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Description

Technical Field

[0001] The present invention relates to a digital ampli-
fier of an audio device.

Background Art

[0002] A class D amplifier enables extremely good
power conversion efficiency to be obtained as compared
with an analog linear amplifier such as class A and class
B amplifiers. Thanks also to its low heat discharge, the
class D amplifier is widely used as a speaker drive am-
plifier. The class D amplifier is operated by causing an
amplification active element such as a transistor to per-
form switching on an input signal such as an audio signal.
The class D amplifier performs digital modulation of a
PWM (pulse width modulation) signal based on an input
audio signal, performs power amplification for the PWM
signal, and supplies the power-amplified PWM signal to
a speaker.
[0003] In PTL 1, a digital amplifier that drives a speaker
is disclosed. The digital amplifier disclosed in PTL 1 ob-
tains digital pulse output by performing signal processing
and performing digital pulse width modulation on a digital
analog signal. Then, this digital amplifier corrects distor-
tion by feeding back the state of the output stage for pulse
waveform edge delay, and achieves a reduction in dis-
tortion in a part in which a digital pulse that drives the
speaker has been converted to an analog signal.
[0004] The digital amplifier disclosed in PTL 1 performs
demodulation from digital amplifier output passed
through a low-pass filter to an analog signal. The digital
amplifier employs the above-described method as a
method of improving distortion of an analog signal that
drives a speaker.

Citation List

Patent Literature

[0005] PTL 1
Japanese Patent Application Laid-Open No.
2001-517393

Summary of Invention

Technical Problem

[0006] The digital amplifier disclosed in PTL 1 is of a
type that can only correct the pulse width within the range
of an edge delay correction of up to half the minimum
pulse width. Consequently, in the case of modulation of
the digital pulse width, the distortion correction amount
is up to the minimum pulse width. Therefore, there is a
problem in that the correction amount can only be in a
range of correction of up to one level above or below the

digital pulse width, and distortion such as must be cor-
rected by exceeding one level above or below the digital
pulse width cannot be corrected. That is to say, in the
case of PWM output, there is a problem of correction of
a distortion factor only being able to be performed at one
level of a digital pulse when delayed to the maximum.
[0007] It is an object of the present invention to provide
a digital amplifier capable of widening the range of cor-
rection of a duty of a pulse in digital pulse width modu-
lation and improving a distortion factor.
[0008] This is achieved by the features of the inde-
pendent claim. Preferred embodiments are the subject
matter of dependent claims.

Advantageous Effects of Invention

[0009] The present invention makes it possible to cor-
rect a digital pulse width value such that the value ex-
ceeds one level above or below the digital pulse width
value for all pulse widths of digital pulse width modulation.
By this means, the duty of digital pulse width modulation
can be corrected by being changed in a range from 0%
to 100%, and for digital amplifier distortion occurring from
the drive circuit onward, a modulation width value of dig-
ital pulse width modulation can be corrected from 0 to a
maximum value. Therefore, distortion included in an an-
alog signal demodulated by passing a digital pulse width
modulation signal for driving a speaker through a low-
pass filter can be significantly improved.

Brief Description of Drawings

[0010]

FIG.1 is a drawing showing a basic configuration of
a digital amplifier for explaining the principle of the
present invention;
FIG.2 is a drawing showing a configuration of a digital
amplifier according to an embodiment of the present
invention;
FIG.3 is a circuit diagram showing an actual config-
uration of the digital amplifier in FIG.2;
FIG.4 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.5 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.6 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.7 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.8 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.9 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.10 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.11 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
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FIG.12 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.13 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.14 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.15 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.16 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.17 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.18 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.19 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.20 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.21 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.22 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2;
FIG.23 is a drawing showing an operation waveform
of respective sections of the digital amplifier in FIG.2;
FIG.24 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.
2; and
FIG.25 is a drawing showing operation waveforms
of respective sections of the digital amplifier in FIG.2.

Description of Embodiment

[0011] Now, an embodiment of the present invention
will be described in detail with reference to the accom-
panying drawings.

(Explanation of Principle)

[0012] First, the basic idea of the present invention will
be explained.
[0013] A conventional digital amplifier that drives a
speaker is of a type that uses a PWM signal directly with-
out feedback, or uses a feedback circuit limited to low
frequencies, or is limited to the minimum pulse width of
a PWM signal even though there is a feedback path.
Thus, the conventional digital amplifier has limited ability
to handle distortion that is generated in a switching circuit
and a speaker drive LPF circuit, and is generated by
speaker load.
[0014] Taking into consideration the fact that a con-
ventional digital amplifier is limited to a type that performs
adding and subtracting in pulses, and cannot perform
feedback control, the present inventor had the idea of
using the number of levels of a quantizer that quantizes
a digital signal for integration constant switching of a tri-
angular wave generation circuit, and generating a trian-
gular wave corresponding to the number of levels. A tri-
angular wave generation circuit has a circuit configura-

tion having local analog feedback. By this means, a re-
duction in distortion is achieved, and when distortion
does not occur a digital signal does not degrade without
change.
[0015] FIG.1 is a drawing showing a basic configura-
tion of a digital amplifier that inputs a digital signal and
drives a speaker using the digital signal as is.
[0016] In FIG.1, digital amplifier 100 is provided with
1-bit quantizer 110, level-adaptive triangular wave gen-
eration circuit 120, drive circuit 130, low-pass filters 140
(low-pass filter <2>) (second analog audio output sec-
tion) and 150 (low-pass filter <1>) (first analog audio out-
put section), comparator 160, and speaker 170.
[0017] One-bit quantizer 110 quantizes a digital signal.
[0018] Level-adaptive triangular wave generation cir-
cuit 120 converts a pulse signal from 1-bit quantizer 110
to a triangular wave, and performs amplitude modulation
of the generated triangular wave according to the value
of the modulation width of digital pulse width modulation.
Level-adaptive triangular wave generation circuit 120 us-
es a direct current potential corresponding to the number
of levels of 1-bit quantizer 110 superimposed on a trian-
gular wave, and generates a triangular wave correspond-
ing to the number of levels.
[0019] Drive circuit 130 power-amplifies a PWM signal
from level-adaptive triangular wave generation circuit
120.
[0020] Low-pass filter 140 (low-pass filter <2>) demod-
ulates pulse power power-amplified by drive circuit 130
to audio band analog power.
[0021] Low-pass filter 150 (low-pass filter <1>) outputs
an analog audio voltage from a pulse voltage that has
undergone digital pulse width modulation by 1-bit quan-
tizer 110.
[0022] Comparator 160 computes and amplifies a volt-
age difference between the voltage of low-pass filter 150
and the voltage of low-pass filter 140.
[0023] Speaker 170 converts the power of an analog
audio signal to acoustic energy.
[0024] With the above configuration, digital amplifier
100 converts a pulse signal from 1-bit quantizer 110 to
a triangular wave by means of level-adaptive triangular
wave generation circuit 120, and outputs this triangular
wave to drive circuit 130.
[0025] When outputting a signal converted to a trian-
gular wave by level-adaptive triangular wave generation
circuit 120 to drive circuit 130, digital amplifier 100 sep-
arately converts output from 1-bit quantizer 110 to an
analog signal by means of low-pass filter 150, and con-
ducts this analog signal to comparator 160. A signal that
drives speaker 170 is also conducted to comparator 160.
Comparator 160 computes and amplifies a voltage dif-
ference between low-pass filter 150 and low-pass filter
140. Level-adaptive triangular wave generation circuit
120 modulates the triangular wave based on the above
difference.
[0026] Thus, using a circuit configuration having local
analog feedback enables low-distortion speaker drive
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output to be obtained.

(Embodiment)

[0027] FIG.2 is a drawing showing a configuration of a
digital amplifier according to an embodiment of the
present invention based on the above basic idea. This
embodiment is an example of application to a digital am-
plifier that drives a speaker.
[0028] As shown in FIG.2, digital amplifier 200 is pro-
vided with digital modulation block 210, voltage value
conversion block 220, integrating circuit block 230, com-
parator 240, drive circuit 250, low-pass filter 260 (low-
pass filter <2>), speaker 270, low-pass filter 280 (low-
pass filter <1>), and error amplifier 290.
[0029] Master clock 201, bit clock 202, LR clock 203,
digital serial data 204, and reference potential 205 are
input to digital amplifier 200.
[0030] Master clock 201 is a clock for computing digital
pulse width modulation and a digital value of a digital
pulse width. Master clock 201 is connected to digital mod-
ulation block 210 and integrating circuit block 230. Master
clock 201 obtains digital pulse width modulation output
of digital modulation block 210 and a digital pulse width
value, and is connected to integrating circuit block 230
and generates a triangular wave signal in integrating cir-
cuit block 230.
[0031] Bit clock 202 is connected to digital modulation
block 210, and latches digital serial data 204 in digital
modulation block 210.
[0032] LR clock 203 is connected to digital modulation
block 210, and discriminates between an L-channel and
R-channel of data latched by bit clock 202. LR clock 203
is a clock for discriminating between L-channel data and
R-channel data of digital serial data 204, which are
switched between at the timing when they arrive alter-
nately.
[0033] Digital serial data 204 is two’s complement dig-
ital audio data that represents amplitude. Digital serial
data 204 is connected to digital modulation block 210,
and is sampled in LR clock cycles.
[0034] Reference potential 205 is the reference poten-
tial of comparator 240.
[0035] Digital modulation block 210 includes, for ex-
ample, a timing generator that generates the timing of
each section, a quantizer that requantizes a PCM signal
as a digital 1-bit signal, and so forth, and is connected to
master clock 201, bit clock 202, LR clock 203, and digital
serial data 204.
[0036] Digital modulation block 210 converts digital au-
dio data to digital pulse width modulation. Digital modu-
lation block 210 outputs a digital pulse width modulation
voltage to voltage value conversion block 220, and out-
puts a digital value of a digital pulse width to low-pass
filter 280 (low-pass filter <1>).
[0037] Voltage value conversion block 220 is connect-
ed to digital modulation block 210, and converts a digital
value of a digital pulse width of digital modulation block

210 to a voltage value.
[0038] Integrating circuit block 230 is connected to
master clock 201, voltage value conversion block 220,
and error amplifier 290, and performs amplitude modu-
lation of a triangular wave voltage generated from master
clock 201 and outputs the resulting voltage.
[0039] To be specific, integrating circuit block 230 gen-
erates a triangular wave by means of master clock 201,
and modulates the generated triangular wave based on
a signal corresponding to a value of the modulation width
of digital pulse width modulation converted to a voltage
value from voltage value conversion block 220. Here, in
particular, a voltage output from error amplifier 290 is
added to the voltage obtained by converting the value of
the modulation width of digital pulse width modulation to
the voltage value. Integrating circuit block 230 adds error
from the error amplifier to the signal corresponding to the
value of the modulation width of digital pulse width mod-
ulation to regenerate a digital pulse width modulation
waveform.
[0040] Comparator 240 is connected to integrating cir-
cuit block 230 and reference potential 205, and outputs
power as a result of comparing the output voltage of in-
tegrating circuit block 230 with the voltage of reference
potential 205. By outputting the result of the comparison
with the voltage of reference potential 205, comparator
240 corrects the duty of a pulse in voltage value conver-
sion block 220 and integrating circuit block 230.
[0041] Drive circuit 250 amplifies digital pulse width
modulation power from comparator 240.
[0042] Low-pass filter 260 (low-pass filter <2>) re-
ceives power output of drive circuit 250, and outputs an-
alog audio power. To be specific, low-pass filter 260 (low-
pass filter <2>) demodulates pulse power resulting from
power amplification of a signal from comparator 240 by
means of drive circuit 250 to audio band analog power,
and outputs analog audio power. The analog audio power
is input to a power input terminal of speaker 270 and a
voltage input terminal of error amplifier 290.
[0043] Speaker 270 receives the power output of low-
pass filter 260 (low-pass filter <2>), and converts this to
acoustic energy. To be specific, speaker 270 receives
an analog audio signal obtained by passing an audio
band and attenuating an unnecessary high band from
power from drive circuit 250 by means of low-pass filter
260 (low-pass filter <2>), and converts the received pow-
er to acoustic energy.
[0044] Low-pass filter 280 (low-pass filter <1>) is an
apparatus for obtaining an analog audio signal by pass-
ing an audio band and an attenuating unnecessary high
band, and has the same frequency characteristic as low-
pass filter 260 (low-pass filter <2>).
[0045] Low-pass filter 280 (low-pass filter <1>) outputs
an analog audio voltage from a pulse voltage that has
undergone digital pulse width modulation. Low-pass filter
280 (low-pass filter <1>) performs low-pass filtering from
an output voltage of digital modulation block 210 and
digital pulse width modulation voltage output, and is con-
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nected to a voltage input terminal that obtains analog
audio voltage output, and outputs an analog audio volt-
age.
[0046] Error amplifier 290 connects the output voltage
of low-pass filter 280 (low-pass filter <1>) to a first voltage
input terminal, connects the output voltage of low-pass
filter 260 (low-pass filter <2>) to a second voltage input
terminal, and computes and amplifies a voltage differ-
ence between the voltage of low-pass filter 280 (low-pass
filter <1>) and low-pass filter 260 (low-pass filter <2>).
[0047] FIG.3 is a circuit diagram showing the actual
configuration of digital amplifier 200 in FIG.2. Compo-
nents identical to those in FIG.2 are assigned the same
reference signs as in FIG.2.
[0048] The present embodiment describes an example
in which there are five digital pulse level values in level
value of digital pulse width modulation 0, level value 1,
level value 2, level value 3, and level value 4.
[0049] As shown in FIG.3, digital modulation block 210
includes digital pulse width modulation conversion circuit
211 that converts digital audio data to digital pulse width
modulation, digital pulse width value conversion circuit
212 that converts digital audio data to a digital pulse width
value, and level value information storage section 213
that stores level value information 1 through 4.
[0050] Voltage value conversion block 220 includes
operational amplifier 221 and resistors R1 through R5.
[0051] Integrating circuit block 230 includes frequency
divider 231, operational amplifiers 232 and 233, capacitor
234, and resistors R6 through R10. Operational amplifier
232, capacitor 234, and resistor R6 form an integrator.
[0052] Comparator 240 includes operational amplifier
241.
[0053] This embodiment is not limited to five digital
pulse width modulation levels, and may employ any other
number of levels.
[0054] The operation of digital amplifier 200 configured
as described above will now be explained. The operation
itself is the same for both channels.
[0055] Digital modulation block 210 receives master
clock 201, bit clock 202, an LR clock, and digital serial
data 204, and performs digital pulse width modulation
and outputs a value of the modulation width of the digital
pulse width modulation.
[0056] Voltage value conversion block 220 is connect-
ed to digital modulation block 210, and converts a digital
value of a digital pulse width from digital modulation block
210 to a voltage value corresponding to the digital value
of the digital pulse width.
[0057] Voltage value conversion block 220 converts
the value of the modulation width of the digital pulse width
modulation received from digital modulation block 210 to
a voltage value.
[0058] Integrating circuit block 230 receives master
clock 201 and converts a frequency-divided pulse to a
triangular wave. Integrating circuit block 230 having an
input terminal for performing amplitude modulation on a
triangular wave, and a terminal that receives a result of

error amplifier 290 modulates the triangular wave with a
voltage and outputs a triangular wave signal.
[0059] Comparator 240 outputs power as a result of
comparing the triangular wave signal from integrating cir-
cuit block 230 with the voltage of reference potential 205.
[0060] Drive circuit 250 amplifies a digital pulse width
modulation signal regenerated from comparator 240 to
power that drives speaker 270.
[0061] Low-pass filter 260 (low-pass filter <2>) demod-
ulates a signal resulting from amplifying power by means
of drive circuit 250 to audio band analog power, and out-
puts analog audio power.
[0062] Speaker 270 receives the analog audio signal,
and converts the received power to acoustic energy and
performs acoustic output.
[0063] Here, digital amplifier 200 connects digital pulse
width modulation output that is received from digital mod-
ulation block 210 to a low-distortion input of low-pass
filter 280 (low-pass filter <1>) that is different from the
input of low-pass filter 260 and is not connected to speak-
er 270. Also, an output signal demodulated to an analog
signal of low-pass filter 280 (low-pass filter <1>) is con-
nected to a plus terminal of the comparison signal input
terminals of error amplifier 290. Furthermore, an output
signal demodulated to an analog signal of low-pass filter
260 (low-pass filter <2>) is connected to a minus terminal
of the comparison signal input terminals of error amplifier
290.
[0064] By means of the above connections, a voltage
resulting from amplification of the voltage difference be-
tween the analog signal of low-pass filter 280 (low-pass
filter <1>) and the analog signal of low-pass filter 260
(low-pass filter <2>) is obtained from error amplifier 290.
Then, integrating circuit block 230 adds the voltage re-
ceived from error amplifier 290 to the voltage obtained
by conversion to the voltage value by voltage value con-
version block 220.
[0065] By this means, the analog signal output that is
received from low-pass filter 260 (low-pass filter <2>) is
automatically controlled so as to become equal to the
output of low-pass filter 280 (low-pass filter <1>), and the
distortion factor of the analog signal output from low-pass
filter 260 (low-pass filter <2>) is improved.
[0066] A detailed explanation will now be given.
[0067] A voltage connected to integrating circuit block
230 from error amplifier 290 is a voltage resulting from
amplification of the voltage difference between low-pass
filter 280 (low-pass filter <1>) and low-pass filter 260 (low-
pass filter <2>). For this reason, if there is no difference
between the voltage whereby low-pass filter 280 (low-
pass filter <1>) and error amplifier 290 are connected
and the voltage whereby low-pass filter 260 (low-pass
filter <2>) and error amplifier 290 are connected, the volt-
age output from error amplifier 290 is equal to reference
potential 205. In this case, since integrating circuit block
230 receives amplitude modulation only at a voltage re-
sulting from conversion of a digital pulse width from volt-
age value conversion block 220, which converts a digital
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pulse width to a voltage value, to a voltage value, a volt-
age connected to drive circuit 250 from comparator 240
is the same voltage as digital pulse width modulation out-
put from circuit block 210 for obtaining digital pulse width
modulation output and a digital pulse width value. That
is to say, when there is no distortion of digital amplifier
200 (in particular, no distortion in drive circuit 250 and
low-pass filter 260), error amplifier 290 does not output
an error component, and therefore an integrator (not
shown) of integrating circuit block 230 performs middle
point movement, and the same waveform is reconstituted
and output from integrating circuit block 230.
[0068] On the other hand, with a voltage connected to
integrating circuit block 230 from error amplifier 290, a
voltage connected to integrating circuit block 230 from
error amplifier 290 in the case where there is a difference
between the voltage of a signal connecting low-pass filter
280 (low-pass filter <1>) and error amplifier 290 and the
voltage of a signal connecting low-pass filter 260 (low-
pass filter <2>) to error amplifier 290 is as follows:
[0069] Integrating circuit block 230 receives amplitude
modulation with a voltage resulting from addition of a
signal connected to integrating circuit block 230 from er-
ror amplifier 290 to a voltage resulting from conversion
of a digital pulse width from voltage value conversion
block 220, which converts a digital pulse width to a volt-
age value, into a voltage value. Consequently, a voltage
connected to drive circuit 250 from comparator 240 is a
pulse width modulation voltage in which an error has
been corrected for digital pulse width modulation output
from digital modulation block 210. That is to say, a circuit
configuration having local analog feedback enables dis-
tortion of digital amplifier 200 (in particular, distortion in
drive circuit 250 and low-pass filter 260) to be corrected
by generating a reverse component of the distortion com-
ponent.
[0070] Comparator 240 compares a pulse width mod-
ulation voltage for which an error has been corrected with
reference potential 205. Regenerated pulse width mod-
ulation power obtained by a comparison by comparator
240 can exceed one level above or below a digital value
of a digital pulse width. Therefore, power can be obtained
that has undergone pulse width modulation with a pulse
width corrected in a range of 0% to 201% as a pulse width
modulation duty.
[0071] By means of the above, a greater correction ef-
fect than in a conventional technique can be obtained for
distortion correction of a digital amplifier that performs
digital pulse width modulation. The range of distortion
correction can be widened and higher performance can
be achieved than with the circuit disclosed in PTL 1.
[0072] Next, digital modulation block 210, voltage val-
ue conversion block 220, integrating circuit block 230,
and comparator 240 will be described with reference to
specific examples.
[0073] FIGs.4 through 25 are drawings showing oper-
ation waveforms of respective sections.
[0074] [Output waveforms from digital modulation

block 210 corresponding to digital pulse width modulation
levels]
[0075] FIG.4 shows an output waveform output from
digital modulation block 210 in the case of level value 0.
As shown in FIG.4, in digital pulse width modulation cycle
1005, waveform 1100 is formed, and is output constantly
at voltage 1010.
[0076] FIG.5 shows an output waveform output from
digital modulation block 210 in the case of level value 1.
As shown in FIG.5, in digital pulse width modulation cycle
1005, waveform 1101 is formed.The voltage is output as
a waveform starting from waveform 1010, rising to volt-
age 1011 for the width of waveform 1001 centered on
the middle of cycle 1005, and falling to voltage 1010
again.
[0077] FIG.6 shows an output waveform output from
digital modulation block 210 in the case of level value 2.
As shown in FIG.6, in digital pulse width modulation cycle
1005, waveform 1102 is formed. The voltage is output
as a waveform starting from waveform 1010, rising to
voltage 1011 for the width of waveform 1002 centered
on the middle of cycle 1005, and falling to voltage 1010
again.
[0078] FIG.7 shows an output waveform output from
digital modulation block 210 in the case of level value 3.
As shown in FIG.7, in digital pulse width modulation cycle
1005, waveform 1103 is formed. The voltage is output
as a waveform starting from waveform 1010, rising to
voltage 1011 for the width of waveform 1003 centered
on the middle of cycle 1005, and falling to voltage 1010
again.
[0079] FIG.8 shows an output waveform output from
digital modulation block 210 in the case of level value 4.
As shown in FIG.8, in digital pulse width modulation cycle
1005, waveform 1104 is formed. The voltage is output
constantly as voltage 1011 for the width of waveform
1004.
[0080] [Output waveforms of an output potential of dig-
ital pulse width value information output from digital mod-
ulation block 210]
FIG.9 shows a waveform of a low voltage value of an
output potential of digital pulse width value information
output from digital modulation block 210. As shown in
FIG.9, a waveform of a low voltage value of an output
potential of digital pulse width value information is a
waveform output at voltage 1010 and in cycle 1005.
[0081] FIG.10 shows a waveform of a high voltage val-
ue of an output potential of digital pulse width value in-
formation output from digital modulation block 210. As
shown in FIG.10, a waveform of a high voltage value of
an output potential of digital pulse width value information
is a waveform output at voltage 1011 and in cycle 1005.
[0082] Here, values of level value information (level
value information 1, level value information 2, level value
information 3, and level value information 4) in digital
modulation block 210 change according to a digital pulse
width value.
[0083] When the level value of the digital pulse width
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is 0, the values of level value information (level value
information 1, level value information 2, level value infor-
mation 3, and level value information 4) in digital modu-
lation block 210 all correspond to the waveform in FIG.9.
[0084] When the level value of the digital pulse width
is 1, among the values of level value information (level
value information 1, 2, 3, and 4) in digital modulation block
210, level value information 1 corresponds to the wave-
form in FIG.9, and level value information 2 through 4
correspond to the waveform in FIG.10.
[0085] When the level value of the digital pulse width
is 2, among the values of level value information (level
value information 1,2,3, and 4) in digital modulation block
210, level value information 1 and 2 correspond to the
waveform in FIG.9, and level value information 3 and 4
correspond to the waveform in FIG.10.
[0086] When the level value of the digital pulse width
is 3, among the values of level value information (level
value information 1, 2, 3, and 4) in digital modulation block
210, level value information 1, 2, and 3 correspond to the
waveform in FIG.9, and level value information 4 corre-
sponds to the waveform in FIG.10.
[0087] When the level value of the digital pulse width
is 4, the values of level value information (level value
information 1, 2, 3, and 4) in digital modulation block 210
all correspond to the waveform in FIG.10.
[0088] [Output waveforms corresponding to a level val-
ue of a digital pulse width modulation level output from
voltage value conversion block 220]
[0089] FIG.11 shows an output waveform when the
level value of digital pulse width modulation level output
from voltage value conversion block 220 is 0, FIG.12
shows an output waveform when the level value is 1,
FIG.13 shows an output waveform when the level value
is 2, FIG.14 shows an output waveform when the level
value is 3, and FIG.15 shows an output waveform when
the level value is 4.
[0090] As shown in FIG.3, level value information 1, 2,
3, and 4 are connected to level value information input
terminals of voltage value conversion block 220, and ref-
erence potential 205 is connected to voltage value con-
version block 220.
[0091] The following output waveforms are output from
an output terminal of voltage value conversion block 220
according to the level value of digital pulse width modu-
lation, based on the voltages of level value information
1, 2, 3, and 4.
[0092] When the level value of digital pulse width mod-
ulation is 0, conversion is performed into waveform 2100
at voltage 2020 in FIG.11. When the level value of digital
pulse width modulation is 1, conversion is performed into
waveform 2101 at voltage 2021 in FIG.12. When the level
value of digital pulse width modulation is 2, conversion
is performed into waveform 2102 at voltage 2022 in FIG.
13. When the level value of digital pulse width modulation
is 3, conversion is performed into waveform 2103 at volt-
age 2023 in FIG.14. When the level value of digital pulse
width modulation is 4, conversion is performed into wave-

form 2104 at voltage 2024 in FIG.15. Here, the midpoint
potential of the potentials of voltages 1011 and 1010 is
equal to reference potential 205.

[Waveforms output from integrating circuit block 230, 
comparator 240, and drive circuit 250]

[0093] FIG.16 shows waveforms output from integrat-
ing circuit block 230, comparator 240, and drive circuit
250 for level value of digital pulse width modulation 0
when there is no distortion in voltage value conversion
block 220, integrating circuit block 230, comparator 240,
drive circuit 250, low-pass filter 260 (low-pass filter <2>),
or low-pass filter 280 (low-pass filter <1>) in FIG.3. Sim-
ilarly, FIG.17 shows output waveforms when the level
value is 1, FIG.18 shows output waveforms when the
level value is 2, FIG.19 shows output waveforms when
the level value is 3, and FIG.20 shows output waveforms
when the level value is 4.
[0094] Voltage value conversion block 220 converts a
digital value of a digital pulse width of digital modulation
block 210 into a voltage value based on the digital pulse
width information of digital pulse width modulation. Then,
the output result from integrating circuit block 230 when
the voltage from error amplifier 290 is reference potential
205 is waveform 3020 shown in FIG.16(a) when the level
value of digital pulse width modulation is 0. Also, output
from comparator circuit block 240 is waveform 4100
shown in FIG.16(b), and output from drive circuit 250 is
waveform 5100 shown in FIG.16(c).
[0095] When the level value of digital pulse width mod-
ulation is 1, waveform 3021 shown in FIG.17(a) is formed.
Also, output from comparator circuit block 240 is wave-
form 4101 shown in FIG.17(b), and output from drive cir-
cuit 250 is waveform 5101 shown in FIG.17(c).
[0096] When the level value of digital pulse width mod-
ulation is 2, waveform 3022 shown in FIG.18(a) is formed.
Also, output from comparator circuit block 240 is wave-
form 4102 shown in FIG.18(b), and output from drive cir-
cuit 250 is waveform 5102 shown in FIG.18(c).
[0097] When the level value of digital pulse width mod-
ulation is 3, waveform 3023 shown in FIG.19(a) is formed.
Also, output from comparator circuit block 240 is wave-
form 4103 shown in FIG.19(b), and output from drive cir-
cuit 250 is waveform 5103 shown in FIG.19(c).
[0098] When the level value of digital pulse width mod-
ulation is 4, waveform 3024 shown in FIG.20(a) is formed.
Also, output from comparator circuit block 240 is wave-
form 4104 shown in FIG.20(b), and output from drive cir-
cuit 250 is waveform 5104 shown in FIG.20(c).
[0099] It can be seen that waveform 5100 is a wave-
form with the same duty as waveform 1100 but a different
voltage, waveform 5101 is a waveform with the same
duty as waveform 1101 but a different voltage, waveform
5102 is a waveform with the same duty as waveform
1102 but a different voltage, waveform 5103 is a wave-
form with the same duty as waveform 1103 but a different
voltage, and waveform 5104 is a waveform with the same
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duty as waveform 1104 but a different voltage.
[0100] [Waveforms when there is no distortion output
from voltage value conversion block 220, integrating cir-
cuit block 230, comparator 240, drive circuit 250, low-
pass filter 260 (low-pass filter <2>), or low-pass filter 280
(low-pass filter <1>)]
[0101] FIG.21 and FIG.22 show waveforms when
there is no distortion in voltage value conversion block
220, integrating circuit block 230, comparator 240, drive
circuit 250, low-pass filter 260 (low-pass filter <2>), or
low-pass filter 280 (low-pass filter <1>). FIG.22 shows
waveforms in which, with respect to the waveforms in
FIG.21, only the voltage differs from waveform 8020 ob-
tained by passing output from digital modulation block
210 through low-pass filter 280 (low-pass filter <1>).
Waveform 6020 and waveform 8020 are fixed values set
to an arbitrary ratio.
[0102] [Waveform output from voltage value conver-
sion block 220, integrating circuit block 230, comparator
240, drive circuit 250, low-pass filter 260 (low-pass filter
<2>), and low-pass filter 280 (low-pass filter <1>) when
there is distortion]
[0103] FIG.23 shows a waveform output from voltage
value conversion block 220, integrating circuit block 230,
comparator 240, drive circuit 250, low-pass filter 260
(low-pass filter <2>), and low-pass filter 280 (low-pass
filter <1>) when there is distortion.
[0104] As shown in FIG.23, when distortion occurs in
blocks, a distortion signal appears as shown by waveform
9020 from error amplifier 290 as the sum of the distortion
of the blocks. This result is connected to integrating circuit
block 230, and integrating circuit block 230 automatically
performs an operation that subtracts the distortion so as
to make waveform 6020 an analog of a different voltage
of waveform 8020.
[0105] The example in which distortion of waveform
6020 is corrected will now be described. As a result of
correction when the level value of digital pulse width mod-
ulation is 2, output from error amplifier 290 is voltage
9020 in FIG.23.

[Waveforms output from comparator 240]

[0106] FIG.24 shows waveforms output from compa-
rator 240 when the level value of digital pulse width mod-
ulation is 2 and when the sum of distortion of voltage
value conversion block 220, integrating circuit block 230,
comparator 240, drive circuit 250, and low-pass filter 260
(low-pass filter <2>) is different from distortion in the out-
put of low-pass filter 280 (low-pass filter <1>), and when
the level value of digital pulse width modulation is cor-
rected on the positive side. [0105] As shown in FIG.24,
an output result from comparator 240 that is nearer volt-
age 9011 than the average of voltage 9011 and voltage
9010 shown in FIG.23, and that is obtained when distor-
tion is corrected in a direction such that the level value
of digital pulse width modulation is incremented by 1 or
more, is shown by waveform 4102a.

[0107] FIG.25 shows waveforms output from compa-
rator 240 when the level value of digital pulse width mod-
ulation is 2 and when the sum of distortion of voltage
value conversion block 220, integrating circuit block 230,
comparator 240, drive circuit 250, and low-pass filter 260
(low-pass filter <2>) is different from distortion in the out-
put of low-pass filter 280 (low-pass filter <1>), and the
level value of digital pulse width modulation is corrected
on the negative side.
[0108] As shown in FIG.25, an output result from com-
parator 240 that is obtained when, as a result of correction
when the level value of digital pulse width modulation is
2, when output from error amplifier 290 is voltage 9020
in FIG.23, and is a level nearer voltage 9010 than the
average of voltage 9011 and voltage 9010, and when
distortion is corrected in a direction such that the level
value of digital pulse width modulation is decremented
by 1 or more, is shown by waveform 4102b.
[0109] Thus, in distortion correction of a digital ampli-
fier that performs digital pulse width modulation, a greater
correction effect can be obtained than in a conventional
technique. It is possible to widen the range of correction,
enabling higher performance to be achieved.
[0110] As described above, according to this embodi-
ment, digital amplifier 200 is provided with voltage value
conversion block 220 that converts a digital value of a
digital pulse width of digital modulation block 210 to a
voltage value, and integrating circuit block 230 that gen-
erates a triangular wave by means of a master clock and
modulates the generated triangular wave based on a sig-
nal corresponding to the value of the modulation width
of the digital pulse width modulation. Digital amplifier 200
is provided with low-pass filter 280 (low-pass filter <1>)
that outputs an analog audio voltage from a pulse voltage
that has undergone digital pulse width modulation, com-
parator 240 that compares an output voltage of voltage
value conversion block 220 with the voltage of a refer-
ence potential and outputs power according to the com-
parison result, and drive circuit 250 that amplifies digital
pulse width modulation power from comparator 240. Dig-
ital amplifier 200 is provided with low-pass filter 260 (low-
pass filter <2>) that demodulates pulse power resulting
from power amplification by drive circuit 250 to audio
band analog power, and error amplifier 290 that com-
putes and amplifies the voltage difference between the
voltage of low-pass filter 280 (low-pass filter <1>) and
low-pass filter 260 (low-pass filter <2>). The above sec-
tions overall form a circuit configuration having local an-
alog feedback.
[0111] Integrating circuit block 230 generates a trian-
gular wave that has been amplitude-modulated accord-
ing to a value of the modulation width of digital pulse
width modulation. At this time, a digital pulse width mod-
ulation waveform is regenerated by adding an error from
the error amplifier to a signal corresponding to a value
of the modulation width of digital pulse width modulation.
[0112] By means of this configuration, as a correction
effect for distortion generated when a speaker is driven
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by pulses generated by digital pulse width modulation, it
is possible to obtain distortion correction in a range of 0
to maximum in terms of digital pulse width value level -
that is, 0% to 100% as duty - for all digital pulse width
values in digital pulse generation. In other words, it is
possible for changes to be performed in the range of a
digital pulse width value from 0 to maximum for digital
pulse width values of digital pulse width modulation.
[0113] By this means, the range of correction of duty
of a pulse in digital pulse width modulation in a digital
amplifier that performs digital pulse width modulation can
be widened compared with a conventional digital ampli-
fier, and the distortion factor of a digital amplifier can be
significantly improved.
[0114] The above description presents an example of
a preferred embodiment of the present invention, but the
scope of the present invention is not limited to this. For
example, the above embodiment is an example in which
the present invention is applied to various kinds of acous-
tic apparatus, but the present invention can also be ap-
plied in a similar way to any kind of device that amplifies
sound.
[0115] Also, in the above embodiment, the term "digital
amplifier" has been used, but this is simply for conven-
ience of description, and a term such as "power amplifier
circuit" or "class D amplifier" may, of course, also be used.
[0116] Furthermore, the type, number, connection
method, and so forth of circuit sections - for example, a
quantizer, low-pass filter, and the like - configuring the
above-described digital amplifier are not limited to those
in the above embodiment.

Industrial Applicability

[0117] A digital amplifier according to the present in-
vention is suitable for use in an audio application supply-
ing power to a load including a speaker or the like that
inputs a digital signal and drives a speaker directly with
the digital signal. The present invention is not only suit-
able for use in a digital amplifier in various kinds of acous-
tic apparatus, but can also be widely applied to a digital
amplifier in electronic devices other than an acoustic ap-
paratus.

Reference Signs List

[0118]

100, 200 Digital amplifier
110 1-bit quantizer
120 Level-adaptive triangular wave generation cir-
cuit
130 Drive circuit
140, 260 Low-pass filter (low-pass filter <2>)
150, 280 Low-pass filter (low-pass filter <1>)
160 Comparator
170, 270 Speaker
210 Digital modulation block

211 Digital pulse width modulation conversion circuit
212 Digital pulse width value conversion circuit
213 Level value information storage section
220 Voltage value conversion block
221, 232, 233, 241 Operational amplifier
230 Integrating circuit block
231 Frequency divider
234 Capacitor
240 Comparator
250 Drive circuit
290 Error amplifier

Claims

1. A digital amplifier (100, 200) for receiving digital au-
dio data (204) and outputting an analog audio output
signal to drive a speaker (170, 270), the digital am-
plifier comprising:

a digital pulse width modulation circuit (110, 211)
adapted to convert the digital audio data to a
first pulse-width modulated signal; and
a first low-pass filter (150, 280) adapted to per-
form low-pass filtering of the first pulse-width
modulated signal to output a first analog audio
signal;
characterized by
a digital pulse width value conversion circuit
(212) adapted to convert the digital audio data
to a digital pulse width value;
a triangular wave generation circuit (120, 230)
adapted to generate a triangular wave having
superimposed thereon a voltage value repre-
senting the digital pulse width value;
a comparator (240) adapted to compare the tri-
angular wave with a reference voltage (205) to
generate a second pulse-width modulated sig-
nal;
a drive circuit (130, 250) adapted to amplify the
second pulse-width modulated signal;
a second low-pass filter (140, 260) adapted to
perform low-pass filtering of the amplified sec-
ond pulse-width modulated signal to output a
second analog audio signal as the analog audio
output signal; and
an error amplifier (160, 290) adapted to generate
an error signal representing a difference be-
tween the first analog audio signal and the sec-
ond analog audio signal,
wherein the triangular wave generation circuit
(120, 230) is further adapted to add the error
signal to the triangular wave.

2. The digital amplifier according to claim 1, further
comprising a voltage value conversion circuit (220)
adapted to convert the digital pulse width modulation
value into the voltage value.
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3. The digital amplifier according to claim 1 or 2, where-
in the triangular wave generation circuit (120, 230)
comprises an integrating circuit adapted to generate
a triangular wave by means of a master clock (201)
and to add the voltage value representing the digital
pulse width value to the generated triangular wave.

Patentansprüche

1. Digitalverstärker (100, 200) zum Empfangen von di-
gitalen Audiodaten (204) und zum Ausgeben eines
analogen Audioausgangssignals zur Ansteuerung
eines Lautsprechers (170, 270), umfassend:

eine digitale Impulsbreitenmodulationsschal-
tung (110, 211), die dazu eingerichtet ist, die
digitalen Audiodaten in ein erstes impulsbreiten-
moduliertes Signal umzuwandeln; und
einen ersten Tiefpassfilter (150, 280), der dazu
eingerichtet ist, das erste impulsbreitenmodu-
lierte Signal zu filtern, um ein erstes analoges
Audiosignal auszugeben;
gekennzeichnet durch
eine digitale Impulsbreitenwertumwandlungs-
schaltung (212), die dazu eingerichtet ist, die
digitalen Audiodaten in einen digitalen Impuls-
breitenwert umzuwandeln;
eine Sägezahngeneratorschaltung (120, 230),
die dazu eingerichtet ist, ein Sägezahnsignal zu
erzeugen, dem ein Spannungswert überlagert
ist, der den digitalen Impulsbreitenwert reprä-
sentiert;
einen Komparator (240), der dazu eingerichtet
ist, das Sägezahnsignal mit einer Referenz-
spannung (205) zu vergleichen, um ein zweites
impulsbreitenmoduliertes Signal zu erzeugen;
eine Ansteuerschaltung (130, 250), die dazu
eingerichtet ist, das zweite impulsbreitenmodu-
lierte Signal zu verstärken;
einen zweiten Tiefpassfilter (140, 260), der dazu
eingerichtet ist, eine Tiefpassfilterung des ver-
stärkten zweiten Impulsbreitenmodulationssi-
gnals durchzuführen, um ein zweites analoges
Audiosignal als das analoge Audioausgangssi-
gnal auszugeben; und
einen Fehlerverstärker (160, 290), der dazu ein-
gerichtet ist, ein Fehlersignal zu erzeugen, das
eine Differenz zwischen dem ersten analogen
Audiosignal und dem zweiten analogen Audio-
signal repräsentiert,
wobei die Sägezahngeneratorschaltung (120,
230) des Weiteren dazu eingerichtet ist, das
Fehlersignal zu dem Sägezahnsignal dazu zu
addieren.

2. Digitalverstärker nach Anspruch 1, des Weiteren
umfassend:

eine Spannungswertumwandlungsschaltung
(220), die dazu eingerichtet ist, den digitalen lm-
pulsbreitenmodulationswert in den Spannungs-
wert umzuwandeln.

3. Digitalverstärker nach Anspruch 1 oder 2, wobei die
Sägezahngeneratorschaltung (120, 230) eine Inte-
gratorschaltung umfasst, die dazu eingerichtet ist,
ein Sägezahnsignal mittels eines Haupttakts (201)
zu erzeugen und den Spannungswert, der den digi-
talen Impulsbreitenwert repräsentiert, zu dem er-
zeugten Sägezahnsignal dazu zu addieren.

Revendications

1. Amplificateur numérique (100, 200) pour recevoir
des données audionumériques (204) et fournir en
sortie un signal de sortie audio analogique pour com-
mander un haut-parleur (170, 270), l’amplificateur
numérique comprenant :

un circuit de modulation numérique par largeur
d’impulsions (110, 211) adapté à convertir les
données audionumériques en un premier signal
modulé par largeur d’impulsions ; et
un premier filtre passe bas (150,280) adapté à
effectuer un filtrage passe bas du premier signal
modulé par largeur d’impulsions pour fournir en
sortie un premier signal audio analogique ;
caractérisé par
un circuit de conversion de valeur de largeur
d’impulsions numériques (212) adapté à con-
vertir les données audionumériques en une va-
leur de largeur d’impulsions numériques ;
un circuit générateur d’onde triangulaire (120,
230) adapté à générer une onde triangulaire à
laquelle est superposée une valeur de tension
représentant la valeur de largeur d’impulsions
numériques ;
un comparateur (240) adapté à comparer l’onde
triangulaire avec une tension de référence (205)
pour générer un second signal modulé par lar-
geur d’impulsions ;
un circuit de commande (130, 250) adapté à am-
plifier le second signal modulé par largeur
d’impulsions ;
un second filtre passe bas (140, 260) adapté à
effectuer un filtrage passe bas du second signal
modulé par largeur d’impulsions amplifié pour
fournir en sortie un second signal audio analo-
gique en tant que signal de sortie audio
analogique ; et
un amplificateur d’erreur (160, 290) adapté à gé-
nérer un signal d’erreur représentant la différen-
ce entre le premier signal audio analogique et
le second signal audio analogique,
dans lequel le circuit générateur d’onde triangu-
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laire (120, 230) est adapté en outre à ajouter le
signal d’erreur à l’onde triangulaire.

2. Amplificateur numérique selon la revendication 1,
comprenant en outre un circuit de conversion de va-
leur de tension (220) adapté à convertir la valeur de
modulation de largeur d’impulsions numériques en
valeur de tension.

3. Amplificateur numérique selon la revendication 1 ou
2, dans lequel le circuit générateur d’onde triangu-
laire (120, 230) comprend un circuit d’intégration
adapté à générer une onde triangulaire au moyen
d’une horloge maître (201) et à ajouter la valeur de
tension représentant la valeur de largeur d’impul-
sions numériques à l’onde triangulaire générée.
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