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THE | NVENTI ON The present invention relates to ultrasound transducers oﬂ

in particul awoosdnzids concerns cylindrical ultrasound receip¢ghoMish:
transceivers formed from piezoelectric filns, and their appl.ications in

digitizer sy wn. to e I|ndr|cal ul t rasound transducers
for transmi téﬁgﬁqﬂjb Uﬁﬁ-‘xﬁ %ﬁﬁ\’él‘ﬁi% HRANSGEIVERS cylindri cal
form provi des aII-argqiﬂIﬁ nplifies the geonetry
of time-of-flight 10 cal culati ons g@%ﬁgm&ﬂgfect simlar to a point

(or nore accurately, line) source. These advantages are detailed in U S
Pat ent No. 4,758,691 to De Bruyne. A further advantage of cylindrical
ultrasound transducers is that they can be centered around an el enent of
whi ch the pdSELIMAND BACKGR ORI QI THEINVENTIIONed in a drawi ng i npl enent
digitizer systemdescribed in PCT 15 publication W98/40838. Structurally,
a nunber of different types of cylindrical transducer have been proposed.
The De Bruyne pat’lélmprqesnempnsﬁﬁma rél3tes to tltesowtidoednsdudtirs find, %Fﬁﬁﬁﬁlﬁttlve

device f rrre froma cg cﬁgated arrangenment of. cylindrical |ayérs
i nt ended >t o ThrrOULERS £Y %}i‘ rnlgeﬂouaﬂrreggyel@fmabdwswm formed dramr uct ur e

is 20 COStlgyZtoelegﬁﬁlﬁlﬁﬁtHfdethel?gg%ﬁcﬁgl)hé(%tcﬁ%ﬁ‘o bﬁeya nreI i able. A second type

of transduc has b medi cal applications

i s based on pi ezﬁekkmbwnﬁ)ahﬂ@?&yﬁndpmhlﬁhﬁ'ﬂ”@ﬁlﬁl@insﬂucé??%ﬁ?dnsﬁﬁtﬁ?éducer of
this type ma}/ be found in U S. Patent No. 4, 681 to Breyer et whi ch

di scl oses aMitasppnd signalsreink digitizes éystams,yl'ﬁhedmyhadn% ﬁomzopioe!ﬂem c collar
dwi ch el ectrode on of an_ alternatin
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source. These advantages are detailed in U.S. Patent No. 4,75 8,691 to De

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 W098/40838.

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 pm. Such a structure is
20  costly to manufacture, and is likely to be unreliable.

A second type of transducer which has been propoéed 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 uitrasonic signal,




In principle, any ultrasonic transducer is capable of being operﬁe@ﬁc@ﬂ
as a transmtter and a receiver. In practice, however, nmany conside i
result in many transmitter structures being ineffective as receivers. This
I's particul gployeiisée of cylindrical elenments in which al %@D&sgti re
cylinder 5 contributes to wide angle transm ssion by actuation wth a
relatively high £’ower_vx/ni le only a small portion of the cylinder is
correctly orient dngdinciple, angadtirasonig teansdweeonis capablegifdicirig operatedibetin
direction. Furthermare, the inherent capacitance of the |arge inactive
regi on of th@?&%ﬂﬁr&“%"%{ﬁ%’o %P@W%E%@W%@roﬁ@m comsidgrations et i t ude of

a received Si0fiany "RALRIIA0 kules BeHUC SHetreblvd NIENRELINS. Apng ool ver
In the field of transducers in general, mich o as béen’invested in
devel opnent pdrtictdmily asiebof eglindricali elemeh@cinr whichi dlffost Sechntae Viber
Conductive el ectrodes are formed on opposite faces of the film typically
by sel ecti veanritiies i yeide snalectransmissien diy aeyations woth ankelativelyabigh, These

films are 15 ] 0 e.,. and w thstan wi de rapge of r.ating
condi t1 ons IHETEQ ‘3@"_@%%?&39_R"Jg%i"_ftlﬁF&?ﬁj‘ﬁaﬁrﬂéﬁﬁf‘*&ﬁgﬁfm@?&ﬁ g

ul trasound treadifiig @Rl inédmingsidnal foth $ biVRh iderion. mmgﬁﬁﬁm}lgﬂeﬁﬂhﬁ t

pi ezoelectric film inplenentation of "a receiver poses addrti on?ﬂ pr obl ens
beyond the gepasitance ofiplic lotgei inactivef regidn ofithedsdnsdwee imvayr sbsdib dilagessed
above. Specifical.ly, ferring,to Figures 1 and 2, there_is shown a
schemati c plpéwlg%/ ‘Eﬁ:t?‘ﬁ W@QB‘}G Ofi < aresaved; §ignslg agndeping othgetiansdpest

pi ezoel ggt ri; Iy shows its rel axed state, while Figure 2 shows
th% reggonslgseg?hgbflfﬁ%g%&f% to an incom ng ultrasound signal wave front
127 Since the pletrcfiddtofittanbdicsts i gdredlPinch Wigk 0as ibeblinBeddh Si gnal
12 generate waves 25 (exaggerated for clarity) traveling around cylinder -
10. The di r Sev¢lepmentq of xdeices based on mjeaselecinis dilmsoesusht as cPVDEn vari es

al ong the t th l.inder, syl ti Jdn reversal of

the sense o gﬁ'@[@a‘?%@é‘@&_@%@“ﬁ@%ﬂ“ M%}tg?gﬁs J{@Eéﬁlm{’ nglgi_ﬁycg}’odes. As

a result, meelbctely Pentiig edtiduativediBRUm g ondVf thB Ruh&tOThesk! filnts frk! m may be
dissipated in local eddy currents within the 30 el ectrodes, greatly

r educi ng3 t heheapdp produse.pnd| withstand gewide rangesoff quirdiigwoaditions induding r odes.
exposure to moisture.

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 elecirical 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.
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I npl ementing a cylindrical ultrasound transducer wusing piezoelectric film
is the tendency for the electrode to act as an antenna picking up unwant ed

el ect r omagnewb@smRgkisat i on which may result in very | ow SiPQ'i‘ﬁJsu%ﬂsJEOi se
ratios. 5 There is therefore a need for a cylindrical ultrasound receiver

structure enpl o?g?gmgcj ezoel ectric film SUMVARY OF THE | NVENTI ON The
present inventiod}i T Breblaen olcimplementing o alindsisel ulsrasenndutzansdacerenpl oyi ng

pi ezoel ect rig:fi ' hi,ngs of th resent invention
there is pr o‘\?ﬂ@eg{& %e%& u ?ﬁﬁgﬁ%@ﬁ%&?g%@?ﬁgfﬁieoﬁsﬁﬁen@ ac?&? a3 ARLAO0Ey

cyl i nder 1 orpfeking uprinwaned é19efrorhAghelio rAtifie ARIcHChAY Seshl ilvery ool | oW
cylinder having an outer -surface, an inner surface,” a central” axis and a
hei ght rreas@#&!@lfsw(mql@h%o the central axis; (b) a sensing el ectrode
formed fr.om cond |_v.e terial applied to, the inner 15 surface; (c) a

gr ounded el ect roﬁ%&?ﬁgﬁeﬁ%ml@f@ & FYiindricalwltrasound geceiver druchme out er
surface; andmgldyifg pieRPQEdteFinct ure for supporting the hollow cylinder,

t he 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 the hollow cylinder, wherein the sensing el ectrode
is 20 for me@MMARY QI THE INVENEION an ext ensional direction substantially
parallel to the central axis along a najor part of the height, the strip
subtending at the central axis an angle of not nore than 90. According to
a further featurEhoipresgat paveption is v eylindnical tWirastontd prezefvterttactugs t he

central axi _angl.e of not re than 30. 25 According to a further
f"'egture of ?’Hﬁ%’@é?ﬁ“ﬁ%ﬁn,_me grounded el ectrode extends over a
maj or pagt of t he.QudiRb 16 WeltBed | : -feature of the
present invention, thle_%e 1 sc g@éngég}?%?%fe@%ng?m%gégﬁMﬁé&s&)&g{@?@n"’é’l

el ectrode fultmevimdrreoeivemcemprising:n@) & iollow cylinder 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 preéent 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
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a pattern non-contiguous with the sensing electrode. According to a
further feature of the present invention, the at |east one additional

el ectrode exwensts22os6er a mmjor part of the inner surface. pprARGRIEHNY 10 a
further feature of the present invention, the at |east one additional
electrode is Accor di t.o a further feature of, the present )

i nvention, cd E’ﬁ%?‘ggh? d?neruilgp ﬁdpt?é’ﬁgf’myn%'c%‘ﬁﬂo!‘? et tbe sensiagi tt er

t her eby servieltgtrage.an ul trasound transceiver, the ultrasound transceiver
further conprises a control nodule 10 including: (a) receiver circuitry

el ectrical |y connéeterdingdtotzhfurthen fiatuye of ded presiait invedlioh, e Atilédsebne
circuitry; and.(c) .a swtching systemassociated with an actuating

el ectrode seﬁa‘&'flsﬁﬂlfeﬂ ngﬁﬁxﬁ?WGéan@ﬂ‘gdlaﬂdlféh%mel $tefagadi t i onal

el ect rodesand conjj _ ectrically.connect. .the actuating
el ect rodesto t he {&ngrﬁgﬁgtt%%rﬁ% §{:&Q{u§éy¥£§10e r%se&?&v P°‘1=5‘B£\éib‘faa§ﬂ'§eto a
further feat additiodal eleetrpdeRgpburidadent i on, the support structure includes a
conductive core elenent deployed within the hollow cylinder in such a
manner as to avoicWrding tp @afurthenfeatue witthe presertainsentipn, ebrfiguredidor t he

conductive cple eing el ectricall ounded. , According to one
preferred i rr% eeaﬁ'?%tf%\%p%r?? aPHﬂWSHH%F?PW%&%“@F%ﬁ%W& as ap wiiaspundor e 20
el enent. Accesmceiver Qh@ﬂzlﬁhﬂ{ﬂh&aﬁ'édé&ﬂ/éfphﬁﬂﬁpgﬁ’)%ﬁaﬂ{}es tah?ﬂr ﬂg#ﬁ%ﬂé}’ e core

element is fornmed from conductive foam Accor 0 a Ature of
the preskht inpluding (a) reectineer feirewittyl alectpicadlyominaedted ¢o friel senéing ielgetreg@nt ed as
PVDF film A@ﬁ;prd' ng to.a furt he({)&qgatur,e of the present invention, the
sensing 25 \of BERTPYHET SFUHe & 2aSBitduRg cwstem cassegiptedemtithd ans

subst ant i al | gemalin@ NIRRT t i sp provi ded..accqrding to
t he teachings gf ?he presésﬁt ?n%%ﬂ?@grégg (%gtﬁggd\q(%rgb(g&ea#qﬁoﬁﬂ
ul trasound telectrodei anek configured efov ahgmstely electrically connect the actuating

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  eclement. According to an alternative implementation, the conductive core

) element is formed from conductive foam. B
| 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 holiow cylinder

4



transmtting ultrasound signals, the nethod conprising the steps qfowﬁﬂ\'%a
providing an ultrasound transceiver structure including: (i) a hol'lo ]
cylinder fornmed primarily fromflexible piezoelectric film the holl ow

cylinder 4 w0o3afhs2005 WO 03/022156 PCT/ U501/ 27562 havi Rgraikeker
surface, an inner surface, a central axis and a height neasured parallel
to the central_ .axi s, Il ow.c ngger bei ng nmounted so as to all ow

h
pr opagat i on Wgﬂfﬂli‘%%“ Fedh %ﬁﬁFﬁﬁfﬂlﬁx&rmh@ighhﬁn_é?supﬁh of the
ol ey e 3:3605 8 B3OSk IS A MBI o o 4

applied to the i nner surta the sensin

harrow stri propagativai efyvibration wadesrdicondbresiialBChionnd SURR|RParBbf thePar al | el
a major part of the height, the 'strip subtending

to the cent rgl axi s, al o&g

at the cent r 30w eylinder, Hi)p eseasingotlesitnds favmed 9fpm( conductive | atstialone
addi tion [ k ne from cgnductiyve terial applied so as
to ext engg ov {aedﬁgﬁﬁ)é "géa%r?tsalg%cef ﬁlée PYRTEIE %S&E#f%’égnﬁwdp%&? dppow

non- cont i guostsip ixteRdinASinSANGitaidak Alre Qe s@efla{lgéglg gﬁfgnlﬂ%%e cgﬂngazout er

el ectrode forned fromconductive material app S to exten over a
maj or part g‘ixﬁ h'@ﬂgatlgfgosm af:élp}(eigflt,nfaee&ipis;:btmﬂgrgaﬁamdemfagaﬁlsanbya (i)
connecting both the additjiongl inner electrode and the outer electrode to
ground, and ?ngL) oé?gd??ﬁec‘h?‘f gbe&ﬂé&!qaﬁgowdgml Hyee elestrpdri formgdr ecei ver
15 circui tr YgomRendck Ern?éi%fﬁ'-- ' r ' l.ng_a driving
voltage to at |east lgne 0 t]tﬁgb]g%idﬂ#o@%?%ﬁr???pgﬁaiw%a&gg@% "l"%é out er

el ectrod) Tusfaee insa patteon pombﬂ%ﬁoﬂ@@ﬁﬂﬂhageﬁsmgé]@cﬁ@ﬁ-;@_ﬁb@(jﬂ}@;f}eMe pr esent
i nvention, a net hod .for operatjng a systemfor determ ning the position of

a~rovabl e SRR eleqtrode femaed fram coridugtive matesial gpplissl s¢ asrtw eilend
| t d i ncl udi | east | d t d
hssoo st ed e R GRiCot B MR Suice) WBResRing bhESIRY Siatf BBe  acound

transducer s (i)wohnitting both theaddition® ithér ASQHEE i NRIYSEF SIdtRbAE 3o ned in
fixed geonetrical relation by attachment to a base unit, the nethod for

operating i BEQud: fgd (i)elesoallyi egnnesting sthet smsing electredeirtomesteivende i n
o 15) SORIEE W) o ARSER R o S 4 WVRY Vg
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 (it)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




recei ved by ultrasound transducers in the other of the first and iﬁ\cﬁw 605
groups, and (ii) a position of the novable elenent is derived f}] J 2
time-of -flight measurenents for the at |east one neasurenent signal; and

(b) interm twensbiissoperati ng the systemin a calibration ymaReiAsihi ch:
(i) at least one ultrasound 30 transducer fromthe second group transmts a

cal i bration si gnah@n at |l east one other ultrasound transducer fromthe
second group recefis Ot ek JFMEIHC] ¥I§W Bf 12 metallic 2¢96 clbeni3 froap k6

PCT/ USO1/ 275Q2; | | | ¢view,.of a netallic core element from
e ]nfl:dr&%a% éltﬂa?ou%@ t{a?lgéme‘rg iog g 1gugg 1

the cylindrita rasoun nsc Figure 1; FIG 6 is an isonetric

view of a conductFiG: ¢ paan ReRRuR PIENGE %bﬁéhcti@@}fg% éb?@@]nengf%?éﬁ ernative

to the core element of Figure 5, 5 FIGS. 7A and are sc iC Isonetric
views il | ust Feyibegsed a9 ansalternativh it theccokoelementofifgalecsst ri cal contacts with

the cylingdrical nd anscejver of, Figure 1, enploying conductive
adhesi ve; giFI G 8 ]?Sgsggl?é’ﬂa% o plic ’?R"@Q%“PIY"@‘A’? rilBstrRling & dorsind
techni que f ofechtighdl 08 ) ri 0 n e .evlindrical ultrasound
transcei ver of Fﬁgure 1lc’)lﬁ¥Lhtg g%koc;é?%ﬁ{s%r&i %&Eéfr'lgnecﬁ%ghgﬁ E‘I&é‘"‘m@qts a
schemati ¢ i sbansceiver ofifigure|l, employingenduitive sdhegeéni que for  form ng

el ectrical cont ag._(,la, i.,th the cylindrical ultrasound transceiver of Figure
1, enpl oyi ng pi no1CFPas asehematicisempieicatiew illsmting evseodndatephmguefarct ri ¢

show ng. an- alraeHeeicat S bifne VSARAE b ol Fasictvercg Fods 1< &
schenat il i shraiploying speikgsdopmédtivnghe filmof Figure 10A rolled into its

C_%ndri cal formFigl G 11 is a block diagramillustrating the main
conponents of a - 9 imasehematic ipomwiti¢ yiewn dlustiating & hthird ytecimdtuec ol

the opor ati RiBPESIEGisElon winabe fvivEicabipubndibseive hbvaBpe.
el ement, corlgempiiyify ping operative
FIG. 10{& 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 ftransceiver assembly including the cylindrical ultrasound transceiver of F igure

determining the position of a movable element, constructed and operative

FIG. 12A is a schematic representation of the operation of a system for

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;




according to the teachings of the present invention, operating in a primary.
25 nmode of operation; FIG 12B is a schematic representation of TthelN 2005
operation of the systemof Figure 12A while performng a self-calibration
operation; Fygoddfs¢d S a schematic representation of the /@stojf/?ﬂs?f an
alternative systemfor determning the position of a novable elenent,
constructed and 30 operative according to the teachings of the present

i nvention, operat FHg 13B is a sshematie rapsesentafiom pBthatdperation ofGhalsisted6p WO

03/ 022156 PCH¥. 7562 FI 3B is.a.schematic representation of the

| operation o%#g%éétvgfﬂ%d}eﬁ%ﬁpﬂtﬂ%sei%%]ﬁ%ﬂqoé QperafigRAey a sel f-calibration

" operation; and FlI 144i heh&id Gsd t 0.6 ‘ otective
grating, constr uﬁ%d4gn§ g‘pzsreat | vfed g%d(%@glsngiet&o dtfﬁ\él ?goa{%ﬂﬂrﬁg?awgt he
present i nvenoistmeted sinflapetmive wictdrding! toathe tadhinge 0F dhe BreSent BRRARORT! ON OF
THE PREFEg&RE%) EIVBODIhI\\}/EI\ITS The present invention is a cylindrical ultrasound
recei ver or {EAI§€¥athltrasopnd frapsducerm pi ezoel ectric fil ms. The invention

al so provides applications of i such transceivers in digitizer systens. 10
The principles and operation of receivers and transceivers according to

the present DESERIPPTION®OF ERERRBEOE .NlTSr eference to the

drawi ngs and the acconpanyl ng ron. ' now te the draw ngs,
Figures 3-11 illustrate various aspects of an ultrasound receiver,
general |y design , -1 S. ' I . $ 15 constructed and
operative accord?tr%chrg&%e tréfé(}: fsﬁaagﬁgm%ﬁgu]ﬁ@gﬁt’g?%‘(/eérﬂrﬁm?.sced%?{eraI ly
speaki ng, r clogmed frodd pieactlocieis fnR0 Theiheattion Mo Providedr dBpficatins B i1y from
fl exi bl e piezoelectrjc film_having an outer surface 24, "an 1 nner surface
267 a cent r A0k ¥pascolyersin digitissrghstemseasur ed paral lel to axis 28. Applied

to i nnerjgsurfaceq i ensi n | ectyode 30 forned from conductive 20
mat er i all.OSA grour—{g’g(? @F@(‘: r%’?eolgﬁa%oé’ qfrorlcﬁgaer]srag IEAGSCRIVESS GECOTRNg P

appl i ed_ 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

cjrcurhferentiai]y 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 /4 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




to the outer surface 24. Cylinder 22 is supported by a support s% hu&bmnns
represented here by a core elenent 34, configured to support thelRo
cylinder in such a manner as to all ow propagation of vibration waves

“ci rcunf er entwalpbaaapdsound a mejor part of cylinder 22. 25 lplphRefasB@r ti cul ar
feature of nost preferred inplenentations of the present invention that
sensing electrode 30 is, forned, as lg strip extending in an extensional

direction suPYFSSRPRS foylessthan abput; % wavnlength afithe vibratiossdn syWndeoR2part  of
hei ght h d; ' IS 2 f { th 90
(sea i gur o EHSEEREEbsBind Glthising B e SeRRa VaidhefipeBit dBumbttcn « hat
it 8 10 JUNcad6d)5he Wﬁ)&ﬁi&@%&@@h(ﬁ@fﬂsh’&)ilia?%?ﬁé’déi%ﬂﬁﬁ;?@ﬁﬁ%n%w%ﬂoﬁ??tthan

~about % wavel enqgit h of the vibrations in cylinder 22 "I nduced by ultrasound
vi brations owaydlengtintefhdbel vibrationsy (ratbepudhary . the nabomst threea sevelanpths

di ' h .t hat_.cyl inder 22 I | t 1

el ength oVREHEd FiheBARtly FrEiEie D5 s td MG AFEevlrEb aRdL ns s
vavel ength POFAEGHY e plerEEs el

ci oot and % paot ko eyt ph GHEQing prOGIeAR o8 eBly b Bl B Gl b

avoi ded so |asrsirip 30 subtenfs 3 anglete of desathan gbsutD0OTat ey, PesteripByt 900 at
axis 28. Preferably however, the width of strip 30 is typtcally chosen to

subtend an digecr the widdt ofestrip Woist typizaliy chetemuto Sbberak amsngle 280of10 The

principl e of eratio f .recejyer 20 nmgy be appreciated by referring back
to Figures f’eﬁﬁ%?nf 0 oﬂﬁﬁﬁm%i nci dent pressure waves tend to

I nduce wigbr at i onhaV, L. C : te Rip .Of .t
cylyinder. As a rg‘gﬁlﬁ%‘éaﬁﬁé}grﬁ%ﬁy&pg@cﬁ%n@;%%gei g&(ﬁ%g{ﬁgoﬁvon t he
surface of refeaingbachde Figurere! ned2eAs dedesibad bbébd, indidemt Emrymvasi ons

subst anti al '3’ 15 j ndepepdent of the direction fromwhich the pressure waves
are inci denfédni0 infce uibgation; Wavesswhich nrapageter aionné the) peripheex oéthe of

o opagat  ng T astgn t Ry Rharbid it by fold Rl ¥ B P e yrtarfal . ' O
cancel i ng akist |cyligderc 2Rperidnees SubstBn@ll dREl. sanldevibRSidhi dubs@nfihIBh! Y
effectl \ig ’ ngdggen%ggtl (()af tlljxle Eiirrggn%l::nfgoé%:h?::ﬁ/&re' MUSSA I 'he'rde t. At the
pressure waves are inciden
same time, since the circumferential extent of sensing electrode 30 is sma]i
relative to the wavelength of the vibrations propagating through the film, the
aforementioned problems of phaée canceling and Iérge 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 piezoclectric film material and suitable
conductive electrode material. A particularly preferred example for the film

25 iself 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-fo-noise ratio. In contrast, the




20 advantages of the configuration of the present invention wll becone
clearer fromthe following more detailed description. Wth regdrll UN 2005
materials, it should be noted that the present invention my be

i npl emrent ed weise2e58y pi ezoel ectric filmmaterial and sui tﬁ@h&u A/pductive
el ectrode material. A particularly preferred exanple for the i1 m25 itself
is PVDF. The direction of polarization should be oriented _

ci r cunf er ent Mad¢ ireavmmbaméewqrmé the presentsipverftiopuused inl aembinatiomies

particul ar to jt .de, frequengcy-band response.

Speci fi cal | y%%ﬁgﬁ&Q%ﬁdﬁfwﬁ thg ﬁ(ﬁé‘ﬁf?ﬁ%&ffm%l“}v&aﬁqﬂPigﬂ%&- band
receivers bagRNidYh giRhEY eniaRE&ISi llt&’ﬁ@isk(}‘atﬁ]i ft signal noise into the
frequency range of 30 neasurenent, drastically reducing the signal-to-noise
rati o. | n contras$uitable cogiuttve that@ddls foiEhe) 31LORRIRGINERITE SO ART 262 W de
frequency; ba d.r&geivers of the present invention, used in conbination

with subsequiiitedio:campagitions camaining cathen.ssilyarand,goldnins pprlicatipas ia been

conduct | ve' naisp o raspifinl KeSAE B3RO B SRl R AR e 1o

conposi ti onsusednt ai ni ng carbon, silver and gold. In applications in which
a transparent structure is required, a transparent conductive material is
used. As nentionetf edpqntieped ogarlien opner andjern gselieinat assoviated  with

i mpl enent ati; eyl ipdrigcal . ultrasound transducer usin l,ezoel ectric
film 10 is ’?ﬁé%%’ﬁ%‘g%céfgﬂﬁwc@* B&aﬁg‘ﬂggt%%f’fﬁ{d{st’ﬁéo ahtefna for
el ect r onongs itlke {ehincyast thé eRBrode? t81fIh¢HoASsUn dltddTa Y8t Fle%@brﬁa@{éﬁgl em
preferred inplenentations of the present invention include ong or nore
features whi headjation. spelmingmizei Ny edloninatedethB0 froblenEM praféedi on, as

O e o e 53kt Hlh A S0 o B A
CoTEt o, A TR R s o PR, 251
is preferred to Posily,igrousiedsilengrodt 32t prefieatl® extends over a major part of
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 extémally thereto.
Additional shielding is preferably offered by providing at least one
20 additional grounded electrode 36 formed from conductive material applied to
: } the immer surface in a pattern non-contiguous with the ;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 adv-ant.ageously
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 clement 34 is typically, although not necessarily,
30  part of the support structure for cylinder 22.

10



on the inner surface of the filmrather than externally theretog pAdgif i I
shielding is preferably offered by providing at | east one 20 agmﬂ%gﬁﬁa
grounded el ectrode 36 forned from conductive material applied to the inner
surface in aypaidBisg non-contiguous with the sensing el ecrpE?HEmzvsﬁz
Preferably, additional electrode 36 extends over a major part of 1nner
surface 26. Were two or nore separate regions are required, they may
advant ageous|y bégateet showsbhg prafemet impletmentation iofl gerepelementn388s af t he
conductive material, , 25 such as is shown in Figure 4B. A further or
alternative &8 F?’ﬁLﬁl?%?PttﬂﬁﬁkﬂW%qiﬂqﬁ@istWﬂ@F gf’ﬁ%‘f’ylﬂ greRfoFaguISY

enpl oyi ng angft et filnt 8F kWi eTaJa T To Y Nt 340 di gposed

wi thin cylinder 22]i n suyéI lgiétngﬁ%grreeag%mgvg?rg%ﬁg%{tﬁxgﬁlhcgeo ({rﬁ]c?ﬁ W th

sensi ng el ecwithdere@0cedGiameter poftivh Bove 4 yajozPaltyef itd héiphaa R6rtain
necessari%y, 30 part of the support structure for cylinder 22. 10 10 JUN
2005 WD D3/ preentact rogigepdefmed hyaredueadaliemeter portionsidr maly be

i mpl ement at i r i 34 Jretal care e n ich may be
solid as shogmingﬁ‘g?mﬁfgl ef‘vg\fé g{%@lg?f;@nﬁ%%ﬁﬁwln& ‘ﬂg&qdlﬁg&i‘%l?ﬁr%? VEWi nder 22
is free to virbadifittonat isBlaGhg MRk niy bSinhep&sell Vellcn rd Qleﬁaeﬁ?ﬂt!‘%ﬁﬁ di amet er
portion 38 over, a major part of its height. In certain 5 cases, the

non- cont act ScBHn®elecliedd Hbd by reduced di aneter portion 34 may be
sufficient to avg.i.d electrical, contact with sensing el ectrode. 30.

Alternatively, aff'Sgdfteshit alferaativeimp, pepjation pf poreelemer Holoaaed et ween
core el egentirokd AductvRfoal I8! G5 ERLS caftact biWetn SRl MR B higy nat i ve

i npd ement ati on of core elenent 34 forne m conductive foam In this
case, cont asylinderwd®rtypically aloesramt Significahtlyc yiterfeter wah propagaiohy ofloes not
significantly interfere wt t& Ergpgg?}tﬁ,i on of vibrations within cylinder 22.
In this casd™raensqwrthinoeelinder, 241 I ithig qasssean pdditiopal dpalatjng dayer ied bet ween
core el enen ' £ r r use of receiver
20, “appr opr A B eaBERS bitheEh Eir cRifont 34 ohi sEHSHY et hrol 6.

In order to make use of receiver 20, appropriate electrical connections

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 advantagcous.

Firstly, with reference to Figures 3, 4A and 4B, It ig noted that a

v

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




15 nust clearly be nmade between the various el ectrodes and thﬁ ag@ﬁ%bfsate
el ectrical conponents of the associated circuitry (to be addr @s W) .
It is noted that a wi de range of effective connection configurations are

known i n thewoasbeds pi ezoel ectric device design. For corrghﬁ,gﬂﬁgﬁg
however, brief reference wll be made to a. nunber of connection

configurations which are believed to 20 be particularly advantageous.
Firstly, with ref@feHengs g gobrgusof Higurd ammber of sonductie phst48a

preferred for | J 2 onf i-qur e uch that a tab 40, .carrying
all the eleC ri?]%% C%En&%ttﬁ? cﬁﬁtgl&e@%@g#%gf@i’r%‘ﬂﬁ?%et@gﬁ‘?ﬂoﬁﬂ% f or
connecti ng t BeRect s6ckEt&G thetPCE Or respondi ng contacts of a PCB are
illustrated in Figures 7A-7B, 25 Figure 8 and Figure 9, respectively.

Accordi ng to the Twoing krisflyofo Figyres A7 anch 0B, 7herd BhshéOni mn altérgaing Wit h,
and pressgd i nst, the correspondi ng contacts 42 of the PCB whi ch have
been pregar g‘%‘?@‘"’d@ﬂogﬁh"—ngl% ?ﬁﬁco&“h"édﬁﬂﬁ]ét@ﬂ@cbﬁ% 400 and 498n
Accor di ng t ogkthed L85 fdE 9L kS f he 30
PCB and one gr nor e iylprh?ﬂgc)g{ngr%ag%ﬁ-%&@%@%né?%%ﬁlyégél?g%fg&gt\f%}e’g}r" vi ded on
one, or typi caifigprationhs fubly anhlogb@oathat difRigwes 34g. 11 1 0 JUN 2005 WO

03/ 022156 PCT/ US01/ 27562 According to the technique of Figure 9, a nunber
of conductive pi gh odeyice, 381 hasq been slesmribed ethvsnfancas porultrassyndf tab 40

Fi qur oo Jon 24 o 8 s BB g ST BF e A iscor bt fon o ¢ he
pi ezoel eltt i for bothreédiving ahid tafHhitGig &ighds, iR MwBDdeseba Refertiag! v from
cylii nder 22 rather than tangentially. In other respects, this
confi gurat | d??cﬁ‘ do Figurg 48,4t wiilb be nated that additipigjueledtraglets) 36 prifenaily devi ce 20
it e R R I R
LS Vo, POl i set Wi cREt e L35ERY My g 9
preferably generate an ultrasound signal, similar to the operation of a conventional
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 transmiséion is required.
) Thus, referring to Figure 11, there is shown a rébresentation 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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cover a large proportion of surface 26 opposite grounded el ectrode 32.

Thus, a driving potential applied between these two el ectrodi ig glrﬁgléy
effective to generate an ultrasound signal, simlar to the op pa p a

conventi onal woh9ekYdsl Ndrical ultrasound transmtter. As | arlier,;
It is advantageous that both grounded el ectrode 32 and gg)g{r{llgglzzg?ﬁ

el ectrode(s) 36 are grounded for shielding purposes during reception of
ul trasound si gnal B operatienjewhen theiasseanbly tisi beingluaed afpe reception} dbibng

system may be ed.t el,e¢ctively switch connection of one of the grounded
20 el ect rodegd‘ﬁgoﬁlg%'gﬁf’g‘f g& a’é‘??%'ﬁ? HFW%‘F@? e spnacted toground; tetebyed. Thus,
referring toght : [+ eI epr | . kamscei ver
assenbl y enplogfcyigi?lﬁgﬁlgéélmggﬁ%sv#ﬁgﬁt ranggeéél\ﬁg'r@ggﬁ%@ﬁ?@hﬁﬁq&“ﬁmI udes a
control nodukedrbingaoltage ieapphied teicitheri pronBed @leebaé 32l by ag@mpagted to

sensing electrode 30, typically via an anplifier 54. Control nodule 50 also
25 incl udes F{eﬁtﬁ%qﬁ?’(qtérgeﬁ?fﬁ&}hﬁﬂ‘}sﬂﬁé,mﬁlﬁb a switching system 58. Switching

t 58 i ' L L.h,e] ded el ectrode 3 ddj ti I
o actrode 36 whieAraud hechdrta ) iE ol A Bt RS e lmeegts

connecting iinay Getifle WithinStReldcBpe 6f HeUprinciplEs 1,931 3pdpti,0 ground
during recepti %n. The entire ag%eenbl y 1s t@/pi E’QW? og%rﬁg%&e)%tﬁﬁdg control
of a processWry ebexampleiit shoyld bihiated tiB0reaeyen?0 neyzenilopndrotahenpr esent

invention. 12 1 0 JUN 20 WO 03/ 022156 .PCT/ US01/ 27562 , I n operation, when
t he assenbl yseP?n%ecj?? °§§2’3’ FRAce é"é@ﬁ’%’l Bﬂl,nc‘%btgi- mayobaus@nbder ade 36 and
outer el gEt rpgehed NS t . ferl maxi mum
avaj | abl e EM shi e%gﬁﬁgowWen yfag) S%agg%ﬂ}esﬁggcggc?%gg?fs %E) %’fr‘a%\l)? Hgdvol t age

i s“appl i ed tidemtifyingr phpso uliffertnedse betmede tBe signady] dit tis anakibld te|dReive ode 36 to

generate the desired signal. |t should be noted at this point that nany
variations SRBIPUPIE ign ipfprmgionJEuN ReasPrements 8t Gpunge meRRIVER: i nci pl es

e "5 b, T i P i, SO B 1
cylinder 22 sizelofscylingert22, us afayl bef passidle to choose the spacing of a number of
15 commonly connected sensing electrodes to achieve inherent tuning of the
recejver 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 oclcur
20  aswas described in the context of Figure 2 above.

} | As mentioned carlier, cylinder 22 is preferably con—ﬁgured so that is
supports only about a single wavelength of the vibration waves within the
piczoelectric film induced by ultrasound signals at the working frequency.
More specifically, half of the circumference (xD/2) is preferably equal to the

25  wavelength of the vibration waves within the film. For this reason, the diameter
of the eylinder 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
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10 nunber of reasons. Firstly, by analyzing the detected si gnﬁlﬂs Ji;}ﬁpgg%t ely
and i identifying phase differences between the signals, it is possible to
derive approximate direction information from neasurenents at a single
receiver. Agbeiaissvel y, in an exanple in which the mﬁve{&g&%&&&zshort
conpared to the size of cylinder 22, it may be possible 16 choose 't he
spaci ng of a nunber of 15 commpnly connected sensing el ectrodes to achieve
i nher ent  t unPiSEFNbANYeRton pich oHferstincreased weeisien aodl reliabiliysin. a pystam her

words, if t | : n i,n-phase spaci ng around cylinder for
a given fregﬁ’éﬁgﬁ,ﬁﬁ‘ﬂﬂ‘@g%ﬁ%ﬁ@ngf%m%é’ﬁ%lﬁe%&%gi ng el ectrode will have the
same sign and wi By wagofiatdo@uibn, RGh6AIaR noddihhi HdSsoudd HREYE-AidAET

frequenci es, sone degree .of cancellation will occur 20 as was described in
t he cont ext ksedidigitizer Zystoms suffes frommpreblens ediractwracy dyé itodégnifi@ant s

preferably confi.qured,so that js upports .only abou si ngl e wavel ength
of the vi‘brat¥8 \Peg‘e\/\fﬂeﬁarf’tjt??éma | HE Yphigh fr?ﬁ“&ﬁ ﬁﬁﬂh&g@gﬁ | t rasound

signals at tib@p¥atkd, sfsﬁn%od}qﬁﬁ% ; r Clf o
ci rcunf erence Fﬁ%/ 2) ri??s prefera lfh);y'g%u(g &P@ %o&ﬂﬁ%%tﬁg@@gﬁg@ha%&t he
vi brati on wehepreseithispedt fof the lpresetoinverition poeiies.a édiecalibkitnefacilipf t he

cylinder is generall hgsen_ to be inversely proportional to the intended
wor ki ng fred%@ﬁb ﬁl%%‘”&ﬁﬂeiﬁ"béﬁ‘anpl e, for a working frequency of 90 kHz, a

cylinder of dia _ . hSaA0 | | referred.. Turnin ow to

Fi gures 12A- 138@?@%5%@%%0 Elegm%bpg‘é’ ?‘E’g{ %tﬂ%’“&‘r%?&ig@gﬁﬂlry a t‘?rﬁrfglf ional ity
of the tfansidieeminingothe pbsition oF & MovabeaNmaR, RERARR 4 Movhsie Witrdds@id!  for

i mpl ementing a self-calibration node according to another aspect of the 13

1--0 JUN 200 %aggduges/ 19xssoaated withsonpvatdselementEbmd atrivast tvonlivdsowtd of f er s
I ncreased p LS, ng.reliabilityg in a system, for determning the

posi tion of E’%@%Fg’ g? e d"%‘t“."e%ﬂp g@éﬁ%‘?"ﬁ’#f’%dﬁ@f’%ﬁ? JHacRINER} 1 e not ed
that ul t r aseasechniit 78210 the das® MustrhRa el it hodSii n?é_é%t%ﬂﬁn?#{?ti@ bf HeO™M

probl ems of accuracy due to significant 5 varrations in e speed of sound
through ai r sxatene linqledas| trarsmitting e rigass dne measurement signal from movable

15  ultrasound transducer 70 which is received by fixed unitrasound 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

14



tenperature, pressure or humdity. In order to conpensate for such

variations, the present aspect of the present invention provi defoa N 2005
self-calibration facility which will now be described. Turning rgy t%ﬂ

Figure 12A, wbesg22iss shown schematically a systemfor 10 dehRl/H-R,n0 the
position of a novable el enent, including a novable ultrasoun transducer
70 associated with a novable el ement 72 and at |east two ultrasound

transducers Rplemgnicdbyimomenfasily smpleingdemsdycer 26 as @lracdiver thyeceiveac hnent

mode of the. <gubition ipf GRS Fuled 0¥ e Slter PaC i olRE RRerHRORE <1 gna

from novabl epificiples bEghedRvtntibR RGRMA Q8 bd@ravhi ch is received by fixed
ul trasound transducers 74 and 76. A position of novable elenent 72 is then

derived using ti rBraingmongtetFigueddh theneistshovara priotective gesting generpdlyur ement
sent invention, the systemis

si gnal . cording. t.Q.t he teachi ngs of .the pr

al go intAsgr nikfsf@%ﬁd&ooﬁ%'?sgpgﬁgiaﬂ SPEIQPY?J?%%T‘SHE e teachines of adpetherqucer 74
switches 20 i | 4] 4 - )1 endi ng
Ut a cal i brapramtdbe RSN REGE L 1% RoHehecRal b ATIBL LA Ly 1T

di st ance bet wigesound tanshiwerer s 74 and 76 is a fixed val ue defined by the

structure of basgéémi t, 78, tinme-of-flight measurenents for-the calibration
signal can be usddedhanigah jRretection i must | ofien heorpravided iferdi ansiivecrs

variations if.& . ' h Awi ronment wthin ich the
systemis c rre‘%ﬁrgpg%g? %%Pg%%¥%%caﬁpﬁ$;@1]%hmq ?ﬁsﬂ}’ rfgﬁa@ﬁd'i ¥en used
to correkdt texéstidgriransihicen silictbite fudlt o s&{niﬁ&‘ﬂ@@f@a] WspdRBA andiorRef erring
brijefly to Figures 13A and 13B, these illustrate an inplenentation of this
aspect of t helind spets! (kv directions frovhichs transswittedh dntensiB0 eroseatitieity ofinsducer

70 f : . ver for.. Al . I ; e
{ransducer s 1740 oS RouhBLinuRERe) 1HE Ut esimes A Rations eroreesve o Ju
2005 WO 03/sHaetbkes il frbhi-651Qié &amidcép! emented by nonentarily enpl oyi ng
transducer 76 as a receiver to receive a calibration signal transmtted by

transducer 74. |hoaininzeer eimiptcsush prollems, 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 reception 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 schemaﬁcally 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 Fi g%rif jﬁ%@ 2305
there is shown a protective grating, generally 5 designated 80, =
constructed and operative according to the teachings of a further aspect
of the presewbpedmezessti on, for use to provide nechanical prpeLRREIBE,fOr an
ul trasound transducer. Mechanical protection nust often be provided for

transducers, paE#i CJ.P a{I y. those_ using piezoelectric filnms which are easily
damaged. Many 10°RESHCally, Jor teansdnrers assoriatad math dher mvaitingr peingi efnaf i cant

amaged. Many 197 gL oy o Ures S ! g
Cr aner 1t od TEnER i, 1k o0 ARG ot of comBpRdi oLtk A BAa
i pai red) dugrating B0earprineRAdEy %F}eafeinw@asaws%ﬁﬂan tra?n%ﬁdﬂéﬂt‘%l&ﬁeﬁt&‘t front of

the transducer, To mnin-ze or elimnate such problens,” the presen

i nvent i on pr@ymgedansparent swopdustiveyvmatprial ifoy the relettundes Shdi trandpiasnt a

peri odi c gpat ni pgs has spati al riod S of no nore than X 2,
and pr ef eSIrOa ‘%dr%%%%oﬂ%gﬁ% ggupe @?etpetg? ex‘egp %\?’@I“WH@’FS‘!%&

ul t rasound vuahlqimcété@qg@m i i i e Qrat | 1 .grating
step S significantly small e?‘selt %é%h&eg}lg%‘?ﬂr% t@gﬁgw\%ﬂ% WP@‘ %l?bcﬂla%
directional the¢ssenisviieonofthedipused to the ultrasound signals. By way of a 20
practical exanple, for a working frequency of 90 kHz, corresponding to a
wavel ength in air of about 4 mm a grating step of 1.9 mm has been found to
of fer mnimal di ¥rwill boapprecinied thatothe bese desciption aRPINt@Me@fonsy g2l s. To
m nimze attenuation o{ t he signal, the proportion of the grati'ng which is
open is prefEVEESFXARRIcE ndjthak ppg other smbodiments a¢ passiblequithimtient s 25
forj theqgtr { e i oned exanpl e, the open area of the
grati ngllﬁs H%%@g%%&atofﬁﬁgé%@g% “9%% 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 1 0 JUN 2005
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WO 03/ 022156 PCT/ USOL/ 27562 Specifically for transducers associgted with
the witing point of a witing inplenent, it should be noted t HIN 2005
conponent s of transducer 20 and grating 80 are preferably inplenented as
subst ant i al | wows/e22s36ar ent el ements (using transparent comguasovaserateri al
for the-el ectrodes and transparent 5 plastics or the like for grating 80)
to the extentwﬁﬁ éﬁ ouhd transducer can be |ocated very close to,
and surround |ng "W t hout obscuring the user's view of the
tip. It will be appreciat ed that the above descriptions are intended only
to serve as exanples, and that nmany other enbodi ments are possible within
the 10 spirit and thAnaﬂm@eumiretheemmmin :nvention. 16 10 JUN 2005 WO
031022156 PCTI1JS 1/272\”% VWHAT | S CLAI MED IS 1. An ultrasound receiver
comprising: (i) abhol # &wiley exlinder f%m%mrMMrﬁom flexablef pieadekdctric

pi ezoel ectric film d Y. havr ng an outer surface, an inner
surface, a central ax?}zllnangﬁ }‘?C?E‘If"g ﬁﬂlﬁg Qpfes  Suftges Ay INNEE ¢ 1 4
axis; (ii) a sensing em€sde] @déentral aRHE glfdom %Eés\ﬁa& r%fléiato ?zﬂ?l ied to
said inner surface; (iii) a grounded el ectrode for m conducti ve
material applied to Ssenttlaxiser surface; and (iv) a support structure for
supporting said | ow ¢ ort structure, being configured
to support said Eﬁ | SWP® }’Igr‘ﬂ Pﬂrl g‘i’f‘éﬁﬂg plive materigl BRNIGSk Wpagat i on
of vibration waves cg&g%pglﬁp‘tcrally around a mmjor part of sai d hol | ow
cylinder, wherein said sensing electrode is formed as a strip extending in

an extensional @) e gromndedixddctrotie formedfromlcbductive siitelihl applied toaxi s al ong
a njor part of said

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 sensmg 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 ulirasound receiver of claim 1, wherein said 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 claim1, wherein said sfy iJ@ng%ends
at said central axis an angle of not nore than 30. 3. The ultrasoun
receiver of woagmziss wherein said grounded el ectrode ext gqasfysEsd M or
part of said outer surface. 4. The ultrasound receiver of clarm3, further

conprising at |eagt gﬂe qddi tié)nal .el ectrode formed from conductive
material applied Po sdi"f Yhisopnd Seeevr O plagn b whereinnsaid @bdeasywnas wit h
sai d sensi ng ;88; (022156 PCT/ US01/ 27562 5.
The ul trasouggalgg%%%;iroé‘?e%tf@ls#vﬁ% g\a}%ﬁ’r‘é’%ﬁ"ﬁ?’ R PR one  addi ti onal
el ectrode extends over a nmajor part of said inner surface. 6. The

ul trasound receiver of claim5, wherein said at | east one additional

el ectrode is grouhdedThe uitfdseund recebenrof claiceisy evheddin odaitl Gt Feasphé gur ed for
use additi ona(yd.é 3s aﬂoéjllrasc])}an transmtter, thereby serving as an

ul trasound t? %9@, *He Brindéthsound transcei ver further conprising a
control nodule including: (i) receiver circuitry electrically connected to
said sensing electrode; (ii) transmtter circuitry; and (iii) a switching
system associ at edz. W t Thexfltrasduda té I, Ssajel grounded
el ectrode and said additi onal ag?dggﬁfggiﬁgﬁg%ggﬁﬁxgg?@gm%Sﬂgﬁntﬁgirx ately

el ectri cal | yascnwli@soundi teansmittanathierahy clendng aslan tubtrasaigd triaAgever, e
circuitry an'ﬂ to gr und.. 8. .The ul trasound receiver of claim1l, wherein
sai d suppor t"esoyRd ffapsceivat fusthes comprising @ coteolaneduleinshding: depl oyed wi t hi n

sai d hol l ow cyl i gger rbébivet ¢6bui vl lect.rical contact with
saijd sensing el e??rode, "sai g l%%@ﬁayg%g%ﬁ%%ﬁg%ﬁt“ :p%afégt,rg@e[,ri cally
grounded. 9. The(i) t teemsmittdr cieadiryeandof cl ai m 8, wherein said conductive

core elenent is _a netal core element. | )
(i) a switching system associated with an actuating electrode

-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

clement is a metal core element.

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

element is formed from conductive foam.

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

piezoelectric film is implemented as PVDF film.

18




10. The ultrasound receiver of claim$8, wherein said conductive core
element is formed fromconductive foam 11. The ul trasound receiver ﬁﬁﬂﬁ
claim1l1, wherein said flexible piezoelectric filmis inpl emaﬁtﬂedm&\s

film 18 10 woesaRs WO 03/ 022156 PCT/ USO /27562 12. Thepgﬁ.‘gkm%d
receiver of claiml, wherein said sensing electrode and said grounded

el ectrode are inplenented as substantiall transparent el ectrodes. 13. A
met hod for operati?hg dheublraseudndeceivensokioleim flgr wherdn véand) seasielg

transmtting ylfrasound si,gnal s he method conprising the steps of (i)
provi di ng an eﬁf{'?ciqsc?ﬁ'ﬂd s?‘ﬁaﬁ@&‘@ﬁﬂ‘?itre?@frpﬂ‘&t"HFe‘WﬂE!“GEFiCag?S (Wbstantidly) ow
cylinder for eaekpafdntBlebirddes! om fl exi ble piezoelectric film said hollow
cylinder having an outer - surface, an inner surface, a central axis and a
hei ght measured parallel to said central axis, said hollow cylinder being

mounted so as to allow propagation of vibration waves circunferentially
around a maj or pal} ofA mwihed fovloperating lan ndtrasounid )traas sivesi fog redeving ode

formed from ti.ye terial , appljed to . said inner surface, said
sensing el ec%‘?d;g%“%%¥W§%§Pﬂ%%S‘§gﬁg ‘P%F'F&\Rﬂ@ﬂpﬁs’@gttéﬁﬂﬁwﬁ: n an
extensional dir [ W ' . Is ral axis along a
maj or part of saiq?t hei ght , sﬁﬂ%‘wg% teg‘%gi‘;‘%gc%? lg%lﬁgﬁ%bent ral axis an
angl e of not nore tha@®p0,a (lidlloat tydastr oftemeddigringirly iffsier MRk r ode

formed from conductive materi al apgl ied so as to extend over a major part
of said inner surface in- aPigzRetestic AlA, saidthodlopusyliwden havingdams entsrng

el ectrode, and (7) al | casuflBg AfferhARLEOLcl RS WO SHIMF TV

measured parallel 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 sirip 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°,

\ } B (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;

(i) receiving ultrasound signals by:

() connecting both said additional inner electrode and said

outer electrode to ground, and
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material applied so as to extend over a major part of said ou frg®e;
(ii) receiving ultrasound signals by: (N) connecting both sai dtﬁgid‘w{ilo%a?

i nner el ectrode and said outer electrode to ground, -and 19 1 0 JUN 2005
WO 03/ 022156wBedd381/ 27562 (3) el ectrically connecting sgi-@ gtk

el ectrode to receiver circuitry; and (iii) transmtting ultrasound signals
by applying a driving Sl tglge .tci at least one of said additional inner

el ectrode and sai d out elpigallyyconnegting, sgid seRing electipde 4@ irergiver syst em
for determning the positi Qﬂcﬁ;ﬁ?{gmom)vabl e elenment, the systemincluding a
first group of novable ultrasound transducers including at |east one

ul trasound transc(lilifc)artraasmiuhglﬂdasdumsignalmy@pk@i,@t@aﬁﬁggq’aﬂag%tg%@ond group
of fixed ultrasound transducers including at least two ultrasound

transducers mi nt ai ned¢ash qnexef sgisbpdditionall inner atlectrodey andit sai fomert to a
base unit, the nethod e\jﬁ%{roﬁgerati ng including: (i) operating the systemin
a neasurenent node in ch?” (x) one of said first and second groups of
ultrasound transducers transnmts at | east one neasurenent signal which is
received by ultrasound transducers in the other of said first and second

groups, and (3) d4posAtmahodforioperating abysterm fer®dérmiifingehé Y&&tidd &
(1) 1 nt er mBOGS SRBHBLaR sySencinspsbians faemupi of movoblongusand whi ch.
(2B B AP o S AR Bush RSB Pl 37 1 2
movable element and a second group of fixed ultrasound transducers including
) at least two ultrasound transducers maintained in fixed geometrical relation by
aftachment to a base unit, the method for operating including:
(i)  operating the system in a measurement mode in which:

(®) 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

(3) a position of the movable element is derived from
time-of-flight measurements for said at least one
| measurement signal; and
} . (i) intermittently operating the system in a ca]i_bration 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

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

measurements for said calibration signal.
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ul trasound transducer from said second group receives said calﬂlﬁr@;q;i;‘p?gog
signal, and (3) calibration information is derived fromtine-of-flight
nmeasurenents for said calibration signal. 20 10 JUN 2005 WO 03/022156

PCTI US01/ 27589 0¥®215%he net hod of claim 14, wherein at | easCTesa/éer asound
transducer fromsaid second group is fornmed wth a structure including: (i)
a holl ow cyl i ndery4 or bar ik fromeflexible piezoelectric film said
hol | ow cyl i nder h]ag\c?i ngﬁgnﬁé@tﬁgr bélﬁ"tge{l@cerp,“"a ?rﬁ’r‘i'etaP lggﬁ?f%ee,ultéasggﬂ ral axis
and a el ght rawsdeesrdibm ssidlsteind!oupris formfeitRh stiliive @il | OW cy! i nder
bei ng nounted so as to allow propagation of vibration wave

ci rcunferential | far cuh@llawneylimder framed girinaiiily froml flaxiblel piestslectfié i ) a

sensing el ectrode fornped fr conduct.i ve terial applied to said inner
surface, said sensi ngﬁ’l“ec“?ﬁgh@?%’éi% n%{‘?fr \ing iy Outes  UBkACS t A1 skt endi ng
in an extensional direggiiQn Sblsl?ﬁla | I Lel Ld. centr.al axis
along a major part of said r?ei g t?g?gi dygt r s‘{l}g%sgnegil ﬁ%’ag ! goa%fﬂgcent ral

axi s an angle of not nentel takisp sAO hollowidylintier Belag nemtaddst hd RN allownner
el ectrode forned fromconductive, material applied so as to extend over a
maj or part of said i nFEPagalinsfodbration waxes eireumilsrentioly apvods majon sai d

sensi ng el ectrode; %Ff%’%d%lldv@@)ﬁ&d@pe outer electrode fornmed from
ppl'i ed SO as

conductive materi al 0 eXtend over a nmjor part of said

outer surface. 1) Aansnbing diestrons GintHdNfroREENRNLGH nﬁfe?fa?ﬁ%%]?ég fo0r an
ul trasound transducer used for a given frequency of ultrasound signals

Min}lpe mnimzing i nt%®id dresscarfice, hsaith sensing aelentrodlesbejngl formedas et hod
conpri si ng positioni otective grating adjacent to the transducer,
the grating having ar}gﬁ"abrv%lgﬁpye ?nd’%ghiaﬂg%xg%‘oa@éﬁsﬁﬁc@ns tagtially equency
of Iess than about h3jaralftl 1 S veh@l 8x9%lbng a major part of said height, said

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

(iif). 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 patiern non-contiguous with said sensing electrode;
and

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

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

| _} 16. A methed 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.
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of the given frequency of ultrasound in air. IT The nethod of ci @i #H62005
wherein the grating has a plurality of openings spaced at a spati al
frequency of wioassAikan about a quarter of the wavel engt hz‘%ré&&%z,gl ven
frequency of ultrasound in air. 21 1 0 JUN 2005 WD 03/02

PCT/ USCQL/ 27562 18, _The net hod of claim 16, wherein the transducer is a
cyl i ndri cal t r andBrucdme method ohclaimg ]tﬁelwigr@nrﬂﬂe transelicasisa cylinidndali cal

grating surr qachgr, tﬂ@%r'cﬁ{n% "SNE Eonfiga igured as a cylindrical grating surrounding
the transducer.

“
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