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Description

TECHNICAL FIELD

[0001] This invention relates to an audio amplifier.

BACKGROUND ART

[0002] In an audio amplifier, if a power amplifier of a
final stage is configured with a so-called D-class ampli-
fier, a whole is able to be digitized, and is able to be
configured as a digital audio amplifier.
[0003] Fig. 3 shows one example of such digital audio
amplifier. Namely, a digital audio signal S11 is supplied
to an over-sampling circuit 12 from an input terminal 11,
a sampling frequency thereof is over-sampled to be a
digital signal S12 of 8 times, this digital signal S12 is
supplied to a ΔΣ modulation circuit 14 through a variable
attenuator circuit 13 for volume control, and is re-quan-
tized to be bit-reduced digital signal S14. Further, this
digital signal S14 is supplied to a PWM modulation circuit
15, and converted to a PWM signal S15, then this PWM
signal S15 is supplied to a power amplifier 16 operating
in D-class.
[0004] This power amplifier 16 is configured with a
switching circuit for power amplifying by switching a pow-
er source voltage in accordance with the PWM signal
S15, and a low pass filter for outputting a D/A converted
and power amplified analog audio signal by smoothing
the switching output. Further, by the power amplifier 16,
the power amplified audio signal is supplied to a speaker
30 through an output terminal 17.
[0005] Further, in a system controller (not illustrated),
a volume control signal SVOL is formed, and this signal
SVOL is supplied to the variable attenuator circuit 13 as
a control signal. Accordingly, when a switch for the vol-
ume control is operated, an attenuation level of the var-
iable attenuator circuit 13 is changed, and a volume of a
reproduced sound outputted from the speaker 30 is
changed.
[0006] Further, in this case, the ΔΣ modulation circuit
14 includes a feedback loop for a quantizing error, so
that even if a content of the digital signal S12 supplied
from the variable attenuator circuit 13 to the ΔΣ modula-
tion circuit 14 is zero, a digital signal S14 having some-
thing value is accordingly outputted from the ΔΣ modu-
lation circuit 14, and the digital signal S14 is accordingly
outputted from the speaker 30 as a noise sound having
a specified frequency.
[0007] Consequently, in a dither signal forming circuit
18, a dither signal SDI of a minute level is formed, this
dither signal SDI is supplied to the ΔΣ modulation circuit
14, and is superimposed on the digital signal S12 upon
re-quantization. Accordingly, even in a case where the
content of the digital signal S12 outputted from the vari-
able attenuator circuit 13 is zero, an actual content of the
ΔΣ modulation circuit 15 does not become zero, so that
it is suppressed to output the noise sound.

[0008] Further, in a case when the digital signal S11
to be supplied to the input terminal 11 is switched or dis-
connected by the switching of the source devices sup-
plying the digital signal S11, the synchronization of the
digital signal S11 is temporary disturbed, and this distur-
bance of synchronization is accordingly outputted from
the speaker 30 as the noise sound.
[0009] For the sake, the digital signal S11 supplied to
the input terminal 11 is supplied to an asynchronous de-
tection circuit 19, and a disturbance of synchronization
of the digital signal S11 is detected. Further, this detection
signal SDET is supplied to the circuits 12 to 14 as a muting
signal, and when the synchronization of the digital signal
S11 is disturbed, the contents of the signals S12 and S14
are set to be zero, and as the result, the reproduced
sound outputted from the speaker 30 is muted.
[0010] The above is one example of an audio amplifier
where the power amplifier 17 in the final stage is config-
ured with a D-class amplifier (See Japanese Laid-open
Patent Application OP2002-158543, for example).
[0011] By the way, in case of the audio amplifier as
shown in Fig. 3, when a muting is performed by the de-
tection signal SDET of the asynchronous detection circuit
19, not only the digital signal S 12 is muted, but also the
dither signal SDI is simultaneously muted in the DELTA
SIGMA modulation circuit 14. Accordingly, the dither sig-
nal SDI is abruptly cutoff upon muting, and a noise signal
is generated by this abrupt cutoff, so that this is outputted
from the speaker 30 as a noise sound.
[0012] Further, though the dither signal SDI has a
minute level, the presence/absence of the dither signal
SDI is able to be recognized as a difference in a noise
level. Therefore, when the muting is set to be on, the
noise level changes because the dither signal SDI is mut-
ed, but in a case where the content of the input digital
signal S11 is zero (or a minute level), the change in the
noise level is recognized, and this causes uncomfortable
feeling.
[0013] An audio amplifier of the prior art is described
in US-A-5 777 512.

DISCLOSURE OF THE INVENTION

[0014] It is an object of the present invention to provide
an audio amplifier with which output of noise sound or
change in the noise level can be prevented when a muting
is performed.
[0015] This object is achieved by an audio amplifier
according to the enclosed independent claim. Advanta-
geous features of the present invention are defined in
the corresponding subclaim.
[0016] With the present invention, the dither signal is
continuously supplied to the ΔΣ modulation circuit even
during muting, and the digital audio signal including the
dither signal is supplied to the D-class power amplifier
after converting into the PWM signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a system chart designating one mode of the
present invention.
Fig. 2 is a chart for describing the present invention.
Fig. 3 is a system chart for describing the present
invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] Fig. 1 shows one example of a digital audio am-
plifier 10 according to the present invention, and a digital
audio signal S11 is supplied to an over-sampling circuit
12 through an input terminal 11. Further, the digital signal
S11 from the input terminal 11 is supplied to a PLL 21,
a clock SPLL synchronized with the digital signal S11
and having a frequency of n times of its sampling fre-
quency is formed, and thus generated clock SPLL is sup-
plied to the over-sampling circuit 12 as a clock for over-
sampling. In this case, the magnification n of the over-
sampling is set to be a value as shown in Fig. 2 corre-
sponding to the sampling frequency of the digital signal
S11.
[0019] Thus, in the over-sampling circuit 12, the digital
signal S11 supplied thereto is over-sampled to a digital
signal S12 synchronized with the signal S11, and having
a frequency of n times the sampling frequency.
[0020] And, this digital signal S12 is supplied to the
sampling rate converter circuit 23 as a conversion input.
Further, the clock SPLL from the PLL 21 is supplied to
the sampling rate converter circuit 23 as a clock for con-
version input side.
[0021] Further, the clock forming circuit 22 is config-
ured with a crystal oscillation circuit, and a dividing circuit,
and a clock SGEN having a frequency of 49.152 MHz (=
48 kHz 3 1024) with a stable frequency and a phase is
derived from this clock forming circuit 22. Then, this clock
SGEN is supplied to the sampling rate converter circuit
23 as a clock of conversion output side. Thus, in the sam-
pling rate converter circuit 23, the digital signal S12 sup-
plied thereto is converted into a digital signal S23 having
a sampling frequency which is a frequency of 384 kHz
(= 48 kHz 3 8), for example, with a stable frequency and
a phase.
[0022] Then, the sampling rate converted digital signal
S23 is supplied to the variable attenuator circuit 13 for
the volume control, the level thereof is controlled by the
control signal SVOL from the system controller (not illus-
trated), the level controlled digital signal S12 is supplied
to the ΔΣ modulation circuit 14, and is re-quantized into
a bit-reduced digital signal S14. By the way, in the dither
signal forming circuit 18, the dither signal SDI of a minute
level is formed at this time, and this dither signal SDI is
superimposed on the digital signal S23 to be supplied to
the ΔΣ modulation circuit 14.
[0023] Then, the digital signal S14 re-quantized by the

ΔΣ modulation circuit 14 is supplied to the PWM modu-
lation circuit 15, and is converted into a PWM signal S15.
This PWM signal S15 is then supplied to the power am-
plifier 16 operating in D class, and power amplified, and
after that, thus amplified output is supplied to the speaker
30 through the output terminal 17.
[0024] At this time, the clock SGEN from the forming
circuit 22 is supplied to the circuits 13 to 15, and 18 as
their clocks. Accordingly, the output side of the sampling
rate converter circuit 23 and the circuits 13 to 15, and 18
are to be operated in synchronism with the clock SGEN.
[0025] Further, the digital signal S11 supplied to the
input terminal 11 is supplied to the asynchronous detec-
tion circuit 19, also the clock having a frequency equal
to the sampling frequency of the input digital signal S11
and synchronized thereto is derived from the PLL 21, this
clock is supplied to the asynchronous detection circuit
19, and a disturbance of the synchronization of the digital
signal S11 supplied to the input terminal 11 is detected.
[0026] Then, the detection signal SDET is supplied to
the over-sampling circuit 12, an input side of the sampling
rate converter circuit 23, and the variable attenuator cir-
cuit 13 as a muting signal, and when a synchronization
of the digital signal S11 is disturbed, the content of the
signal S12 is set to be zero, and also the operation of the
input side in the sampling rate converter circuit 23 is
stopped.
[0027] According to the above-mentioned configura-
tion, the digital audio signal S11 supplied to the input
terminal 11, in spite of its sampling frequency, the sam-
pling frequency is converted its sampling rate into the
digital signal having a sampling frequency of 384 kHz by
the sampling rate converter circuit 23, and after that, it is
power amplified after converted into the PWM signal S15,
then supplied to the speaker 30.
[0028] Further, as a result of switching or disconnect-
ing the digital signal S11 to be supplied to the input ter-
minal 11 by the switching of the source devices supplying
the digital signal S11, the synchronization of the digital
signal S11 is temporary disturbed, and this disturbance
of synchronization is detected by the asynchronous de-
tection circuit 19, and by the detection signal SDET, the
over-sampling circuit 12 and the input side of the sam-
pling rate converter circuit 23 are stopped. Accordingly,
the digital signal S12 is to be shut out during an interval
of the detection signal SDET.
[0029] However, even the operation of the input side
in the sampling rate converter circuit 23 during the interval
of the detection signal SDET is stopped, the digital signal
S23 is continuously outputted from the sampling rate con-
verter circuit 23, because the output side thereof is sup-
plied with the clock SGEN, and the operation is continu-
ous.
[0030] However in this case, as the operation of the
input side in the sampling rate converter circuit 23 is
stopped and the detection signal SDET is also supplied
to the variable attenuator circuit 13, the content of the
digital signal S23 outputted from the variable attenuator
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circuit 13 is zero.
[0031] Then, such digital signal S23 is supplied to the
ΔΣ modulation circuit 14, and the detection signal SDET
is not supplied to the ΔΣ modulation circuit 14, during the
interval of the detection signal SDET, the digital signal
S14 the content of which is zero is outputted from the ΔΣ
modulation circuit 14, and this digital signal S14 is sup-
plied to the PWM modulation circuit 15. Accordingly, dur-
ing the interval of the detection signal SDET, a muting is
activated to the input audio signal S11. That is, the inter-
val of the detection signal SDET is the muting interval.
[0032] As described above, the digital audio amplifier
shown in FIG. 1, the muting is performed, however, even
during the muting interval, the dither signal SDI is sup-
plied to the ΔΣ modulation circuit 14, and accordingly,
even if the content of the digital signal S23 supplied there-
to is zero, it never happens to output from the ΔΣ modu-
lation circuit 14 the signal components which become a
noise sound of a particular frequency.
[0033] Further, even during the muting interval, the
dither signal SDI is supplied to the ΔΣ modulation circuit
14, the noise levels become equal between when the
muting is off and when the muting is on. Accordingly, in
a case when the content of the input digital signal S11 is
zero (or, a minute level), if a muting is activated, there is
no fear of being recognized the change in the noise level
and uncomfortable feeling.
[0034] Further, when changing from a state where the
muting is off to a state where the muting is on, and when
changing from a state where the muting is on to a state
where the muting is off, the dither signal SDI is always
continuing, so that there is no fear of generating noise
signals, and also there is no fear of outputting a noise
sound from the speaker 30.

(List of abbreviations used in this specification)

[0035]

D/A : Digital to Analog
PLL : Phase Locked Loop
PWM : Pulse Width Modulation

Industrial Applicability

[0036] According to the present invention, even if a
muting is on when the content of the input digital audio
signal is zero, or a minute level, there is no fear of un-
comfortable feeling due to the recognition of the change
in the noise level. Further, when the muting is made on
from the muting off state, or when the muting is released
from the muting on state, there is no fear of generating
noise signals, and also there is no fear of outputting a
noise sound from the speaker.

Claims

1. An audio amplifier comprising:

a ΔΣ modulation circuit (14) for re-quantizing a
digital audio signal into a bit-reduced digital au-
dio signal;
a PWM modulation circuit (15) for converting the
bit-reduced digital audio signal to a PWM signal;
and
a D-class power amplifier (16) supplied with the
PWM signal outputted from the PWM modula-
tion circuit (15), a PLL circuit (21) adapted to
receive the digital audio signal (S11) and to form
a first clock (SPLL) synchronised with the digital
audio signal (S11); a clock forming circuit (22)
for providing a second clock (SGEN) having a
stable and predetermined frequency; an asyn-
chronous detection circuit (19) adapted to detect
an asynchronous state of the digital audio signal
(S11) for forming a muting signal (SDET) upon
detection;
a sampling rate converter circuit (23) adapted
to be supplied with the muting signal (SDET) on
its input side, the first clock (SPLL) as a clock
for conversion input side and the second clock
(SGEN) as a clock for conversion output side,
and adapted to convert a sampling rate of the
digital audio signal (S11) with the first clock
(SPLL) and with the second clock (SGEN) into
a converted digital audio signal (S23) synchro-
nized with the second clock (SGEN) and to out-
put the converted digital audio signal (S23) to
the ΔΣ modulation circuit (14) even when an in-
put side of the sampling rate converter circuit
(23) is stopped when receiving the muting sig-
nal; and
a dither signal forming circuit (18) adapted to
supply a dither signal to the ΔΣ modulation circuit
(14) for superimposing the dither signal on the
converted digital audio signal (S23) even when
the muting signal (SDET) is provided by the
asynchronous detection circuit (19).

2. The audio amplifier as cited in claim 1, wherein the
asynchronous detection circuit (19) is adapted to re-
ceive from the PLL circuit (21) a clock synchronized
with the digital audio signal (S11).

Patentansprüche

1. Audioverstärker, umfassend:

eine ΔΣ-Modulationsschaltung (14) zum erneu-
ten Quantisieren eines digitalen Audiosignals in
ein bitreduziertes digitales Audiosignal;
eine PWM-Modulationsschaltung (15) zum Um-
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wandeln des bitreduzierten digitalen Audiosig-
nals in ein PWM-Signal; und
einen D-Klasse-Leistungsverstärker (16), der
mit dem von der PWM-Modulationsschaltung
(15) ausgegebenen PWM-Signal versorgt wird,
eine PLL-Schaltung (21), die angepasst ist, um
das digitale Audiosignal (S11) zu empfangen
und einen ersten Takt (SPLL) zu bilden, der mit
dem digitalen Audiosignal (S11) synchronisiert
ist;
eine Taktgeberschaltung (22) zum Bereitstellen
eines zweiten Takts (SGEN) mit einer stabilen
und vorbestimmten Frequenz;
eine asynchrone Erkennungsschaltung (19), die
angepasst ist, einen asynchronen Zustand des
digitalen Audiosignals (S11) zu erkennen, zur
Bildung eines Stummschaltungssignals (SDET)
bei Erkennung;
eine Abtastraten-Wandlerschaltung (23), die
angepasst ist, mit dem Stummschaltungssignal
(SDET) auf ihrer Eingangsseite, dem ersten
Takt (SPLL) als Takt für die Umwandlungs-Ein-
gangsseite, und dem zweiten Takt (SGEN) als
Takt für die Umwandlungs-Ausgangsseite ver-
sorgt zu werden, und angepasst ist, eine Abta-
strate des digitalen Audiosignals (S11) mit dem
ersten Takt (SPLL) und mit dem zweiten Takt
(SGEN) in ein umgewandeltes digitales Audio-
signal (S23) umzuwandeln, das mit dem zweiten
Takt (SGEN) synchronisiert ist, und das umge-
wandelte digitale Audiosignal (S23) an die ΔΣ-
Modulationsschaltung (14) auszugeben, selbst
wenn eine Eingangsseite der Abtastraten-
Wandlerschaltung (23) gestoppt wird, wenn das
Stummschaltsignal empfangen wird; und
eine Dithersignal-Erzeugungsschaltung (18),
die angepasst ist, um ein Dithersignal an die ΔΣ-
Modulationsschaltung (14) zu liefern, zur Über-
lagerung des Dithersignals über das umgewan-
delte digitale Audiosignal (S23), selbst wenn
das Stummschaltungssignal (SDET) durch die
asynchrone Erkennungsschaltung (19) vorge-
sehen ist.

2. Audioverstärker nach Anspruch 1, wobei die asyn-
chrone Erkennungsschaltung (19) angepasst ist,
von der PLL-Schaltung (21) einen Takt zu empfan-
gen, der mit dem digitalen Audiosignal (S11) syn-
chronisiert ist.

Revendications

1. Amplificateur audio comprenant :

un circuit de modulation ΔΣ (14) pour quantifier
à nouveau un signal audio numérique en un si-
gnal audio numérique ayant un nombre réduit

de bits ;
un circuit de modulation d’impulsions en durée
(MLI) (15) pour convertir le signal audio numé-
rique ayant un nombre réduit de bits en un signal
de modulation MLI ; et
un amplificateur de puissance de classe D (16)
fourni avec le signal de modulation MLI transmis
depuis le circuit de modulation MLI (15),
un circuit PLL (21) conçu pour recevoir le signal
audio numérique (S11) et pour former une pre-
mière horloge (SPLL) synchronisée avec le si-
gnal audio numérique (S11) ;
un circuit de formation d’horloge (22) pour four-
nir une seconde horloge (SGEN) ayant une fré-
quence stable et prédéterminée ;
un circuit de détection asynchrone (19) conçu
pour détecter un état asynchrone du signal
audio numérique (S11) pour former un signal
silencieux (SDET) lors de la détection ;
un circuit convertisseur de taux d’échantillonna-
ge (23) conçu pour être fourni avec le signal si-
lencieux (SDET) sur son côté d’entrée, la pre-
mière horloge (SPLL) en tant qu’horloge pour
un côté d’entrée de conversion et la seconde
horloge (SGEN) en tant qu’horloge pour un côté
de sortie de conversion, et conçu pour convertir
un taux d’échantillonnage du signal audio nu-
mérique (S11) avec la première horloge (SPLL)
et avec la seconde horloge (SGEN) en un signal
audio numérique converti (S23) synchronisé
avec la seconde horloge (SGEN) et pour trans-
mettre le signal audio numérique converti (S23)
au circuit de modulation ΔΣ (14) même lorsqu’un
côté d’entrée du circuit convertisseur de taux
d’échantillonnage (23) est arrêté lors de la ré-
ception du signal silencieux ; et
un circuit de formation de signal de vibration (18)
conçu pour fournir un signal de vibration au cir-
cuit de modulation ΔΣ (14) pour superposer le
signal de vibration sur le signal audio numérique
converti (S23) même lorsque le signal silencieux
(SDET) est fourni par le circuit de détection
asynchrone (19).

2. Amplificateur audio selon la revendication 1, dans
lequel le circuit de détection asynchrone (19) est
conçu pour recevoir, du circuit PLL (21), une horloge
synchronisée avec le signal audio numérique (S11).
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