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Description
1. Field of invention.

[0001] The present invention concerns acoustic sys-
tems, and more specifically acoustic system that are
small and present good efficiency in bass frequencies.
In particular, the invention is advantageously applied to
devices including a small location for such an acoustic
system (for example devices fitted with a flat screen).

2. State of the art.

[0002] According to state of the art, an acoustic system
for a device including a small location for it includes gen-
erally a boomer, one or several active loudspeakers for
medium and high frequencies and, sometimes, one pas-
sive loudspeaker. Such a system has the drawbacks that
either the big volume of its loudspeakers does not suit
well to their destination device or they have a bad sound
quality, especially in bass frequencies.

3. Summary of the invention.

[0003] Theinventionaims at providing a small acoustic
system, that is well adapted to devices including a small
location for the acoustic system (e.g. devices including
a flat screen such as plasma or LCD screen) and that
has a good sound quality especially in bass frequencies.
[0004] The invention proposes an acoustic enclosure
comprising at least one active loudspeaker and at least
two passive loudspeakers that have different resonant
frequencies and are located in the same resonant room
as at least one active loudspeaker.

[0005] Then, the passive loudspeakers are activated
by active loudspeakers and emphasize different frequen-
cies, so that the sound produced by the enclosure has a
good level in a large spectrum of frequencies.

[0006] According to a preferred feature, the resonant
frequencies of at least two of said passive loudspeakers
are separated by at least one third of octave.

[0007] Advantageously, the resonantfrequencies of at
least two of said passive loudspeakers are equal to or
lower than 200Hz.

[0008] According to advantageous features, the mass
of membranes, the emissive surface and/or the suspen-
sion of at least two passive loudspeakers is different.

[0009] According to a specific feature, the enclosure
is a boomer.
[0010] Preferably, the enclosure comprises at least

two active loudspeakers with different acoustic respons-
es.

[0011] According to a particular feature, the enclosure
comprises at least three passive loudspeakers that are
located in the same room as at least one active loud-
speaker.

[0012] According to another feature, at least one pas-
sive loudspeaker and one active loudspeaker are located
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in the same room and on the same side and/or on oppo-
site side of the enclosure.

[0013] According to a preferred feature, the total emis-
sive surface of passive loudspeakers is larger than the
total emissive surface of active loudspeakers located in
the same room.

[0014] The invention concerns also a device with a flat
screen comprising an acoustic enclosure as disclosed
above, the acoustic enclosure producing a good sound
and being well adapted to small location that is available
for an enclosure in a flat screen device.

4. Brief description of figures.

[0015] Other features of the invention will appear in
light of the following description made with reference to
the appended drawings, where:

- figures 1 and 2 present a television set including an
acoustic system according to the invention, respec-
tively in front and rear view;

- figures 3 and 4 represent a perspective view of an
acoustic enclosure of the acoustic system of figures
1 and 2, respectively from the front and rear;

- figure 5 gives some examples of acoustic response
of different acoustic systems including the system of
figure 1;

- figures 6 and 7 represent a perspective view of a
loudspeaker according to a first variant of the inven-
tion;

- figure 8 gives some examples of acoustic response
of different acoustic systems including the systems
implementing the loudspeaker of figures 6 and 7; and

- figures 9 and 10 represent a perspective view of a
loudspeaker according to a second variant of the in-
vention.

5. Detailed description of the invention.

[0016] Figures 1 and 2 present a television set 1 in-
cluding an acoustic system according to the invention,
respectively in front and rear view.

[0017] The television set 1 comprises:

- an acoustic system including a left acoustic enclo-
sure 10 and a right acoustic enclosure 11;

- aflat screen 12 (eg a plasma or a LCD screen);

- a control part 18 surrounded by a metallic box for
protection against electromagnetic noise; and

- a mechanical plate 13 that support the cabinet in-
cluding the screen 12, acoustic enclosures 10 and
11, control part 18.

[0018] The control part 18 comprises electronic means
to adapt and/or and/or acoustic signal to be provided to
the enclosures 10 and 11. Connections that enable the
transmission of an analog acoustic signal from the control
part 18 to the enclosures 10 and 11 are made of wires
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and dedicated connectors and are not represented on
figure 2 for clarity reasons.

[0019] The acoustic enclosures 10 and 11 are main-
tained on the TV cabinet through foam parts that absorb
vibrations and are positioned on opposite end surfaces
of the enclosures. These foam parts are respectively in-
serted inrigid guides 14 to 17 of the TV set cabinet. Then,
the acoustic enclosures 10 and 11 are easy to position
in the cabinet during manufacturing operations and the
links between the enclosures 10 and 11 and the cabinet
remain soft, so that vibrations are efficiently absorbed.
[0020] A protection grid in front of the enclosures 10
and 11 is assumed to be transparent on figures 1 and 2,
also for clarity reasons.

[0021] Inaddition, other part of the television set 1, that
are well known by those skilled in flat screen TV set, are
not described and/or represented on the figures 1 and 2.
[0022] Figures 3 and 4 represent a perspective view
of the acoustic enclosure 11, respectively from the front
and rear. In the preferred embodiment acoustic enclo-
sure 11 and 10 are the same, mainly for cost and main-
tenance reasons.

[0023] The acoustic enclosure 11 comprises:

- a cabinet divided in two parts 31 and 32, made of
injected plastic;

- two foams 30 and 33 positioned in the end of the
cabinet that are inserted in rigid guides respectively
17 and 16, thus enabling an easy manufacturing and
a soft link with the TV set 1;

- two foams 313 that are positioned on each side of
the part 31 (for symmetry reason as the enclosures
10 and 11 are identical), and that enable to prevent
rough contact with the screen 12 or any other ele-
ment of the TV set 1;

- two active bass and medium loudspeakers 311 and
312 (with their protection) in the front face of the part
31;

- one active tweeter 310 with Ti dome, small cavity
and shaped horn, in the front face of the part 31;

- two passive loudspeakers 315 and 316 in the rear
face of the part 31; and

- two connectors 321 and 322 (e.g. of Lumberg UF
type) in the rear face of the part 32.

[0024] Active loudspeakers 311 and 312 and passive
loudspeakers 315 and 316 are located in the same res-
onant room, so that passive loudspeakers 315 and 316
are controlled by active loudspeakers 311 and 312.

[0025] Loudspeaker 311 dedicated to bass frequen-
ciesis connected to the connector 321. Loudspeaker 312
dedicated to bass and medium frequency and tweeter
310 are connected in parallel to connector 322, the tweet-
er 310 being fed with a high-pass filtered signal (a high-
pass filter being connected to the input of the tweeter
310). Loudspeaker 311 and 312 are preferably the same
8 Q loudspeakers (at bass and medium frequencies). At
bass and medium frequencies, the impedance of tweeter
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310 is very big. At higher frequencies, the impedance of
tweeter 310 is 8 Q and the impedance of loudspeaker
312is very high (eg bigger than 20€2). Thus, loudspeaker
311 and 312 are fed with analog signals, that are ampli-
fied independently with two different amplifiers (each pro-
viding a power equal to or greater than 10 Watts rms)
the output impedance of each amplifiers being adapted
to the input impedance of corresponding loudspeakers.
Indeed, a low-pass filter filters the input of loudspeaker
311 to enhance the bass frequencies, whereas the low
frequencies are preferably not filtered at the input of loud-
speaker 312, so that loudspeaker 312 covers both bass
and medium frequencies. The filter can be implemented
before or after the corresponding amplifier. The bi-am-
plification of the two speakers 311 and 312 enables a
gain of 6dB all over (even with small bass loudspeaker
(typically of diameter lower than 60 mm, this size corre-
sponding more usually to midrange and treble frequen-
cies)), compared to a system including a single amplifier
and two 16 Q speakers in parallel. Additionally, it enables
to "shape" the response curve to the needs of the acous-
tics and to overcome, at least partially, the drawbacks of
the active speakers (eg low level in low frequencies, bad
response curve) or the too small enclosure. More gen-
erally, such a system provide a better result than some
bigger enclosures, higher SPL (or "Sound Pressure Lev-
el",iesound level atagiven frequency) atlow frequencies
and potentially more bass (front and back response),
than other acoustic enclosures which has more than the
double volume.

[0026] The acoustic amplifiers and filters are prefera-
bly in the control part 18. Indeed, according to a variant
of the invention, they can be implemented inside the en-
closures 10 and/or 11.

[0027] Asavariantofthe invention, bass loudspeakers
311 of enclosures 10 and 11 have a 4Q impedance and
are fed with the same 8Q amplifiers. According to this
variant, the bass/medium loudspeakers 312 of enclo-
sures 10 and 11 have a 8Q impedance and are fed with
two different 8Q amplifiers.

[0028] Asiillustration, the enclosure 11 has, for exam-
ple, the following features:

- adepth d7equal to 75 mm ;

- length /11 (without foam) and height h77 of part 31
equal respectively 172 mm and 55 mm, that enables
an 0.7 liter net volume;

- length /12 (without foam) and height h12 of part 32
equal respectively 85 mm and 39 mm; and

- diameters of loudspeakers 311 and 312 equal 53
mm (ie the surface of the active membrane is around
12 cm?2); and

- dimension of the passive loudspeakers 315 and 316
is about 50mmx90mm (their is shape is preferably
oval or rectangular in the middle and circular in the
end as illustrated in figure 4) (the surface of the cor-
responding membrane is around 25 cm2).
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[0029] More generally, according to the invention, the
depth and the height of parts 31 and 32 is advantageously
less than 60 mm to be compliant with devices with a small
location for acoustic system, especially devices with flat
screen.

[0030] The frequency response of passive loudspeak-
ers 315 and 316 is advantageously not the same. This
can be achieved, for instance, as follows:

- the weight of their respective membrane is different
(e.g. an added mass being added on the loudspeak-
er membrane and/or the thickness or matter of the
membrane being different);

- their suspension can be stiffer for one of the loud-
speaker; and/or

- the emissive surface is different.

[0031] Preferably, the emissive surface of the passive
loudspeakers is rather big. More generally, the surface
of membrane of each passive loudspeaker is equal or
larger the surface of membrane of each active loud-
speaker and preferably equal or larger than 1.5 times the
surface of membrane of each active loudspeaker and
more preferably equal or larger than twice the surface of
membrane of each active loudspeaker.

[0032] Thecompliance (or Cms thatequalstheinverse
of the stiffer or, the shift of membrane relative to an ap-
plied force) is advantageously comprised between 0.5
and 1.2 mm/N.

[0033] More generally, the resonant frequencies of
passive loudspeakers is not the same. Their difference
is preferably comprised between 1/3 octave and one oc-
tave: ie, the higher frequency is equal or greater than 4/3
times the lower frequency and equal or lower than twice
the lower frequency. This enables to enlarge the frequen-
cy band, that it reproduced by passive loudspeakers. The
furthest the resonant frequencies are, the lowest the
sound level is and the largest the useful band of the pas-
sive loudspeakers is.

[0034] Figure 5 illustrates the frequency response
(amplitude vs frequencies) of different configurations of
enclosures comprising two passives loudspeakers,
(these responses have been obtained by experiments or
simulations) :

- the curve 53 is related to an enclosure comprising
the same passive loudspeaker (both having a reso-
nant frequency at 150 Hz): the response of this en-
closure is bad below 95 Hz and the curve is not flat
over 100Hz;

- the curve 52 corresponds to an enclosure with an
added mass equal to 5g added on one of passive
loudspeaker (having a resonant frequency at 100
Hz; the ratio of resonant frequency is then 150/100
=1,5): the frequency range is better than the one of
curve 53 (their is a 2dB gain below 100Hz and a 0dB
level corresponds to 90Hz instead of 95Hz) ; in ad-
dition, between 90 and 200Hz, the level is closer to
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the average (flatter response);

- thecurve 51is related to an enclosure with an added
mass equal to 7g added on the other passive loud-
speaker (having a resonant frequency at 75 Hz; the
ratio of resonant frequency is then 150/75 =2): the
frequency range is even better than the one of curve
52 (their is a 2dB gain at 90Hz and a 0dB level cor-
responds to 82Hz) ; between 95 and 200Hz, the re-
sponses corresponding to curves 51 and 52 are sim-
ilar; and

- the curve 50 corresponds to an enclosure with an
added mass equal to 5g added on one passive loud-
speaker and 7g on the other one (the ratio of reso-
nant frequency is then 100/75 =4/3): again, the fre-
quency range is improved compared to curve 51
even better than the one of curve 52 (their is a 1dB
gain at 85Hz and a 0dB level corresponds to 77Hz) ;
between 100 and 200Hz, the response correspond-
ing to curve 50 is lower than the response corre-
sponding to curve 51.

[0035] For all curves, the passive loudspeakers are
the same except the mass of their membrane (in partic-
ular they have the same size around 50mmx90mm and
the same suspension). If the diameter of loudspeaker is
larger, the SPL and/or the high pass cut of the corre-
sponding loudspeaker is or are increased.

[0036] The embodiment corresponding to a mass
equal to 7g added on one of passive loudspeaker (curve
51) offers a good compromise between the response in
low frequencies and the flatness of the response between
100 and 200 Hz.

[0037] Figures 6 and 7 represent a perspective view
ofaboomerenclosure 6 (or bass acousticenclosure used
for frequencies below 200 Hz) according to a variant of
the invention, respectively from the front and rear. The
enclosure 6 and two additional medium and high frequen-
cies enclosures (respectively right and left side) can re-
place the enclosures 10 and 11 of set 1 (the enclosure
6 fit well to device of big size). Medium and high frequen-
cies enclosures can be implemented in the lower part,
higher part, or side parts of the set and are not described.
[0038] The bass acoustic enclosure 6 comprises:

- acabinet 60, made of injected plastic;

- one active bass loudspeaker 61 (with its protection)
in the front face of the enclosure 6;

- three passive loudspeakers 62 to 64 in the front face
of the enclosure 6; and

- one connector 65 (e.g. of Lumberg UF type) in the
rear face of the enclosure 6.

[0039] Active loudspeaker 61 and passive loudspeak-
ers 62 to 64 are located in the same resonant room, so
that passive loudspeakers 62 to 64 are controlled by ac-
tive loudspeaker 61.

[0040] The loudspeaker 61 is a 8Q loudspeaker linked
to the connector 65. Thus, it is fed with analog signal,



7 EP 1732 351 A1 8

that is amplified preferably with a dedicated amplifier
(providing a power equal to or greater than 10Watts rms)
and filtered with a low-pass filter.

[0041] The acoustic amplifier and filter are preferably
in the control part 18. Indeed, according to a variant of
the invention, they can be implemented inside the enclo-
sure 6.

[0042] Asillustration, the enclosure 6 has, forexample,
the following features:

- depth d2 equal to 73 mm ;

- length 12 equal to 620 mm;

- height h2 equals 95 mm; and

- adifferent added mass is added on each of passive
loudspeakers 62 to 64; these added mass are re-
spectively equals to 6, 8 and 10g;

- diameters of loudspeaker 61 equal 80 mm (ie the
surface is around 50 cm2); and

- dimension of the passive loudspeakers 62 to 64 is
about 80mmx150mm (their is shape is preferably
oval or rectangular in the middle and circular in the
end as illustrated in figure 6) (ie the surface is around
116 cm?2).

[0043] The enclosure 6 has a net volume, which is be-
low two litres.

[0044] More generally, according to the invention, the
depth and the height of parts 31 and 32 is advantageously
less than 100 mm to be compliant with devices with flat
screen.

[0045] According to an important feature of the inven-
tion, the frequency response of passive loudspeakers 62
to 64 is not the same. This can be achieved, for instance,
as follows:

- their weight is different;

- their suspension can be stiffer for one of the loud-
speaker; and/or

- the emissive surface is different.

[0046] Preferably, the emissive surface of the passive
loudspeakers is rather big. More generally, when there
are two, three or more passive loudspeakers, according
to the invention, the total surface of membranes of pas-
sive loudspeakers is equal or larger the total surface of
membranes of active loudspeakers and preferably equal
or larger than 1.5 times the total surface of membranes
of active loudspeakers and more preferably twice the to-
tal surface of membranes of active loudspeakers.
[0047] Figure 8 illustrates the frequency response
(amplitude vs frequencies) of different configurations of
enclosures.

[0048] Curves 80 to 82 correspond respectively to en-
closures having three, two and one passive loudspeakers
and same active loudspeakers (having a resonant fre-
quency equal to 75 Hz).

[0049] As clearly shown, the enclosures correspond-
ing to bigger number of passive loudspeakers provide
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better responses between 65 and 100Hz:

- an enclosure with two different passive loudspeak-
ers with respectively 5g and 7g added mass and res-
onant frequency respectively equal to 150 Hz and
75 HZ (curve 81) enables a 2dB gain over an enclo-
sure with only one passive loudspeaker with a 16 g
added mass and having a resonant frequency equal
to 75 Hz (curve 82); and

- anenclosure with three different passive loudspeak-
ers with respectively 24, 26 and 34g added mass
(two passive loudspeakers having a resonant fre-
quency at 65Hz and the other one at 120 Hz) (curve
80) enables a 2dB gain over an enclosure with only
one passive loudspeaker (curve 82)

[0050] Thus, an enclosure with three different passive
loudspeakers provides a better response than similar
size enclosures with less passive loudspeakers.

[0051] Figures 9 and 10 represent a perspective view
of boomer enclosure 7, which is a variant of the boomer
enclosure 6, respectively from the front and rear.
[0052] The bass acoustic enclosure 6 comprises:

- acabinet 70, made of injected plastic;

- one active bass loudspeaker 71 (with its protection)
in the front face of the enclosure 7;

- three passive loudspeakers 72 to 74 in the rear face
of the enclosure 7; and

- one connector (e.g. of Lumberg UF type) in the rear
face of the enclosure 7 (not mentioned on the draw-

ing).

[0053] Then, the major difference between the enclo-
sures 6 and 7 is that the passive loudspeakers are not
on the same face than the active loudspeaker, that ena-
bles to have more place for passive loudspeakers.
[0054] Active loudspeaker 71 and passive loudspeak-
ers 72 to 74 are located in the same resonant room, so
that passive loudspeakers 72 to 74 are controlled by ac-
tive loudspeaker 71.

[0055] The active loudspeaker 71 and passive loud-
speakers 72 to 74 are similar to loudspeaker 61 and 62
to 64. In a variant, passive loudspeaker 72 to 74 can be
longer than loudspeaker 62 to 64.

[0056] Of course, the invention is not limited to embod-
iments that have been presented above.

[0057] In particular, the invention concerns different
devices having a small location for acoustic system (es-
pecially devices including a screen (especially a flat
screen)) such as TV sets, computers, radio receiver, Hi-
Fi acoustic enclosures, audio system for cars or trans-
portation means.

[0058] Inaddition, the invention is compliant with other
shapes of enclosures. Especially, the invention is not lim-
ited to rectangular enclosures and can be adapted to
enclosures that have one or several curved sides. The
invention is also compliant with enclosures that has dif-
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ferent sizes (especially, enclosures with are deeper or
higher than disclosed enclosures). Moreover, the inven-
tion is compliant with enclosure comprising bigger active
loudspeakers.

[0059] Moreover, the invention is compliant with
acoustic enclosures having at least two passive loud-
speakers that are all positioned on one side of the enclo-
sure (as illustrated in figures) or that are positioned on
each side of the enclosure (eg. one or two passive loud-
speaker are on one side of the enclosure and other pas-
sive loudspeaker(s) is or are on the other side). Position-
ing of passive loudspeakers relatively to the side of en-
closure (same side or different sides for passive loud-
speakers) or to the side of active loudspeaker (same or
opposite side) can be determined according to the di-
mension or volume constraints associated to the device
that is to implement the acoustic enclosures. The inven-
tion is also compliant with acoustic enclosures having at
least two active loudspeakers (eg 2, 3, 4 or more loud-
speakers) that are all positioned on one side of the en-
closure (as illustrated in figures) or that are positioned
on each side of the enclosure. More generally, when
there are several passive loudspeakers, according to the
invention, the total surface of membranes of passive
loudspeakers is equal or larger the total surface of mem-
branes of active loudspeakers and preferably equal or
larger than 1.5 times the total surface of membranes of
active loudspeakers and more preferably twice the total
surface of membranes of active loudspeakers (eg. the
total surface of membranes (or active surface) of passive
loudspeakers is twice or three time the active surface of
active loudspeakers).

[0060] The invention is also compliant with acoustic
systems that have an enclosure comprising several res-
onant rooms, at least one room comprising at least two
passive loudspeakers, and at least one active loudspeak-
er, the passive loudspeaker having different resonant fre-
quencies. More generally, according to the invention, the
active loudspeakers entail resonance of passive loud-
speakers, that have two different resonant frequencies.
That can be obtained by an air communication inside one
room comprising active and passive loudspeakers with
specific resonant frequencies.

Claims

1. Acoustic enclosure (10, 11, 6, 7) comprising at least
one active loudspeaker (311,312, 61, 71), charac-
terised inthatitcomprises atleasttwo passive loud-
speakers (315, 316, 62 to 64, 72 to 74) that have
different resonant frequencies and are located in the
same resonant room as at least one active loud-
speaker.

2. Acoustic enclosure according to claim 1, character-
ised in that the resonant frequencies of at least two
of said passive loudspeakers are separated by at
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10.

11.

12.

13.

least one third of octave.

Acoustic enclosure according to any of claims 1 and
2, characterised in that the resonant frequencies
of atleast two of said passive loudspeakers are equal
to or lower than 200Hz.

Acoustic enclosure according to any of claims 1 to
3, characterised in that the mass of membranes
of at least two passive loudspeakers is different.

Acoustic enclosure according to any of claims 1 to
4, characterised in that at least the emissive sur-
face of at least two passive loudspeakers is different.

Acoustic enclosure according to any of claims 1 to
5, characterised in that at least the suspension of
at least two passive loudspeakers is different.

Acoustic enclosure according to any of claims 1 to
6, characterised in that it is a boomer.

Acoustic enclosure according to any of claims 1 to
7 characterised in that it comprises at least two
active loudspeakers with different acoustic respons-
es.

Acoustic enclosure according to any of claims 1 to
8 characterised in that it comprises at least three
passive loudspeakers that are located in the same
room as at least one active loudspeaker.

Acoustic enclosure (6) according to any of claim 1
to9, characterised in that atleast one passive loud-
speaker (62 to 64) and one active loudspeaker (61)
are located in the same room and on the same side
of the enclosure.

Acoustic enclosure (10, 11, 7) according to any of
claim 1 to 10, characterised in that at least one
passive loudspeaker (315, 316, 72 to 74) and one
active loudspeaker (311, 312, 71) are located in the
same room and on the opposite side of the enclo-
sure.

Acoustic enclosure according to any of claims 1 to
11, characterised in that the total emissive surface
of passive loudspeakers is larger than the total emis-
sive surface of active loudspeakers located in the
same room.

Device (1) with a flat screen (12) comprising an
acoustic enclosure according to any of claims 1 to 12.
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