Titrerrrrrre 11121 riii! 11112212123 it it 1orer 2111 otk ot
11111011111111111 *coooo2* A sound and vision generation s ' of
the invention The present invention relates to a system forymmwmmwmon
of sound and images. 5 Background of Invention Referring to Fi@gul._2a
conventional theatre systemis shown schematically. It is conposed of a
VCD player 1 or the like, which sends image data to a proj
projector 2 projects an inmage onto a vitwi ng screen 3. The NWW'MM 1
al so sends audio signals to a pair of audio speakers 4 for genep®kng
stereo sound. The projection screen 3 may be flexible and foldable, and
may be suspended froma frame 5 or hung onto a wall (not shown).
Currently, in many systens thendHAH Qisigreaknemtibnatystarone- t ype
igeptrorragne_tlctjspeakers di sposed on both |l ateral sides of, or below the
i mage projection screen. Such an arrangenment results in (i) lack
col l ation Hiefhatdne itventipgyal informationgon t he screen and(t%e ok o
correspondi ng audible output, and (i) a large space requirenment for
accommodat ifyg, gpésrénE hﬁ%ﬁfoﬁegblat%g%datéﬁtéﬁ%k%é dene?ticwBe seuihar&rd have
ercone these di sadvant

been nade to o ( ages. In this regard, US 5,025,474
di scl oses amggesker systemwi th an image projection screen, in which a

di aphragm carries an screen on its surface. The diaphragm is driven by

Si xt een dl‘lé/l sou CF . _Each driving source conprises a nmagnetic circuit
g:orrpose@ of—%&%é%ﬁ@i—g‘—ﬁag—%_ Of AWEBHOW| at e and a bottom pl ate, and a 25 voice coil
I nterposed in the nagnetic gap of the magnetic circuit. A cabinet is

constructed having a w de opening at one front surface, and the diaph
Referring to Fig. 1, a conven'gonal theatre system is shown schematpcally. I?Ps ragm

composed of a VCD player 1 or the like, which sends image datato a
projector 2. The projector 2 projects an image onto a viewing screen 3. The

10 VCD player 1 also sends audio signals to a pair of audio speakers 4 for
generating stereo sound. The projection screen 3 may be flexible and
foldable, and may be suspended from a frame 5 or hung onto a wall (not
shown). Currently, in many systems the audio speakers 4 are cone-type
electromagnetic speakers disposed on both lateral sides of, or below, the

15  image projection screen. Such an arrangement results in (i) lack of collation
between the visual information on the screen and the corresponding audible
output, and (i) a large space requirement for accommodating both the screen

3 and the speakers 4.

20 Some efforts have been made to overcome these disadvantages. In this
regard, US 5,025,474 discloses a speaker system with an image projection
screen, in which a diaphragm carries an screen on its surface. The diaphragm
is driven by sixteen driving sources. Each driving source comprises a
magnetic circuit composed of a magnet, a top plate and a bottom plate, and a

25  voice coil interposed in the magnetic gap of the magnetic circuit. A cabinet is
constructed having a wide opening at one front surface, and the diaphragm

stretched over it. The driving sources are arranged spaced apart on the



stretched over it. The driving sources are arranged spaced apart on the 2
di aphragm However, this speaker system has a conplicated and bul ky
configuration, resulting in a high manufacturing cost. 5 By contrast, US
6,577, 256 discloses a systemin which a display device such as a TV set
i ncl udes a display screen and, spaced fr@nthe screen, a number of

el ectro-acoustic transducers. A simlar concept is found in US 5,400, 414,
in which a transparent 10 piezoelectric foil is provided, for attachnent
over the front screen of a display unit such as a TV set. The transparent
pi ezoel ect r | diapBragm sHpweve shisspenkersystemdrissa chmplicateddnd bulky

i ar syst Siouraid Rebdibd b8 S BB i e oot provi des &
transparent piezoelectric nmenber for attachnent over the 15 front of a

di spl ay %evi %e. It is ntioned in us 5,400,414 that the piezoelectric
sounder an BHLPBHESY §J§E Be7d: 2abrlisrlesesa systemoinavhiche displayalevinersuabe of a

proj ection-t ' i | G | tractive possibilit
echuse i1 rogmeettudBRY dSpielforedy, S04 Hackbdiiine Selithnadumbd
| nvent i on | nofpieelradacoestistranddugeresent i nventi on proposes a display unit

I ncluding a screen nenber having a front display surface for displaying
i mges, and one 25 or nore flexible piezoelectric actuation el enents

bonded on ¢ I slrmifdr incbeisYBuAGT URTEA00( 142in ARICHE 1BHEARR O the screen
er 1s

menmber opposite the display surface). The screen ne amnar (i.e. a
| ayer), '8nd Riezerjectsiefaihisaprovisied, & attachorent aver theufnoht smeemofamﬂber
. The

may in diff i ei ther fl at | gnar,). or 30 flexe

o gzoel St ﬁj;rﬁgéct{cﬁg%él)grﬁgéts e transparent plezéerfe&rlc f3I| is provided with
electrodes which supply audio-freqqency signals to it to generate audio-
frequency sound. Another similar system is shown in US 6,427,017B1 which

again provides a transparent piezoelectric member for attachment over the
15 front of a display device.

It is mentioned in US 5,400,414 that the piezoelectric sounder can optionally
be attached as a foil over the display surface of a projection-type display

device, but is not an attractive possibility because it requires that the sounder
20 istransparent.

Summary of the Invention

In general terms, the present invention proposes a display unit including a
screen member having a front display surface for displaying images, and one

25 or more flexible piezoelectric actuation elements bonded on the rear of the
screen member (i.e. on the surface of the screen member opposite the
display surface). The screen member is laminar (i.e. a layer), and being
arranged to flex to generate sound.

The screen member may in different embodiments be either flat (planar) or
30 flexed. The piezoelectric actuation



3 elenents are arranged to nove the screen nenber, so that the screen
menber generates the sound wave. The invention nakes it possible to provide
an integrated unit for sound and vision generation in a thin |Iightweight
unit; and wi thout the necessity of 5 providing transparent a sound _
generation layer. In contrast to conventional display systens including

di spl ays and separate |oudspeakers, in enbodi nents of the present

i nvention the sound and vision are produced at substantially the same

| ocation, resulting in inproved visual and audible effects. 10 In contrast
to the system of US 5400414, the actuator elenents of the present

invention are not required to be true |oudspeakers. This neans that the

location Ofelgn%n?té@? eraﬁéé’@qﬂt Move ﬂ'i{% sGFeEn MherhBEr, S§6 ePBt TREDSEreERES NOt

i nhi bit the Broadcasting of sound in t Irection of the viewer, and al so
that the agicusigrigeslceatenttise doumbivaveve to be as large as in US 5400414 in
order to 15 generate |ow frequency sound. Preferably, the display unit is

used as part, of a djsplay systemwhich f her . jncl : ' i

device arr a‘ﬁ@%dn\{qpt@poir@é?s%%@%%%ntpopgow %Sédp%@?a@gfﬁrggé&f %‘Z&%:&‘g% ay
systemis PygiRl aBh¥rdlioAnfr B 958 fightiveidril Gait abAl) withblt 1R [ idcdosaprdfpt i on
of The Figures 2 referred features of the invention will now be

descri bedl, prvidihg treakparht aiddundigeasiratioroldyg!. with reference to the
following figures in which: Fig. 1 shows schematically a known sound and

vi sion generation_ syste Fi g, j LS..C e} 2(c),

shows a spe .QPV‘gﬁteténco %@Vg?%ﬁisﬁ){%ycﬁ%téﬁsi Y gFJ %prgggprlr@r?t 3892&{%@@ ()

invention; fGudspBardéreWin Bhfbodnénteadfi tbe mresent inveertiorathergound taagevisionoss a
are produced at substantially the same location, resulting in improved visual

and audible effects.

10 In contrast to the system of US 5400414, the actuator elements of the present
invention are not required to be true loudspeakers. This means that the
location of the actuator elements on the rear of the screen member does not
inhibit the broadcasting of sound in the direction of the viewer, and also that
the actuator elements do not have to be as large as in US 5400414 in order to

15  generate low frequency sound.

Preferably, the display unit is used as part of a display system which further
includes a projection device arranged to project images onto the display

surface. The display system is preferably a one-piece (i.e. integratal) unit.

Brief Description of The Figures

20 Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:
Fig. 1 shows schematically a known sound and vision generation
system;
Fig. 2, which is composed of Figs. 2(a) to 2(c), shows a speaker/screen
25 system which is first embodiment of the invention;
Fig. 3 shows the application of an alternating voltage across a

peizopolymer layer in the embodiment of Fig. 2;



pei zopol ymer layer in the enmbodinent of Fig. 2; 4 Fig. 4 illustrates the
vibration and sound generation produced by the speaker/screen system of
Fig. 2, Fig. 5 shows experinental results of the frequency response of a
speaker/screen systemas shown in Fig. 2; 5 Fig. 6, which is conposed of
Figs. 6(a) and 6(b), shows a second enbodinent of the invention; Fig. 7
shows a third enmbodi ment of the invention; and Fig. 8 shows an anplifier
circuit suitable for use in any of the #hree enbodinents of the invention.
10 Detail ed Description of the enbodinents Referring to Fig. 2, a first
enbodi nent of the invention is shown, which is a display unit having three
Iﬁyers. Fig.lzga) shows a front view of the display 15 unit, Fig. 2(b)
shows an expl o v t { bt i

cross-sectional qﬁ?e%ﬁ!“r?ﬂtfaﬁ%%er\g%ﬁﬁgh%A%un [ carféergtlioﬁb@%qcse% t.heThe front
| ayer of thspedikepbengenrsystera o Fsgrzen | ayer 3. The front surface of the

screen layer 3 is a_displ rf . i i | )

30 Adner o4t ot HuSr Bahobis Paedms e suLs obe Bedendy88a0R0e 08ab! yher

actuator | abliellscrtd sg}is?érﬁpé%' WBn PRy 26 may be a single nonolithic
er

sheet, or natively conposed of a plurality of individual actuator
elenents |t shokigd6, weichrid cosmmasedtdfdtigs Happed 60o). ghews|asesors may not be

provided over the entire.area of the screen |layer 3. Instead, one or nore
| ayers 6 m@mﬁegi%e'a}m?%a’eg‘ QBed-apart in different portions of the

screen layer 1. Fe7npirRaaPeiirEenibayiraentdst th¥ imydniiod aedf | uori de (PVDF) or
one of its copolyners, since it has vast dynam c range, high elastic
conpl i ance, hi ghFig. 8 shows an amplifier circuit suitable for use in“any of the three
embodiments of the invention.
10

Detailed Description of the embodiments

Referring to Fig. 2, a first embodiment of the invention is shown, which is a
display unit having three layers. Fig. 2(a) shows a front view of the display
15 unit, Fig. 2(b) shows an exploded view of the three layers, and Fig. 2(c) is a

cross-sectional view in the direction A-A indicated in Fig. 2(a).

The front layer of the display unit is a screen layer 3. The front surface of the
screen layer 3 is a display surface, onto which an image can be projectd.

20 Adhered to the rear surface of the screen layer 3 is a piezopolymer actuator
layer 6. The piezopolymer layer 6 may be a single monolithic sheet, or
alternatively composed of a plurality of individual actuator elements. It should
be understood that the piezopolymer layer 6 may not be provided over the
entire area of the screen layer 3. Instead, one or more layers 6 may be

25 provided spaced-apart in different portions of the screen layer 1.

The piezopolymer may be polyvinylindine fluoride (PVDF) or one of its
copolymers, since it has vast dynamic range, high elastic compliance, high
dielectric strength and low cost. It is preferred that the piezopolymer layer 6

30 has a thickness of at least 110 uz m. Alternatively, the piezopolymer layer 6



‘dielectric'strength and low cost. It is preferred that the piezopol yner
layer 6 30 has a thickness of at least 110lu m Alternatively, the

pi ezopol yner |ayer 6 5 may have a binorph configuration in which two
sheets of piezoelectric filmof opposite polarities are adhered together.
On a rear surface of the piezopolymer layer 6 is adhered a
protective/sealing 5 layer 7. The protective/sealing |ayer 7 should be
thin and flexible, in particular less stiff than the layers 3, 6 so that
it has practically no effect on the nechanical properties of the display
unit 1. The layer 7 may extend across the entire rear of the screen layer
3 (i.e. including any areas of the screen |layer 3 where the peizopol yner

| ayer 6 is not i g he .
contact t neray "RYR LPRlmARchABl iR hBKRET L §ELLS o eAEIRE . o

surface of pheoserRaariticyare &dtvéreddogdthepi ezopol ymer 6 is provided. The
screen system further includes el ectrodes (not shown) |ocated on the

gi eigpallhymar_ :cayer 6 ff)r generating electric fields across the pi ezopol yner
en f | A rk i '

el ectrodes. &Ph%?éag{%tg&% F ggjggh%g‘yezggbwéaﬁé?%?nﬁer ci arlbeté %rg,tédgﬁglhs\éggng

gowpllaﬁzs ﬁldyéﬁi.cl\'hélp@ditecﬁ‘{zmseelimg:llaybdlshbhkdybeﬂ'ﬂli\@nﬁsfa'xim@siﬂmf@w' lam Fig.
, in ich an AC voltage source 8 ., s, used to .appl ifferent | t

to _tlhle el ec{qsécﬁé'gri%ntt '%ygé?)écgisﬁ’éhgﬁ @Egsgfathgﬁgépeeiﬁe,cflgé tl"?%lsnt ovgr ogggz

oscillati ong,ohahRg| k@k@f?@é ¥Ble disMaY uditi1 THeSagdd7 mreeextbhd Eeeoss th

pi ezopol yner ' \?/ere_ ﬁ'D I ng freeley lté‘??i gs/L_jwclqu d no?gproduce Xsi gni fi csasnt esound

wave, sinceehtie mear pbthenstriedndayer hfiar . inclodingeany aiessefthe spieerdayecdri c

| ayer 6 is bonded to the flexible | iS. |
conposi te 28NEfe E}lﬁ B?@OPB'VH}‘%J%% bfsa'%r eﬁ&rg@&%@t ?%Fﬁaqm? Lﬁggﬁ?gghggﬂend
waves t gqbe i, 4RO’ RinsktRhORAIGE Alfnafidilp BRIYSS: povided sthbarea®bf thee screen

system 1, as shown in Fig. 4. Thus, the flexible view ng screen system 1
serves as t hear surface of the screen layer 3 where the piezopolymer 6 is prowdeg.

The screen system further includes electrodes (not shown) located on the
_ piezopolymer layer 6 for generating electric fields across the piezopolymer 6
15  when different electrical potentials are applied to the two electrodes. The
electrodes may be of any commercial type, such as compliant silver ink or

sputtered NiCu alloy.

This is illustrated in Fig. 3, in which an AC voltage source 8 is used to apply
20 different voltages to the electrodes on the respective sides of the screen, so
as to produce oscillations of the piezopolymer layer 6 in its d3; mode. If the
piezopolymer 6 were moving freely this would not produce significant sound
wave, since the motion would be planar. However, since the piezoelectric
layer 6 is bonded to the flexible screen layer 3, this induces the composite
25  structure to produce a bending motion, which causes sound waves to be
generated propagating transverse to the surface of the screen system 1, as
shown in Fig. 4. Thus, the flexible viewing screen system 1 serves as the
diaphragm of a speaker unit. In other words, the embodiment integrates
visual- and audio-generating functions into one thin, flexible, foldable and

30 lightweight unit. Since the screen system 1 provides both sound and image



di aphragm of a speaker unit. In other words, the enbodi ment integrates

vi sual - and audi o-generating functions into one thin, flexible, foldable
and 30 |ightweight unit. Since the screen system 1 provides both sound and
image 6 generation, the two are generated at al nost the sane | ocati on,
‘which results in an inproved visual and audio effect. It is well known
that the average actuation capability per unit area of a 5 piezoelectric
filmactuator is far weaker than that ofg an el ectromagnetic actuator.
Usual Iy, the maxi mum output of a piezoelectric filmactuator fallis into a
m cro-scale 0.1-100p m This inplies that the structural deformation (i.e.
di spl acenent) of the view ng screen due to the AC excitation should be

essentially invisibleg to an indivi i een: . In
ot her 10 \/\098@?”@9@’&' A ﬁ@gﬁ%@%&%@%&@ﬁ%@%é |a3@hb§’ﬂ5!r?ari)é %Bg with
the sane quyphh infpRved A entiQidwd effed. ect i on screen. However, it nmay be
ensured that the sound pressure level (SPL) is high enough to produce

?udible sound by ensuring that the piezopolynmer |layer 6 has a sufficiently
arge area, ,0r.b Vi Qi {%Fﬂ on the rear
surface of !tﬂﬁws%lr@%@%:tg%e?v%g?lg.%gfu%t e g‘?Q%@Ht‘@%@éi?g@. ded in

di fferens respesidcutc fied betuatortibéar Wealearthan ¢agt.of Bxpelectremaghetic we have

found that when a piezoelectric film of thicknes 10Q. m and ap area of
280x280m2  WalIAYh disgabntthetRaximn Ogtnlﬁé’ré]é Ri?z%esie%c 'W@&ﬁ‘qqag/%”sikmﬂavi ng

an area of ZMAINETe G144 AITHiSARs fdeIRA GG berdRERbAT audi 0

was 1 nput ctrodes of the piezoelectric film

using an anpiddid&ment)or frRsvibiviriPstided due tofthe R anditdtion stenudder adi at ed
fromthe entire display surface of the screen |layer 3, rather than just

the | ocati oreseentially ipvisibtstst gindividualdpeking at#ise screen layer 3. in other
10  words, the screen system permits the generation of an image with the same

quality as a conventional projection screen. However, it may be ensured that
the sound pressure level (SPL) is high enough to produce audible sound by
ensuring that the piezopolymer layer 6 has a sufficiently large area, or by
providing a large enough number of layers 6 on the rear surface of the screen
15  layer 3 (i.e. with the elements 6 provided in different respective parts of the

screen area).

Experimentally we have found that when a piezoelectric film of thickness

100 £ m and an area of 280x280mm? was bonded onto the rear surface of a

20 screen layer 3 having an area of 230x210cm, and a radio signal
(demodulated to form an audio frequency signal) was input into the electrodes
of the piezoelectric film using an amplifier, the result sounded as if the audible
sound radiated from the entire display surface of the screen layer 3, rather
than just the location of the piezopolymer actuator 6.

25
Fig. 5 shows the dynamic characteristics of the screen system, where the
horizontal axis indicates frequency and the vertical axis indicates decibel
level. The sound quality was found to be acceptable, but a still higher level of
sound quality should be obtained when the system is optimised. For example,

30 there may be optimisations of the location and orientation of the actuators 6,



'Fig. 5 shows the dynam c characteristics of the screen system where the
hori zontal axis indicates frequency and the vertical axis indicates deci bel
| evel . The sound quality was found to be acceptable, but a still higher

| evel of sound quality should be obtained when the systemis optim sed.
For exanple, 30 there nmay be optim sations of the location and orientation
of the actuators 6, 7 and the nunber of actuators 6 attached to the
screen, since these paraneters can nodify the frequency response of the
screen desirably. Turning to Fig. 6, a second enbodi ment of the invention
is shown, in 5 perspective viewin Fig. 6(a) and in cross-section in Fig.
6(b). In this second enbodinent, a display unit 11 is a single integrated

uni t whi ch gRy the nlHEr oPBcRiatEs!6 4S8het 1OVIRE sefedH, RficeStieReHarsietert ur e.

The unit 11 conprises on its front surface a flexible nmenbrane 14

conpri si ng eascnadify theymquenoy respatiserof thensgeaeredesitablbe proj ected and a

| ayer 6 of a piezopolynmer. The unit further 10 conprises a support frame 9
having a lattice structure. The frane 9 is shaped such that the unit 11 is

much thi nnerruhﬂngitds 7. i RSsaronBestabsdin@int Lo thdiaventidmiesh@vi ian its
di mensions paralTel to this plane. The frame 9 includes many, chanbers 10,

whi ch eath peranschve iewinshigaRe) andepeioss-eaetiPtindiigef(D)oin hig $869NG ncl udes

one or nore enE f o sor hi i - oam or
1br egl ags . BR3¢ 2RO PR, FERY st PGl urtPubittiny (Bondhd
respective ohamaal$ndiOshoayn)urvathel $dppartstructs e Ghievenit ticbmprises loa itspl ane
of the nenbrane 14, and accordin ferent. res ecti\{e rg?rs]onant

( |y dj .
frequenci es fronhpyriaemariieible ﬁaera_%waﬁet 6PMPAEINGA $CTeEN Y YehBP WhicB nd
frequenci es ir‘n?/g?% ERELFBE prERBRA!dkPa 14 RAPHCY plcBBRBHId o the TirfidLAnar hi gh),

20 anal ogousl e use 1'n conventional speakers of a conbi nation of

woof er, 10m doanysearasuppret framel @ baviogeylattidecstayntanee THetfrarne 19 is\sbagedi gh

fidelity efsfu%ﬁtthat the unit 11 is much thinner in directions perpendicular to the surface
3 than its dimensions parallel to this plane. The frame 9 includes many
chambers 10, which each function as a speaker element. Each chamber 10
further includes one or more elements of a sound absorbing material 19 such

15  as a foam or fibreglass. The sections 12 of the membrane 14 which extend
over the respective chambers 10 may have different respective widths in the
plane of the membrane 14, and accordingly different respective resonant
frequencies. This enhances the ability of the unit 11 to generate sound
frequencies in different respective frequency ranges (low, middle or high),

20 analogously to the use in conventional speakers of a combination of woofer,
midrange and tweeter electromagnetic speakers to achieve a high fidelity

effect.

In the two embodiments described above, the speaker/screen system

25 includes a planar screen layer 3. However, the invention is not limited in this
respect, and an alternative speaker/screen system 21 is illustrated in the
embodiment of Fig. 7. In this embodiment a thin supporting frame 29 supports
a non-planer screen membrane 24 comprising a screen layer 23 having a left
portions 27 and a right portion 28 which flex rearwardly. The curved screen

30 membrane 24 is suitable for use in a three-dimensional/dynamic movie



In the two enbodi nents described above, the speaker/screen system 25

i ncludes a planar screen | ayer 3. However, the invention is not limted in
this respect, and an alternative speaker/screen system21 is illustrated
in the enbodinent of Fig. 7. In this enbodinent a thin supporting frame 29
supports a non-planer screen nenbrane 24 conprising a screen |ayer 23
having a left portions 27 and a right portion 28 which flex rearwardly.
The curved screen 30 nenbrane 24 is suit@ble for use in a

t hr ee- di nensi onal /dynamic novie 8 systemor the like, in which a curved

Vi ew ng-screen i s commonpl ace, or for use in a hone theatre system The
supporting frane 29 determ nes the configuration of the nmenbrane 24 in

both the pl QQQFn?‘&dthggmzaépLrﬁﬂﬂfch@&ﬁh@?%&y%&ggﬁeé‘f?@éﬁﬂﬁh ac-g,‘%goc{i s a

pi ezoel ectri ayer as one o as 1n the other e i ments)
havi ng a hi gbeédh adtanee torgitd systemaiitde adpeodihg foeehed determasts tbae porti on
of the screen |layer 23, Preferably there s a portio of the |ayer 26
behi nd ¢ | CAOYaNEN Bf e Reriraph 2dancath TshaB3at add nopraland; eddBhsc i ¢
layers 26 capffe mdehT8RE PANThére is’BpledoBiclirdiByen26 eagdH 88 ohe APVEPP! i ed
AC electric field applied to across the RI ezopol ymer 1 ayers 26 by 10

el ectrodes @san thehothey embatimests)diavindam highoelasts gamiplipecgyand@dheead! from a

VCD pl ayer), The it .21 . t (0] .

struct are. ORMGATERSIEy BRSPS RrIER St B Sy rionse
be ef fecti velfyhelayppréibeniref at leassperabPedccoripieseseictons Bl 28 Xan@l e t he
wal | or other support 15 structure may function as a cover which covers the

(ot herwi se ®iRAPEIeGHG layere26 spusge i faeionsahiEdr tooribrate i fragtiep e @een

system Alter i - ' f ﬁg@% [ be filled
wi t h) sound%g@%# E\?{nélecﬁ&e@l;&%%?ﬁ%g t%?éf?égégégﬁﬁfg\?g. ﬂkge%rez ePyt 0 obtain
a hi gh sounclgutesiesr(aof stoowh Handribaddimgrarsawdio tsignal i(@\ge derived frarsagni f i cant

i vi 't houl d b lied to the pi
riving vo VvaS p?ay%l#).drheeur?ip% Irr?ay bg hung o%c%%ﬁ’ grngtrher support structure.

Alternatively, the wall or other support structure may itself be effectively a
portion of the speaker/screen system. For example the wall or other support
15  structure may function as a cover which covers the (otﬁerwise open) rear side
of a sounder chamber of the speaker/screen system. Alternatively, the
sounder chamber may be contain (e.g. be filled with) sound absorbing

materials as discussed above.

20 In order to obtain a high sound pressure from the embodiments of the
invention, a significant driving voltage should be applied to the piezopolymer
films 6, 26. Fig. 8 shows schematically the structure of a power amplifier
circuit for generating such driving voltages. The circuit includes a transformer
15. An electrical resonance is usually present since the circuit includes an

25 inductance (due to the transformer) and a capacitance (due to the
piezopolmer). This resonance may be damped by including an additional
resistor 31 and capacitor 33, so that the resonant frequency of the circuit as a

whole is far from the audio frequency range of interest.



films 6, 26. Fig. 8 shows schematically the structure of a power anplifier
circuit for generating such driving voltages. The circuit includes a
transfornmer 15. An electrical resonance is usually present since the
circuit includes an 25 inductance (due to the transforner) and a

capaci tance (due to the piezopolner). This resonance may be danped by

i ncluding an additional resistor 31 and capacitor 33, so that the resonant
frequency of the circuit as a whole is%ar fromthe audi o frequency range
of interest. 9 Although the invention has been described above in rel ation
to a screen onto which inmages are projected, this too is not a limtation
of the invention. In a particularly preferred enmbodinent the screen |ayer
of the di sphay, fhesl}ﬁéﬁ’mn ha B%Bh%%@n@é(d abéb@m Rl StiEPs ScMidntortst er nal

| i ght generation el enents suc% Ds). The piezopol yner nay be bonded
ont o t he rewhichiidages arecmopctqﬂ éhlfs(wcmajncw @knnlttla@onsof thenindentéean.llp a

Al t ti I t t t ith th
Fllexi bl e scPadRua o Errat Srepp rent Ge sheh GHELAEHR b TR ohathod i <
conpati bl e W {eRidckg Bya@ﬂb%té S¢reeRAGERTerBb| ﬁdgﬂ dneratireels afer@s) (stichh
internal |ight generation elenents such as EDs. Furthernore, although

the enbodli meakRs)e T haadezanslymar mayrhg bendeshontodthedrar sidedf sush amwunt i ng

concept i o BprT R GlaOPRL ARRRvelP i ieRPRBkme 1P REPE"

nobi | e el ecgpmm&t@@nhdentegmbdamtratheefmrMée;caenmwtﬂaﬁntewesnght the like. In
such applications, the piezagpol yner c?vﬂ optional ly be bonded to the
surface of Sepewtipplelemepts: 3 pethRGriscypRdiiPle ¥dthnhedrbris@ior general Iy,

many ot her pﬁa%@@gﬁrea Qk.Bnélg@eagqgwg rhBRlidH YRRkt redbfent@Suct?@sWi | | be

clear to a
10 OLEDs.

Furthermore, although the embodiments described above are projection
screens (i.e. for mounting in a certain location, and viewing by one or more
users), the present concept is applicable also to devices in which the screen
15 s part of a mobile electronic device, such as a wearable computer, MP3 or
the like. In such applications, the piezopolymer may optionally be bonded to

the surface of a flexible substrate to form a sound resonator.

More generally, many other variants within the scope of the invention exist, as

20  will be clear to a skilled reader.



‘Cains 1. Adisplay unit including a screen nenber having a front display
surface, one or nore piezoelectric elenents bonded to the rear surface of
the screen nenber, and el ectrode neans for applying electric signals to
the 5 piezoelectric elenments whereby the piezoelectric elements actuate the
screen nenber to generate sound, the sdbeen nenber being | B WISENd

i ncluding one or nore portions at which it flexes. 2. A display unit
according tg claim1 in which the screen nenber is |am nar and

substantial &2MSat . 10 3. A display unit according to claiml1 or claim2 in
whi ch the screen nenber is supported by a frane which does not support the

screen nenbgr i p QRPIA JAN AIEAG. at BEreBheARAhIBE HabirR] &8fInt Odisglagent s
being provided in at l'east part of these areas. 4. A display unit

accordi ng t sudacg,rar® emhmaKe Pieaoeeatric gienrits headed 3o dheidrl surfasecefdieby t he

Souna absor BPRETnieEyeh s e, Pbags, for, SRRG, Pt SRR TR G o

di spl ay sini piezeeRictid@lententemhepelog til pigzotlectric elepfenitsattuaté the pereeact i ng
I mages onto the display surface, and an audi o systemfaor transmtting
el ectric siginkerty gererate souadcthesscraen memper Reing iamninatand eHdiBgs pl ay

system accobﬂér&g rﬁ&eéﬂcﬂ’li&‘\ at @,hy@i iFﬁe)Pé(}e di splay unit, projector and audio
system are a one-piece unit. .7. sound and vi sion display system according
to claim6 which is a portable consuner device.

2. A display unit according to claim 1 in which the screen member is

laminar and substantially flat.

10 3. A display unit according to claim 1 or claim 2 in which the screen
member is supported by a frame which does not support the screen member
in one or more areas, the piezoelectric element or elements being provided in

at least part of these areas.

4, A display unit according to claim 3 in which the frame defines
15 chambers covered by the screen member in the forward direction, the

chambers including elements of sound absorbing material.

5. A sound and vision display system including a display unit according to
any preceding claim, a projector for projecting images onto the display
surface, and an audio system for transmitting electric signals to the electrode

20 means.

6. A sound and vision display system according to claim 5 in which the

display unit, projector and audio system are a one-piece unit.

7. A sound and vision display system according to claim 6 which is a

portable consumer device.



