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(57) Abstract: Aspects of the disclosure provide an amplification circuit. The amplification circuit includes an amplifier and a first
variable resistive device. The amplifier includes first and second input nodes configured to receive the first and second input elec -
trical signals and first and second output nodes configured to output first and second output electrical signals having amplified
voltages relative to the first and second input electrical signals. The first variable resistive device is electrically coupled to the second
input node of the amplitier. The first variable resistive device being configured to have a selected resistance value to compensate for
a direct current (DC) voltage difference between the first and second input electrical signals based on a DC voltage difference
between first and second output electrical signals that are output from the first and second output nodes of the amplitier.
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AMPLIFICATION CIRCUIT AND METHOD OF COMPENSATING FOR VOLTAGE
OFFSET OF INPUTS

INCORPORATION BY REFERENCE
[0001] This present disclosure claims the benefit of U.S. Provisional Application No.

62/189,479, “Removal of Direct Current Isolating Capacitor used for Audio Microphone” filed
on July 07, 2015, and U.S. Provisional Application No. 62/233,553, “Differential Calibration
Circuit for Removal of Blocking Capacitor from Audio Microphone” filed on September 28,
2015, which are incorporated herein by reference in their entireties.
FIELD

[0002] This disclosure relates generally to an amplification circuit. More specifically,
the disclosure relates to apparatus and methods for compensating for differences in (DC) voltage
inputs to an amplifier.

BACKGROUND
[0003] The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the extent the
work is described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

[0004] In various applications, such as, for example, amplifiers for microphones, an
amplification circuit receives a pair of differential input signals in an analog domain and
amplifies the differential input signals. Without mitigating a voltage offset between the
differential input signals, differences in DC voltage levels of the differential signals are also
undesirably amplified. In some conventional applications, DC blocking capacitive devices are
used to mitigate the mutual voltage offset of the input differential signals. However, such
conventional DC blocking capacitive devices typically occupy a relatively large area and result
in large and complex circuitry.

SUMMARY

[0005] Aspects of the disclosure include an amplification circuit. The amplification

circuit includes an amplifier and a first variable resistive device. The amplifier includes first and

second input nodes configured to receive the first and second input electrical signals and first and
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second output nodes configured to output first and second output electrical signals having
amplified voltages relative to the first and second input electrical signals. The first variable
resistive device is electrically coupled to the second input node of the amplifier. The first
variable resistive device being configured to have a selected resistance value to compensate for a
direct current (DC) voltage difference between the first and second input electrical signals based
on a DC voltage difference between first and second output electrical signals that are output from
the first and second output nodes of the amplifier.

[0006] In an embodiment, the amplification circuit further includes a first reference
voltage node configured to receive a first reference voltage, and the first variable resistive device
is electrically coupled between the second input node of the amplifier and the first reference
voltage node.

[0007] In an embodiment, the amplification circuit further includes a DC voltage
difference detector and a controller. The DC voltage difference detector is configured to
generate a detection result indicating the DC voltage difference between the first and second
output electrical signals. The controller is configured to determine a set of settings, for setting
the resistance value of the first variable resistive device, based on the detection result when the
amplification circuit is in a calibration mode.

[0008] In an embodiment, the set of settings for setting the resistance value of the first
variable resistive device includes a binary code. The controller is further configured to
determine the binary code based on a successive approximation approach.

[0009] Aspects of the disclosure provide an audio sensing circuit. The audio sensing
circuit includes an audio sensor, an amplifier, a first set of resistive devices, and a first variable
resistive device. The audio sensor is electrically coupled between first and second supply
voltage nodes. The amplifier includes first and second input nodes configured to receive the first
and second input electrical signals and first and second output nodes configured to output first
and second output electrical signals having amplified voltages relative to the first and second
input electrical signals. The first set of resistive devices is electrically coupled between the
second input node of the amplifier and the second supply voltage node through the audio sensor.
The variable resistive device is electrically coupled to the second input node of the amplifier.
The variable resistive device being configured to have a selected resistance value to compensate

for a direct current (DC) voltage difference between the first and second input electrical signals
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based on a DC voltage difference between first and second output electrical signals that are
output from the first and second output nodes of the amplifier.

[0010] In an embodiment, the variable resistive device is electrically coupled between the
second input node of the amplifier and the first supply voltage node.

[0011] In an embodiment, the audio sensing circuit further includes a DC voltage
difference detector and a controller. The DC voltage difference detector is configured to
generate a detection result indicating the DC voltage difference between the first and second
output electrical signals. The controller is configured to determine a set of settings, for setting
the resistance value of the variable resistive device, based on the detection result when the audio
sensing circuit is in a calibration mode.

[0012] In an embodiment, the set of settings for setting resistance value of the variable
resistive device includes a binary code. The controller is further configured to determine the
binary code based on a successive approximation approach.

[0013] Aspects of the disclosure provide a method of adjusting an input direct current
(DC) voltage difference between first and second input electrical signals at first and second input
nodes of an amplifier of an amplification circuit. The method includes generating a detection
result indicating a DC voltage difference between first and second output electrical signals that
are output from first and second output nodes of the amplifier. The method also includes setting
a variable resistive device electrically coupled to the second input node of the amplifier to have a
selected resistance value to compensate for the DC voltage difference between the first and
second input electrical signals at the first and second input nodes of the amplifier based on the
DC voltage difference between the first and second output electrical signals that are output from
the first and second output nodes of the amplifier.

[0014] In an embodiment, the method further includes applying a reference voltage to a
reference voltage node, the variable resistive device being electrically coupled between the
reference voltage node and the second input node of the amplification circuit.

[0015] In an embodiment, the method includes generating a detection result indicating
the DC voltage difference between the first and second output electrical signals and determining
a set of settings, for setting the resistance value of the variable resistive device, based on the

detection result when the amplification circuit is in a calibration mode.
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[0016] In an embodiment, the set of settings for setting resistance value of the variable
resistive device includes a binary code, and the method further comprises determining the binary
code for setting the resistance value of the variable resistive device based on a successive
approximation approach.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of this disclosure that are proposed as examples will be described in detail

with reference to the following figures, wherein like numerals reference like elements, and
wherein:

[0017] FIG. 1 shows a circuit schematic diagram of an audio sensor and an amplification
circuit according to one or more embodiments of the disclosure;

[0018] FIG. 2 shows a circuit schematic diagram of an audio sensor and an amplification
circuit for implementing the audio sensor and the amplification circuit in FIG. laccording to an
embodiment of the disclosure;

[0019] FIG. 3 shows a signal diagram of output signals of the amplification circuit in
FIG. 3 according to an embodiment of the disclosure;

[0020] FIG. 4 shows a circuit schematic diagram of an audio sensor and an amplification
circuit for implementing the audio sensor and the amplification circuit in FIG. 1 according to
another embodiment of the disclosure;

[0021] FIG. 5 shows a circuit schematic diagram of an audio sensor and an amplification
circuit for implementing the audio sensor and the amplification circuit in FIG. 1 according to
another embodiment of the disclosure;

[0022] FIG. 6 shows a circuit schematic diagram of an audio sensor and an amplification
circuit according to another embodiment of the disclosure; and

[0023] FIG. 7 shows a flow chart outlining an example process for adjusting an input DC
voltage difference of an amplification circuit, such as one of the amplification circuits in FIGS.
1, 2, and 4-6, according to an embodiment of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS
[0024] Voltage levels of differential electrical signal provided by a device to an amplifier

typically are mutually offset, for a variety of reasons. Conventionally voltage offset in the input
signals is compensated for using capacitance blocking techniques which tend to be expensive. In

the current disclosure, an alternative technique is proposed, namely to determine a voltage
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difference at output terminals of an amplifier, and then set an impedance level of one or both of
the inputs to the amplifier, using a variable resistor, to compensate for the offset.

[0025] FIG. 1 shows a circuit schematic diagram of an audio sensor 110 and an
amplification circuit 140 according to one or more embodiments of the disclosure. The
combination of audio sensor 110 and the amplification circuit 140 is also referred to as an audio
sensing circuit. In some examples, the amplification circuit 140 is implemented on an integrated
circuit chip and obviates DC blocking capacitance techniques, in an embodiment. In some
examples, the audio sensor 110 is implemented on the integrated circuit chip where the
amplification circuit 140 is disposed or outside the integrated circuit chip.

[0026] The audio sensor 110 is electrically coupled between a first supply voltage node
(labeled as “NVpgas”) and a second supply voltage node (labeled as “NVgnp™) and includes a
microphone 112 and resistive devices 114 and 116. The microphone 112 is configured to
generate a pair of output signals at a first audio output node (labeled as “Npp”) and a second
audio output node (labeled as “Nyn™). The resistive device 114 is electrically coupled between
the first supply voltage node NVpjas and the first audio output node Nyp. The resistive device
116 is electrically coupled between the second supply voltage node NVgnp and the second audio
output node Nuyn.

[0027] In some examples, the microphone 112 has an equivalent resistance value ranging
from 500 Ohms to 2000 Ohms. In some example embodiments, the resistance values of the
resistive devices 114 and 116 are set to be substantially the same as the resistance value of the
microphone 112.

[0028] Throughout this disclosure, two resistance values are considered as substantially
the same when an error therebetween is no greater than +/- 10.0 %.

[0029] The first supply voltage node NVpgas is configured to receive a supply voltage
Veias. The second supply voltage node NVgnp is configured to receive a ground reference
voltage Vgnp. In some examples, a voltage level of the supply voltage Vpias is greater than a
voltage level of the ground reference voltage Vgnp. In some examples, the supply voltage Vgias
and the ground reference voltage Vgnp are provided by a power management circuit (not shown)
that functions as a low-noise power supply. In an embodiment the power management circuit is

implemented on the same integrated circuit (IC) chip on which the amplification circuit 140 is
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disposed. Alternatively, the power management circuit is implemented outside the IC chip on
which the amplification circuit 140 is disposed.

[0030] The amplification circuit 140 includes an amplifier 142, plural resistive devices
144, 145, 146, and 147, a variable resistive device 152, a DC voltage difference detector 154,
and a controller 156 which are coupled together as seen in FIG. 1.

[0031] The amplifier 142 includes a first input node (labeled as “Npp”), a second input
node (labeled as “N™), a first output node (labeled as “Non”), and a second output node
(labeled as “Npp™). In the embodiment illustrated in FIG. 1, resistive device 144 is electrically
coupled between the first input node Njp and the first audio output node Nyp. Similarly, resistive
device 145 is electrically coupled between the second input node Ny and the second audio
output node Numn. Resistive device 146 bypasses amplifier 142 and is electrically coupled
between the first input node Nip and the first output node Non. Similarly, resistive device 147
also bypasses amplifier 142 and is electrically coupled between the second input node Ny and
the second output node Nop. As shown in FIG. 1, no DC blocking capacitive device is disposed
between the first input node Njp and the first audio output node Nyp or between the second input
node Ny and the second audio output node Ny.

[0032] In some examples, the amplifier 142 is an operational amplifier, a differential
amplifier, or any other suitable type of amplifier. In some examples, the first input node Npp and
the second input node Nyy are a non-inverting input and an inverting input of the amplifier 142,
respectively; and the first output node Non and the second output node Nep are an inverting
output and a non-inverting output of the amplifier 142, respectively. In some examples, the
resistance values of the resistive devices 144 and 145 are substantially the same, e.g., R1, and the

resistance values of the resistive devices 146 and 147 are substantially the same, e.g., R2. A
voltage gain of the amplification circuit 140 is determined by a ratio of %- In some examples,

the resistance value R1 ranges from 1k Ohms to 10k Ohms, and the resistance value R2 ranges
from 1 time to 50 times of the resistance value R1.

[0033] In some examples, the amplification circuit 140 is a programmable-gain amplifier
(PGA). In some examples, the amplification circuit 140 includes a gain adjuster (e.g., gain
adjuster 520 in FIG. 5) that is configured to adjust one or more of the resistance values of the
resistive devices 144, 145, 146, and 147 such that the amplification circuit 140 is programmable

to have different voltage gains.
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[0034] The variable resistive device 152 is electrically coupled between the second input
node Ny and a reference voltage node NVygrn. An electrical path is thus defined from the
reference voltage node NVggpy to the second supply voltage node NVgnp through the variable
resistive device 152, the resistive device 145, and the resistive device 116. Thus, in this
example, the resistive device 145 is electrically coupled with the reference voltage node NVgern
through the variable resistive device 152 and is electrically coupled with the second supply
voltage node NVgnp through the audio sensor 110.

[0035] The reference voltage node NVggry is configured to receive a reference voltage
Vrern. In some examples, a voltage level of the reference voltage Vrgpy is greater than the
voltage level of the ground reference voltage Vanp. In some examples, the reference voltage
node NVggry is electrically coupled with the first supply voltage node NVpas and receives the
supply voltage Vpias as the reference voltage Vrern. Therefore, in some examples, the variable
resistive device 152 is also electrically coupled with the first supply voltage node NVpias.

[0036] A resistance value of the variable resistive device 152 is set to adjust an input DC
voltage difference between the first input node Npp and the second input node Ny of the
amplifier 142 based on an output DC voltage difference between the first output node Noy and
the second output node Nop of the amplifier 142. In some examples, a range of the resistance
value of the variable resistive device 152 is determined based on the resistance values of the
microphone 112, the resistive devices 114, 116, and 145, and the voltage levels of the supply
voltage Vgias and the reference voltage Vrgr.  In some examples, the range of the resistance
value of the variable resistive device 152 is set to overlap with resistance value R1. In at least
one example, the range of the resistance value of the variable resistive device 152 is set to
overlap with a range from 0.9xR1 to 1.1xR1.

[0037] In some examples, the variable resistive device 152 is a string resistor ladder
network or an R-2R resistor ladder network where the resistance value of the variable resistive
device 152 is set based on a binary code.

[0038] The DC voltage difference detector 154 is configured to generate a detection
result Q indicating the output DC voltage difference between the first output node Non and the
second output node Nop of the amplifier 142.

[0039] The controller 156 is configured to set the resistance value of the variable

resistive device 152 via one or more control signals CTRL. When the amplification circuit 140
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is in a calibration mode, the controller 156 actively adjusts the resistance value of the variable
resistive device 152 based on the detection result Q in order to minimize the input DC voltage
difference between the first input node Nip and the second input node Ny of the amplifier 142.
When the amplification circuit 140 is in the calibration mode, the output signals at the first
output node Noy and the second output node Nop of the amplifier 142 are not usable for further
audio signal processing. In contrast, when the amplification circuit 140 is in an operational
mode, the controller 156 sets the resistance value of the variable resistive device 152 via the one
or more control signals CTRL based on a set of stored parameters, which is determined during a
time duration in which the amplification circuit 140 is in the calibration mode. When the
amplification circuit 140 is in the operational mode, the output signals at the first output node
Non and the second output node Nop of the amplifier 142 are usable for further audio signal
processing,

[0040] FIG. 2 shows a circuit schematic diagram of an audio sensor 110 and an
amplification circuit 140A according to an embodiment of the disclosure. The amplification
circuit 140A corresponds to the amplification circuit 140 in FIG. 1. The components in FIG. 2
that are the same or similar to those in FIG. 1 are given the same reference numbers, and
repetitive detailed description thereof is thus omitted for the purpose of clarity.

[0041] The amplification circuit 140A includes a comparator 154A additionally functions
as the DC voltage difference detector 154 in FIG. 1. The amplification circuit 140A also
includes a controller 156A that corresponds to the controller 156 in FIG. 1.

[0042] When the amplification circuit 140A is in the calibration mode, the comparator
154 A compares a voltage level at the first output node Noy and a voltage level at the second
output node Npp, and generates a comparison result as the detection result Q. For example, the
comparator 154 A outputs a first logic level, (e.g., logic high) as the detection result Q when the
voltage level at the first output node Noy is less than the voltage level at the second output node
Nop, and outputs a second logic level (e.g., logic low) as the detection result Q signal when the
voltage level at the first output node Ny is greater than the voltage level at the second output
node Nop.

[0043] When the amplification circuit 140A is in the calibration mode, in some
examples, the controller 156A sets the resistance value of the variable resistive device 152 by

determining the binary code carried by the control signals CTRL. In some examples, the
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controller 156A determines the binary code, from the most-significant bit to the least significant
bit, that will result in a minimum DC offset at the output nodes of the amplifier 142A based on a
successive approximation (SAR) approach. In some examples, the controller 156A includes a
storage to store the binary code during and after the binary code are determined based on the
SAR approach.

[0044] FIG. 3 shows a signal diagram of output signals of an amplification circuit, such
as the amplification circuit 140A in FIG. 2, according to an embodiment of the disclosure.

Curve 302 corresponds to the voltage level at the output node Non, and curve 304 corresponds to
the voltage level at the output node Nop. Also, in this example, the variable resistive device 152
is controlled by a 5-digit binary code ranging from 11111, to 00000,, where a greater value of
binary code corresponds to setting the variable resistive device 152 at a greater resistance value.
In FIG. 3, the controller 156A determines the binary code for controlling the variable resistive
device 152 based on an SAR approach.

[0045] For example, at time Ty, the controller 156A sets the first bit from the most-
significant-bit (MSB) side of the binary code for controlling the variable resistive device 152 at 1
and leaves the other bits at 0 (hence, 10000,), which roughly corresponds to the mid-value of the
range of the resistance value of the variable resistive device 152, After time Ty, the voltage level
at the first output node Ny is greater than the voltage level at the second output node Nop.

Thus, the comparator 154A outputs the second logic level as the detection result Q.
Accordingly, the controller 156A leaves the first bit from the MSB side of the binary code at 1
and sets the second bit from the MSB side of the binary code at 1 (hence, 11000,) for the next
iteration in order to increase the resistance value of the variable resistive device 152.

[0046] At time T), the controller 156A sets the binary code at 11000, to increase the
resistance value of the variable resistive device 152, which in turn decreases the voltage level at
the input node Ny and thus decreases the voltage level at the output node Non. After time Ty,
the voltage level at the first output node Noy is still greater than the voltage level at the second
output node Npp. Thus, the comparator 154A outputs the second logic level as the detection
result Q. Accordingly, the controller 156A leaves the second bit from the MSB side of the
binary code at 1 and set the third bit from the MSB side of the binary code at 1 (hence, 11100,)

for the next iteration in order to increase the resistance value of the variable resistive device 152.
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[0047] Attime Ty, the controller 156A sets the binary code at 11100, to increase the
resistance value of the variable resistive device 152, which in turn decreases the voltage level at
the input node Ny and thus decreases the voltage level at the output node Non. After time Ts,
the voltage level at the first output node Noy becomes less than the voltage level at the second
output node Npp. Thus, the comparator 154A outputs the first logic level as the detection result
Q. Accordingly, the controller 156A reverts the third bit from the MSB side of the binary code
to 0 and set the fourth bit from the MSB side of the binary code at 1 (hence, 11010,) for the next
iteration in order to increase the resistance value of the variable resistive device 152.

[0048] Attime T, the controller 156A sets the binary code at 11010, to decrease the
resistance value of the variable resistive device 152, which in turn increases the voltage level at
the input node Ny and thus increases the voltage level at the output node Non. After time Ts, the
voltage level at the first output node Noy is still less than the voltage level at the second output
node Nop. Thus, the comparator 154 A outputs the first logic level as the detection result Q.
Accordingly, the controller 156A reverts the fourth bit from the MSB side of the binary code to 0
and set the fifth bit from the MSB side, which is also the first bit from the least-significant-bit
(LSB) side, of the binary code at 1 (hence, 11001,) for the next iteration in order to increase the
resistance value of the variable resistive device 152.

[0049] At time Ty, the controller 156A sets the binary code at 11001, to decrease the
resistance value of the variable resistive device 152, which in turn increases the voltage level at
the input node Nyy and thus increases the voltage level at the output node Non. After time Ty, the
voltage level at the first output node Ny becomes greater than the voltage level at the second
output node Npp. Thus, the comparator 154A outputs the second logic level as the detection
result Q. Accordingly, the controller 156A leaves the first bit from the LSB side of the binary
code at 1.

[0050] In this example, the binary code for setting the resistance value of the variable
resistive device 152 is thus determined to be 11001,. In some examples, the controller 154A
further stores the determined binary code in a storage device, disposed either inside the controller
154A or outside the controller 154A. As such, when the amplification circuit 140A is in the
operation mode, the controller 156 sets the resistance value of the variable resistive device 152
based on a the stored binary code that is determined during the period when the amplification

circuit 140A is in the calibration mode.
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[0051] FIG. 4 shows a circuit schematic diagram of an audio sensor 110 and an
amplification circuit 140B according to another embodiment of the disclosure. The
amplification circuit 140B corresponds to the amplification circuit 140 in FIG. 1. The
components in FIG. 4 that are the same or similar to those in FIG. 1 are given the same reference
numbers, and detailed repetitive description thereof is thus omitted.

[0052] The amplification circuit 140B includes an analog-to-digital converter (ADC)
410, a digital filter 420, and a controller 156B. The combination of the ADC 410 and the digital
filter 420 functions as a DC voltage difference detector 154B that corresponds to the DC voltage
difference detector 154 in FIG. 1. The controller 156B that corresponds to the controller 156 in
FIG. 1.

[0053] When the amplification circuit 140B is in the calibration mode, in some examples,
the ADC 410 generates a digital value D corresponding to a voltage difference between the first
output node Noy and the second output node Nop. When the amplification circuit 140A is in the
calibration mode, in some examples, the digital filter 420 extracts a DC component
corresponding to the output DC voltage difference between the first output node Noy and the
second output node Nop as the detection result Q. In some examples, the digital filter 420 only
outputs the polarity of the extracted DC component corresponding to the output DC voltage
difference as the detection result Q.

[0054] In some examples, when the amplification circuit 140B is in the operational
mode, the ADC 410 is either disabled or used as an ADC for processing the amplified audio
signal from the first output node Non and the second output node Nop.

[0055] In some examples, the ADC 410 is a Delta-Sigma Modulation ADC. In some
other examples, the ADC 410 can be other types of ADC, such as a flash ADC, an SAR ADC, a
ramp-compared ADC, or any other suitable types of ADC.

[0056] In some examples, when the amplification circuit 140B is in the calibration mode,
the controller 156B sets the resistance value of the variable resistive device 152 by determining
the binary code carried by the control signals CTRL. In some examples, when the digital filter
420 only outputs the polarity of the extracted DC component corresponding to the output DC
voltage difference as the detection result Q, the controller 156B determines the binary code, from
the most-significant bit to the least significant bit, based on a successive approximation (SAR)

approach in a manner similar to the example illustrated in FIGS. 2 and 3. In some examples,
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when the digital filter 420 outputs the extracted DC component value as the detection result Q,
the controller 156B calculates the binary code based on a predetermined equation or a
predetermined look-up table.

[0057] FIG. 5 shows a circuit schematic diagram of an audio sensor 110 and an
amplification circuit 140C according to another embodiment of the disclosure. The
amplification circuit 140C corresponds to the amplification circuit 140 in FIG. 1. The
components in FIG. 5 that are the same or similar to those in FIG. 1 or FIG. 4 are given the same
reference numbers, and detailed repetitive description thereof is thus omitted.

[0058] The amplification circuit 140C includes an analog-to-digital converter (ADC)
410, a gain adjuster 520, and a controller 156C. The combination of the ADC 410 and the gain
adjuster 520 functions as a DC voltage difference detector 154C that corresponds to the DC
voltage difference detector 154 in FIG. 1. The controller 156C that corresponds to the controller
156 in FIG. 1.

[0059] In some examples, when the amplification circuit 140C is in the operational
mode, the ADC 410 is either disabled or used as an ADC for processing the amplified audio
signal from the first output node Non and the second output node Nop. In some examples, when
the amplification circuit 140C is in the operation mode, the gain adjuster 520 is either disabled or
used as a gain adjuster for programming the voltage gain of the amplification circuit 140C.

[0060] When the amplification circuit 140C is in the calibration mode, the gain adjuster
520 sets the voltage gain of the amplification circuit 140C at a unit gain (i.e., the amplification
gain is set to one) by setting the resistance values of the resistive devices 144, 145, 146, and 147.
In some examples, the ADC 410 generates a digital value D corresponding to a voltage
difference between the first output node Noy and the second output node Nop. Inasmuch as the
voltage gain of the amplification circuit 140C is set to the unit gain, the digital value D also
represents a voltage difference between the first input node Njp and the second input node Ny.
In some examples, the ADC 140 outputs the digital value D as the detection result Q or outputs
the polarity of the digital value D as the detection result Q.

[0061] In some examples, when the amplification circuit 140C is in the calibration mode,
the controller 156C sets the resistance value of the variable resistive device 152 by determining
the binary code carried by the control signals CTRL. In some examples, when the ADC 410
outputs the polarity of the digital value D as the detection result Q, the ADC 410 functions as the
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comparator 154A in FIG. 2. In such scenario, the controller 156C determines the binary code,
from the most-significant bit to the least significant bit, based on a successive approximation
(SAR) approach in a manner similar to the example illustrated in FIGS. 2 and 3. In some
examples, when the ADC 410 outputs the digital value D as the detection result Q, the controller
156C calculates the binary code based on a predetermined equation or a predetermined look-up
table.

[0062] FIG. 6 shows a circuit schematic diagram of an audio sensor 110 and an
amplification circuit 140D according to another embodiment of the disclosure. The
amplification circuit 140D corresponds to the amplification circuit 140 in FIG. 1. The
components in FIG, 6 that are the same or similar to those in FIG. 1 are given the same reference
numbers, and detailed repetitive description thereof is thus omitted.

[0063] The amplification circuit 140D includes a controller 156D that corresponds to the
controller 156 in FIG. 1. The amplification circuit 140D further includes another variable
resistive device 652 that is electrically coupled between the first input node Njp and another
reference voltage node NVggrr. An electrical path is thus defined from the reference voltage
node NVggpy to the first supply voltage node NVpas through the variable resistive device 652,
the resistive device 144, and the resistive device 114. Thus, in some examples, the resistive
device 144 is electrically coupled with the reference voltage node NVggrr, through the variable
resistive device 652 and is electrically coupled with the first supply voltage node NVpgjas through
the audio sensor 110.

[0064] The reference voltage node NVggp, is configured to receive a reference voltage
VrerL. In some examples, a voltage level of the reference voltage Vrgry, is less than the voltage
level of the supply voltage Vgias. In some examples, the reference voltage node NVggpy, is
electrically coupled with the second supply voltage node NVgnp and receives the ground
reference voltage Vgnp as the reference voltage Vrgrr. Therefore, in some examples, the
variable resistive device 652 is also electrically coupled with the second supply voltage node
NVenp.

[0065] A resistance value of the variable resistive device 652 is set to adjust the input DC
voltage difference between the first input node Nyp and the second input node Ny of the
amplifier 142 based on the output DC voltage difference between the first output node Noy and

the second output node Nop of the amplifier 142, In some examples, a range of the resistance
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values of the variable resistive device 652 is determined based on the resistance values of the
microphone 112, the resistive devices 114, 116, and 144, and the voltage levels of the supply
voltage Vgias and the reference voltage Vrgr. In some examples, the range of the resistance
value of the variable resistive device 652 is set to overlap with resistance value R1. In at least
one example, the range of the resistance value of the variable resistive device 652 is set to
overlap with a range from 0.9xR1 to 1.1xR1. In some examples, the range of the resistance
value of the variable resistive device 652 is set to be substantially the same as the range of the
resistance value of the variable resistive device 152.

[0066] The controller 156D is configured to set the resistance value of the variable
resistive device 152 via one or more control signals CTRL as illustrated above in conjunction
with FIGS. 1-5. The controller 156D is also configured to set the resistance value of the variable
resistive device 652 via one or more control signals CTRL’ in a manner similar to that of setting
the resistance value of the variable resistive device 152. When the amplification circuit 140D is
in a calibration mode, the controller 156D actively adjusts the resistance value of the variable
resistive device 152 and the resistance value of the variable resistive device 652 based on the
detection result Q in order to minimize the input DC voltage difference between the first input
node Nip and the second input node Ny of the amplifier 142. In contrast, when the amplification
circuit 140D is in an operational mode, in some examples, the controller 156D sets the resistance
value of the variable resistive device 152 via the one or more control signals CTRL and sets the
resistance value of the variable resistive device 652 via the one or more control signals CTRL’
based on a set of stored parameters, which is determined during a duration that the amplification
circuit 140D is in the calibration mode.

[0067] When the amplification circuit 140D is in the calibration mode, in some
examples, the controller 156D adjusts the resistance value of the variable resistive device 152
and the resistance value of the variable resistive device 652 separately or jointly. When the
amplification circuit 140D is in the calibration mode, in some examples, the controller 156D
adjusts the resistance value of the variable resistive device 152 and the resistance value of the
variable resistive device 652 based on a same approach illustrated above in conjunction with
FIGS. 1-5. In some examples, the controller 156D adjusts the resistance value of the variable
resistive device 152 and the resistance value of the variable resistive device 652 each based on a

different approach illustrated above in conjunction with FIGS. 1-5. Detailed description of
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adjusting the resistance value of the variable resistive device 152 and the resistance value of the
variable resistive device 652 is thus omitted.

[0068] In some examples, instead of using the variable resistive device 152 or both the
variable resistive device 152 and the variable resistive device 652 to control the input DC voltage
difference between input nodes N and Ny, an amplification circuit 140D relies on using only
the variable resistive device 652. In such case, the variable resistive device 152, the one or more
control signals CTRL, and the reference voltage node NVggpy is omitted.

[0069] FIG. 7 shows a flow chart outlining an example process 700 for adjusting an input
DC voltage difference between first and second input nodes of an amplifier of an amplification
circuit according to an embodiment of the disclosure. In an example, the process 700 is
performed by the amplification circuit 140 in FIG. 1 or the amplification circuit 140A-140D as
illustrated above. The process 700 starts at S701 and proceeds to S710.

[0070] At S710, a reference voltage is applied to a reference voltage node. A variable
resistive device is electrically coupled between the reference voltage node and an input node of
the amplification circuit. For example, in the amplification circuit 140D (FIG. 6), a reference
voltage Vrery is applied to the reference voltage node NVggpy or a reference voltage Vrgrr is
applied to the reference voltage node NVrgrL. In some examples, the reference voltage node
NVrern receives the supply voltage Vgias as the reference voltage Vrern. In some examples, the
reference voltage node NVggrL receives the ground reference voltage Vnp as the reference
voltage VggrL.

[0071] At S720, a determination with respect to whether the amplification circuit is in an
operational mode or in a calibration mode is made. When the amplification circuit is in the
operational mode, the process proceeds to S730. When the amplification circuit is in the
calibration mode, the process proceeds to S740.

[0072] At S730, when the amplification circuit is in the operational mode, a resistance
value of the variable resistive device is set based on a set of stored settings. For example, the
resistance value of the variable resistive device 152 or the resistance value of the variable
resistive device 652 is set by the controller 156D based on a set of stored settings, such as one or
more binary codes stored in a storage device.

[0073] At S740, when the amplification circuit is in the calibration mode, a detection

result indicating the output DC voltage difference between a first output node and a second
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output node of the amplifier is generated. For example, a detection result Q indicating the output
DC voltage difference between the first output node Non and the second output node Ngp of the
amplifier 142 is generated by a DC voltage difference detector 154. In some examples, the DC
voltage difference detector 154 generates the detection result Q based on any one of the
approaches illustrated in conjunction with FIGS. 1-6 or a suitable variation thereof,

[0074] At S750, when the amplification circuit is in the calibration mode, the resistance
value of the variable resistive device is set based on the detection result. For example, the
resistance value of the variable resistive device 152 or the resistance value of the variable
resistive device 652 is set by the controller 156 or 156A-156D based on the detection result Q.
In some examples, the controller 156 or 156A-156D sets the resistance value of the variable
resistive device 152 or the resistance value of the variable resistive device 652 based on any one
of the approaches illustrated in conjunction with FIGS. 1-6 or a suitable variation thereof.

[0075] In some examples, after S750, the process proceeds back to S740 in order to
refine the resistance value of the variable resistive device using a plurality of iteration by
repetitively performing S740 and S750.

[0076] After S730, or after S750 when the resistance value of the variable resistive
device has been determined, the process proceeds to S799 and terminates.

[0077] While aspects of the present disclosure have been described in conjunction with
the specific embodiments thereof that are proposed as examples, alternatives, modifications, and
variations to the examples may be made. Accordingly, embodiments as set forth herein are
intended to be illustrative and not limiting. There are changes that may be made without

departing from the scope of the claims set forth below.
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WHAT IS CLAIMED IS:

1. An amplification circuit, comprising:
an amplifier configured to amplify first and second input electrical signals, the amplifier
including;:
first and second input nodes configured to receive the first and second input
electrical signals; and
first and second output nodes configured to output first and second output
electrical signals having amplified voltages relative to the first and second input electrical
signals; and
a first variable resistive device electrically coupled to the second input node of the
amplifier, the first variable resistive device being configured to have a selected resistance value
to compensate for a direct current (DC) voltage difference between the first and second input
electrical signals, based on a DC voltage difference between first and second output electrical

signals that are output from the first and second output nodes of the amplifier.

2. The amplification circuit of claim 1, further comprising a first reference voltage node
configured to receive a first reference voltage, wherein the first variable resistive device is
electrically coupled between the second input node of the amplifier and the first reference

voltage node.

3. The amplification circuit of claim 1, further comprising:

a DC voltage difference detector configured to generate a detection result indicating the
DC voltage difference between the first and second output electrical signals; and

a controller configured to determine a set of settings, for setting the resistance value of
the first variable resistive device, based on the detection result when the amplification circuit is

in a calibration mode.

4. The amplification circuit of claim 3, wherein
the set of settings for setting the resistance value of the first variable resistive device

includes a binary code, and
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the controller is configured to determine the binary code based on a successive

approximation approach.

5. The amplification circuit of claim 3, wherein the DC voltage difference detector
comprises a comparator configured to

compare a voltage level of the first output electrical signal at the first output node of the
amplifier and a voltage level of the second output electrical signal at the second output node of
the amplifier, and

generate a comparison result from comparing the respective voltage levels of the first
output electrical signal and the second output electrical signal, and to apply the comparison result

as the detection result.

6. The amplification circuit of claim 3, wherein the DC voltage difference detector
comprises:

an analog-to-digital converter configured to generate a digital value corresponding to a
voltage difference between voltage at the first output node of the amplifier and voltage at the
second output node of the amplifier; and

a digital filter configured to extract a DC component corresponding to the DC voltage

difference between the first and second output electrical signals as the detection result.

7. The amplification circuit of claim 3, wherein
the DC voltage difference detector comprises an analog-to-digital converter configured to
generate a digital value corresponding to a voltage difference between the first output node of the
amplifier and the second output node of the amplifier; and
the controller is configured to
calculate a set of settings for setting the resistance value of the first variable
resistive device based on the digital value when the amplification circuit is in the
calibration mode and a voltage gain of the amplification circuit is set to a unit gain, and
set the resistance value of the first variable resistive device based on the

calculated set of settings.
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8. The amplification circuit of claim 1, further comprising:

a second variable resistive device electrically coupled to the first input node of the
amplifier, the second variable resistive device being configured to have a selected resistance
value to compensate for the DC voltage difference between the first and second input electrical
signals, based on the DC voltage difference between the first and second output electrical signals

that are output from the first and second output nodes of the amplifier.

9. The amplification circuit of claim 8, further comprising a second reference voltage
node configured to receive a second reference voltage, wherein the second variable resistive
device is electrically coupled between the first input node of the amplifier and the second

reference voltage node.

10. An audio sensing circuit, comprising:
an audio sensor electrically coupled between first and second supply voltage nodes;
an amplifier configured to amplify first and second input electrical signals, the amplifier
including:
first and second input nodes configured to receive the first and second input
electrical signals,
first and second output nodes configured to output first and second output
electrical signals having amplified voltages relative to the first and second input electrical
signals;
a first set of resistive devices electrically coupled between the second input node of the
amplifier and the second supply voltage node through the audio sensor; and
a variable resistive device electrically coupled to the second input node of the amplifier,
the variable resistive device being configured to have a selected resistance value to compensate
for a direct current (DC) voltage difference between the first and second input electrical signals
based on a DC voltage difference between the first and second output electrical signals that are

output from the first and second output nodes of the amplifier.

11. The audio sensing circuit of claim 10, wherein the variable resistive device is
electrically coupled between the second input node of the amplifier and the first supply voltage

node.
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12. The audio sensing circuit of claim 10, further comprising:

a DC voltage difference detector configured to generate a detection result indicating the
DC voltage difference between the first and second output electrical signals; and

a controller configured to determine a set of settings, for setting the resistance value of
the variable resistive device, based on the detection result when the audio sensing circuit is in a

calibration mode.

13. The audio sensing circuit of claim 12, wherein

the set of settings for setting resistance value of the variable resistive device includes a
binary code, and

the controller is configured to determine the binary code based on a successive

approximation approach.

14. The audio sensing circuit of claim 12, wherein the DC voltage difference detector
comprises a comparator configured to

compare a voltage level of the first output electrical signal at the first output node of the
amplifier and a voltage level of the second output electrical signal at the second output node of
the amplifier, and

generate a comparison result from comparing the respective voltage levels of the first
output electrical signal and the second output electrical signal, and to apply the comparison result

as the detection result.

15. The audio sensing circuit of claim 12, wherein the DC voltage difference detector
comprises:

an analog-to-digital converter configured to generate a digital value corresponding to a
voltage difference between voltage at the first output node of the amplifier and voltage at the
second output node of the amplifier; and

a digital filter configured to extract a DC component corresponding to the DC voltage
difference between the first and second output el3ectircla signals, and to output the extracted DC

component as the detection result.



WO 2017/007869 PCT/US2016/041224
21

16. The audio sensing circuit of claim 12, wherein
the DC voltage difference detector comprises an analog-to-digital converter configured to
generate a digital value corresponding to a voltage difference between the first output node of the
amplifier and the second output node of the amplifier; and
the controller is configured to
calculate a set of settings for setting the resistance value of the variable resistive
device based on the digital value when the audio sensing circuit is in the calibration mode
and a voltage gain of the audio sensing circuit is set to a unit gain, and
set the resistance value of the variable resistive device based on the calculated set

of settings.

17. A method of adjusting an input direct current (DC) voltage difference between first
and second input electrical signals at first and second input nodes of an amplifier of an
amplification circuit, the method comprising:

generating a detection result indicating a DC voltage difference between first and second
output electrical signals that are output from first and second output nodes of the amplifier; and

setting a variable resistive device electrically coupled to the second input node of the
amplifier to have a selected resistance value to compensate for the DC voltage difference
between the first and second input electrical signals at the first and second input nodes of the
amplifier based on the DC voltage difference between the first and second output electrical

signals that are output from the first and second output nodes of the amplifier.

18. The method of claim 17, further comprising applying a reference voltage to a
reference voltage node, the variable resistive device being electrically coupled between the

reference voltage node and the second input node of the amplification circuit.

19. The method of claim 17, further comprising:

generating a detection result indicating the DC voltage difference between the first and
second output electrical signals; and

determining a set of settings, for setting the resistance value of the variable resistive

device, based on the detection result when the amplification circuit is in a calibration mode.
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20. The method of claim 19, wherein

the set of settings for setting resistance value of the variable resistive device includes a
binary code, and

the method further comprises determining the binary code for setting the resistance value

of the variable resistive device based on a successive approximation approach.
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