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1 Display unit wth sound generation system Fi el d of
the invention The present invention relates generally

to ' unit, such as a display unit provided in
an I@m @M m’#’wﬁ)r in an item of consumer el ectronics
suc set, a conputer or a nobile phone etc.

In partidétar, it relates to a display unit having a
sound generation system Suchta unit is referred to
herein as an audi o-vi sual reproduction apparat us.
Background of the invention A conventi onal

audi o-vi sual reproduction apparatus conprises a screen

on 10 which !mmnwhﬁsaaner%heﬁbtmﬁsg@-type
el ectromagneti ¢ speakers di sposed on bo ater al
si.dles Oltu above- and-bel ow t he screen. Unfortunately,

I nt results in non-collocation between
the visual information on the screen and the

gggbfb%ts%ﬂt @S/%IH on @agég Wrg"@@i SaRpIAPL it (RIS, Hﬁﬁéay unit

fee ng generated fromt
direpiday is @nesuto maile oorie aefifeon b§ chaswmbeelectradiestsuchras a TV

HPteR CerTFRL A R o PATEHE e PARlU By  Foates & B&iay unit

MHBAR ROSYIRI gehkratiohnsystéinl Buch &Nais RaFefBire@Nd hérein as an
applied to a ‘television screen, glass pane of a
faudiewisyiat repreduetion apparalis. Al t hough such 20 an
arrangenment achi eves audi o-vi sual integration, the

ﬁ%%@é&ﬁ# BPfH?edi!ﬁ@ﬁ‘tiorPe heard both by a target user

. because the sound generation
systemis omi-directional. One way to overcone this
pA ebhesntiomal bddlevistalusprarctibn mepamatus eadyisesa screen on

However, it is not al onfortable to wear .an

SHPEH amadBF CANHREARIRAE] 810 SONSTpa PIRETOMAcAaLF Paakers

°Pis 6séo€‘aﬁfﬁbtl§ t&ral SfdeS rlablole RAISOASw theBeredUnfortunately,
drivers ile driving, to wear an earphone or

heusathpdro aerangement results in non-collocation between the visual information

on the screen and the generated sound.

It would be desirable to make the user feel as if the sound is being generated
from the display screen, and some efforts have been made to try to achieve
this. For example, US 5,400,414 discloses an electromechanical transducer
made of a piezo-polymer film. This film is transparent and is applied to a
television screen, glass pane of a framed picture, or the like. Although such
an arrangement achieves audio-visual integration, the generated sound can
be heard both by a target user and by others. This is because the sound
generation system is omni-directional. One way to overcome this problem
would be to use earphones or headphones. However, it is not always
comfortable to wear an earphone or a headphone for a long time. In addition,
it is not safe for certain persons, e.g., car drivers while driving, to wear an

earphone or headphone.

vvvvv
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2 Summary of the invention The present invention ains
to provide a new and useful audio-visual reproduction
apparatus. 5 The invention is notivated by the
observation that, in contrast to the sound generation
systens enpl oyed in conventional display units,

anot her known type of sound generation systemis a
so-called "paranmetric speaker2. A paranetric speaker
enpl oys an ultrasonic transducer array (that is, an
array 10 conposed of a plurality of transducer

el ements). The array is capable, under the control of

AR BFtR RGEAGEH ¢ signal , of transmitting into air

a narrow ultrasoni c sound beam The ultrasonic sound

beamis AM nodul ated using an audio signal, by using
e audi g, si d ' j I

TRy BV Bffon ipSREHIEAGS AR BT LEPRL SualeRYRS)

reprdcRicadn Wpbaesasl ¢ 15 beam i s spont aneously

denodul ated as the beam propagates through the air

because of non-linear acoustic effects, so as to

gﬁ%e{g\@éﬁgﬁg ,sar%g'u%t‘éd%i}itﬂ@ ob%%t&ﬁ%ﬂocﬂg{ i, CBHtFSQQOitHQ Wound

aranetri c speakers use enonenon
tgerwratﬂhn:eysiemmdpbped lir gbmdd’tmm:al dlsplayl lb1|ts anb;helmknown
the | ocation of t es

L YpB PLFouRY BETCTAlON LIS P aperd POnPaEINSLE Srgaker A
bl St AR 8o o
acamgoéeniofg@pmrahtymtranmsduwraalemeotsjeﬁheam@yoamppabiengnder

t ed d th
{48 GruplR) S BRUET e BRE 5 D RERE 8 U Y o
t HIFASSHE 8buAH RN, STHRTIkMEsBhictdound Iz is AMddalated using an
which the display screen is visible. Wen a

prudiensigniat, yousing the pydigl signal tamedidate theslegtrpnic signals

?\ﬁ@%b %téﬁgéﬁ% élj’\Paas?oﬂzlyRaéécﬁ?éé? UeoaySTHBHM rhSdRBRd GffakSnic
beam is spontaneously demodulated as the beam propagates through the air
because of non-linear acoustic effects, so as to generate an audible sound
corresponding to the input audio signal. Parametric speakers use this
phenomenon to produce a sound spotlight that is audible only by people at

the location of the sound spotlight.

In general terms, the present invention proposes an audio-visual reproduction
apparatus which comprises a visual display screen, and an ultrasonic
transducer array for generating an ultrasonic beam and comprising two or
more elements located around the periphery of the display screen. At least a
portion of transducer array is empty or transparent, through which the display
screen is visible. When a parametric control signal (an ultrasonic signal
modulated by an audio-frequency signal) is applied to the transducer array, a

directed ultrasonic beam is generated. Non-linear effects in the air
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directed ultrasonic beamis generated. Non-linear
effects in the air 3 denodul ate the audi o-frequency
signal to generate, in effect, an audi o beam
propagati ng perpendicular to the screen. Such an
integration of audio and vision may nake the user fee
as if the sound is being generated fromthe display
screen when he or she is watcBing 5 it, and al so may
project the sound towards a target user and sel dom or
never, disturb unrelated persons. The ultrasonic
transducer array nmay be made up of i ndependent

t&égﬂéémﬁfer theeéﬁdﬁB[fFezLue‘?mrcy hefl 3 Rfehneeate M EffedBA audio beam
sub- e.g.

arrays of transducerel&enment closely
gutppagatingperpendidudar)to the sc@m: i cal paranetric signals
may be applied to the individual sub-arrays, e.g. via

c n, Li.f1er. ie | [ .
SSTRTEPRSBhARARY Ao AP Yle! Yonf B BRS e reot s i he
sddundl i aysng Geberatéd fiontlthe digplayrszseet ihee rarpt Bhé és watching
The gain for each anplifier be selected to be the
dhiand alse eamprolegtihe saend fewardsa {REaetise ang\seldom, or never,

icgg@%gqrel &y ﬁégggp%e, to steer the sound beam from

ne angl € t'o another one. One possibility is for
there to be two sub-arrays, the two sub-arrays being
afheniesonic traosdweercarmy olayshemaade derofvisdependent transducer

[r%s%%[% ively fromleft and right tereo 0{1 nnel,s. 2% t

sMents,safutay CIBRERE SVRHY BRMe SHREAITAG, S dAaFgUcelglements
t ' i di spl . g. t

R el AR B B " &t ornatively. the

transducer el ements may be integrated, e.g. enbedded,
i ldeaticalqiatgmetria signalgirepy ¢ applied o thsindividual subnairays, e.g.

possi bility, . ap £ . ri ) )

2083 bR A ARE B e P PSRy Bk e e

sgeplicdn® difédmt sub-amsbeg. via individual respective amplifiers. The
gain for each amplifier may be selected to be the same. Alternatively, the
respective gains may be selected, for example, to steer the sound beam from

one angle to another one.

One possibility is for there to be two sub-arrays, the two sub-arrays being
arranged to receive control signals derived respectively from left and right

stereo channels.

The transducer elements may be formed separately, and mounted in relation
to the display screen (e.g. onto a casing of the display screen). Alternatively,
the transducer elements may be integrated, e.g. embedded, in a casing of the

display screen.

In a further possibility, the apparatus may comprise a body (e.g. on which the
screen is mounted) and one or more other sections which are movable

relative to the body (e.g. foldable, such as on hinges, and/or receivable into
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relative to the body (e.g. foldable, such as on
hi nges, and/or receivable into 4 openings in the
body). Sone or all of the transducer el enents nay be
provi ded on the novabl e section(s) of the apparatus.
For exanple, the novable sections of the apparatus
may be flaps which can have a conpact configuration
and an extended ("popped-out"34 configuration.
Alternatively or 5 additionally, the flaps may be
novabl e between nultiple configurations. A first
advant age of providing the novabl e sections of the

F S, 1 I i e
SRS hE Hodgh, SATIE TR o BRSLART dihols Ry
tpravisdd cer thel reoeatle seatiome) obthebdpparatits. bos esdampha the

apparatus 10 arge,.located to provide rel.atively high
0845 3ot P Eecrioearrits ey B EBe afh o5 iy Compact
CmfigaFatoPENdEA dxtehd edn(“pépsod-bine) eanTrjupdticsn. Paterhstively or
transported nore conveniently. A second advantage. of

pdsiitianally. theeflans/mpy desmevaadeiveen andpparcaniigurationss
that the novabl e sections nay be adjustable (e.g. when
they are in the popped-out configuration), through a

rRfigst aovantrjet ¢msvibmgmm$hqho¢r/]ditﬂ¢ segtiores af tlhlesax%paratus ia that

user (e.g. positions .in which they gengra ce a.

JBmOvGire sBoTeRATRY b mONabISdlabph & Hoaratist f Satigyration

\gﬂ'v?rhcﬁ ﬁSHﬁ%&‘?%@érﬁbh&rbd fhe PBLAPESREtioRY of the apparatus
reterably, ther bl e

e may be a plurality of nova
saretlocated (te pgovide reletipely thighequalityiseund repredyctieneto a usar, and

o BPrBEoRa Saousatp S A PR i AAReLe8dueY herdhsyofe
anbAeesdrifelfy movabl e only symmetrically. 25
Alternatively 'or additionally, there may be one or

nore novabl e sections arranged on a |longitudinal axis

CheBPPE yatafiaektT et B b o EHEE B IR diyratus s

that the movable sections may be adjustable (e.g. when they are in the

=3

popped-out configuration), through a range of positions in which they
generate sound to a user (e.g. positions in which they generally face a user
who is looking at the screen), to a position in which the sound generation is

optimised.

Preferably, there may be a plurality of movable sections (e.g. at respective
sides of the screen). In this case they may be arranged symmetrically to either
side of the body. Optionally, in this case they may be arranged to be movable

only symmetrically.

Alternatively or additionally, there may be one or more movable sections

arranged on a longitudinal axis of symmetry of the body.

The transducer elements of the array may take various forms. One possibility
is for each said transducer element to be a respective piezoelectric unimorph
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30 is for each said transducer elenent to be a
respective piezoelectric uninorph 5 or binorph el enent
havi ng a cone-shaped i npedance | ayer. Alternatively,
the transducer array may conprise a nenbrane with
control circuitry being attached to the nenbrane to
permt it to be driven by a paranetric contro
signal. For exanple, the nenbfane nay be driven by
pi ezoel ectric material 5 |located on the nenbrane and
arranged to receive a paranetric control signal.
Alternatively, the nenbrane may be driven by

f e
o Bl o A RS ot iprmatively. the
rtedresduaer hoapineay comptise armpembsarns with eohtrokeireuiy being

it Page e FreBrele Gttt RIS P B Bales e Spiifo
CQghdIOFoségdable, §&d hdnibrefibadayrestdsiveh uyrmezwemnconatenal
are television receivers, the display screen of t

dppatedtanstneangghbraee é‘ﬂfj@éf?r@ﬁdttﬁée?%w@\ﬂ RArgMetEe @PO&?' signal.
;@&érﬂaﬁvélgatﬂ@trhé% d‘%ﬁ:? arl\%n ?\Z%lé&%‘%&tﬂc éish@etween

VIS repr o paratls 1s prow
Viirkt edreductive imaterial Ioaatedtrmstrm mewtraae |pdaseondtenductive

o e S5 B S T B
:@«%59 %graggggrtatraéel{)@% Magérﬁﬁ@%ﬂc@ %t%lﬁ@@ bydhé YaFametric

rsonal navigation system
poadidbisigntay. is for the role 20 of the di spl ay screen
in the audi o-visual reproduction apparatus to be
played by a mrror of the vehicle, such as the rear

”CéﬁQFnaerﬂBSdmntélb‘Ptﬁé RVBHLGR Brétdl@isioh Pebsivers, anwedidplay
0 generate audi ble sound to be heard by the dri ver

osntryen ofi theh apparaties baingtibe scraancof thedalevisiorraceives.
di splay units of conputers, such 25 as |aptop or
desktop conputers. The display unit nmay conprise the

dirs@iteiMatied efbodittents cfeheirention thensuie-aisuabeeprbduction
formng a protective cover resiliently nounted on the

daRpAT: ajlﬁunrowri@ﬁgn ghehinde, sidras arcar, I‘FéUSd‘Prs‘?)YeJya' ppe. The

b

t%téagg%%gﬁ o gﬁ@% ik %EE} F‘#ﬁ e%ﬁﬁrhgeél‘gh’rtﬁ%?%ﬁofa seat in
I Mw@ltahmlbllenmerrtdmeelgesquhan wpphrathe maybe arianged beside the

cover.
driver, serving as a personal navigation system. One possibility is for the role
of the display screen in the audio-visual reproduction apparatus to be played
by a mirror of the vehicle, such as the rear mirror, and for the transducer array

to be arranged to generate audible sound to be heard by the driver only.

Further embodiments of the invention are the display units of computers, such
as laptop or desktop computers. The display unit may comprise the display
screen and a rectangular transparent panel forming a protective cover
resiliently mounted on the display unit along the periphery of the display unit
by means of a resilient suspension. The ultrasonic transducer elements may

then be mounted on, or integrated into, the periphery of the protective cover.
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any other portable itemof consuner el ectronics,
e.g., a nobile radio tel ephone or cell phone. Due to
the relatively small size of many portable itens of
consuner electronics, this possibility is
particularly suitable for conbination with the concept
descri bed 5 above, of providi®g sone or all of the
transducer el enments on sections of the apparatus

whi ch are novable relative to a body of the apparatus,
such as flaps which can noved between a conpact

i i o : . iy o
0% e Rty LR BPBANAYS iy 0 7ol pBRAgS rom o
tdomsumee el eatroniéd, le.gio@ rhebittetadlio tedephang or pell phare.dPue to the

ilJustratiop anly.. with reference to ' . ‘
relatively small s ofcMany. bEHEHE "fnb ot CEnpfneflftgnics. this
A siieié ipaftioMiamh siitatsle tfor evibirationr witkitiercosicept described
picture screen encircled by a ring of adjacent, space

d
ahove, opgrovigingnsiopre oF alliokshe trapsduealRiemeantsAg agetiens of the

e ; FL 9. e i OGN, Gat

GURETES en et BBl FRRRER0 4 bBRY TRER ARHELS, such as

FlpRCWRIthetdro tdvesat befivednea i conepadt aonfilglicdtiansamd a popped-out

television receiver having a picture screen and eight
IQHFAPS. of transducer elenents distributed around

four edges of the screen; 20 Fig. 4 shows

s%n&r@éé#@ igx dJiaMeFiBareyretric signal is applied to
t ual sub-arrays of the enbodi nent of Fig.

3, Fig. 5 shows experinmental results of sound pressure
| erederrediegturas afilbe iperntionomll geMeba descriged, Har the sake of

enbadi nent of Eiag.. 3. Fig. Ically the
S, i e @ B RRIBG FEDRSE REhY L,

Fi 9. Big, Fishows 4 titst shibidimentbicthetineatition whichribadelevision
of the invention which is _ ,

receiver with a picture screen encircled by a ring of adjacent, spaced apart

PZT unimorph or bimorph ultrasonic transducer elements;

Fig. 2 schematically indicates sound generation in the embodiment of
Fig. 1;

Fig. 3 shows a second embodiment of the invention which is a television
receiver having a picture screen and eight sub-arrays of transducer elements
distributed around four edges of the screen;

Fig. 4 shows schematically how a parametric signal is applied to the

individual sub-arrays of the embodiment of Fig. 3;
Fig. 5 shows experimental results of sound pressure level (SPL) versus

position generated by the embodiment of Fig. 3;
Fig. 6 shows schematically the process for producing the experimental

results of Fig. 5;
Fig. 7 illustrates schematically an embodiment of the invention which is

a display unit located in an automobile.
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a display unit located in an autonobile. 7 5 10 15 20
Fig. 8 shows an enbodi nent of the invention which is a
| apt op/ deskt op conputer; Fig. 9 illustrates the
generation of sound by a further enbodi ment of the
i nvention; Fig. 10, which is conposed of Figs. 10(a)
and 10(b), illustrate nenbrane-type ultrasonic
transducer arrays suitable fof use in enbodi ments of
the invention; Fig. 11 shows a further enbodi nent of
the invention which is a nobile radio tel ephone or
cell phone; Fig. 12 shows a further enbodinent of the
| nverg; ?05‘ shBlvshr émﬁoHﬁW%lluthf th& irRRRABR WA Rda faptop/desktop
par ametri ¢ speaker attac to the edges of a dISpF

er;Fig. 13, which is conposed of Flgs 13(a) and
13(b), shows a nobile telephone which . is Qer
enbodiigehillustrataschpropaeration ofssoundiby afpther 5 egbodiment of the

q@)r)agﬁ) d of Figs. 14(a) and 14(b), shows a nobile
ne which is a further enmbodi nent of the

' nVGnFngWO \ﬁnﬁzh |§%ONWBSEB df5F| ﬁmé)e@\w@ﬂOﬁ)gmUS&%a)

d 15 ows a mnobile ephonevvnlc IS a

fmetrﬂneanezﬂsmﬁjulh'aaonl@ftranfﬁdUCﬂN/@rﬂiaYS)ﬂUﬂam@ forgse igrgraRodignents

c osed f Figs. 16(a) and 16(b), shows a nobile
%WESW%‘ At ch is a further enbodi ment of the

' nvenf:i'ghg 13?\2393 S frt rthef eﬁ‘%c@ﬁen?ofg{@g%éﬁtl&f wﬁicﬁhsls a mobile

17(a) OWs a phone which is a

f radic il ehdredbmesit plidng; he i nventi on.

Fig. 12 shows a further embodiment of the invention which is a mobile
telephone having a parametric speaker attached to the edges of a display
screen;

Fig. 13, which is composed of Figs. 13(a) and 13(b), shows a mobile
telephone which is a further embodiment of the invention;

Fig. 14, which is composed of Figs. 14(a) and 14(b), shows a mobile
telephone which is a further embodiment of the invention;

Fig. 15, which is composed of Figs. 15(a) and 15(b), shows a mobile
telephone which is a further embodiment of the invention;

Fig. 16, which is composed of Figs. 16(a) and 16(b), shows a mobile
telephone which is a further embodiment of the invention; and

Fig. 17, which is composed of Figs. 17(a) and 17(b), shows a mobile
telephone which is a further embodiment of the invention.

Detailed Description of the embodiments

Referring firstly to FIG. 1, a first embodiment of the invention is shown which

is a television receiver 1 with a display screen 11 and control elements 12 (for
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25 Detail ed Description of the enbodi nents Referring
firstly to FIG 1, a first enbodi nent of the invention
is shown which is a television receiver 1 with a

di splay screen 11 and control elements 12 (for 8
exanpl e, buttons or other devices for inputting
control signals). Around the display screen 11 are

di stributed PZT uni norph or b8norph ultrasonic
transducer elenments 13 adjacent to each other in at

| east one ring. The elenments 13 can be considered as
collectively formng an array of elenents 5 spanning a

e di , : o ¢ . ;
B g B L e i oo™
m:r;smay sotexinn! hgreatistrithided BZFnemmorp3 r bangkath ulgasenic

the array js enpty and t di_spl scr ' i.sibl

FSae RleTaAriby et o Fache e it rrast Byt P Ene
| AibRhd €9 cwhtde Edvisidéred\dsséallectiasigforeding @ngarray of elements
per manent |y enbedded in a housi ng of the tel evisi

. ; ) 2 , on.
refesining 3 twatdimensionakragion fwiigh iRay, her eX3raekege defined
r YA ] Sl .
SRR ik SR PRI Eo e REBEGBiihE B e
t slafrmts ¢8). 8 pastioni af the armyps iefipty antitke dispi@nserees is visible
generate directional primary (ultrasonic) waves in 15
teough then@RPIRRIHIONnt er act i on bet ween the ai rbor ne
ultrasoni c waves results in directional secondary
(audi bl e) waves. In spite of the central enpty portion
oThé eementsyl3 may bexiptegrated: with thestedévisinn receiver (eeg.

o Aa S araReaAe S RSk & She (e tebPgghEBieRlately
Sﬁ\\gygﬁéy pBYatRfthearbRDVEBE t8ithe AdLiISIng #rbuhd ehéaetgys of the
e

nsity of its elements 13, the denodulated SPL in
t seresni Whaseanparemetticssigrgl is papkedtonthedranggleicgnairay ya an

Thi s .i.S il | [ S [ V| i ;
Tt AL AR SR Lo i yaves
Fitg ait-NIMmearintefactiénibzpieseitie binsomeganasatie dvavediresults in
waves (i.e. the denodul ated 25 ultrasonic waves), and

adirectionabsacorstarni (audibledmaveSose to being uniform The
mai n audi bl e sound field is constrained within the
range between the |ines "a"
In spite of the central empty portion of the array, our experiments have shown

that the demodulated sound pressure level (SPL) in the central is still stronger
than in conventional display devices. By adjusting the dimensions of the array,
or the density of its elements 13, the demodulated SPL in the main beam and
display space can be made uniform. This is illustrated schematically in FIG. 2,
which shows the sound field generated by the embodiment of Fig. 1. The
curves 14 represent the regenerated audio waves (i.e. the demodulated
ultrasonic waves), and at the location A they are close to being uniform. The
main audible sound field is constrained within the range between the lines “a”
and “b”", meaning that a highly-directional sound beam is achievable. These
results indicate that such an audio-vision reproduction apparatus may achieve
the functions of (i) making the user feel as if the sound is being generated

from the display screen when he/she is watching it, and (i) projecting the
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and "b", meaning that a highly-directional sound beam
is achievable. These results indicate that such an
audi o-vi sion reproduction apparatus nay achieve the
functions of (i) neking the user feel as if the sound
i s being generated 30 fromthe display screen when
he/she is watching it, and (ii) projecting the 9 sound
towards a target user and seldom (or never) disturbing
unrel ated persons. \Wereas in Fig. 1, the PZT

uni mor ph/ bi nor ph transducer elenments are 5 arranged
adj acent to each other to forman array with an enpty
o . . _ .

S 30uRRS 2 TropT RSO oo for v S e,
gpdrepd. of 8 sub-arrays 15 (al though the nunber of
sub- arrays is limted to this nunber and there may be
any nunber of sub-arrays, particularly any numnber

r&ds fnhﬁi?. § Whe PERGRHirBORhirRYpBanedoter ¢leffents are
ultrasoni ¢ transducer elenents closely adjacent to

earcangschadjacentgio gachtotber i formaan array NeL aibREIPtY central
itéﬁéﬁgés? ghg\pgli@%PG a4 I Y BitdrmafilE seﬁéﬁ&%%d&ngﬁyk shown in

viSion recelver. € spacl ng

NeiggBbHEFd, NBer) Sremtatavefthsub-aaalys SBalthongly thesnumber of sub-
smal l er than the spacin

rth , f th b~ f
catieys isiiyegst (ol Rymbal Ane KESTE BOUPPAYY M PRECCaEbATaYS,
e i : . _
CTHRRLERY Pl o el 38 ) RN ERE o7 a0 o
silgasbiic transdubeseleasmnts closefysadjseentito asichrather®yg.He the form

t ' d i fi -
w0 Paey ersp suSERD he f-pigaVs 1526 SRS Fa KifrBliges of a
BevifiBn rEEaISER. tiRSs gy éﬂﬁéigﬂﬁodﬁh%éleﬁieﬁtﬁe\ﬁthimeach sub-

signal 1 nto 8 different channel s, each of which is
t nray s smatlet thaa the spaciniowaf the gubiattays fiarnieasheother.
anplifier GlL,..G8, and then to a respective one of the
sub-arrays. The unit 17 controls the gains of the

;%ti?PPg,%ghbfdﬁar% of t68.setbad @aiodifeatatay be fed the same
r d,..38 my be selected to t sane. . .
Apaegamalricveignal (that ifaypnpdtrasrie signal BWOCE&"GE%Y&%HFC"P&‘Q"E“)-
B SEBbL B ooy Bah o9 B T Bnb8 B o it
iy eBeh eababtay. diitepmativietyi, ag shown in Fig. 4, a parametric signal may
be transmitted to a unit 17 which divides the signal into 8 different channels,
each of which is transmitted to a respective individual variable amplifier
G1,..G8, and then to a respective one of the sub-arrays. The unit 17 controls
the gains of the variable amplifiers G1,..G8. The gain of each amplifier
G1,..G8 may be selected to be the same. Alternatively, it may be selected to
be different for each amplifier G1,..G8 (the gains may be limited to real
values, or optionally the amplifiers G1,..G8 may be capable of providing a
complex gain value). Adjustment of the gain value of each of the amplifiers
G1,..G8 may, for example, be performed according to techniques known in
the field of parametric speakers, to result in the sound beam being steered

from one angle to another one.
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conpl ex gain value). Adjustnent of the gain val ue of
each of the anplifiers GlL,..G my, for exanple, be
performed according to techniques known in the field
of paranetric speakers, to result in the sound beam
bei ng steered fromone angle to another one. 30 10
Experinental SPL results for a systemresenbling the
second enbodiment of Fig. 310n the case that al
gains J.... GB are equal) are shown in Fig. 5.
However, whereas in the embodiment of Fig. 3 there are
ei ght sub-arrays substantially equally spaced out in

gEoi 'éiﬂnéﬁt%FQﬁ’Ltr%uiﬁsCfcﬁeH‘sysQé‘rﬂ rB86MbRhg the sScsnibembodiment of

rsists of a single central transducer surrounded by
sfFig. 3t(inahschaserthal ahgains Gh..aGBiafg equal)taie shewsi iBrlig. S.

dt he d f  Fi i
ey JBeede FulrirufBodafior fia, Sen bfs Yt stbirraye
ag Hstshtidip e frilg epacéd dutincdiring ardundsthe sareeln sand each of the

conposed of 4 concentric rings of transduce .
esWnareys cepuisisi ofcnsingle eandral tipRgdyCe! %Lgfouqnqr?& Ry si¥.

N C ol . . _
[Rlest RN P TR ) SRR e cataof P,
eb ¢aratveereasixl sabfastaysisubistantiafly 2quallyesmpates]. otttie sering around

LS B 5SS RETEL L e o
gﬁ%ﬁ‘&jtﬂ:elr lefEnefts! Bg@ciﬁhéw? thereala£h firét irtp(i o éin? of lowest

I 0-VISion reproduction apparatus and space romi-t

bsadlugrinclTtiegppsiements, aseoend ringof 11®lementse gythird ring of 17
corresponds, tq the m cr.ophqne bei ng positioned

dﬁ{eg?ﬁ § 4 aﬁpﬂrﬂa i”HgtOr@ap‘?q%B‘z?é‘gst'i on direction of the
sound) fromthe centre of the screen. 20 As shown in

F[rfg. 5, the ultrasonic SPL at the central p,osij___ti nis .
shpse resuitsrvenerphtaimedoan éidicaier schratisalbhety Riot § kyyoving a

pQsi ti + .

el ahSthorg i dong £ille 10 HPADIGHe phidtol o the

vvaud@rvisi@ncrb?mdmtioawpmns anlispaesd ifrom dgd!.5m. The position

conversion efficiency fromutrasoni.c ner into tt.he
np%a ioned

agbBPWnfin Eiflidnas "AaTeT ggrresRandsHe the Mk Lolefelst]
bﬁﬁ'@?:tl)’ fbrward (in the propagation direction of the sound) from the centre of

the screen.

As shown in Fig. 5, the ultrasonic SPL at the central position is smaller than
that at other positions (especially the positions at about +20cm and —20cm).
However, the demodulated SPL is not weaker accordingly. In other words,
such an arrangement achieves improved conversion efficiency from ultrasonic
energy into the audio-frequency energy near the centre of the sound beam. In
the main sound beam, the demodulated SPL tends to be uniform.

Note that in some embodiments it may be worth increasing the width of the
empty portion of the array. This will have the effect of broadening the region
within which the peak of the demodulated audio signal has a high SPL, and
thereby produce a highly-directional sound beam covering more listeners.
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25 the main sound beam the denodul ated SPL tends to
be uniform Note that in sone enbodinents it nmay be
worth increasing the wwdth of the enpty portion of
the array. This will have the effect of broadening the
region wthin which the peak of the denodul ated audi o
signal has a high SPL, and 30 thereby produce a

hi ghl y-di recti onal sound beamiovering nore |isteners.
11 FIG 7 shows one application of an audi o-vi sua
reproduction apparatus 1 which is an enbodi nent of
the invention. An audi o-visual reproduction apparatus
1 is provided on the rear of each seat 21 in a vehicle
2, which may 5 be a car or bus, or even an airpl ane.
AFIG. ﬁdshovdmahmappllh@tlareof an sugigyviswal saprpdurtiop BegaEatis 1

or listen to I

viel s Al erppiieht A1 PYEHIGH An HlptooaEhRidiRLbA
Tappdrafiad & PoVfedGn riadiongatie sewh2q iha vehicid2, which may
wants, and his or her neighbours in the vehicle are

nlo a agir oF busedr §V8it 8N aiplansu i mgthdr%hﬁHhet ¥ehiglg Ay watch a

cﬁﬂ\}%{%g’%@h oflﬁ'\s,\%”gb o l%r'g eng?e{flé% é)ﬂ a/]e AL J?a?’%%sgto his or her

ng@@ﬂ. As a reiuv] blezdr she.rgay salephdWex radiohgragpdros @@):Qrdlmg to
this a

h d
pobeH Br sbe Wt a1 BRias reveiatboues B e eriiRiaes Wohe
§ @Be&%(rl%'é%@%o%hdh@%ﬁ@ﬁﬂ?éd td t’h@rlﬁmWab@s a directed beam.

ocatl on in the application Fi g. bet ween t he
vlrscmitrashit@ coavéntionahwalie of mﬁmlr@»@eneretesbswmm@ ﬁmle

15 d. | h d h

R B Biniih et HeaiOfesh T 1S Shplcich @8 ssr does
V\Hb{ KavdtoW8ar gnyﬁﬁéfénﬁéﬂiy Qnt\;’cblﬁi&{adléﬁéﬂ@écMo@ébver unlike the
apparatus 1 1s s ositioned on the rear of

r GS©eéBBMm@tqr heaeiphmes],tth@re mayri collogatien in H\Q apelication

b BT deryeRRing YRR EMAE & e peh e ¥ o PRppnang

t E@d?éeimﬁideln ethbr vty the e feglemsdithle soumd igdteiangenerated
stemin which the screen of the apparatus | is used
Om&ﬁlprla&ﬁc&% .on information (e.g. a map) and the

_sound generation systemis used to generate direction

i nstructions.

While in Fig. 7 each audio-visual reproduction apparatus 1 is shown

positioned on the rear of a respective seat, the invention is not limited in this
respect. For example an audio-visual reproduction apparatus 1 may be
positioned proximate the driver of the vehicle, e.g. serving as a personal
navigation system in which the screen of the apparatus 1 is used to display
direction information (e.g. a map) and the sound generation system is used to

generate direction instructions.

In another possibility, role of the display screen of the apparatus 1 may be
played by a mirror of the vehicle (rather than being an image generated based
on electronic signals). In this case, the parametric speaker may be formed
(and optionally integrated with) the mirror in the automobile, and may face the

driver so that an audible sound may be heard by the driver only.
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25 In another possibility, role of the display screen
of the apparatus 1 may be played by a mrror of the
vehi cle (rather than being an i mage generated based

on electronic signals). In this case, the paranmetric
speaker may be formed (and optionally integrated
wth) the mrror in the autonobile, and may face the
30 driver so that an audi bl e ®und may be heard by the
driver only. 12 FIG 8 is a schematic expl oded vi ew of
a further enbodi nent of the invention which is a
display unit of a |laptop or desktop conputer 3. The
display unit of the conputer 3 conprises a visua

di splay screen 31, and in front of it a 5 rectangul ar
tIFI&saomreesmhqmam egdotled nievwgoha furthesembediswansiof %’Eh invention

RRRE=E e BT e e BB S byt o
tR@ ComSlitePd davnprRRRsa Oual d|§|§|la>lls@f§er63115 PERB inoifo 2% it a
e.g., of foam rubber. The resilient suspensiaons

f ipctangmiar transpanekRianeh 33Jpaniseta poteckivercayer. bhe frappearent

d#%@%@&e%\’{% ?? Q}?E%qgg}féﬁﬁ m Pﬂhédjvéliljggqr\e'ﬁém%ﬁﬁltta%g the

Ubérigtaniiof tie eeshBEby aiwnerfsa bilieht Bbspmmml Bﬁeetg of foam

a{u&b@??ﬁﬁe@l&;ﬁ%ﬁsﬁ%ﬁé{y’Qgiqﬁpﬁ el alglr\%ct%e protectlve cover 33

25‘9&0%@% %}/ﬁh’% ﬁ%‘rﬁ%hh@r ﬁﬁd ddrgﬁrggélggarsggﬁccﬁwlé?hmt from
vasy bhwantﬁj ] beatmmbiwermhnasmﬁc ﬁagsdlﬂcewementa 34ofthe a
P Stbedue e Baan Baat e iindigp Paididty e Pragile

péé\ﬁﬁfeéﬁd ‘fo@étﬁ@ﬁheﬁrﬂa hgoldi ﬁ‘u@ﬁgiebﬁértréﬁ§cﬂ}ber'éfﬁ|%yuﬁ©|0d|ng a
as If the sound bei ng generated from

t nentwsqmmaty mmmmmgmm&\aﬁlsam sceeamB i fis vigihle.-
since the audio and vi sual nessages are integrated
together. Note that this is 20 in contrast to

CTREMbSIIRent @HFlgf]%rmayWUMIoWbd Hpepsuliad noldtiinedi system. In
arranged beside the conputer display. In a varjant of

t this easediirastional saungl IS@mlétﬁe\xﬁwaFdSFa gsenby jnpsitting a
EQ%R&%%'V a3 th&&ﬁﬂ&ﬁ&% driR. FTHB-er %ﬁ@h@l@e@gs‘ifﬁﬁe sound

PrOURAI A periphery of protective cover
is being generated from the display screen 31 when he or she is watching it

since the audio and visual messages are integrated together. Note that this is
in contrast to conventional computers in which the audio devices are arranged

beside the computer display.

In a variant of the embodiment of Fig. 8, shown in Fig. 9, the transducer array
comprises two sub-arrays 35 on the surrounding periphery of protective cover
33. The audio source signals from two channels may be pre-processed and
modulated to form parametric signals, and then amplified as respective inputs
of the two ultrasonic transducer sub-arrays 35. A stereo audio effect may be
achieved by this configuration. One sub-array may function as a left-channel

ultrasonic speaker, and the other as a right-channel ultrasonic speaker.
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25 33. The audi o source signals fromtwo channel s may
be pre-processed and nodulated to form paranetric
signals, and then anplified as respective inputs of
the two ultrasonic transducer sub-arrays 35. A stereo
audi o effect may be achieved by this configuration.
One sub-array may function as a | eft-channe

ul trasoni c speaker, and the other as a right-channe

ul trasoni c speaker. 30 13 Various transducer el enents
or arrays may be adopted for use as the wultrasonic
transducer el enents of enbodi nents of the present

[ o VI B R ALV 1

(THEUS Eohedlely BRERCS o S radY, bE MicpI M R R adtieny
uwltraserticitansdacemelements obembbdinmenta of tke pegsent inwention.
uni nor ph/ bi nroroh el enent and a cone-shaped i npedance
| ayer. The paranetric speaker device in the present

| OME %b@l‘&ll?@alé for tHe#8nsdur g8 bd forpra s edmmercially-
ultrasonic elenments, particularly if they are

cavaileblesdZT niltpagarlic answittars cowiNising a giexoeladiEg i vel v,

(VAR S o EHER" Bnl oot RARE At aver The

t parantiee spbaksratsiidedpcthe r@smapmmuonpaaymb made up of these
application No. 200300490- O ‘&Fhe di.scl osure

i idpperdesiraspnin elamentsy Padiecdiag) dehey Arg Comb?%t)ed i paralle
Sg'lglé‘ﬁmg ther suitable nonolithic transducer 15 array

47 conprisi ng nmenbrane-type el enents. The nenbrane in

the transducer 4 conprises at |least two |ayers: a

backi n Ia er 42 sel ecte froma

wi d f
BfeatvalyLiemisanauran o et neay i Goopfatbes e transghoer
agleh¥ents. 'ﬁ‘\éﬁftatﬁ‘lé ﬁ’i@hw%?arﬂét)%eft%%tdu%ﬁls d@éd?lbbé'm Sidapore

as a pl ezoe ectric ceram ¢ mat eri al Under
npatentapplizationahd. 200300486- 04(3hedu&maure@f®\ﬂmm§ ingorporated

nol it hi i ezqe menbr an
n&erﬂn &mrc]afe NGy 3 hgntlétﬁﬁssgogﬁ a ?h%’t squaibllégioﬁ]%ﬁm\@ Jgnsducer
| BfrQy hflﬁ)naprﬁmndjh@bmsl%(nl@)typs@l@m@ﬁtsarrhermemvmsm thabl e
transducer array 5 conprising
transducer 4 comprises at least two Iayers a backing layer 42 selected from a
wide range of materials such as metal, plastics and silicon; and an active
layer 41 which is a functional material such as a piezoelectric ceramic
material. Under the membrane are back cavities 43. Vibration of the
monolithic piezoelectric membrane at its resonant point will result in emission

of an ultrasonic wave into the air.

Fig. 10(b) shows an alternative suitable transducer array 5 comprising a
capacitive membrane. The capacitive ultrasonic transducer array has a
general structure resembling Fig. 10(a) in which a membrane 51 is stretched
across a frame having multiple back-cavities, but in contrast to the transducer
of Fig. 10(a) the transducer of Fig. 10(b) comprises two parallel plates. The
membrane 51 in the FIG. 10(b) may function as a positive capacitive plate
when it is conductive. Alternatively a conductive layer may be deposited onto

the membrane 51 when it is non-conductive. Opposite the membrane 51 is a
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capaci tive nmenbrane. The capacitive ultrasonic
transducer array has a 25 general structure resenbling
Fig. 10(a) in which a nenbrane 51 is stretched across
a frame having nultiple back-cavities, but in contrast
to the transducer of Fig. 10(a) the transducer of

Fig. 10(b) conprises two parallel plates. The

menbrane 51 in the FIG 10(b)14ray function as a
positive capacitive plate when it is conductive.

Al ternatively a conductive |ayer may be deposited onto
30 the nenbrane 51 when it is non-conductive. Qpposite

t
S EE"R, Ui rohr bl ) Berdicd Sojuoanthe o
phlatess. A separate nenbrane-type transducer (e.g. as

in Figs. 10(a) and 10(b)) may 5 be enpl oyed as each
of the transducer elenents 13 of Fig. 1.

A\ sepagite Yednibrahe-Bipoedtehsdatsr @)g. aein Rigs emaryehwamb)) may
rrul tiple transducer elenents 13 havin

vire empleyvassas paeh of fffeb‘if%fﬂﬁd%@ielﬁﬁge@ﬁgﬂi% n‘ﬂnﬂ)r éﬁ%rnatlveiy,
SRgbihYibod /AR EBh BRRRSAT AT BRSdukRibRients 13

ype transducer ma
efgaing ewﬁew;ewhrcmrméanemhafdlféaeht mgnori@oﬁmeameﬂrﬁ)raﬁe

a@r@é@uts% SRaCIon, R EOREES Gee . 1o U8R PRirate mombrane-
Sﬁ/ge@ dridducdinla He'“en%ﬁ@el WBPQééWF&s’be@ﬁvé hrensdy&Hdf @ach sub-

trasonl C ransdu el enents are separ ate from
t arsay i 61of Eig & o @lternativehhsepasaieanemtiianas may extend across all

rane-type ultrasonic.transducer arrays of Figs.
n@n‘g a%c%&gﬁe%reggec Y %{‘}? B84 with a protective
cover of the enbodinent. The protective cover nay

serve as a substrate which can be patterned to form
f Bhilexarspme embodimenrtscdine inkengen the uitragesinicapsducer

After that, functi |3 S
ol Bl cobBALS FRRLATHOIAVE BURLoTheCET o
Zirichsisrapbaypheé LRRROR)C tZ@nSimd:éﬁérras?k mﬂﬁrgsbaﬁw) and 10(b) may be
pi ezoel ectric materjals 8 Dg V. I|nd|
f IntRATRERS) Wit P M@t%'ﬁeé@VShP the %@Wﬁt ¢ pratgpiivesover
uHa{y Gs i QIRAUEE WhidH EZY bk DatiBFPld RPN r 8kamfe the
pro ectlve cover
back-cavities of the transducer. After that, functional materials such as sheets
of ceramic-based piezoelectric materials (e.g. PZT, lead zircornate titanate)
and/or polymer-based piezoelectric materials (e.g. PVDF, polyvinylindine
fluoride) may be bonded onto the substrate to form an ultrasonic transducer

array in the periphery of the protective cover.

Such a tiny and thin parametric speaker might also be integrated with a
portable consumer electronic device to form a personal audio-visual
apparatus, capable of (i) making the user feel as if the sound is being
generated from the display screen when he or she is watching it, and (ii)
projecting the sound towards a target user and seldom (or never) disturbing

unrelated persons.
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Such a tiny and thin paranetric speaker m ght al so be
integrated with a 25 portable consuner electronic
device to forma personal audio-visual apparatus,
capable of (i) making the user feel as if the sound is
being generated fromthe display screen when he or
she is watching it, and (ii) projecting the sound
towards a target user and seltom (or never) disturbing
unrel ated persons. 30 15 For exanple, Fig. 11 shows an
enbodi mnent of the invention which is a nobile radio

t el ephone or cell phone 6 conprising a casing 61

RSN AAMPE; Fig 116HWRMYA BRPBodiMERE SMhednldritidanaRientis a mobile
protective' | dyer 62 nounted on the casing through

whidichteléphesle ¢mejkpimnebﬁ cgampsisingeal casing Glcerdainiegiingd

PN hal ARNBRS ARBRIEY orQ BRI b8 7RG orPihe casing

rr@idHowhich Vi@l idformatiyn generxted Dnraaéaéembegunmtrwjlayér can
in the protective | ayer 62. Varlous atterns, such
abe phseryRAndI RAramesic sm@}(e@@B el r?@gphrﬁng ftype as descrlbed

PLOSRER! réfat iloﬂyterlgzﬂﬂ' ha tb'eﬁn%%rﬁggageggt&gt. pﬁ{geggln the

funct ona mat e hen tterned

Spiotéctaeaayer 621r\farwmsmattemsmmwhtamsbaﬂmr/ -hble arragymay be
whi ch functéons as .a ara

atabricateddnine pretertie agpéggtcﬁregﬂsloea 5 gepﬁgf @lnpggnal material
As'tRER %b'nHEH nté ﬂ% Eé&é&'ﬁ%ﬁréu‘hsﬁﬁmrrﬁ% Oerakehidataridducer

nount | ng t ultrasonic transducer elenents
oarray lvhist fwmueﬁrs an aaparabidtic speaksrepheman ameliiedtpargmetric
each ot her edges of a display screen 66, as
sﬁ@ﬂﬁlﬁﬁnﬁﬁapté?a”?ﬁe t el ephone nayylnclude a snal

canera 64 and buttons 65 to operate the tel ephone.

The tel ephone may be arranged to be foldable. In this
cAliernatinelypthesparamettiaispeakesi oay befpanad DysRouMinRg at us

WBbepRpeftiflestyio ipsBnlsh ftithfs i Selral g7 %n alncbie

ofelépHane A¢iacentrodiaotindthef at the éduesrdfiendisplay screen 66, as
shown in Fig. 12. The telephone may include a small camera 64 and buttons
65 to operate the telephone. The telephone may be arranged to be foldable.
In this case, the personal audio-vision reproduction apparatus may be hidden

in the main module when it is not in a working state.

Fig. 13(a) and (b) show plan views of a further embodiment of the invention in
two respective configurations. The embodiment is a mobile telephone (or
other item of consumer electronics) including a body 70 having a screen 71.
The body 70 is provided with two “pop-up” flaps 72, 73, proximate, and on
respective sides of, the screen 71. Fig. 13(a) shows a first configuration of the
telephone in which the flaps 72, 73 are in a “popped-up” configuration in
which their surfaces jut out from the body 70 to either side of the screen 72.
The respective front surfaces of the flaps 72, 73 may be substantially paralliel
to and flush with the front surface of the phone (i.e. the surface containing the

screen 71 and the keys). Fig. 13(b) shows a second, more compact,
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two respective configurations. The enbodinment is a
nmobi | e tel ephone (or other item of consuner

el ectronics) including a body 70 having a screen 71.
The body 70 is provided with two "pop-up” flaps 72,
73, proximate, and on 25 respective sides of, the
screen 71. Fig. 13(a) shows a first configuration of
the telephone in which the fi@éaps 72, 73 are in a
"popped-up" configuration in which their surfaces jut
out fromthe body 70 to either side of the screen 72.
The respective front surfaces of the flaps 72, 73 may

G%tﬁm bﬂhbﬁe%ﬁ@hb% wh'iéh et ddsush 7 46 nbhﬁthoru?ﬂbm the

surf ce of hone (1.e he surface containing t

3oodyct@dn trm canﬂgunaé'on@jf)g 1@(@) theF(aps &hddsarg r@@@tyﬁd in slots

i B B, 8898 BASHRRY 1B CanasiBul R Roh By rey may

3ld back trethecdifieg uf the 18adyoT0.Figs tel§tiond bedy Fararres a first set
73 are received in _slots on the respective sides of

t pidransgjcep elaments 7ds (R arrargedHheaspert e raweof tfapsducer
f #@éﬁ 0 Y/

&g% %gEr)\?e tg@aab% Q&ihé’écg{e@ﬁgbl o?hh terfga ducetﬂé Firepégps? ctive
7ﬂ|rth5ramwangednsducearsqmﬂnentse76dWs of transducer

el ements above and bel ow the screen 71. The flaps 72,

73 carry respective further rows of transducer

ebgﬂsn%l m»enﬁﬁe flapisi HB 3 e "pﬁlbg}acitg@ Jdrﬁlaﬁra"tfo% ¢m=.§;h¢3

confi guratl on of
V\ﬂneoamgmwﬂq:hatm fraps 70 fRarR@keiwith theefrmt(ﬁmrfa@@rqfatbe teiﬁphone

the tele be adj ust abl

RO SR F oS eRP rieF id SPGB ik afments
pPY@nsorche tddenmbR e of the d16@@atd P7 ety tol Deepaitatlet i?oathat of
of the elenents 74, 75. Rather, t he angl es ich th

f thepelements 24 n&k Ralhen tha@ndirsayhied thﬁ)ﬂaﬁé 12e78dnake Wd)th the

ERAD O TrAZHE S EIE S Boy s Bl hsplice, CptdHan e
stgteprdriecalaly beadmoangddiso tH\airi@paﬁlzs 76fbddﬂ£s;bnd1,etr7c§blly about the
to preserve a mrror plane of s m’retrgt)v\m ch

p@gﬂeﬁ?@ﬁ @fﬂh&rb‘?qy Q- {PiPEPSRRYR @dDiror plang Wmmggrey v&tplch is
tpégﬁ?i*a'id 3fd \Aﬁ‘h&?blsé?{s )hé‘f?gnt(f*é):e%?hé’h%bllé'pﬁ'\%e

urther e odlnen the invention. 20 Elenents
correspondlng to those of Fig. 13 are given reference

ngs ?4?3 and (b) are plan views of a further embodiment of the invention.
Elements corresponding to those of Fig. 13 are given reference numerals 10
higher. As in the embodiment of Fig. 13, the flaps 82, 83 move between a
pop-out configuration (Fig. 14(a)) and a compact configuration (Fig. 14(b)). In
contrast to the embodiment of Fig. 13, the flaps 82, 83 are shorter, so that
they do not extend along the body 80 of the mobile telephone as far as the
rows of transducer elements 84, 85.

Figs. 15(a) and (b) are plan views of a further embodiment of the invention.
Elements corresponding to those of Fig. 13 are given reference numerals 20
higher. As in the embodiment of Fig. 13, the flaps 92, 93 move between a
pop-out configuration (Fig. 15(a)) and a compact configuration (Fig. 15(b)). In
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hi gher. As in the enbodi nent of Fig. 13, the flaps 82,
83 nove between a pop-out configuration (Fig. 14(a))
and a conpact configuration (Fig. 14(b)). In contrast
to the enbodi ment of Fig. 13, the flaps 82, 83 are
shorter, so that they do not extend al ong the body 80
of the nobile tel ephone as far as the 25 rows of
transducer elenments 84, 85. FPs. 15(a) and (b) are
plan views of a further enbodi nent of the invention.

El ements corresponding to those of Fig. 13 are given
reference nunerals 20 higher. As in the enbodi nent of
Fd:cg}tra]s‘?to EH@eMF@Bﬁn@r?t'oqur .”W,‘én'?l‘?é BRHIbIIMERt BOPYOY5 there are
configuration (Fig. 15(a)? and a conpact configdration
(7 transdider)elements7provittedast theobadeSe itbeldi ment of Fi g.
13, in the enbodi nent of Fig. 15 there are no
transducer el enments provided on the body 90 itself.

FFigs. 18@0 ahdaby atdplanreens aha\fueMSr &hbadinérthsithe invention.
enbodi nent of the invention. 5 e enbodi nent _has a

f Th
bblg erspdimant kas alodyniililnike the embpdingnt phEige 18sthere is

COMN LRI 2R R SREL L BafBpaBE®A W anc which s
pmo?/abllb eiwkieg & pop-oot Cgmfgguraﬁcémlﬁigah@(aa) armdraaamngpact
confjgurati ' 16 . 10 Figs. 17(a) an are
pq;qﬁlggqr%t\;%n @%Q%@M hel(r Zezmodi rren? of tge)i nvengi Z)n.

El ements corresponding to those of Fig. 16 are given

reference nunerals 10 higher. As in the enbodiment of
FFigs. 1B(a)taner(b) ase planyiews iofiglfartheapmbodimenitofithe imeention.

provi ded at the oppqsite end_of ,the body 110, near the
Efabaerts £rresBSedBBRA s RER B 16 Bt GhihubldenRe fsteis 10
| AigABE.| ANINAKeRBEHinet of FREA 62888 is oRNta singleMiap 102, but it
clear to a skilled reader, nmany variations are
pissrppided\dtitihe eppasite sadé the bt 11@vrearntba sareerndd 1.
departing fromthe inventive concepts discl osed
herein 20 18 C ai ns

Several exemplary embodiments of the invention have been described above,

but, as will be clear to a skilled reader, many variations are possible within the
scope of the invention without departing from the inventive concepts disclosed

herein
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1. An audi o-visual reproduction apparatus conprising:

a visual display screen, and an array of ultrasonic
transducer elenments for generating an ultrasonic 5

beam the array of transducer el enents conprising two

or nore said transducer elenments |ocated around the

peri phery of the display screen. 2. An apparatus

according to claim1 in whichid@ he transducer el enments

are arranged as two or nore sub-arrays of closely

adj acent transducer elenents. 10 3. An apparatus

according to claim2 conprising a respective anplifier
f@imgach of the sub-arrays of transducer el enents,

and a controller for independently controlling the
respective gains of the anplifiers. 4. An apparatus

atcor dhR@udip-¥isHahreprefuGtion; apPratys\genaHisin@r e are two

15 sub-arrays, the two sub-arrays being arranged to

receiv ' ived respectively fromleft

and rigﬁ%ﬁgiégggﬁgﬂgﬁééﬁgﬁJS. An appar atus accordi ng

to any preceding claimfurther conprising a casing

f or t han dirrsyl efyultasatio tranisduceragisthends farl genarating anngtrasonic
integrated _in th 20 casing, of the display screen. 6. .
s abg: a8 weneffE L Martt o Pet R0 8F mdre saia
CRARSd e @lemBR8Yodated ef?B@n@[héTEéﬁprHr?@f tise aigpfiiSscreen.

whi ch are novable relative to the body, sone or = al

of the transducer elenents being provided on the

ndvabl Ansanaraissaceirdingeto olgimphit ahich the transgycer elements

CBRTiatgCas; My roraPadnadl ", sy SEHeEN Pransaucer

apleataitsls according to claim6 or claim7 in which the
novable 5 sections are receivable into one or nore

openi ngs i n the bodx. 9.  An @ﬁ%arat us .accordi ng.to an}z.
of- cl al"RERPAYUE 80k WG P £lR %grgprésmg|alﬁe§pp?\y%?mp ifier for
sghéh BPth%béL?o-éﬁ‘é?é BRfrafsd R Lerh¥AEE BhH @PbdtrdiRr €t her

side of the
independently controlling the respective gains of the amplifiers.

4. An apparatus according to claim 2 or claim 3 in which there are two
sub-arrays, the two sub-arrays being arranged to receive control signals

derived respectively from left and right stereo channels.

5. An apparatus according to any preceding claim further comprising a
casing for the display screen, the transducer elements being integrated in the

casing of the display screen.

6. An apparatus according to any preceding claim comprising a body and
one or more other sections which are movable relative to the body, some or
all of the transducer elements being provided on the movable section(s) of the

apparatus.
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body. 10 10. An apparatus according to any of clains 6
to 9 in which there is at | east one said novable
section arranged on a longitudinal axis of synmetry of
the body. 11. An apparatus according to any preceding
claimin which each said transducer el enent conprises
a respective piezoelectric uninorph or 15 bi norph

el ement and a cone-shaped i npeglance |ayer. 12. An
apparatus according to any of clains 1 to 10 in which

the transducer array conprises a nmenbrane driven by

pi ezoel ectric material arranged to receive a

PRr ameppi L i

B or a PP aS bl offin bip R ERRIRERIS sections are

t foldehtle celatiee tathecboghy.i ses a nenbrane driven by

el ectrostatic forces between first conductive

mat eri al | ocated on the nmenbrane and second
CendUCAh%ﬁﬁé@%‘ﬁcohﬁﬁ?‘t@dlaﬂﬁ% bh@aii® Thh avtfich themovable

first and second conduciive 25 materials bein
aseclinfsciaredeneivablg intg erger mare epentngsdeties hp%ﬁd by a
parametric control signal. 14. An apparatus according

to any preceding claimwhich is a tel evision

r ecei vAn,appaeatlissgucayding teany of clairas #ppd Eltwb|chethega are a

the screen of the television 30 receiver ﬁ‘
aawalawé sadmpYRblg sestiany apPrged |SM@‘na¢tHPﬁH'm glfhargide of the
? ed in a vehicle. 5 16. An apparatus according to
clflarm 15 which is located on the rear of a seat of

the vehicle. 17. An apparatus according to claim15 in

\Q%Sgr %&e gﬁ%g{p@%/ﬁcsa%r |ﬁ_grj | §clny o} %atm%g 6ft%r9 \llnl V%Wcrl']\thye B at least
one said movable section arranged on a longitudinal axis of symmetry of the
body.11. An apparatus according to any preceding claim in which each
said transducer element comprises a respective piezoelectric unimorph or

bimorph element and a cone-shaped impedance layer.

12.  An apparatus according to any of claims 1 to 10 in which the
transducer array comprises a membrane driven by piezoelectric material

arranged to receive a parametric control signal.

13.  An apparatus according to any of claims 1 to 10 in which the
transducer array comprises a membrane driven by electrostatic forces
between first conductive material located on the membrane and second
conductive material located off the membrane, the first and second conductive
materials being arranged to have a voltage difference determined by a

parametric control signal.

14.  An apparatus according to any preceding claim which is a television
receiver, the display screen of the apparatus being the screen of the television

receiver.



18. An apparatus according to claim 17 which is a

navi gation system the display screen being arranged
to display navigation information and the transducer
array being arranged to transmt audi o navi gation
instructions. 15 19. An apparatus according to claim
17 in which the display screen is a guidance mrror
of the vehicle. 20. An apparaR@is according to any of
claims 1 to 13 or 11 to 19 which is the display unit
of a conputer. 20 21. An apparatus according to claim
20 in which the display unit conprises a transparent
protective panel resiliently nounted extendi ng across
the front of the display screen, the ultrasonic

t lansdAoappsiraiwsraccondingdo boy preceding claém vehich irilogategl in a
perLEPery of the protective panel. 25 22. An apparatus
a¥%® &'ng to any of claims 1 to 13 which is a nobile
radio telephone or a cell phone. 23. A portable item
of consuner el ectronics having: _a body includinﬁ a
sdPeenAnzapparatusancortiag e ekaim i nwhighlie Iocated ppdhe gear of a
tggap KeQ%ﬂkﬁgnprising one or nore ultrasonic

t Papsducer el ehents for generating an ultrasoni c beam
24. An item according to claim23 in which the or each

calt | oBnARRRSILs eoRHNg LS claey s Bricf s Gy screen i
©|RERY {67 iWiflgdy/ RBAGS AheGRAIRe an ul trasonic beam

propagati ng towa a user viewng the screen, and a
second nore conpact configuration. 25. An item

o8 oM R BAR AR oBU, T e l Brd iy e, e
Waldpldy screan®rirtf anasgéd WéisFFéyVMH tiohSinfdrinafisArHnd the

transducer el enent(s) generate an ultrasonic beam
ptrapaducsrajray being dsrangedde thansmihaudiaenayigadien.instructions.

19.  An apparatus according to claim 17 in which the display screen is a

guidance mirror of the vehicle.

20.  An apparatus according to any of claims 1 to 13 or 11 to 19 which is

the display unit of a computer.

21.  An apparatus according to claim 20 in which the display unit comprises
a transparent protective panel resiliently mounted extending across the front
of the display screen, the ultrasonic transducer elements being located on the

surrounding periphery of the protective panel.

22.  An apparatus according to any of claims 1 to 13 which is a mobile radio
telephone or a cell phone.
23. A portable item of consumer electronics having:

a body including a screen;



26. An itemaccording to any of clains 23 to 25 in
which there are a 15 plurality of novabl e sections,
including a plurality of novable sections arranged on
respective sides of a longitudinal axis of the body.
27. An itemaccording to any of clains 23 to 26 in
which there are a plurality of novabl e sections,
including a plurality of novaBle sections 20 arranged
on respective sides of the screen. 28. An item
according to any of clainms 23 to 27 in which the
novabl e sections include at | east one section is

ar r anggfe96t 8né QBSﬂldeﬁid%bleﬁ%la‘hv@ftottﬁ@ boeg%ﬁd c%'?n;?r?smg one or
An item according to any of clains 8 which is a

noteire alltrassinigptianeducer elements for generatmg an ultrasonic beam.

24,  Anitem according to claim 23 in which the or each movable section is
movable between a first configuration in which its ultrasonic transducer
element(s) are arranged to generate an ultrasonic beam propagating towards

a user viewing the screen, and a second more compact configuration.

25.  Anitem according to claim 23 or claim 24 in which the angle of the or
each movable section is adjustable within a range of positions in which its
ultrasonic transducer element(s) generate an ultrasonic beam propagating
towards a user viewing the screen.

26. Anitem according to any of claims 23 to 25 in which there are a
plurality of movable sections, including a plurality of movable sections

arranged on respective sides of a longitudinal axis of the body.

27. Anitem according to any of claims 23 to 26 in which there are a
plurality of movable sections, including a plurality of movable sections

arranged on respective sides of the screen.

28. An item according to any of claims 23 to 27 in which the movable
sections include at least one section is arranged on a longitudinal axis of the
body.

29. Anitem according to any of claims 23 to 28 which is a mobile
telephone.



