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Field of the invention The present invention relates
generally to a display unit, such as a display '
provided in an autonobile or in an item of conﬂMﬂ@&'M
el ectronics such as a TV 5 set, a conputer or

phone etc. In particular, it relates to a di spl ay UHI¥
havi ng a sound generation system Such a unit is
referred to herein as an audi o-visual reproduction

apparat us. Background of the invention A conventiona
audi o-vi sual reproduction apparatus conprises a screen

wh
grectlﬁméggt:rﬁtg By i S50 BbAEABH SaRsn L Ype

si des or above-and-bel ow t he screen. Unfortunately,
s [Fdld f thee imvegdoent results in non-col |l ocati on between
the visual information on the screen and the

erated sound., 15 b e.to npke t .
OSHe mresentiavertiniates denetaibde s s it SuEB S A datay unt
d'g? ﬁ&d %?éﬁ%“utoﬁ%né@ﬁﬁt gh fitert 6f EasINNGEEIcoREsics Butk Yas a TV

I eve exanpl e, US 5,400, 414 di scl oses

arseemacommmm mbllerphwg@tgﬂn ﬁﬁﬂj@mgf, igrelates to a display unit

pi.ezo- pol fil par [

DS, 9o bbnEtaief yelamablitn g SRETR M fo orein as an
f rugRsivisual tepPodWitionheppadrites. Although such 20 an
arrangenment achi eves audi o-vi sual integration, the

generated sound can kA be heard both by a target user
an&%ﬁﬁﬂﬂ%@ém%lr the t because the sound generation
systemis omi-directional. One way to overcone this

pr@%ﬁv@nttﬁ‘f’n‘éi Hués- Jl&féﬁépl%@ﬁ@f’&‘i‘ﬁ?p@l’ atli e a8MPABES a screen on

However, 1t 1S not way's cont le to wear an
eavtibbireages aahdadgsnenatedandconmtypei etectromagaetic speakers

§Eq|l§éq§§3q,§ﬁ)fagﬁﬁlla?q;pﬁﬂggg rgtr %gyé’%ﬂﬁ%%w?hg sereeh. Unfortu nately,

such an arrangement results in non-collocation between the visual information

A

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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ear phone or headphone. 2 Summary of the invention The
present invention ains to provide a new and usef ul
audi o-vi sual reproduction apparatus. 5 The invention
is notivated by the observation that, in contrast to
the sound generation systens enployed in conventiona
di splay units, another known type of sound generation
systemis a so-called "paranmetxyic speaker". A
paranetri c speaker enploys an ultrasonic transducer
array (that is, an array 10 conposed of a plurality of
transducer elenents). The array is capable% under the
c iRARINkbRd el ectronic signal, o
tSUHﬁﬁé eidtich Ibﬁr a narrow ultrasonic sound beam
The ultrasoni c sound beamis AM nodul at ed usigglan

L0 _signal y using the agudio signal to nodul ate
?ﬁ@e é’lf%%%qﬁ a?]‘fed‘%ﬂgarmsgo RRPYIER 2rew @%ti Hisefylgushionyisyal
t The AM nodul ated ul trasonic 15 beam
igﬁgggﬁggﬁégﬁgﬁéuﬁ%nndulated as the beam propagates
through the air because of non-Ilinear acoustic

cob§ EbBonaR 1§ MeRalE BY i o SRR lpdsiin SBirastia he sound
sgeraration ¢gstehi 6mp QARBATehtibr] Afbpfs @ni?s‘?;é'ri:\g)ther known

spotlight that is audible only by people at
| @@&tqf@ﬁuafi aeneratinmsysiemtis agia-callegl pararastricas paaker’s A

j ' . i 0- VI sua .
A RSB B RO gL . am
deembesed of agluraitybfaransducaselehents) IRSHHERS isdabable, under
ing an ul trasoni c beam and conprising two

gﬁ%re el g} anampryed &M@d\%ﬂ@&b of Hanpitiing éntg agta nagow

distrak8¥ic¥oURB beah. TG hralonic sound beam is AM modulated using an
audio signal, by using the audio signal to modulate the electronic signals
which drive the ultrasonic transducer array. The AM modulated ultrasonic
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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25 portion of transducer array is enpty or
transparent, through which the display screen is

vi si bl e. When a paranetric control signal (an
ultrasoni ¢ signal nodul ated by an audi o-frequency
signal) is applied to the transducer array, a
directed ultrasonic beamis generated. Non-I|inear
effects in the air 3 denodul at® 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 neke the user fee

g‘??iérg)n \\;ﬂ‘i{e th e‘ﬁ‘t@rldzr Qﬁéﬁ‘%?ﬂﬁf ngér%%nlﬁgﬁf dy SéH QMdlo beam

ppoypEgating pespemdictianto the scréem.get user and sel dom or
never, disturb unrelated persons. The ultrasonic

: rﬁiﬁﬁﬂ%ﬁ&e@ﬁt% nfqéu%g} w%@ﬁgmgg%l%%” th%qrefeel as if the
S'éguﬁ‘di iA¥8inef gdricrARAUFSH tRb ISy scr%%ngivhéﬁ AE’drshe |s|watch|ng

adj acent oneé Tanother). 10 lIdentical paranetric sign
mify ane algopmag droject the saunidviowmasds a ddrget uagrsanaed sgldonyial never,

a n i L Al ternatively, different
pgfsg@?w@@g%%ﬁg‘fso%y be applied to different
sub-arrays, e.g. via individual respective anplifiers.

Thte @aasodiortrasdocenplralirmay aymbdeas ef:trmiaﬁe@dbat traAsducer
same. Alternatively, the respective gains nay

s Elesenis, of JRay.Lomrise e OF Sagrer $ib-aBave %éaaﬂsd.ue?ﬁf elements
1% gnglogg I é@erﬂr@% hﬁotﬂ@ﬁ One possibility is for

Wo sub-arrays,” the two sub-arrays being
arranged to receive control signals derived
r échgrdical paﬂaynétrlorslgrfa‘ls mayce applied mttheemdmidaahsml&arr%@s, e.g.

The transducer rate . and

o GMTHON Bmaieh AlSS e et CeRERaE ignals Aty be

a gppRed & afffekdet HibSiirays, ¥0d.888 IndiviitSIrreapestRieyamplifiers. 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.

The transducer elements of the array may take various forms. One possibility
is for each said transducer element to be a respective piezoelectric unimorph
or bimorph element having a cone-shaped impedance layer. Alternatively, the
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t he transducer elenments may be integrated, e.g.
enbedded, in a casing of the display screen. 25 The
transducer elenments of the array may take various
fornms. One possibility is for each said transducer

el ement to be a respective piezoel ectric uninorph or
bi mor ph el ement having a cone-shaped i npedance | ayer.
Alternatively, the 4 transducer array nmay conprise a
menbrane with control circuitry being attached to the
menbrane to permt it to be driven by a paranetric
contr ol signal For exanple, the nmenbrane nmay be

d I

RSt Rl Sohtp s F b anc PR ARy belno
siatiacthed fo thet menatrane ky petrhig itrte rhierca'nenrbwa lparamletmmdntrol
el ect tatic forces be%yeen first conductiv

mildBA]- 10T exemRle: 1R MebrB MAYLeRtvalt XSHE?ZQGW&Q material
Second@bn'tﬁ&%&ﬁb@‘rfe altfa ﬁ@% dREredeie 4 pafAmatt control signal.

conductive materi a ei ng arranged to recelve
aNternaatgelwrchié memnicrandanay bemhsuebwyteiecmmtah@forces between
ﬁnt r ol

(R BN gC B atsia it Padfe Bas bRk Seifops conductive

S‘Pﬁeﬁéﬂaﬂbcétﬁﬁ Gty r%bHﬂJrQﬁé NAetfiit Hfd 8brRf cdritRictive materials
tel evision receiver. In alternative enbodi nents of the

i being arsangechts weeeive-a veltage diffsrennecdetermined byptherparametric
[ Vi in a vehicle, such as a car, bus or even
a??ﬁrghéaﬁghe audi o-vi si on reproducti on apparatus nmay

be arranged on the rear of a seat in the autonobile.
Alternatlvel , such an apparatus may, be arran

&ripin embodinepisy of tgeﬁww;sloasars tﬂ@ﬂ@tﬂﬁhwet‘»ﬁa«ﬁ%éhe Slisplay
KI8T 9 e ettt
apparatus to be played 20 by a mrror of the vehicle,

Lfg gltgfc’nattlvg ermet{;l(gd|nn'}ernﬁs>p (rJf the mvencilront ee 568‘ n‘f’\ggﬁ:a rre[fa}r[ordau)étion
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.
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to be arranged to generate audi ble sound to be heard
by the driver only. Further enbodi nents of the
invention are the display units of conmputers, such as
| apt op or desktop conputers. The display unit may
conprise the display 25 screen and a rectangul ar
transparent panel formng a protective cover
resiliently mounted on the di $lay unit along the

peri phery of the display unit by neans of a resilient
suspensi on. The ultrasonic transducer el enents nmay
then be nounted on, or integrated into, the periphery

Ot LG REEE EBEéi\SFﬁt Aner apé?ﬂaﬁhérﬁ %ﬁ%n??@%}bgfﬂdﬁa\ble item of

the appar at us may e any her
cgoasureer eleetronics| esy., @rrgablleaadntteleephoaelm aed| phuinene
or cell phone. Brief Description of The Fi gures

Pr_ef ed .featu f the invention will now be
dM—%&g—w Of hae €8f 5 illustration only, with

reference to the followng figures in which: Fig. 1

strquferiedf featiireS B a5 FRBHtiGN Wilhgow heedddcpibedhforihe sake of
television receiver with a picture screen encircled

byllu&tnatmg osty, ydihaeéerence @@ﬁwfoapwmg figyres imwhigthh or
bi mor ﬁ@ﬁé’ q Jﬁstl ABSANESH: of HRVERtio '\Aﬁﬂ({fﬁles a television

sche | ca es sound generation

errb@@lvefamth afpictufe Bt@enlendicled 3y & hiogsofadjsmemtdspaced apart
enmbodi nent of the invention which is é‘ t el eiw si on

r &6 VRIMArRDigT Pimopit viiagonisteansdyrar eegiRNtSub- ar r ays

of 1 nEWa.cH Satermaigay Jndinel Ut deneBaaty b dmBodRient of

pq:r@nvptrl c signal is applied to the 15 individual
sub-arrays of the enbodinent of Fig. 3; Fig. 5 shows

exper i Figh8 showe séconef embodithantes the vieatieh V\(rﬁiE?L)s a television
versus position generated b

mbodi
3;Terpiyer BAYRG RAsPISIEFR REfEEEAN e'ﬂEES@P 90GY8 Of ansdlcet elements
PRSHELRY ABEnE*B& LaGEY & 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.

Fig. 8 shows an embodiment of the invention which is a laptop/desktop
computer;

Fig. 9 illustrates the generation of sound by a further embodiment of the
invention;

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;
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results of Fig. 5; 20 Fig. 7 illustrates schematically
an enbodi nent of the invention which is a display
unit located in an autonobile. Fig. 8 shows an

enbodi nent of the invention which is a | aptop/desktop

conmputer; Fig. 9 illustrates the generation of sound
by a further enbodi nent of the 25 invention; Fig. 10,
whi ch is conposed of Figs. 10(g) and 10(b), illustrate

menbr ane-type ul trasoni c transducer arrays suitable

for use in enbodinents of the invention; 6 Fig. 11

shows a further enbodi nent of the invention which is a
nobi | r

shows 197 LF Pk aTBAAR ebodhonTRE iRk ek s g mobie
medidio ¢elepkorpbooell phwhegarsd par anetri ¢ speaker attached

to the edges of a display 5 screen. Detail ed

Descr ifig.i Ghshwws Adushenembedinaermtaff éhe inugntion syhigh isca mobile

F i.rst L,en f t LNy n |on |
whieRftongouhd ' ERBHALTE Rhodier aifachBd P the RabPs 57 & fspiay
sgerem. 11 and control elenments 12 (for exanpl e,

buttons or other devices for inputting control

signals). Around the display screen 11 are

distrib . bi porph ul trasonic

t ShRLRNCIgeS PERISNG EMPOUXEALS t 0 each other in at

| east one ri ng The eI errents 13 can be considered as
collectively formng an array of elenents 15 spanning

a Referringrfrsty tmﬁlG.rh@ finst émibodimermstyqf therin\armimplis shbwen which
defined . exact as .t.he m. nimal two-di nension convex

it 7 UEBHeiergar | witke SSRAEHESRH! A8 BORFRGISERNS 12 (for
t BRampleLbutDnSBHothérdevidss B fLting 66919 d@né{sﬁ'A%@nd the
display screen 11 are distributed PZT unimorph or bimorph ultrasonic

transducer elements 13 adjacent to each other in at least one ring. The
elements 13 can be considered as collectively forming an array of elements
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.

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
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,
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t hrough the enpty portion. 20 The el enents 13 may be
integrated with the tel evision receiver (e.g.

per manent |y enbedded in a housing of the television
receiver). Alternatively, they may be attached
renmovably to the housing around the edges of the
screen. When a paranetric signal is applied to the
transducer array via an anplifier, the elements 13
generate directional primary (ultrasonic) waves in 25
the air. Nonlinear interaction between the airborne
ultrasonic waves results in directional secondary

HSHBISHITS oben 198 SHSORTALPETpie i bl an
ddispthy spane carube madeseoifarm. Sihes is(ibiRityated schematioallyain FIG. 2,

T o HRESng Hefd derstad T BRearod mer pF Bl 1 The
Obuives 1deRprédertithé tege iR sudic wavis éﬁﬁ.@%ﬁ@%@&@@d

in the main beam and ~di splay space ca . _
uHltrasenic wayes)i and @t the logation Adheymarée claiseytoibeimg @nif@m. The

i f i H d b H 1] n
LA RRRE splif BRHNY oSBT i B ermeep the s
r ageript, aeahing that avaigl-diretionbhsoiripeainas @ehfevable. These
ultrasqnic wa ), and at the |location A they are

\ es .the, _ _
creuitsqindigatedgat, aueh amaudinavision reprdlablica appanatusinaayachieve

D BERRLE) M el RARPIESLATS doREBendrseo
i froacthiecdiaplag .scWémrgwhen éw/8Hesisiwatthiaget, tahdtr](ji;pltdjﬁectair?]ng the
| 0< Vi Si t ve e
7 Sued [ o EPEekiSe GROBIdRB (of Bevorsg b estated
| peRRIngg generated 10 fromthe display screen when

he/she is watching it, and (ii) projecting the sound
towards a target user and sel dom (or never) disturbing

BB RE oA P o B FaneBe B mentg ae

adiranged adfacentto 84EIRbHED td FSrA AN aRfalyaNithVah Rndfty RERir4I

nglt'tiro?ll, 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 greater than two). Each sub-array may contain
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 neighbouring elements within each sub-

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 transmitted to a respective individual variable amplifier
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portion, as shown in FIG 1, an alternative second
enbodi nent is shown in Fig. 3. Here, there are a
total of 8 sub-arrays 15 (although the nunber of sub-
arrays is limted to this nunber and there may be any
nunber of sub-arrays, particularly any nunber greater
than two). Each sub-array may contain 20 ultrasonic
transducer el enments closely adg acent to each other,
e.g. in the form of a honey-conb structure. The
sub-arrays 15 are attached to four edges of a

tel evision receiver. The spaci ng of nei ghbouring

elpeaks, %\ﬁﬂ ﬁ‘éﬁ‘tc‘?%?@sﬁé&we?ﬂeaé? ths sBBE rl'ﬂs.;'ggrhﬂipﬁ controls

spaci'ng he sub-arrays from each ot
Othe gamlsquthah/analbie amphfwrsa/ls .@8. The gaétohdach ampluﬂer

CC: CBanoy B8 seiscted o bodng SameAer aaibe )t iy Decielected to
Sihgnhtferent \‘cﬂ ddtinsarpphiffer ¢1e G@(tﬁé‘@bfﬂs%éy %ﬁlmﬁ@j’tobf‘em

transmtted byacommn an‘p to each sub -array.
Avabiesaor oplignallyshe lapoplifiers G|1g G&may lpecapablenaf Eogiding a

e mare e B AQisfinBahdl fheicait Vol Sharcrch he Smmigers
t @’ﬂSGBtr’hég fop eﬁaﬁ@@@fépé’iﬁarﬁ% é((b&#éﬂn Vtéfteéfhﬂhéues known in

anplifier and then to a respectlve one of

t e ele- csfrnaégmetnmepéahetrs,ltw resuit indthe saunel bram deirig steered
f &B. The gain of each
an‘&n?phgra?ﬁ% {,O. é@ﬁﬁ%n%e sel ect eg to be the sane.

Alternatively it may be selected to be different for
e ha ifie the gains nmay be limted
%t%le%h 6‘?3'-6’15%6 zﬂyﬁge%a rﬁesem?/ngrﬁhe@cemd er@odlment of
a
m o%@e ﬁTathl i 89 §9F@%&@l9§%@sﬁ&kﬂﬁﬁ Fig. .

Adj e gain valué eac
Gi-lowmrnwpere‘asrln ébtemmbadlmenbefr Figr Brdehieramrereightgﬁubearrays

t SOPRleany RACA shsel S bt 7olRURE soreans ARaraach of the

g%gsgatrlé sfcé&si’igﬁf oPE%tlrhgjéQ ggéfgﬁr;lﬁie%br %ﬁoﬁ?&éﬂ by shor
transducer elements 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. Specifically, there was a first ring (i.e. ring of lowest
radius) including 5 elements, a second ring of 11 elements, a third ring of 17

elements, and a fourth ring of 24 elements.

These results were obtained, as indicated 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 "0Ocm" corresponds to the microphone being positioned
directly forward (in the propagation direction of the sound) from the centre of

the screen.
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Fig. 3 (in the case that all gains @ ,...3 are
equal ) are shown in Fig. 5. However, whereas in the
enbodi ment of Fig. 3 there are eight sub-arrays
substantially equally spaced out in a ring around the
screen, and each of the 15 sub-arrays consists of a
single central transducer surrounded by six

transducer elenents in a ring,9in 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 conposed of 4

CNY Iflbngsth%f ultrh5GHE & ekt tﬁb%@ﬁ?@? Bosmon is s?']aHer than

Speci there was a first
I cbhmgtt cﬁl@ewpmhlmmjs qespbolallmmépemma‘sabwts&ﬂmm andrg@0cm).

¢ Sttayer, T danoduialid SRl 48 Aof weaKer AterERGE: L Bihe? words,
olai;ah %darréﬁgérﬁé’h%rﬁ&e%qﬁﬁﬂa\t/é&é‘d)ﬁ\)érSanFéfﬁmeﬁcyb‘ifom ultrasonic

noving a measurenent m crophone noving along a line
1@nerglaind thecapdipdreasiency engegyonearthe contrsi afithe sound beam. In

a8 (45 So Qg R, e Rl BRBE Shr (b rst ol fe®

m cr ophone being positioned directly forward (in the
propagati on direction of the sound) fromthe centre of

t Notedhatdn somenembeditients itngy bs, wpn@ ingreasisgthe with of the
t
SIS SRR B R T PRl B 0 of bl idoaion

- 24thig whldl'bthevymak ofithe dimotiulateechudith. sighahbés \aa‘aglelSPL and
accor I . I'n other words, such an arrapgenen
adher @g’ P&'ﬂﬁ‘b@ fg)’)‘ﬁ*\f ireFtions sepnd beaft Goyer, more listeners.
ultrasonic 5 energy into the audi o-frequency energy

near the centre of the sound beam In the main sound
bddB, 7tdhowdcomes applicatioBRIf aneawctiiovisuaé reprofioction apparatus 1

t RV B 7 GHTeRh e e Byertti: A Seis:a) FéiFpléion

Widdpahatys 1t @Q)r@fnﬁéétonothe%gla@\eébdrgséé@1r iR Q8hisl& 2, which may
wi thin which peak of the denodul ated audi o si gnal

hgb_f,-) acarl ghblmLor eMem 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 a 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.
In contrast to conventional ways of restricting generated sound to a single
individual (e.g. earphones or headphones), in this application the user does
not have to wear any potentially uncomfortable 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
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t hereby produce a highly-directional sound beam
covering nore listeners. FIG 7 shows one application
of an audi o-vi sual reproduction apparatus 1 which is
an enbodi nent of the invention. An audi o-visua
reproduction 15 apparatus 1 is provided on the rear of
each seat 21 in a vehicle 2, which may be a car or
bus, or even an airplane. An iModividual in the vehicle
may watch a TV programor listen to nusic generated
only by the apparatus to his or her front. As a
result, he or she may select TV or radio prograns

a n t

"5EG58 of SortBa p Al Wl R aB Sl ey be

t positioned preximata iné dtieer d)fdhervehlof&ilezgdsﬂwlr@s@saa personal
directed b I t t t .

- Savagen Ay d B e e artoLte aiarats i SkeElo display
( jSr@cti@ﬁirﬁbﬁﬁ&ﬁor@g geambmﬁa)thelsbuhal%eerfa@mnars:gystaﬁm is used to
t he user does no ave to wear any potentially

urgeneratetditgicon énateustiondr eover, unli ke the use of
ear phones or headphones, there nmay be collocation in
the application 25 of Fig. 7 between the visual

| NhaneHdrgoselbilith eroﬁetbfem@ disyslay Berexer dfeth B ppiargtus aAushiag be
sound In other words, the user feels as if the sound

sal@s@dn@y genisionios the velyaie: (rather tandeing aadmaoggenerated based
i Po0E RO I A8 LSS RRO M R AR loh formec
t Hend mptiohalbnintegrated W|tln) thedmirrortimire aOtomniplecand Foay face the

gﬁ VB so Efafapible saind iRy B hoart bf PerUNGERNDl0.
serving as a personal navigation system in whi ch

the screen of the apparatus 1 is used to display
diFfl&c8iisra $okfepnatict e'axmod@d yieweofna fijrthemdnivediswnh of the invention

gener tion stem,i enerate di r
TuFRes ReipaY fivt ol errtopsd el Gompljes o neidoplay unitof
dltﬁ@'c@)/n;ﬁﬁéﬁ%oﬁfprtsag PABGIHistSIay sHRENIE!, cEEEbOf & a
mrror he vehicle (rather than being an inmage
ggﬁgt@aﬁggl;aryjmarent 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 computer, and further isolates the display unit from
any unwanted vibration. The ultrasonic transducer elements 34 of the
embodiment are mounted on the surrounding periphery of the protective
cover, and together define a two-dimensional transducer array including a

central empty portion through which 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
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on electronic signals). In this case, the paranmetric
speaker may be fornmed 10 (and optionally integrated

with) the mirror in the autonobile, and may face the

driver so that an audi bl e sound may be heard by the

driver only. FIG 8 is a schematic exploded view of a
further enbodi nent of the invention which is a

di splay unit of a | aptop or dds$ktop conputer 3. The

di splay unit of 15 the conputer 3 conprises a visua

di splay screen 31, and in front of it a rectangul ar
transparent panel 33 formng a protective cover. The

t irRBGMAIR M6 cORVENRME ¥EMPRYERS i Whith/thBealdis el kB afe arranged
mount ed onto the display unit along the periphery o
thésﬁéﬁbecgﬁﬂbﬁehéﬁhgyOf a resilient suspension 32,

e.g., of foam rubber. The resilient suspensions

functions to connect the protective cover 33 20 onto

t readiasiphtyf thei émbdditieht ©f Fin) 8 showndn Rig.td)1@he tgPsaliesr array
the displ unit from_any unwanted vibration. The
LCPMRESRE Be SHRsATAYEr 35 08 e BUTEUNAINg eEipheRbbkpTRkaative cover

ang TRE LM Qéhrb@%igiﬁlf ?ggm?ﬁ’éjgeﬁgg{aé/ 54 pld Brocessed and

protective cover,
t modiilated 40 dorah parametiiccignais,rand theol ardplifiedas cespactive inputs

Bl 8% S BBab R £ 8y SSEASAGE Sl ety e
pachiensli byithisi dorfligaratioht €he bUb-dgFay_Smaﬁ?nctﬁin; &S hiief@hannel

sound is enmtted towards a user by’inpUtting a
pHitEaseNic sPedkghand the oiber paagightwhannekyltragoricepenker.
m ght feel as if the sound is being generated from
the di splay screen 31 when he or she is watching it 30

sMacieus$ rangddcer elomentsophrrapsmmayas adeptedtfegnss ad the
together. Note that this is 11 in contrast to )
CHE@éﬁmcoﬁﬁ%n'sdwﬁﬁ gtamments of gmkadimeatseidhe Riesertdavention.
arranged beside the conputer display. In a variant of
t he enbodi nent of Fig. 8 shown in Fig. 9, the
t Canesphssiilityris foyr the tamspucerarayo iselforaredgkcdhmencibing
surr. Lbnd' pﬁri h.ery of .Rrot ective cover ,
available ultrasonic 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 they are connected in parallel

electrically.

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
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33. The audi o source signals fromtwo channels may be
pre-processed and nodul ated 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 left-channel 10

ul trasoni ¢ speaker, and the otlBer as a ri ght-channel

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

| RYSHOItHE gléb'ée%lé’ﬁw%?h&‘ahbta\( |tbsre§6’r*iaﬁtg%lﬁtr\ﬁﬂ$§é@?fn emission
array to formed of commercially I'abl'e PZ

ulof paditrasONic wWieyaiintodhe aonpri si ng a pi ezoel ectric

uni nor ph/ bi noroh el ement and a cone-shaped i npedance

| ayer. The paranetric speaker device in the present

| Fige ritOi(b)siays e altefteative sufitableetgansduede rragenéomprising a
ul trasgni c el enent particularly if they are

c GARBEHWR Membrang ﬁ’bﬁ ca@@C@V@@!tra@Quq Vanaqqcar@artay\ms‘ya
”? ré‘é‘%trhbfﬁﬁ ‘Fé@éFﬁBﬁrfg F‘"@y gag a?ﬁer‘r‘lpﬁane 51 is stretched
ansdu ui l'e e ype

cer el enpnts. rane-
t eamﬁwﬁam&shaiesg mmmnielbac!sroagﬂper but ipatomitriast to the transducer

2003004 he d I f
P FigE ADiraPaeerssier of Hong Olbl Pemises Mipingal pgtes. The
Shﬁé’hﬁb@?\@t@ﬂn g Ftl@lm(tﬂmay 'f@rﬁbtfbnté@é‘%%ﬁi% ca%%b@ée‘blate

conpri sing nenbrane-type el enents. nbrane in
t M&e@db@éonmucstjwr/hlgegaaa\tely amndumve @yer mayabe)denoﬁ@d onto

I t
e netfors 35 Fleh 8 B Ml 0 5o o Sk By B4 1 s o

4gr@m1d:|hlat§52 fitlis preferatle tebeopba smaliciésratice between the two

pi zoel ectric ceramc 30 material. Under the nenbrane

aP@®%ck cavities 43. Vibration of the 12 nonolithic

pi ezoel ectric nenbrane at its resonant point wll

result in emssion of an ultrasonic wave into the

ai/r sefrirgte meirasadype transducearifelgi ae irs figsaliO¢a) and 10(b)) may

t rb%neanbjl((:)%d 35"é4en of(iﬁg?rralnsédﬂger elements 13 of Fig. 1. Alternatively, a
single membrane may extend between multiple transducer elements 13
having a geometry which means that different regions of the membrane
constitute independent membrane elements. Similarly, a separate membrane-
type transducer may be employed for each respective transducer of each sub-
array 15 of Fig. 3, or alternatively separate membranes may extend across all

the transducers of each respective sub-array.

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
integrated 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)
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5 capacitive nenbrane. The capacitive ultrasonic
transducer array has a 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)18ay function as a
positive capacitive plate 10 when it is conductive.

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

t BRJ/BR BByANST- @sé@plézoab@tﬂlﬁ%ﬁﬂeﬂb% @®%. F"\VDFSRoIlyvmyllndlne

preferabl’e to adopt a small clearance betwee
ﬂ@@ré_f&) may hehapgledtantenting subsirate e fonmaasduicasorie transducer

ofefi Eperkitil) it fhdldg Blerg oI ©ve7 2 ST

Alternatively, a single nmenbrane may extend betmeen
Itlple transducer el enents 13 having a geonetr
WHHER Brfiny&nd frie ParamelrEperkar Btiahtaise Re Thiegatafiavith a

CBBﬁéblblﬂo@\snﬁ'@zne_ chﬁc geiee %‘%rﬁtcgé%n@yalggméﬁglﬁgéléd

separate ne type trans
f apparatus, rcapgbbt of@ making dive esenfeet as if thalsoandady bemgof

ofargtefroft 1 Rk Getas? SWBPA bB AT Shedpaatpied i and (1
ﬁib]@dtrn@ythe\éhjuh@ toWaP B tAGRPAS SN Psaltor@rindV8RLdifrbing
e ultrasonic transducer 25 elenents are separate

fPBrrﬂlfitﬁg P&t i ve cover of the screen, the
menbrane-type ul trasonic transducer arrays of Figs.
10(a) and 10(b) may be integrated with a protective

cBueexarhpleh €ig nMioshowsan ehftsodimentof thesine@miyn wiRY is a mobile
serve;és a substr te which can be patterned to form

f iR ielepheng AecelblRNe §\romRreising a CasingrGheentaining, in
AebRlerttiBpbh falsHim 'aCtFE'H g?f«%rﬁ%r@fe%tﬁé‘fé}e?%ﬁﬂ@ﬁ@%d% ﬁ'ge casing

ceram c- based pi ézoel e c materia
zthrewgmwhicht vusmianbrmaﬁoalgeheratpdonlmasereaaetﬂahmd the Iayer can

pbg 6?)%&%& AC per%tmeertﬁc speéker%3 df & r(r)\le¥r¥tl)rg lalt{/]gé as described
above in relation to Fig. 10) may be incorporated (e.g. hidden) in the
protective layer 62. Various patterns, such as a shallow-hole array, may be
fabricated in the protective layer 62 directly, and a sheet of functional material
is then bonded onto the patterned substrate to form an ultrasonic transducer
array which functions as a parametric speaker when an amplified parametric
signal is input 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.



fluoride) may be bonded onto the substrate to form an
ultrasonic transducer array in the periphery of the
protective cover. 5 Such a tiny and thin paranetric
speaker m ght also be integrated with a portable
consuner el ectronic device to forma persona

audi o-vi sual apparatus, capable of (i) neking the
user feel as if the sound is Wéing generated fromthe
di spl ay screen when he or she is watching it, and (ii)
projecting the sound towards a target user and sel dom
(or never) disturbing 10 unrel ated persons. For
exanple, Fig. 11 shows an enbodi nent of the invention
which is a nobile radio telephone or cell phone 6

c Seyeral iexgmplaysmodiments obithel ingention hawnbeean deaatibed above,

B SRR SRl 45, iy BB R AR HB it e

geBep@ b thedifventien aitRotedeputing &roh@iHey invéntived€oncepts disclosed
observed. A paranetric speaker 63 (e.g. of a nenbrane

t \6E€1Bs described above in relation to Fig. 10) nay
be incorporated (e.g. hidden) in the protective |ayer
62. Various patterns, such as a shallow hole array,
may be fabricated in the protective |ayer 62
directly, and a sheet of functional material 20 is
then bonded onto the patterned substrate to form an
ultrasoni ¢ transducer array which functions as a
paranetri c speaker when an anplified paranetric

signal is input to the array. Alternatively, the
paranetri c speaker may be forned by nounting 25

i ndependent ultrasonic transducer elenents or
sub-arrays 67 on a nobile tel ephone adjacent to each
other at the edges of a display screen 66, as shown
in Fig. 12. The tel ephone may include a small canera
64 and buttons 65 to operate the tel ephone. The

t el ephone may be arranged to be foldable. 1In this
case, the personal audi o-vision reproduction apparatus
may be hidden 30 in the nmain nodule when it is not in
a working state.
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14 Several exenplary enbodi nents of the invention have
been descri bed above, but, as will be clear to a
skilled reader, many variations are possible within
the scope of the invention w thout departing fromthe
i nventive concepts disclosed 5 herein 15 Clains 1.
An audi o-vi sual reproduction apparatus conprising: a
vi sual display screen, and antarray of ultrasonic
transducer elenments for generating an ultrasonic 5
beam the array of transducer elenents conprising two
or nore said transducer elenents |ocated around the
perdigeery of the display screen. 2. An apparatus
according to claim1 in which the transducer el enents
are arranged as two or nore sub-arrays of closely

adj aceAn audieryisyekrepreduction spparetus. CoMPHgIRGr at us
according to claim2 conprising a respective anplifier
for eﬁ%t%fldsgw ysg‘ge@ﬁr of transducer el enents,

and a control for ependently control l'ing t he
respecti ve gai ns of the anplifiers. 4. An apparatus
accor dBR @rtay efl @ltrasaniortrarisdugereiemertis or gérerating @ant witrasonic

Bty A 27 ghtPadeRt, Bl e o RaRrSlng Woont [pre said

atrdnSdlﬂfﬁr eHREAT Iobaeaedrdund the\PeAPMEryf Use arsphdisdigen.

to any precedlng claimfurther conprising a caS|ng
fgr di s screen t he transducer el ements be
I At eg

e afa Ureacogrdingsimglagn 1 fre whighiths t'éﬁﬂsdéﬁef Blements
oarf PRI TR e, SO aRIERE O R Biadh T ifscucer
peeraitect ri ¢ uni nor ph or bi nor ph

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 in which each said
transducer element comprises a respective piezoelectric unimorph or bimorph
element and a cone-shaped impedance layer.
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el enent and a cone-shaped i npedance |ayer. 25 16 7. An
apparatus according to any of clains 1 to 6 in which
the transducer array conprises a nenbrane driven by
pi ezoel ectric material arranged to receive a
paranetric control signal. 5 8. An apparatus according
to any of clains | to 6 in which the transducer array
conpri ses a nenbrane driven by6el ectrostatic forces
between first conductive material |ocated on the
menbrane and second conductive material |ocated off
the nenbrane, the first and second conductive

Mgt er i Ansadifiraths AIcoAdIEE %o bRy R ERIMs VIOl @ gewHichf thearducer
determ ned by a paranmetric control 10 signal.

9. An
2y SOMPrises & mamprape siiyeplyiererjeetrigimatarntarrarged to
t?éc%‘fv{é?%gaﬁw%ﬁ?ﬁ‘t%cﬁ{trolts@ng' splay screen of the

apparatu e scCr ‘of the television
receiver. 15 10 An apparatus according to any

precedi ng cl ai ich s located, in vehicle., 11. An
afpar ARaRRaTS 3 BRFOTING 9 ARY S 106 Mywhicbdhs ransducer

”é?ra?%"m Hsed a %%n%?f%he‘?{rlvbheb V&Qét?é ah%?orcé’@ stwe en first

appafatus according to clai m t he |sp
scopductive matﬁr@d tatated onrclm\megnmna and sanondfcotridelctwe material

witated o3 Kargflrh 185 Blel And g0l RophdgRielingleriats being

beiraggad tehaod \ﬁbltiig%rﬂlﬂdre‘h%élc@@émﬂﬁed BlyQ pAtdnstria tdntrol
the transducer array being arranged to transmt audio

n&@nghti on instructions. 14. An apparatus according to
claim12 in which the display screen is a

9. 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.

10.  An apparatus according to any preceding claim which is located in a

vehicle.

11.  An apparatus according to claim 10 which is located on the rear of a
seat of the vehicle.

12.  An apparatus according to claim 10 in which the display screen is
located for viewing by a driver of the vehicle.

13.  An apparatus according to claim 12 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.

14.  An apparatus according to claim 12 in which the display screen is a
guidance mirror of the vehicle.



30 guidance mrror of the vehicle. 17 15. An apparatus
according to any of clains 1 to 8 or 10 to 14 which is
the display unit of a conmputer. 5 16. An apparatus
according to claim 15 in which the display unit
conprises a transparent protective panel resiliently
nmount ed extendi ng across the front of the display
screen, the ultrasonic transddZer el enments being

| ocated on the surrounding periphery of the
protective panel. 10 17. An apparatus according to any
of clains 1 to 8 which is a nobile radio telephone or
a cell phone.

15.  An apparatus according to any of claims 1 to 8 or 10 to 14 which is the

display unit of a computer.

16.  An apparatus according to claim 15 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.

17.  An apparatus according to any of claims 1 to 8 which is a mobile radio

telephone or a cell phone.



