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5 10 DESCRI PTION 15 TECHNI CAL FI ELD The invention relates to | oudspeakers
and nore particularly to resonant panel-form | oudspeakers and panel -form

| oudspeaker drive units either alone or when integrated wth anot

article, e.g. a picture frame, 20 display cabinet, visual displ ay@ﬁflﬂmﬂm ”
mrror and the |ike incorporating translucent or transparent gl as ”
panels, or laptop and the I'i ke personal conputers including personal *Googg«
organi sers, hand-held and the |ike conputers having a display screen or

hand- hel d and the 25 |i ke tel ephone receivers, e.g. nobile tel ephones

havi ng a di splay screen, and to nodul es conprising a display screen which

can be driven as a Ioudspeaker for |ncorporat|on into an article such as

t hose set out above. L~~~ Such resonant panel -form

| oudspeakers are ger‘%‘?%@NﬁNﬁEgM%fQW HFHJQ%?EGM pat ent application
W97/ 09842, and have becone known as distributed node (or DM

5 I!IIIII!/III!IIIHIIIIIIII!III(M}!UIII ‘

The invention relates to 1loudspeakers and more
particularly to resonant panel-form loudspeakers and
panel-form loudspeaker drive units either alone or when
integrated with another article, e.g. a picture frame,

20 display cabinet, visual display screen, mirror and the
like incorporating translucent or transparent glass-like
panels, or laptop and the 1like ©personal computers
including personal organisers, hand-held and the 1like
computers having a display screen or hand-held and the

25 like telephone receivers, e.g. mobile telephones having a
display screen, and to modules comprising a display screen
which can be driven as a loudspeaker for incorporation

into an article such as those set out above.
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| oudspeakers (or DML). 5 BACKGROUND ART It is known to suggest driV|ng the "
transparent face of a wistwatch to act as a buzzer or sounder i.e. to emt
sinpl e sound tones, e.g. to act as an alarmfor the wearer of the
wistwatch. 10 It is anong the objects of the invention to provide a
resonant transparent panel-form nmenber which can be driven as a
| oudspeaker, e.g. to reproduce speech of nusic. It is another obj ect of the
invention to enhance the functionality of a resonant panel | oudspeaker to

bl 15 di 1 D S
EESerfion al[§§8§gzg£%%g g%%e g%gggRE cigguvgggggygicggéggﬂ%eg%rgggnant
anel -form ne W
20 whi ch thcaﬁgﬁﬁa a Inggrna%1885 t%P %?Q%Eéa%ﬂgﬂsﬂﬁﬁﬁqbg%Q§ t hrough

V' screen I'S VISI 1 on eXC|t|ng nmeans

cause t he ganel;;f.ar m feahes {REERONELE. 0 ACk A & agust i qopadiog or.

From one aspect the invention is a display screen nodule e.g. fox a visual
di spl ay “@bhdégggker%OWE&‘%Mﬂg a 25 display screen, a resonant panel-form
menber , portion of which is transparent and through which the
dlsplay5screen is visible and vipt@ktcROURBCARTNG neans to cause the

panel -form menber to resonate to act as an Il Ga ~_

It is known to suggest driving the transparent face

of a wristwatch to act as a buzzer or sounder i.e. to emit
simple sound tones, e.g. to act as an alarm for the wearer
of the wristwatch.

10 It is among -the objects of the invention to provide a
resonant transparent panel-form member which can be driven
as a loudspeaker, e.g: to reproduce speech or music.

It is another object of the invention to enhance the
functionality of a resonant panel loudspeaker to enable

15 direct user input.

DISCLOSURE OF INVENTION

According to the invention a loudspeaker drive unit
comprises a display screen, a resonant panel-form member, -
at least a portion of which is transparent and through

20 which the display screen is visible and vibration exciting
means to cause the panel-form member to resonate to act as
an acoustic radiator.

From one aspect the invention is a display screen
module e.g. for a visual display unit (VDU), comprising a !

25 display screen, a resonant panel-form member, at least a
portion of which is transparent and through which the
display screen is visible and vibration exciting means to

cause the panel-form member to resonate to act as an



Ao
, " Z ~~~1~ ~'"~Z~~ 3 acoustic radiator or |oudspeaker. From anot her va@pieé‘t‘f" -
the invention is an article of the nature of a picture frame or hol get NOV 200
di spl ay cabi net, visual display apparatus, mrror or the like having an 5
article area or surface to be viewed, conprising a resonant panel-form
menber, at least a portion of which is gransparent or translucent through
whi ch the display area or surface or article is visible, or at |east
t hrough which Iight fromthe display area is transmttable and 10 vibration

exciting gegfistie ¢ad3acbheopaneludspdnrmnber to resonate to act as an
acoustic radi ator or |oudspeaker. From another aspect the invention is a

t el ephone recerygm Mndtieet i kepeetd. tide MRV tieinephoneoragel t1phene,
conprising a display screen, a resonant panel-form 15 nenber, at |east a

porti on othehnahkuire tomnspptestirand dafeough nblgdrf haidpsplhayapineen i s
visible and vibration exciting neans to cause the panel-form nenber to
resonat e vosael abi sl agougiparatad at ol reorl ocodspdekel 1 k&henawisonaan
panel -form member may be of rigid 20 plastics, e.g. polystyrene or may be
of gl as§ artocher pirgiad toransparfane neteribeé. Wbeeethancompriisbndti én
exciting neans may be provided to apply bendi ng wave energy to the _
panel - f or ABEAERBBE Pangaaderit Mmephedsordt el ¢asthradoest hanaesuyhii€h2s sout put .
Such plural vibration exciters nmay be driven with the sane signal to give a
monaur al  BhEREPABENERY Thet FRT A eRbak Brerght whddyitthe ntiePleraRker, e. g.
stereo, output. The or each dri(]Jve peans, may. be nounted to an egge o% -- =~
~t ~~OF 7;SWLERAGE n@ilgi ARF1HOPL i bR of+ % epan@lr-f‘?)Fm]r@%rfc oHgha
portion of, the PANGL: F O 0IRE" LPHSIAS 124l M 20SRATENG, PO ang

10 vibration exciting means to cause the panel-form member to

resonate to act as an acoustic radiator or loudspeaker.

From another aspect the invention 1is a telephone
receiver or the 1like, e.g. a mobile telephone or cell
phone, comprising a display screen, a resonant panel-form

15 member, at least a portion of which is transparent and
through which the display screen is visible and vibration
exciting means to cause the panel-form member to resonate
to act as an acoustic radiator or loudspeaker.

The resonant panel-form member may be of rigid

20 plastics, e.g. polystyrene or may be of glass or other
rigid transparent material.

More than one vibration exciting means may be
provided to apply bending wave energy to the panel-form
member to cause it to resonate to produce an acoustic

25 output. Such plural vibration exciters may be driven with
the same signal to give a monaural output or may be driven

separately to provide multi-channel, e.g. stereo, output.

The or each drive means may be mounted to an edge or
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The margi nal nmounting may be as described in International ' patent 1.AQ\ 2
application PCT/GB99/00143, see Annex A. The 5 vibration exciters may be
nounted in pairs to an edge or narginal portion or to opposite edges or
mar gi nal portions of the panel-form nmenber or to other portions of the
menber outside its transparent portion. The or each vibration exciter may
be coupled directly to the panel 10 fornf nenber. The vibration exciters may
be el ectrodynam c or piezoelectric. The vibration exciters may conprise an
inertial device or nay . be partly or fully_grounded. The exciter(s) may be
resiIientl@ggggBSrtéﬁxgaéf dﬁga hesBERPATE rWrﬁﬁﬁgﬁﬁhﬁﬁ?,t%.@.PFﬁéled of

the | aptop,%5 _ p -f.orm nenber, nmay, be resiliently supported
on the fraﬁé éﬁ%h %ﬁ%loggﬁ%rggﬁéaéséu$ﬁﬁs? whet et TRRSBARENTi ®9E&dCRngul ar

th il ' - t | gcent d t
exci  or (5) "oy Be ot oW1 QB G Ena T oni R edbes A T it BT LREL PBET 20
edges of tpetpagel Redies |1 a0 jopssipperigd. The Vip?{rf’ﬂeq onyexciters may

alternatively or additionally conprise a piezoelectric (e.qg. of PVDF or

PLZT mat 8rivabyaohoan eddActdr@t hd} Mbe EmBun@ ekl &SPE4 £AL Ebeza%'&&{;éi GyOr an
electret film The piezoelectric or 25 electret nmaterial may be Fam nated

or fused omangheali perhandedrorn cerppidad Ody« dNtRaAgPAET BhrEREnWhol e
of the panel -form nmenber, whether of glass, plastics or a conposite of

gl ass and @f asthes. pafrensframenmemieducbor sto  dthmy aloxa i pr @b degeon or
in the panel to energise the vibration exciters. The | oudspeaker or

| oudspeakeReHpeye gutcidey Bésof tirhespemendl lhdowtidescrites ior each

I nternational patent 5 application nunber W97/09842. Thus the | oudspeaker
may conpri$EPRRbabereXcHiEA emay Hest v hed and nedpagatongHenppanel-
vibratiﬂ a% energ% by bendi ng waves in at | east one operative area

ext endi @ PHhsPERBSIy Jthe nY Exrriskon oekaleer asamantbarnebe ot bodynamic

conponents_di stri buted over said 10 at | east one area and having a
vi brati on ¥xcPtEFOToGtted “on 50F d VAREBELOPo SHPrERRS t MY nEIamAT #Se canse | t

to resonate rmng an.acoustic radi ator i ch provides an acoustic out put
when resonﬁ?%%%l.agug%é’rlcﬁor%r nBrdi &%ﬂ B%F%A?Bné) fgﬂﬂéyp%&u-”f%drn 1Bherenber

my be ol amerkor £p5tpaned. TRy 00 PG, o LN panel - orm forber

may be nechanically cla € pane m

encl 0si Ng £6€ & BLLQf fpgmgaqﬁéggggglpingpr.Mggre ydaqustkgerag%géion from

the said one face is at | east ontained WMthin thé en ¥e or

cavi ty,18 reddgur@nner o anpdMdiDEd &y batnfe{nsekw% a(‘;gféi h@&fﬂf&g@i’&e or

cavity may be such as to nodify the nodal behavio e pane

descri bed suppditesdatdronghepat fithe aRAbNGAL 688, HCTHEBLY/ QLQ48, Sspg,dnnex B.
25 The panel -form nenber nmay formthe face of a visual display unit or the

li ke, e.g.whéwe other darasispaseitediaoigedbirye i f 2e@i0fi cdit O¥@spdhe; ¥ sual
di splay screen, e.g. a liquid crystal display or plasma display of a |ap
~~~~ tv| ~may extend along three adjacent edges and the exciter(s)
may be provided on the fourth edge. Alternatively all four S
20 edges of the panel may be resiliently supported.
The vibration exciters may alternatively or
additionally comprise a piezoelectric (e.g. of PVDF or
PLZT material) or an electret film, e.g. a transparent
piezoelectric or an electret film. The piezoelectric or
25 electret material may be laminated or fused or otherwise
bonded or embedded onto or into a part or the whole of the

panel-form member, whether of glass, plastics or a

composite of glass and plastics. Transparent conductors



6 top or the like conputer. A polyner-filmliquid crystal display nay,
bonded or otherw se nmounted on or integrated with the panel -form nenber,
whereby the ' | oudspeaker and visual display functions are integrated, 5
The resonant panel -form nenber may have a useraccessi bl e surface and neans
on or associated with the surface and responsive to user contact. The user
responsi ve neans nmay act as a touch control neans, e.g. whereby the user
can enter instructions or provide r 10 information, e.g. to apparatus
associ at w th_th 0, ro..T L Qr he | o r y form
a controﬁg% néﬁ?gegﬁ% ?g§pga§§né¥hgy§ag iﬁ%%%?y%ﬁ%ik?ﬁh e%gfﬁﬁgdtg%

I nt er nat i g, patsntx@ppbigati on W97/09842, or may 15 control operation of
a conputer) The user responsive neans nay conprise visible or invisible
areas, delineated bypupkipRhikee ofr | abehkpBEKas driROULAEE @fay fodi sicbl e by
a contact or netallisation, which nmay use capacitative or conductive or

al ternativige 2Gemetaads kingensiengriibed nMmedi atie tpiresalicenY cpataat by a
person, finger etc. Pressure switches nay al so be attached to the surface
or enbebldspp d ¢dt hon Forurdetth WO&MNIPABARL. ahidusr artsd udentd sgEeddear mypes

t hese and ot her well-known nethods may be used. ' 25 The resonant speaker
panel maycahpoide econbémedrwidapadtlter ofret hosisa fmingergichgpwhpabatnobude
matrices of light emtting devices and receptors, e.g. photodi odes and/ or
phot ocel | Enpwundibhatpenpheesergly the hemdinandavhschin at least -pnef -~
~t1? sense the position, e.g. of a finger directed at a point on the
panel . WRPI#kl¥e | 2508 E8HERELBJaLEANSIGISRdYe AfaytibecHReshet prefareoxi de

filmor thin netal filmtype and may 5 t hereby be rendered transparent if
required,r?%%WﬂH?n@OFﬁe'YigﬁﬁEﬂoﬂjF%Wﬁpn?Wﬁ§ bt AEFHBUESAL A %r 8dd9and t he

i LI to the ed f.th | T desi d t ot
o L2 HEE OpFPER BroptrET 68nar e oaribl YLABBFREH | TS 17l DO EBtich
tral_f 10t d .vi deq displ t I
oudspeartl s Sat FPARETLCERT GTRBR oy andt | MBME Ty revordh pat) Sheaker s

and for au ol ed .tfio‘"r%%eq”f‘%gi %gctog.fgé%r a?QdXS?Q@cT‘%Mi Hrd e"eCa ons.

Many ot her categories ar i C exanpl e i n consu ectronics
such as aaggﬁgg'@go&%pégupgeﬁn{gggﬁggiﬁgsonant touch panel for a renote
I ,

control unit, whether illumnated or no or applied to a nobile tel ephone
di splay of sui¢gdl eAr Ror®r ®LPPIiMENY Bo it SGhRY. of I@HéSDg@kei_—@aema
control panel with illumnation. Wth the devel opnent of 20 nobile video

t el ephDhagertiier caagepe Alfaiged Ut heesengineeal i nghaalwigovet petbphery
transparent touch type speaker panel also formng part of the video display
assenbl y of wssosamt Pef desigembéls ema§ eedbmekhahicabilyokclaapedngs via the
resonant 25 speaker panel with incorporated switch buttons would find
utility in theThent pghedefoirmns mebler- f imand badi oweqiigqshenin paeangul arly
where conplex setting up is required for exanple in hone theatre sgstens.
enclosing one face of the panel-form member whereby
acoustic radiation from the said one face is at least
20 partly contained within the enclosure or cavity, in the
manner of an infinite baffle loudspeaker. The enclosure
or cavity may be such as to modify the modal behaviour of
the panel as described in International patent application
PCT/GB99/01048, see Annex B.
25 The panel-form member may form the face of a visual
display unit or the 1like, e.g. the outer transparent

protective surface of or over the visual display screen,

e.g. a liquid crystal display or plasma display of a lap-

1980y 2o



- 1 A~~'J 2~a~? 8 Also donestic appliances, e.g. dishwashers, wasHiHgVy 2007
machi nes woul d benefit fromthe addition of this technol ogy, as would

i ndustrial instrumentation, display orientated instructions such as

anal ysers and 5 oscill oscopes. The invention could be applied to | aptop and
ot her conputer controls, points of sales data systens, personal, stock
control and labelling devices, and al s& to autonotive navigation units,
dashboard displays with a , 10 '"wi ndow conprising a resonant panel speaker
design, point of sale products with sound output .and facility.f
user/cusﬂunbrodaﬁéeehkfvfOFO@BHFPBr o#*oB@?XWEEﬁgﬂqﬂhf%ﬁQﬁ&éO%FQ%%%l

simlarly for educational displ units for nuseuns, tc, jntegractive
audi o vi Stis#PlENi cB8Y 1PBRI }E%@%%CRpﬁTI SN R DR N@é%%rs%g%l nvoer!nt i g% is
diagrammatical ly illustrated, by way of .exanpl J the‘gﬁggﬁgany' -
dr awi ngs, 1HFEWR S Fi JdtE 1 FRea 6@%§geé§F§b Jﬁ%ﬂ#gF’a |'apt op con%ﬁ?er with
the lid raised to show a comput ef,. d 0 dksphakqsekean; Figure 2
is a part%%ﬂé%ﬁ%%ggge%?ﬁoﬁé u%?eé%%§¥%ggﬁgﬁgggfpg S?Ethe Igptop conput er of’

Figure &i FiURE S 18s8nBEE SPEEHEYCEYLAW BlmBeobinkg Tadie Lel eabene or
cell phone having a keypad and a display 25 screen; Figure 4 is a partial

| ongi t udi pal £t Os5a sglq}dﬁf};gg whew hdsesghbt hermobisecietephoneof tEegure 1;
Figure S1s an exp?o ed perspective view of a picture ~ ~~f ~y" ?~"no

9 frame assepbly iahanded dindsald nwintusgrandonaazitned wi Thea user
| oudspeaker; Figure 6 is a perspective view of a display case, e.g. for a

shop or ngs §0GOr pRIAd Ngaq laetdspeakertanch Scpattiol bnekeh- agag-t o show
hi dden detail; Figures 7a and 7b are partial scrap cross-sectional views

through tdige Pbls{Ur @ Her armEs@asseabhy ehtBrguriesd it idwes di epl apreydeeof .
Figure 6 respectively; .
10 information, e.qg. to apparatus associated with the
loudspeaker.

Thus for example the loudspeaker may form a control
panel, e.g. for a vending machine of the kind described in
International patent application W097/09842, or may

15 control operation of a computer.

The user responsive means may comprise visible or

invisible areas, delineated by printing or labelling as
- required or if visible by a contact or metallisation,
which may use capacitative or conductive or alternative
20 methods of sensing the immediate presence or contact by a
person, finger etc. Pressure switches may also be attached
to the surface or embedded within. For both transparent
and translucent speaker types these and other well-known

methods may be used.
25 The resonant speaker panel may also be combined with
other methods for sensing which include matrices of light

emitting devices and receptors, e.d. photodiodes and/or

photocells round the perimeter of the panel and which



Figure 8 is a perspective view of a display screen 10 nodul e which
integrates the functions of the display screen with that of a |oudspeaker;
Figure 9 is a cross-sectional view through the modul e of Figure 8 THi{gUr&N?
10 is a perspective view of a vending machi ne 15 incorporating a conbi ned
| oudspeaker/display screen of the present invention; Figure 11 is a
perspective view of a visual display unit such as a television

i ncorporating the conbi ned | oudspeaker/di splay screen of the present

I nvention,e2Q RIQUre,d2rkgna rée.lrgs.p%ﬁ i ¥e rYhewrofdard apt@pacompueint
generally of the kind shown in Figure 1 and in which the display screen
conpri segpratheuenead; Figure 13 is a perspective view of a nobile

t el ephone generally of the kind shown in Figure 3 and in which the 25

di spl ay screemheomdriseslaisedclieqradicts gure ldbdds ahpaetimdy be of
cross-sectional side view of a conbi ned resonant panel |oudspeaker and
touch pagdheFi gotes 15xbae 16 lar e orespecti vedtyalan fexdpl odege and Ny V 2L0
to perspective view and a cross-sectional side view of a nodul e generally
as shoun tihe debyuites Beratelr & andauspprést ngf arequélregad, iredicFHingureha7 is a
partial diagrammatic perspective view 5 of display screen/loudspeaker drive
unit applheddtied awteliogi.si onThBESPMIDESNEORCCARRALNGROSF STHEE NVENTI ON | n
Figures 1 and 2 of the drawings a | aptop_conputer 20 comprises a body 21
havi ng a GeassE 1vE aHdr g itP 2phaoehgpgell hbe2Bapgh @b &R f%sb%? ie the
keypad when cl osed and to di scl ose a visual diﬁa%a Sfregn 23 mfen rai sed
or opened®adSsAGtn.tq AMRaF £ e 941y REPRGHD e%a‘? | {ABrBRBR anay to

reveal hidden _detail. The laptop lid 22 is,forned with undj 15
peri pheral |i pPPFiF d e 5@5%54%wv§8HF8ine?c5?e8nclggﬁgéégo ?ﬁgghich i's
nmount liquid crystal displa CD). scre Vi Si u

recta I%Jl‘El PATSH erﬁowl'bftegrct %ladé&c o‘%/léirseom%llngq%haey f olPémg %’#%Pr sorﬁealnt

anel - f orym er,, e.g. t he K ind Lbed Lh W97 g@@ﬂg% 20
guspendec}ﬂun@ggégﬁelrdg’gl o%ralltggﬁrglg Ség, |&|g§ﬁ?hg tm%ﬂgi dgliedges 1 the

top edge r%%fg&%ett 3§a}§§i]§ apee 08532, fBANgLPbnAReUNtEIARIEe thd &5ihé ent

suspensi on , nmed rubber strip. Two pairs of noving coi
inertial (\ﬂﬁ/f)atiQHdeXG\}éxf‘dﬁm%% ARBHARENt b d4ei 6109, edyan3d3 abtRSrt he

panel -form cover 24 near to the sides 31 to drive the

categories are indicated for gxample in consumer

15 electronics such as a speaking or sound informing resonant

touch panel for a remote control unit, whether illuminated

or not, or applied to a mobile telephone display of

suitable area, or combining a display, a loudspeaker and a

control panel with illumination. With the development of

20 mobile video telephones the concept offers further

engineering value with the transparent touch type speaker

panel also forming part of the video display assembly or
associated design.

User feedback of control settings via the resonant

25 speaker panel with incorporated switch buttons would find

utility in the control sections of hi-fi and audio

equipment, particularly where complex setting up is

required for example in home theatre systems.



panel to resonate to act as a | oudspeaker and the exciters are suppg&égdmgn
resilient suspensions 34, e.g. of foaned rubber, fixed to the i, 1 V2002
exciters are hidden behind a . ~~0~Y ~=~;i? mreturn flange 35 of
the peripheral lip 29 and thus are invisible in use. Al though the pairs of
exciters are shown attached to the top edge of the panel, it mght be
preferable, where 5 nulti-channel, e.g. 8stereo, audio operation is

required, to separate the pairs of exciters still further by nmounting them
on opposite sides of the panel, to provide better stereo separation. The
transparent parfetSe ofRMESTE ?Epﬁﬁgnﬁﬁsof 99 polySYRSAE L Spol Yo bodat e or
simlar or_a . conposite of, glass and plastics,. e.g. | astics .or aerogel
core with "Eﬁ%@snr%% ngpus\ﬁereb?%%€bgnelf§ﬁ‘06‘} m ﬁ@ﬁbera(ﬁ%gtjaorbl a8t cs&f‘h%e, it
may be gi Vtee”crﬁlqﬁgégé‘:ha%e%?éfgt iCnOaauts!trl%:a]} l”iﬁ's%%%}él%a%ﬁ%n.‘} Oéiééé‘ig%%i hg 41

drawi ngs a mobi di 015 ephone or ce phone conmpri’'ses

cont ai ni ng,,.4 ‘9fﬂ¥ nt i ashi a radio transm-t ecei . (not
shown) , a%”ﬁé?}a ig prgﬁgﬁf{ng (gg%1théﬁgg§ing%%or séﬁé}ggggéd ré%§§ving
radi o- s gnals,; &displ ay screen 43 nounted in the casing, a keypad 44 in
the casing 20 adjacent to the display screen and through which the device

is operated, antha Wheeaprheone dSuldspehoywpiNedi G e1dptds easl necidri s
formed with an aperture defined by a surrounding peripheral |ip 45 bel ow

which is rewaperckr heorli splay peires genemaldsy daxd cepecky, 25 refience 43,
and conprising e.g. a liquid crystal display (LCD) 51, which is visible

t hrough a smetkangubat rblansgad entl aivedtldatg vedeovees46 iand heafiebm ofo a
resonant panel -form nenber which covers the aperture and which is "tol-~
~~ ~ ~ cHufjontk isuss peredEdyaticand wddlsed destiwagaki dgsalleyg i vsthera phery.
by neans of resilient suspension e.g. of foamed rubber strip 47 interposed
bet weenl & Heviingew' ferpoising fi pesdnant peagdersnaaied desigm dfoiie

panel -form menber 46. An 5 inertial noving coil vibration exciter 48 is
mount ed oPf healsh IRAWIts heviblansiiietht Pakent f odhe col@eli hiehberf®® drive
the panel to resonate to act as a | oudspeaker in the general manner taught
in W97/ OFEEL/CHREMRS t eF2%8 | LRUHhor P&d ofCBEFRSi | Pént WM. 50,

e.g. of foamed 10 rubber, fixed to the_casing. The exciter iis hidden behind
the peri pHETSATMATIAY ofheheS bt FRTt hedRaRt honahd SR 3s TivTSi bl e

in use. The transparent nel - f orm menber . may_he. of | yst yrene
ol yoar bortare "SI P80 S Conpbart echi Vo) atdid RgndE, HEEhees

pl astigs; or 15 aerogel coier itk &k @esT Bk NSr entbe panel -form nenber

46 has ‘a plastics face, i stant coating.
The invention is diagrammatically illustrated, by way

of example, in the accompanying drawings, in which:-
Figure 1 is a perspective view of a laptop computer
with the 1lid raised to show a computer keypad and a ~
20 display screen;
Figure 2 1is a partial cross-sectional view through
the lid of the laptop computer of Figure 1;
Figure 3 1is a perspective view of a mobile radio
telephone or cell phone having a keypad and a display
25 screen;
Figure 4 is a partial longitudinal cross-sectional

view through the mobile telephone of Figure 1;

Figure 5 is an exploded perspective view of a picture



It is intended that the | oudspeaker may be -used normally, i.e. with the

| oudspeaker placed adjacent the ~""' 20 user's ear for privacy, or “jihvﬁ@ewmv
vol une raised as a 'hands free' tel ephone. A nmechanical buzzer, i.e. L
nosound alert, may be incorporated in the | oudspeaker. Such a buzzer may
utilise the vibration exciter 48 or mayy be a separate device. 25 Figure 5
shows a wall hanging picture or photograph frame assenbly 60 conprising a
rectangul ar front frame 61 having a hanging wire 68 adapted to engage a

wal | hookf s upRFdmiihe AintleRd NfPeSi tADD, ithtd dechamgutahbinedl ~ ~~

U ?~~1~ 13 transparent panel-form nenber 62 form ng a protective cover over

a picturentth Aslcadspeakeen from Figure 7a, the front frame 61 is forned
with a surroundi ng peripheral |ip 64 defining an aperture through which the

pi cture/ 5 phofoguaph 63ier & heelkiskecitd vel svhéwe ©Ofr oaghlitdpd. atyr anspar ent
protective cover 62 which is in the formof a resonant panel -form nmenber
resilienteygsuEpendedhiap the hnagemClngogpgriats ngerd phewrgsipsa keansnadf an

i nterposed resilient suspension 65, e,g. of foamed rubber strip. A 10 back
frame 67 RRKleky wipkeneafapntof phae biddae €8Fpiés a second resilient
suspensi on 65 whereby the periphery of the panel 62 is supported frgm both
sides. The bacdki9v:fe 62 car9i 5& 545 cPEFE1BACK BRRONCHAPERSERRI PRt ure 63

is nmounted, in apy conye iient _fashion.. 15 Two novinhg ceil_.inertial vibration
exci Ler s BET cOHBRHERA OIF (RECEBES cdgams7 B1° T Pantl FEGHHEc Gy ePittember

to drive Hpedgane to reson?tF.torac% as.a I gdsgeaker. The exciters are
hi dden bé%l% %?ﬁz%%r?%ﬁ%ra ?Bu-%4 ah@°PhtstdréYinvisibl e in use. The

panel -form mr’@%upgy 8bejfé)f Z%Sé%%%%%g?t véplgkgéc%f}/rgngiiggﬂ%gaggpggﬁe or

simlar or a conposite of gla iC or - aer ogel

core Wghhh@ss Skiheh VY‘ﬁfS?LQEeEa”%éfOEHhtEﬁﬂ?ﬁé has atHéaS&igﬁJhéﬁce’ 1

may be given a scratch resistant coating. W I's arrangenent e picture

may easi | §c a5 changedt Wen, desiisleaRbt-hough the arrangenment of Figure 5
is intended for wall mounting, it will be appreciated that the

pi ct ur e/ phot ogrephré r aNg sass /Y= -G AWk ididestiesigherhe Tmodurd V

2t ~~~? 19 nmade to be free-standing with the addition of a generally
convent i ol Figare s§and. Figure 6 shows a free-standing display cabinet 70
which is generally cuboid and conprises a plinth 71, a top 5 72, and four
transparent diBjpdayewlfddss & pevspechieachiswdefofa tendaly neschiene endi ng
between the plinth and top. In this cabinet one or nore, e.g. all four,

w ndowkd 7hearpdratiirangedomnbiacd dudstmaimr jshad lavorseternispeakees with
the aid of vibration exciters 74, substantially in 10 the manner descri bed
in W97/ (ossent invention;

Figure 11 is a perspective view of a visual display
unit such as a television incorporating the combined
loudspeaker/display screen of the present invention;

20 Figure 12 is a perspective view of a laptop computer
generally of the kind shown in Figure 1 and in which the
display screen comprises a touch pad;

Figure 13 is a perspective view of a mobile telephone
generally of the kind shown in Figure 3 and in which the

25 display screen comprises a touch pad;

Figure 14 is a partial cross-sectional side view of a
combined resonant panel loudspeaker and touch pad;

Figures 15 and 16 are respectively an exploded



The display cabinet 70 of Figures 6 and 7b is constructed and functions in
much the same manner as is shown in Figures 5 and 7a with respect 4q Nhp 2002
pi cture frame assenbly 60. Thus the rectangul ar resonant 15 transparent
panel -form nmenber 73 is resiliently suspended between foam rubber or the
like strips 75 in the top 72 and plinthhg1l of the cabinet and inertial

vi bration exciters 74 are nounted on the panel 73 behind a flange 79 on the
top 72 so as to be hidden thereby. The transparent 20 panels can thus be
driven topeasgraitei i adbwasahqudspeaksisS.sestfioddl add den gudivo eferent to
the display of goods or an artefact in the cabinet. The transparent panel

73 may be moohdter ucete asl descas bedhabove.in25 Fiqures 8 &ndafdof & heardt awi ngs
show a nodul e 80 conprising a visual display screen and a resonant
panelformd%mmﬁpéaKEﬁigénéﬁaMQﬁmﬁamme ki nd described with reference to the
enbodi rent of Figures 1 and 2 above. In -. 1 ~irl,,J t~0~~ 15 this case
t he nodul e 80|E§9WW%hHédl§oafmﬁﬁﬁi%ﬁﬂ¢%@$¥@W@ﬁﬁgcuﬁﬁﬁSWﬁpéhveaWJQW .
nanufactured for later assenbly to forma finished article, e.

tel evi sitot VéBSBraﬂheSFFE@“/#ﬁédﬁﬁﬁéF@rcoﬁﬁi?@esuﬁleen%?%i¥?d5'?%cﬁhngular
frame 82 whi.ch may be of |ightweight pressed netal, in or on which is
rigidy nddltdd AR sual display screen 81, e.g. a liquid crystal display,
and over which scr [ | ar transparent
resonant panel - for%ﬁ%géigﬁﬁ§°%§$%g%&%&%wigﬂ 3P§§&h3$¥§ﬁhﬁﬁﬂfs suspended on

a peripheral r |I§14Hr§§r P84 Qf qug%{qgggw gé?the lBES@ %Rfonh%%_on t he
: r i's

frame 82. A res Ien seal suspensi on oamTr p

|t er poseggbetyesn; Lhe gdanal bhe pse/ Sgigﬁaﬁﬁwa%' 83 1941 orym

cavity 86 therebetween. ion excit are nmounted on the

peri phemah i Mg Mt0f2d he, Panel L &8y ato POSELY PBS AKL %b%ahh%%r eg 1sdde
screen 81 to excite the panel to resonate to act as a | oudspeaker. Figure

10 illust bades @ YEHE dige NBCHE BA2Y0 dG @MNEIS &t aP3 NRhef 1 rRaVieag czont r ol
panel 92 and a delivery or 20 dispensing chute 93. The control panel 92
conpri ses opetiedbi #ed shioswtal dTaplmEiywrre aydithgrodibe i80 sBodes@alad above
inrelation to Figures 8 and 9 to facilitate the functioning of the vendi ng
machi ne, bmdkeay aalago teompviesd addidenorm@tafilinct i ons as descri bed bel ow. 25
Figure 11 shows a visual display device 100 conprising a cabinet 101
housing a conbiThed Miapalp dildgl ayll oddspéakraredmodiltd 8@ a$umm§undma@ above
inrelation to Figures 8 and 9, the cabinet 10l having r. ~ ~~ ~

~i ~1 7~-p515egapbesialy domverdd orfd cdmifine b@ttéhélépwkn@l@@tm@eﬂh@r
opposite sides of the trans arent panel 83 form ng the front cover over the
di spl ay s€P&eRsEFe fHt nBd Wihifhaladounted & elpaeidveryskhilcKigrdavouch

pads Wher%@&&ﬂ“%é?ﬁgn 23 visible through a rectangular transparent

protective cover 24 in the form of a resonant panel-form
member, e.g. of the general .kind described in W097/09842, hagt
20 suspended in the 1lid along all four edges, i.e. the two
side edges 31 the top edge 33 and the bottom edge 32, by
means of an interposed resilient suspension 25, e.g. of
foamed rubber strip. Two pairs of moving coil inertial
vibration exciters 26 are mounted on the top edge 33 of
25 the panel-form cover 24 near to the sides 31 to drive the
panel to resonate to act as a loudspeaker and the exciters
are supported on resilient suspensions 34, e.g. of foamed

rubber, fixed to the lid. The exciters are hidden behind a



5 can control the functioning of the device 100 sinply by touching thq WﬂV
appropriate pad. Figures 12 to 16 show how touch pads can be applied t

previ ously described enbodi nents of the invention. Thus Figure 12 shoms
touch pads o,p applied to the screen of a 10 | aptop conputer 20, while
Figure 13 shows touch pads h to mapplied to the screen of a nobile

t el ephone 40. Figure 14 is a cross-sectional sketch show ng the touch pads
on a resonant panel. Figures 15 and 16 show touch pads 88 applied to the 15
resonant penetrnofflangedub® 83 ofh¢heddiphestidwnlip FAQures &hard 8reFi gure
17 shows how the present invention can be applied to a cathode ray tube or
pl asma scieehsileleviriwne110. It is to be noted that only the salient
features of 20 the invention are shown in the draw ngs. The case or cabi net
of the tel evi shbheudlnthee@aiinst e i pteie8¥s afec/sdlqWy attxehrth £Re case
or cabinet will function_ support the conbined visual dlsp ay 111 and

| oudspeakehe ﬁﬂEhQ%Qﬁrﬂing Sofafied - IéﬂioﬁlﬂﬁﬁpQﬁypEﬁ FPrtes 1heRE 2 25
functiops tf support the displa /Ioudspea er F own in the draw ng

rect angtl At FEsoPMEe panéi- 9r12° % Tsp o??ﬁﬁ 18P thie 5?§HéFeGrsplay
111 and t e papn is forped wth tran arent ow.114 havi

~~~1~ ?. ~7 i%p?ﬁﬁ%ﬁed%QSrngPérfl4 fa BY &t ﬁ%h Sexcit eﬁg 1&% ?% dlggosed on
t he ”arg'xﬂ 1{1{1' ‘BHz'i. Of th 3‘£'f£e 1%2018% ddecphe ’2-:(1°W t%t;ﬁrépgd@

opposite s eréot ads 1 are positio e al’ong ower edge

of the “‘ﬂ@@@ér'étér@@sé%§9r£9§099rt'0” of the panel -form nenber outside
the wi ndow nay act as a k to hide associ ated conponentry, or a separate

mask may be pospdi OBEQnﬁ%EEeBBe Eéﬁ%h ~EQRm MyEh®jer - Jhe M?'enrséonosshus
provi des an assenbly conbining t 10 functions of a visu di spl ay and

| ouds peakes By st &he ENPY 18 drit aauf agt Wianiofad b Na  sRAGRrAffd cbent VDU
or

“'(')

glass and plastics, e.g. a plastics or aerogel core with
glass skins. Where the panel-form member has a plastics
face, it may be given a scratch resistant coating.

In Figures 3 and 4 of the drawings a mobile radio

15 telephone or cell phone' 40 comprises a <casing 41
containing, in conventional fashion, a radio transmitter
and receiver (not shown), an aerial 42 projecting from the
casing for sending and receiving radio- signals, a display
screen 43 mounted in the casing, a keypad 44 in the casing

20 adjacent to the display screen and through which the
device is operated, and a microphone 49.

As shown in Figure 4 the casing 41 is formed with an
aperture defined by a surrounding peripheral lip 45 below
which is mounted the display screen generally indicated by

25 reference 43, and comprising e.g. a liquid crystal display
(LCD) 51, which is visible through a rectangular
transparent protective cover 46 in the form of a resonant

panel-form member which covers the aperture and which is



television or the I|ike. T~~1f ; .J ~~t107 xs 1. A |oudspeaker driqw
unit conprising a v=sual display screen) a panel-form:enber positione
adj acent to the display screen and at |east a portion of which is
transparent and through which the display screen is visible, and a

vi bration exciting transducer nounted t@, an edge or narginal portion of tae
panel -form nmenber to apply energy to the panel -form nenber to cause the
panel form menber to act as an acoustic radiator, characterised in that the
pane. - f or puspRheled Sidrsangedatiadbe J egananhs dhgabdonqf rHeGUenct Bshedyn t hat
the vibration transducer is adapted to apply bendi ng wave energy to the
panel - f or mymerbenst cofaussiillidna r egepaheibn acligas o deamsti crukishAt or
when resonating and in that one or nore marginal. portions of the

panel - f or mtnewbet7 aiptekpoped dretmwestr ailmedinBerA lamedspeakbe drpvel funi t
according to claim1l1, wherein the whole of the resonant panel-form nenber

i s transpanehtthe. pariphdspéakeragdni v e psnelaford membegi Mol dm cl a=m
2, wherein the resonant panel-form nmenber is of plasticS. 4. A |oudspeaker
drive ul tingstdladi nedvingclcainh 1vobratapm Bxaiferei A8t hes r oyt on

panel -form menber i3 of polystyrene, polycarbonate or glass or a |am nate
of p|asti@h§n&q@éﬁgge of the tTransparent panel-form cover member to

v -2002

drive the panel to resonate to act as a loudspeaker in the
general manner taught in WO097/09842. The exciter 48 1is
supported on a resilient suspension 50, e.g. of foamed
10 rubber, fixed to the casing. The exciter is hidden behind
the peripheral lip 45 of the aperture in the casing and
thus is invisible in wuse. The transparent panel-form
member may be of polystyrene, polycarbonate or similar ox
a composite of glass and plastics, e.g. a plastics or
15 aerogel core with glass skins. Where the panel-form member
46 has a plastics face, it may be given a scratch
resistant coating.
It 1is intended that the loudspeaker may be -used
normally, i.e. with the loudspeaker placed adjacent the ~
20 user's ear for privacy, or with the volume raised as a
'hands free' telephone. A mechanical buzzer, i.e. a no-
sound alert, may be incorporated in the loudspeaker. Such
a buzzer may utilise the vibration exciter 48 or may be a
separate device.
25 Figure 5 shows a wall hanging picture or photograph
frame assembly 60 comprising a rectangular front frame 61
having a hanging wire 68 adapted to engagé a wall hook to

support the picture in position, and a rectangular



. ~n~~;',J ~"z3(~? 19 5. A loudspeaker drive unit according to clainb% or
clam 2, wherein the panel-formnenber is a lam nate conprising a corel HPV 2002
pl astics or aerogel with skins of glass . 6. A |oudspeaker drive unit

according to any preceding claim conprising nore than.

exciting transducers. 7. A |oudspeaker jdrive unit according to any
preceding claim conprising vibration exciting transducer's nounted in
pairs to an edge or edges or nargi nal portions of the panel - form nenber
8. A loudspgakph rdhitVepdicll -Foeal diMdehed amy preceding 6l aigRotewWhekel
or each vibration exciting transducer is coupled directly to the panel-form
menber. O9¢obekoudeneakepideiiye W3i.t agsordhndet sty presediggrechai,m
wherein the -vibration exciting transducer is electrodynamc. 10. A
| oudspeakehedffirve turfirtanac cdlr i NGF b madyw Pt ecadisng roadimgwherebhetrhe
vi bration exciting transducer is inertial. 11. A |oudspeaker drive unit
accordi nglip & piedceding ehaiapexoups i simpuagsovhated shwpedtitngereans i n

whi ch-

the drive unit

.one vibration

n the-

is mounted. 12. A | oudspeaker drive unit according

to clai b photapsaphn the associtéeed Lilppor tbng sl s bhfpagle othehassis.

7 ~:

10

15

20

25

.~ ~11()~ 20 -
transpareg% protective cover 62 which is in the form of a

resonant panel-form member resiliently suspended in the
frame 61 along its periphery by means of an interposed
resilient suspension 65, e.g. of foamed rubber strip. A
back frame 67 mates with the front frame 61 and carries a
second resilient suspension 65 whereby the periphery of
the panel 62 is supported from both sides. The back frame
67 carries a picture back 69 on which the picture 63 is
mounted in any convenieqt fashion.

Two moving coil inertial vibration exciters 66 are
mounted on the top edge 67 of the panel-form cover member
to drive the panel to resonate to act as a loudspeaker.
The exciters are hidden behind the peripheral 1lip 64 and
thus are invisible in use. The panel-form member may be of
transparent polystyrene, polycarbonate or similar or a
composite of glass and plastics, e.g. a plastics or
aerogel core with glass skins. Where the panel-form member
has a plastics face, it may be given a scratch resistant,
coating. With this arrangement the picture may easily be
changed when desired.

Although the arrangement of Figure 5 is intended for
wall mounting, it will be appreciated that the

picture/photograph frame assembly 60 could, if desired, be



13. A loudspeaker drive unit according to claim1l or claimi2, wherein the
resonant panel-formnmenber is resiliently supported on the aSSOC|afadN01 2002
supporting Means. 14. A |oudspeaker drive unit according to any one of
clainms 11 to L3, wherein the or each vibration exciting transducer is
reailiently nmounted in the associ ated sgpporting neans. 15. A | oudspeaker
drive unit according to any one of clains 11 to 14 wherein the panel-form
menber is rectangul ar, axed wherein the resilient panel Support extends

al ong at hadst tbhibee fadkacerdndidgeswoth t hiee pandlitdom member gedéraAly

| oudspeaker drive unit according to any one of clains 1 to 8 or 11 to 13 or
15, wher e¢onvért ¥ohpat rearegtantdng transducer conprises a transparent

pi ezoel ectric . or electret on or in at least a part of the panel-fort
menber. A | oudBpeuker @rishevwsni 8@ aceptitipdinanyismdaf chkimetl 16 7. 2,

or is, wherein the whol e _periphery of the panel-form nenber_is nechanlcally
cl anped. WBICh 1L6ua§ﬁeaﬁé#mFﬂlpeldnﬁpda@eepmlﬁ@%@ amireclli Ny EPRI m

wherein_p -farm menber is nounted.in_an associated_ Cavity defini hg nmeans
or Encl%sﬁ?e @H@I Er?QEBaB?n?h lﬁBﬁ@V Wﬁfﬁrﬁﬁhbg? * WrEFe 3P atdtsti c
radi ati on fron1%h§ salabfa% east ta| ed mnthln t he

encl osur € %9 ca 9 ¢ lf ’Oe§ fﬁ?ﬁnﬁ ? 5h&°555 r %? b8P uni t

according 10 chalm D t1e enel osghg O _;fgﬁr',svﬁ:b}}?cuv%’v yg depth

such as to no nndal behaV|our of orm’ me z0. A

| oudspeakery, dtBéVQrEQh oBC R U0 J:0 AOIAC Y CF Shf) 1 URESLALE b

di splay screen is integral with t e pane speaker

drive unig;@cConhd Ngi§o 44 avm@&lme@%@tte&e -4} eewstcyr&alaqm cigen
conprises light emtting or transmtting or reflective means. 22. A

| oudspeaketie diange UNEEsaeepedi DF WO9RNYOPLEceding claim wherein the
panel -form nmenber forns the external face of a visual display unit or the

like. 23. A | oridspeakepldyi veabhhét acT®r dbHig Fg@nys precegdhdg thai i3
conprising a polynmer-filmliquid crystal display bonded or otherw se
nmount ed oronder pahed- faordn ffemdveion?24inAdunidspbak evanty | menuart accdsdi ng to
any preceding claim wherein the resonant panel -form nenber has a user
shown in Figures 5 and 7a with respect to the picture
frame assembly 60. Thus the rectangular resonant
15 transparent panel-form member 73 1is resiliently suspended
between foam rubber or the like strips 75 in the top 72
and plinth 71 of the cabinet and inertial vibration
exciters 74 are mounted on the panel 73 behind a flange 79
on the top 72 so as to be hidden thereby. The transparent s
20 panels <can thus Dbe driven to resonate to act as
loudspeakers, e.g. to add an audio element to the display
of goods or an artefact in the cabinet.
The transparent panel 73 may be constructed as
described above.
25 Figure 8 and 9 of the drawings show a module 80
comprising a visual display screen and a resonant panel-

form loudspeaker generally of the kind described with

reference to the embodiment of Figures 1 and 2 above. 1In



accessi bl e surface and nmeans on or associated with the surface and
responsive to user contact. z5. A |oudspeaker drive unit according~td ¥4
24, wherein the user responsive nmeans conprise pads, areas, switches or
buttons on the panel -form nmenber- and which provide a neans for

instructions or information to be entereg. c la:, 22 2S. A | oudspeaker
drive unit according to claim?24 or 2~, wherein the user responsive neans
conprise visib~.e areas an tY:.e panel -fore nenber and del i neated by

printing athisabddddengthe sapbagler esPr esencat@ndant aet Byra usersePi-. Al
oudspeaker drive unit according to an~r one of clains 24 to 26, wherein the
user respangipee tigens woipr i skiakbt akbhsetheusmamespansiace ciont acl st of

trdnsparent. netal oxide filmor thin netal fil~; on the r panel -form
menber. | &Ferbly . badsiwaker drinieshar t aaCCOLEi nge t®- any ohkeofsibdai ns 24
to 27, .~herei:~ the user responsive neans i.a positioned at the perineter

of the pand@l f o?¥n nehBex1iXe. ATheudspdake~ E€OMPriisSelg & | olRrspenkey drive
unit as claitnec i7 an¥ preceding claim 30. A display screen nodul e

conpri sithg ef e BtlseakEpme ~ 8cr | WL ¢hhi FaYs RS apfr dd I vehghdnePBIS¥A. i ~a 1
to z& . preceding claim and a chassis or. fxa:~e sypperting the display
screen and ort? ngtt RE 4 ﬁ?pdﬁ%n?l%kﬁﬁﬂ-@BPﬂFﬁénﬁeﬁ?SEﬁl il @phane

recel ver qomprLsigg, adl gudsPeRkL; "Gl taAH AR Mal! DAY 0
screen 81 is resiliently suspended a rectangular
transparent resonant panel-form member 83. The panel-form

10 member 83 is suspended on a peripheral resilient strip 87
of foam rubber or the like supported on the frame 82. A
resilient seal/suspension 85 e.g. of foam rubber strip is
interposed between the edge of the screen 81 and the panel
83 to form a cavity 86 therebetween. Vibration exciters

15 87 are mounted on the peripheral margin of the panel 83 at
positions outside the area of the screen 81 to excite the
panel to resonate to act as a loudspeaker.

Figure 10 illustrates a vending machine 90 comprising
a cabinet 91 having control panel 92 and a delivery or

20 dispensing chute 93. The control panel 92 comprises a
combined visual display and audio module 80 as described
above in relation to Figures 8 and 9 to facilitate the
functioning of the vending machine, and may also comprise
additional functions as described below.

25 Figure 11 shows a visual display device 100
comprising a <cabinet 101 housing a combined visual
display/loudspeaker module 80 as described above in

relation to Figures 8 and 9, the cabinet 101 having



32. A portable personal conputer conprising a | oudspeaker drive uni tt@ﬁ‘/ Ao
claimed in any one of clai ns 1 to 2s. 33. A portable personal coanmp 35"*’-
claimed in claim34) conprising a body htwing a key pad and a |id adapted
to _ 7 1:JG> an~~ 23 enclose the key pad and carrying a display scxeen,
and wY~erein the display screen conprigges a |ouc~speaker drive unit as
claimed in any one of clains 1 to 28.

A AYR A@ AQR Aly. A@. A AyA. A. A@ . A. Afs. A . A Af. A@Y. A&% A. Axy. AYR. Al E. AM?.
AHO generally convertional control buttons or knobs 102. The
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110. It is to be noted that only the salient features of i

20 the invention are shown in the drawings. The case or
cabinet of the television is omitted in the interests of
clarity although the case or cabinet will function support
the combined wvisual display 111 and loudspeaker, much as
the 1lid of the laptop computer of Figures 1 and 2

25 functions to support the display/loudspeaker.

As shown in the drawing, a rectangular resonant panel
112 is disposed in front of the visual display 111 and the

panel 112 is formed with a transparent window 114 having
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10! 0* ' i 109%2%§ - positigyedy gYong the lower edge of the window. If

5 desired the portion of the panel-form member outside the
window may act as a mask to hide associated componentry,
or a separate mask may be positioned over the panel-form
member.,

The invention thus provides an assembly combining the-

10 functions of a visual display and loudspeaker(s) which
enables the manufacture of a thin, space-efficient VDU or

television or the like.
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to the

display sc¢reen ané at least a portion of which is

transparent and through which the display screen 1is

visible, and a wvibration exciting transducer mounted to

an edge or marginal portion of the panel-form member tc
apply energy to the panel-form member to cause the panel-
form mewber to act as an acoustic radiator, characterised
in that the panel-form member is arranged to be resonant
at audio frequencies, in that the vibration transducer is
adapted to apply bending wave energy o the panel-form
merber to cause it to resonate to act as an acoustic

radiator when resonating and in that one or more marginal

portions of the panel-Zorm wmember are clamped or

restrained.

2, R loudspeaker drive unit acecording to claim 1,°

wherein the whole of the resonant panel-form member is

transparent.

3. A loudspeaker drive unit as claimed in claim 1 or

claim 2, wherein the resonant panel-form member ig of

plastics.

4, A loudspeaker drive urit as c¢laimed in claim 1 or

ciaim 2, wherein the resonant panel-form member iz of

polystyrene, polycarbonate or glags or a laminate of

plastics and glass.
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5. A loudspeaker drive unit according to claim 1 or
claim 2, wherein the panel-form member is a laminate
comprising a core of plastics or aerogel with skins of
glass.

6. A loudspeaker drive unit according to any preceding
claim, comprising more than .one vVibration exciting
traneducers. |

7. A loudspeaker drive unit according to any preceding
claim, comprising vibratior exciting transducers mounted
in pairs to an edge or edges or margiral portions of the
panel-form member.

8. A loudspeaker drive unit according to %ny preceding
claim, wherein the or each vibration exciting transducer
is coupled dirgctly to the panel-form member.

9. A loudspeaker drive unit according to any preceding '
claim, wherein the -wvibration exciting transducer is
electrodynamic.

10. A loudspeaker d¢rive unit according to any preceding
claim, wherein the wvibration exciting transducer is
inertial.

1l1. A loudspeaker drive unit according to any preceding
claim, comprising agsociated supporrting means in which
the drive unit is mounted.

12. A loudspeaker drive unit according to claim 11,

wherein the associated supporting means is a frame or

chassis.
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10/ / ! K#10% ¢ 84 {ns 3BB( €GDjIEKEIBvs@olll the or eack vibration exciting
transducer 1is resiliently mounted in the associated
supporting means.

15. A 1loudspeaker drive unit according to any one of
claims 11 to 14, wherein the panel-form member is
rectangular, and wherein the resilient panel support
extends along at least three adjacent edges of the panel-
form member.

16, A loudspeaker drive unit according tc any one of
claims 1 to 8 or il to 13 or 15, wherein the vibration
exciting transducer comprises a transparent piezoalectric .
or alectret on or in at least a part of the panel-form
member.

17. A loudspeaker drive unit according to any one of
claims 1 to 12, or 16, wherein the whole periphery of the
panel-form member is mechanically clamped.

18. A loudspeaker drive unit according to any preceding
claim, whaerein panel-form member is mounted in an
associated cavity defining means or enclosure enclosing a
face of the panel-form member whereby acoustic radiation
from the said face is at least partly contained within

the enclosure or cavity.
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as to modify the modali behaviour of the panel-form
member.
20. A loudspeaker drive unit according to any preceding
claim, wherein the display screen is integral with the
panel-form member.
R 21. A loudspeaker drive unit according to claim 20,
wherein the ~integrzl display screen compriges light
emitting or transmitting or reflective means.
22. A loudspeaker drive unit according =o any preceding
claim, wherein the panel-form member forms the external
face of a visual display unit or the like.
23. A loudspeaker drive unit accoxding to any preceding
claim, comprising a polymer-film liquid crystal display
bonded or otherwise mounted on the panel-form member.
24. A loudspeaker drive unit according to any preceding
¢laim, wherein the resonant panel-form member has a2 uger-
accessible surface and means on or associated with the
surface and responsive to user contact.
25. A loudspeaker drive unit according to claim 24,
wherein the user respongive means comprise pads, areas,

switches or buttons on the panel-form member and which

provide a means for instructions or information to be

entered.



ZZ, [ WU3r S1! | @&10%a& () - 3! @&10%& ()- 3! @&10% f & ()- 3! { @&10YESE () - 3! @&
0%k { k{ & ()-3! @&L0%I kl & ()-3,[Ct\]] ]1!]12]5]rS4!!sY10% & ()- %09 & () NOV 70
10pgpg 10pgpg i
10pqpq! @&10%qpg& () - 3@B&L0%.& () - 3! Z@B&L0% {f{ & ()-35]n] ] "0 aBrs4! IsY' !
10% & ()-:110% & ()- mM10% & ()-! nf10%"& ()- ! 10% & ()-

s1109% & ()-~_v uj_=111.9%10%"&22)-9 10" 10"

10" 109% & ()-!CcO&H10% "{" & ()- &Fz&10% & ()-f10% & ()-__ "1 " aadE _=!!!.9% 10%
t& ()-1510% & ()-YL1Q% & ()-Y3 10% & ()-110% & -310%8%' ) - a2hbbb

c- cdEj _=!136 9 OW&S%F)"?@’%B%O&'%’?- “P*fo%’act’f@%ﬁo%&'? é%ﬂ’ 10% £1)- v

10% & () - - chccccTdUdVAWIAYNC! . 10t 10t 10t F510% & () - E3

10% & () - PELOWREE 1Y 10% QUETT Y-XRARCRSAVOWT N c SREBBIRE! 1 ViR () -
$109%&' () - 10@6h&f()-:10@6h&f(%-10@6h&f()-L'10@6h&f()- Mee9f OFff[ g} A?YNCH ']
St 10% h& 3593 ADKRE (DanEr SATUIIRIRSE @, e ¥ 38RO BRPHETT - 10%
h& () -[ ggRhmhhhhhhaVK@!! 10 h 10 h 10 h9 10% h& ()-710% h&' () -5@0%

h& ()-1 109% hegglling v rense FHIESPSIESH e YREEPRS8Ft10YRs ( Haer .

+10%W\& () -1 +10%6GC& () - ! +1098BB& ()- 10% & ()-9' Y10% & () - 3M | mmmmmin~_@ !

10%4| & () -200%H &LEpdEngRRer0%h At ERitlicaydirgy Spol e’ fhe &)

10% & ()- +ndnnno! oVodB~_@'!

P1ff$10% |l - 20%tc’’ (26-,, 100br&ih) - Lh@%18&F) -responsive means
comprise metallised user responsive contacts of
transparent metal cxide film or thin metal £ilm on the
panel -form member.

28. A _ocudspeaker drive unit according to any one of
claims 24 to 27, wherein the user responsive means is
pogitioned at the perimeter of the panel-form membex.

29. A loudspeaker comprising a loudspeaker drive unit as
claimed 1in any preceding claim.

30. A display screen module comprising a loudspeaker
drive unit as claimed in any one of claims 1 to 28.
preceding claim, and a chassis or frame supporting the
display screen and supporting the transparent panel-farm
member.

31. A telephonie receilver comprising a loudspeaker drive_
unit as claimed in any one of claims 1 to 28.

32. A portable personal computer compriging a
loudspeaker drive unit as claimed in any one of claims 1
te 28.

33. A portable personal computer as claimed in claim 34,

comprising a body having a key pad and a lid adapted to
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