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1 Utrasonic Transducers and anmplifiers for .
generating audi o beans Cross-rel ated applicati |mmmm|ﬁ“"m|m"“|
present application i s related to a Singapore piK
application entitled "Non-Uniform U trasonic .,59159.
Transducers for generating audi o beans", having the

Sresent application. Field of 1 'h'e' .”%VS‘E:E FoﬁsTthQmuﬂlmlmullumlﬂnumu
present invention relates to ultr

for generating a highly directed uItrasonl c beam
nmodul ated with an audi o signal, and which include an

array Qﬂtra&drﬁ@ﬂ&ﬁﬂﬁ&:@%‘éﬁl@@ﬁf%ﬁﬁbﬁﬁ%rﬁb@neﬂémﬁa&__k% PeBths
of Invention It nown tha y transm ng an
ultrasoni c Si gnal into air through an ultrasonic

t EEessytelated agplications si bl e to produce a hi ghly

directional ultrasonic beam Further nor e, | f t he

u

orhEASE8L: SRR NI ALE L' QR onl Bloan oniec
ddﬂmwmi’nentlhlda'aabmcaﬁansdumrg ot germerdting @ediy béamshchaving the

he .ul trasonic be passes, t hrough the
28 iy iBrs, BhelCinand Mierdteizite Bases agueation
called an audio beam This is a very prom sing
t Eigihof th@yinvehtiora very w de range of possible .
applications. 20 The basic confi guration of an audio
b (T:generatlon systemis shown in Fig. 1. After the
f@%’ ridnventios refgigs te élltfaﬁ@r%%%ﬁguqqrs ifer gemenating a highly
e C
B ‘ﬁéﬁﬁﬁfi’é%‘g"s?éﬁ%“ﬁ%&us%ggﬁw@ﬁ%Su% hsi Af i inctude
demadchaly af iutrasortie transducerralelmeatsed by a unit 5 onto an
ultrasonic wave (e.g. 40 kHz) generated by an
08 I& h I ? The nodul at ed wave is passed through 25
NMELWIO e.g. a part of unit 5), and then
fed to an ultrasonic transducer 9 and transmtted out

to the air. In the air, the nodul ated signal is
It is known that by transmlttlng an ultrasonic signal into air through an

000002

ultrasonic transducer, it is possible to produce a highly directional ultrasonic
beam. Furthermore, if the ultrasonic beam is modulated with an audio signal
non-linear effects in the air will automatically demodulate the ultrasonic signal
and regenerate the audio signal as the ultrasonic beam passes through the air
[1][2]. This highly directional audio space is called an audio beam. This is a
very promising technology with a very wide range of possible applications.

The basic configuration of an audio beam generation system is shown in Fig.
1. After the audio signal 1 is input to the system, it is first pre-processed by a
unit 3 to reduce the distortion which is expected to be produced during the air-
demodulation. Then it is modulated by a unit 5 onto an ultrasonic wave (e.qg.
40 kHz) generated by an oscillator 7. The modulated wave is passed through
a power amplifier (e.g. a part of unit 5), and then fed to an ultrasonic
transducer 9 and transmitted out to the air. In the air, the modulated signal is
automatically demodulated by the non-linear effect of the air and the audible
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automati cally denodul ated by the non-linear effect of
the air and the audible 2 sound is regenerated. The
gradual regeneration of the audible sound is

equi valent to having many virtual speakers in the air.
The high directivity of the generated audi ble sound
is the result of both the narrow ultrasonic beam and
the virtual speakers along theZpath of wave
propagati on. 5 Based on nonlinear acoustic theory, if
a strong ultrasonic signal with two frequency
conponents is transmtted to the air, the nonlinear

ebbend isf rddemeratetNdhe Qpadiadli RYeharEtRin BE theNgL&Ble sound is
Due to this effect, a new sound signal wll be

gefeivatesd taihaying Mmanyuwinugl speakersdntthe aif. fThe bighedirectivity of

P8GRl ALRIESbuIE 1 GG Yoo S B8R boam
gandthe virtuahSpedkdrs alang thiet fath fc#wmcpfoba?é‘ﬁ%.f 2

respectively, due to the non-linearity of the air,
the regenerated difference frequency signal

g el ] .
gB)ﬁgg@??H ?hzo?l;l@é‘éﬂ( Ea?bést}c ?he’org, ffr&gsrtpo&é hit%s@g?co%@ﬂ)wnh two
wiregeencyl sompenents fs traagmiittash taths al, theneenlinear effdee of the
OB PSP BI Rty 5 D ol i 508 o
>wilf2a geflelated REthcPREGLENG SR tH B HIRAEALY befiddrSthe original
the anbi ent 20 density of th% medium co isS tRe

st fresiugnaieswdly wagr Spavgatin di] Shatefdr twoupsmscey iytragonic sound

SR 45 0 ) Sou RSB 27 e ekt 0
glzc?)\"ae-ggéén(i)tx' tofCahe PGISNY tdEnerifed" e&ﬁg,eern%ge%gd{}gﬁ%y signal
(secondary signal) is:

Bk

2
PyCy

q_(r,z)=- J-qu (r',2)q; (¥ 2YG_(r,z/ ¥, 2" ) dr'dz’ (1)
00

where r is the off propagation axis distance, z is the coordinate along the

axis of the beam, k_ is the wave number of difference frequency f, - f,
(éssuming fix fi), B is the coefficient of nonlinearity, p, is the ambient
density of the medium, ¢, is the small-signal wave propagation speed,
superscript * signifies the complex conjugate, and G_(r,z) is a Green's

function for difference frequency.

Based on Eqn. (1), it can be shown that the regenerated sound depends on
two factors:

1) the instantaneous strength of the primary waves. Assuming the

sound pressure levels (SPL) of two primary waves are P, and P, respectively,
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25 two factors: 1) the instantaneous strength of the
primary waves. Assumng the sound pressure |levels
(SPL) of two primary waves are P, and P2 respectively,
3 the strength of reproduced difference frequency
signal wll beP where P "P,P2 . 2) the primary sound
field distribution, since Eqn. (1) includes a vol une
integration over the primary s®und fields. Normally,
the bigger the sound 5 fields, the higher the

regener ated sound SPL, provided that the phase

di fferences of regenerated sound within the fields are

StH 'Stf(e‘?lggﬁ of ?eamd-regﬁédl Ffﬁgsom c %ﬁ&én& népml 8tl[feP where

audi o beam system1s
e ti g . Since the audible sound is regenerated from
the 10 Gitrasonic beamwhich in turn is generated from

the traptdupdmary beund fiekisdisiributibh asiﬁdel‘EQif'n o )Oiﬂ@Iudes a volume
.nes the sound field distribution

u!”{“i’%[ AR covesetie Pﬂﬁ@%o?ﬁur‘gijf'aMSorN@mmalb'ertherlwagee the sound
C
(19t (hESRiBher ha", or%iéﬁ’igﬁurifeéf"ép%@f&;[of&? rifidothe phase
n 0]
e Al 5 O oS B 551

sound field. The ultrasonic sound field (strength &
phase) also influences the conversion efficiency with

Wihgd) &higey Icohfsiant iR ostich | aﬁﬂﬁ)"%’éb@prs%/gtt&gn 348 ultrasonic

sound, the audible sound quality etc
diransduser c(or remittany eSchothealauldablbemnmym esgbagmated from the

d. A first Ki f .
CHEREE e ot R AR St e Bl s
tiparistuted 4lbAs Sebternirts’ Me [s%hnHAf]’leldT'a’% V\Llﬁl’ﬂ?ﬂto? tRECultrasonic
nor mal | commerci al avail abl e PZT cel Ich are
@%%nugéa Gomfiguratiorappd inesformasce i ihe adtrasartiatraesducer has a

|59 56 1 LY i S R, X SR floRnes ne
ediesmtivity -ofldhe éam candl €hies ISPL of the ultrasonic field, and thus the re-
generated audible sound field. The ultrasonic sound field (strength & phase)
also influences the conversion efficiency with which the ultrasonic sound is
converted into audio sound, the audible sound quality etc.

Various ultrasonic transducers for audio beam system have previously been
proposed. A first kind of ultrasonic transducer uses many independent
elements to form a transducer array [2]~[4]. The elements are normally
commercial available PZT cells which are also used in other applications such
as distance or intruder detections. A PZT cell can generate a big SPL for a
relatively low driving voltage and has high electric-acoustic conversion
efficiency since it uses PZT material.

An example of a known linear array of N elements is shown in Fig. 2. In the
far field, the directivity of the beam is determined by following formula:
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25 efficiency since it uses PZT material. An exanple
of a known linear array of N elenents is shown in Fig.
2. Inthe far field, the directivity of the beamis
determined by following fornula: 4 N1 27t d sin(O f
(0) =~ gtai (e) eXP(-J ' A) = a(e)g(e) (2) 1i=0
where a,(6) is ith elenment's directivity (it is
assunmed that all elenents are &f sane directivity),
g, is the driving signal anplitude of ith elenent, d,
Is the distance between ith elenent and the reference

el ement (denoted by i= 0 ), e5isthe angle fromthe
br oadsi de, and A s the vvavq of the ultrasonic
wave. It is di(@®ar é)@,te)bipe-jf )da(d)gr(@ctlw ty is(2)
the product of eaeh cell’ di |’1ect|V|ty a(6) and the

2%@?{6 (g{‘ng a‘%’lllﬁﬁ{]?ngggﬁ%% itis ??%H{Qﬁﬁ? ?E‘Shglﬁglqmﬁnté are of
oﬁaﬁwgi Gire @ity Ee%,C%n{HeaHnwﬂée?ﬁgﬁefxl %rtﬁ'ﬁllﬁfdgnéfjfﬂcg[%%eﬁtwi, is the

stance ween array i gger

Xdistarechativieleni® elehfint Ring tﬁétréféréﬁé‘é elé?n&(te(lie}‘\’bféa By i=0), 6

the range 90. It can al so found that we can
sﬁamﬁeanglﬁefr@‘nrttwt broadgidsf, ands Jaig Hye wavelartgth of the ultrasonic

DWAVET L B clorf Haf oo oA eld Sitettigly Fodhe rotlRkar each cell's

tdﬁlﬂecﬁtﬁit Sa(@y @ndr thangiedy icdnfigvaitibAr ARt § @5 Nit cﬁhdbé@hown that

the cells are 15 driven by the same signal. The cel

aapaart front the maim beagethdhasetralmmd Eberaémgm of I(In%I .o ﬂ% central
he cel,| and t here to, avoi d gate

408 27 e MEGHGarn I 41 HisTancho e nbiom SrFas Slsamenia, i djgger than

oR, %rEQMWBH bﬂ‘r%r%r u%ﬁ%@%ésrlngg)ngtl%athearﬁﬂgébﬁ 0° Vthan also

a substantiall'y eq spaci ng ween t ducers

(bérfauncatheit sfeovan ahaided theddirsttivity of @58 arrdl oy elther sharpenlng
gcﬁb nce of a known PZT 20 cell” is shown in .

bs directivity s(6n Pt sharpening: therastay @@'ﬁmaw qt@r g(®).
positive and negative potential sources. The pins E
connect these sources

Conventionally the cells are arranged in a uniform pattern, and all the cells are
driven by the same signal. The cells are typically arranged close together to
minimise the distance between the cells, and thereby to avoid gate lobes in
the beam. Such conventional PZT cell arrays on uniform grids are shown in
Fig. 3(a) and (b), with a substantially equal spacing between the transducers
(which are shown as the shaded circles). The appearance of a known PZT
cell is shown in Fig. 4. It has 2 pins 6,8 which are attached respectively to
positive and negative potential sources. The pins connect these sources
electrically to portions of the PZT material which are spaced apart in the
different polarization directions of the PZT material. Thus, the voltage of the
pin 6 relative to that of the pin 8 is related to the deformation of the material.

A second kind of ultrasonic transducer employs a PVDF film [5]~[6]. In these
arrays, PVDF films with electrodes on both sides are usually attached to fixed

substrates. Many small cells with specific resonant frequencies can be formed
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electrically to portions of the PZT material which are
spaced apart in the different polarization directions
of .the PZT material. Thus, the voltage of the pin 6
relative to that of the pin 8 is related to the
deformation of the material. 25 A second kind of

ul trasoni c transducer enploys a PVDF film[5]-[6]. In
these arrays, PVDF filns with5el ectrodes on both
sides are usually attached to fixed substrates. Many
small cells wth specific resonant frequencies can be
formed 5 by providing cavities on the substrat es.

NBy roVidingrday

L P el s o e SR ILES, Rognaly oy 8RYleRitifh signal i
pRBplsd iteghe(whele tranaducarg A R/VlE trarmqilmecwasagdw aproperties

Vgﬁ‘{ Qé‘éeé Ha\ﬁgét aw!}tf?vﬁ%ﬁ&y‘ tban @r}g ish|8 Wi c%rslt Hm%ever it needs

ehebigh CdrB/D@ESchlta celyy eafduid efdovipenaYsd sha! é%ctrlc-acoustc
| ower than e trgﬁsdugrs descri b\ﬁjp:\bove using a !

peanvarsign. efficiancydiscals® dawen thans dhe dransdugeesslesgebed above
t H&n Iae@-iz-loa;r?gl c principle [7] -[9], and novable

dlap ragns attached to substrates. This ki nd of array
normal |y 10 needs a high driving voltage and a high

bi, as. . | Th | ect t
iR of isonis 8ty mpIGya i aciosta Ringiae)71-(9], and
t hvaBlel H?a’b?ﬁéiﬁﬂs ‘éﬁﬁcﬁ‘é@'t@ys@ﬁ‘st?’étééym is %rﬁdmd?t §rray normally

operated as hase array. By controlling
aneedsarigh ddwngfvodiaga arsl aahgielmasﬂf)tvbﬁage r'ﬁye etdmenc-acoustlc

L he be n be steered to desired
d%@c&tr%'gﬁfm'?ﬂ%is %@%?&Yﬁ. cally rotating the array.
Unfortunately, this formof phase array is

practl cally difficult to inplenent and is also high in
clbés alsguprerpgedin {HY that ertransduger Tae q@nrdgyeran array of elements

HRtaas Y, BRoh Ay G RSt fip difsi add BN of eacn

calehent in the array, the direction of the beam can be steered to desired
directions without mechanically rotating the array. Unfortunately, this form of

phase array is practically difficult to implement and is also high in cost.

Summary of the Invention

The present invention aims to provide a new and useful transducer array of
the kind having many independent transducer cells.

In general terms the invention proposes that the cells of a transducer array
are partitioned into two or more sets (with one or more cells per set), and that
there is a different (real) weighting coefficient for each of the sets. All the cells

are fed the same driver signal, but for each cell it is multiplied by a different
weighting coefficient for each set of cells.
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In general ternms the invention proposes that the cells
of a transducer array are partitioned into two or
nore sets (wth one or nore cells per set), and that
25 there is a different (real) weighting coefficient
for each of the sets. Al the cells are fed the sane
driver signal, but for each cell it is multiplied by a
different weighting coefficieht for each set of

cells. 6 In a first possibility, the weighting
coefficients may be just +1 or -1. In other words,
certain cells are driven in anti-phase wth other

CFH bﬁlrst\’igéséﬁﬁﬁ!vmtﬁe M\}ﬁé@ﬁ’tﬁ@ecéé‘ﬁc@ﬁké ?na%‘/ Se ﬁustp-p{ @F —1. In other

each have a fir st I nput
s\e@tdﬁal certgin c@l&areﬁrmemlhantmmwunpmmfeﬂsnat i on of
the cell is determned by the voltage at the first pin

m nus the voltage at the second pin. In this case,

t Rer iexaeiple, oOsupoHeOtRS ceidtarétbidyttareaRy) twhidh &adH fh@@e a first
of the, first pin mnus the voltage of t he second pin

t@@é‘&pw%a@@wafi dRpytdqinasycheitiat &e gutward defomam of the cell
Vlgl %é;cb{;r(ﬁ)}negrﬂ %@ 1t1’a%é %k‘?ﬁ%ﬁﬂst ﬁhm@%%%%@%p% at the second

Tplnslmtms baseldhe |mwrtt|dmypropomtha1©tfah9 rhbment e %Itage of the
{1 cells to C|r rg/ftwgl ch provides the sane driv
age

"ShRINSTYS oY RecoBHie takey fecsaeIvalus for all cells
t et fisst s%?"of tc‘éll& hahg Qh%tcit”téﬁ? ]tcé\titﬁaécﬁrfcf Sgg&lte value for all

polarity fromthat of e cel Seco
l¥i@ sgeond setradycaffay This ean bepdonleyjuat by eghaepting: the pins

S St 1B b Fhich g o8 BB obS fomch ool
t ﬂnhts::mtm? thé @elle of the/ fifst Sed t@lthaf&srrchﬂryom’cﬁ eéﬂdtfféré\nt polarlty
plurality of power anplifiers. Each power anpl

nidmi thet ek theneells of e seqpngl SQinHUSe&}@eWthﬁearray may be driven
(5} SS9 oBREr el 507 r ansaucer celis. o

Opt i onal ly, the vvei ghti ng coefficients my be chosen

th oam Po%\ g?t e mventnon the number of sets of cells may be greater than
two. In this case, a single driver signal may be passed to a plurality of power
amplifiers. Each power amplifier multiplies the driver signal by a respective
weighting coefficient, and then transmits the result to one of the sets of

transducer cells.

Optionally, the weighting coefficients may be chosen by analogy with 2-D time
domain low pass filter coefficients. Appropriate selection of the 'amplitude
factors makes it possible to achieve such beam properties as: an amplitude
profile in which the main beam has flat top; a rapid descent of pass band (i.e.
the pass band has steep sides); and a low level of side-lobes. Also, the main

beam width can be changed merely by changing the weighting coefficients.

In some embodiments of the invention, some or all of the transducer cells
(such as PZT cells) of the transducer array are provided with a “horn”, that is
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domain | ow pass filter coefficients. Appropriate

selection of the anplitude factors nmakes it possible

to achi eve such beam properties as: an anplitude 25

profile in which the main beamhas flat top; a rapid
descent of pass band (i.e. the pass band has steep

sides); and a | ow |l evel of side-lobes. Also, the main
beam wi dt h can be changed nerely by changi ng the

wei ghting coefficients. In sone enbodi nents of the

i nvention, sonme or all of the transducer cells 30

(such as PZT ceIIs) of the transducer array are

PaAVveResbrit défiring bers%undﬁFWsrﬁ@s@n%h@drFéWﬂeHﬂ gi”ﬂlge sound
a sound- transn1SS|on channel w dening in the soun
pPERagatios Wirgictieat i on. The horn may increase the

cell's directivity and SPL. It thus provides a way of

5 using fewer cells in an array to achieve a desired
urrheammmncaﬁlﬂcredsne her delf dipsdtRety vt SPLI & tﬁusiprovndes a way of

proyvi d q\g@g 1o design a transducer array by
bHF'QHcieM\@ft dBan pBAYJP adhievenecdesiied laltfasow@ $Phglrecertain

c [ t d1 T ray

trglgl{rg)s Hﬁ@?ﬁ 'FIélQé (/)rqgﬁe)dséunia?orr'xl (e. ggsﬁnﬁt% ttr%gsgg?cfrs array by
obalapgingg the Ipositioa pbithe sgaté lbeegnd athegsinglepatiier gain in that
and/.ar w th each cell having substantially the same
dP%ﬁﬂEe to its nearest neighbour). Alternatively, the
transducer cells may be arranged in a non-uniform

pattern, conprising a plurality of uniform sub-arrays

of he dirfay. of transduger bells paysheuihiforyn ie.gt hith thaeells m;zupylng all

ol PR S aBLATER ol o0t 7ok Bauing substantaty

t msme elistah€ered its neardAM@RFhooue) Alfapdath rthé %hé&ﬁcer cells
are in a three-di nensi onal configuration. 0F

% ariangedigng Mgaenitarmapatéenn, somurising Haplutaiéy of uniform
9 ﬁ lallse on a concave surface, or on a convex
ace %t ese surfaces may be real, or

A further possibility is that the array of transducer elements should not be
exactly two-dimensional (i.e. flat), but should include transducer elements

arranged such that their centres are in a three-dimensional configuration.

For example, the transducer array can be such that the transducers lie on a
concave surface, or on a convex surface (these surfaces may be real, or
alternatively notional; for example the surface may be defined as the convex
hull of the transducers in the array). In the case, that the transducers lie on a
concave surface, this may produce a narrower beam, with an increased
ultrasonic SPL in the centre in the sound field. Conversely, in the case that
the transducers lie on a convex surface, the main beam can be wider (e.g. to
cover more people) and reduce the ultrasonic SPL (which in some

applications is needed to reduce its harmful effect on the human body).
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alternatively notional; for exanple the surface may be
defined as the convex hull of the transducers in the
array). In the case, that the transducers lie on a
concave surface, this nmay produce a narrower beam
with an increased 25 ultrasonic SPL in the centre in
the sound field. Conversely, in the case that the
transducers lie on a convex sWiface, the main beam can
be wider (e.g. to cover nore people) and reduce the
ultrasonic SPL (which in sone applications is needed
to reduce its harnful effect on the human body). 8 By

UBY @i @nedloraa Gambinatior of thor@ Hitarl bAB, @Rthe Abdvideconcepts,
above concepts, transducers and Ioudsgeaker syst ens

c Angsiuaers pndpudspaaker systems ean be bl whighaargeussful for a wide
f 5 The invention in its various
asp cl?tdsfcs#a%% é:@thcrggénssed as a transducer, having an
array of transducer el ements, or as a Ioudspeaker
risj ng?t he transducer and al so the

t
ol he dnvestiatin JisndpERHH SRS MemAIbE @yressed eRca transducer,
Lh@RS uéﬁrfrrEP f Clratsudey g%Ynérﬂgl e Bn' tsfotMEp%laker system

respective eceive an Input audio sig
m@npﬁsiogébe transdudemanthls bh;bethbtcimuttq fon gehteraimmhe signal input

B ragtotyicb g THE ATELTS ol ibtade SEDS MRREH sSShetiively receive
adn ﬁt&lt@ubﬁﬁﬁ?néﬂ%’ré‘-ﬁké&ss"i@%rrﬂ rﬁﬁﬂmélf’é it?ﬁrﬁo an u|gasomc signal.

controllln he various degrees of freedomin
s mw{tgmlvay b expresfed ag a owihed of aising such a loudspeaker

BRI DBr e Cart SR b Al SPdHE, FtrBplig, coptroling
chet aribus eddgrens wof |fresdnbeindessr syagem f(Slich e E’clf!liéewelghtlng
IIuss‘ratmn only, with reference to the foll ow ng

f{ﬁﬁl%@"ﬁs t%rq,qvceﬁfgaqu. heam pitbcdesiespharaeteristicgown

d| rectional audi o beam system 20 Fig. 2 illustrates
%ié\"@éﬁi&r@ti@ﬁ Jt THICRutdgrear array structure having
many _ Ccells,

Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following figures in which:

Fig. 1 is a block diagram of a known directional audio beam system;

Fig. 2 illustrates an example of a known linear array structure having many

cells;

Fig. 3 is composed of Fig. 3(a) and 3(b) which show conventional transducers
having PZT elements arranged respectively in square and circular arrays
which are tight and symmetric;

Fig. 4 shows a known PZT cell having two polarization pins, one positive, the
other negative;
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Fig. 3 is conmposed of Fig. 3(a) and 3(b) which show
conventional transducers having PZT el enents arranged
respectively in square and circular arrays 25 which
are tight and symmetric; Fig. 4 shows a known PZT cell
having two pol ari zation pins, one positive, the other
negative; 9 Fig. 5 is transducer which is a first
enbodi ment of the invention, idwcluding outer cells
whi ch are driven in anti-phase to the inner cells;
Fig. 6 shows the anplifier section and transducer of a
| oudspeaker system 5 which is a second enbodi nent of
t i inQRi~dd Qi [ | f, . .
sEZ%SQY??"5&‘8@%%%“{%“%&ﬁsﬁéﬁiﬂ@?’%@fipﬁ@%Pﬁ@@?oﬁ, including
10uter gells whighvnareadnivessintdrei-phasesthutherinced dellsf a
transducer array which is an enbodi nent of the _
present invention; Fig. 9 is conposed of Fig. 9(a) and
FFiy. @6hdwsheCdmpRfdresddtivd and tamsaubér 8f a I%ﬁ@ggéﬁé?fsystem
non-uni formarray structure which is a sparse array In

igh is Reseoongginbedimant of therinventipnrr se t han the edge
part, and a second exanple of a non-uniform array
structure which is an array which consists of
nBig: ﬂnslﬁ@lvms}'mumi@ﬂgcbfqn@lbb?arﬁfsﬁa'pﬁbgpmdﬂé%d B! the: lodl8peaker
Fig., 10 is conposed of Fig. 10(a) and 10(b) which are
C$g%%m5q ig&hal views of 20 transducers which are
enbodi nents of the present invention and conprise
respectively a concave cell array and a convex cell
aFigay8 shewai & qebsBibde rt'rawtsidugelobellfztg @ﬁmh'dmeétmﬁr%? which is an
Tur.ni tq Fig. 5, a,transducer i's shown ichis a
féjmgf’ag'?rﬂﬂoqfﬁﬂ?lprééﬁe"ttHB’e”i?'HUénti on. The transducer 20
i ncl udes central PZT cells 21, which are all fed the
same electric control signal by circuitry 23. The
crigeQiis opmgedeefsFig. Oéa) and Fig. 9(b), which respectively show a first

example of non-uniform array structure which is a sparse array in which the
center part is more sparse than the edge part, and a second example of a
non-uniform array structure which is an array which consists of non-uniformly
placed groups of tightly put cells; and

Fig. 10 is composed of Fig. 10(a) and 10(b) which are cross-sectional views of
transducers which are embodiments of the present invention and comprise

respectively a concave cell array and a convex cell array.

Detailed Description of the embodiments

Turning to Fig. 5, a transducer 20 is shown which is a first embodiment of the
invention. The transducer 20 includes central PZT cells 21, which are all fed
the same electric control signal by circuitry 23. The circuitry 23 feeds a certain
electric signal to the cells 21. Let us suppose, for example, that the cells 21
are as shown in Fig. 4; in this case, the electric signal is applied between the
pins 6, 8 of the cells 21. The transducer 40 further includes outer PZT cells
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electric signal to the cells 21. Let us suppose, for
exanple, that the cells 21 are as shown in Fig. 4; in
this case, the electric signal is applied between the
30 pins 6, 8 of the cells 21. The transducer 40
further includes outer PZT cells 10 25, which are al
fed the sane electric control signal by circuitry 47.
However, the cells 25 receivedOhe signal with the
opposite polarity fromthe cells 41. In other words,
the cells 21, 25 are connected to the respective set
of circuitry 23, 25, such that when the voltage
bebnapith &@ Al fedbthNéhrhB ®lédtAc Bofifrof H@néleﬂ)ry Eirﬁﬂ@% AT° However,
th 6 and the pin

positive, the voltage between e pin

ofhe ﬁ@"ﬁ‘cgﬁIFQCQiseitbetﬁignalIwithsmawpagsitet pdiaribufrom the cells 41. In

[ t th ' f the cells 21 .
B0 s, S BHS 2 B el B B B A ok o cpsruty
aps, 2% galdhviblhy wheAltnevoRdge bRiwdsrSthe bif 6880 the'BIES of the cells
gﬁnerate_ froma G%[ﬂven cell is either in-phase wth
t

& 1s ppaltive; thesyqjiage, bejweendbe pin Sandihesein &lebthedells 25 is of

0 4y 4 1 ' I

oI ShEeabfusE h nag8lfe g e, 4 HatSEl cing by e, et 2
t aee positiely ocdrinpoted,i and the pinseof | thet eli®d25 are negatively
side-1 gbes of the array can al so be inproved. An .
aﬁ%’?ﬁ(gﬁg' of the present ("bi-phase") transducer 20 is

the 15 sinplicity with which is may be built and

driven. Since the phase change is inplenented by

chbugi thg ssundcwave generated fram rgpivedraeliiis gaithielg irphase with the
b d.. ll,~bhe.cells. Therefare, a si ower,
SR ahah P o e HePesice acuneR et P caTiin one of
Fihg indgr EsliseRDogbuter RUWES, tTivgs ficaRsdHEe 'bty%ﬂopgr@;{ 4B8igning the
concept of controlling different ones of the cells

s@rRwIcongguration. dhe rdifastivity ansl sidedlebesiof theeatrayecast also be

Fi t j e ' f i nt .

rintproved ' Ah SDAREHECHS She WBRENS (HpBnbSe ] FEEer 20 s the

geimaliaity sdth whichpisr ayubebuilFagd driviemo\@inée it hake change is
di e he invention in which 25 signals of

nb t, of _ ) Si !
AMAemented Py ghangingIne caBBeatonsaaingla driving sigarbean be used
oRk At tife WeAS! Fhefbfore, a single power amplifier (of the kind which is

included in unit 5 in Fig. 1) is enough to power the transducer 20.

The concept of controlling different ones of the cells signals of with different
amplitudes (in the case of Fig. 5, the amplitudes of signals fed to different

respective sets of cells are opposite), can be generalised.

In particular, Fig. 6 shows a further embodiment of the invention in which
signals of different (real) amplitudes are applied to different cells. A modulated
signal (which may be the output of a modulation unit 5 of a loudspeaker
system of the kind shown in Fig. 1), is transmitted into an amplification system
31 including multiple power amplifiers 32. The output of each of the power
amplifiers 32 is input to a respective group of cells in the transducer 33. Thus,
the cells of the transducer form an amplitude weighted array, in which the
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signal (which may be the output of a nodulation unit 5
of a | oudspeaker systemof the kind shown in Fig. 1),
is transmtted into an anplification system 31
including nmultiple power anplifiers 32. The output of
each of the power anplifiers 32 is input to a
respective group of cells in the transducer 33. Thus,
30 the cells of the transducerl1form an anplitude

wei ghted array, in which the 11 signal anplitudes
input to the respective cells are not all sane. It is
not just that at any tinme sonme of the signals may be

psighhi dmplifldiedt RBUS td e Faspactibe tcells e ﬁBtfeflpéé?ﬂb fNi8Snot just
of the cells which receive positive signals (or

nEghet @y tisne same) ofthe sigrals iaay beirasifive and ottsrs erwg@ylve but

PS1oB1Y o Ok B B0 Sl Bfich” el B AR YghBEClo, gogave
|S|ghaks\)\nare Hetl thosevaighaiemsultipked bQANé])ghhﬁ?V db@‘?ﬁc:éntbt\ﬁhlch are
faﬂ?f?é‘?rn esH?ned based on a one-di nensi ona

RA "r“é’HQ@Fﬁ:y transformation. By appl y| ng t hese
2-D filter coefficients as the 10 wei ghting
coefficients of the uniformtransducer array, a
sBaseédbndimaidonzain filtbe desigarthbery, i isechovia thed a)twd-msmensional

d
RIS ool S 1
dmér?gehb& ttl%fnsﬁorﬁTdﬂoW Wﬁﬁﬁbﬁlrfggﬁfé%@sf}l?c ﬁﬁgfg ESﬁ@lchts as the
fwawltl@étqv@ﬂ‘ﬂcaent@u @fgﬁh@numforrmyaaﬁﬁucerua@ay;f atspatiahidomain 2-D

iAot effefl, pARUch RS shrieaBhaddee potwesmths fime and

asphtial depidinsehizeatray hasna RIB bsam shepdsifildM® the time domain
?Idej ?gg)cfﬁThese features are shown in Figs. 7(a) and

CHENQYi '€APPRS& conput er - gener at ed si mul atl on
of an anplitude 20 profile which may be generated by a
certain selection of the weights in the |oudspeaker "

ofhé-i2gD iearfihmalidre zeldctéd,afoe exantplepte incsge thé \feature that a
dlrectlo er endlcu ar to the direction in which
aqq@%p B}ﬁgg the gndindkeam in a range of angles has a flat top.

Furthermore, it may be selected to have a low sidelobe and a rapid descent
from the main beam to the sidelobe; These features are shown in Figs. 7(a)
and 7(b), each of which is a computer-generated simulation of an amplitude
profile which may be generated by a certain selection of the weights in the
loudspeaker of Fig. 6. The horizontal axes indicate respective directions
perpendicular to the direction in which sound propagates away from the
transducer (in other words, these two directions are in the plane of the
transducer’s array of cells).

These features are useful in many applications. For example, the flat top of
main beam makes it possible for the beam to cover uniformly many people in
positions intersecting with the beam. That is, people within the beam will hear
the same level of SPL, even though they are in different respective positions.
Furthermore, people will also feel an abrupt change in SPL when going from
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transducer (in other words, these two directions are
in the plane of the transducer's array of cells). 25
These features are useful in many applications. For
exanple, the flat top of nmain beam nakes it possible
for the beamto cover uniformy many people in
positions intersecting with the beam That is, people
within the beamw |l hear thd2sane |evel of SPL, even
though they are in different respective positions. 30
Furthernore, people will also feel an abrupt change in
SPL when going from 12 inside of the nmain beamto

oifisidelef tHe inain Bean © bigideadh il RS ELtHe Ripid B@sgéh‘lsof the pass

band and the | ow side-lobe. Thus the array can use

t Bapd;iand Eheplgw &ide-labgo Thusdtheoaray aacke Wsedntot beitld a perfect
%Y)?aﬁgaggg mbgbé embodi nent of the invention is that
the marn

dth can be changed el ectrically by
changing the weights. As shown in Fig. 7(a), wth one

wej ghting coefficients the beamis relatively
néﬂP@W a@%ﬂtﬁaes%ﬁ is grmbedmoent of the dnvention, istthat theamain beam

| Width @i bd '&Héng@cﬁ e?é@ﬁ&él@goéf Pﬁan%gg&%'v@& hts. As_shown in Fig.

coefficients of“the arra eam can
cﬁ@dge\dthf poe 96t af leghtmg)eaafflcmrﬁs ghe Mfegmtie reladividy narrow.

52y e el Bcsttona s Fitha(b 1S Begin i3 Wisiarof Ndsobi ahanaing the
Ov‘/velqrﬂmgfbdeffﬂdié'ﬁ’tﬁ oFitH® g\‘FI’agt dEIR, W—'ﬁma‘i’n‘ﬁégﬁ 8an B¥ cﬂ?]nged from

di sclosed in [10] and ussed ove, since in
t Adarew baaS‘p@alF(lgr 7a)stoearwider beam in lﬁlg.s?(tbi)emthout changing the

d s to th di ff t el t
DTSR A BBRET T prase (1. e. the anplitude
rrultipllcatlonfactor applledto each signal is a
Nt Gial Wor SEinlGatian shatem oFh Ff driGof s murh SEVRlpr than the
| bigsed %Yré\yg'aﬁsrc‘?ééed Wﬁél@ﬂﬁér#ﬁ | 8L RS UBLEE Ynck"%h [10] the

present ntion may b
loudspeaker system not onIy tunes the amplitudes of the signals to the

different elements, but also controls their phase (i.e. the amplitude
multiplication factor applied to each signal is a complex number, not a real
one). Doing this implies the need for either a phase shifter or a time delay line.
By contrast, the amplification system of the present invention may be much
lower in cost, and easier to implement.

Note also the purpose of the phase array in [10] is to steer the beam in a
desired direction, whereas in the present embodiment the amplitude weighted
array is used to form a beam with a good shape (amplitude profile). Thus, the
methods of designing the weighting amplitudes are also different..

Due to symmetries in the 2-D filter coefficients, the amplitude signal produced
by a given one of the power amplifiers 32 can be transmitted to a plurality of
cells, which form a group of cells. Therefore, a single power amplifier 32 can
drive this group of cells. The transducer includes circuitry for transmitting the
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20 lower in cost, and easier to inplenment. Note al so

t he purpose of the phase array in [10] is to steer the
beamin a desired direction, whereas in the present
enbodi nent the anplitude m5|ghted array is used to
forma beamw th a good shape (anplitude profile).
Thus, the 25 nmethods of designing the weighting
anplitudes are also different.13 Due to symetries in
the 2-D filter coefficients, the anplitude signa
produced by a given one of the power anplifiers 32
can be transmtted to a plurality of cells, which

f eutpuds of W@Weﬁ%bﬁﬂer};r@"@c &4céh cdll &f the! @FPQW_? group of cells.

anplifier 32 can 30 drive this group o
t Fanexarmple,ionly d@egower emiplifigrst are neededrito drivg tha e xBarray as

power anplifiers 32 to each cell of the
r%i@grﬁrf ELgué%up of cells. For exanple, only 10 power
anplifiers are needed to drive the 7x7 array as shown

in Figure 6. 5Turn|ngto Fig. 8 a PZT cell is shown
wWhHEYNGrelp Fég-uSeda i RZTogell Iénﬁbdwnemfmfbfmay]ebe used in some

i i T ruct

4%9ﬁﬁmﬁlrﬁﬁntssd?§g§§% ecrﬁ‘o]n 9@% gj[ c%:‘g dﬁﬁeﬁ%@éwc@a‘gs & structure 40

vivbicht |socapa(tdeobfv¢mrmd‘ratmg Uheasardendit orationso{aridi@vhich may be
PZT ?? sho | and additionally

HePert 20 o7 The KROWR Pagl cgh Rbpih ia M, anerasiciionally includes a

eﬂm@(ﬁeﬂﬁ ERf | 'anQBEh 3s SREAS RBAN G ei'eQn%t agﬁr:\];ﬂﬁ Q‘A?é’und channel

fromthe Sound-generafion structure

g¢)&ieudi|ngyawayrém nmecrsmmdsmteratlm stresturen 40]6and havmg a
on_awa romthe str re,40, Preferably,

PR OncieRsng Hts Sectionalcataaimdhe firestan, away fom the

RétRickiiRbUY, @beérﬁbbﬁ $Hé rBHA0S %htﬁélgifﬁ&ﬁél@& tﬁgaémﬂr)el (i.e. it

The _horn 41 may have a frusto-coni
Rretarably; %i@lyasurrqunﬁ@tarsaapeaf the cBanael). aT:hB hgrrt #% may have a

“W%“%”‘%JSQ Pe St aisnEend GpbEiandht call o Fig

is also greatly increased
By attaching the horn 41 to a known PZT cell, the cell's directivity () is

greatly narrowed. The SPL of the cell of Fig. 8 is also greatly increased
compared to that of Fig. 4.

Embodiments of the inventions may be formed in which some (or more
preferably all) the transducer cells of the transducer are provided with
respective horns 41. Although the horns may require that the distance
between the centres of the cells is higher than in existing transducers, and
thus make the gate lobes closer to 0°, a good balance can be achieved by
properly designing the array configuration. Another advantage of the
transducer, compared to a transducer formed using the known PZT cells of
Fig. 4, is that it may achieve the same ultrasonic SPL despite having a lower
number of cells (or, if the number of cells is the same, achieve a higher SPL).
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conpared to that of Fig. 4. 20 Enbodi nents of the

i nventions may be fornmed in which sone (or nore
preferably all) the transducer cells of the transducer
are provided with respective horns 41. Al though the
horns may require that the distance between the
centres of the cells is higher than in existing
transducers, and thus nmake tHé gate | obes closer to
0, a good bal ance can be achieved by 25 properly -
designing the array configuration. Another advantage
of the transducer, conpared to a transducer forned

P
LT 0 AES0) E L ltod T e e

nembediraentseafithe (invgntion shaswm lmﬁg foér Eig. 165 Tive trhesducer 51 is
h 14 T
- CEHEL AL by vl AT, ben 2 oments

t58 enbodi nents of the invention shown in Fig. 5 or
Fig. 6. The transducer 51 is viewed | ooking tovvards a
surface whi ch carries a nunber of PZT.'elenents

o PN, 2P gt of o
atramrgmra ofi iy 0(kj arenapanged aTheniumﬁﬁmy afhe faAsducer of
é non-uni formin hat there are regions of the array
(

@ s gon '@5t at fhﬁfﬁcadﬁer@QWSaofd@gr@day (sHoh @@ region 55,
V\htifdétéd‘% d&@%‘shé‘d ‘?lﬁey}fgﬁ{ &Fﬁg@]%eﬁ% d&} of 2 % erﬁgnt%ngS is high,

ot her reglons (such
d%@dw@tharlraglpns rﬁswh a$iregion 7, Ilrtmcated tiyruadaelgednﬁné)ﬂn which it is

oOf- 2, % eS8 s burfl 1§ FPaR. i o i o8l ate nhgsdightly put
ttbgéthem ddtheyesreon the ﬁegﬁ;n stw ngéay%%h nﬁet'hle r’éﬁu&rPss the

its nearest neighbouring r 't han
rdigiapse 3§ eaghjeelt 534e its nagtesétr@mghhdwnngectelbnsslewmyhae in the

AR g8, 80T, RRd 08 IS 50 v o e topethr
dheagdion 55. As |I|ustrated the region 55 is proximate the edge of the array),
while the cells 53 are sparse in the region 57, in the center of the array. In
other embodiments, this is the other way around. Note that within the region
55, the cells 53 are on all the points of a regular grid pattern, while within the
region 57 the cells 53 are on all the points of another regular grid pattern
(these two grid patterns do not match at their edges, since the second grid
pattern has a different unit cell size from the first grid pattern).

Another example of non-uniform array 61 is shown in Figure 9(b) in ‘which the
cells 63 are put tightly in groups 65,67 (indicated by dashed lines), and the
groups 65, 77 are further apart from each other than the spacing of the cells
63 within the groups. Note that the groups 65, 67 are of different sizes,
containing different numbers of cells 63. Within the groups 65, 67 the cells
are arranged on all the points of a regular grid pattern (a square mesh). Each

of the regions 55, 57, 65, 67 can be considered a sub-array of the respective
transducer.



10

15

20

25

30

while the cells 53 are sparse in the region 57, in the
center of the array. In other enbodinents, this is
the other way around. Note that within the region 55,
the cells 53 are on all the points of a regular grid
pattern, while within the region 57 the cells 53 are
on all the points of another regular grid pattern 20
(these two grid patterns do nots match at their edges,
since the second grid pattern has a different unit
cell size fromthe first grid pattern). Another
exanpl e of non-uniformarray 61 is shown in Figure
9(b) in which the cells 63 are put tightly in groups
65, 67 (indicated by dashed |ines), and the 25 groups
660r tie &ind pfiermays ofells inrtbentearsducete 11 Barshione in Figs. 9(a)

SRR L8 Sod P RE b oo e BOufb-0tBSs A1 6. Hatpositons
dof ther gate IDbedean bef saerldred fdifdteAt dhdldeand ﬂg@ﬁgﬁéngth will be

67 the cells are arranged on all the points o
r SERAtY regucad plnethars advasitage ef e Byraysaficellsfin tthe transducers

regi 7 c i_dered a sub-arra

59 SLorarid o Aouf  SARREE R WL Bief R Bt can bo
ausey to bbild ahlasrayrhaieg anapetuee o8 aiverPdize NAWArgeNaperture can
Figs. 9 ,_and 9(%),_ due to the non-equal distances
bbg\/\‘ﬁ?ﬁ’( ?CLHW%’GQ%? th8, infagsaliessivolsne assshewa igaEani ¢beghereby
c iRkt s\ ) es and their

stgggﬁglth Wblrlﬁbgge?ﬁgﬁecgtﬁdwégggg . Anot her advant age

of the arrays of cells in the transducers 51, 51

Kk t d . is that a | ower nunber
FI885! foa] 301 aFF 5Bt Srosaresgonal My el two further
apansduceref72 B4 \HIclk i 8- erﬁbbéfn%t@f’&‘rﬂiér ﬁ]v%ﬂg%.b;?ﬂese cross-

used to increase the integration volune as s
Esprtional viewsearenip plarespassing thioughdhe mentrei afrthefcorresponding

j : ' ( nd 10(b) are schematic :
Rl AU Ol B 1y BB ol T o EGFET pigpagation
Tdiredtionh(witieh dartieslupware direclidie in Fig™MO(8) and"RAB)), the array of
Ctrrgr?sscfucer elements looks just like that in Fig. 3(a). However, in contrast to
the known transducer of Fig. 3(a), in the transducers 72, 74 the surfaces 76,

79 on which the transducer elements 78 are supported are not flat.

As shown in Fig. 10(a), in transducer 72 the cells 78 are arranged along a
concave curve. In fact, the front surface 76 of the transducer is concave in all
directions, so that whichever plane through the transducer 72 is selected to
produce the cross-sectional view, the surface 76 would appear concave. As
shown in Fig. 10(b), in transducer 74 the cells 78 are arranged on a convex
surface 79 (convex in all directions).

One choice of the curvature surfaces 76, 79 is a parabolic surface. The
concave array of transducers 72 can be used to narrow the beam and to
increase the ultrasonic SPL. The convex array of transducers 74 can be used

to increase the beamwidth (which can be useful in some circumstances to
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sectional views are in planes passing through the
centre of the corresponding transducer array. Looked
at in the direction opposite to the sound propagation
15 direction (which is the upward direction in Fig.
10(a) and 10(b)), the array of transducer elenents

| ooks just like that in Fig. 3(a). However, in
contrast to the known transddber of Fig. 3(a), in the
transducers 72, 74 the surfaces 76, 79 on which the
transducer elenments 78 are supported are not flat. 20
As shown in Fig. 10(a), in transducer 72 the cells 78

alreréddeantiad cal@agea arédN e rédlioe - then uftisdonid r@L (which is
front surface 76 of the transducer is concave in al

deeetimessusefyl tsedygs thehermiulaeféeats rafugltrasomric waves on the
t haRsH )72 is selected to produce the

cross-sectional view, the surface 76 woul d appear

concave. As shown in Fig. 10(b), in transducer 74 the

c hhs 78 re arranged on convex 25 surface 79

g eaIflveaF'ch'a%quen @xelained cabaye imerelation to several

CHFffé?érHr %n?db’cfnﬂ%ﬁ% | 7?o'§e H@ér@ dcthﬁyrtfugcfeatJJE% of the

concave array o tf ansqucer 9 can used t0 narro
t @ bodimentsdnay beicurnlsined in hayldesrred mmmblﬁé’ﬂton.'ﬁt& example, the

ﬁnvedéécarra f t ans(ﬂucer 4 can be used d30 10 )
i RAPRAEET? L M niotic e the PiRResAd Fellsshawing a horn,
Carﬁ@Lh’éﬂea@tcﬂﬁebfdlrh@nb%bﬁ%‘éﬁflbbl%ti%ﬁvgéa&ﬁ‘ov?f‘i 48) F@@.d HO(a) and
reduce the ultrasonic SPL (which is sonetines uSefu

duce the harnful effects of ultrasonic waves on
the human body). 5 Al though the invention has been
expl ai ned above in relation to several different

eﬁﬁu&ldemmb$ althbugts the lrh)%nlh‘bﬁleﬁéd Béén té?@lalﬁé@ afbé@btlh%latlon to
o%%% enbodi nents nmpy be conbined in any desired
¢Rllsi aw th ?&33&(9%‘%@9 elpement, tes inveatiends rmatglimited in this
h 0
SogPRlh rel bl AspRcls 6 MRARRIaAHAS SPRol ARBIR thg cases
Rhat thel 0ftegscund gdrerafiiy ))elements are of other forms, such as MEMS

structures built by depositing many PZT cells onto a substrate.
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Furt hernore, although the invention has been expl ai ned
above in relation to PZT cells as the basic building
element, the invention is not limted in this

respect, and all aspects of the invention have

application also in the cases 15 that the ultrasound
generating elenents are of other forms, such as MENS
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UsS2001/ 0007591 A, Jul., 2001 10 [9].Alan R
Selfridge etc. "Paranetric Louderspeaker with El ectro-
Acousti cal Di aphragm Transducer” PCT WO 00/ 18182,

Mar., 2000 [10]. Jun Yang etc. "Steering of

Directional Sound Beans" PCT WO 03/019125 Al, MNar.
2003 18 Cains 1. A conbination of a transducer and an
anplifier system the transdud8r having: 5 an array
of transducer cells, the cells being partitioned into
two or nore sets, for each set of cells, a respective
set of signal transmssion circuitry for supplying
tCmimel | s of that set with a corresponding electric
signal; and the anplifier systemincluding a plurality
of amplifiers, each anplifier 10 being arranged to

recei vg éd?ﬁmﬁ ‘fl%rnsﬁhg nd49A e{n‘?pIm]é' tsggﬂeérhttéegr%én%ducer

di fferent rea ting coefficren
thaviagpl i fiers be| ng transmtted to different

t f th f transm ssj on
it oui 20 Jray dranacuBaE Sl 1 oRl BRI RAT ORI two or more

i ggtkuding a control unit for controlling the
anplifiers to control the weighting coefficients. 3. A
t r ansdigs @achset of celts,a respestive sahetisigeal tahsraissiactircuitry for

SR The ERLS of iR s80uEh o SattetRdInd riecBE wdnalSRa”
bei ng et amplifiedsPsteih hollihg e pﬂIraFitbeoff éﬁw‘fohfl@ﬂsn &8cAUSmplifier

the voltage at the second pin, the Cel
PeiNg eafranged tt%er:ﬁb@péhe tﬂ@%émv@l‘ (ﬁlglﬂaieaﬂdrt@t myitiply it by a

r riv gnal t
?(Iﬁir‘fsl% pofla(m %[ dga%gl’é @ ‘ﬂtp&tjs B! thd J}n&lflers being
transmitted to dlfferent respectlve ones of the sets of signal transmission
circuitry.

2. A combination according to claim 1 including a control unit for
controlling the amplifiers to control the weighting coefficients.

3. A transducer having an array of transducer cells, each transducer cell
having a first input pin and a second input pin, the outward deformation of the
cell being determined by the voltage at the first pin minus the voltage at the
second pin,

the cells being divided into two groups, the cells of the first group being
connected to receive a driver signal with a first polarity and the cells of the
second group being connected to receive the driver signal with the opposite
polarity.

4, A transducer according to claim 3 in which the first group of cells are
located at a central portion of the array, and the second group of cells are
located at a peripheral portion of the array.
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second group being connected to receive the driver
signal with the opposite 25 polarity. 4. A transducer
according to claim3 in which the first group of cells
are located at a central portion of the array, and
the second group of cells are |ocated at a periphera
portion of the array. 30 19 5. A conbination of a
transducer according to claimi8 or claim4 and an
anplifier systemfor generating the driver signal, the
conbination including circuitry for supplying the
driver signal to the cells of the first and second

gsoupsA GorfibinAtien 19 ianBthhSdudee ERicdidifg &6 chiidh Qforcdlﬁh’ffﬂ and an
r 5in which each transducer cell includes:

u?mpélﬁ%ﬁ)dstg@h igragengrating that drivessignalo the d@rmtwnatgora lncludlng

ORATEL (8 SyPONEIERTS bOGel SHIENAb BTpels BRMRK Myt Ay second

tgmauplsannel the channel wi dening in the sound
propagation direction. 7. A conbination according to
any of clains 1, 2, 5 or 6 in which the transducer

cglls Rré’orﬁbfn%ﬂeﬁ écfbr&m? Ofy gﬂxf&‘r E‘aﬁﬁétﬁrﬂ or_B_in_which each

conprising a urg? ni form arrtay
cféam@uc@rcallﬁmiﬂuimtl on according to any of cl a| ms 1,
2 or 5to,7 1in centres of the transducer

cel s &7 E'tW&P“Eah%"&FPJP" ol§ment, ARG nhi nat i on accor di ng
to cl ah Mdini defilihgha tdh%nﬁéﬂ%hasaﬁﬁ n%@@ fof rt@?%ﬂﬂﬁﬁgsultrasound

lie on a concave surface. i nati on accor
tgenarated dyi thevilcasaund cg@ﬁlef%tiprbfelemént along the channel the

channel widening in the sound propagation direction.

7. A combination according to any of claims 1, 2, 5 or 6 in which the
transducer cells are arranged in a non-uniform pattern, comprising a plurality
of uniform sub-arrays of cells.

8. A combination according to any of claims 1, 2 or 5 to 7 in which the

centres of the transducer cells are not co-planar.

9. A combination according to claim 8 in which the centres of the

transducers lie on a concave surface.

10. A combination according to claim 8 in which the centres of the
transducers lie on a convex surface.

11.  Atransducer according to claim 9 or claim 10 in which the surface is a
parabolic surface.

12. A loudspeaker system comprising:

an input for receiving an audio frequency signal;
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transducers lie on a convex surface. 25 11. A
transducer according to claim9 or claim10 in which
the surface is a parabolic surface. 12. A | oudspeaker
system conprising: 30 an input for receiving an audio
frequency signal; 20 a pre-processing unit for

recei ving the audlo signal, and pre-processing it to
forma pre-processed audi o fr&f§uency signal; a
nodul ati on section for nodul ating an ul trasonic si gna
using the pre- processed audi o frequency signal to
generate a nodul ated ultrasonic signal; 5 and a

conbi natpremroéessnMg anitdocesceiiy e audibisid igrdl, §N§b%1brocessmg
a?ordln gﬁ%f clains 1 or 2 or any of clains

& qQ form prg‘ RreePRedAUdR diegurngy aignalidspeaker syst em
accor dbﬂﬁo&@la%ﬁ's&‘cﬁgn fbr?mo@igla\fmpcgh bﬁ%s%ﬂ@%gﬁél %ng the pre-

t he transducer an i er system I's accor

cpeoesged tameilmﬁrequdncmslgnﬂi t gendidty ishnddutatesigirésdiic signal;
%’ﬁ ficients to nodify the profile of an audi o beam
g rated by the transducer.

a combination of a transducer and an amplifier system according to
any of claims 1 or 2 or any of claims 5 to 11.

13. A method of operating a loudspeaker system according to claim 12, in
which the combination of the transducer and amplifier system is according to
claim 2, the method including modifying the weighting coefficients to modify
the profile of an audio beam generated by the transducer.



