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1 Display unit with sound generation system Field of the invention The

present invention relates generally to a display unit, such as a display unit

provided in an automobile or in an item of consumer electronics such as a

TV 5 set, a computer or a mobile phone etc. In particular, it relates to a

display unit having a sound generation system. Such a unit is referred to

herein as an audio-visual reproduction apparatus. Background of the

invention A conventional audio-visual reproduction apparatus comprises a

screen on 10 which images can be generated and cone-type

electromagnetic speakers disposed on both lateral sides or

above-and-below thel S UYHL QNG deneralipareastRment results

in non-collocation between the visual information on the screen and the

gdnetdtedtseunde ot would be desirable to make the user feel as if the

sound is being generated from the display screen, and some efforts have

be%%@@@e i i ple , 4%4 isclose .

an electromﬁt&%%%ﬁ%ai%%ﬁ%?%%&%@% %iggﬁr%ﬁlgrﬁ)gf ﬁjr%q{ ‘F!r%lsg fﬂslr%p{ay unit

is BrRYigRFdRtAhawCApphdE & i eeliRiioafserosn grissipeinendtasuch as a TV

fr i i en Ves;. .
yBehRIsHRItEr Biedikgo AEBHEAS Wb 70 fzgﬁ]&agg, lm%ln%%%]h@yaz%rsplay unit

audio-visual integration, the generated soun e hear

taRFtiNGer SRENY 6frReEatPIs fy BHetauSetheasdunt igentestich toyberein as an

s sRmiEraioaskddne A RSIGeMe this problem would be to use
earphones or headphones. However, it is not always comfortable to wear

an.earphone or eadeho e for a long time. In addition, 25 it is not safe
foh@éi&@ﬁ%f@@,@e%ﬁéﬁg&ivers while driving, to wear an earphone or
headphone. B

A conventional audio-visual reproduction apparatus comprises a screen on

which images can be generated and cone-type electromagnetic speakers
disposed on both lateral sides or above-and-below the screen. Unfortunately,
such an arrangement 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.
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2 Summary of the invention The present invention aims to provide a new
and useful audio-visual reproduction apparatus. 5 The invention is
motivated by the observation that, in contrast to the sound generation
systems employed in conventional display units, another known type of
sound generation system is a so-called "parametric speaker”. A
parametric speaker employs an ultrasodic transducer array (that is, an
array composed of a plurality of 10 transducer elements). The array is
capable, under the control of an applied electronic signal, of transmitting
into air a narrow ultrasonic sound beam. The ultrasonic sound beam is
audio signal, by using the audio signal to
modulate the electronic signals which drive the ultrasonic transducer

e be-AM Bedriated talg?aﬁgg tl;gmmps 2RiP0GQush.gmodylated.

eam propagates through aif becatse of non-lmear acoustic
P:P&"@t%% as to generate an audible sound corresponding to the input
audio signal. Parametric speakers use this phenomenon to produce a

SR ARRHan that isudibie ool by Reople.ft thegeation pfthe, sgund

Spo Ilg In genera ter S, he present i Vention” pro ose
ARNeationayepros @&@ﬁy%&bmﬁmmm@ﬁ dephpyriveisa anstiagrdisplay type of

Sﬁ‘d@@cﬂ‘géﬁg‘ré{fbﬁréayt%qgﬁl%gf&ﬂllé@rb%?%%frﬁ:'%E@Jktél r*OA%Pa@fth RY Heaker
ultrasonic beam, wherein the displa n overiappi with a

RN RR RS DI AP Sahes AUy it oa etk eiaRstsse ChAR Al of
domsdhiery albthendsindtacraylénvapahlé\tuedst the ontivmlofiteansohiieere¥&ctronic
asnﬁaasoewgrﬁﬁﬂ@nﬁ&am aarmatv&@méeeaxa%emcmnaﬁé@%mkesound

arametric control signal (an ultrasonic signal modulated

RRAB-FLMRE) ValfhrSehpP R R ARy BYdiriea thpayd'q aw@etéa modulate
Uheaslentobiessiy imigantratddveNon dinessreffeaisiute airagemedultiadbelated

w&%gﬁ?cwgﬁﬁ%?w&?\&ﬁ&%}%@ﬂ%ulated 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 array of ultrasonic
transducer elements for generating an ultrasonic beam, wherein the display screen
overlapping with a two-dimensional region defined by a minimal two-dimensional
convex hull containing all the transducer elements. 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 demodulate the audio-frequency signal to generate, in

effect, an audio beam propagating perpendicular to the screen.

Such an integration of audio and vision may make the user feel as if the sound is
being generated from the display screen when he or she is watching it, and also may
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effect, an audio beam propagating perpendicular to the screen. 30 Such
an integration of audio and vision may make the user feel as if the sound
is being generated from the display screen when he or she is watching it,
and also may 3 project the sound towards a target user and seldom, or
never, disturb unrelated persons. The ultrasonic transducer array may be
made up of independent transducer eléients, or may comprise two or
more sub-arrays of transducer elements (e.g. 5 closely adjacent one
another). Identical parametric signals may be applied to the individual
sub-arrays, e.g. via a common amplifier. Alternatively, different
JAPeRERE SgHAT 9w HR apiaiest toselifrie ntaldptar@lysexgy, digturb unrelated
ipdreishsal respective amplifiers. The gain for each amplifier may be
selected to be the same. Alternatively, the respective gains may be 10

SEhRCIREtalSRX AR [oeP eRF AN EsAH KL DRAMSTQR e iARIIE 9] Oﬁé‘?\rsd ucer

one. One possibility is for there to be two sub-arrays, the two sub-arrays

BERPAFarf]ed 3y TREMUES OHer I TR SHRrRIERY FeSh dranrslypb migsfents (e.o.
anobeiyrditerst charanetsedS The transducer elements may be formed
separately, and mounted in relation to the display screen (e.g. onto a

gaéhtt&éqfﬁtsfﬁméwi@xiggwdﬁu)af%@aaﬁ,ﬁigalyo Ehtﬁ mswl &é@%ﬁbﬁb‘%@fﬁté.@% a

e Integrated,.e.g. eagded, | casing o e display screen. In a

P e g LT A LA R
siiftssentzniisamieunted). aiwididralineshentnableietorEnwih reeach
ARGRRIS Felgtve §9Ié|8?ecpl%dé’eiﬂ‘r‘é@l’ﬂ%.%RH@{Weﬂﬁ,g?\%\l’r%gﬁeéﬁfé'ag%s may be

arranged on respective sides of the screen (e.g. foldable, such ason
rﬁﬁ'&é%%%ﬂ&?‘?é@@ﬁ/aislé‘Wot%§%&§WmérB@mem'66&1@'?@?9@’ 8ne-

or more ultrasonic transducer elements for generating an ultrasonic

I t ided,on the 25
L S S S b S fghoea o

JEASY S FRIH At SRS dssivRe Eeinaetivelnoaviel apdialtitermyciatons.

and an extended
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 a plurality of movable sections which are movable relative to the
body including a plurality of movable sections arranged on respective sides of the
screen (e.g. foldable, such as on hinges, and/or receivable into openings in the body)
and comprising one or more ultrasonic transducer elements for generating an
ultrasonic beam. Some or all of the transducer elements may be provided on the
movable section(s) of the apparatus. For example, the movable sections of the
apparatus may be flaps which can have a compact configuration and an extended
(“popped-out”) configuration. Alternatively or additionally, the flaps may be movable
between multiple configurations.

A first advantage of providing the movable sections of the apparatus is that the

movable sections may be movable between a “popped-out” configuration in which
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("popped-out”) configuration. Alternatively or additionally, the flaps may be
movable between multiple configurations. 30 A first advantage of
providing the movable sections of the apparatus is that the movable
sections may be movable between a "popped-out” configuration in which

4 the transducer elements on the movable sections of the apparatus are
located to provide relatively high qualitytsound reproduction to a user,

and a more compact configuration in which the apparatus may be
transported more conveniently. 5 A second advantage of providing the
movable sections of the apparatus is that the movable sections may be
bR BRI B \RER Y R AR D BB PN B tee ARaratisAraHpsaled i
rangéiefrplagitensighwhihytheyrgareratecaund o @asehd e gqestbaisct
[ | ey I r i [ C t
e e e b R oy
plurality of movable sections may be arranged symmetrically to either

Sidesobitieabosyta@piopaliydiythis rasebheyatRndefanaBppa-saees that the
0 . symmetrically. lternatively.or additionally, there may be
THAABIE SltoR T B A (e IR B NeN R P Set IR AP KaDe. B

SRRtaeralienHENsgaY. areadraplsREE T dmvdtieh dheb @ ansigtmegurkes a user
VeI yinions. IPRAIBesMpiidhis-iny raash sl URBSEWSaGRIERt 4erb&rd to a
resglﬁgtl\{ﬁ \mﬁgﬁ)ﬁl’%ctncnt#nrgor hi 5 or blgqlgégeelement having a

one-2 apedm edance %/Qﬁ iﬁf’e@ﬁ%ﬁe TE} transducer array may
comprise a membrane with control circuitry being attached to the

PEMREIE IRASURIN) B PR VHIYE BRYiGhRRFaMSING SRS #ANBtiEQN to either
example, the membrane may be driven by piezoelectric material 5 located
S8 HERR & BN AW b PRSCIGE RA-h S AREROB R BP RAREIe 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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Alternatively, the membrane may be 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 receive a voltage difference

determined by the parametric 10 control signal. Certain embodiments of

the invention are television receivers, thealisplay screen of the apparatus

being the screen of the television receiver. 15 In alternative embodiments

of the invention, the audio-visual reproduction apparatus is provided in a
vehicle. such as a car, bus or even airplane. The audio-vision

repradoction apparent s aviydbe eorengedpettirapednnta saatrinAlleenatively, the

a Il vely .an apparatus may.be arranged beside the
iR A R T A T e
rokit20lutdHe thsphagobreee itotperamid ii@iwiﬁmﬁrémdu@ima@mtammmro!
DSRIAYEC- QYA IHIERL ARSI, SUA PRI (R AL BOLIORING o oral
transducer array to be arranged to generate audible 's LT 16 e Rear fi'y
théoaalrs onliherurhdrand adithers ofethédinesnticnaares thendisplay ntit signal.

Of KREPRHLIRIS SHED 2r A% I3R0 Hw%%d[‘?é Iﬁﬁ@e%ogéﬁgltgéﬁ‘ogpa%igiﬁ@l%su[ﬁiétween

may comprisé the display screen and a rectangular transparent pane

fofffihga frsiéciveaieviet lpssitrthy ivumetbrathe aispigconit alonguctive
th%@%%?&ﬂé@%ﬁ'ﬁ?@%@ﬂ%%@%BT{P&%F&?@@§&§H%%%1 aterials
ultrasonic transducer elements may then be mounted on, or integrate

intef e PEfpBR lofrgreorR v gsvdffesmeeldetdumitzhbydibdiyathmetric
anRHEIS MY be any other portable item of consumer electronics, e.g.,

a mobile radio telephone or cell phone. Due to the relatively small size of
many portable items of consumer electronics, this possibility is

PagiiGeias % FHERIG RECEMABAANWER e RORBGRALEGSCERRTs, the display

screen of the apparatus being the screen of the television receiver.

in alternative embodiments of the invention, the audio-visual reproduction
apparatus is provided in a vehicle, such as a car, bus or even airplane. The
audio-vision reproduction apparatus may be arranged on the rear of a seat in
the automobile. Alternatively, such an apparatus may be arranged beside the
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.



10

15

20

25

5 above, of providing some or all of the transducer elements on sections

of the apparatus which are movable relative to a body of the apparatus,

such as flaps which can moved between a compact configuration and a

popped-out configuration. Brief Description of The Figures 10 Preferred

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

only, with reference to the following figurés in which: Fig. 1 shows a first

embodiment of the invention which is a television receiver with a picture

screen encircled by a ring of adjacent, spaced apart PZT unimorph or

bimorph ultrasonic transducer elements; 15 Fig. 2 schematically indicates

sdund derbeatipadaitiéenibedmpeatratusignay Fig. ashovwbsear seedatile item of

ehodi iver

S an v bR R b e, pue to the

arGiRTl foViretgssiFenelsereer: POmRpa dhows etreenativadly letsetionics, this

PRREBRINIG, SIONR SRR IR ife IRGIVIdAb R VOB concept described

embodlment of Fig. 3; Fig. 5 shows experimental results of sound
\@Pcsqgnyv%?@%% %cﬁdlt@fnt@@ﬁ@aﬁéw@?ltﬁé‘emmﬂmﬁeﬁ@@mmg of the

%@a@ﬁ@%l@h%@%@&ﬁ@ RICRRRS {OrPIdFing the expeiimeRtal ch as

25 results of Fig. 5; Fig. 7 illustrates schematically an embodiment of the
inllRRBIoHIAN PR @@Y@pﬂaWW?ﬁfbét&Pm%ﬁPh&@hﬂ@bW@“?”F@@%%W@ed -out
ag&padiment of the invention which is a laptop/desktop computer; Fig.

9 illustrates the generation of sound by a further embodiment of the

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
ilustration only, with reference to the following figures in which:

Fig. 1 shows a first embodiment of the invention which is a television
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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invention; 5 Fig. 10, which is composed of Figs.10(a) and 10(b), illustrate
membrane-type ultrasonic transducer arrays suitable for use in
embodiments of the invention; Fig. 11 shows a further embodiment of the
invention which is a mobile radio telephone or cell phone; 10 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; 15 Fig. 14,
which is composed of Figs. 14(a) and 14(b), shows a mobile telephone
COty d 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) ardy16(usthows thmgbiter2fuielePEeneaMnch isaHitf Bshodiment of the

err}]bod'{nent of the invention; and Fig. 17, which is composed of Figs.
17(3f8

Hari?(b), shows a mobile telephone which is a further embodiment
of the invgny | it t [ t rring

firstly t(;Fv qu@ln ﬁﬂqﬁr&! E&?rﬁgﬁ? gﬁﬁgig h\?esn@?ngﬁgsmrf V\ll %%a% a
telBHEIBRRSESY YliagPaiaibpRykGerarayarmy tehtrol@leseinsebbddiments
8 PREPI9chHlANS or other devices for inputting control signals). Around

the display screen 11 are distributed PZT unimorph or bimorph ultrasonic
transdutéy. €lémbntzsld dihesrirtdedchathef thaileastionesing: THe mobile

Z:g%ﬁ%iéﬁﬁmebgr%%q%q%ﬁg;as collectively forming an array of

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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5 spanning a two-dimensional region (which may, for example, be defined
exactly as the minimal two-dimensional convex hull containing all the
elements 13). A portion of the array is empty and the display screen is
visible through the empty portion. 10 The elements 13 may be integrated
with the television receiver (e.g. permanently embedded in a housing of
the television receiver). Alternatively, they may be attached removably to
the housing around the edges of the screen. When a parametric signal is
applied to the transducer array via an amplifier, the elements 13 generate
directional primary (ultrasonic) waves in 15 the air. Nonlinear interaction

betweeplbenithnrne LitRsP s KaYER FaspliaiRg AEREHANGY 88.ANARNYind the
(a%dibﬁgwaves. In spite of the central empty portion of the array, our

exPERAEHE figle' ol HEPHEHE ML RBIHPjResR & fEs@pnic

(SPavdrubercetainadinstith stapnaett 0dban wsepveatipnalidisRiang. The
devlices. E%? justinﬁ?the dir_gensions of the array, or the density of its
g ’

elément: GO HRNEE EB P AREEAR B Ak 2aigHay Shalements

caspbemiagle twifedin ditwmisallusitatethsabemaiizalb xBIwmI2, Mhittined
B e SR gy

14 fepresent the regeneraYve i ‘
ultedsomictwades)) aodiattioé focaticmnyAstheyEressiase dodnging wafeem.is visible
T in audible sound.field is constrained within the range between the
Iir:}gi:rq[%%’qa];:;lhée "%ﬁ?i%gr%ﬁﬁj%at a highly-directional sound beam is
achievable. These results indicate that such an audio-vision reproduction

the user feel as if the

SO I ARIRE, B nelens o) e e e e

watehimgnig ralydefijterdjectingatie Os seuofitteveids isitarget siser andternatively,

Se{HQWnQ%'&/%eeV %rt)céiéﬁté'ébrig o) ‘?t{aodﬂ?g S&Tsﬁ'ng around the edges of the
screen. When a parametric signal is applied to the transducer array via an
amplifier, the elements 13 generate directional primary (ultrasonic) waves in
the air. Nonlinear interaction between the airborne ultrasonic waves results in

directional secondary (audible) waves.

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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Whereas in Fig. 1, the PZT unimorph/bimorph transducer elements are 5
arranged adjacent to each other to form an array with an empty central
portion, as shown in FIG. 1, an alternative second embodiment is shown
in Fig. 3. Here, there are a total of 8 sub-arrays 15 (although the number
of sub- arrays is limited to this number and there may be any number of
sub-arrays, particularly any number gregter than two). Each sub-array
may contain 10 ultrasonic transducer elements closely adjacent to each
other, e.g. in the form of a honey-comb structure. The sub-arrays 15 are
attached to four edges of a television receiver. The spacing of
neigittbiorwey eteanemteivithin eadhssiiterarfay iesaraliéstthamie speaieg
oégl‘;go b-arrays from each other. 15 Optionally, all the sub-arrays of the
second embodiment may be fed the same parametric signal (that is, an
ultrasonic signal modulated by an audio signal). In this case, the

AEIRLIC | i@jﬁ' ‘%_‘,3&4@%E?W%ﬁé@%%ﬂ%@%&‘é% QAR are

sub-array. Alternatively, as shown in , @ parametric signal may be
trafigieedawjacenit th7empichtbiidesianen sigrarmtovildidfe remdhaemnéts)

) o . gy \ o

D e B D EH B EoRUeR in

cbifirals HaeegHiesopiaeviaitplnd displifieia sl ] S GEimvghdireofeadier of sub-
for Gl GB. . el |

ST T DA AR R T e AN o e

liPREIE WArearRs NEINSS! areptriiam thecntpifibrsUGEITBB mMay bentain
Cf@&fﬂé%smfsmﬁa}«@m&_@r &M%m@%@é@m@%mﬂ%@g@v%e form

of each of the amplifiers G1,..G8 may, for éxample, be performe
abterhipgay teenhiglivstiirowh i Sthe- fisklyef Parimatirchpealefeutoedges of a

rl%éwbigmeréeg%@% BENGIRTREiJHYBLPRG FMASKENMNRT 88ERWib-

array is smaller than the spacing of the sub-arrays from each other.

Optionally, all the sub-arrays of the second embodiment may be fed the same
parametric signal (that is, an ultrasonic signal modulated by an audio signal).
In this case, the parametric signal may be transmitted by a common ampilifier
to each sub-array. Alternatively, as 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 fransmitted 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 variabie 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 angie to another one.
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Experimental SPL results for a system resembling the second
embodiment of Fig. 3 (in the case that all gains G1.... G8 are equal) are
shown in Fig. 5. However, whereas in the embodiment of Fig. 3 there are
eight sub-arrays substantially equally spaced out in a ring around the
screen, and each of the 5 sub-arrays consists of a single central
transducer surrounded by six transducerelements in a ring, in the version
used to generate the data of Fig. 5 there were six sub-arrays substantially
equally spaced out in a ring around the screen, and each of the
sub-arrays is composed of 4 concentric rings of transducer elements.

Shepiicallynthiede wassalfissorngsfst eringestlonrsy 104 adivshineltiipg f\ent of
elel 5, @& second ring of 11 elements, g third ring of 17 elements, and a
fo%ﬁﬁ?i 8 ot 2 a(—)ﬁ%rwgntgﬁ UL gﬁs’ult?ﬁ%&r@ %@ﬁfkéf%éﬂ%&t@& Ig. 5.
sttemtaticalhier§4g. 16 ByeneoniopanmeasuFemerntheisraphengnmayingrrays
algng.a i 9 lane parallel to the. 15 audio-vision reproduction
apparg%&g %1' des%ugé@ﬁ?gf%gl 5y 18R eaﬁ%%ﬁ%#%%ﬁ&ﬁ%ei'ﬁ’ ﬁaf?%gh of the
"Gerhraropsspongisttodhe mifgspbentrdiemg qubsitonedraliredty forward

@i r i rect] t nd) from the centre of the screen. .
A B R B B T oy e Fio
tH’éHﬁ@r@mrgtﬁ@rmﬁﬁs%mmyamwnm@amummmmr@mrou nd
-%Rg@brééﬂ%& reg&‘ﬁ %‘?%%d%%rgﬁé‘iéscg% v%%%l&e(rma gcgggg]@r%)(ﬁénrings of
other words, such an arrangement achieves improved conversion
effienstsicroamesnipenidicpllintthite audio-fisxjubngyieneigy neivibet
centre of; 2 gﬁ'ﬁn u e the, demgodulated
S%ﬁr'tﬁeﬁds to be r%f%?%@?\@tsé t%gtglcn o) rr@iﬁ%ﬁd i%nee%ﬁt%qpmgygﬂ)lé rg}{t;nof 17
intierasinig tae dvidthwthhién @ wibd eioards 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 30 thereby produce a highly-directional
soeebeash tbwainghioredisi@seirydicated schematically in Fig. 6 by moving a

measurement microphone moving along a line 19 in a plane parallel to the
audio-vision reproduction apparatus and spaced from it by 1.5m. The position
shown in Fig. 5 as "0cm" corresponds to the microphone being positioned

directly forward (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.



10

15

20

25

30

11 FIG. 7 shows one application of an audio-visual reproduction
apparatus 1 which is an embodiment of the invention. An audio-visual
reproduction apparatus | is provided on the rear of each seat 21 in a
vehicle 2, which may 5 be a car or bus, or even an airplane. An individual
in the vehicle may watch a TV program or listen to music generated only
by the apparatus to his or her front. As g result, he or she may select TV
or radio programs according to what he or she wants, and his or her
neighbours in the vehicle are not disturbed since the sound is transmitted
to the individual as a directed beam. 10 In contrast to conventional ways
of restricting generated sound to a single individual (e.g. earphones or

h ones), in this application the user. does not have to wear any
oot SHe SHHbRABIE GEORe! Fib G SHAJ SEoTSE Srearprsmes |
owhéezdishanes; oetienaaly dieeolloaatitoninAhesaplicagonl @ffrigl fetion
between[&ge visual {/rllacg atiqp on the screen and tgi corres or]lding 15

a i th

SRR SRR 1A BIREIAGEAE. T '8aL FeBRE D SR the SOrRME Eifg- which may
geaeratmtofions the displayrsangeandViiteimikigiuabacthaudiniviswahy watch a

r | aratus 1 is shown positioned on the rear of g respective
R R o P B T AR AT e 6 e
aﬁdmf\ﬁﬁjalrﬁeinﬁﬁdlmetmmappa@wlbmém/oerrnasjtippegbmmﬁm@thmg to
driver of t ' .g..seryin personal navigation system in
e e B B R B o
irffisfiwragohs{eag thmapyaddstismsemitiageiretationdiystenl ssuseliréated beam.

o T sR S BB B ke

thagi el endmerie heneratedbadptiooassidotibiicagighedgjointtizisicasepes

t%?ﬂé@@‘F(Srlﬁ@zﬁ)regﬁ?rﬂg@'nﬂglﬂ?Uﬂggmfoﬁable device. Moreover, unlike the
use of earphones or headphones, there may be collocation in the application
of Fig. 7 between the visual information on the screen and the corresponding
audio sound. In other words, the user feels as if the sound is being generated

from the display screen.

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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,and optionally integrated with) the mirror in the automobile, and may face
the 30 driver so that an audible sound may be heard by the driver only. 12
FIG. 8 is a schematic exploded view of a further embodiment of the
invention which is a display unit of a laptop or desktop computer 3. The
display unit of the computer 3 comprises a visual display screen 31, and
in front of it a 5 rectangular transparent panel 33 forming a protective
cover. The transparent protective cover 33 may be resiliently mounted
onto the display unit along the periphery of the cover 33 by means of a
resilient suspension 32, e.g., of foam rubber. The resilient suspensions
functions to connect the protective cover 33 onto the display unit of the

er, and further isolates the display unit from 10 any unwanted .
B e I Bl BT 4 b PRE BB argvention

mebicted andiesyroinding IE@EU}h@F)d@fsﬂt@m@ﬁﬁ?@lyﬁerqgvﬁﬁeaﬂ‘i@piay unit of
tc%ﬁether def%'ne two-dimensional t qpsducer arra}%includlnga centra

e HBRIR T SOTTPIR e A P et o Vi, A 9RO 1t &

embtdimdat oiFigpSrarayphmetian f@$rﬁm§r§%@k@¢ul&§' wsliarsysetrafsparent
this case, directional sound is emitted towards a user by inputting a
o L TR HCTRLD ) LA Vi N ABSPL i along the
sparghisrpeinthgereraters frgnridendisplay ssigert amswba@ibﬁd@g ,SB.Qghi§ of foam
waitching+t_since. the audio and visyal messages are integrated together.
N A e R 1 AR Carptre TR e Cover 32
aqdio tevideplane anibofid: besidattire sothfunterdisplaye sntisevarsaniwiinit from
t mbodiment of Fig. 8, shown in Fig. 9, the transducer array. =~
A AL S v e i e
ceverog6r83)tTire anoliosalimrethig salsduonitwopehiinrels shdyeberotective
presprocessed ﬂm%d%l.lated {0 fo&m arame%ritc signals, and then

e e TnGE SRR Rt vaes REAY Boderlipg =

amplified as respective inplts 0
36eirsteeaupdygiorétfedhmaygbevhich the display screen 31 is visible.

The embodiment of Fig. 8 may function as a personal multimedia system. In
this case, directional sound is emitted towards a user by inputting a
parametric signal to the transducer array. The user might feel as if the sound
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-channei ultrasonic speaker.
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achieved by this configuration. One sub-array may function as a
left-channel ultrasonic speaker, and the other as a right-channei
ultrasonic speaker. 30 13 Various transducer elements or arrays may be
adopted for use as the ultrasonic transducer elements of embodiments of
the present invention. One possibility is for the transducer array to be
formed of commercially- 5 available PZT wfirasonic transmitters
comprising a piezoelectric unimorph/bimoroh element and a cone-shaped
impedance layer. The parametric speaker device in the present invention
may be made up of these independent ultrasonic elements, particularly if
theYyaltewpitasstddcier saeafiehtelocticaly. maAlteradtiptdy for use as the

MeMPERBAIL RS RATEN AL AR 3D AP ORI A SEMED A fon.
suitable membrane-type transducer is described In Singapore paten
application No. 200300490-0 (the disclosure of which is incorporated

hergioyJ&IRIRRFR) 16i9nd Aah SHOWS: %?Patg% %’gt?fgrlﬁ\%o@‘?#%mercia“yu

transducer 15 arfay 4 comprising membrane-type elements.
meRYBIERE HhE Uispsalisel anconiireiscecan rain oo legerslechicking

laygh #o3eIREiRtb IO Widh LS BBH@EH%%&%%?ME@!?QW%

and silicon; and an active layer 41 which is a functional material Such as
a peFaeNettivcsharakacdmdearial tunaessnetrinabliancnany backadeitiusof these

43_-iﬁé@@é%ﬂ%_m@r%’ﬁ\er@mm&?%ﬁﬁ%@‘ﬁ.’ﬂ%%@é&%ﬁ%ﬁi‘?gg;ﬂ’i paraliel

point will result in emission of an ultrasonic wave into the air. Fig.
sh@ecliraltérnative suitable transducer array 5 comprising a capacitive
membrane. The capacitive ultrasonic transducer array has a 25 general

structure resembling Fig. 10(a) in which a membrane 51 is stretched
Alternatively, membrane-type elements may be adopted as the transducer

elements. A suitable membrane-type transducer is described in Singapore
patent application No. 200300490-0 (the disclosure of which is incorporated
herein by reference). Fig. 10(a) shows another suitable monolithic transducer
array 4 comprising membrane-type elements. The membrane in the
transducer 4 comprises at least two layers: 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 piezoeiectric 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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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 30 the membrane 51 when it is
non-conductive. Opposite the membrane b1 is a 14 ground plate 52. It is
preferable to adopt a small clearance between the two plates. A separate
membrane-type transducer (e.g. as in Figs. 10(a) and 10(b)) may 5 be
employed as each of the transducer elements 13 of Fig. 1. Alternatively, a

sipghenaepitane majsexterahntreaniopltipieisansduren elenamisckbthe two

hgaé(ir%% a geometry which means that different regions of the membrane
Rifttite independent membrane elements. Similarly, a separate
membrane- type transducer may be employed for each respective

trgnsducer of each sub 1 arr fFl 3 or alter atlv par
e A R AR E RIS TR R A do ) may
Sum@mlomlasmmmeHMQOQHMseﬁérwnemﬂMElgltriasﬁ)mmndtlvely a
tran ucer e ements are separate from the tive cover of the screen,
e A L e Ll R e S ae ™

10(dyinay beomteiyatddahitheepotbetivificoeat cfgluenermbttimeatBizme

protecti rve s asubs rate which.can he patterned.to form i
o R B S B R S e orane

mamaatammmm stmelze ehmelmmﬂtfoaw@lpm@enmtmamme(@@each sub-

e tit Ijo) e sed oelec
mater a?s%(yg“@@\% }% ;%\P/?})lawn % éuor rT%Wmaé e t{on(?] goross all
substitaae $ddorrs arf anﬂswwa@n&iacblcamay in the perlphery of the
protective cover. Such a tiny and thin parametric speaker might also be

integrated with a
While in some embodiments of the invention the ultrasonic transducer

elements are separate from the protective cover of the screen, the
membrane-type ultrasonic transducer arrays of Figs. 10(a) and 10(b) may be
kintegrated with a protective cover of the embodiment. The protective cover
may serve as a substrate which can be patterned to form for example the
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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25 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. 30 15 For example, Fig. 11 shows an
embodiment of the invention which is a mpbile radio telephone or cell
phone 6 comprising a casing 61 containing, in conventional fashion, a
transparent protective layer 62 mounted on the casing through which
visual information generated on a screen behind the layer can 5 be

obrgererdnfbiparagetrcssReRkan G (B dhiffeh METIREARSdNRE AW hich is a mobile
desctrib (1 aﬁ%ve in relation to Fig. 10) may be incorporated (e.g. hidden)
i GO SFUTBEE 1) GPU 2 NPt PRI R P RE'E BRRIEHBIRCKay,

mayrhverfiahrigdtechionhe prateptivedayesBR tlieerilyeapd mshaet®bn the casing
bonded onto the patterned substrate to form an

functi | material is the C
e P S P L SR B cor
wbemaseﬁmified)amam&tdcs;ﬁéglﬂéki63r(@u§.t@memgﬁci:bréﬁ@drﬂ@i@/%/described
th metric . speaker m e formed by mounting, independent
ul?era%%r%@t%f g%c%?%\%nﬁéﬁg“&yéﬁ%lﬁf;éy&éaf%% @bl in the
tefephariv atigee B2to\aatbustbettatitse saﬁgeasoéasbl'@lli&m@r@@nr@g, /Ry be

1 in Fig. 12. The telephone may include a small camera 64 an _
et I AR S IR e sPhe - arbepagmateria
besftheabiendethisitases thet persahaliay thawisido nepsedulctigionic tkransducer

tus. be. hidden in the main.module when it is not in a warkin .

D L R e e
theigmeeigiorpirt to the array.

Alternatively, the parametric speaker may be formed by mounting
independent ultrasonic transducer elements or sub-arrays 67 on a mobile
telephone adjacent to each other at the edges of a display 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 havihg 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 parallel
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 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 25 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 theiqgurfaces 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 parallel to and flush with the front surface of
the phone (i.e. the surface containing the 30 screen 71 and the keys). Fig.

13@0\)‘iglnmf]\ti@fa sé¢bactemgne>nemnpmmfm&h@oméigyrgﬁpmﬁ@ﬁd@]@@ﬁ@@%m the
[ [ S 73 do not jut.out e body 70. In the _ .
RS ML LIS RS0 LS v n s
réspetivessidetivef digasonlytie Hodylt@thativatermzedisenisothermaythey may
f [ f 70, The telephaone body 70_carries a first
e o SRS Mt
trahianedr asleslems atsolé, ahd tralogethis semeactile Toadlansrzdsddcer

CRIBHTESRESHYG o 'UHRSS RN AL apSaH ﬁ sjernents 72%7&%%%?/{%%@0’&%

when the flaps are in the "popped-up™co guraﬁion%?

aftgle sUHRNSI transdacaratearenidtd 6hd front surface of the telephone

may be adjustable. For example, neither the common plane of the

elements 76, nor the common plane of the elements 77, needs to be
pariienedhatsintedieprarte s Renher-ihe’ angiggurhicn thefigps 3(a),
Tt SHORG MR the sy 770 ma IRRLEOLIQ QRMimize sou

resporg{sae. Optionally, the 15 t’elepm%%egrgvﬁﬁ t?éj%?rrgnéé’a S%Ct%g?ﬁgggeﬁphone
73B¥he Sivpiabieal fyaibowrime ldrejthristoé therbotyn 7l aine. 06 freshevieents
a7k RIRNERh SY Ryt dg,gul rto,and which hiseets,
the front face of the mn(%)bileephoﬁ& %}igg.{gﬁ%a a’n%le&)?sa?g B%H %/@%3; g? gwai of
flip SlEhAIgIntent of Rethevetitoangles which the flaps 72, 73 make with the

body 70 may be selected to optimize sound response. Optionally, the
telephone may be arranged so that flaps 72, 73 bend symmetrically about the
long axis of the body 70, i.e. to preserve a mirror plane of symmetry which is

perpendicular to, and which bisects, the front face of the mobiie phone.

Figs. 14(a) 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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20 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(h)). 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 25 royss 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

maveketweehadpairmuhtonfigyratom(tg. deEhandR 6PmMRAAts there are

c%%figuaasti Urg;g?igr 15%;)%;5In 17 cantraggt the embodiment of Fig. 13, in

HE TS AIRTEht O Eig TR et L ThE G ek S&thents provided on

the body 90 itself. Figs. 16(a) and (b) are plan views of a further

embaqdi f \nvention, 5 The embodiment has a body 100. Unlike

eSS Sl R e S e deehatisughion

an lzeraynobidémsdi ders 4 0B dnd Othichikenbeadtedoetvestt afop-oL8, there is

canfiguration (Fi )).and a compact configuration (Fig. 16 10 L

F%@g%%@ﬁdﬁ %ﬁﬁgb anl%?ec\f\giasrr(‘) R30rhE? e%b‘g%‘ﬂ%%lr’%%rfst é% and which is

invervidre iEénvesmsacoorspomdintidortiuse (Gid-id 616)ammdiveroiefesence

n igher./As, in the embodiment of Fig. 16, there is only a

si%%]@[qg[)&%i%@'it@g%}()vided at the opposite end of the body 110,

near the screen 111. 15 Several exemplary embodiments of the invention

haye.b [ . as will lear to a skilled reader, many.

o e o oy R BRI T R on

frofemenisventies pondimetsaiboesed figrdif 2t given reference numerals 10
higher. As in the embodiment of Fig. 16, there is only a single flap 112, but it

is provided at the opposite end of the body 110, near the screen 111.

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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LLOYD WISE: 18 Claims 1. An audio-visual reproduction apparatus
comprising: a visual display screen, and an array of ultrasonic transducer
elements for generating an ultrasonic 5 beam, wherein the display screen

overlapping with a two-dimensional region defined by a minimal LLOYD WISE

two-dimensional convex hull containing all the transducer elements. 10 2.
An apparatus according to claim 1 in which the transducer elements are
arranged as two or more sub-arrays of closely adjacent transducer
ts. 3. An apparatus according to claim 2 comprising a respective

amplifiexdosudifoedshafiréyecltompp phteansdurepesiments, and a
controller for | rg ndent controlling the respective gains of the
ampllfleqs $E%¥a§us &CeM ing to claim 2 or claim 3 in which there
are twoaatﬁtrmyaqfsuttnesmmcstrbmmbelagwarrtmgnfogmmeéwg aontitlasonic
g}gnals 20 derived respectively from left and right stereo channels. 5. An

atus according to any preceding claim further comprising a casing
for the dibigimirsd¢heedjspiayransekicervedappitgbeitiy intagratisoeinsiosal region

%a%tn%g f @e d'Sprﬁ%%a‘?e'f\N%) Sman rp&ra%%gggor& pt@oﬂ[ﬂéﬁnm call the

préceding Haifn comprising a one or more other sections whic
dremaduablesterativdsto the body, some or all of the transducer elements
being provided on the movable section(s) of the apparatus.

2. An apparatus according to claim 1 in which the transducer elements
are arranged as two or more sub-arrays of closely adjacent transducer

elements.

3. An apparatus according to claim 2 comprising a respective amplifier for
each of the sub-arrays of transducer elements, and a controller for

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.

7. An apparatus according to claim 6 in which the movable sections are

foldable relative to the body.
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30 7. An apparatus according to claim 6 in which the movable sections are
foldable relative to the body. LLOYD WISE 19 8. An apparatus according
to claim 6 or claim 7 in which the movable sections are receivable into | oyp wige
one or more openings in the body. 5 9. An apparatus according to any of o
claims 6 to 8 in which there are a plurality of said movable sections
arranged symmetrically to either side of%he body. 10. An apparatus
according to any of claims 6 to 9 in which there is at least 10 one said
movable section arranged on a longitudinal axis of symmetry of the body.
Bl. An appapaiasaccantiogiingty gatocsiiogatiaminnitdbre troh saidable
transducer element comprjses a respective piezoelect nimorph or
5 o PR

SER PR e S PR T e B

apparatus according to any of claims 1 to 10 in which the transducer
ray comprises a.membrane driven by pi legtri teri
?g'ceive %%Pgr%'@[ e & %@g}aégl 2% ﬁ&éﬁ%zfp%g(r?a u@ g\(’:@ézrrgﬁrﬁ%ri%%qr%%
of otaiits df EakDritowdiith seetivassutargetrayneoeafsitstly donedindiside of the
riven by electrostatic forces between first conductive material located on
tR&8Membrane and second conductive material located off the

membrane, the first and second conductive 25 materials being arranged

tg have g volta iffe ' - r i
O BRI A RO ot e
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.
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receiver, the display screen of the apparatus being the screen of the
television 30 receiver. LLOYD WISE 20 15. An apparatus according to
any preceding claim which is located in a vehicle. 16. An apparatus
according to claim 15 which is located on the rear of a 5 seat of the
vehicle. 17. An apparatus according to claim 15 in which the display L
screen is located for viewing by a drivetlof the vehicle. 10 18. An
apparatus according to claim 17 which is a navigation system, the display
screen being arranged to display navigation information and the

transducer array being arranged to transmit audio navigation instructions.
10 -An d¥parnasieaerrsiveiamnyyniesrdincistains whjcscelasated in a
Lagiigance 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. 20 21.

An apparatus according to claim 20 in which the display unit comprises a
trespayenbppiestieRRRbRS e oihirmes et exiensingacsash e o5t o
of the display screen, the ultrasonic transducer elements being located on
gL QHBI R Rriphery of the protective panel. 25 22. An apparatus
according to any of claims 1 to 13 which is a mobile radio telephone or a

LOYD WISE

C hope.
1eJ,|.p ,Rn apparatus according to claim 15 in which the display screen is

located for viewing by a driver of the vehicle.

18.  An apparatus according to claim 17 which is a navigation system, the
display screen being arranged to display navigation information and the

transducer array being arranged to transmit audio navigation 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.



