b1 r asound
transducer fromsaid second group is formed with a structure including: (i)

a hollow cylinder formed prijrarily.fr flexible piezoelectric film said
hol I ow cyl | nde?ghav Y @ﬁ&?g’t &f gléf’flagg; ‘é{ﬁeﬁem\e?t .lfézﬁ f%{&%,“‘ﬁawﬂ al axis
and a hei ghhsdREP HORT sHBIBLAR] oloBp SR FAmEPRIA siflithire if@Ldidge! | oW eyl T nder
bei ng nounted so as to allow %roBagatl on o w%ratl on wave
circunferentiali)y aa botidwacyipdor fopmet pfimasilyl frorh| Qexibll piedeeleclrld ) a
sensing el ectrode formed from conductive material applied to said inner
surface, said sensi higmelsaid rhedlovbeyhgden haringagnaoutearsusfacss mnpinmer endi ng

in an extensional direction substantially ,parallel to, sai entral axis
along a major part B'f'r?%ca‘i’oa (FENGRk ,ax's‘fa?’b‘] ast’g‘igbt DA RﬁragFf§8i #ident ral

axis an angl e of ”Otceﬁ%lea}iﬁ%aéhi@%lléw &;)nxf&er'b%?xféég?dslgngcgg{)gds%aélldy”er

el ectrode formed from con tive material app extend over a

maj or part of said prsRigatisnoffagration avaasktefounTerentiallyi Soems athijbrsai d
sensing electrode; and (iv) at |east one outer electrode forned from
conduct i ve materi al padpdlshechdvasylmderxt end over a major part of said

outer surface. 16. A method for providi mechani ¢cal protectiqnp for an
ul trasound tr &ibsdit 8PN §lackiods f@wsﬁ%q?qraqwaeytlm n%ﬂt?rﬁﬁls@ﬂﬁtfds‘iognal s

while mnimzing iniarfer Lt h_ th |. nd, siagnal he et hod
conpri sing positi on?%lg {a{‘%eg%?féa\gﬁ 3%1dg§%r¥§|u§%ae2§ﬁ"f5%deen{b9{n§ ?%gset(fzfﬁs?iucer,
the grating having fagbw ki ¥xt@ﬁdinﬁpﬁnhxﬁ‘9§te’iﬁﬁﬁﬁ@ dieciof Rab@htiingguency
of | ess than about half of the wavel'ength of the given frequency of
ultrasound in air. parallel to said central axis along a major part of said height, said

strip subtending at said central axis an angle of not more than 90°;

(1i1) at least one additional inner electrode formed from conductive

material applied so as to extend over a major part of said inner

surface in a pattern non-contiguous with said sensing electrode;

and

(iv) at least one outer electrode formed from conductive material

applied so as to extend over a major part of said outer surface.

16. A method for providing mechanical protection_for an ultrasound
transducer used for a given frequency of ultrasound signals while minimizing
interference with the ultrasound signals, the method comprising positioning a
protective grating adjacent to the transducer, the grating having a plurality of
openings spaced at a spatial frequency of less than about half of the wavelength

of the given frequency of ultrasound in air.

17.  The method of claim 16, wherein the grating has a plurality of
openings spaced at a spatial frequency of less than about a quarter of the

wavelength of the given frequency of ultrasound in air.

21



17. The method of claim 16, wherein the grating has a plurality of

openi ngs spaced at a spatial frequency of |ess than about a quarter of the
wavel engtwoaB/oehiee gi ven frequency of ultrasound in air. 2PCNDSOB2BR2156
PCT/ USO01/ 27562 18. The nmet hod of claim 16, wherein the transducer is a

8?’; Pﬁé' gﬁlr ; EL‘;} fﬁ;fﬁ% met{}?%%rg?ﬂ%gglge Rerein b ¢ $anSqud?t if'aS vhn'zi(rjirclalcaI
transducer, the grating being configured as a cylindrical grating surrounding

the transducer.
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