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(57) Abstract: A class-D amplifier is provided with an output stage that provides negative supply voltages, positive supply volt-
ages, and ground. In a described amplifier 100, an analog input signal (IN) is provided to capacitors (C1, C2) and resistors (R2,
R3) to substantially remove DC components and then integrated by an integrator (102). Comparators (112, 114) receive portions
of the (differential) integrated signal for comparison with a ramp signal from a ramp generator 116. The comparison results are
used by logic circuit (106) to generate control signals for switches (S1 through S6) of an output stage (108).
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SINGLE SUPPLY CLASS-D AMPLIFIER
[0001] The invention relates generally to a class-D amplifier and, more particularly, to a
class-D amplifier that uses a signal supply.
BACKGROUND
[0002] Currently, Texas Instruments Incorporated (TI) offers a number of audio
amplifiers that a include DIRECTPATH™ architecture. Some features of this architecture are
that an output direct current or DC blocking capacitor is not needed and that there is a negative
supply rail. An example is TI’s TPA6140A2, which is a class-G amplifier that uses a charge
pump to invert the voltage (from a positive supply) to create a negative supply voltage so that the
headphone amplifier output can be centered at OV without the need for DC blocking capacitors.
However, there are some tradeoffs associated with this architecture; namely, supplying a
negative supply voltage requires several external components as well as it reduces efficiency.
Additionally, these types of devices may have also need to have separate power management
circuits (i.e., buck converters). Therefore, there is a need for a method or an apparatus that offers
similar advantages without the drawbacks.
[0003] Some other conventional circuits are described in: U.S. Patent Nos. 6,320,460;
6,753,729; 7,330,069; and 7,400,191.
SUMMARY
[0004] An example embodiment of the invention provides an apparatus including an
integrator that receives an input signal; a pulse width modulator (PWM) that is coupled to the
integrator; a logic circuit coupled to the PWM; and an output stage having: a first node; a second
node; a third node; a fourth node that is coupled to ground; a capacitor that is coupled between
the first and second nodes; and a switch network that is coupled to the first node, the second
node, the third node, the fourth node, and a supply rail, wherein the switch network is controlled
by logic circuit so as to operate in first mode, a second mode, and a third mode, and wherein, in

the first mode, the voltage supply charges the capacitor and the third node is grounded, and
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wherein, in the second mode, the capacitor provides a positive supply voltage to the third node,
and wherein, in the third mode, the capacitor provides a negative supply voltage in the third
mode.

[0005] In accordance with an example embodiment of the invention, the switch network
further comprises: a first switch that is coupled between the supply rail and the first node,
wherein the first switch is closed in the first mode; a second switch that is coupled between the
first node and the fourth node, wherein the second switch is closed in the third mode; a third
switch that is coupled between the first node and the third node, wherein the third switch is
closed in the second mode; a fourth switch that is coupled between the second node and the
fourth node, wherein the fourth switch is closed in the first mode and the second mode; a fifth
switch that is coupled between the second node and the fourth node, wherein the fifth switch is
closed in the third mode; and a sixth switch that is coupled between the third node and the fourth

node, wherein the sixth switch is closed in the first mode.

[0006] In accordance with an example embodiment of the invention, the input signal is
differential.
[0007] In accordance with an example embodiment of the invention, the integrator

further comprises: an amplifier having a first input terminal, a second input terminal, a first
output terminal, and a second output terminal; and a first feedback capacitor that is coupled
between the first input terminal and the first output terminal; and a second feedback capacitor
that is coupled between the second input terminal and the second output terminal.

[0008] In accordance with an example embodiment of the invention, the PWM further
comprises: a first comparator having a first input terminal, a second input terminal, and an output
terminal, wherein the first input terminal of the first comparator is coupled to the integrator, and
wherein the output terminal of the first comparator is coupled to the logic circuit; a second
comparator having a first input terminal, a second input terminal, and an output terminal,
wherein the first input terminal of the second comparator is coupled to the integrator, and
wherein the output terminal of the second comparator is coupled to the logic circuit; and a ramp
generator that is coupled to the second input terminal of the first comparator and the second input

terminal of the second comparator.
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[0009] In accordance with an example embodiment of the invention, an apparatus is
provided. The apparatus comprises an audio source that generates an audio signal; a class-D
amplifier having: a first capacitor that is coupled to the audio source so as to receive the audio
signal; an integrator is coupled to the first capacitor; a pulse width modulator (PWM) that is
coupled to the integrator; a logic circuit coupled to the PWM; and an output stage having: a first
node; a second node; a third node; a fourth node that is coupled to ground; a capacitor that is
coupled between the first and second nodes; and a switch network that is coupled to the first
node, the second node, the third node, the fourth node, and a supply rail, wherein the switch
network is controlled by logic circuit so as to operate in first mode, a second mode, and a third
mode, and wherein, in the first mode, the voltage supply charges the capacitor and the third node
is grounded, and wherein, in the second mode, the capacitor provides a positive supply voltage to
the third node, and wherein, in the third mode, the capacitor provides a negative supply voltage
in the third mode; and a speaker that is coupled to the third node.

[0010] In accordance with an example embodiment of the invention, an apparatus is
provided. The apparatus comprises a supply rail; a first node; a second node; a third node; a
fourth node that is coupled to ground; a first direct current (DC) blocking capacitor that receives
a first portion of an input signal; a second DC blocking capacitor that receives a second portion
of the input signal; an amplifier having a first input terminal, a second input terminal, a first
output terminal, and a second output terminal, wherein the first input terminal of the amplifier is
coupled to the first DC blocking capacitor, and wherein the second input terminal of the
amplifier is coupled to the second DC blocking capacitor; a first feedback capacitor that is
coupled between the first input terminal and the first output terminal; a second feedback
capacitor that is coupled between the second input terminal and the second output terminal; a
first comparator having a first input terminal, a second input terminal, and an output terminal,
wherein the first input terminal of the first comparator is coupled to the first output terminal of
the amplifier; a second comparator having a first input terminal, a second input terminal, and an
output terminal, wherein the first input terminal of the second comparator is coupled to the
second output terminal of the amplifier; a ramp generator that is coupled to the second input
terminal of the first comparator and the second input terminal of the second comparator; a logic
circuit coupled to the output terminals of the first and second comparators; an output capacitor

that is coupled between the first and second nodes; a first switch that is coupled between the
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supply rail and the first node, wherein the first switch is closed by the logic circuit in a first
mode; a second switch that is coupled between the first node and the fourth node, wherein the
second switch is closed by the logic circuit in a second mode; a third switch that is coupled
between the first node and the third node, wherein the third switch is closed by the logic circuit
in a third mode; a fourth switch that is coupled between the second node and the fourth node,
wherein the fourth switch is closed by the logic circuit in the first mode and the third mode; a
fifth switch that is coupled between the second node and the fourth node, wherein the fifth
switch is closed by the logic circuit in the second mode; and a sixth switch that is coupled
between the third node and the fourth node, wherein the sixth switch is closed by the logic circuit
in the first mode.

[0011] In accordance with an example embodiment of the invention, the apparatus
further comprises an audio source that is coupled to the first and second DC blocking capacitors
so as to provide the input signal.

[0012] In accordance with an example embodiment of the invention, the apparatus
further comprises a speaker that is coupled to the third node.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Example embodiments are described with reference to accompanying drawings,
wherein:
[0014] FIG. 1 is a circuit diagram of an example of a class-D amplifier in accordance

with an example embodiment of the invention; and

[0015] FIG. 2 is a system that employs the class-D amplifier of FIG. 1.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0016] In FIG. 1, the reference numeral 100 generally designates an example of a class-D
amplifier in accordance with an example embodiment of the invention. Amplifier 100 generally
comprises direct current (DC) blocking capacitors C1 and C2, input resistors R2 and R3, an
integrator 102, a pulse width modulator (PWM) 104, logic circuit 106, and output stage 108.
The integrator 102 generally comprises amplifier 110, feedback capacitors C3 and C4, and
resistors R1 and R4 PWM 104 generally comprises comparators 112 and 114 and ramp
generator 116, and output stage 108 generally comprises output capacitor C5 (which may be a
signal capacitor or multiple capacitors) and switches S1 through S6. Additionally, supply rail

VDD is typically coupled to a battery, a cell, or another power source.
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[0017] In operation, amplifier 100 receives an analog input signal IN and generates an
output signal OUT (which generally has values of “0” or ground, “-1” or negative supply
voltage, and “+1” or positive supply voltage). To accomplish this, the input signal IN (which is
generally differential, but may also be single ended) is provided to capacitors C1 and C2 and
resistors R2 and R3, where capacitors Cl1 and C2 operate to substantially remove DC
components from input signal IN. Additionally, capacitors C1 and C2 are optional components,
which are not necessary for amplifier 100 to operate. The integrator 102 then integrates the
signal from capacitors C1 and C2 and resistors R1 and R2. Each of comparators 112 and 114
receives a portion of the (differential) integrated signal from integrator 102 and compares its
portion to a ramp signal from ramp generator 116. The comparison results from comparators
112 and 114 can then be used by logic circuit 106 to generate control signals for switches S1
through S6.

[0018] In particular, there are three modes of operation. In a first mode, logic circuit 106
closes switches S1, S4, and S6, which couples the output node N4 and node N2 to node N3
(which is coupled to ground) and couples node N1 to the supply rail VDD. Thus, output
capacitor C5 can be charged to the voltage on supply rail VDD, while a “0” is output from node
N4. In a second mode, logic circuit 106 closes switches S3 and S4 to provide a positive supply
voltage or “+1” at node N4 because the positive plate of capacitor C5 (plate charged to the
voltage on supply rail VDD) is coupled to node N4, while the opposite, negative plate of C5 is
coupled to ground. Alternatively, for a second mode, switches S1 and S3 can be closed to
provide a positive supply voltage or “+1” at node N4 directly from supply rail VDD. In a third
mode, logic circuit 106 closes switches S2 and S5 to provide a negative supply voltage or “-1” to
output node N4 because the positive plate of capacitor C5 is coupled to ground while the
negative plate of capacitor C5 is coupled to node N4. Alternatively, five switches may be used to
accomplish substantially the same result.

[0019] As a result of this configuration, large external capacitors (on the order of about 1
pE  to about 47uF) used for conventional circuits to generate a negative rail voltage can be
eliminated. Additionally, there is a reduction in the DC power loss, and there is the efficiency in
increased over conventional amplifiers.  In particular, simulation results show a 40-50%

increase over the TI’s TPA6140 when delivering 1mW at 16Q2. Additionally, simulation results
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have also shown a total harmonic distortion of THD of about 0.2% for about ImW delivered at
1kHz for a supply voltage of 3.6V on rail VDD, and a load resistance of about 32Q.

[0020] There are some limitations, however, with this amplifier 100. Capacitor CS5 is not
a true voltage source (like a battery or power supply) because it has a relatively short discharge
time. This short discharge time limits the output pulse width through node N4, but if the control
loop within logic circuit 106 is sufficiently fast and capacitor C5 is sufficiently large, the rapid
discharge time of capacitor C5 should not significantly affect performance. For example, using
an internal clock frequency of about 1MHz with a capacitance of about IpFF is generally
sufficient. Additionally, the output duty cycle is generally limited to about 50% because the
logic circuit 106 generally converts the simple differential PWM modulation into an SE ternary
PWM modulation.

[0021] Turning now to FIG. 2, an example of a system 200 that employs amplifier 100
can be seen. Generally, system 200 is a portable media device (i.e., mp3 player) that generates
an audio signal from an audio source 202. Amplifier 100 receives this audio signal from source
202 and provides an amplified signal through output N4 to a speaker 204 (i.e., headphones).
Each of the audio device 202 and amplifier 100 are powered by an onboard power cell 206 (i.e.,
battery).

[0022] Embodiments having different combinations of one or more of the features or
steps described in the context of example embodiments having all or just some of such features
or steps are intended to be covered hereby. Those skilled in the art will appreciate that many

other embodiments and variations are also possible within the scope of the claimed invention.
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CLAIMS

What is claimed is:

1. An apparatus comprising:
an integrator that receives an input signal;
a pulse width modulator (PWM) that is coupled to the integrator;
a logic circuit coupled to the pulse width modulator; and
an output stage having:
a first node;
a second node;
a third node;
a fourth node that is coupled to ground;
a capacitor that is coupled between the first and second nodes; and
a switch network that is coupled to the first node, the second node, the third node,
the fourth node, and a supply rail;
wherein the switch network is controlled by the logic circuit so as to operate in first
mode, a second mode, and a third mode;
wherein, in the first mode, the voltage supply charges the capacitor and the third node is
grounded;
wherein, in the second mode, the capacitor provides a positive supply voltage to the third
node; and
wherein, in the third mode, the capacitor provides a negative supply voltage in the third

mode.

2. The apparatus of Claim 1, wherein the switch network further comprises:

a first switch that is coupled between the supply rail and the first node, wherein the first
switch is closed in the first mode;

a second switch that is coupled between the first node and the fourth node, wherein the
second switch is closed in the third mode;

a third switch that is coupled between the first node and the third node, wherein the third

switch is closed in the second mode;



WO 2011/126527 PCT/US2010/061522

a fourth switch that is coupled between the second node and the fourth node, wherein the
fourth switch is closed in the first mode and the second mode;

a fifth switch that is coupled between the second node and the fourth node, wherein the
fifth switch is closed in the third mode; and

a sixth switch that is coupled between the third node and the fourth node, wherein the

sixth switch is closed in the first mode.

3. The apparatus of Claim 1, wherein the input signal is differential.

4. The apparatus of Claim 3, wherein the integrator further comprises:

an amplifier having a first input terminal, a second input terminal, a first output terminal,
and a second output terminal;

a first feedback capacitor that is coupled between the first input terminal and the first
output terminal; and

a second feedback capacitor that is coupled between the second input terminal and the

second output terminal.

5. The apparatus of Claim 1, wherein the pulse width modulator further comprises:

a first comparator having a first input terminal, a second input terminal, and an output
terminal, wherein the first input terminal of the first comparator is coupled to the integrator, and
wherein the output terminal of the first comparator is coupled to the logic circuit;

a second comparator having a first input terminal, a second input terminal, and an output
terminal, wherein the first input terminal of the second comparator is coupled to the integrator,
and wherein the output terminal of the second comparator is coupled to the logic circuit; and

a ramp generator that is coupled to the second input terminal of the first comparator and

the second input terminal of the second comparator.

6. The apparatus of Claim 1, further comprising an audio source that generates an audio
signal; a second capacitor that is coupled to the audio source so as to receive the audio signal;

and a speaker that is coupled to the third node; and wherein the integrator is coupled to the
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second capacitor; and the second capacitor, integrator, pulse width modulator, logic circuit, and

output stage provide a class-D amplifier.

7. The apparatus of Claim 6, wherein the switch network further comprises:

a first switch that is coupled between the supply rail and the first node, wherein the first
switch is closed in the first mode;

a second switch that is coupled between the first node and the fourth node, wherein the
second switch is closed in the third mode;

a third switch that is coupled between the first node and the third node, wherein the third
switch is closed in the second mode;

a fourth switch that is coupled between the second node and the fourth node, wherein the
fourth switch is closed in the first mode and the second mode;

a fifth switch that is coupled between the second node and the fourth node, wherein the
fifth switch is closed in the third mode; and

a sixth switch that is coupled between the third node and the fourth node, wherein the

sixth switch is closed in the first mode.

8. The apparatus of Claim 7, wherein the integrator further comprises:

an amplifier having a first input terminal, a second input terminal, a first output terminal,
and a second output terminal; and

a first feedback capacitor that is coupled between the first input terminal and the first
output terminal; and

a second feedback capacitor that is coupled between the second input terminal and the

second output terminal.

9. The apparatus of Claim 8, wherein the pulse width modulator further comprises:
a first comparator having a first input terminal, a second input terminal, and an output
terminal, wherein the first input terminal of the first comparator is coupled to the integrator, and

wherein the output terminal of the first comparator is coupled to the logic circuit;
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a second comparator having a first input terminal, a second input terminal, and an output
terminal, wherein the first input terminal of the second comparator is coupled to the integrator,
and wherein the output terminal of the second comparator is coupled to the logic circuit; and

a ramp generator that is coupled to the second input terminal of the first comparator and

the second input terminal of the second comparator.
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