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@ Acoustic apparatus and driving apparatus constituting the same.

@ An acoustic apparatus comprises a cabinst, and a loudspeaker unit and a driving apparatus disposed in the
cabinet. The acoustic apparatus is driven by an external power amplifier which normally constant-voltage-drives
a conventional loudspeaker. The driving apparatus has a power amplifier circuit and a transfer function conirol
circuit, and drives the loudspeaker unit in cooperation with the external power amplifier. The driving apparatus
generates an electric energy corresponding to an increase in energy from that which is required in a normal
constant-voltage-driving, the increase being produced by an operation of the fransfer function control circuit, and
the generated energy is inputted to the loudspeaker unit. By means of the above, when the acoustic apparatus is
driven by the external power amplifier, an internal resistance of the loudspeaker unit is substantially cancelled or
reduced, and an improvement of the eleciro-acoustic transducing characteristics of the loudspeaker unit or a

loudspeaker system is achieved.
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ACOUSTIC APPARATUS AND DRIVING APPARATUS CONSTITUTING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an acoustic apparatus which is connected to a general-purpose or usual
power amplifier for normally driving a loudspeaker and improve electro-acoustic reproduction (transduction)
characteristics of an loudspeaker constituting the acoustic apparatus, and a driving apparatus for driving the
loudspeaker to improve its electro-acoustic reproduction characteristics in cooperation with the general-
purpose power amplifier.

2. Prior Art

A conventional power amplifier for driving a loudspeaker (loudspeaker unit (vibrator) or a loudspeaker
system) normally has a substantially zero output impedance, and constant-voltage drives the loudspeaker.

In contrast fo this, recently, there are proposed acoustic systems which improve acoustic reproduction
characteristics of loudspeakers or make a loudspeaker vibration system compact without impairing acoustic
reproduction characteristics by so-called negative impedance driving {(a negative impedance component is
included in an output impedance) or so-called motional feedback (MFB) driving (a loudspeaker output is
detected by a certain method) (European Patent Application Publication No. 0 322 686, No. 0 322 679, No.
0 322 053, United States Patent No. 4 118 600 and the like).

However, these acoustic systems need special-purpose driving apparatuses (power amplifiers) cor-
responding to loudspeakers to be used. For this reason, when a user who possesses and regularly uses a
general-purpose power amplifier wants to constitute the system, he or she cannot utilize his power amplifier
at all.

Japanese Patent Application Laid-Open Gazette No. Sho 58-29295 discloses a technique that a
loudspeaker is connected in series with a negative resistance circuit having a negative resistance at a
predetermined frequency or less, and the series circuit of the loudspeaker and the negative resistance is
driven by a general-purpose amplifier to improve bass tone range characteristics of the loudspeaker.
However, as shown in Fig. 9, the negative resistance circuit uniquely disclosed in the embodiment of
Japanese Patent Application Laid-Open Gazette No. Sho 58-29295 is a transistor class-A single amplifier
which has a resistor as a load. Such a transistor class-A single amplifier is not used for supplying power to
a low-impedance load such as a loudspeaker in terms of voltage utilization efficiency, power loss, cost, and
the like except for a case wherein it is used for a very small power such as an earphone or a headphone, or
a very special case like in a hobby use. More specifically, this transistor class-A single amplifier does not
belong to a category of power amplifiers for driving a loudspeaker in a general idea. Furthermore, in this
negative resistance circuit, an impedance Z which is a detection resistor corresponding to a detection
resistor Rs for speaker current detection according to the present invention, is connected in series with the
loudspeaker unit through a transistor and, an emitter resistor is connected at one end to a point where the
emitter of the fransistor and loudspeaker unit 2 are connected each other and is also connected at its other
end {0 a grounding point. With this arrangement, a current that flows through the loudspeaker (speaker
current) also flows through the emiiter resistor at the time when the loudspeaker is driven, whereby it is
made impossible to precisely detect the current (speaker current) flowing through the loudspeaker unit.
Since this negative resistance circuit is not constituted by a push-pull circuit and; among A class amplifiers,
the negative resistance circuit is restricted in its applicability, it cannot simply be replaced with a power
amplifier circuit which precisely detects the speaker current thereby to enable it to output the optimal
negative resistance and is generally suitable for driving the speaker.

More specifically, aithough Japanese Patent Laid-Open Gazette No. Sho 58-29295 theoretically sug-
gests that a loudspeaker can be negative-resistance driven using a general-purpose power amplifier by
connecting the loudspeaker in series with a negative resistance circuit, it does not disclose or suggest an
arrangement of a practical negative resistance circuit which can drive a loudspeaker without posing any
problem.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of the above situation, and has as its object to
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provide an acoustic apparatus and a driving apparatus which can directly utilize a conventional (usual)
power amplifier, and can practically perform a driving operation for improving loudspeaker reproduction
characteristics in the same manner as in the above-mentioned acoustic system.

In order to achieve the above object, according to the present invention, there is provided a driving
apparatus (second power amplifier) for driving a loudspeaker in cooperation with a general-purpose power
amplifier for normally driving the loudspeaker to improve electro-acoustic reproduction characteristics of the
loudspeaker, and generating an electric energy corresponding to an increase in energy from that in a
normal driving operation during the driving operation for improving the characteristics. A normal driving
energy as another energy is supplied from the general-purpose power amplifier.

With this arrangement, since the normal driving energy is supplied from the general-purpose power
amplifier as a conventional power amplifier, a user who regularly uses the general-purpose power amplifier
can utilize it to realize negative-impedance driving or MFB driving, thereby improving electro-acoustic
reproduction characteristics of his or her or a commercially available loudspeaker. Furthermore, a compact
acoustic apparatus (loudspeaker system) which can automatically attain negative-impedance driving or MFB
driving when it is driven by a general-purpose power amplifier, and has good electro-acoustic reproduction
characteristics can be realized.

In the driving apparatus of the present invention, since an electric energy corresponding to an increase
in energy caused by the negative-impedance driving or MFB driving is supplied from the second power
amplifier, an output from the general-purpose power amplifier which cooperates with the second power
amplifier can be efficiently utilized. Furthermore, since the second power amplifier need only supply an
electric energy corresponding to an increase in energy caused by the negative-impedance driving or MFB
driving, it can be rendered compact and inexpensive as compared io a conventional driving apparatus
exclusively used for negative-impedance driving or MFB driving.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a circuit diagram showing an arrangement of an acoustic apparatus according to an embodiment
of the present invention;
Fig. 2 is a circuit diagram showing an arrangement of an acoustic apparatus according to the second
embodiment of the present invention;
Figs. 3A to 3C are respectively an equivalent circuit diagram of the acoustic apparatus shown in Fig. 2
and equivalent circuit diagrams of acoustic apparatuses according to the first and second prior arts;
Fig. 4 is a circuit diagram of an acoustic apparatus according to the third embodiment of the present
invention;
Fig. 5 is a detailed circuit diagram of the acoustic apparatus shown in Fig. 4,
Fig. 6 is a circuit diagram of an acoustic apparatus according to the fourth embodiment of the present
invention;
Fig. 7 is a detailed circuit diagram of the acoustic apparatus shown in Fig. 6; and
Fig. 8 is a circuit diagram of an acoustic apparatus according to the fifth embodiment of the present
invention.
Fig. 9 is a circuit diagram showing an arrangement of an acoustic apparatus according to a prior art
(Japanese Patent Application Laid-Open Gazette No. Sho 58-29295).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described below with reference to the
accompanying drawings. The same reference numerals or those with the same suffixes denote the common
or corresponding parts throughout figures.

Fig. 1 shows an arrangement of an acoustic apparatus according to an embodiment of the present
invention. This acoustic apparaius performs negative-impedance driving to improve loudspeaker characteris-
tics. In this apparatus, a loudspeaker unit 2 and an amplifier unit 3 serving as a negative-impedance driving
apparatus as the characteristics feature of the present invention are disposed in a cabinet 1 having a
resonance duct port 11. The apparatus also has a pair of external input terminals P1 and P2 for connecting
this acoustic apparatus to output terminals of a power amplifier 5 as a general-purpose power amplifier. The
amplifier unit 3 comprises a power amplifier circuit 31, a positive feedback circuit 32, and a transfer function
control circuit 33. The positive feedback circuit 32 comprises a feedback amplifier A1 given with a
predetermined transfer function 8 by an impedance element Zs for detecting a loudspeaker current,
impedance elements Za and Zb, and the like. The impedance value of the impedance element Zs has a
negligible magnitude as compared to that of the loudspeaker unit 2.

In the apparaius shown in Fig. 1, one external input terminal P1 is connected to one input terminal P3 of
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the loudspeaker unit 2 via the impedance element Zs for detecting the loudspeaker current, and the other
input terminal P4 of the loudspeaker unit 2 is connected to an operation reference potential point of the
amplifier unit 3. Furthermore, a detection output obtained by detecting a current flowing through the
loudspeaker unit 2 by the impedance element Zs is positively fed back to the input of the power amplifier
circuit 31 via the feedback ampilifier A1. In addition, an input signal supplied to the external input terminal
P1 is alsc supplied to the input of the power amplifier circuit 31 via the transfer function conirol circuit 33
having a predetermined transfer function.

Various characteristics of the ampilifier unit 3 are as follows. That is, if an internal impedance of the
loudspeaker unit 2 is represented by ZL, a transfer function (gain) of the fransfer function control circuit 33
is represented by T(s), a transfer gain of the positive feedback circuit 32 is given by the equation, § =
Zb/Za, a transfer gain of the power amplifier circuit 31 with respect to an output voltage of the transfer
function control circuit 33 is given by the equation, « = Zf/Zc, and a transfer gain of the power amplifier
circuit 31 with respect to the output voltage of the positive feedback circuit 32 is given by A = Z{/Zd,

(a) Transfer characteristics G(s) are expressed by:

Vo
G(S)jw i v,
i
1 + A«T(s)
= ..o (D
Zs
1 + (1 - x*R)
ZL

(b) A driving impedance Zo when viewed from the loudspeaker unit 2 is given by:

G -
Zo = z1 ( —ZL =2 _ 4, .. (2)
Gz = zL

Zs (1 - «*R)

where Gz = » and Gz - z are transfer characteristic values obtained when ZL = o and ZL = ZL are
substituted in equation (1). An output impedance AZ of the power amplifier 5 is set to be 0 .
(c) A load impedance Zi when viewed from the power amplifier 5 is given by:

ZL + Zo
Zi = ... (3)
1 + A<T(s)

From these equations,
(d) T(s) for making the transfer characteristics to be 1, i.e., for causing the output sound pressure of the
loudspeaker to have the same frequency characteristics as those in a usual constant-voltage driving
mode is given by:

Zo
T(s) = — ..o (4)
A*ZL

(e} T(s) for making an amplitude of a voltage (vs) at a negative impedance output terminal {(output
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terminal of the power amplifier circuit 31) zero, i.e., for making vs zero when a loudspeaker is driven
without being caused a counteraction from surrowding while maintaining an effect of a perfect damping
state (Q of a loudspeaker driving system is 0) is given by:

Zo - 171s
T(s) = ... (5)
A (ZL + Zs)

In practice, however, since a counteraction from surrowding to the loudspeaker occurs, vs cannot be zero
even if T(s) is set like in equation (5).

Operations of the variables in the acoustic apparatus shown in Fig. 1 were examined. Examination
results are as follows.

(a) When «*8 = 1is set, since Zo = 0 from equation (2), the apparatus is set in a constant-voitage
driving state. In addition, since transfer characteristics are given by 1 + A°T(s)from equation (1),
frequency characteristics can be controlled by controlling T(s).

(b) From 'equation (2), in a region of a* g > 1, the output impedance Zo becomes negative.

(c) When T(s) = 0, the apparatus can be operated as a negative impedance circuit aimed by Japanese
Patent Application Laid-Open Gazette No. Sho. 58-29295.

(d) From equation (5), the magnitude of the negative impedance generator, i.e., the power amplifier 33 of
the amplifier unit 3 can be reduced, and power consumption can be reduced.

(e) Optimal conditions can be set by setting «, 8, A, and T(s). In this case, T(s) serves as a transfer
system for a phase inversion system (-[T(s)]).

In Fig. 1, the amplifier unit 3 negative-impedance drives the loudspeaker unit 2 in cooperation with the
power amplifier 5. This negative-impedance driving is performed in the same manner as in the acoustic
apparatus disclosed in European Patent Application Publication No. 0 322 686. Accordingly, in the circuit
shown in Fig. 1, for example, in a low frequency range, such negative resistance drive that is disclosed in
European Patent Application Publication No. 322,686 is performed, whereby the speaker unit 2 is damped
and driven extremely strongly and the reproduction characteristics, especially low frequency range char-
acteristics thereof, is improved or whereby a cabinet can be made small in size, or a speaker system as a
whole can be made small in size without damaging the reproduction characteristics.

Fig. 2 shows the second embodiment of the present invention. In this acoustic apparatus, a dynamic
loudspeaker is used as the loudspeaker unit 2 to express the overall circuit in more detail as compared to
the circuit shown in Fig. 1, and loudspeaker current detection operation is performed at a ground side. An
internal impedance of the dynamic loudspeaker mainly consists of a resistance (Rv) of a voice coil, and
slightly includes an inductance component. In this embodiment, a resistor Rs is used as the loudspeaker
current detection impedance element Zs so that the output impedance Zo expressed by equation (2) serves
as a negative resistance (-Rv) for canceling the internal resistance Rv. In addition, resistors are also used as
impedance elements for determining the positive feedback gain «* 8 and the amplifier gain A.

Furthermore, in the apparatus shown in Fig. 2, an amplifier A3 constituting the transfer function conirol
circuit 33 also serves as a DC servo amplifier. More specifically, a signal supplied to the external input
terminal P1 is non-inverting amplified by the amplifier A3 of the transfer function circuit 33, and the
amplified signal is inputted to the non-inverting input terminal of an amplifier (internal power amplifier) A2
constituting the power amplifier circuit 31. In addition, by utilizing the inverted input terminal of the ampilifier
A3, a DC fluctuation of the internal power amplifier A2 is compensated for by negative feedback circuit
{amplifier A2 and a capacitor).

As shown in the equivalent circuit diagram of Fig. 3A, the acoustic apparatus shown in Fig. 2 generates
a negative resistance (-Rv) for canceling the internal impedance Rv of the loudspeaker unit 2 independently
of the loudspeaker unit 2. For this reason, the loudspeaker unit 2 is equivalent to a circuit in which a
motional impedance Zy is directly connected to voltage sources 5 and 31 without going through an
impedance such as the internal impedance Rv or the like. Since the voltage sources have an internal
impedance of zero respectively, the motional impedance Zy of the loudspeaker unit 2 is short-circuited at
its two ends so that its resonance frequency Q becomes zero. As a result, the loudspeaker is set in a
perfect dead state, and is very strongly driven and damped. In this acoustic apparatus, the transfer function
T(s) of the transfer function control circuit 33 is appropriately set so that the output voltage of the power
amplifier circuit 31 for generating a negative resistance is decreased, thus power supply from the power
amplifier 5 can be increased, and desired frequency compensation in a negative-impedance driving mode
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can be performed.

This acoustic apparatus has a merit in that a conventional general-purpose power amplifier can be
directly used, and characteristics unique to the power amplifier can be directly used, and characteristics
unique to the power amplifier can be sufficiently reflected when the loudspeaker is driven.

In contrast to this, as shown in the equivalent circuit diagram of Fig. 3B, since a negative impedance
driving apparatus disclosed in European Patent Application Publication No. 0 322 686 cause an amplifier 5'
side (left side of the one dotted and one dashed line in Fig. 3B) to have a negative impedance, a special-
purpose amplifier which includes a negative impedance in its output impedance must be used as the
amplifier 5', and the amplifier and the loudspeaker must be paired, resulting in poor versatility (or
generality).

In a loudspeaker driving apparatus disclosed in Japanese Patent Laid-Open Sho. No. 58-29295, as
shown in the equivalent circuit diagram of Fig. 3C, a negative impedance (-Rv) is connected in series with a
loudspeaker 1". When the negative resistance is connected in this manner, an equalizer circuit such as the
transfer function control circuit 33 is required to adjust output characteristics of the loudspeaker. The
equalizer circuit may be connected in series with the loudspeaker unit 2", as indicated by Zgq in Fig. 3C. In
this case, the effect of the negative resistance -Rv is reduced, and the damping force of the motional
impedance Zy of the loudspeaker unit 2 is decreased. Furthermore, as shown in Fig. 9, since the negative
resistance (-Rv) circuit is constituted by a transistor class-A single amplifier including an emitter resistor as
a resistance load, this transistor equivalently drives a parallel circuit of the loudspeaker 2 and the emitter
resistor. Therefore, when this emitter resistance is set to be sufficiently smaller than the impedance of the
loudspeaker unit 2, power consumption of the negative resistance transistor is increased beyond a practical
level. On the other hand, when the emitter resistance is increased, since the emitter resistance is connected
in series with the loudspeaker unit 2 with respect to the amplifier 5, the output from the amplifier 5 is
consumed and decreased by the emitter resistance. In any case, the negative resistance circuit disclosed in
Japanese Patent Appin. Laid-Open Gaseite No. Sho 58-29295 is not practical in terms of cooperation with a
general-purpose amplifier.

The apparatus of the present invention has not such defects as those in the conventional apparatus
disclosed in Japansese Pat. Appin. Laid-Open Gazette No. Sho 58-29295 since the former has an element
(resistor) for detecting a current flowing through the speaker, between the toudspeaker unit and the negative
resistance circuit. In addition, the conventional apparatus wherein an element for detecting a current through
a speaker is arranged between a power source B+ and a negative resistance circuit, cannot constitute a
push-pull circuit (since + and - must be taken into consideration).

Fig. 4 shows the third embodiment of the present invention.

In the acoustic apparatus shown in Fig. 4, an output from the transfer control function control circuit 33
is shifted by a voitage across the loudspeaker current detection resistor Rs, and is amplified by the
ampilifier circuit 31 with reference to a voltage at the right terminal side (Fig. 4) of the resistor Rs.

Fig. 5 is a detailed circuit diagram of the acoustic apparatus shown in Fig. 4. In the apparatus shown in
Fig. 5, the transfer function control circuit 33 is constituted by only passive elements.

Fig. 6 shows the fourth embodiment of the present invention.

The acoustic apparatus shown in Fig. 6 drives a woofer WF of a two-way loudspeaker system by a
negative-impedance circuit as the characteristic feature of the present invention. In Fig. 6, a power supply 7
generates DC power supply voltages +B; and -Bi for the power amplifier A2 and DC power supply
voltages +Bz and -B; for the current detection amplifier A1, the amplifier A3 in the transfer function circuit
33, and a protection circuit 8 on the basis of an AG power supply, e.g., a commercial power supply of 100
V. The protection circuit 8 is used to prevent destruction or degradation of the circuits and the loudspeaker
units caused by an overload, transient, or abnormal operation. The protection circuit 8 has a DC protection
function of turning off a relay contact ry1 when a DC current exceeding a predetermined value flows through
the loudspeaker unit, an overcurrent protection function of turning off the relay contact ry1 when an
overcurrent flows through the loudspeaker unit, a heat radiation plate temperature protection function of
turning off the relay contact ry1 when the temperature of a heat radiation plate exceeds a predetermined
value, and a power-on muting function of turning on the relay contact ry1 after the lapse of a predetermined
delay time when a power swiich is turned on. This apparatus also has protection means, e.g., for a primary
fuse, a temperature fuse in a transformer, and the like (not shown).

Fig. 7 is a detailed circuit diagram of the acoustic apparatus shown in Fig. 6. In Fig. 7, an IC
(STK4040V) 30 is a hybrid IC formed Ly integrating the amplifiers A1, A2, and A3, and some of their
peripheral circuits shown in Fig. 6. A DG power supply 7 comprises a power supply transformer 71 having a
central tap type secondary winding voltage, and a full-wave rectification circuit 72, and generates two DC
voltages +Bi and -Bi. These voltages are directly supplied to the amplifier A2 in the IC 30, and are also
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supplied to a circuit including the amplifiers A1 and A3, and the like as voltages +B2 and -B; via a
decoupling circuit 73. The speaker current detection resistor Rs has a resistance 0.2 Q.

In the protection circuit 8, a resistor Rs1 and a capacitor Cg1 allow only a DC voltage component of a
signal appearing at the external input terminal P1 to pass therethrough. When this DC voltage is equal to or
higher than +0.6 V, a transistor Qs; is turned on, and transistors Qg2 and Qgs are turned off. Thus, a relay
solenoid RY1 is deenergized, and the relay contact ry1 is turned off. When the DC voltage component is
equal to or lower than -0.6 V, a base current of the transistor Qg2 is bypassed through diodes Dg1 and Dsa,
and the transistors Qg2 and Qg3 are furned off to deenergize the relay solenoid RY1. The protection circuit 8
realizes the DC protection function with these operations. When an overcurrent flows through the loud-
speaker unit (woofer WF.) 2, an AC voltage across the current detection resistor Rs is increased. This AC
voltage is supplied to the base of the transistor Qs1 via the diode Dss. Therefore, if voltage is equal to or
higher than +0.6 V, the iransistor Qg1 is turned on and the transistors Qs2 and Q g3 are turned off {o
deenergize the relay solenoid RY1, as described above. As a result, the relay contact ry1 is turned off. That
is, the overcurrent protection function is realized. When the temperature of the heat radiation plate is
increased, the resistance of a positive characteristic thermistor PTH attached to the same heat radiation
plate (not shown) as that to which the IC 30 is attached is increased. When the temperature of the heat
radiation plate exceeds a predetermined value, a voltage-divided value of the resistor Rs2 and the positive
characteristic thermistor PTH exceeds 1.2 V. Thus, the fransistor Qg1 is supplied with the base current
through a diode Dge, and is turned on. The transistors Qg2 and Qss are turned off to deenergize the relay
solenoid RY1, and the relay contact ry1 is turned off. That is, the heat radiation plate temperature protection
function can be realized. When the power switch 9 is turned on, a capacitor Cs2 is charged through a
resistor Rga, and the transistors Qg2 and Qgs are kept off until the terminal voltage across the capacitor Csz
exceed 0.6 V. Therefore, during this interval, the relay contact ry1 is kept off, and a signal to the woofer
WF. and a circuit corresponding to the amplifier unit 3 is cut off. That is, the power-on muting function can
be realized.

As the protection means for this apparatus, a primary fuse FS is arranged. in addition, a temperature
fuse (not shown) is also arranged in the power supply fransformer 71.

Fig. 8 shows the fifth embodiment of the present invention. This acoustic apparatus can perform the
same MFB (motional feedback) driving as in the acoustic apparatus disclosed in European Patent
Application Publication No. 0 332 053 by utilizing the general-purpose power amplifier 5. In this apparatus, a
loudspeaker unit 2 having a vibration sensor 21, and an amplifier unit 3 serving as an MFB driving
apparatus as the characteristic feature of the embodiment are arranged in a cabinet 1 having a resonance
duct port 11. Furthermore, this apparatus also has a pair of external input terminals P1 and P2 for
connecting this acoustic apparatus to the output terminals of the power amplifier 5 as the general-purpose
power amplifier. In this embodiment, one external input terminal P1 is connected to one input terminal P3 of
the loudspeaker unit 2, and the other input terminal P4 of the loudspeaker unit 2 is connected to an
operation reference potential point of the amplifier unit 3. A detection output of a vibration state of the
loudspeaker unit 2 by the vibration sensor 21 is negatively fed back to the input of a power amplifier circuit
31 of the amplifier unit 3, and a signal supplied to the external input terminal P1 is supplied to the input of
the power amplifier circuit 31 via a transfer function controi circuit 33 having a predetermined fransfer
function.

The vibration sensor 21 detects a vibration state of a diaphragm 22 of the loudspeaker unit 2 by any
method, and comprises, e.g., a velocity sensor, a displacement sensor, acceleration sensor, or the like.
Note that in place of the vibration sensor 21, a vibration state may be detected using a bridge circuit, as
described in European Patent Application Publication No. 0 332 053. The amplifier unit 3 comprises the
power amplifier circuit 31, a negative feedback circuif 32', and the transfer function control circuit 33. The
negative feedback circuit 32' amplifies the detection output of the vibration sensor 21 or the vibration state
detection bridge circuit with a predetermined iransfer function 8, and inputs the amplified output to the
inverting input terminal of the power amplifier circuit 31.

In the acoustic apparatus shown in Fig. 8, the amplifier unit 3 cooperates with the general-purpose
power amplifier 5, and the same MFB driving as in the acoustic apparatus disclosed in European Patent
Application Publication No. 0 332 053 is performed as a whole.

Claims
1. An acoustic apparatus for driving a loudspeaker unit in cooperation with a external power ampiifier

which normally constant-voltage-drives a loudspeaker, comprising:
a power amplifier for generating an electric energy corresponding to an increase in energy caused by a
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characteristic improving driving operation from an energy in the normal constant-voltage-driving state,
wherein the normal driving energy as an electric energy other than the electric energy corresponding to
the increase in energy is supplied from said external power amplifier.

An apparatus according to claim 1, wherein the characteristic improving driving operation is a negative-
impedance driving operation.

An apparatus according to claim 1, wherein the characteristic improving driving operation is a motional
feedback driving operation.

An apparatus according to claim 1, wherein said second power amplifier is disposed in a cabinet where
said loudspeaker unit is disposed.

An apparatus according to claim 4, wherein said cabinet has a resonator structure.

- An apparatus according to claim 5, wherein said cabinet has a resonance duct port.

An acoustic apparatus comprising:

a loudspeaker unit for electro-acoustic transducing;

a power amplifier circuit, an output terminal of which is connected to one input terminal of said
loudspeaker unit;

a first external input terminal connected to the other input terminal of said loudspeaker unit;

a second external input terminal connected to an operation reference potential point of said power
amplifier circuit;

a positive feedback circuit for detecting a current flowing through said loudspeaker unit, and positively
feeding back a detection output to an input side of said power ampilifier circuit;

a transfer function circuit for inputting a signal supplied to said first external input terminal to said power
amplifier circuit via a predetermined transfer function.

An acoustic apparatus according to claim 7, further comprising a cabinet for storing said loudspeaker
unit and an amplifier unit comprising said power amplifier circuit, said positive feedback circuit, and
said transfer function circuit.

An apparatus according to claim 8, wherein said cabinet has a resonator structure.
An apparatus according to claim 9, wherein said cabinet has a resonance duct port.

An acoustic apparatus comprising:

a loudspeaker unit comprising a vibration body, a means for detecting a vibration state of the vibration
body;

a power ampiifier circuit, an output terminal of which is connected fo one input terminal of said
loudspeaker unit;

a first external input terminal connected to the other input terminal of said loudspeaker unit;

a second external input terminal connected to an operation reference potential point of said power
amplifier circuit;

a negative feedback circuit for negatively feeding back a detection ouiput of the vibration state of the
vibration body to an input side of said power amplifier circuif;

a transfer function control circuit for inputting a signal supplied to said first external input terminal to
said power amplifier circuit via a predetermined transfer function.

An acoustic apparatus further comprising a cabinet for storing said loudspeaker unit and an amplifier
unit comprising said power amplifier circuit, said negative feedback circuit, and said transfer function
circuit.

An apparatus according to claim 12, wherein said cabinet has a resonator structure.

An apparatus according to claim 13, wherein said cabinet has a resonance duct port.
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A driving apparatus for driving a loudspeaker to improve electro-acoustic reproduction characteristics in
cooperation with a power amplifier whose output impedance is substantially zero, comprising:

a connection circuit for substantially directly connecting one output terminal of said power amplifier to
one input terminal of said loudspeaker;

a power amplifier circuit for receiving a signal at said one output terminal of said power amplifier and
using the other output terminal of said power amplifier as an operation reference potential point, for
amplifying a received signal with a predetermined transfer function, and for driving the other input
terminal of said loudspeaker; and

a feedback circuit for detecting a driving or operation state of said loudspeaker and feeding back a
dstection output to an input side of said power amplifier circuit.

An apparaius according to claim 15, wherein said feedback circuit detects a current flowing through
said loudspeaker as the detection output.

An apparatus according to claim, wherein said feedback circuit positively feeds back the current
detected from said loudspeaker, and negative-impedance-drives in cooperation with said power am-
plifier circuit.

An apparatus according to claim, wherein said feedback circuit detects a vibration state of said
loudspeaker, negatively feeds back a detection signal, and motional-feedback-drives in cooperation with
said power amplifier circuit.



EP 0 435 304 A2

914

T T T T T T T T T T T 0 |
} i
] | e
_ o ey
|
| , b
|
“ Pz (S)Li "
" 97 "
M — “
W._NQ ct |
A |
¢ —aN o\ |2 "
o @ i
7 . , =t
1 9Z [> T
" % | 07 Y4 « I
1
| L o0— ! [ : ﬂl'. | Z
_r £d 2 idi v
T y I
I ! i <
T . “ P
||||||||||||||||||| B S

10



EP 0 435 304 A2

P2

Rs

T(s) ==

32 i@ Re
Ra Rb

11



EP 0 435 304 A2

5 -——s1

L T

Tis) zd F2
R
, -V
!
Fl G 3A
5.<_|—->l.
~{Tis) - ' —
EQ F Rv |
U=
” T
!

F I G 3B PRIOR ART

F | G 3C PRIOR ART

12



EP 0 435 304 A2

2
=

l\I__/ .

33 A2\
S + ———
T :

(s)

FI1 G 4
/\ Rs §Rs
Cs — Cs
;} N

13



EP 0 435 304 A2

VD d/o’:_

51.LINJ¥ID A1ddnS HamMOd ™| NOLDSIOHa [~~~ 9 O |
{ RN Q |
L | + )+ |
oo mm 8 “
I
|
|
A3 d« Tmﬁ _
et |
.%r&. . | Nm
Sy xﬁ “ o _
M ! NIdS
|
—0+—Q 0—0——o0- _
N mm - == .m& —%‘— —m

14



EP 0 435 304 A2

b~

Z 914

£9/00I
e _
o SOOI
T (2d)-NI
ol |- 100
T i
: ‘ am
| |
!
s
6 +
G ()N °

15



EP 0 435 304 A2

16



EP 0 435 304 A2

PRIOR ART

FIG 9

17



	bibliography
	description
	claims
	drawings

