; OPe3eNFNGC=X64T. 2 A sound and vision Ceneration s systemField of the

i nvention The present invention relates to a systemfor the generation of
soummmmmmmm“mmmE 5 Background of Invention Referring to Fig. 1, a

con atre systemis shown schematically. It is conposed of a VCD
pl ayer l.or.the |ike, which sends inmage data to a projector 2. The
projector 2 projects an inmage onto a view ng screen 3. The 10 VCD pl ayer 1
al so S|gnals to a pair of audi o speakers 4 for generating
ster#mmu “mm projection screen 3 may be flexible and fol dable, and may
be susp en roma franme 5 or hung onto a wall (not shown). Currently, in
many syst "t he audi o speakers 4 are cone-type el ectromagnetic speakers

di sposed on both | ateral S@d%? g{i &L'R%|$§§ %C %it Efge proj ection
screen. Such an arrangenen ation between the
visual information on the screen and the correspondi ng audi bl e out put, and
(i) a | argeFnaotthemuentomnt for accommodating both the screen 3 and the
speakers 4. 20 Sone efforts have been made to overcone these di sadvant ages.
In this regard, US 5, 025, 474 d| ses a speake an

br o] 6ct i on” JBFuRIFSelh THRNEAN JSALEH b 2y MWRa farethen0sbsBoAnGHY souid Bface.
The di aphr agpyhes driven by sixteen driving sources. Each driving source
conprises a nagnetic circuit conmposed of a nagnet, a top plate and a bottom
plate, and a 25 voice coil interposed in the nmagnetic gap of the magnetic
circuit.5A Easkamundofdayentianct ed havi ng a wi de opening at one front
surface, and the diaphragmstretched over it. The driving sources are
arranged spaced apart on the 2 di aphragm However, this speaker system
has a conpl iRufégihgaoFigu, Ie/c@:w*e‘ntngnalatheefre systeuh i sttowm sehévnglically. It is

manuf acturi ng cost. By contrast, , 256 disc|loses a systemin which
a display déemposed@hasvVgb playsy %@f th%‘&ﬂ%&é@"hs%ﬂ%w@g%@@t@éﬁ &nd, spaced

fromthe screaBeo? N¥ABHrojector 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



" of electro-acoustic transducers. A simlar concept is found in US

5,400, 414, in which a transparent piezoelectric foil is provided, for
attachment over the front screen of a display 1 o unit such as a TV set.
The transparent piezoelectric foil is provided with el ectrodes which supply

audi o-frequency signals to it to generate audi of requency sound. Anot her
simlar systemis shown in US 6,427,017B1 whi ch again provides a
transparent piezoelectric nenber for attachnment over the front of a display
device. 15 It is nmentioned in US 5,400,414 that the piezoel ectric 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 r i res at _the,sounder is trapnsparent., 2 u ry of the
Pnvent ion | FIaRHEET) Hoewer. tiesralie e Bt Ao I spRLend Bikypi ay uni ¢
including a mlfigﬁfatiﬁﬂ[T’ﬁwuIth’@/ihrwh@_hfrhéﬁkﬁfaﬁt@ﬂﬁba)bsﬁurface for displaying

i mges, and one or nore flexible piezoelectric actuation el enments bonded on
the rear of the 25 screen nenber (i.e, on the surface of the screen nenber

opposite th j r )ordl i f. . i.har
(e %) ay g boRH, B5'6 378 290 HBaRSERBTRRIN T whorEr AP by LB SLERL, ) o
fl exed. Fhe gy 2Tvedatditcludesatdisglapbcreed aidsspated from ther surgen, 4 aumbee t he
screen nmenber, so that the screen nenber generates the sound wave. The

i nvention ne&destio-gerustis teansgduse®yi de an integrated unit for sound and
vision generation in a thin |lightweight unit, and wi thout the necessity of
5 providing transparent a sound generation layer. In contrast to
convent i onalA dinsifarapnsgpt isfesunch ol USi 51400444| myshiahc Sapspaaent | oudspeaker s,
in enbodi nent.s_of the_present, invention the sou nd ,vi sion are. produced
2t subst ant IRETSPleHBC BB BUSERofor AHBBuMEnhE s e S Peteal oL RSBy
audi bl e 1gf f qgiiSsuchOad A TRLBEL IRk tfdhshBfert PR RBridRind Yodvided Wih act uat or
el ements of the present invention are not required to be true | oudspeakers.
Thi s neans télactradas wbichtsupplyoaudindregtienay signalsteshtasgenenateaudior of t he
screen menber does n LnRLhit the broa tin f d, A direction
of the vi evaredtnay3agn; Aubiner SR sREhTR B WRENE L IR Tab 8L B s
large as in éé%i@ﬁ&%dés b fraPisparerit @icoeaitd etnbariof ARAHIAENt G@MHe
Preferably, the display unit is used as part of a display system which
further inclfiedofa gisRlp¥sievise. devi ce arranged to project inmges onto the
di spl ay : urface. The display systemis preferably a one-piece (i.e.
integratal) unit.

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
is transparent.

20
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
or more flexible piezoelectric actuation elements bonded on the rear of the

25 screen member (i.e. on the surface of the screen member opposite the
display surface).

The screen member is preferably laminar (i.e. a layer), and may in different
embodiments be either flat (planar) or flexed. The piezoelectric actuation



" Brief Description of The Figures 20 Preferred features of the invention
w Il 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 vi sion generation system Fig. 2, which is conposed of Figs. 2(a) to
2(c), shows a speaker/screen 25 systemwhich is first enbodi nent of the
invention; Fig. 3 shows the application of an alternating voltage across a
pei zopol yner |ayer in the enbodi nent of kig. 2; 4 Fig. 4 illustrates the
vi bration 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 shows_a second embodi ment of the inv nt| Fig. 7
Shows . thi relemRhiRiars diandach 36 Rou an STERD Rleghber. o 4 e, At o
circuit suitpbhek@enbfftes theabou whbs. three embodi ments of the i nventl on.
10 Detail ed Description of the enbodi nents Referrlng to Fig. 2, a first

enbodi ment of the invention is shown, which is a display un|t haV|ng t hree
| ayers. Fig.Thg ivestigianakes dmoaﬁlwwt@fprpwéeoﬁrsmtagrai@d th or soynd 4ng)
shows an ex d h ) +HieS

Cross-secti Q}r@ﬁﬁ 9%@\/&%{8{1 h'tg gl %@'ﬁ:?&ohm{gh? Y gm,%"& e B? ?SS't*lhe front

| ayer of 5theprdmihigityawparen’saaoandgenefaimerlay’&er The front surface of the
screen layer 3 is a display surface, onto which an image can be proj ectd.

20 Adh dt th f
St um o1 - ayBr Crant 0 ey eRivyAla SpiEy e st ie iddind iR D PeRdRE
sheet, or al b@ﬂ%dké‘?é VinCOFBOSRTLRE of RS Préddt ynwniondhél sbida &% YRIAH

el emsnts It should be understood that the piezopol yner |ayer 6 may not be
provi ded ovearetprodgned raé sabstantiplly e sameciochtigrr resultingsindmprovert visuahor e

layers 6 may, be. dible 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;



25 provi ded spaced-apart in different portions of the screen |layer 1. The
pi ezopol ynmer may be pol yvinylindine fluoride (PVDF) or one of its
copolynmers, since it has vast dynami c range, high elastic conpliance, high
dielectric strength and low cost. It is preferred that the piezopol yner

| ayer 6 30 has a thickness of at least 110 u 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 piezopolyner |ayer 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

i call . h i cal i f the,di i .
P’ aver 7y Bk SrlfeaBE O FBP o haRS hpSSiaon iaftahling” | o
i ncl udi ng agpeskedteredn systenrofaay. 2ayer 3 where the pei zopolyner layer 6 is

not provided, so_that the layers 3 and 7 are 10 in direct contact there),
or al ternativel yFighpshawsewerasentahrasyls of tasfraguenty resapnseipf ace of the

screen | ayeFB%a g’cge%mgﬁabﬁjzw?ﬁyﬁm@q’_%. provi ded. The screen system

further inc es electrodes (not S otated on the piezopol yner | ayer 6
ff)r genes iati ng eFig:lter, maich islcctfmp%sedssf Ehige. fﬁl(beeaf:d@(b)rgho‘a/sleﬁsmml di fBerent
el ectrical potentials e.applied to the two el ectrodes. The el ectrodes may
be of any cﬁmP&d@T‘ﬁﬂt?@b&'”‘éfgm‘?”és conpliant silver ink or sputtered N Cu
alloy. This is | Haistémdaiiirdeibodimbft dfthehhl: ¥gyt age source 8 is
used to apply 20 fferent voltages to the el ectrodes on the respective

si des of the scr&gn 8 slwovwesanamplilidnciecuitsuitdbde fansedh anyeofihe thneel yner
layer 6 in its d31 de..If th i ezopol yner 6 were noving freely this

woul d not pFHﬁl?@zgngfq%n?efftP%%‘fe@E?Bnd wave, since the notion would be planar.
However jgsi nce the piezoelectric layer 6 is bonded to the flexible screen

| ayer 3, this induces the congosite 25 structure to produce a bending

nmoti on, whi Betailadlaeserintion afdbe embodimentsner at ed propagating transverse to
the surface of the screen system11, as shown in Fig. 4. Thus, the flexible
Vi ewi ng screen system 1l serves as the diaphragm of a speaker unit. In other
words, the RufedingeotFig. 2 eofidt emboditent-ofahd iehitiondsBRowh| whaichuset i ons
into one thin, flexible, foldable and 30 |ightweight unit. Since the screen

system 1 pr SispiRysumbhavisg faeedaversnhige 2(a)shpsied AonbMiew akthevgisplpg

gener at a | gns LON: f i | vi sual
and audid oPPRES AENHoRE T pREBLEERieW Dl e hic e, Rrd B IEE, 1 T
per unit ar eeosstsectidnpl @ewahehé directior AvAmaidicdted in §ig. @(a)weaker than that of
an el ectromagnetic actuator. Usually, the maxi mum output of a piezoelectric
filmactuator falls into a mcro-scale 0.1-100,u m This inplies that the
structural dekardmiant dfithe displaPlRERBESErbeRlaydts. IRt SffReHIdNe to the
AC excitation should be essentidlly invisible to an individual |ooking at
t he screen Isafgen [ayen & isa kigplayswibacs onthwhiokr areimage cambegrrajectd.t he
generat ,on qf . an i e Wth the s yal i as .a.caonvent,ional projection
Sorecn. 2DoudvtBred G ok Suirdfs B8R tden el 38 Afetat MR aeftiafny) ' 1o
hi gh enough |dyer® (Tﬁéf?pﬁembbl%d'hér BOLNE rhay BESIhGIe rhoRdlithideshiegzstpol ymer

a

| ayer 6 has a sufficiently rge area, or by providing a |arge enough
nunber of | gtenatigelyrrarrosaskef & plurality o fndividual @csiegtor elements. It shoul

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  m. Alternatively, the piezopolymer layer 6



15 layer 3 (i.e. with the elenents 6 provided in different respective parts
of the screen area). Experinentally we have found that when a piezoelectric
filmof thickness 100,u mand an area of 280x280nm2 was bonded onto the
rear surface of a 20 screen layer 3 having an area of 230x210cm and a
radi o signal (denodulated to forman audi o frequency signal) was input into
the el ectrodes of the piezoelectric filmusing an anplifier, the result
sounded as if the audible sound radiategfromthe entire display surface of
the screen layer 3) rather than just the |ocation of the piezopol yner
actuator 6. 25 Fig. 5 shows the dynam c characteristics of the screen
system where the horizontal axis indicates frequency and the vertical axis

i ndi cat es deg] h . [t d_t e l.e, but
LS hi oRE R bEpoml{ B Ruiith 493 shEHR o B P B RRERLA R C; e s
opti m sed. BpPoﬁt@mbﬁtieéaré hé@néredaygdtheppt i m sati ons of the |ocation and
orientation of the actuators 6, 7 and the nunmber of actuators 6 attached
to the screen, since these paraneters can nodify the frequency response of
t he screen Lr r ] i o) i :

invention i gﬁiﬁéév\% éﬁr%a-l% ﬁéﬁgﬁi%%g’”?ﬁﬁ"éﬁ?‘?ﬁ@ﬁ %%%?g%dgwwgésretgﬁs@g section
in Fig. $%(b)ayerii. Thepretective/sealirapiayent shauldi Iseothay andiflexitle, in particutay e

i nt ted unit which b | | t sh th t
struct ore. 68 st bon RS nsrs 368 SRl s aractCany ABect padher e monbr ane
14 compri i Adbchahfda? Bropehies oPtheYiSpish Lblt 1. THEAAYEN Pnidy dlteRd Ridsafieand a

| ayer 6 of a piezopolymer. The unit further 10 conpris a support franme 9
havi ng a | aentitseresyr ofithaisereeMiaydrifie. dncludingzgradareasiof thescreea layen3 11 i s
much thinner in direction erpendi cul ar tao.the surface 3 than it

i mensi ons iieEe faf BeBoBRvETEIAYR © Bifistirtiied otk Biialers S andioeras 10,
whi ch eagh fnaRéttUdNRSCtahERS adreslite?hSHRIN onlipaprohrideh tAE afrédd BFthel ncl udes
one or nore elements of a sound absorbing fmaterial 19 such 15 as a foam or
fi bregl ass. radfesWtase ofiie seraem layer nwhsrathe pigzapelymesg isrfodided. t he
respective chanbers 10 may have different respective widths in the plane of
the nmenbrane 14, and accordingly different respective resonant frequencies.

Thi s enhanc@hetdire@bsystbyn furthehtaoludds didctredaeert shewadlotdidd eqtienci es in
different respective frequency ranges (low, mddle or high), 20 anal ogously

to the use iPEZOPRERRN IBKRN 6 igyaanarating elgcHisfifldmacross dhe RirzopplymErd: ange
and tweegter Ch e i | i It ffect. In
the two Embdln S ek e PERS TR RATNCRIE e e glcfRles TOB | 1C) Lies
a planar scretstrddagenay be ldf\smyaommersial iy tsuch asscomplidntsilvednk ort hi s
respect, and ap alternpative speaker/screen system?2l is illustrated in the
enbodi nent  SPURSIED WICY Allg¥hi s enbodi nent 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 scredihisB ilusttatadén Pig. i3s irswhichareACoroltage souree 8 is used to apply

Vi evi ngor SUTPPRL! VR dp JB% esirofsi ERBE indcline el Pe R The
supporting fds&ﬁ%r@@ué@b@éiﬂétm_dfhﬁeW@Wrilmm irf ifedenbdenetid in both

the planar and non-planar portions he menbrane 24. There is a
pi ezoel ect r iPieFoRPHMENE paie MaMng freebyrthiswrpuld ned preduygeesighifieantesitidi ment s)

naving 2 1 Gl 3Bl tns SBNAARGEIAN pRABPISClLORY, BilcBlind BRSeMEOr L1 on o

t he screen l'ayer there is'a portidn o ayer behi nd

at | east panayerf6 igdsdndet tbiies dlesietd seraen 2ayer 33 this ivedyveszhelceotpdsitel ayers 26
cause the sections 27, 28 to vibrate in reaction to anch\%plied QC electric
field appli SFUchIrade peadyaea PeadIBEANRN. Whigh £3USRs $ou evesie Bles (not

shown), and /4 j j | [ | ager). The
one"s g SRR Py e ofefe SR, 8
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



" Alternatively, the wall or other support structure may itself be
effectively a portion of the speaker/screen system For exanple the wall or
ot her support 15 structure nmay function as a cover which covers the

(ot herw se open) rear side of a sounder chanber of the speaker/screen
system Alternatively, the sounder chanber may be contain (e.g. be filled
w th) sound absorbing materials as di scussed above. 20 In order to obtain a
hi gh sound pressure fromthe enbodi nentsgof the invention, a significant
driving voltage should be applied to the piezopolyner filnms 6, 26. Fig. 8
shows schematically the structure of a power anplifier circuit for
generating such driving voltages. The circuit includes a transforner 15. An

electrical r e.ls | | S sin t he ci ¢cl.udes ,.an 25
nduct ance RIS fes MG HEY a¥niefe Al iRt o Femf oSl WHicH S

pi ezopol mer in a‘;ﬁhn@rdsmpmguﬂeamu@@ difreaped by including an additional
resistor 31 and capacitor 33, so that the resonant frequency of the circuit

as a whole is far fromthe audi o frequency range of interest. 9 Al t hough

t he inventi lgﬁfwﬂ 0, ' (s onto which
i mges are gr 0j ec g&gqv@%§9§gaf§%0%{&%é¢}ir{m8%%ﬁ.@g ptg? uﬂﬁ%?%z%@g%tl on. In a
particul grl mlezae‘lmtneﬂlmrahnmtmetfanWealserrtaan thMramélebmenﬁgaetuay uni t
systemis re acedsdj flexible screen wiith int rna,l ratlon
el ements (s ajon é@bs?‘e MRASIMYB PYRIL PR PiIgZE]e %%t”ﬁcfﬁlmélﬂ’t‘b% aligdntoear

| C 1 S I h tructu e.
side of such ﬁ‘-nd?l’)% LR ORN A0 £ Bitfs FAPRA L éh}’% H@ emé eV the

pi ezopol yner be spin-codated and I nt egrate screen

with Internaius;ilagérheggrwlﬂeé viewi §é¥_%@h31ue9¢b(1he@\@©khmildnssmﬂ@9éi ble with
the fabrication ﬁéocess of the flexible screen with internal |ight

generati on &ssABVRIY iBusdIaLo a0 itdivigyal Ipakinget i scregntlaveioh InéN@bodi ment s
describgd a da( ng{vr&% ﬂrgéﬁ%gét% p&ififtd the eqesr%'ratﬁcﬁ{e of & %égg with tﬁe%%Hea' n

| ocat i on, e Or nore us resent concep t
appl i cabl e aqumtycas de:onvestmrralmjebtldmecreeneldowkﬁer §t mayﬂaeoénwrmbthdte

el ectroni ¢ device, such as, a 0 ter, MP3, or the like. In such
appl i cat: onsth\elltsﬁlénﬁlpg‘%%ﬁ?ﬁﬁ@ﬁ\?ﬁéc?@& *E‘)nggygh Bépm&?%démﬁlﬁ@ué‘grqyacg of a
flexible SUQﬁIshﬁh thé the'di g%%)p%ﬁ%t &r I'éugéP@WaQVa sd\‘ﬁ&@n@s‘?%@é' :r%(a Xl ot her

variants wt escop e Invention exi st lear to a
skilled r eaq:arowdmgmlargée,neugh niintesuif dgyerrsibton thel nedr syrfacs of thensareemer

Lo the May BRI H0E. M He ereals rafed B AMErRE rrRastie PRESA I ppl vi ng

el ectric SI Hepdeén beed)he 5 piezoelectric el enents whereby the piezoelectric
el ements actuate the i mage screen nenber to generate sound. 2. A display
unit according to claiml1 in which the screen nenber is |am nar and

substant i al I3 Jd i enidy AediaVR Bint hds HESPAGIBGAAL AT bt liisch ¢ he

screen menber nar a I'hclu nore” portions a Swhi ch it

flexes. 4. AGDspl axd unlatreamqedxmmmsz@ woridedcbmtorthe rear shrédoB ¢f 4 n whi ch
the screen nenber is supported by a franme which does not support the screen

mermber i20 orsereen reyer hhavsg mmeaicéiﬁ@b@ﬂ:@cmcamﬂi erredio gignal enents bei ng
pr oY1 9e0 10 el SaTked 8 o B 68T e Ped N B SRR Y 10
the forward githepidZdRledti€fim 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,



chanbers including el enents of sound absorbing material. 6. A sound and

vi sion display systemincluding a display unit according to any preceding
claim a projector for projecting i mages onto the display 20 surface, and
an audio systemfor transmtting electric signals to the el ectrode neans.
7. A sound and vision display systemaccording to claim®6 in which the

di splay unit, projector and audi o system are a one-piece unit. 8. A sound
and vi sion display systemaccording to cyaim7 which is a 25 portable
consuner device. .A3.A&|.A9{Y. AaF. A3. AY. A&Fr . A&Y. AF. AF( ?@9bJL b

g] zupkfa\W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] c’\a] caj ca] ca] cMaljcMha]JcRal L \ X

18 2 el pa sl s tledl sahealer L Al dleg) sl b sl mlradl ool o2

#3$S' (**#, %oarﬁ%émy%ﬂ@#éaw@hc%@k Shsbrmkitlreéa aasieadigal ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal _78;
; =D>?w@ @aAA. BBDCCCC@yD_Ef EELIFNF45_7} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]

C%%g}g}&cf‘]ﬁﬁlﬂg@;@ §%Fé‘§§€;lﬂr@a%§h%b8ﬁ]%g} T HARLERIE Bh6i Rl ool cal cal 7l K

10%t&, () 5f 1q:%r€péc)tw§mé€m?n Fl O el 0HSS ShCBERIMLYTSI) KBIMOSErQ) -, 10%
m& ()-10%m& ()- @ 10%M& () - %00 () - 9bCGHI | KA7 chlOnS §10%T&: () - S
10%r8 ()- 4' qux@@l"’(%’“@ gsPdﬁ’W't 11s a singl! w%q ch may hung

_Ar@O0nf 109 fi@eﬂ" E%?{%@Néﬁ éctfépfﬁébér} stRicture. The unit 11 comprises on its

109% & () - S10
front surface a flexible membrane 14 comprising a screen layer 3 onto which

images are to be projected and a layer 6 of a piezopolymer. The unit further

10  comprises a support frame 9 having a lattice structure. The frame 9 is shaped
such that 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 afoam 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
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system or the like, in which a curved viewing-screen is commonplace, or for
use in a home theatre system. The supporting frame 29 determines the
configuration of the membrane 24 in both the planar and non-planar portions
of the membrane 24. There is a piezoelectric layer 26 (such as one of PVDF

5 as in the other embodiments) having a high elastic compliance and adhered
behind at least one portion of the screen layer 23. Preferably there is a portion
of the layer 26 behind at least part of each of these sections 27, 28. The
piezoelectric layers 26 cause the sections 27, 28 to vibrate in reaction to an
applied AC electric field applied to across the piezopolymer layers 26 by

10  electrodes (not shown), and including an audio signal (e.g. derived from a

VCD player). The unit 21 may be hung onto a wall or other 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 (otherwise 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 Inorder to obtain a high sound pressure from the embodiments of the
invention, a significant driving voltage shouid 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.
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| f &0" 10%@ @,&rticplarly preferred embodiment the screen layer of the display unit’system
is replaced by a flexible screen with internal light generation elements (such
5 as OLEDs). The piezopolymer may be bonded onto the rear side of such a
pre-formed flexible screen directly. Alternatively, the piezopolymer may be
spin-coated and integrated with the flexible screen with internal light
generation elements. Such a method is compatible with the fabrication
process of the flexible screen with internal light generation elements such as

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 is 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.
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piezoelectric elements whereby the piezoelectric elements actuate the image

screen member to generate sound.

2. A display unit according to claim 1 in which the screen member is
laminar and substantially flat.

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

10  laminar and includes one of more portions at which it flexes.

4, A display unit according to claim 1, claim 2 or claim 3 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.

15 5. A display unit according to claim 4 in which the frame defines
chambers covered by the screen member in the forward direction, the
chambers including elements of sound absorbing material.

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

means.

7. A sound and vision display system according to claim 6 in which the
display unit, projector and audio system are a one-piece unit.

8. A sound and vision display system according to claim 7 which is a
25 portable consumer device.



