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(54) LOAD-ADAPTIVE CLASS-G AMPLIFIER FOR LOW-POWER AUDIO APPLICATIONS

(57) The present invention provides a class-G am-
plifier, wherein the class-G amplifier includes an amplifier
stage, an impedance detector and a power source. In
the operations of the class-G amplifier, the amplifier
stage is supplied by a supply voltage, and amplifies an
input audio signal to generate an output audio signal, and
the impedance detector is configured to detect an output
impedance of the amplifier stage to generate a detection
result, and the power source refers to the detection result
to determine a level and a switching frequency of the
supply voltage.
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Description

[0001] This application claims the priority of US Provi-
sional Application No. 62/610,585, filed on December
27th, 2017.

Background

[0002] A class-G amplifier provides different voltage
rails for different levels of output signals, and the class-
G amplifier having rail switching mechanism can de-
crease power consumption and increase efficiency. Con-
ventional rail switching mechanism may work well for
heavy load (i.e. higher output current and lower output
impedance), but it is not suitable for the light load (i.e.
lower output current and higher output impedance). Spe-
cifically, the class-G amplifier generally has a charge-
pump for adjusting the supply voltage provided to an out-
put stage. However, power loss of the charge-pump is
increased under a higher voltage rail switching frequency
and a larger difference between the voltage rails, and
hence the total power consumption may be worsened
when the class-G amplifier operates with the light load.

Summary

[0003] It is therefore an objective of the present inven-
tion to provide a class-G amplifier, which can adjust a
level and a switching frequency of the voltage rails based
on the output impedance to have better power consump-
tion even if the class-G amplifier has the light load, to
solve the above-mentioned problems.
[0004] According to one embodiment of the present
invention, a class-G amplifier includes an amplifier stage,
an impedance detector and a power source. In the op-
erations of the class-G amplifier, the amplifier stage is
supplied by a supply voltage, and amplifies an input audio
signal to generate an output audio signal, and the imped-
ance detector is configured to detect an output imped-
ance of the amplifier stage to generate a detection result,
and the power source refers to the detection result to
determine a level and a switching frequency of the supply
voltage.
[0005] According to another embodiment of the
present invention, a control method of a class-G amplifier
is disclosed, wherein the class-G amplifier has an ampli-
fier stage for amplifying an input audio signal to generate
an output audio signal, and the control method comprises
the steps of: detecting an output impedance of the am-
plifier stage to generate a detection result; and referring
to the detection result to determine a level and a switching
frequency of a supply voltage supplied to the amplifier
stage.
[0006] These and other objectives of the present in-
vention will no doubt become obvious to those of ordinary
skill in the art after reading the following detailed descrip-
tion of the preferred embodiment that is illustrated in the
various figures and drawings.

Brief Description of the Drawings

[0007]

FIG. 1 is a diagram illustrating a class-G amplifier
according to one embodiment of the present inven-
tion.
FIG. 2 shows a diagram of controlling the positive
supply voltage and the negative supply voltage ac-
cording to one embodiment of the present invention.
FIG. 3 shows a diagram of controlling the positive
supply voltage and the negative supply voltage ac-
cording to one embodiment of the present invention.
FIG. 4 shows a diagram of controlling the positive
supply voltage and the negative supply voltage ac-
cording to another embodiment of the present inven-
tion.

Detailed Description

[0008] Certain terms are used throughout the following
description and claims to refer to particular system com-
ponents. As one skilled in the art will appreciate, manu-
facturers may refer to a component by different names.
This document does not intend to distinguish between
components that differ in name but not function. In the
following discussion and in the claims, the terms "includ-
ing" and "comprising" are used in an open-ended fashion,
and thus should be interpreted to mean "including, but
not limited to ...". The terms "couple" and "couples" are
intended to mean either an indirect or a direct electrical
connection. Thus, if a first device couples to a second
device, that connection may be through a direct electrical
connection, or through an indirect electrical connection
via other devices and connections.
[0009] FIG. 1 is a diagram illustrating a class-G ampli-
fier 100 according to one embodiment of the present in-
vention. As shown in FIG. 1, the class-G amplifier 100
comprises an amplifier stage 110, an impedance detector
120 and a power source 130. In this embodiment, the
class-G amplifier 100 is applied to a headset, and the
class-G amplifier 100 coupled to a load RL (i.e. an im-
pedance of the headset) via a pad of a chip. In addition,
the power source 130 can be a charge-pump, a buck
converter, a boost converter or a linear regulator capable
of providing a positive supply voltage VDDD and a neg-
ative supply voltage VSSD to the amplifier stage 110.
[0010] In the operations of the class-G amplifier 100,
the amplifier stage 110 can be regarded as an output
stage, and the amplifier stage 110 is configured to receive
an input audio signal Vin to generate an output audio
signal Vout. The impedance detector 120 is configured
to detect the output impedance RL of the amplifier stage
110 to generate a detection result, and the power source
130 refers to the detection result to determine a level and
a switching frequency of the positive supply voltage VD-
DD and the negative supply voltage VSSD.
[0011] In this embodiment, the positive supply voltage
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VDDD is selected from a first voltage rail VDDH or a
second voltage rail VDDL, and the negative supply volt-
age VSSD is selected from a third voltage rail "-VDDH"
or a fourth voltage rail "-VDDL", according to an amplitude
of the input audio signal Vin or the output audio signal
Vout, and the power source 130 refers to the detection
result to determine the levels of the first voltage rail VD-
DH, the second voltage rail VDDL, the third voltage rail
"-VDDH" and the fourth voltage rail "-VDDL". Taking FIG.
1 as an example, the power source 130 may provide a
plurality of predetermined voltages 61*VDD, 62/3*VDD,
6 ©*VDD and 6g*VDD (VDD can be any suitable DC
voltage such as 1.8V), and the power source 130 may
refer to the detection result to control the first voltage rail
VDDH to be VDD, (2/3)*VDD or (1/2)*VDD, and control
the second voltage rail VDDL to be one of the (2/3)*VDD,
(1/2)*VDD or (1/3)*VDD that is lower than the first voltage
rail VDDH, and the third voltage rail "-VDDH" and the
fourth voltage rail "-VDDL" are negative values of the first
voltage rail VDDH and the second voltage rail VDDL,
respectively.
[0012] In the embodiment shown in FIG. 1, if the head-
set has the large impedance RL such as 100 ohm, 300
ohm or 600 ohm, a higher supply voltage is required to
drive the amplifier stage 110 to provide sufficient volume
to a user, so the power source 130 may control the first
voltage rail VDDH to be VDD or (2/3)*VDD, and control
the second voltage rail VDDL to be (1/2)*VDD or
(1/3)*VDD. If the headset has the lower impedance RL
such as 16 ohm or 32 ohm, the lower supply voltage is
more suitable than the higher supply voltage to drive the
amplifier stage 110 to provide the volume to the user for
the low power consideration, so the power source 130
may control the first voltage rail VDDH to be (1/2)*VDD,
and control the second voltage rail VDDL to be
(1/3)*VDD. In this embodiment, because the first voltage
rail VDDH and the second voltage rail VDDL can be se-
lected from many predetermined voltages by the output
impedance RL, so the power consumption can be opti-
mized.
[0013] FIG. 2 shows a diagram of controlling the pos-
itive supply voltage VDDD and the negative supply volt-
age VSSD according to one embodiment of the present
invention. In the first case indicating that the output im-
pedance RL is high, when it is detected that the input
audio signal Vin has a lower amplitude, the power source
130 may use the second voltage rail VDDL and fourth
voltage rail "-VDDL" having 6g*VDD to drive the ampli-
fier stage 110; and when it is detected that the input audio
signal Vin has the large amplitude, the power source 130
may use the first voltage rail VDDH and third voltage rail
"-VDDH" having 61*VDD to drive the amplifier stage 110.
In the second case indicating that the output impedance
RL is low, when it is detected that the input audio signal
Vin has the lower amplitude, the power source 130 may
use the second voltage rail VDDL and fourth voltage rail
"-VDDL" having 6g*VDD to drive the amplifier stage
110; and when it is detected that the input audio signal

Vin has the large amplitude, the power source 130 may
use the first voltage rail VDDH and third voltage rail "-
VDDH" having 6©*VDD to drive the amplifier stage 110.
[0014] In addition, the power source 130 may switch
the positive supply voltage VDDD between the first volt-
age rail VDDH and the second voltage rail VDDL, and
switch the negative supply voltage VSSD between the
third voltage rail "-VDDH" and the fourth voltage rail "-
VDDL" at zero-crossing points of the output audio signal
to prevent glitches on the output audio signal Vout.
[0015] It is noted that the quantity of the predetermined
voltages and the voltage values provided by the power
source 130 and the selections of the first voltage rail VD-
DH and the second voltage rail VDDL are four illustrative
purposes only. As long as the power source 130 provides
more than two predetermined voltages, and the first volt-
age rail VDDH can be assigned to have different prede-
termined voltages under different output impedances RL
(or different output impedance ranges), these designs
shall fall within the scope of the present invention.
[0016] In order to improve the power consumption
more efficiently, the power source 130 may have a hold
time mechanism, and the power source 130 may use a
hold time to adjust the positive supply voltage VDDD be-
tween the first voltage rail VDDH and the second voltage
rail VDDL, and adjust the negative supply voltage VSSD
between the third voltage rail "-VDDH" and the fourth
voltage rail "-VDDL" according to the amplitude of the
input audio signal Vin, wherein the hold time may be a
variable value that is determined according to the output
impedance RL. Specifically, When the impedance detec-
tor 120 generates the detection result indicating the high-
er output impedance RL such as 300 ohm or 600 ohm,
the power source 130 may use a longer hold time such
as 20ms or 40ms to delay the adjustment of the positive
supply voltage VDDD; and when the impedance detector
120 generates the detection result indicating the lower
output impedance RL such as 16 ohm or 32 ohm, the
power source 130 may use a short hold time delay the
adjustment of the positive supply voltage VDDD, or the
power source 130 may immediately adjust the positive
supply voltage VDDD without using any hold time.
[0017] FIG. 3 shows a diagram of controlling the pos-
itive supply voltage VDDD and the negative supply volt-
age VSSD according to one embodiment of the present
invention. In the embodiment shown in FIG. 3, the im-
pedance detector 120 generates the detection result in-
dicating the higher output impedance RL, and the power
source 130 refers to the detection result to determine the
longer hold time as 25ms. As shown in FIG. 3, when it is
detected that the amplitude of the input audio signal Vin
or the output audio signal Vout becomes small and the
positive supply voltage VDDD should be switched from
the first voltage rail VDDH to the second voltage rail
VDDL , the power source 130 wait the hold time of 25ms
then switches the positive supply voltage VDDD to the
second voltage rail VDDL at the zero-crossing point of
the output audio signal Vout. Because the power con-
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sumption of the power source 130 depends on the volt-
age rail switching frequency and voltage difference be-
tween the voltage rails, using the longer hold time to delay
the adjustment of the positive supply voltage VDDD can
greatly decrease the voltage rail switching frequency,
and the power consumption of the power source 130 can
be improved to reduce the overall power consumption of
the class-G amplifier 100. In addition, if the difference
between the voltage rails (i.e. (VDDH-VDDL) is high and
the higher voltage rail difference increases the power loss
of the power source 130, the power source 130 can mit-
igate the overall power consumption by setting the longer
hold time.
[0018] FIG. 4 shows a diagram of controlling the pos-
itive supply voltage VDDD and the negative supply volt-
age VSSD according to another embodiment of the
present invention. In the embodiment shown in FIG. 4,
the impedance detector 120 generates the detection re-
sult indicating the lower output impedance RL, and the
power source 130 refers to the detection result to deter-
mine the hold time is equal to zero (i.e. no hold time is
used). As shown in FIG. 4, when it is detected that the
amplitude of the input audio signal Vin or the output audio
signal Vout becomes small, the power source 130 imme-
diately switches the positive supply voltage VDDD to the
second voltage rail VDDL at the zero-crossing point of
the output audio signal Vout. Because the positive supply
voltage VDD is immediately adjusted to fit the waveform
of the input audio signal Vin or the output audio signal
Vout, the power loss of the class-G amplifier 100 can be
minimized to increase the power efficiency.
[0019] Briefly summarized, in the class-G amplifier of
the present invention, the power source can refer to the
output impedance to determine the level and the switch-
ing frequency of the supply voltage rail to optimize the
overall power consumption of the class-G amplifier. In
addition, a hold time mechanism may be used to provide
a variable hold time for the different output impedances
to control the switching frequency of supply rails and to
then improve the power consumption and efficiency of
the class-G amplifier.
[0020] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of
the invention. Accordingly, the above disclosure should
be construed as limited only by the metes and bounds
of the appended claims.

Claims

1. A class-G amplifier (100), comprising:

an amplifier stage (110) supplied by a supply
voltage, for amplifying an input audio signal to
generate an output audio signal;
an impedance detector (120), for detecting an
output impedance of the amplifier stage to gen-

erate a detection result; and
a power source (130), for referring to the detec-
tion result to determine a level of the supply volt-
age.

2. The class-G amplifier (100) of claim 1, wherein the
supply voltage is selected from a first voltage rail or
a second voltage rail according to an amplitude of
the input audio signal or the output audio signal, and
the power source (130) refers to the detection result
to determine the level(s) of at least one of the first
voltage rail and the second voltage rail.

3. The class-G amplifier (100) of claim 2, wherein the
first voltage rail is greater than the second voltage
rail, and when the detection result indicates that the
impedance belongs to a first range, the power source
(130) controls the first voltage rail to have a first level;
and when the detection result indicates that the im-
pedance belongs to a second range, the power
source (130) controls the first voltage rail to have a
second level different from the first level; or
wherein the first voltage rail is greater than the sec-
ond voltage rail, and the power source (130) controls
the first voltage rail to have a first level when the
output impedance has a first value, and the power
source (130) controls the first voltage rail to have a
second level greater than the first level when the
output impedance has a second value greater than
the first value or
wherein the first voltage rail is greater than the sec-
ond voltage rail, and the power source (130) refers
to the detection result to select one from more than
two predetermined voltages to control the level of
the first voltage rail.

4. The class-G amplifier (100) of claim 2, wherein the
power source (130) adjusts the supply voltage be-
tween the first voltage rail and the second voltage
rail at zero-crossing points of the output audio signal.

5. The class-G amplifier (100) of claim 2, wherein the
power source (130) uses a hold time to adjust the
supply voltage between the first voltage rail and the
second voltage rail according to the amplitude of the
input audio signal or the output audio signal.

6. The class-G amplifier (100) of claim 5, wherein the
hold time used by the power source (130) is deter-
mined according to the detection result.

7. The class-G amplifier (100) of claim 6, wherein the
power source (130) uses a first hold time when the
output impedance has a first value, and the power
source (130) uses a second hold time longer than
the first hold time when the output impedance has a
second value greater than the first value.
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8. A control method of a class-G amplifier (100), where-
in the class-G amplifier (100) has an amplifier stage
(110) for amplifying an input audio signal to generate
an output audio signal, and the control method com-
prises:

detecting an output impedance of the amplifier
stage to generate a detection result; and
referring to the detection result to determine a
level of a supply voltage supplied to the amplifier
stage.

9. The control method of claim 8, further comprising:

selecting a first voltage rail or a second voltage
rail to serve as the supply voltage according to
an amplitude of the input audio signal or the out-
put audio signal; and
the step of referring to the detection result to
determine the level of the supply voltage sup-
plied to the amplifier stage comprises:
referring to the detection result to determine the
level (s) of at least one of the first voltage rail
and the second voltage rail.

10. The control method of claim 9, wherein the first volt-
age rail is greater than the second voltage rail, and
the step of referring to the detection result to deter-
mine the level (s) of at least one of the first voltage
rail and the second voltage rail comprises:

when the detection result indicates that the im-
pedance belongs to a first range, controlling the
first voltage rail to have a first level; and
when the detection result indicates that the im-
pedance belongs to a second range, controlling
the first voltage rail to have a second level dif-
ferent from the first level; or

wherein the first voltage rail is greater than the sec-
ond voltage rail, and the step of referring to the de-
tection result to determine the level (s) of at least one
of the first voltage rail and the second voltage rail
comprises:

controlling the first voltage rail to have a first level
when the output impedance has a first value;
and
controlling the first voltage rail to have a second
level greater than the first level when the output
impedance has a second value greater than the
first value.

11. The control method of claim 9, wherein the first volt-
age rail is greater than the second voltage rail, and
the step of referring to the detection result to deter-
mine the level (s) of at least one of the first voltage
rail and the second voltage rail comprises: referring

to the detection result to select one from more than
two predetermined voltages to control the level of
the first voltage rail.

12. The control method of claim 9, wherein the step of
selecting the first voltage rail or the second voltage
rail to serve as the supply voltage according to the
amplitude of the input audio signal or the output audio
signal comprises:
adjusting the supply voltage between the first voltage
rail and the second voltage rail at zero-crossing
points of the output audio signal.

13. The control method of claim 9, wherein the step of
selecting the first voltage rail or the second voltage
rail to serve as the supply voltage according to the
amplitude of the input audio signal or the output audio
signal comprises:
using a hold time to adjust the supply voltage be-
tween the first voltage rail and the second voltage
rail according to the amplitude of the input audio sig-
nal or the output audio signal.

14. The control method of claim 13, wherein the step of
selecting the first voltage rail or the second voltage
rail to serve as the supply voltage according to the
amplitude of the input audio signal or the output audio
signal further comprises:
determining the hold time according to the detection
result.

15. The control method of claim 14, wherein the step of
determining the hold time according to the detection
result comprises:

using a first hold time when the output imped-
ance has a first value; and
using a second hold time longer than the first
hold time when the output impedance has a sec-
ond value greater than the first value.
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