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The present invention relates generally to audio systens inplenmented’in ?
conput er systens and, nore particularly, an audio sound systeﬁq’@
for use in a portable conputer. Mre particularly still, the
present invention relates to an audio sySVen1u3|ng pi ezo

transducers to increase audio fidelity in portable |aptop-type conputers
having a limted - formfactor for optimzing audi o sound. 15

Mul ti medi a conputers have nom1arrived I n Iaptop conput er systens. These

mul timedi a conputer systens 0 | spl ay panels, CD ROM
drives, and: audi o ¥ arrival of

mul ti medi a i nt egr at € HOR YSE rTHH}B UpNQUIDEO MQNHRRDEVIGEst | apt op

conputers had nerely a single audi o source or audi o out put means
that had very limted dynam c range. Further, a sound card capabl e of
reproducing true high fidelity sound was typically lacking in nost |aptop
conput ers. Wth the advent- of nultinedia systens, these inproved
sound card systens have been I ntegrated into | aptop conputers as
well as the addition of stereo high fidelity sound. 25

Unfortsnately, | apt op conputers have a limted formfactor, typically the

size o :
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10 The present invention relates generally to audio systems implemented in computer
~ systems and, more particularly, an audio sound system for use in a portable computer.
More particularly still, the present invention relates to an audio system using piezo
transducers to increase audio fidelity in portable laptop-type computers having a limited
form factor for optimizing audio sound.
15

Multimedia computers have now arrived in laptop computer systems. These
multimedia computer systems typically have color LCD display panels, CD ROM drives,
and audio speaker systems. Before the arrival of multimedia integrated systems in laptop

20 computers, most laptop computers had merely a single audio source or audio output
means that had very limited dynamic range. Further, a sound card capable of
reproducing true high fidelity sound was typically lacking in most laptop computers.
With the advent of multimedia systems, these improved sound card systems have been
integrated into laptop computers, as well as the addition of stereo high fidelity sound.

25 Unfortunately, laptop computers have a limited form factor, typically the size of
a notebook or a single sheet of paper roughly conforming to the dimensions of 8% x 1 1
inches, thus a limited surface area or space is available for adding speakers. Currently,
the LCD display panels are of such a size that room is still afforded on the monitor panel
of the laptop to inoorporate two small speakers in either corner. As the LCD technology
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a notebook or a single sheet of paper roughly conform ng to the di mensions

of 8[err] x 11 I nches, thus a |limted surface area or space is
avai |l abl e for addi ng speakers. Currently, the LCD display panels
are of such a size that roomis still afforded on the nonitor panel

of the laptop to incorporate two snmall speakers in either corner. As the
LCD t echnol ogy 2-

- 2- enl arges the size of the nonitors, the full face on the

i nsi de panel of the nonitor displ ay will be completely filled
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that occur with piezo speakers. Typically, piezo speakers have mted | ow
end due to Further, with ﬁmchmmssnf the piazatspeakers, thetform factop of thedep ontle laptop

achi eving hi end fre . It is. h' ow end,
frequency reg% F‘i‘ S@‘lﬁﬁ%@mf eé’FSpEWes"F‘?th i)sﬁi 8’&}8‘?’ 'Sﬁﬂezare 20
still chall eggagert eaﬂg@}n%qg@ag&ge\ph&gguﬁmﬁ&ers in |aptop conputers. For
this reason, here is a strong need to inprove the high fidelity
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performance of ,either eaker b r v'.di at
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mul ti medi a environment.
excursion lumtauons but are most adequate at achieving high-end frequency response.

It is this low-end frequency response as well as the acoustics of the laptop cover that are
20 still challenges in implementing piezo speakers in laptop computers. For this reason,
there is a strong need to improve the high fidelity sound system in laptop computers by
way of improving the performance of either piezo speakers or by providing an alternative
speaker design that conforms to the expanding screen size located in the cover of the
laptop and yet provides full rich sound in a multimedia environment.
25

According to the present invention, a speaker system for use in a thin film video
monitor apparatus is disclosed. The \;ideo monitor apparatus includes a thin film video
display panel as well as a stiffening panel adjacent to the thin film video display panel.

30  Next, a plurality of piezo speaker transducers are attached to one of the sides of the
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According to the present invention, a speaker systemfor use in a thin film

vi deo ' noni tor apparatus is disclosed. The video nonitor apparatus
includes a thin filmvideo di spl ay panel as well as a stiffening
panel adjacent to the thin filmvideo display panel. 30 Next, a
plurality of piezo speaker transducers arg attached to one of the sides of
t he b L - 3-
stiffening panel. The stiffening panel typically is conposed of a materi al
such as al um num honeyconb sheets or a pol ycarbonate sheet. O her
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channel and %hﬁﬁﬁﬂﬂﬂh&g?e&ns BRdeRAdr Ppdlydarisonattafiectd BthéAserife fhcuse 28 MRe|

5 can define a left and right channel for proper stereo_ inaging.
Bet ween t he \stifferer mayiinelude magnesium sheltspriARS plastice dhe speakers ate definpds an

el ectromagnetic jinterference.(EM).shigld. Further a
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can occur between the two transducers based upon the transm ssion

| i ne di st ancandtheistiffgning panchis lp¢atesanislesirompgnetic inteséerenss (fEMI) shigld. Furthare
second piezo transducer,.. Further he transm ssion .line nmay have the same
A stance . a trnbaiysion lind 18 propided Jo BoneBl Brd B srnoniurthln. ¢ Bicpnd e
concer n. The y&hédub&Th BahRE so that frequency b@erﬁ?@aﬁé&dr ﬁd?wédhcth@ﬁﬁﬁtréxﬁ&lfd@é)i le

energy in the |l ower frequencies during operation.

n
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a . apt o Q ter, and.in either case the thi,n film speakers can
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each transducer to be optim zed for sound playback. Additionally, a

time del ayer ixprovisled to insreaskithd mabilp energy én thehewerdteqnencieschuipg@peratiap. and

ot her sound nigulatigns as desired by the designer. 20.
Figure 1 illust ralIggm&tH?r . 'E?fﬁ’p@?gpnﬁﬁvisﬂﬁ%ﬁﬁx .“r‘?‘éésg&%ﬁd@wee‘&a
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Figure 2 depiCts an open view of the shell top of the |aptop conputer “in

Fi gur é51. of sound equalizers, g wqualizeriofiached ta egelx piezohisansducenovilhersound
speakers are e&gﬂlnzgxgsta?gwweefcﬂ téansducer to be optimized for sound playback. Additionally, a

time delayer can also be added to provide enhanced frequency overlap and other sound

AT

manipulations as desired by the designer.

20
Figure 1 illustrates a laptop computer having an audio speaker system
incorporated therein accbrding to the present invention.
Figure 2 depicts an open view of the shell top of the laptop cdmputer in Figure 1.
Figure 3 depicts a graph showing how two speakers are connected with a
25 transmission line having different lengths so as to provide frequency overlap.

Figure 4 depicts a multiple channel embodiment of the sound system according
to the present invention.
Figure 5 illustrates in block diagram form the use of a time delay element and

sound equalizer for optimizing sound in the audio sound system.



" 25 transm ssion |line having different |l engths so as to provide

frequency overl ap. Figure 4 depicts a nmultiple channel
enbodi ment of the sound system accordi ng to the present invention.
Figure 5 illustrates in block diagramformthe use of a tine delay el enent
and sound equal i zer for optim zing sound in the audio sound
system -4- -4-

Figure 6 depicts, in a cut-away perspective view, the al um num honeyconb
support used in the top shell of the conputer in Figure 2.
Figure 7 depicts_the %I(?cerrent of the speakers in a rest support in a

conput er . Figure 6 depicts, in @ gut-away disrspetivedewpthsialumingm bentycombn
alternate e j : phe S | anp fixture.

[llustrat ed%\gvhﬁﬁmﬁn;tﬁgteb 1 |20g%&%ﬁ§5?¥ﬁ%%p conputer 10 according to
t he pr Bigard 7 depiets thepplaceiient ofthe speakearsua edst Sifppoft iRa computer.

mul timedi a-type gonputer having a 10 . nmoni tor_di splay panel 12, a
keyboard 14, a pglgﬁ-fel pifds the gpeakers placed in ap aligypate embadiment syehyas a desktop

audi osspeakﬁhﬁ)i%g“reThe di sk storage neans 18 may include various types of
di sk storage technol ogy such as a floppy disk drive, a hard disk
drive, or a conpact disk read only menory (CD-ROV) drive, or
other type witeable or erasable storage devices typically known
to those skilled in the art. Keyboard 14 provides data input for the user

as does 15 mﬁ' aﬂ% i 2 o M Tae] ni {or displ anel
12 is of the typ% a %ﬂﬁy&&% l]éam‘é'ms %&#ﬁﬁ?@mﬁﬁfé‘ﬁ%ﬁcﬁ‘ﬁﬁ%ﬁof
| apt op conppresent ifventie Koy tgaosl cdrdputepl 0iis #gnulvedie-type computer Hl¥ing?#d
stor &e device nornmally are located in the shell bottom 24 of conputer 10.

W thi® compapeifor displayprecl 122 kaybeard I ainointing dovienLs, lisk sioprge meansl 8, ahdse
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also found in | aptcl)j? conputers. Additionally, short-termnenory that is
fast and memory (CD-ROMrivgconathariypeswriteabls or axasahie storage devicesttppicaily ar e
al so inclu ' . r.ag [t,  tvpical t he hard di sk
oo 10 odBRled SERSS R LAY Kovbomrd 14 prmlllond B b AL

15 pointing device 18. Further, video monitor display panel 12 is of the type that fill

substantially the shell top 22 of laptop computer 10. The keyboard 14, pointing device

16, and storage device normally are located in the shell bottom 24 of computer 10.
Within computer 10 there are other various devices for operation. These devices
include a central processing unit, such as those typically provided by the Intel family of
20 personal computing microprocessors such as the Pentium chip or the IBM Power PC chip
also found in laptop computers. Additionally, short-term memory that is fast and
responsive to the same operating speed as the CPU are also included as is a mass storage -
unit, typically the hard disk drive 18 previously described above. Additional control
elements and peripherals are incorporated in the computer, and the fundamental
25 construction of a laptop compufer does not diverge substantially from those typically
well-known to those skilled in the art. Their location is in shell bottom 24.
Shown in greater detail in Figure 2 is the audio output system incorporated in the '
shell top 22 laptop computer 10. The audio output system includes the piezo speakers
20 thus depicted. Figure 2 illustrates an open view of the shell top 24, which doubles as
30 the lid on the laptop computer 10, in such a manner as to locate the piezo speakers ideally



el enents and peripherals are incorporated in the conputer, and the

fundanental 25 construction of a | aptop conputer does not di'verge
substantially fromthose typically wel | -known to those skilled in
the art. Their location is in shell bottom 24. Shown in
greater detail in Figure 2 is the audio gutput systemincorporated in the
shell top 22 | aptop conputer 10. The audi o output systemincludes the piezo
speakers 20 thus depicted. Figure 2 illustrates an open view of
the shell top 24, which doubles as 30 the lid on the | aptop conputer

10, in such ﬁa@ﬁﬂﬁbtoﬁ&oﬂs&tdn@ﬁﬁh%éé%r dilagRg TR diSplag falel Y2 of computer
in a formfactor consistent with the ever enlarging
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the speakers that project away fromthe user are ideally situated

to project tusevaMereoves, inagresantationenviggnmint, ﬂweespeahewtthatmrojtcx away from the

Al t hough the _spea v eens wnto be| I n the.back of the
LCD panel , i%® rpa§ Uﬁﬁ@\’é‘ﬁ@g‘?ﬁp o) ‘f %wgp%%agstg ©pEes d in other
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be nounted on the LCD screen itself or on the pal mrests in the -

base unit. RGD ipansl, itiis yoderstpod thas theepiaza snshher: may br:: mounted in hthet places: ;
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attachment 3pgden itself or on th@lfaﬁﬁﬁi-és%rln the base unit. Further, mn‘@@ﬁ{hytall% seRfakris 20
are nounted in the palmrests, as illustrated in Figure 8, the

sound t ransmﬂsl%pwmmmpw;mspmwawa&ﬂmmrgﬂﬁ mouting for hemiezo speakepd ansknent

of s kers the Imret3|so . | . but does hav
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di aphragm speakers In attaching the speakers to the hack
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20 in the palm rests is optional, but does have unintended benefits since the sound travels
20 through the user's hands with minimal distortion or diminution in volume as compared
to diaphragm speakers.

In attaching the speakers to the back of the shell top 22, they may actually be
designed into the top cover in such a way as to be manufactured in a single step when the
cover itself is manufactured. Additionally, lcad wires from the audio output source,

25 typically mounted on the circuit board within the main unit of the laptop computer 10
typically located under the keyboard section, are attached with flexible cable wired in the
panels. |

A transmission line 26 is provided to ¢nhance the richness and acoustic response
of piezo speakers 20. The transmission line illustrated in Figure 2 allows for piezo

30 speakers 20 in the back of the shell top 22 of laptop computer 10 to be ported in the front



"cover itself is manufactured. Additionall y, lead wires fromthe audio

out put source, 25 typically nounted on the circuit board within the
main unit of the | aptop conputer 10 typically | ocated under the
keyboard section, are attached with flexible cable wired in the

panel s. A transmssion line 26 is provided to enhance the
ri chness and acoustic response -6-of pi ezo speakers 20. The
transmssion line illustrated in Figure 2 allows for piezo 30 speakers
20 in the back of the shell top 22 of |aptop conputer 10 to be ported in

t he front - 6-
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via the transmssion |ine, an increased sqQund image i s generated
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where the sound PlrRtieks | 9%15 d
heard and ~en| oyedﬁ@?&%ﬁé@y‘i %@x%&ngfa?%émgﬁggdi ment
i s depi ct edandnisFkigpwre ast ACBtdeveloped by Dolby Labs which provides for five-channel

prologic sound synthesizing. In this AC3 system, five separate channels may be used,

20 - which gives the audio system designer the ability to fine tune the sound system in a
manner where the sound overlap or cancelization can optimize the actual-sound heard and
enjoyed by the system user. For example, one embodiment is depicted in Figure 4 that
includes a first or left channel 52, a second or right channel 54, and a center or third
channel 56. Additionally, a bass channel 58 may be provided by using two separate

25 channels, each driving the same bass response frequency in bass speaker 60. It has been
shown in this embodiment to use five separate channels. The system may have as few
as one channel but ideally would have at least three channels, being one for the left

. signal, one for the right signal and one for the bass response. Additionally, other channel
configurations may be implemented by the designer according to the needs of the- system.



.includes a first or left channel 52, a second or ri ght channel 54, and a

center or third channel 56. Additionally, a bass channel 58 nmay
be provided by using two separate 25 channel s, each driving the sane
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this enbodi ment to use five separate channels. The system may have as few
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bass response. Additionally, other channel configurations may be
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Addi tionally, the 10 center speaker 56 also receives sound
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of the plastic Il in which the LCD nonitor is nounted.

Secondfy, the al uFhernonites hdmhsll ghetfigure 2 further includes anvalymimumboneycomb
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pi ezo speakekyolfinctions. The alurhitGmHoeycoh®Rupport filseprbvidsdaséisfenidl of thepRistic 70 1 s
between 0 .125"-0.250" Further provided in the nonitor shell top

22 i's el ect ribellimwhich thekCPmaoniter is maoumted. Serandly, e adummuath@eycomb sheet
improves sound reproduction by lowering the natural frequency response (f;) to

A

20 increase the N, efficiency and to optimize power efficiency from the piezo speaker to
the shell top 22. The thickness of support 70 is between 0 .125"-0.250" Further provided
in the monitor shell top 22 is electromagnetic interference (EMI) shield 72 displaced
between the speakers 20 and the LCD monitor panel 18. Further provided is a plastic
enclosure 74 over the entire assembly to top shell 22.

25 With the aluminum honeycomb support 70, piezo speakers 20 may be mounted
on either side, and in some embodiments may be mounted opposite each other on
different sides. Other types of support 70 may be constructed from polycarbonate or ABS
plastic, or even magnesium. .

Afterwards, the piezo transducers 20 may also be tuned to be out of phase so as

30 to increase banding to achieve greater channel separation. Next, the boundary conditions
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.bet ween the speakers 20 and the LCD nonitor panel 18. Further provided is a
“plastic encl osure 74 over the entire assenbly to top shell 22. 25
Wth the al um num honeyconb support 70, piezo speakers 20 may be nounted
on either side, and in sone enbodi nents nmay be nounted opposite each ot her

on . different sides. O her types of support 70 may be constructed
from pol ycarbonate or ABS pl asti® or even magnesi um
Afterwards, the piezo transducers 20 may al so be tuned to be out of phase
so as 30 to increase banding to achi eve greater channel separation.

Next, the bo dj.ti . re exam,ned due tp the
LCD/ panel ai %3&%"‘%‘%@ Lﬁetﬁnt;xﬁF}r%%llp%?lea.nalg%e?ﬂdnt&egﬁﬁpr%.pna enaémpeélmgf ?Ié(ﬁi ng
are then per fsgifféRthg d¥eXthen BoMfovifdy Rewdibbufiasy abRlitiOie are THES invdsli@ied & -
determ ne whet her the panel attachnent points cause undesired effects so

t hat addi t i orfigtermine whether the:napelrattachmentipeints cause mndesired effectssasbatrgditiomabet ed

t timze t tial d.and 5 ity of .t |
Thi o achi eve BPRRE R PRUPH fBiEs cof by equniciid flortimite e SPHE SSind By
70 or mpdifi emalifyofiel sohd Politnas This AchivReay 4 Mechdhicylampehitg bPiffenkHgangpdal

energy is optimzed in the lower frequencies by preserving nodal density
and i ncreasi rsgpport 70 or modifiel theirelatied phases betyveem theudpiverhae en fthe middakni ng

support 70. . e e s t hopigh i L. s_been descr. ped for,.use in a
bt op. compurBFEY i epipizeintaloyt? ientiet B proGRlng fAH 5 Al inGPatft.ou o
al so be appl irs&ibﬁaxémcﬁﬁgyeﬁéﬁglﬁﬁmoﬂsﬂﬁeﬁngsﬁﬁﬂo&mrm factor,

I e., lacking depth, would be ideal for the use of piezo speaker

transducers. Thi s Although it has bgeniddscpibedfor usesina lapiten eomputdrnthe transpissiomiineor

hos, Do, e e LGB P e B ptip y PR RRTIRE Bt

speaker desi gaetd0p dabliingd&itRl would bé fedinfok fHe udé sKpikaPsp¥air itdhsdiiersP Thyd de

the sane 15 gual ity of sound when custonm zed to that particul ar

moni t or encl owanldbesitgblgiwhere 15imple).CD monitor hasheen designefifos deskdop nseand

val uabl e desk-t space ot herw se .require he pl.ac nt . Qf .

apeakers. - cuBErsSi8SFeakert ol shibrbeity Y plelfip B RTAE Bk Jon itpels. The
avai | abl e t hapedker desipinGaddly b 2add 1856 i I{AD desk-top monitdr atkPprovide theseaid! e,
a desk-top lanp fixture shown in Figure 7, the piezo electric speakers 20

can belSmount qualifs of spand pyhen gustemizedio that patisularmpnisar gnelosure pred Withdhe bGRY
016t 20 1 . This s e fn AR T e ABRREER o
system for usgedkefs. | imted formfactor _
Additionally, where any flat surface is available that is typically associated with
a user, for example, a desk-top lamp fixture shown in Figure 7, the piezo electric speakers
20 can be mounted on the top surface of the sound fixture to provide sound directed towards
the user or off a flat surface for improved sound separation.

" Thus has been described a novel sound system for use ins limited form-factor
environments, such as laptop computers, that uses multiple channels, transmission lines,
and custom tuning. The foregoing disclosure and description of the invention are

25 illustrative and explanatory thereof, and various changes in the size, shape, materials,
components, circuit elements, wiring connections and contacts, as well as the details of
the illustrated design and construction and method of operation may be made without
departing from the spirit of the invention.
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* environnents, such as | aptop conputers, that uses nultiple channels,

transm ssion |ines, _and custom tuning. The foregoing disclosure
and description of the invention are 25 illustrative and explanatory

t her eof, and El n the size, shap
conponent s, Hmm)umuwm Ilvm ring connect i 0 S\'HI&SHEBTIHAStEEENa wel | as
the details of* ¢ - " tRe 'llustrated®desi gniand cREPLACEDti on Bnd net hod

of operation rmay be made wi t hout depatt=peg—fromrthe spirit of the
i nventi on. CLAI V5. 1. A thin filmvideo

nmoni tor ap al us. o rising: ~athin filmvideo display panel;
5 a Mpanel pl aced adjacent said thin filmvideo display

panel j 1. A&ﬁlﬁlhﬂ%ﬂédﬁﬂén@ér@p&hﬁmfcbﬁi@ﬁﬁugers attached to at least a
first side of said stiffening panel, and an acoustic

| abyr 2nt h t r ansnd thin Sitm|videe displayqanalecting a first piezo transducer

d d d
T ancducer s t o pf SUTHBREPAEF pltEd Eesbe gt il Rl ey R 0 P0° T

pi €204 t r ansglyredlitp 8 pidzeRaREGeetd, afisdhed sd arnedst 8 firsy sidle o 64id sffersiag d
second pi ezo transducer and to provide frequency overlap between said

. two pbezo panel.transducers. 15 2. A thin filmvideo nonitor
apparatus according to claim1l wherein said stiffening panel conprises
an al um num honeyconb sheet. 3. A thin filmvideo nonitor
appar atus agcor dArthtﬂlmthaéorﬁlbmWBeﬁﬁrms accord&@td cRiirh fl fvetiRkdig said stiffersingpr i ses
a pol ycarbonate sheet 20 . A thin filmvideo nonitor
appar at us amlmmgxaesanab;mmmnmrempmbsheet said plurality of piezo
transducers include at least a first sound channel and a second sound
channel corresponding to the first piezo transducer and the A

1 3. A thin film video monitor apparatus according to claim 1 wherein said stiffening ¢

v)

2 panel comprises a polycarbonate sheet.

1 4. A thin film video monitor apparatus according to claim 1 wherein said plurality
2 of piezo transducers include at least a first sound channel and a second sound channel

corresponding to a first piezo transducer and a second piezo transducer, respectively.

1 5. A thin film video monitor apparatus according to claim 1 further comprising an
2 electromagnetic interference (EMI) shield placed adjacent a rear portion of said thin film
3 video display panel and said stiffening panel.
1 6. A thin film video monitor apparatus according to claim 1 further comprising a
2 transmission line for connecting a first piezo transducer and a second piezo transducer
3 selected from said plurality of piezo transducers in such a way as to provide a first
4 distance for said first piezo transducer and a second distance for said second piezo
-5 transducer and to provide frequency overlap between said two piezo transducers, said
6 first and second piezo transducers being substantially identical.
1 7. A thin film video monitor apparatus according to claim 1 further comprising an
2 air gap between saidlthin film video display panel and said stiffening panel.

This Sheet Has Been Rei
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second pi ezo transducer, respectively. 25 5. Athin film
vi deo nonitor apparatus according to claim1 further conpri sing an
el ectromagnetic interference {(EM-) shield placed adjacent a rear
portion of said thin filmvideo display panel and | '  Nng panel .

Crurcner SN cEo e T e ks P

. * c ] . h . .
panel and said st tffening panel. 5 L A thin filmvideo
noni t or apparatus according to claiml wherein said plurality of said
pi ezo transducers further conprises a | owfrequency channel speaker
transducer and is nmounted to said stiffening panel so as to preserve
the modal eer gy A thisfingl vide¥RionftbresppaRtisaRcordinkQo claim 1 wikrein sidighidlify | M
speaker apparatus conpri sing: a thin filmvideo display panel;
a sti fX eni ngf paid plezo phusduckrsifiirthercompisesia lovw-frequency vhansel spesicer srangshicer |
a plurality of.piez ransd rs, attached to at Jeast a first side of said
sti ffeﬁ i ng ﬁ&éﬁp I?°‘Hﬁ?#tf§al sﬁﬁ‘gmngnatglmtpgrqs%gr %P‘r‘?d"[ﬂreé?ﬁ%@ﬂlgﬂo‘f’?rne f or
conned i Ng FrghérthesPi €20 transducer and a second piezo transducer
selected fromsaid plurality of piezo transducers to provide a first
transm ssion line distance for said first piezo transducer and a

o prvi de. Pt equéhbyn BREHREDEBRGapTels oRBRe Rt Mrepin el SRalET "
9. A thi nggﬁél%?gﬁ%%mwmemmegg to claim8 wherein said

stiffening nel nprises al um num honeyconb sheet.

1 10. A thin film speaker apparatus comprising: 2.
2 a thin film video display panel;
3 a stiffening panel, placed adjacent said thin film video display panel;
4 a plurality of piezo transducers, attached to at least a first side of said stiffening
5 panel; and,
6 a plurality of sound equalizers, each coupled to a respective one of said plurality
7 of piezo transducers. .
1 11. A thin film speaker apparatus according to claim 10 further comprising a time
2 delayer, coupled to one of said plurality sound equalizers.

12. A thin film speaker apparatus according to claim 10 wherein said stiffening panel
2 comprises an aluminum honeycomb sheet.
1 13. A thin film speaker apparatus according to claim 10 wherein said stiffening panel
2 comprises a polycarbonate sheet.

14. A thin film speaker apparatus according to claim 10 wherein said plurality of
2 piezo transducers include at least a first sound channel and a second sound channel

corresponding to a first piezo transducer and a second piezo transducer, respectively.
—_—

—
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25 10. A thin filmspeaker apparatus according to claim8 wherein
sai d stiffeni ng r| ses a pol ycarbonate sheet.

11. A thin fi speak s according to- erein said
plurality of p| cI ude at |east [JHIS SHEEE nel and a
second 30 sound sespondl ng to,the fifrst mmckba er and

the second piezo * ° tf ansducer, respectlvely
12. A thin film speaker apparatus according to claim8 further
conprising an electromagnetic interference (EM) shield placed adjacent a

rear 1 15por tA Qliinoﬁlmi 3pehkeh appaﬁﬁthsnaudowﬁ% db TRliMY 10 AittHer BoFhpiding an

stiffening panel A thin tilm speaker apparatus

accor dihg t o elecapmagnetig mtﬁ@qrence (EMI) shield plaged asdjasgnta reanpogtion of said thiofo
equal i zgrs eacg | ed ¢ re tive one of said plurality of
pi ezo tZ';reandeYbJe]e s‘ﬁs aypanef)anadsmds&%femng aanA thin filmspeaker apparatus
according to claim8 further 10 conprising an air gap between said
thin filmvideo display panel and said stiffening panel.

15. Al hin fl6l m pdbincfilnyspeaksr apparaws rageording ctoc¢lainm19 ﬁmhclecmmpnsmg a

thin fid mvi odlspl | led t ortable co uter t he eb
forming a  GassmisSpths S GAiRHgA st it ebafoct SaTe sehnd Pl rapigect’
speaker3 Syst gafefiell frbif shid Flu@btP yfﬁez&&ma@&& nhaycihrwway as to proﬁdé hAirked
formfactor, said audio sgeaker system conpri si first piezo

speaker4 t r andiftase fopsid ezo tramsducerandtd smom? distdnge cf@mmd eecond piezo

5 transducer and to provide frequency overlap between said two piezo transducers, said

6 first and second piezo transducers being substantially identical. B
1 17. A thin film speaker apparatus according to claim 10 further comprising an air gap

2 between said thin film video display panel and said stiffening panel. A thin film video

3 monitor apparatus according to claim 1 wherein said plurality of said piezo transducers

4 further comprises a low-frequency channel speaker transducer and is mounted to said

5 stiffening panel so as to preserve the modal energy in said lower frequencies.

1 18. A thin film speaker apparatus according to claim 10 wherein said thin film video

2 display is coupled to a portable computer unit, thereby forming a portable computer.

19. A thin film speaker apparatus according to claim 10 wherein said stiffening panel

2 comprises an aluminum honeycomb sheet.
1 20.  Anaudio speaker system for use in a computer component having a limited form
2 factor, said audio speaker system comprising:
3 a first piezo speaker transducer mounted on a first position of said computer
4 component; _
5 a second piezo speaker transducer mounted to a second location of said computer
6 component;
-
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20 conponent; a second piezo speaker transducer nounted to a second

| ocation of said conput er conponent: a first and
second sound equa‘l—rz"’@fﬁrlgaﬂal ed to said fir q@Agj

speaker transd EH" E%ﬁA aE rijnt h
transm ssi on I:Eﬁl Hmm“m‘mumd fi rst Rbezo spegakerl

nsducer
to said second Z0 9peakep transducer and having a first
transm ssion line distance for said first piezo speaker transducer and a

second transm ssion |ine distance for said second piezo speaker
transdgcer so as hirst and second $H0R4 E@mmxeeuén R6ued foRhiERSt z&mew@&pemt&
second pi ezo speaker transducers. . A laptop

conput 8r acctarsidueers oespectivelyle furt her corrprl si ng:

QENEEEE NEEI!I'_lEg-II-lEETa transmission line connecting said first piezo speaker transducer to said seconq,,

a firsy chanpbo §fAke HaNIAb? And Ravidg #ififst diStand? fBZQiEMSANi&0 speap Baahcerand
a second channel "corresponding to said second piezo speaker transducer.

18. A3l apt opnd: enypeond dmmdongaxﬁmecmd piezo speakeritransduicer 50 A8 <toi ewrlan
5 Iin furt er co |ses a und 19. A laptop
oomput Br | acelPURGes beERn id Siihnd SRARE biego prepker trmsincerS |
corresponds to a Ieft channel . and said second channel corresponds to a
right channel for providing stereo imaging of said sound emanating
fromshid fi2kt A laptop cpmputer agserding totalai el:mmpming second piezo
speakeé t ransducer l.a tso puter accpording to

6

claim46 wherein g%c%{)conespondmgtgﬁgxg[gé@ SR ﬁ, RRGRgeT AN o £ ve
separage channel s, §&dng eRinRElGorieSpdndthg¥ersaid second piezoSPedkdr RARAASS! Ng System

22. A laptop computer according to claim 20 wherein said transmission line further

2 comprises a sound chamber located along a first edge of said second shell.

1 23. A laptop computer according to claim 21 wherein first channel corresponds to a
2 left channel, and said second channel corresponds to a right channel for providing stereo
3 imaging of said sound emanating from said first piezo speaker transducer and said second
4 _

piezo speaker transducer.

24. A laptop computer according to claim 20 wherein said audio speaker system

2 includes up to five separate channels and conforms to the AC-3 sound processing system.
1 25. A laptop computer according to claim 20 wherein said audio speaker system
2 provides for said speaker transducers to be mounted in such a fashion as to direct the
3 sound pressure away from a user when said second shell is in an upright orientation for
4 allowing said user to view said video monitor.

1 26.  The laptop computer according to claim 20 wherein said transmission _line isa
2 single-sided labyrinth.

——
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sai d audio

be nounted in
froma user when
conput er accordi
single-sided | ab
to Claim16 furt
said plurality s

conputer according to claim20 further conprising a tine delayer

coupled to one o

21. A laptop conputer according to claim16 wherein
speaker system provides for said speaker transducers to

ion as to direct the sound pressure away

said conmputer is . in use. 20 22. A laptop

line is a

RN Illlﬂlllfll e ”I&i{,“@f‘;{é{;‘mm

her conpr|5|ng a tlne 25 celayeﬁgpgggggled
ound equal i zers.

ccordi ng
b one of

f said plurality sound equali zers.

apt op
2

A laptop computer according to claim 20 further comprising a time delayer,
2 coupled to one of said plurality sound equalizers.
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