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SWITCH IN FIRST SET OF MILLER CAPACITORS BETWEEN
RESPECTIVE QUTPUTS AND RESPECTIVE INPUTS OF DIFFERENTIAL | 1005
AMPLIFIER CIRCUIT DURING FIRST PHASE OF OPERATION Y

¥
SWITCH IN SECOND SET OF MILLER CAPACITORS BETWEEN
RESPECTIVE QUTPUTS AND RESPECTIVE INPUTS OF DIFFERENTIAL | 1010
AMPLIFIER CIRCUIT DURING SECOND PHASE OF OPERATION e

SWITCH OUT FIRST SET OF MILLER CAPACITORS FROM RESPECTIVE
OUTPUTS AND RESPECTIVE INPUTS OF DIFFERENTIAL AMPLIFIER 1015
CIRCUIT DURING SECOND PHASE OF OPERATION e

k
SWITCH OUT SECOND SET OF MILLER CAPACITORS FROM
RESPECTIVE OQUTPUTS AND RESPECTIVE INPUTS OF DIFFERENTIAL 1026
AMPLIFIER CIRCUIT DURING FIRST PHASE OF OPERATION v

¥

CPERATE BOTH FIRST AND SECOND QUTPUT STAGE DIFFERENTIAL
AMPLIFIER CIRCUITS IN PARALLEL DURING SECOND PHASE

1025

¥
SELECTIVELY COUPLE QUTPUT SIDE OF SECOND SET OF MILLER
CAPACITORS WITH RESPECTIVE INPUTS OF ADC CIRCUIT TO PRE- 1030
CHARGE ADC CIRCUIT DURING FIRST PHASE e

¥
SELECTIVELY INVERT POLARITY OF OUTRUTS OF DIFFERENTIAL
AMPLIFIER CIRCUIT RELATIVE TO INFUTS OF ADC CIRCUIT DURING 1035
ALTERNATE SUCCESSIVE SECOND PHASES -

¥
SELECTIVELY COUPLE OUTPUTS OF SECOND OUTPUT STAGE
DIFFERENTIAL AMPLIFIER CIRCUIT WITH RESPECTIVE INPUTS OF ADC | 1040
CIRCUIT A

PRE-CHARGE ADC CIRGUIT BY SECOND OUTPUT STAGE
DIFFERENTIAL AMPLIFIER CIRCUIT DURING PRE-CHARGE PORTION OF | 1045
SECOND PHASE .

¥
DECOUPLE QUTPUTS OF SECOND OUTPUT STAGE DIFFERENTIAL
AMPLIFIER CIRCUIT FROM INPUTS OF ADRC CIRCUIT DURING SETTLING | 105G
PORTION OF SECOND PHASE 7

¥
AMPLIFY INPUT DIFFERENTIAL SIGNAL BY INPUT STAGE
DIFFERENTIAL AMPLIFIER CIRCUIT PRIOR TQ BEING INPUT TO 10585
OUTPUT STAGE DIFFERENTIAL AMPLIFIER CIRCUIT e

COUPLE INPUTS OF OUTPUT STAGE DIFFERENTIAL AMPLIFIER
CIRCUIT WITH QUTPUTS OF INPUT STAGE DIFFERENTIAL AMPLIFIER 1080
CIRCUIT DURING FINE SETTLING PORTION OF SECOND PHASE A
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CIRCUIT DURING FIRST PHASE ./

¥
SELECTIVELY COUPLE StET OF INPUT CAPACITORS BETWEEN
RESFECTIVE INPUTS OF INPUT STAGE DIFFERENTIAL CIRCUIT AND 1070
RESPECTIVE QUTPUTS OF UNITY GAIN BUFFER DURING FIRST PHASE |7

v

CHARGE SET OF INPUT CAPACITORS BY RESPECTIVE UNITY GAIN
BUFFER CIRCUITS DURING FIRST PHASE

1075

v

SELECTIVELY COUPLE ALTERNATIVE ONE OF UNITY GAIN BUFFER

CIRCUITS AND RESPECTIVE CAFPACITIVE GAIN AMPLIFIER CIRCUIT

INPUTS WITH ALTERNATING INPUTS OF INPUT STAGE DIFFERENTIAL | 1080
AMPLIFIER CIRCUIT DURING SUCCESSIVE SECOND PHASES -

¥
SELECTIVELY SWITCH IN SET OF FEEDBACK CAPACITORS BETWEEN
RESPECTIVE INPUTS OF INPUT STAGE DIFFERENTIAL AMPLIFIER
CIRCUIT AND RESPECTIVE QUTPUTS OF OUTPUT STAGE
DIFFERENTIAL AMPLIFIER CIRCUIT EXCEPT DURING ALTERNATING 1083
FIRST PHASES /

¥

SELECTIVELY SWITCH QUT SET OF FEEDBACK CAPACITORS FROM
RESPECTIVE OUTPUTS OF QUTPUT STAGE DIFFERENTIAL AMPLIFIER
CIRCUIT DURING ALTERNATING FIRST PHASES }099

¥
DECOUPLE QUTPUTS OF FIRST OUTPUT STAGE DIFFERENTIAL
AMPLIFIER CIRCUIT FROM ADC CIRCUIT AND PRE-CHARGE ADC BY
SECOND QUTPUT STAGE DIFFERENTIAL AMPLIFIER CIRCUIT DURING | 1095
FIRST PHASE e
¥
COUPLE QUTPUTS OF FIRST OUTPUT STAGE DIFFERENTIAL
AMPLIFIER CIRCUIT WITH IMPEDANCE NETWORK AT INFUT OF ADC
CIRCUIT AND DECOUPLE SECOND OUTPUT STAGE DIFFERENTIAL 1097
AMPLIFIER CIRCUIT FROM ADC CIRCUIT DURING SECOND PHASE L7
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FAST SETTLING CAPACITIVE GAIN
AMPLIFIER CIRCUIT

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/385,761, filed Sep. 9, 2016, which
is hereby incorporated by reference herein in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the field of capaci-
tive gain amplifier circuits.

BACKGROUND

[0003] A typical capacitive gain amplifier chops an input
signal by alternating between two chopping (CHP) amplity
phases with the second CHP phase having a polarity of the
amplified signal inverted compared to the first CHP phase.
The output of the capacitive gain amplifier circuit may be
input to an analog to digital converter (ADC) circuit to be
converted from analog to digital. Accuracy of conversion
improves when the final voltage of the output from the
capacitive gain amplifier circuit is well settled to the correct
final value before the ADC circuit takes a sample for
conversion. It is thus desirable for high frequency periodic
sampling of signals that the capacitive gain amplifier circuit
settle its output voltage to an accurate final value rapidly. A
maximum sampling rate or frequency of the capacitive gain
amplifier circuit is limited by how quickly the amplified
sample values settle to an accurate final value.

[0004] Miller capacitors are placed across the differential
amplifiers of a capacitive gain amplifier circuit from the
input to the output in order to stabilize the amplifiers. A
Miller capacitor’s capacitance value is recognized as a
different value of capacitance at the amplifier’s input and
output nodes than the face value of the capacitor according
to the Miller effect. The Miller capacitor adds a dominant
left-half plane pole to the frequency response of the ampli-
fier according to its Miller capacitance to stabilize or com-
pensate the amplifier. However, slewing of the Miller
capacitor during chopping between the two CHP phases in
a conventional capacitive gain amplifier may limit its speed
of operation.

SUMMARY OF THE DISCLOSURE

[0005] This overview is intended to provide an overview
of subject matter of the present patent application. It is not
intended to provide an exclusive or exhaustive explanation
of the invention. The detailed description is included to
provide further information about the present patent appli-
cation.

[0006] According to an embodiment, a capacitive gain
amplifier circuit includes two sets of Miller capacitors. A
first set of Miller capacitors is used to compensate a differ-
ential amplifier circuit during a first phase that resets the
differential amplifier circuit. The second set of Miller
capacitors is used to compensate the differential amplifier
circuit during a second phase that chops a signal being
amplified by the differential amplifier circuit. The second set
of Miller capacitors is swapped from one polarity of the
differential amplifier circuit to an opposite polarity of the
differential amplifier circuit during successive second
phases.
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[0007] According to an embodiment, a capacitive gain
amplifier circuit includes two sets of Miller capacitors and
two output stage differential amplifier circuits. A first set of
Miller capacitors is used to compensate the first output stage
differential amplifier circuit during a first phase that resets
the first output stage differential amplifier circuit. The sec-
ond set of Miller capacitors is used to compensate the first
output stage differential amplifier circuit during a second
phase that chops a signal being amplified. The second set of
Miller capacitors is swapped from one polarity to an oppo-
site polarity of the first output stage differential amplifier
circuit during successive second phases. A second output
stage differential amplifier circuit includes a set of inputs
respectively coupled with an input side of the second set of
Miller capacitors and a set of outputs respectively coupled
with a corresponding output side of the second set of Miller
capacitors.

[0008] According to an embodiment, a capacitive gain
amplifier circuit is to amplify an input signal by a pair of
differential amplifier circuits coupled in parallel. The capaci-
tive gain amplifier circuit includes a first output stage
differential amplifier circuit and a second output stage
differential amplifier circuit. The first output stage differen-
tial amplifier circuit includes a set of inputs and a set of
outputs. The capacitive gain amplifier circuit also includes a
first set of Miller capacitors selectively switched in between
respective outputs and respective inputs of the first output
stage differential amplifier circuit during a first phase that
resets the first output stage differential amplifier circuit, and
a second set of Miller capacitors selectively switched in
between respective outputs and respective inputs of the first
output stage differential amplifier circuit during a second
phase that chops a signal being amplified by the first output
stage differential amplifier circuit. The second set of Miller
capacitors is selectively switched in to alternating inputs of
the first output stage differential amplifier circuit during
successive second phases. The second output stage differ-
ential amplifier circuit includes a set of inputs selectively
coupled with the inputs of the first output stage differential
amplifier circuit and a set of outputs selectively coupled with
the outputs of the first output stage differential amplifier
circuit during the second phase.

[0009] According to an embodiment, a capacitive gain
amplifier circuit includes a differential amplifier circuit,
including a set of inputs and a set of outputs. The capacitive
gain amplifier circuit also includes a first set and a second set
of Miller capacitors. The first set of Miller capacitors is
selectively switched in between respective outputs and
respective inputs of the differential amplifier circuit during
a first phase that resets the differential amplifier circuit. The
second set of Miller capacitors is selectively switched in
between respective outputs and respective inputs of the
differential amplifier circuit during a separate second phase
that chops a signal being amplified by the differential
amplifier circuit. The second set of Miller capacitors is
selectively switched in to alternating inputs of the differen-
tial amplifier circuit during successive second phases.

[0010] According to an embodiment, a method of capaci-
tive gain amplification is to amplify an input signal by a pair
of differential amplifier circuits coupled in parallel. The
method includes switching in a first set of Miller capacitors
between respective outputs and respective inputs of the first
output stage differential amplifier circuit during a first phase
that resets the first output stage differential amplifier circuit,
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and switching in a second set of Miller capacitors between
respective outputs and respective inputs of the first output
stage differential amplifier circuit during a second phase that
chops a signal being amplified by the first output stage
differential amplifier circuit. The switching in of the second
set of Miller capacitors is to alternating inputs of the first
output stage differential amplifier circuit during successive
second phases. The method also includes operating both the
first output stage differential amplifier circuit and the second
output stage differential amplifier circuit during the second
phase, the second output stage differential amplifier circuit
having inputs selectively coupled with the inputs of the first
output stage differential amplifier circuit and a set of outputs
selectively coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.

[0011] According to an embodiment, a method of capaci-
tive gain amplification using a differential amplifier circuit
includes switching in a first set of Miller capacitors between
respective outputs and respective inputs of the differential
amplifier circuit during a first phase that resets the differ-
ential amplifier circuit, and switching in a second set of
Miller capacitors between respective outputs and respective
inputs of the differential amplifier circuit during a separate
second phase that chops a signal being amplified by the
differential amplifier circuit. The switching in of the second
set of Miller capacitors is to alternating inputs of the
differential amplifier circuit during successive second
phases.

[0012] According to an embodiment, a capacitive gain
amplifier circuit amplifies an input signal by a pair of
differential amplifier circuits coupled in series. The capaci-
tive gain amplifier includes a first differential amplifier
circuit having a set of inputs and a set of outputs, and a
second differential amplifier circuit having a set of inputs
and a set of outputs. The capacitive gain amplifier circuit
also includes a first set of switches to selectively disconnect
the second differential amplifier circuit from the first differ-
ential amplifier circuit during a first phase that resets the first
differential amplifier circuit, and selectively connect the
second differential amplifier circuit with the first differential
amplifier circuit in series during a second phase that ampli-
fies a signal by the first differential amplifier circuit and the
second differential amplifier circuit together in series. The
capacitive gain amplifier circuit also includes a set of
feedback capacitors, selectively switched in between respec-
tive outputs of the second differential amplifier circuit and
respective inputs of the first differential amplifier circuit
during the second phase.

[0013] According to an embodiment, a method of capaci-
tive gain amplification uses a first differential amplifier
circuit selectively coupled in series with a second differen-
tial amplifier circuit. The method includes selectively dis-
connecting the second differential amplifier circuit from the
first differential amplifier circuit by a first set of switches
during a first phase that resets the first differential amplifier
circuit, selectively connecting the second differential ampli-
fier circuit with the first differential amplifier circuit in series
by the first set of switches during a second phase that
amplifies a signal by the first differential amplifier circuit
and the second differential amplifier circuit together in
series, and selectively switching in a set of feedback capaci-
tors between respective outputs of the second differential
amplifier circuit and respective inputs of the first differential
amplifier circuit during the second phase.
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[0014] According to an embodiment, a capacitive gain
amplifier circuit amplifies an input signal by a pair of
differential amplifier circuits coupled in series. The capaci-
tive gain amplifier circuit includes a first differential ampli-
fier circuit having a set of inputs and a set of outputs, a
second differential amplifier circuit having a set of inputs
and a set of outputs, and a set of input capacitors coupled
with respective inputs of the first differential amplifier
circuit. The set of input capacitors have inputs selectively
switched to provide a common mode input voltage to the set
of inputs of the first differential amplifier circuit during a
first phase that resets the first differential amplifier circuit,
and to provide a differential input voltage from respective
inputs of the capacitive gain amplifier circuit to the set of
inputs of the first differential amplifier circuit during a
second phase that amplifies a signal by the first differential
amplifier circuit and the second differential amplifier circuit
together in series. The capacitive gain amplifier circuit also
includes a set of feedback capacitors selectively switched in
between respective outputs of the second differential ampli-
fier circuit and respective inputs of the first differential
amplifier circuit during the second phase, and a set of Miller
capacitors configured to couple between respective outputs
and respective inputs of the second differential amplifier
circuit. The capacitive gain amplifier circuit also includes a
first chopper circuit coupled between the set of outputs of the
first differential amplifier circuit and an input side of the set
of Miller capacitors to selectively disconnect the set of
inputs of the second differential amplifier circuit from the set
of outputs of the first differential amplifier circuit during the
first phase, selectively connect the set of inputs of the second
differential amplifier circuit with the set of outputs of the
first differential amplifier circuit during the second phase,
and swap the set of Miller capacitors relative to a differential
signal polarity of the first differential amplifier circuit during
alternating second phases. The capacitive gain amplifier
circuit also includes a second chopper circuit coupled
between an output side of the set of Miller capacitors and
respective output sides of the set of feedback capacitors to
selectively disconnect the set of outputs of the second
differential amplifier circuit from the respective output sides
of the set of feedback capacitors during the first phase,
selectively connect the set of outputs of the second differ-
ential amplifier circuit with the respective output sides of the
set of feedback capacitors during the second phase, and
swap the set of Miller capacitors relative to a differential
signal polarity of the first differential amplifier circuit during
alternating second phases. The capacitive gain amplifier
circuit also includes a set of first switches to couple the set
of outputs of the second differential amplifier circuit with a
set of inputs of an analog to digital converter (ADC) circuit
to at least partially charge the set of inputs of the ADC circuit
during the first phase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a circuit schematic that illustrates a
two-stage Miller compensated amplifier circuit having two
cascaded differential amplifier circuits and two groups of
output stage Miller capacitors, according to an embodiment.

[0016] FIG. 2 is a timing diagram showing signal values
vs. time during different phases of the two-stage Miller
compensated amplifier circuit shown in FIG. 1, according to
an embodiment.
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[0017] FIGS. 3A-3C are a circuit schematic that illustrates
a capacitive gain amplifier circuit having a split output stage
and two groups of output stage Miller capacitors, according
to an embodiment.

[0018] FIG. 4 is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit of FIGS. 3A-3C, according to an embodiment.
[0019] FIGS. 5A-5C are a circuit schematic that illustrates
the capacitive gain amplifier circuit of FIGS. 3A-3C during
the common mode sample or autozero (CMS) phase, accord-
ing to an embodiment.

[0020] FIGS. 6 A-6C are a circuit schematic that illustrates
the capacitive gain amplifier circuit of FIGS. 3A-3C during
the pre-charge phase after the CMS phase, according to an
embodiment.

[0021] FIGS. 7A-7C are a circuit schematic that illustrates
the capacitive gain amplifier circuit of FIGS. 3A-3C during
the pre-charge portion of the CHP1 phase, according to an
embodiment.

[0022] FIGS. 8A-8C are a circuit schematic that illustrates
the capacitive gain amplifier circuit of FIGS. 3A-3C during
the fine settling portion of the CHP1 phase, according to an
embodiment.

[0023] FIGS. 9A and 9B are circuit schematics that illus-
trate a split Miller compensated output stage circuit portion
corresponding to one polarity of the split output stage
amplifier circuit of the capacitive gain amplifier circuit of
FIGS. 3A-3C, according to an embodiment.

[0024] FIGS. 10A-10B are a block diagram that illustrates
a method of capacitive gain amplification using a differential
amplifier circuit, according to an embodiment.

[0025] FIG. 11 is a circuit schematic that illustrates a
capacitive gain amplifier circuit having a Miller compen-
sated differential amplifier circuit that may drive an ADC
directly without intervening buffer circuits, according to an
embodiment.

[0026] FIG. 12 is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit of FIG. 11, according to an embodiment.
[0027] FIG. 13 is a circuit schematic that illustrates a
capacitive gain amplifier circuit that may drive an ADC
directly without intervening buffer circuits, according to an
embodiment.

[0028] FIG. 14 is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit of FIG. 13, according to an embodiment.
[0029] FIG. 15A is a circuit schematic that illustrates a
capacitive gain amplifier circuit that combines portions of
other embodiments previously described herein, according
to an embodiment.

[0030] FIG. 15B is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit of FIG. 15A, according to an embodiment.
[0031] FIG. 16 is a circuit schematic that illustrates a
capacitive gain amplifier circuit having a split output stage
and two groups of output stage Miller capacitors, according
to an embodiment.

[0032] FIG. 17 is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit of FIG. 16, according to an embodiment.
[0033] FIG. 18 is a circuit schematic that illustrates a
capacitive gain amplifier circuit that may drive an ADC
directly without intervening buffer circuits, according to an
embodiment.
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[0034] FIG. 19 is a circuit schematic that illustrates a
capacitive gain amplifier circuit that may drive an ADC
directly without intervening buffer circuits, according to an
embodiment.

[0035] Inthe drawings, which are not necessarily drawn to
scale, like numerals may describe similar components in
different views. Like numerals having different letter suf-
fixes may represent different instances of similar compo-
nents. The drawings illustrate generally, by way of example,
but not by way of limitation, various embodiments discussed
in the present document.

DETAILED DESCRIPTION

[0036] The present inventors have recognized, among
other things, that problems arise when a capacitive gain
amplifier switches between voltage values that are signifi-
cantly different from one another, for example, when the
difference is as much as one voltage rail to the other voltage
rail of a circuit. The speed of the capacitive gain amplifier is
limited by the time it takes to slew the Miller capacitor(s) of
the capacitive gain amplifier when switching between these
significantly different voltage values at the output of the
capacitive gain amplifier. Voltage offsets due to input pre-
charge buffers used to reduce input current added to signal
voltage values may also cause the capacitive gain amplifier
to saturate, further slowing down settling at the output. In
addition, due to a long settling time of the capacitive gain
amplifier output voltage value especially just after chopping,
an analog to digital converter (ADC) converting an analog
signal from a typical capacitive gain amplifier may need to
discard a first sample data value after each chopping of the
analog signal to improve accuracy. Furthermore, the slow
settling of the capacitive gain amplifier may lead to signifi-
cant distortion when using the capacitive gain amplifier with
an AC input signal. Therefore, the present inventors have
recognized that there is a need for a capacitive gain amplifier
that reduces the amount of slewing of Miller capacitors that
is required in order to increase the speed at which the
capacitive gain amplifier reaches a final settled steady-state
value at its output in an amplification/chop (CHP) phase.
[0037] Embodiments discussed herein may employ two
different groups of Miller capacitors in an output stage of the
capacitive gain amplifier: CMS Miller capacitors and CHP
Miller capacitors. When the capacitive gain amplifier is used
to drive an ADC directly, the output stage of the capacitive
gain amplifier may be split into two branches, and thus the
output stage may be known as a split output stage. In a
common mode sample (CMS) phase, one branch including
the group of CMS Miller capacitors may be used to set the
common mode voltage.

[0038] During this CMS phase, the other branch including
the group of CHP Miller capacitors may be disconnected
from the differential amplifier circuit performing the primary
amplification for the capacitive gain amplifier (a.k.a. the
main amplifier). The branch having the group of CHP Miller
capacitors may include a fast single-stage buffer circuit
having a substantially correct DC output voltage for the
capacitive gain amplifier stored on a Miller capacitor. The
branch having the group of CHP Miller capacitors may
pre-charge the ADC at the output of the capacitive gain
amplifier to a rough value for the output voltage during the
CMS phase so that during the CHP phase, the main amplifier
only needs to charge a small residual error at the input of the
ADC.
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[0039] The CHP phase may be split into a non-inverting
chop phase CHP1 and an inverting chop phase CHP2.
During the CHP1 and CHP2 phases, the two branches of the
split output stage may be shorted together in parallel with the
CHP Miller capacitor to drive the ADC. At the start of each
sampling period of the ADC, the branch having the group of
CHP Miller capacitors that pre-charges the ADC may be
connected to the input to the ADC to pre-charge the ADC
while an input stage of the capacitive gain amplifier may be
disconnected from the split output stage. Then, the branch
having the group of CHP Miller capacitors that pre-charges
the ADC may be disconnected from the input to the ADC
while the input stage of the capacitive gain amplifier may be
reconnected to the split output stage for accurate settling of
the output voltage of the capacitive gain amplifier during the
remainder of the ADC sampling period, e.g., during the
same one of the CHP1 and CHP2 phases.

[0040] An extra pre-charge buffer may be provided at each
input of the capacitive gain amplifier to reduce input current.
Because the embodiments of the capacitive gain amplifier
may be directly coupled with inputs to an ADC, the ADC
may not require input buffers, thereby saving power and area
on the semiconductor chip in which the capacitive gain
amplifier and/or the ADC is fabricated. The fast settling time
of the embodiments of the capacitive gain amplifier may be
extended to AC applications as well, due to the fast settling
times of the output from the capacitive gain amplifier.

[0041] FIG. 1 is a circuit schematic that illustrates a
two-stage Miller compensated amplifier circuit 100 having
two cascaded differential amplifier circuits GM1 101 and
GM2 102 and two groups of output stage Miller capacitors,
according to an embodiment. FIG. 2 is a timing diagram
showing signal values vs. time during different phases of the
two-stage Miller compensated amplifier circuit 100 shown
in FIG. 1, according to an embodiment. Signals P1, P2, and
PRES illustrated in FIG. 2 may be generated by a controller
in response to an external timing signal, e.g., a clock signal.
The controller may include digital circuits and/or may be
machine or computer-implemented.

[0042] As illustrated in FIG. 2, there are four phases of
operation of the two-stage Miller compensated amplifier
circuit 100: a common mode sample/autozero reset (CMS)
phase when a signal PRES is at a logical high value, a first
chop (CHP1) phase when a signal P1 is at a logical high
value, a dummy common mode sample/non-autozero reset
(DCMS) phase when the signal PRES is at a logical high
value after the CHP1 phase, and a second chop (CHP2)
phase when a signal P2 is at a logical high value. The CHP1
and CHP2 phases collectively may be referred to as amplify
phases. Chopper and de-chopper circuits are not shown for
clarity, but one of ordinary skill in the art would recognize
that they may be present before differential inputs INP/INM
and after differential outputs OUTP/OUTM of the two-stage
Miller compensated amplifier circuit 100, respectively,
when the two-stage Miller compensated amplifier circuit
100 is incorporated as part of a capacitive gain amplifier
circuit.

[0043] The first group of Miller capacitors includes Miller
capacitors C1 and C2 to amplify a common mode voltage
and stabilize a correct output voltage of the two-stage Miller
compensated amplifier circuit 100 during the CMS and
DCMS phases to avoid slewing, while the second group of
Miller capacitors includes Miller capacitors C3 and C4 to
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serve as compensation capacitors for the second differential
amplifier circuit GM2 102 during the amplify phases.
[0044] The Miller capacitors C1 and C2 may be coupled
as compensation capacitors between the differential output
of the second differential amplifier circuit GM2 102 (differ-
ential outputs OUTP/OUTM, respectively) and the differ-
ential input of the second differential amplifier circuit GM2
102 during the CMS and DCMS phases, and between a bias
voltage source VB and a common mode voltage source
VCM during the CHP1 and CHP2 phases. The Miller
capacitors C1 and C2 may be used to stabilize the common
mode voltage of the first and second differential amplifier
circuits GM1 101 and GM2 102 during the CMS and DCMS
phases according to the charge applied to the Miller capaci-
tors C1 and C2 by the bias voltage source VB and the
common mode voltage source VCM during the CHP1 and
CHP2 phases.

[0045] The Miller capacitors C1 and C2 may be charged
to the correct voltage level by the bias voltage source VB
and the common mode voltage source VCM during the
CHP1 and CHP2 phases in order to stabilize the differential
outputs OUTP/OUTM at the correct voltage level during the
CMS and DCMS phases while avoiding slewing. Mean-
while, the Miller capacitors C3 and C4 are swapped as
compensation capacitors between respective positive and
negative polarities of the differential input and output of the
second differential amplifier circuit GM2 102.

[0046] Switches 110 and switches 120 dynamically swap
Miller capacitors C3 and C4 between one polarity of the
differential amplifier circuit GM2 102 for use during the
CHP1 phase and an opposite polarity of the differential
amplifier circuit GM2 102 for use during the CHP2 phase
according to switch control signals P1 and P2 shown in FIG.
2, respectively. For example, switches 110 may be active to
provide an electrical connection during the CHP1 phase, and
open during the CMS, DCMS, and CHP2 phases; mean-
while, switches 120 may be active to provide an electrical
connection during the CHP2 phase, and open during the
CMS, DCMS, and CHP1 phases. By swapping the Miller
capacitors C3 and C4 between one polarity of the differential
amplifier circuit GM2 102 for use during the CHP1 phase
and an opposite polarity of the differential amplifier circuit
GM2 102 for use during the CHP2 phase, each of the Miller
capacitors C3 and C4 may continue to be used with the same
polarity of the differential signal during each of the CHP1
and CHP2 phases. The charge on each of the Miller capaci-
tors C3 and C4 may be maintained during the CMS and
DCMS phases while they are disconnected from the differ-
ential amplifier circuit GM2 102, and may therefore already
be charged to the correct voltage level at the start of each of
the CHP1 and CHP2 phases because they were charged to
the correct voltage level at the end of the prior CHP1 or
CHP2 phase. Therefore, the Miller capacitors C3 and C4
may avoid slewing at the start of each of the CHP1 and
CHP2 phases to be set to the correct voltage. This may save
both power and time compared to typical Miller compen-
sated amplifiers, making settling of the output voltages of
the differential output OUTP/OUTM of the two-stage Miller
compensated amplifier circuit 100 very fast after chopping.
[0047] Switches 130 and 140 dynamically switch Miller
capacitors C1 and C2 between being connected with the
differential amplifier circuit GM2 102 for use during the
CMS and DCMS phases to stabilize the common mode
voltage, and being charged to the correct common mode
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voltage levels by the bias voltage source VB and the
common mode voltage source VCM during the CHP1 and
CHP2 phases according to switch control signal PRES
shown in FIG. 2. For example, switches 130 may be active
to provide an electrical connection during the CMS and
DCMS phases and not during the CHP1 and CHP2 phases;
meanwhile, switches 140 may be active to provide an
electrical connection during the CHP1 and CHP2 phases and
not during the CMS and DCMS phases. No matter what the
input voltages are at the differential input INP/INM, the
differential output OUTP/OUTM may be stabilized at a
common mode voltage by the Miller capacitors C1 and C2
during the CMS and DCMS phases while avoiding slewing.
Because the Miller capacitors C1 and C2 are already set to
the correct voltages during the CHP1 and CHP2 phases,
slewing of the capacitors C1 and C2 during the CMS and
DCMS phases may be avoided, leading to fast settling of the
voltage values for the differential output OUTP/OUTM
during the CMS and DCMS phases.

[0048] The dynamic Miller capacitor swapping performed
by the two-stage Miller compensated amplifier circuit 100
facilitates fast settling and good linearity at the differential
output OUTP/OUTM of the two-stage Miller compensated
amplifier circuit 100, effectively minimizing slewing of the
Miller capacitors C3 and C4 because the Miller capacitors
C3 and C4 may already be charged to the correct voltage
value by the end of each chop phase CHP1 and CHP2, be
disconnected to maintain their charge during the reset phases
CMS and DCMS, and then remain charged to the correct
voltage value at the start of the next chop phase CHP1 or
CHP2 after being swapped during the previous reset phase
CMS or DCMS. The two-stage Miller compensated ampli-
fier circuit 100 thus improves upon the speed of typical
Miller compensation amplifiers.

[0049] FIGS. 3A-3C are a circuit schematic that illustrates
a capacitive gain amplifier circuit 300 having a split output
stage and two groups of output stage Miller capacitors,
according to an embodiment. An input buffer and chopper
circuit 310 may provide a differential input to the capacitive
gain amplifier circuit 300, while a de-chopper and dynamic
anti-aliasing filter (AAF) circuit 360 may receive a differ-
ential output from the capacitive gain amplifier circuit 300.
The capacitive gain amplifier circuit 300 may be broken
down for reference into an input stage amplifier circuit 320
and a split output stage amplifier circuit 330 cascaded
together. A differential output of the de-chopper and
dynamic AAF circuit 360 may couple with a differential
input of an ADC input sample capacitor circuit 370 of an
ADC. For clarity, further details of the ADC are not shown.
The input stage amplifier circuit 320 may be configured to
amplify an input differential signal received by the input
buffer and chopper circuit 310 prior to being input to the
split output stage amplifier circuit 330.

[0050] In the illustrated embodiment, the input buffer and
chopper circuit 310 includes a pair of pre-charge buffer
circuits 312 respectively coupled with a pair of inputs VIP
and VIN. The pair of inputs VIP and VIN collectively form
a differential input to the capacitive gain amplifier circuit
300. The pre-charge buffer circuits 312 may be unity gain
buffer circuits. An output of each pre-charge buffer circuit
312 is coupled in series with a buffer output switch 314
while a set of buffer bypass switches 314' provide a select-
able bypass circuit to bypass each pre-charge buffer circuit
312. When a buffer switch control signal PBUF is at a
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logical high value, the buffer output switches 314 are set to
a closed state to establish a circuit path from the pair of
inputs VIP and VIN through the respective pre-charge buffer
circuits 312 to a set of chopper switches 316, 316', 318, and
318', while the buffer bypass switches 314' are set to an open
state. Conversely, when the buffer switch control signal
PBUF is at a logical low value, the buffer output switches
314 are set to an open state while the buffer bypass switches
314' are set to a closed state to establish a circuit path from
the pair of inputs VIP and VIN bypassing the respective
pre-charge buffer circuits 312 to the set of chopper switches
316, 316, 318, and 318'. The pre-charge buffer circuits 312
may reduce input current to the capacitive gain amplifier
circuit 300 when placed in circuit, for example, during
common mode sample phase or chopping, when input
capacitors CIP/2 322 and CIN/2 323 may be charged or
slewed.

[0051] Each switch of each pair of chopper switches 316,
316', 318, and 318' communicatively couples a different one
of the pair of inputs VIP and VIN with a different polarity
input of the differential amplifier circuit GM1 321. The set
of chopper switches 316, 316', 318, and 318' selectively
communicatively couple an alternative one of each of the
pair of pre-charge buffer circuits 312 and each of the pair of
inputs VIP and VIN with a set of inputs of the input stage
amplifier circuit 320 via one or more input capacitors CIP/2
322, CIN/2 323 in either a non-inverted or inverted polarity
according to values of chopper switch control signals CI0
and CI1. There may be two input capacitors CIP/2 322 and
two input capacitors CIN/2 323 to sample a common mode
voltage during the common mode sample phase, so that after
a common mode sample (CMS) phase, only one half of the
total capacitance on each differential input to the differential
amplifier circuit GM1 321 needs to be charged to the correct
value in each of the amplify phases.

[0052] For example, when the chopper switch control
signal CI0 is at a logical high value, a respective chopper
switch 316 communicatively couples the input VIP with an
input to a differential amplifier circuit GM1 321 of the input
stage amplifier circuit 320 via a respective input capacitor
CIP/2 322 either directly or via the respective pre-charge
buffer circuit 312 depending upon the value of the buffer
switch control signal PBUF, and a respective chopper switch
316 communicatively couples the input VIN with another
input to the differential amplifier circuit GM1 321 of the
input stage amplifier circuit 320 via a respective input
capacitor CIN/2 323 either directly or via the respective
pre-charge buffer circuit 312 depending upon the value of
the buffer switch control signal PBUF. Alternatively, when
the chopper switch control signal CI0 is at a logical low
value, a respective chopper switch 316' communicatively
couples the input VIN with one polarity of the differential
input to the differential amplifier circuit GM1 321 of the
input stage amplifier circuit 320 via the respective input
capacitor CIP/2 322 either directly or via the respective
pre-charge buffer circuit 312 depending upon the value of
the buffer switch control signal PBUF, and a respective
chopper switch 316' communicatively couples the input VIP
with a respective polarity of the differential input to the
differential amplifier circuit GM1 321 of the input stage
amplifier circuit 320 via the respective input capacitor CIN/2
323 either directly or via the respective pre-charge buffer
circuit 312 depending upon the value of the buffer switch
control signal PBUF.
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[0053] Furthermore, when the chopper switch control sig-
nal CI1 is at a logical high value, a respective chopper switch
318 communicatively couples the input VIP with the respec-
tive polarity of the differential input to the differential
amplifier circuit GM1 321 of the input stage amplifier circuit
320 via a respective input capacitor CIP/2 322 either directly
or via the respective pre-charge buffer circuit 312 depending
upon the value of the buffer switch control signal PBUF, and
a respective chopper switch 318 communicatively couples
the input VIN with the respective polarity of the differential
input to the differential amplifier circuit GM1 321 of the
input stage amplifier circuit 320 via a respective input
capacitor CIN/2 323 either directly or via the respective
pre-charge buffer circuit 312 depending upon the value of
the buffer switch control signal PBUF. Alternatively, when
the chopper switch control signal CI1 is at a logical low
value, a respective chopper switch 318' communicatively
couples the input VIN with the respective polarity of the
differential input to the differential amplifier circuit GM1
321 of the input stage amplifier circuit 320 via the respective
input capacitor CIP/2 322 either directly or via the respec-
tive pre-charge buffer circuit 312 depending upon the value
of the buffer switch control signal PBUF, and a respective
chopper switch 318' communicatively couples the input VIP
with the respective polarity of the differential input to the
differential amplifier circuit GM1 321 of the input stage
amplifier circuit 320 via the respective input capacitor CIN/2
323 ecither directly or via the respective pre-charge buffer
circuit 312 depending upon the value of the buffer switch
control signal PBUF.

[0054] In the illustrated embodiment, the input stage
amplifier circuit 320 includes the set of input capacitors
CIP/2 322 disposed between the input buffer and chopper
circuit 310 and the respective polarity of the differential
input of the differential amplifier circuit GM1 321 and the
set of input capacitors CIN/2 323 disposed between the input
buffer and chopper circuit 310 and the respective polarity of
the differential input of the differential amplifier circuit GM1
321.

[0055] The input stage amplifier circuit 320 also includes
a set of feedback capacitors CFP 325 and CFN 327 that
respectively selectively couple one of the pair of inputs of
the differential amplifier circuit GM1 321 to either a respec-
tive output of the split output stage amplifier circuit 330 or
a common mode voltage source VCM depending upon a
value of a feedback capacitor switch signal SMP. When the
feedback capacitor switch signal SMP is at a logical high
value, a pair of feedback switches 326 couple the two
polarities of the differential input of the differential amplifier
circuit GM1 321 with the respective outputs of the split
output stage amplifier circuit 330 by bypassing the respec-
tive feedback capacitors CFP 325 and CFN 327 while a pair
of feedback switches 324 couple an end of the respective
feedback capacitors CFP 325 and CFN 327 opposite the
respective input of the differential amplifier circuit GM1 321
to the common mode voltage source VCM. When the
feedback capacitor switch signal SMP is at a logical low
value, a pair of feedback switches 324' couple the respective
feedback capacitors CFP 325 and CFN 327 between respec-
tive inputs of the differential amplifier circuit GM1 321 and
the respective outputs of the split output stage amplifier
circuit 330 (nodes VAON, VAOP).

[0056] The capacitors CIP/2 322, CIN/2 323, CFP 325,
and CFN 327 may be variable capacitors. In various embodi-
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ments, each of the capacitors CIP/2 322, CIN/2 323, CFP
325, and CFN 327 may include an array of switched
capacitor devices. During operation, the sets of input capaci-
tors CIP/2 322, CIN/2 323 may be set to have equal
capacitance to each other, and the set of feedback capacitors
CFP 325, CFN 327 may be set to have equal capacitance to
each other. A ratio of capacitances between the input capaci-
tors CIP/2 322, CIN/2 323 and the feedback capacitors CFP
325, CFN 327 may be controlled by a control signal to
provide a programmable gain of the capacitive gain ampli-
fier circuit 300.

[0057] The input stage amplifier circuit 320 also includes
a pair of input stage amplifier output switches 328 that
selectively couple and decouple respective outputs of the
differential amplifier circuit GM1 321 and the input stage
amplifier circuit 320 with respective inputs of the split
output stage amplifier circuit 330 according to a value of an
input stage amplifier output switch signal PQB. When the
input stage amplifier output switch signal PQB is at a logical
high level, the input stage amplifier output switches 328
communicatively couple the differential output of the dif-
ferential amplifier circuit GM1 321 and the differential
output of the input stage amplifier circuit 320 with the
differential input of the split output stage amplifier circuit
330. Conversely, when the input stage amplifier output
switch signal PQB is at a logical low level, the input stage
amplifier output switches 328 communicatively decouple
the differential output of the differential amplifier circuit
GM1 321 and the differential output of the input stage
amplifier circuit 320 from the differential input of the split
output stage amplifier circuit 330.

[0058] Inthe illustrated embodiment, the split output stage
amplifier circuit 330 includes a primary output stage ampli-
fier branch 340 that includes a differential amplifier circuit
GM2A 341 and a secondary output stage amplifier branch
350 that includes a differential amplifier circuit GM2B 351
in parallel with the differential amplifier circuit GM2A 341
of the primary output stage amplifier branch 340 between
the differential input of the split output stage amplifier circuit
330 and the differential output of the split output stage
amplifier circuit 330.

[0059] In the illustrated embodiment, the primary output
stage amplifier branch 340 includes a pair of first Miller
capacitors CC1A 342 and CC1B 343 respectively selectively
coupled between a respective input of the differential ampli-
fier circuit GM2A 341 on an input side of the respective one
of the first Miller capacitors CC1A 342 and CC1B 343 and
a respective output of the differential amplifier circuit
GM2A 341 on an output side of the respective one of the first
Miller capacitors CC1A 342 and CC1B 343 when a first
Miller capacitor switch control signal SMPL is at a logical
high level by first Miller capacitor switches 344 and 346,
and respectively selectively coupled between a first voltage
source VB on the input side of the respective one of the first
Miller capacitors CC1A 342 and CC1B 343 and a second
voltage source VCM on the output side of the respective one
of'the first Miller capacitors CC1A 342 and CC1B 343 when
a first Miller capacitor switch control signal SMPL is at a
logical low level by first Miller capacitor switches 344' and
346'.

[0060] Inthe illustrated embodiment, the secondary output
stage amplifier branch 350 includes a pair of second Miller
capacitors CC2A 352 and CC2B 353 respectively selectively
coupled with one of the pair of inputs of the differential
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amplifier circuit GM2A 341 of the primary output stage
amplifier branch 340 on an input side of the respective one
of the second Miller capacitors CC2A 352 and CC2B 353
and with a corresponding one of the pair of outputs of the
differential amplifier circuit GM2A 341 of the primary
output stage amplifier branch 340 on an output side of the
respective one of the second Miller capacitors CC2A 352
and CC2B 353 when a second Miller capacitor switch
control signal CI is at a logical high level by second Miller
capacitor switches 354 and 356, and respectively selectively
coupled with another of the pair of inputs of the differential
amplifier circuit GM2A 341 of the primary output stage
amplifier branch 340 on the input side of the respective one
of the second Miller capacitors CC2A 352 and CC2B 353
and with a corresponding other of the pair of outputs of the
differential amplifier circuit GM2A 341 of the primary
output stage amplifier branch 340 on the output side of the
respective one of the second Miller capacitors CC2A 352
and CC2B 353 when a second Miller capacitor switch
control signal CIB is at a logical high level by second Miller
capacitor switches 354' and 356'. When neither one of the
second Miller capacitor switch control signals CI and CIB
are at a logical high level, the second Miller capacitors
CC2A 352 and CC2B 353 and the secondary output stage
amplifier branch 350 are decoupled from the differential
amplifier circuit GM2A 341 and the primary output stage
amplifier branch 340. The second Miller capacitors CC2A
352 and CC2B 353 are each coupled between a respective
input and a respective output of the differential amplifier
circuit GM2B 351 of the secondary output stage amplifier
branch 350 regardless of the values of second Miller capaci-
tor switch control signals CI and CIB.

[0061] Although in the illustrated embodiment the second
Miller capacitors CC2A 352 and CC2B 353 are each fixedly
coupled with a single pair of input and output ports of the
differential amplifier circuit GM2B 351 of the secondary
output stage amplifier branch 350, this should not be con-
strued as limiting. FIG. 16 illustrates an embodiment in
which the second Miller capacitors are also swapped with
respect to the polarity of the differential amplifier circuit of
the secondary output stage amplifier branch, and the differ-
ential amplifier circuit of the secondary output stage ampli-
fier branch maintains a same signal polarity relationship
with the differential amplifier circuit of the primary output
stage amplifier branch even as the second Miller capacitors
are swapped in relation to the polarity of the differential
amplifier circuit of the primary output stage amplifier
branch.

[0062] In the illustrated embodiment, the de-chopper and
dynamic AAF circuit 360 includes a set of de-chopper
switches 362 and 364 that selectively communicatively
couple the differential output of the split output stage ampli-
fier circuit 330 with a differential input of the ADC input
sample capacitor circuit 370 in either a non-inverted or
inverted polarity according to values of de-chopper switch
control signals CO and COB. The differential output of the
split output stage amplifier circuit 330 may be communica-
tively coupled with the differential input of the ADC input
sample capacitor circuit 370 via an impedance network 365.
The impedance network 365 may be an anti-alias filter
(AAF) and be used to band-limit noise. In the illustrated
embodiment, the impedance network 365 includes a pair of
resistors RF 367, one for each polarity of the differential
signal path, disposed between the de-chopper switches (362
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and 364) and the differential output of the de-chopper and
dynamic AAF circuit 360. The differential output of the
de-chopper and dynamic AAF circuit 360 includes a positive
polarity output VOFP and a negative polarity output VOFN.
The impedance network 365 also includes a capacitor CF
366 disposed between an output side of each of the pair of
resistors RF 367, and thus between the outputs VOFP and
VOFN.

[0063] For example, when the de-chopper switch control
signal CO is at a logical high value, respective de-chopper
switches 362 communicatively couple the differential output
of the split output stage amplifier circuit 330 with the
differential input of the ADC input sample capacitor circuit
370 in a non-inverting manner. In contrast, when the de-
chopper switch control signal COB is at a logical high value,
respective de-chopper switches 364 communicatively
couple the differential output of the split output stage ampli-
fier circuit 330 with the differential input of the ADC input
sample capacitor circuit 370 in an inverting manner. When
neither de-chopper switch control signals CO and COB are
at a logical high value, the differential output of the split
output stage amplifier circuit 330 is communicatively
decoupled from the differential input of the ADC input
sample capacitor circuit 370.

[0064] In the illustrated embodiment, the de-chopper and
dynamic AAF circuit 360 also includes a pair of ADC
pre-charge switches 368 that selectively couple the differ-
ential output of the differential amplifier circuit GM2B 351
and the pair of second Miller capacitors CC2A 352 and
CC2B 353 of the secondary output stage amplifier branch
350 with the differential output of the de-chopper and
dynamic AAF circuit 360 according to a value of the
pre-charge switch control signal PQ. For example, when the
pre-charge switch control signal PQ is at a logical high
value, the differential output of the differential amplifier
circuit GM2B 351 and the pair of second Miller capacitors
CC2A 352 and CC2B 353 of the secondary output stage
amplifier branch 350 couple with the differential input of the
ADC input sample capacitor circuit 370 via the differential
output of the de-chopper and dynamic AAF circuit 360 to
pre-charge ADC sampling capacitors CSAMP of the ADC
input sample capacitor circuit 370.

[0065] FIG. 4 is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit 300 of FIGS. 3A-3C, according to an embodi-
ment. FIG. 4 illustrates logical values for the control signals
PBUF, CI0, CI1, SMP, SMPL, CI, CIB, CO, COB, PQ, and
PQB during each of the phases autozero reset/common
mode sample (CMS), amplity/chop 1 (CHP1) including both
pre-charge and fine settling sub-phases, non-autozero reset/
dummy common mode sample (DCMS), and amplify/chop
2 (CHP2) including both pre-charge and fine settling sub-
phases. The CHP1 phase includes an initial gain network
pre-charge sub-phase (IPCH1), a recurring pre-charge sub-
phase (RPCH1), and a recurring fine settling phase
(FSCH1). Likewise, the CHP2 phase includes an initial gain
network pre-charge sub-phase (IPCH2), a recurring pre-
charge sub-phase (RPCH2), and a recurring fine settling
phase (FSCH2). While the CMS and DCMS phases are
short, during which no samples are taken by an ADC
connected to outputs of the capacitive gain amplifier circuit
300, the CHP1 and CHP2 phases are longer, during which
multiple samples may be taken by an ADC. The values of the
various control signals during each of the phases are dis-
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cussed herein with respect to the capacitive gain amplifier
circuit at different phases of operation in FIGS. 5, 6, 7, and
8

[0066] The control signals PBUF, CI0, CI1, SMP, SMPL,
CI, CIB, CO, COB, PQ, and PQB illustrated in FIG. 4 may
be generated by a controller in response to an external timing
signal, e.g., a clock signal. The controller may include
digital circuits and/or may be machine or computer-imple-
mented.

[0067] FIGS.5A-5C are a circuit schematic that illustrates
the capacitive gain amplifier circuit 300 of FIGS. 3A-3C
during the common mode sample or autozero (CMS) phase,
according to an embodiment. The PBUF control signal is set
to be in a high state to place the pre-charge buffer circuits
312 in circuit between the pair of inputs VIP and VIN and
the input stage amplifier circuit 320 to pre-charge the input
capacitors CIP/2 322, CIN/2 323. Also, the input stage
amplifier circuit 320 and the primary output stage amplifier
branch 340 are set to auto-zero by setting the PQB control
signal to be in a high state to couple the input stage amplifier
circuit 320 with the primary output stage amplifier branch
340, setting the SMP control signal to be in a high state to
directly couple the output of the primary output stage
amplifier branch 340 with the input stage amplifier circuit
320 while coupling the feedback capacitors CFP 325 and
CFN 327 between the respective inputs of the differential
amplifier circuit GM1 321 and the common mode voltage
source VCM, setting the SMPL control signal to be in a high
state to respectively couple the pair of first Miller capacitors
CC1A 342 and CC1B 343 between the input of the differ-
ential amplifier circuit GM2A 341 and the output of the
differential amplifier circuit GM2A341, setting the CI and
CIB control signals to be in a low state to decouple the
secondary output stage amplifier branch 350 from the pri-
mary output stage amplifier branch 340, and setting the CO
and COB control signals to be in a low state to decouple the
output of the primary output stage amplifier branch 340 from
the de-chopper circuit 360. In addition, the ADC sample
capacitors CSAMP are pre-charged by the secondary output
stage amplifier branch 350 by setting the PQ timing control
signal to a high state to couple the output of the secondary
output stage amplifier branch 350 with the input of the ADC
sample capacitors CSAMP.

[0068] FIGS. 6A-6C are a circuit schematic that illustrates
the capacitive gain amplifier circuit 300 of FIGS. 3A-3C
during an initial gain network pre-charge sub-phase of the
amplify phase CHP1 (IPCH1) after the CMS phase, accord-
ing to an embodiment. During the IPCH1 phase, the PBUF
control signal remains in a high state to maintain the
pre-charge buffer circuits 312 in circuit between the pair of
inputs VIP and VIN and the input stage amplifier circuit 320
to continue to pre-charge the input capacitors CIP/2 322,
CIN/2 323 due to the chop event after the CMS phase. Also,
the split output stage amplifier circuit 330 is controlled to
charge the gain network and remove the offset effect of the
pre-charge buffer circuits 312 by setting the PQB control
signal to be in a low state to disconnect the input stage
amplifier circuit 320 from the split output stage amplifier
circuit 330, setting the SMP control signal to be in a low
state to couple the feedback capacitors CFP 325 and CFN
327 between the output of the split output stage amplifier
circuit 330 and the input of the input stage differential
amplifier circuit GM1 321, setting the SMPL control signal
to be in a low state to respectively couple the pair of first
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Miller capacitors CC1A 342 and CC1B 343 between the first
voltage source VB and the second voltage source VCM to
hold their charge, discontinue pre-charging of the ADC
sample capacitors CSAMP by the secondary output stage
amplifier branch 350 by setting the PQ control signal to a
low state to decouple the output of the secondary output
stage amplifier branch 350 from the input of the ADC
sample capacitors CSAMBP, setting the CI control signals to
be in a high state and the CIB control signals to be in a low
state to couple the secondary output stage amplifier branch
350 with the primary output stage amplifier branch 340 in
preparation for the CHP1 phase, and setting the CO and
COB control signals to be in a low state to continue to
decouple the output of the primary output stage amplifier
branch 340 from the de-chopper and dynamic AAF circuit
360.

[0069] The pre-charge buffer circuits 312 may be placed in
the input path of the capacitive gain amplifier circuit 300
during the CMS phase to pre-charge the input capacitors
CIP/2 322, CIN/2 323, and may be removed from the input
path of the capacitive gain amplifier circuit 300 when the
input capacitors CIP/2 322, CIN/2 323 are charged to the
correct voltage. The pre-charge buffer circuits 312 reduce
the input current to the input buffer and chopper circuit 310
compared to prior capacitive gain amplifier circuits that do
not include pre-charge buffer circuits at their inputs. How-
ever, because accurate pre-charge buffer circuits consume a
great deal of power and area, it is desirable that the pre-
charge buffer circuits 312 be switchable in and out of the
input path of the capacitive gain amplifier circuit 300 so that
they can have relaxed accuracy requirements and only be
used when needed for charging the input capacitors.

[0070] FIGS. 7A-7C are a circuit schematic that illustrates
the capacitive gain amplifier circuit 300 of FIGS. 3A-3C
during a recurring pre-charge portion of the CHP1 phase
(RPCH1), according to an embodiment. The PBUF control
signal is set to be in a low state to place the pre-charge buffer
circuits 312 out of circuit and connect the pair of inputs VIP
and VIN to the input stage amplifier circuit 320. Also, the
input stage amplifier circuit 320 and the split output stage
amplifier circuit 330 are disconnected from one another by
setting the PQB control signal to be in a low state. In
addition, the ADC sample capacitors CSAMP are pre-
charged by the secondary output stage amplifier branch 350
by setting the PQ control signal to a high state to couple the
output of the secondary output stage amplifier branch 350
with the input of the ADC sample capacitors CSAMP.
Furthermore, the CHP1 phase is begun by setting the SMP
control signal to be in a low state to couple the feedback
capacitors CFP 325 and CFN 327 between the output of the
split output stage amplifier circuit 330 and the input of the
input stage differential amplifier circuit GM1 321, setting the
SMPL control signal to be in a low state to respectively
couple the pair of first Miller capacitors CC1A 342 and
CC1B 343 between the first voltage source VB and the
second voltage source VCM to hold their charge, setting the
CI control signals to be in a high state and the CIB control
signals to be in a low state to couple the secondary output
stage amplifier branch 350 with the primary output stage
amplifier branch 340 in a non-inverted orientation, and
setting the CO control signal to be in a high state while
setting the COB control signal to be in a low state to couple
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the output of the split output stage amplifier circuit 330 with
the de-chopper and dynamic AAF circuit 360 in a non-
inverted orientation.

[0071] During this RPCH1 phase, both the primary output
stage amplifier branch 340 and the secondary output stage
amplifier branch 350 charge the ADC sample capacitors
CSAMP via the impedance network 365 as the differential
amplifier circuits GM2A 341 and GM2B 351 work together
in parallel, while simultaneously the secondary output stage
amplifier branch 350 charges the ADC sample capacitors
CSAMP directly while bypassing the impedance network
365 through the closure of switches 368 due to the switch
control signal PQ having a logical high value. The charging
path through the switches 368 is a fast charging path, while
the charging path through the impedance network 365 is a
slow charging path. In this phase, the charging of the ADC
sample capacitors CSAMP by the secondary output stage
amplifier branch 350 through the switches 368 dominates
the charging through the impedance network 365.

[0072] The secondary output stage amplifier branch 350
pre-charges the ADC sample capacitors CSAMP while
bypassing the impedance network 365. The impedance
network 365 may create a low pass filter to reduce noise
prior to sampling by the ADC. However, it also may slow
down slewing of the ADC sample capacitor CSAMP
between samples when the secondary output stage amplifier
branch 350 drives the ADC through the impedance network
365. This is not an issue during the fine settling portion of
the amplify phases, because only a small voltage change
needs to be corrected from sample to sample. Therefore, by
bypassing the impedance network 365 when the secondary
output stage amplifier branch 350 pre-charges the ADC
sample capacitor CSAMP during the pre-charge phases, the
secondary output stage amplifier branch 350 may pre-charge
the ADC sample capacitor CSAMP more quickly. Since the
secondary output stage amplifier branch 350 may pre-charge
the ADC sample capacitor CSAMP during times other than
when the ADC is sampling the voltage of the ADC sample
capacitor CSAMP, noise from the secondary output stage
amplifier branch 350 is not an issue while the impedance
network 365 is bypassed.

[0073] FIGS. 8A-8C are a circuit schematic that illustrates
the capacitive gain amplifier circuit 300 of FIGS. 3A-3C
during the recurring fine settling portion of the CHP1 phase
(FCHP1), according to an embodiment. For fine settling, all
of the input stage amplifier circuit 320 and both branches of
the split output stage amplifier circuit 330 are coupled
together and the output of the secondary output stage
amplifier branch 350 is decoupled from the input of the ADC
sample capacitors CSAMP by ADC pre-charge switches 368
to make the output of the capacitive gain amplifier circuit
300 input to the ADC input sample capacitor circuit 370
well-settled for accurate sampling by the ADC. This is done
by setting the PQB control signal to be in a high state and
the PQ control signal to be in a low state while the other
control signals remain the same as in the prior pre-charge
portion of the CHP1 phase.

[0074] As illustrated in FIG. 4, following the CHP1 phase,
a DCMS phase commences. The DCMS phase is similar to
the CMS phase described with reference to FIG. 5 except
that the CI0 and CI1 control signals are set opposite in the
DCMS phase compared to the CMS phase. The CI0 and CI1
control signals are set opposite in the DCMS phase com-
pared to the CMS phase because in the DCMS phase, the
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capacitive gain amplifier circuit 300 switches from a non-
inverting chop configuration (CHP1) to an inverting chop
configuration (CHP2), whereas in the CMS phase, the
capacitive gain amplifier circuit 300 switches from an
inverting chop configuration (CHP2) to a non-inverting chop
configuration (CHP1).

[0075] Following the DCMS phase, the CHP2 phase
begins with an initial pre-charge sub-phase of a CHP2 phase
(IPCH2), as illustrated in FIG. 4. The IPCH2 phase is similar
to the IPCH1 phase described with reference to FIG. 6
except that the CI0 and CI1 control signals are set opposite
in the IPCH2 phase compared to the IPCH1 phase. The CI0
and CI1 control signals are set opposite in the IPCH2 phase
compared to the IPCH1 phase because in the IPCH2 phase,
the capacitive gain amplifier circuit 300 is in an inverting
chop configuration (CHP2), whereas in the IPCH1 phase,
the capacitive gain amplifier circuit 300 is in a non-inverting
chop configuration (CHP 1).

[0076] Following the IPCH2 phase, the RPCH2 and
FSCH2 phases alternate in a manner similar to that by which
the RPCH1 and FSCHI1 phases alternate as discussed above
with respect to FIGS. 7 and 8, except that the CI0, CI1, CI,
CIB, CO, and COB control signals are set opposite in the
RPCH2 and FSCH2 phases compared to the RPCH1 and
FSCHI1 phases. The CI0, CI1, CL CIB, CO, and COB
control signals are set opposite in the RPCH2 and FSCH2
phases compared to the RPCH1 and FSCHI1 phases because
in the RPCH2 and FSCH2 phases, the capacitive gain
amplifier circuit 300 is in an inverting chop configuration
(CHP2), whereas in the RPCH1 and FSCHI phases, the
capacitive gain amplifier circuit 300 is in a non-inverting
chop configuration (CHP1).

[0077] FIGS. 9A and 9B are circuit schematics that illus-
trate a split Miller compensated output stage circuit portion
900 corresponding to one polarity of the split output stage
amplifier circuit 330 of the capacitive gain amplifier circuit
300 of FIGS. 3A-3C, according to an embodiment. The split
Miller compensated output stage circuit portion 900 may
include an embodiment of one half of the combination of the
differential amplifier circuit GM2A 341 and differential
amplifier circuit GM2B 351 corresponding to one polarity.
In other words, one instantiation of an embodiment of the
split Miller compensated output stage circuit portion 900
may provide an output at node VAON of the split output
stage amplifier circuit 330, while another instantiation of the
embodiment of the split Miller compensated output stage
circuit portion 900 may provide an output at node VAOP of
the split output stage amplifier circuit 330. Similar to that
previously discussed in relation to the split output stage
amplifier circuit 330, the split Miller compensated output
stage circuit portion 900 may pre-charge a sampling capaci-
tor 950 at an input of an analog to digital converter (ADC)
circuit during the CMS phase to improve the accuracy of the
ADC’s first sampled data after chopping. The sampling
capacitor 950 may be an embodiment of the ADC sampling
capacitor CSAMP illustrated in FIG. 3C.

[0078] FIG. 9A illustrates the split Miller compensated
output stage circuit portion 900 during a CHP1 amplify
phase, in which both a first branch 930 and a second branch
940 are coupled in parallel with each other to pre-charge the
ADC circuit’s sampling capacitor 950 prior to an ADC
sampling period. The first branch 930 may be an embodi-
ment of the primary output stage amplifier branch 340 that
includes the differential amplifier circuit GM2A 341, while
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the second branch 940 may be an embodiment of the
secondary output stage amplifier branch 350 that includes
the differential amplifier circuit GM2B 351. While FIG. 9A
illustrates the split Miller compensated output stage circuit
portion 900 in the CHP1 phase with switches 910 closed
according to a logical high value of the switch control signal
CI and switches 920 open according to a logical low value
of the switch control signal CIB, the split Miller compen-
sated output stage circuit portion 900 during the CHP2 phase
would only differ by having switches 910 open according to
a logical low value of the switch control signal CI and
switches 920 closed according to a logical high value of the
switch control signal CIB.

[0079] In an embodiment, the devices illustrated in FIGS.
9A and 9B may be implemented with metal oxide semicon-
ductor (MOS) devices, for example, n-type MOS (NMOS)
devices and/or p-type MOS (PMOS) devices. While mate-
rials identified by the terms “metal” and “oxide” may be
present in, for example, a MOS field effect transistor (MOS-
FET), MOS transistors may have gates made out of mate-
rials other than metals, such as polysilicon, and may have
dielectric regions made from dielectrics other than silicon
oxide, e.g., a high-k dielectric. In various embodiments, the
devices illustrated in FIGS. 9A and 9B may be implemented
using other devices on silicon, compound semiconductor, or
any other suitable semiconductor.

[0080] In the embodiment illustrated in FIG. 9A, a source
S of NMOS transistor 937 of the first branch 930 and a
source S of NMOS transistor 947 of the second branch 940
are coupled together, while a source S of PMOS transistor
933 of the first branch 930, a source S of PMOS transistor
943 of the second branch 940 are coupled together, drains D
of the PMOS transistor 933 and NMOS transistor 937 are
coupled together, and drains D of the PMOS transistor 943
and NMOS transistor 947 are coupled together. During a
CHP1 amplify phase, the drains of all four transistors 933,
937, 943, and 947 may be coupled together to pre-charge the
ADC sampling capacitor 950 while the switch 990 is closed
according to a switch control signal PQ at a logical high
value prior to an ADC sampling period. By charging the
ADC sampling capacitor 950 by both the first branch 930
and the second branch 940 during the amplify phase prior to
an ADC sampling period, the ADC sampling capacitor 950
may be charged and settle rapidly without there being an
additional buffer circuit disposed between the split Miller
compensated output stage circuit portion 900 and the ADC
sampling capacitor 950.

[0081] As illustrated, the gate G and drain D of transistors
943 and 947 of the second branch 940 are coupled in parallel
with the pair of Miller capacitors C7 and C8. During the
CHP1 amplity phase, the inputs and outputs of the first
branch 930 and the second branch 940 are coupled together
by switches 910 so that the pair of Miller capacitors C7 and
C8 are also coupled in parallel with the first branch 930
according to the CI signal being at a logical high value.
During the CHP2 amplify phase, however, switches 920
cause the second branch 940 to couple in parallel with a
corresponding first branch 930 of the other polarity split
Miller compensated output stage circuit portion 900 accord-
ing to the CIB signal being at a logical high value. Since the
split Miller compensated output stage circuit portion 900
represents a single polarity of the split output stage amplifier
circuit 330 of the capacitive gain amplifier circuit 300 of
FIGS. 3A-3C, the connections between the switches 920 and
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the other polarity instantiation of the split Miller compen-
sated output stage circuit portion 900 is not explicitly shown
in FIGS. 9A and 9B. The switches 920 correspond to the
switches 354" and 356' of FIG. 3B.

[0082] Also, in the illustrated embodiment during the
CHP1 amplify phase, the Miller capacitors C5 and C6 are
disconnected from the respective input and output nodes of
the differential amplifier of the first branch 930 by switches
960 according to a switch control signal SMPL at a logical
low value, and instead connected between a bias voltage
source VB and a common mode voltage source VCM by
switches 970 according to the switch control signal SMPL at
a logical low value in a manner similar to that illustrated in
FIG. 7B. Furthermore, the first branch 930 and second
branch 940 are disconnected from an output of an input
signal (e.g., from a buffer or input stage amplifier) by
switches 980 according to a switch control signal PQB
having a logical low value during a first portion of the
amplify phase to disconnect the split Miller compensated
output stage circuit portion 900 from circuitry providing the
input signal while pre-charging the ADC sampling capacitor
950 during a first portion of the amplify phase. The split
Miller compensated output stage circuit portion 900 may be
reconnected to the circuitry providing the input signal during
a fine settling portion of the amplify phase by closing
switches 980 according to the switch control signal PQB
having a logical high value during a second portion of the
amplify phase, as illustrated in FIG. 8B. Thus, the split
Miller compensated output stage circuit portion 900 may be
disconnected from the circuitry providing the input signal
during an amplify stage to pre-charge the ADC sampling
capacitor 950 during the first portion of the amplify phase.
[0083] FIG. 9B illustrates the split Miller compensated
output stage circuit portion 900 during a CMS/DCMS phase,
in which the inputs and outputs of the second branch 940
along with the Miller capacitors C7 and C8 are disconnected
from the inputs and outputs of the first branch 930 by the
switches 910 and 920 according to respective switch control
signals CI and CIB being at logical low values. Also, Miller
capacitors C5 and C6 are coupled across respective input/
output pairs of the transistors 933 and 937 of the first branch
930 by switches 960 and disconnected from the bias voltage
source VB and the common mode voltage source VCM by
switches 970 according to a switch control signal SMPL
being at a logical high value. The Miller capacitors C5 and
C6 may be used during the CMS phase to set up the common
mode voltage for the first branch 930. Meanwhile, the output
of'the second branch 940 is coupled with the ADC sampling
capacitor 950 by the switch 990 according to the switch
control signal PQ being at a logical high value to pre-charge
the ADC sampling capacitor 950 during the CMS phase
according to signal values stored on the Miller capacitors C7
and C8 from the CHP1 amplify phase. In addition, the input
to the first branch 930 is coupled with circuitry providing the
input signal by switches 980 according to the switch control
signal PQB being at a logical high signal.

[0084] By pre-charging the ADC sampling capacitor 950
by the split Miller compensated output stage circuit portion
900 as discussed above, the ADC sampling capacitor 950
may see a correct input voltage during the CMS phase as
well as the amplify phases, which increases the accuracy of
the first sample of the ADC after chopping. Furthermore,
because the second branch 940 pre-charges the ADC sam-
pling capacitor 950 during the CMS phase while having its
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inputs and outputs disconnected from the first branch 930,
the ADC sampling capacitor 950 may be pre-charged
according to the voltage values of the Miller capacitors C7
and C8 as of the end of the prior amplity phase, and the
second branch 940 may pre-charge the ADC sampling
capacitor 950 both rapidly and directly without any addi-
tional intervening buffer circuits, thereby saving power and
space.

[0085] In various embodiments, the split Miller compen-
sated output stage circuit portion 900 shown in FIGS. 9A
and 9B may also be used to overcome a pre-charge buffer
offset effect of buffer circuits upstream of the split Miller
compensated output stage circuit portion 900. Such pre-
charge buffer circuits may include unity gain buffer circuits
used to reduce input current at an input to a capacitive gain
amplifier circuit that may include the split Miller compen-
sated output stage circuit portion 900, especially due to
charging of input capacitors when chopping the input sig-
nals. The pre-charge buffer circuits may be selectively
switched in and out of an input path to a capacitive gain
amplifier circuit including the split Miller compensated
output stage circuit portion 900 according to whether the
capacitive gain amplifier circuit is in a pre-charge phase.

[0086] During a pre-charge phase, the capacitive gain
amplifier circuit may be driven by a voltage VIN+VOFF-
SET, representing an input voltage plus an offset voltage of
the pre-charge buffer circuits. This driving voltage may be
reflected at an output voltage of the capacitive gain amplifier
circuit of GAINx(VIN+VOFFSET), where GAIN is the
amplification factor or gain of the capacitive gain amplifier
circuit. Because the offset voltage of the pre-charge buffer
circuits may cause the output voltage of the capacitive gain
amplifier circuit to clip at a voltage rail or ground, and
because the pre-charge buffer circuits consume a significant
amount of power when operating, it may be desirable to only
use the pre-charge buffer circuits during chopping. However,
after the pre-charge buffer circuits are bypassed, the capaci-
tive gain amplifier circuit may need a significant amount of
time to recover, thereby worsening the settling time of the
capacitive gain amplifier circuit. To avoid this problem,
embodiments may disconnect the split Miller compensated
output stage circuit portion 900 from an input stage
upstream of the split Miller compensated output stage circuit
portion 900 using switches 980 during a first portion of the
amplify phase while the ADC sampling capacitor 950 is
charged. Any voltage offset due to the pre-charge buffer
circuits may not be seen by the ADC sampling capacitor
950, since it is pre-charged according to the values of the
Miller capacitors C7 and C8 as set at the end of the last
amplify phase. The second branch 940 may not see any
voltage offset due to the pre-charge buffer circuits because
its input may be disconnected from the input of the first
branch 930 when the pre-charge buffer circuits are con-
nected to the input of the first branch 930, and the voltage
values of the Miller capacitors C7 and C8 may therefore also
not be affected by any voltage offset due to the pre-charge
buffer circuits.

[0087] FIG. 10 is a block diagram that illustrates a method
of capacitive gain amplification using a differential amplifier
circuit, according to an embodiment.

[0088] Inan operation 1005, a first set of Miller capacitors
may be switched in between respective outputs and respec-
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tive inputs of a differential amplifier circuit during a first
phase of operation. The first phase of operation may reset the
differential amplifier circuit.

[0089] Inan operation 1010, a second set of Miller capaci-
tors may be switched in between respective outputs and
respective inputs of the differential amplifier circuit during
a separate second phase of operation. The second phase may
chop a signal being amplified by the differential amplifier
circuit. The switching in of the second set of Miller capaci-
tors may be to alternating inputs of the differential amplifier
circuit during successive second phases.

[0090] In an operation 1015, the first set of Miller capaci-
tors may be switched out from respective outputs and
respective inputs of the differential amplifier circuit during
the second phase. The first set of Miller capacitors may be
switched out to retain electrical charge on the first set of
Miller capacitors between successive first phases.

[0091] In an operation 1020, the second set of Miller
capacitors may be switched out from respective outputs and
respective inputs of the differential amplifier circuit during
the first phase. The second set of Miller capacitors may be
switched out to retain electrical charge on the second set of
Miller capacitors between successive second phases.
[0092] In an operation 1025, wherein the differential
amplifier circuit of operations 1005-1020 is a first output
stage differential amplifier circuit, both the first output stage
differential amplifier circuit and a second output stage
differential amplifier circuit may operate in parallel during
the second phase, wherein the second output stage differ-
ential amplifier circuit has inputs respectively coupled with
the input side of the second set of Miller capacitors and has
outputs respectively coupled with the output side of the
second set of Miller capacitors.

[0093] In an operation 1030, the output side of the second
set of Miller capacitors may be selectively coupled with
respective inputs of an analog to digital converter (ADC)
circuit by a first set of switches of an output de-chopper
circuit to pre-charge the ADC circuit during the first phase.
The de-chopper circuit may be cascaded with the differential
amplifier circuit.

[0094] In an operation 1035, a polarity of the outputs of
the differential amplifier circuit may be selectively inverted
relative to the inputs of the ADC circuit during alternate
successive second phases by a second set of switches of the
output de-chopper circuit.

[0095] In an operation 1040, wherein the differential
amplifier circuit of operations 1005-1020 is a first output
stage differential amplifier circuit, outputs of a second output
stage differential amplifier circuit may be selectively
coupled with respective inputs of the ADC circuit. The
second output stage differential amplifier circuit may have
inputs respectively coupled with the input side of the second
set of Miller capacitors and have outputs respectively
coupled with a corresponding output side of the second set
of Miller capacitors.

[0096] In an operation 1045, the ADC circuit may be
pre-charged by the second output stage differential amplifier
circuit during a pre-charge portion of the second phase.
[0097] In an operation 1050, the outputs of the second
output stage differential amplifier circuit may be decoupled
from the inputs of the ADC circuit during a settling portion
of the second phase.

[0098] In an operation 1055, wherein the differential
amplifier circuit of operations 1005-1020 is an output stage
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differential amplifier circuit, an input differential signal may
be amplified prior to being input to the output stage differ-
ential amplifier circuit by an input stage differential ampli-
fier circuit cascaded with the output stage differential ampli-
fier circuit.

[0099] In an operation 1060, inputs of the output stage
differential amplifier circuit may be coupled with respective
outputs of the input stage differential amplifier circuit during
a fine settling portion of the second phase.

[0100] In an operation 1065, inputs of the output stage
differential amplifier circuit may be decoupled from the
outputs of the input stage differential amplifier circuit during
the first phase.

[0101] In an operation 1070, a set of input capacitors may
be selectively coupled between respective inputs of the input
stage differential circuit and respective outputs of unity gain
buffer circuits during the first phase. The unity gain buffer
circuits may receive input from respective capacitive gain
amplifier circuit inputs collectively forming a differential
capacitive gain amplifier circuit input.

[0102] In an operation 1075, the set of input capacitors
may be charged by the respective unity gain buffer circuits
during the first phase.

[0103] Inanoperation 1080, an alternative one of the unity
gain buffer circuits and the respective capacitive gain ampli-
fier circuit inputs may be selectively communicatively
coupled with alternating inputs of the input stage differential
amplifier circuit during successive second phases by a set of
chopper switches.

[0104] In an operation 1085, a set of feedback capacitors
may be selectively switched in between respective inputs of
the input stage differential amplifier circuit and respective
outputs of the output stage differential amplifier circuit
except during alternating first phases.

[0105] Inan operation 1090, the set of feedback capacitors
may be selectively switched out from respective outputs of
the output stage differential amplifier circuit during alter-
nating first phases.

[0106] In an operation 1095, wherein the output stage
differential amplifier circuit of operations 1085 and 1090 is
a first output stage differential amplifier circuit, the outputs
of the first output stage differential amplifier circuit may be
decoupled from an analog to digital converter (ADC) circuit
and the ADC circuit may be pre-charged by a second output
stage differential amplifier circuit during the first phase. The
second output stage differential amplifier circuit may have
inputs respectively coupled with the input side of the second
set of Miller capacitors and have outputs respectively
coupled with a corresponding output side of the second set
of Miller capacitors during the first phase.

[0107] In an operation 1097, wherein the output stage
differential amplifier circuit of operations 1085 and 1090 is
a first output stage differential amplifier circuit, the outputs
of the first output stage differential amplifier circuit may be
coupled with an impedance network at an input of the ADC
circuit and the second output stage differential amplifier
circuit may be decoupled from the ADC circuit during the
second phase.

[0108] FIG. 11 is a circuit schematic that illustrates a
capacitive gain amplifier circuit 1100 having a Miller com-
pensated amplifier circuit Al that may drive an ADC directly
without intervening buffer circuits, according to an embodi-
ment. The capacitive gain amplifier circuit 1100 may be an
embodiment of the capacitive gain amplifier circuit 300 of
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FIGS. 3A-3C or the capacitive gain amplifier circuit 1300 of
FIG. 13. The Miller compensated amplifier circuit A1 may
take any of a range of forms, including examples previously
discussed herein. For example, the Miller compensated
amplifier circuit A1 may include an embodiment of the
two-stage Miller compensated amplifier circuit 100 shown
in FIG. 1, in various embodiments. In other embodiments,
the Miller compensated amplifier circuit A1 may take the
form of a Miller compensated amplifier circuit included
within the capacitive gain amplifier circuit 300, for example,
the differential amplifier circuit GM1 321 cascaded with the
split output stage amplifier circuit 330, or the form of a
Miller compensated amplifier circuit included within the
capacitive gain amplifier circuit 1300.

[0109] An input current cancellation circuit 1110 receives
a differential input including positive polarity input VIP and
negative polarity input VIN, and is cascaded with a chopper
and capacitive gain network 1120, a de-chopper and
dynamic anti-alias filter (AAF) circuit 1140, and an ADC
double sample capacitor circuit 1150, each of which may
input and output differential signals. For clarity, further
details of the ADC are not shown.

[0110] In the illustrated embodiment, the input current
cancellation circuit 1110 includes a pair of pre-charge buffer
circuits 1112 respectively coupled with the pair of inputs
VIP and VIN. The pre-charge buffer circuits 1112 may be
unity gain buffer circuits. An output of each pre-charge
buffer circuit 1112 is coupled in series with a buffer output
switch 1115 while a set of buffer bypass switches 1115'
provide a selectable bypass circuit to bypass each pre-charge
buffer circuit 1112. When a buffer switch control signal
CBUF is at a logical high value, the buffer output switches
1115 are set to a closed state to establish a circuit path from
the pair of inputs VIP and VIN through the respective
pre-charge buffer circuits 1112 to input nodes VIP' and VIN'
of the chopper and capacitive gain network 1120, while the
buffer bypass switches 1115' are set to an open state.
Conversely, when the buffer switch control signal CBUF is
at a logical low value, the buffer output switches 1115 are set
to an open state while the buffer bypass switches 1115' are
set to a closed state to establish a circuit path from the pair
of inputs VIP and VIN bypassing the respective pre-charge
buffer circuits 1112 to the input nodes VIP' and VIN' of the
chopper and capacitive gain network 1120.

[0111] The pre-charge buffer circuits 1112 may reduce
input current to the capacitive gain amplifier circuit 1100
when placed in circuit, for example, during common mode
sample phase or chopping of the chopper and capacitive gain
network 1120, when input capacitors CIP 1126 and CIN
1127 may be charged or slewed.

[0112] The chopper and capacitive gain network 1120
includes chopper switches 1122 and 1124 that chop differ-
ential input signals received at nodes VIN' and VIP' accord-
ing to chopper timing control signals CI and CIB, respec-
tively, prior to being provided to input capacitors CIP 1126
and CIN 1127 which couple between respective outputs of
the chopper switches 1122 and 1124 and inputs VAIP and
VAIN of the Miller compensated amplifier circuit A1. When
a common mode sample timing control signal SMPL is in a
logical low state, the outputs of the chopper switches 1122
and 1124 couple with the respective input capacitors CIP
1126 and CIN 1127 to drive the capacitive gain network
including the Miller compensated amplifier circuit Al.
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[0113] The common mode switches 1125 couple the out-
puts of the chopper switches 1122 and 1124 together with the
inputs to the input capacitors CIP 1126 and CIN 1127 to set
a common mode voltage VICM at the input side of the input
capacitors CIP 1126 and CIN 1127 when the common mode
sample timing control signal SMPL is in a logical high state.
[0114] Common mode switches 1132 couple respective
inputs and outputs of the Miller compensated amplifier
circuit Al together while common mode switches 1134
decouple the outputs of the Miller compensated amplifier
circuit Al from respective output sides of feedback capaci-
tors CFP 1128 and CFN 1129 and common mode switches
1136 couple differential output nodes VAOP and VAON
together with the outputs of feedback capacitors CFP 1128
and CFN 1129 to set a common mode voltage VCMO at the
output nodes VAOP and VAON when common mode sample
timing control signal SMP is in a logical high state.

[0115] When the common mode sample timing control
signal SMP is in a logical low state, the common mode
switches 1134 couple the outputs of the Miller compensated
amplifier circuit A1 with respective output sides of feedback
capacitors CFP 1128 and CFN 1129 and respective output
nodes VAOP and VAON. The capacitive gain network is in
an amplify phase when the common mode sample timing
control signal SMP is in a logical low state.

[0116] The capacitors CIP 1126, CIN 1127, CFP 1128, and
CFN 1129 may be variable capacitors. In various embodi-
ments, each of the capacitors CIP 1126, CIN 1127, CFP
1128, and CFN 1129 may include an array of switched
capacitor devices. During operation, the set of input capaci-
tors CIP 1126, CIN 1127 may be set to have equal capaci-
tance to each other, and the set of feedback capacitors CFP
1128, CFN 1129 may be set to have equal capacitance to
each other. A ratio of capacitances between the input capaci-
tors CIP 1126, CIN 1127 and the feedback capacitors CFP
1128, CFN 1129 may be controlled by a control signal to
provide a programmable gain of the capacitive gain ampli-
fier circuit 1100.

[0117] The de-chopper and dynamic AAF circuit 1140
includes de-chopper switches 1142 and 1144 that de-chop
differential output signals provided by the chopper and
capacitive gain network 1120 at output nodes VAOP and
VAON according to de-chopper timing control signals CO
and COB, respectively, prior to being provided to the
dynamic AAF circuit that includes resistors RF 1147 and
capacitor CF 1148.

[0118] When a pre-charge ADC timing control signal PQ
is in a low state, the dynamic AAF circuit that includes
resistors RF 1147 and capacitor CF 1148 band-limits noise
in the differential signal being output from the capacitive
gain amplifier circuit 1100 before being input to the ADC
double sample capacitor circuit 1150 at differential output
nodes VOFP and VOFN. Because the dynamic AAF circuit
limits a bandwidth of a signal, the speed by which the ADC
double sample capacitor circuit 1150 can be charged by the
capacitive gain amplifier circuit 1100 through the dynamic
AAF circuit when the pre-charge ADC timing control signal
PQ is in a low state is also limited by an RC constant of an
impedance network including the resistors RF 1147 and the
capacitor CF 1148. When the pre-charge ADC timing con-
trol signal PQ is set to a logical high state, the capacitive
gain amplifier circuit 1100 may rapidly charge the ADC
double sample capacitor circuit 1150 by bypassing the
impedance network including the resistors RF 1147 and the
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capacitor CF 1148 by switches 1146. After the ADC double
sample capacitor circuit 1150 is pre-charged, the ADC may
sample the voltage at the ADC double sample capacitor
circuit 1150 while the impedance network including the
resistors RF 1147 and the capacitor CF 1148 band-limits the
noise and the capacitive gain amplifier circuit 1100 outputs
a finely settled voltage during a fine settling portion of an
amplify phase. For example, in an amplify CHP1 or CHP2
phase, during the start of an ADC sample period, the AAF
may be bypassed when the pre-charge ADC timing control
signal PQ is set to a logical high state and the ADC sampling
capacitors CSAMP may be charged to a rough value in a
short period of time. Then, during a later portion of the ADC
sample period, the AAF may be placed in circuit again when
the pre-charge ADC timing control signal PQ is set to a
logical low state so that the impedance network including
the resistors RF 1147 and the capacitor CF 1148 band-limits
the noise and the capacitive gain amplifier circuit 1100
outputs a finely settled voltage during a fine settling portion
of'an amplify phase. The ADC may then sample an accurate
voltage on the ADC sample capacitors CSAMP. The ability
to rapidly charge the ADC double sample capacitor circuit
1150 enables the capacitive gain amplifier circuit 1100 to
drive an ADC directly without buffer amplifiers in between.

[0119] The gain of the capacitive gain amplifier circuit
1100 may be limited by voltage offset of the pre-charge
buffer circuits 1112. The voltage offset of the pre-charge
buffer circuits 1112 may cause the Miller compensated
amplifier circuit Al to saturate if the gain of the capacitive
gain amplifier circuit 1100 (e.g., CIP/CFP) is large. For
example, if the gain is 128 in an embodiment, a 5 mV offset
of the pre-charge buffer circuits 1112 may lead to a 640 mV
error. In the CBUF phase when the buffer enable timing
control signal CBUF is at a logical high level as illustrated
in FIG. 12, the capacitive gain amplifier circuit 1100 may
settle to an incorrect voltage due to this 640 mV error. Then,
during an amplify phase when the pre-charge buffer circuits
1112 are bypassed, the capacitive gain amplifier circuit 1100
may take a relatively long period of time to resettle, thereby
limiting the speed by which the capacitive gain amplifier
circuit 1100 may operate.

[0120] FIG. 12 is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit 1100 of FIG. 11, according to an embodiment. A
common mode sample (CMS) phase begins when the com-
mon mode sample timing control signals SMP and SMPL go
to a logical high value, and ends when the common mode
sample timing control signals SMP and SMPL go to a logical
low value. A dummy common mode sample (DCMS) phase
begins when the common mode sample timing control signal
SMPL but not the common mode sample timing control
signal SMP go to a logical high value, and ends when the
common mode sample timing control signal SMPL goes to
alogical low value. An amplify CHP1 phase begins and lasts
while the chopper timing control signal CI is at a logical
high level, and an amplify CHP2 phase begins and lasts
while the chopper timing control signal CIB is at a logical
high level. The ADC may take numerous samples during a
single CHP1 or CHP2 phase according to a double sample
modulator sample timing control signal PSAM, for example,
3,4,5,6,7,8,9, 10, or some other number of samples. The
ADC may take a sample during a CHP1 phase while the
chopper timing control signal Clis ata logical high level, the
de-chopper timing control signal CO is at a logical high
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level, and the pre-charge ADC timing control signal PQ is at
a logical low level. Likewise, the ADC may take a sample
during a CHP2 phase while the chopper timing control
signal CIB is at a logical high level, the de-chopper timing
control signal COB is at a logical high level, and the
pre-charge ADC timing control signal PQ is at a logical low
level. A buffer enable timing control signal CBUF may be at
a logical high level during both the CMS and the DCMS
phases, and also into a portion of the amplify CHP1 and
CHP2 phases until before the de-chopper timing control
signal CO goes to a logical high level in the CHP1 phase,
and until before the de-chopper timing control signal COB
goes to a logical high level in the CHP2 phase. The buffer
enable timing control signal CBUF enables the pre-charge
buffer circuits 1112 to pre-charge the input capacitors CIP
1126 and CIN 1127 during an initial portion of the amplify
phases in order to reduce input current to the capacitive gain
amplifier circuit 1100. Also, according to the timing of the
buffer enable timing control signal CBUF, the pre-charge
buffer circuits 1112 may not be active at a time when the
ADC samples the output voltage of the capacitive gain
amplifier circuit 1100.

[0121] The capacitive gain amplifier circuit 1100 may
complete the auto-zero and input current cancellation pro-
cesses within a time period less than a single ADC sample
period. Most of this time period may be within the time
duration of the CMS and DCMS phases, which are config-
ured to occur between two consecutive ADC sample peri-
ods. However, some of this time period may encroach into
the beginning of the CHP1 and CHP2 phases, thus a logical
high level of the control signal CBUF extends beyond the
duration of the CMS phase. As a result, the time period
available for the ADC to perform sampling after the CMS
and DCMS phases may be shorter than at other times.
[0122] The control signals CBUF, CI, CIB, SMP, SMPL,
CO, COB, and PQ illustrated in FIG. 12 may be generated
by a controller in response to an external timing signal, e.g.,
a clock signal. The controller may include digital circuits
and/or may be machine or computer-implemented.

[0123] FIG. 13 is a circuit schematic that illustrates a
capacitive gain amplifier circuit 1300 that may drive an
ADC directly without intervening buffer circuits, according
to an embodiment. FIG. 14 is a timing diagram illustrating
control signal waveforms for controlling the capacitive gain
amplifier circuit 1300 of FIG. 13, according to an embodi-
ment. In the previously discussed embodiments, different
sets of Miller capacitors are used for different phases of
operation of the capacitive gain amplifier. Also, because of
the differential amplifier’s configuration as a unity gain
buffer during the CMS phase, which is worst case for
amplifier stability, the Miller compensation capacitors used
during the CMS phase may be much larger than the Miller
compensation capacitors used during an amplify phase in the
previously discussed embodiments. The capacitive gain
amplifier circuit 1300 reduces the number of Miller capaci-
tors used by not using a different set of Miller capacitors in
different phases of operation compared to the previously
discussed embodiments.

[0124] A capacitive gain network autozero and chopping
amplifier circuit 1320 may be cascaded with a de-chopper
and dynamic AAF circuit 1340, and the combination of the
capacitive gain network autozero and chopping amplifier
circuit 1320 and de-chopper and dynamic AAF circuit 1340
may replace the chopper and capacitive gain network 1120
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and de-chopper and dynamic AAF circuit 1140 illustrated in
FIG. 11. The input current cancellation circuit 1110, the
capacitive gain network autozero and chopping amplifier
circuit 1320, the de-chopper and dynamic AAF circuit 1340,
and the ADC double sample capacitor circuit 1150 may be
cascaded together, each of which may input and output
differential signals.

[0125] In the illustrated embodiment, the capacitive gain
network autozero and chopping amplifier circuit 1320
includes chopper switches 1321 and 1322 that chop differ-
ential input signals received at nodes VIP' and VIN' accord-
ing to chopper timing control signals CI and CIB, respec-
tively, prior to being provided to input capacitors CIP 1324
and CIN 1325 which couple between respective outputs of
the chopper switches 1321 and 1322 and inputs VAIP and
VAIN of differential amplifier circuit GM1 1330. When a
common mode sample timing control signal SMPL is in a
logical low state, the outputs of the chopper switches 1321
and 1322 couple with the input capacitors CIP 1324 and CIN
1325 to drive the capacitive gain network including differ-
ential amplifier circuits GM1 1330 and GM2 1331.

[0126] The common mode switches 1323 couple the out-
puts of the chopper switches 1321 and 1322 together with
the inputs to the input capacitors CIP 1324 and CIN 1325 to
set a common mode voltage VICM at the input side of the
input capacitors CIP 1324 and CIN 1325 when the common
mode sample timing control signal SMPL is in a logical high
state.

[0127] Common mode switches 1328 couple respective
inputs and outputs of differential amplifier circuit GM1 1330
together while common mode switches 1337 couple the
output sides of respective feedback capacitors CFP 1326 and
CFN 1327 to a common mode voltage source VCMO when
common mode sample timing control signal SMP is in a
logical high state, thereby causing the differential amplifier
circuit GM1 1330 to behave as a unity gain amplifier during
the CMS phase when SMP is in a logical high state. As
illustrated in FIG. 14, the chopper timing control signals CI,
CIB are all in a logical low state during the CMS phase.
Thus, the differential amplifier circuits GM1 1330 and GM2
1331 are decoupled from one another during the CMS phase
due to the actions of switches 1333, 1334, 1338, and 1339.
[0128] The capacitors CIP 1324, CIN 1325, CFP 1326,
and CFN 1327 may be variable capacitors. In various
embodiments, each of the capacitors CIP 1324, CIN 1325,
CFP 1326, and CFN 1327 may include an array of switched
capacitor devices. During operation, the set of input capaci-
tors CIP 1324, CIN 1325 may be set to have equal capaci-
tance to each other, and the set of feedback capacitors CFP
1326, CFN 1327 may be set to have equal capacitance to
each other. A ratio of capacitances between the input capaci-
tors CIP 1324, CIN 1325 and the feedback capacitors CFP
1326, CFN 1327 may be controlled by a control signal to
provide a programmable gain of the capacitive gain ampli-
fier circuit 1300.

[0129] During the DCMS phase when common mode
sample timing control signal DSMP is in a logical high state,
common mode switches 1329 couple respective outputs of
differential amplifier circuit GM1 1330 with an output side
of respective feedback capacitors CFP 1326 and CFN 1327.
The differential amplifier circuit GM1 1330 may drive the
output side of feedback capacitors CFP 1326 and CFN 1327
to a common mode voltage during the DCMS phase since
the differential amplifier circuit GM1 1330 does not receive
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a differential signal from the input capacitors CIP 1324 and
CIN 1325 during the DCMS phase.

[0130] When the capacitive gain network is in an amplify
phase (e.g., when the common mode sample timing control
signals SMP, DSMP, and SMPL are in a logical low state,
and one of the chopper timing control signals CI and CIB is
in a logical high state), one set of the chopper switches 1338
or 1339 couples outputs of the differential amplifier circuit
GM2 1331 with respective output sides of feedback capaci-
tors CFP 1326 and CFN 1327.

[0131] During a CHP1 phase, the chopper timing control
signal CI is at a logical high level, and when the pre-charge
timing control signal PQB is also at a logical high level, the
chopper switches 1333 couple an input side of the Miller
capacitors CCP 1335 and CCN 1336 with respective outputs
of the differential amplifier circuit GM1 1330 in an inverted
configuration. During a CHP2 phase, the chopper timing
control signal CIB is at a logical high level, and when the
pre-charge timing control signal PQB is also at a logical high
level, the chopper switches 1334 couple the input side of the
Miller capacitors CCP 1335 and CCN 1336 with respective
outputs of the differential amplifier circuit GM1 1330 in a
non-inverted configuration. Thus, the Miller capacitors CCP
1335 and CCN 1336 may not need to be slewed when
switching from CHP1 phase to CHP2 phase and vice versa,
because they may maintain the correct charge for the signal
polarity with which they are connected through both amplify
phases.

[0132] Although in the illustrated embodiment the Miller
capacitors CCP 1335 and CCN 1336 are each fixedly
coupled with a single pair of input and output ports of the
differential amplifier circuit GM2 1331, this should not be
construed as limiting. FIG. 18 illustrates an embodiment in
which the Miller capacitors CCP 1335 and CCN 1336 are
also swapped with respect to the polarity of the differential
amplifier circuit GM1 1330, and the differential amplifier
circuit GM2 1331 maintains a same signal polarity relation-
ship with the differential amplifier circuit GM1 1330 even as
the Miller capacitors CCP 1335 and CCN 1336 are swapped
in relation to the polarity of the differential amplifier circuit
GM1 1330.

[0133] The de-chopper and dynamic AAF circuit 1340
includes de-chopper switches 1342 and 1344 that de-chop
differential output signals provided by the capacitive gain
network autozero and chopping amplifier circuit 1320
according to de-chopper timing control signals CO and
COB, respectively, prior to being provided to the dynamic
AAF circuit that includes an impedance network having
resistors RF 1347 and capacitor CF 1348.

[0134] When a pre-charge ADC timing control signal PQ
is in a low state, the impedance network that includes
resistors RF 1347 and capacitor CF 1348 band-limits noise
in the differential signal being output from the capacitive
gain amplifier circuit 1300 before being input to the ADC
double sample capacitor circuit 1150 at differential output
nodes VOFP and VOFN. Because the dynamic AAF circuit
limits a bandwidth of a signal, the speed by which the ADC
double sample capacitor circuit 1150 can be charged by the
capacitive gain amplifier circuit 1300 through the dynamic
AAF circuit when the pre-charge ADC timing control signal
PQ is in a low state is also limited by an RC constant of the
impedance network including the resistors RF 1347 and the
capacitor CF 1348. When the pre-charge ADC timing con-
trol signal PQ is set to a logical high state, the branch of the
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capacitive gain amplifier circuit 1300 including the differ-
ential amplifier circuit GM2 1331 (decoupled from the
branch of the capacitive gain amplifier circuit 1300 includ-
ing the differential amplifier circuit GM1 1330) may rapidly
charge the ADC double sample capacitor circuit 1150 by
bypassing the impedance network including the resistors RF
1347 and the capacitor CF 1348. After the ADC double
sample capacitor circuit 1150 is pre-charged, the ADC may
sample the voltage at the ADC double sample capacitor
circuit 1150 while the impedance network including the
resistors RF 1347 and the capacitor CF 1348 band-limits the
noise and the capacitive gain amplifier circuit 1300 outputs
a finely settled voltage during a fine settling portion of an
amplify phase. A pre-charge ADC timing control signal PQB
may be high during the fine settling portion of an amplify
phase to couple the output of the differential amplifier circuit
GM1 1330 with the input of the differential amplifier circuit
GM2 1331. For example, in an amplify CHP1 or CHP2
phase, during the start of an ADC sample period, the AAF
may be bypassed when the pre-charge ADC timing control
signal PQ is set to a logical high state and the ADC sampling
capacitors CSAMP may be charged to a rough value in a
short period of time by the differential amplifier circuit GM2
1331. Then, during a later portion of the ADC sample period,
the AAF may be placed in circuit again when the pre-charge
ADC timing control signal PQ is set to a logical low state
and the impedance networking including the resistors RF
1347 and the capacitor CF 1348 band-limits the noise and
the capacitive gain amplifier circuit 1300 outputs a finely
settled voltage during a fine settling portion of an amplify
phase while the pre-charge ADC timing control signal PQB
is at a logical high level. The ADC may then sample an
accurate voltage on the ADC sample capacitors CSAMP.
The ability to rapidly charge the ADC double sample capaci-
tor circuit 1150 enables the capacitive gain amplifier circuit
1300 to drive an ADC directly without buffer amplifiers in
between.

[0135] The capacitive gain network autozero and chop-
ping amplifier circuit 1320 may decouple the differential
amplifier circuit GM1 1330 from the differential amplifier
circuit GM2 1331 during CMS and DCMS phases. The
differential amplifier circuit GM1 1330 may be configured
as a unity gain buffer to setup the common mode voltage for
nodes VAIP and VAIN at the inputs of the differential
amplifier circuit GM1 1330 during the CMS phase. During
the DCMS phase, which is complementary to the CMS
phase, the outputs of the differential amplifier circuit GM1
1330 drive the capacitors CFP 1326 and CFN 1327 instead
of shorting to nodes VAIP and VAIN. The differential
amplifier circuit GM1 1330 may be a single stage amplifier
which is very stable and which may have a single pole
settling characteristic. The differential amplifier circuit GM1
1330 may not be compensated during the CMS and DCMS
phases, thereby saving space in the circuit layout. This
contrasts with embodiments in which a Miller capacitor is
used to compensate a differential amplifier used during the
CMS and DCMS phases, where the Miller capacitor used to
compensate the differential amplifier during the CMS and
DCMS phases is typically much larger than the Miller
capacitor used for high closed loop gain in amplify phases
(e.g., CHP1 and CHP2).

[0136] In addition, while the Miller capacitors CCP 1335
and CCN 1336 are disconnected from the main differential
amplifier circuit GM1 1330 during the CMS and DCMS
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phases, the Miller capacitors CCP 1335 and CCN 1336 may
store the correct voltage used in the last amplify phase which
is used by the differential amplifier circuit GM2 1331 to
rapidly pre-charge the ADC sample capacitors to a rough
voltage that is very close to the correct final value while
bypassing the low pass filter of the impedance network
including resistors RF 1347 and capacitor CF 1348 when the
pre-charge switches 1346 are set to a transmitting state by
the pre-charge timing control signal PQ. Therefore, when the
CMS and DCMS phases end, the main differential amplifier
circuit GM1 1330 coupled with the differential amplifier
circuit 1331 only need to charge a small residual error,
thereby permitting the low pass filter to be placed in circuit
in order to band-limit noise without negatively impacting the
speed of the capacitive gain amplifier circuit 1300. Further-
more, the settling time of both the CMS and DCMS phases
may also be short, so the first data sampling of the ADC after
the CMS/DCMS may be a good accurate value. Further-
more, any small settling errors may be averaged by the low
pass filter. An exemplary settling time at the output nodes
VOFP and VOFN of the de-chopper and dynamic AAF
circuit 1340 is also illustrated in FIG. 14.

[0137] At the start of each data sampling period of the
ADC (e.g., the start of each PSAM period in FIG. 14) during
the CHP1 and CHP2 amplify phases, the differential ampli-
fier circuit GM2 1331 may pre-charge the ADC double
sample capacitor circuit 1150 to a roughly correct voltage
value within a short time. Then, in a later portion of each
data sampling period of the ADC, the differential amplifier
circuit GM2 1331 may be coupled together again for fine
settling of the output voltage so that the sampled values of
the ADC double sample capacitor circuit 1150 to by the
ADC may be very accurate.

[0138] In embodiments of capacitive gain amplifiers that
use unity gain buffers at the input to reduce current, the
voltage offset of these unity gain buffers may slow down
settling significantly. The capacitive gain amplifier circuit
1300 eliminates this impact of the unity gain buffers by the
timing of its timing control signals. For example, when the
CMS and DCMS phases end, the differential amplifier
circuit GM1 1330 may be disconnected from the gain
network capacitors of the capacitive gain network autozero
and chopping amplifier circuit 1320. At this time, the
differential amplifier circuit GM2 1331 is also still discon-
nected from the output of the differential amplifier circuit
GM1 1330 by switches 1332 according to the pre-charge
timing control signal PQB. Therefore, the charge stored on
the Miller capacitors CCP 1335 and CCN 1336 is not
impacted by the unity gain pre-buffer circuits’ offset volt-
ages. The correct charge stored on the Miller capacitors CCP
1335 and CCN 1336 may charge the gain network of the
capacitive gain network autozero and chopping amplifier
circuit 1320 to the correct state.

[0139] The control signals CBUF, CI, CIB, SMP, SMPL,
DSMP, CO, COB, PQ, and PQB illustrated in FIG. 14 may
be generated by a controller in response to an external timing
signal, e.g., a clock signal. The controller may include
digital circuits and/or may be machine or computer-imple-
mented.

[0140] Any feature of any of the embodiments described
herein may optionally be used in combination with any other
embodiment, as would be understood by one of ordinary
skill in the art in view of the teachings herein. Also, any of
the embodiments described herein may optionally include
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any subset of the components or features discussed herein,
as would be understood by one of ordinary skill in the art in
view of the teachings herein. For example, FIG. 15A is a
circuit schematic that illustrates a capacitive gain amplifier
circuit 1500 that combines portions of other embodiments
previously described herein, according to an embodiment.
As illustrated in FIG. 15A, the capacitive gain amplifier
circuit 1500 receives input from an embodiment of the input
buffer and chopper circuit 310 previously described herein.
The capacitive gain amplifier circuit 1500 is similar to the
capacitive gain amplifier circuit 300, wherein input capaci-
tors CIP/2 1522 and CIN/2 1523 correspond to input capaci-
tors CIP/2 322 and CIN/2 323, feedback capacitors CFP
1525 and CFN 1527 correspond to feedback capacitors CFP
325 and CFN 327, but the two-stage Miller compensated
amplifier circuit 100 replaces the combination of differential
amplifier circuit GM1 321 and the split output stage ampli-
fier circuit 330. The capacitive gain amplifier circuit 1500
provides a differential signal output to a de-chopper and
AAF circuit 1560, which is similar to the de-chopper and
dynamic AAF circuit 360 except that the de-chopper and
AAF circuit 1560 does not include switches that bypass the
impedance network 365 according to a pre-charge control
signal PQ to pre-charge the ADC. The de-chopper and AAF
circuit 1560 provides a differential signal VOFN/VOFP to
an embodiment of the ADC double sample capacitor circuit
1150.

[0141] FIG. 15B is a timing diagram illustrating control
signal waveforms for controlling the capacitive gain ampli-
fier circuit of FIG. 15A, according to an embodiment. The
timing diagram shown in FIG. 15B is similar to those shown
in FIGS. 1 and 4. Note that the signal PRES in FIG. 15B is
utilized by the two-stage Miller compensated amplifier
circuit 100 shown in more detail in FIG. 1. The control
signals PBUF, CI0, CI1, SMP, PRES, P1, P2, CO, and COB
illustrated in FIG. 15B may be generated by a controller in
response to an external timing signal, e.g., a clock signal.
The controller may include digital circuits and/or may be
machine or computer-implemented.

[0142] FIG. 16 is a circuit schematic that illustrates a
capacitive gain amplifier circuit 1600 having a split output
stage and two groups of output stage Miller capacitors,
according to an embodiment. FIG. 17 is a timing diagram
illustrating control signal waveforms for controlling the
capacitive gain amplifier circuit of FIG. 16, according to an
embodiment. The capacitive gain amplifier circuit 1600 is
similar to the capacitive gain amplifier circuit 300, except
that the capacitive gain amplifier circuit 1600 includes split
output stage amplifier circuit 1630 including a secondary
output stage amplifier branch 1650 that includes a differen-
tial amplifier circuit GM2B 1651 in parallel with the differ-
ential amplifier circuit GM2A 341 of the primary output
stage amplifier branch 340 between the differential input of
the split output stage amplifier circuit 1630 and the differ-
ential output of the split output stage amplifier circuit 1630.
The signal polarity of the differential amplifier circuit
GM2B 1651 does not swap relative to the signal polarity of
the differential amplifier circuit GM2A 341 in the embodi-
ment of FIG. 16 when the second Miller capacitors CC2A
352 and CC2B 353 swap from one polarity to an opposite
polarity of the differential amplifier circuit GM2A 341 of the
primary output stage amplifier branch 340.

[0143] In the embodiment of FIG. 16, the secondary
output stage amplifier branch 1650 is selectively coupled
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with and decoupled from the primary output stage amplifier
branch 340 by a set of switches 1655 controlled according
to the logical inverse of the signal SMPL illustrated in the
timing diagram of FIG. 17. In addition, the second Miller
capacitors CC2A 352 and CC2B 353 are swapped from one
polarity to an opposite polarity of the differential amplifier
circuit GM2A 341 of the primary output stage amplifier
branch 340 by switches 1654, 1656 controlled according to
the signal CI0 and switches 1656, 1656' controlled accord-
ing to the logical inverse of the signal CI0 illustrated in the
timing diagram of FIG. 17.

[0144] FIG. 18 is a circuit schematic that illustrates a
capacitive gain amplifier circuit 1800 that may drive an
ADC directly without intervening buffer circuits, according
to an embodiment. The capacitive gain amplifier circuit
1800 is controlled by logical signals according to the timing
diagram illustrated in FIG. 17. The capacitive gain amplifier
circuit 1800 is similar to the capacitive gain amplifier circuit
1300, except for the following differences in the capacitive
gain network autozero and chopping amplifier circuit 1820
and the de-chopper and dynamic AAF circuit 1840 relative
to their counterparts in the capacitive gain amplifier circuit
1300:

[0145] The capacitive gain amplifier circuit 1800 uses a
pair of input capacitors CIP/2 1824 instead of a single
input capacitor CIP 1324 coupled with the input VAIP
of'the differential amplifier circuit GM1 1330 and a pair
of input capacitors CIN/2 1825 instead of a single input
capacitor CIN 1325 coupled with the input VAIN of the
differential amplifier circuit GM1 1330.

[0146] The capacitive gain amplifier circuit 1800 uses
the pairs of input capacitors CIP/2 1824 and CIN/2
1825 to sample a common mode voltage during the
common mode sample phase in a manner similar to that
of the capacitive gain amplifier circuit 300, rather than
using a pair of switches 1323 coupled to a common
mode voltage VICM as in the capacitive gain amplifier
circuit 1300.

[0147] The capacitive gain amplifier circuit 1800 uses a
switch 1823 to couple the differential outputs of the
differential amplifier circuit GM1 1330 together when
the logical signal PQB is low and the differential
outputs of the differential amplifier circuit GM1 1330
are separated from the differential inputs of the differ-
ential amplifier circuit 1331.

[0148] The differential outputs of the differential ampli-
fier circuit GM1 1330 are separated from the differen-
tial inputs of the differential amplifier circuit GM2
1331 by the pair of switches 1832 when the logical
signal SMPL is low.

[0149] The polarity of the differential amplifier circuit
GM2 1331 relative to the polarity of the differential
amplifier circuit GM1 1330 is not swapped when the
Miller capacitors CCP 1335 and CCN 1336 are
swapped in relation to the polarity of the differential
amplifier circuit GM1 1330 by the switches 1833,
1834, 1838, and 1839 according to the value of the
logical signal CIO0.

[0150] The output ports of the differential amplifier
circuit GM2 1331 are disconnected from the feedback
capacitors CFP 1326 and CFN 1327 when the logical
signal PQ is low by switches 1841.

[0151] When either of the logical signals CO and COB
are in a high state and the pre-charge ADC timing
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control signal PQ is in a low state, the impedance
network that includes resistors RF 1347 and capacitor
CF 1348 band-limits noise in the differential signal
being output from the capacitive gain amplifier circuit
1800 before being input to the ADC double sample
capacitor circuit 1150 at differential output nodes
VOFP and VOFN.
[0152] FIG. 19 is a circuit schematic that illustrates a
capacitive gain amplifier circuit 1900 that may drive an
ADC directly without intervening buffer circuits, according
to an embodiment. The capacitive gain amplifier circuit
1900 is controlled by logical signals according to the timing
diagram illustrated in FIG. 17. The capacitive gain amplifier
circuit 1900 is similar to the capacitive gain amplifier circuit
1300, except for the following differences in the capacitive
gain network autozero and chopping amplifier circuit 1920
and the de-chopper and dynamic AAF circuit 1840 relative
to their counterparts in the capacitive gain amplifier circuit
1300:

[0153] The capacitive gain amplifier circuit 1900 uses a
pair of input capacitors CIP/2 1824 instead of a single
input capacitor CIP 1324 coupled with the input VAIP
of the differential amplifier circuit GM1 1330 and a pair
of input capacitors CIN/2 1825 instead of a single input
capacitor CIN 1325 coupled with the input VAIN of the
differential amplifier circuit GM1 1330.

[0154] The capacitive gain amplifier circuit 1900 uses
the pairs of input capacitors CIP/2 1824 and CIN/2
1825 to sample a common mode voltage during the
common mode sample phase in a manner similar to that
of the capacitive gain amplifier circuit 300, rather than
using a pair of switches 1323 coupled to a common
mode voltage VICM as in the capacitive gain amplifier
circuit 1300.

[0155] The capacitive gain amplifier circuit 1900 uses a
switch 1823 to couple the differential outputs of the
differential amplifier circuit GM1 1330 together when
the logical signal PQB is low and the differential
outputs of the differential amplifier circuit GM1 1330
are separated from the differential inputs of the differ-
ential amplifier circuit 1331.

[0156] When either of the logical signals CO and COB
are in a high state and the pre-charge ADC timing
control signal PQ is in a low state, the impedance
network that includes resistors RF 1347 and capacitor
CF 1348 band-limits noise in the differential signal
being output from the capacitive gain amplifier circuit
1900 before being input to the ADC double sample
capacitor circuit 1150 at differential output nodes
VOFP and VOFN.

Various Notes & Examples

[0157] Each of the non-limiting examples described
herein may stand on its own, or may be combined in various
permutations or combinations with one or more of the other
examples.

[0158] Example 1 is a capacitive gain amplifier circuit,
comprising: a differential amplifier circuit, including a set of
inputs and a set of outputs; a first set of Miller capacitors,
selectively switched in between respective outputs and
respective inputs of the differential amplifier circuit during
a first phase that resets the differential amplifier circuit, and
a second set of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the
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differential amplifier circuit during a separate second phase
that chops a signal being amplified by the differential
amplifier circuit, the second set of Miller capacitors being
selectively switched in to alternating inputs of the differen-
tial amplifier circuit during successive second phases.

[0159] In Example 2, the subject matter of Example 1
optionally includes wherein the first set of Miller capacitors
is selectively switched out from respective outputs and
respective inputs of the differential amplifier circuit during
the second phase to retain electrical charge on the first set of
Miller capacitors between successive first phases, and the
second set of Miller capacitors is selectively switched out
from respective outputs and respective inputs of the differ-
ential amplifier circuit during the first phase to retain elec-
trical charge on the second set of Miller capacitors between
successive second phases.

[0160] In Example 3, the subject matter of Example 2
optionally includes wherein the differential amplifier circuit
is a first output stage differential amplifier circuit, and
further comprising a second output stage differential ampli-
fier circuit having a set of inputs respectively coupled with
the input side of the second set of Miller capacitors and
having a set of outputs respectively coupled with a corre-
sponding output side of the second set of Miller capacitors.

[0161] In Example 4, the subject matter of any one or
more of Examples 2-3 optionally includes an output de-
chopper circuit cascaded with the outputs of the differential
amplifier circuit, the output de-chopper circuit including: a
first set of switches to selectively couple the output side of
the second set of Miller capacitors with inputs of an analog
to digital converter (ADC) circuit to pre-charge the ADC
circuit during the first phase; and a second set of switches to
selectively invert a polarity of the outputs of the differential
amplifier circuit relative to the inputs of the ADC circuit
during alternate successive second phases.

[0162] In Example 5, the subject matter of Example 4
optionally includes an impedance network disposed between
the second set of switches and the inputs of the ADC circuit.

[0163] In Example 6, the subject matter of any one or
more of Examples 1-5 optionally includes wherein the
differential amplifier circuit is an output stage differential
amplifier circuit, and further comprising an input stage
differential amplifier circuit cascaded with the output stage
differential amplifier circuit to amplify an input differential
signal prior to being input to the output stage differential
amplifier circuit.

[0164] In Example 7, the subject matter of Example 6
optionally includes wherein the inputs of the output stage
differential amplifier circuit are selectively coupled with and
decoupled from corresponding outputs of the input stage
differential amplifier circuit periodically during both the first
phase and the second phase.

[0165] In Example 8, the subject matter of Example 7
optionally includes an input chopper circuit including: a set
of unity gain buffer circuits selectively coupled with respec-
tive capacitive gain amplifier circuit inputs, the capacitive
gain amplifier circuit inputs collectively forming a differen-
tial capacitive gain amplifier circuit input; and a set of
chopper switches to selectively communicatively couple an
alternative one of each of the unity gain buffer circuits and
the respective capacitive gain amplifier circuit inputs with
alternating inputs of the input stage differential amplifier
circuit during successive second phases.
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[0166] In Example 9, the subject matter of any one or
more of Examples 6-8 optionally includes a set of feedback
capacitors, selectively switched in between respective inputs
of the input stage differential amplifier circuit and respective
outputs of the output stage differential amplifier circuit
except during alternating first phases when the set of feed-
back capacitors is selectively switched out from respective
outputs of the output stage differential amplifier circuit.
[0167] Example 10 is a method of capacitive gain ampli-
fication using a differential amplifier circuit, the method
comprising: switching in a first set of Miller capacitors
between respective outputs and respective inputs of the
differential amplifier circuit during a first phase that resets
the differential amplifier circuit; and switching in a second
set of Miller capacitors between respective outputs and
respective inputs of the differential amplifier circuit during
a separate second phase that chops a signal being amplified
by the differential amplifier circuit, the switching in of the
second set of Miller capacitors being to alternating inputs of
the differential amplifier circuit during successive second
phases.

[0168] In Example 11, the subject matter of Example 10
optionally includes switching out the first set of Miller
capacitors from respective outputs and respective inputs of
the differential amplifier circuit during the second phase to
retain electrical charge on the first set of Miller capacitors
between successive first phases; and switching out the
second set of Miller capacitors from respective outputs and
respective inputs of the differential amplifier circuit during
the first phase to retain electrical charge on the second set of
Miller capacitors between successive second phases.
[0169] In Example 12, the subject matter of Example 11
optionally includes wherein the differential amplifier circuit
is a first output stage differential amplifier circuit, and
further comprising operating both the first output stage
differential amplifier circuit and a second output stage
differential amplifier circuit during the second phase, the
second output stage differential amplifier circuit having
inputs respectively coupled with the input side of the second
set of Miller capacitors and having outputs respectively
coupled with the output side of the second set of Miller
capacitors.

[0170] In Example 13, the subject matter of any one or
more of Examples 11-12 optionally includes selectively
coupling the output side of the second set of Miller capaci-
tors with respective inputs of an analog to digital converter
(ADC) circuit by a first set of switches of an output
de-chopper circuit to pre-charge the ADC circuit during the
first phase, the de-chopper circuit cascaded with the differ-
ential amplifier circuit; and selectively inverting a polarity of
the outputs of the differential amplifier circuit relative to the
inputs of the ADC circuit during alternate successive second
phases by a second set of switches of the output de-chopper
circuit.

[0171] In Example 14, the subject matter of Example 13
optionally includes wherein the differential amplifier circuit
is a first output stage differential amplifier circuit, and
further comprising selectively coupling outputs of a second
output stage differential amplifier circuit with respective
inputs of the ADC circuit, the second output stage differen-
tial amplifier circuit having inputs respectively coupled with
the input side of the second set of Miller capacitors and
having outputs respectively coupled with a corresponding
output side of the second set of Miller capacitors; pre-
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charging the ADC circuit by the second output stage differ-
ential amplifier circuit during a pre-charge portion of the
second phase; and decoupling the outputs of the second
output stage differential amplifier circuit from the inputs of
the ADC circuit during a settling portion of the second
phase.

[0172] In Example 15, the subject matter of any one or
more of Examples 10-14 optionally includes wherein the
differential amplifier circuit is an output stage differential
amplifier circuit, and further comprising amplifying an input
differential signal prior to being input to the output stage
differential amplifier circuit by an input stage differential
amplifier circuit cascaded with the output stage differential
amplifier circuit.

[0173] In Example 16, the subject matter of Example 15
optionally includes coupling inputs of the output stage
differential amplifier circuit with respective outputs of the
input stage differential amplifier circuit during a fine settling
portion of the second phase; and decoupling the inputs of the
output stage differential amplifier circuit from the outputs of
the input stage differential amplifier circuit during the first
phase.

[0174] In Example 17, the subject matter of Example 16
optionally includes selectively coupling a set of input
capacitors between respective inputs of the input stage
differential circuit and respective outputs of unity gain buffer
circuits during the first phase, the unity gain buffer circuits
receiving input from respective capacitive gain amplifier
circuit inputs collectively forming a differential capacitive
gain amplifier circuit input; charging the set of input capaci-
tors by the respective unity gain buffer circuits during the
first phase; and selectively communicatively coupling an
alternative one of the unity gain buffer circuits and the
respective capacitive gain amplifier circuit inputs with alter-
nating inputs of the input stage differential amplifier circuit
during successive second phases by a set of chopper
switches.

[0175] In Example 18, the subject matter of any one or
more of Examples 15-17 optionally includes selectively
switching in a set of feedback capacitors between respective
inputs of the input stage differential amplifier circuit and
respective outputs of the output stage differential amplifier
circuit except during alternating first phases; and during the
alternating first phases, selectively switching out the set of
feedback capacitors from respective outputs of the output
stage differential amplifier circuit.

[0176] In Example 19, the subject matter of Example 18
optionally includes wherein the output stage differential
amplifier circuit is a first output stage differential amplifier
circuit, and further comprising: decoupling the outputs of
the first output stage differential amplifier circuit from an
analog to digital converter (ADC) circuit and pre-charging
the ADC circuit by a second output stage differential ampli-
fier circuit during the first phase, the second output stage
differential amplifier circuit having inputs respectively
coupled with the input side of the second set of Miller
capacitors and having outputs respectively coupled with a
corresponding output side of the second set of Miller capaci-
tors during the first phase; and coupling the outputs of the
first output stage differential amplifier circuit with an imped-
ance network at an input of the ADC circuit and decoupling
the second output stage differential amplifier circuit from the
ADC circuit during the second phase.
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[0177] Example 20 is a capacitive gain amplifier circuit,
comprising: a differential amplifier circuit, including a pair
of inputs and a pair of outputs; a first pair of Miller
capacitors, selectively switched in between respective out-
puts and respective inputs of the differential amplifier circuit
during a first phase that resets the differential amplifier
circuit, and selectively switched out from respective outputs
and respective inputs of the differential amplifier circuit
during a second phase to retain electrical charge on the first
pair of Miller capacitors between successive first phases;
and a second pair of Miller capacitors, selectively switched
in between respective outputs and respective inputs of the
differential amplifier circuit during a separate second phase
that chops a signal being amplified by the differential
amplifier circuit, the second pair of Miller capacitors being
selectively switched in to alternating inputs of the differen-
tial amplifier circuit during successive second phases in
correspondence with the chopping of the signal being ampli-
fied by the differential amplifier circuit, and selectively
switched out from respective outputs and respective inputs
of the differential amplifier circuit during the first phase to
retain electrical charge on the second pair of Miller capaci-
tors between successive second phases.

[0178] Example 21 is a capacitive gain amplifier circuit to
amplify an input signal by a pair of differential amplifier
circuits coupled in parallel, the capacitive gain amplifier
circuit comprising: a first output stage differential amplifier
circuit, including a set of inputs and a set of outputs; a first
set of Miller capacitors, selectively switched in between
respective outputs and respective inputs of the first output
stage differential amplifier circuit during a first phase that
resets the first output stage differential amplifier circuit; a
second set of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the first
output stage differential amplifier circuit during a second
phase that chops a signal being amplified by the first output
stage differential amplifier circuit, the second set of Miller
capacitors being selectively switched in to alternating inputs
of the first output stage differential amplifier circuit during
successive second phases; and a second output stage differ-
ential amplifier circuit, including a set of inputs selectively
coupled with the inputs of the first output stage differential
amplifier circuit and a set of outputs selectively coupled with
the outputs of the first output stage differential amplifier
circuit during the second phase.

[0179] In Example 22, the subject matter of Example 21
optionally includes wherein: the second set of Miller capaci-
tors is selectively switched out from respective outputs and
respective inputs of the first output stage differential ampli-
fier circuit during the first phase to retain electrical charge on
the second set of Miller capacitors between successive
second phases; and the first set of Miller capacitors is
selectively switched out from respective outputs and respec-
tive inputs of the first output stage differential amplifier
circuit during the second phase to retain electrical charge on
the first set of Miller capacitors between successive first
phases.

[0180] In Example 23, the subject matter of Example 22
optionally includes an output de-chopper circuit cascaded
with the outputs of the first output stage differential amplifier
circuit, the output de-chopper circuit including: a first set of
switches to selectively couple the output sides of the second
set of Miller capacitors and the second output stage differ-
ential amplifier circuit with inputs of an analog to digital
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converter (ADC) circuit to pre-charge the ADC circuit
during the first phase; and a second set of switches to
selectively invert a polarity of the outputs of the first output
stage differential amplifier circuit relative to the inputs of the
ADC circuit during alternate successive second phases.
[0181] In Example 24, the subject matter of any one or
more of Examples 21-23 optionally include an input stage
differential amplifier circuit cascaded with the first output
stage differential amplifier circuit to amplify an input dif-
ferential signal prior to being input to the first output stage
differential amplifier circuit.

[0182] In Example 25, the subject matter of Example 24
optionally includes wherein the inputs of the first output
stage differential amplifier circuit are selectively coupled
with and decoupled from corresponding outputs of the input
stage differential amplifier circuit periodically during both
the first phase and the second phase.

[0183] In Example 26, the subject matter of Example 25
optionally includes an input chopper circuit including: a set
of unity gain buffer circuits selectively coupled with respec-
tive capacitive gain amplifier circuit inputs, the capacitive
gain amplifier circuit inputs collectively forming a differen-
tial capacitive gain amplifier circuit input; and a set of
chopper switches to selectively communicatively couple an
alternative one of each of the unity gain buffer circuits and
the respective capacitive gain amplifier circuit inputs with
alternating inputs of the input stage differential amplifier
circuit during successive second phases.

[0184] In Example 27, the subject matter of any one or
more of Examples 24-26 optionally include a set of feedback
capacitors, selectively switched in between respective inputs
of the input stage differential amplifier circuit and respective
outputs of the first output stage differential amplifier circuit
except during alternating first phases when the set of feed-
back capacitors is selectively switched out from respective
outputs of the first output stage differential amplifier circuit.
[0185] In Example 28, the subject matter of any one or
more of Examples 24-27 optionally include a first pair of
input capacitors having an output end coupled with a first of
a set of inputs of the input stage differential amplifier circuit;
a second pair of input capacitors having an output end
coupled with a second of the set of inputs of the input stage
differential amplifier circuit; and a third set of switches to
selectively couple an input end of a first of each of the first
and second pairs of input capacitors with one differential
input of the capacitive gain amplifier circuit and to selec-
tively couple an input end of a second of each of the first and
second pairs of input capacitors with another differential
input of the capacitive gain amplifier circuit to sample a
common mode input voltage by the set of inputs of the input
stage differential amplifier circuit during the first phase, and
to selectively couple the input end of both of the first pair of
input capacitors with one differential input of the capacitive
gain amplifier circuit and to selectively couple the input end
of both of the second pair of input capacitors with another
differential input of the capacitive gain amplifier circuit
during the second phase.

[0186] Example 29 is a method of capacitive gain ampli-
fication to amplify an input signal by a pair of differential
amplifier circuits coupled in parallel, the method compris-
ing: switching in a first set of Miller capacitors between
respective outputs and respective inputs of the first output
stage differential amplifier circuit during a first phase that
resets the first output stage differential amplifier circuit,
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switching in a second set of Miller capacitors between
respective outputs and respective inputs of the first output
stage differential amplifier circuit during a second phase that
chops a signal being amplified by the first output stage
differential amplifier circuit, the switching in of the second
set of Miller capacitors being to alternating inputs of the first
output stage differential amplifier circuit during successive
second phases; and operating both the first output stage
differential amplifier circuit and the second output stage
differential amplifier circuit during the second phase, the
second output stage differential amplifier circuit having
inputs selectively coupled with the inputs of the first output
stage differential amplifier circuit and a set of outputs
selectively coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.
[0187] In Example 30, the subject matter of Example 29
optionally includes switching out the second set of Miller
capacitors from respective outputs and respective inputs of
the first output stage differential amplifier circuit during the
first phase to retain electrical charge on the second set of
Miller capacitors between successive second phases; and
switching out the first set of Miller capacitors from respec-
tive outputs and respective inputs of the first output stage
differential amplifier circuit during the second phase to
retain electrical charge on the first set of Miller capacitors
between successive first phases.

[0188] In Example 31, the subject matter of Example 30
optionally includes selectively coupling the output sides of
the second set of Miller capacitors and the second output
stage differential amplifier circuit with respective inputs of
an analog to digital converter (ADC) circuit by a first set of
switches of an output de-chopper circuit while the second set
of Miller capacitors is coupled between respective inputs
and outputs of the second output stage differential amplifier
circuit to pre-charge the ADC circuit during the first phase,
the output de-chopper circuit cascaded with the first output
stage differential amplifier circuit; and selectively inverting
a polarity of the outputs of the first output stage differential
amplifier circuit relative to the inputs of the ADC circuit
during alternate successive second phases by a second set of
switches of the output de-chopper circuit.

[0189] In Example 32, the subject matter of Example 31
optionally includes selectively coupling outputs of the sec-
ond output stage differential amplifier circuit with respective
inputs of the ADC circuit; pre-charging the ADC circuit by
the second output stage differential amplifier circuit during
a pre-charge portion of the second phase; and decoupling the
outputs of the second output stage differential amplifier
circuit from the inputs of the ADC circuit during a settling
portion of the second phase.

[0190] In Example 33, the subject matter of any one or
more of Examples 29-32 optionally include amplifying an
input differential signal prior to being input to the output
stage differential amplifier circuit by an input stage differ-
ential amplifier circuit cascaded with the output stage dif-
ferential amplifier circuit.

[0191] In Example 34, the subject matter of Example 33
optionally includes coupling inputs of the first output stage
differential amplifier circuit with respective outputs of the
input stage differential amplifier circuit during a fine settling
portion of the second phase; and decoupling the inputs of the
first output stage differential amplifier circuit from the
outputs of the input stage differential amplifier circuit during
the first phase.
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[0192] In Example 35, the subject matter of Example 34
optionally includes selectively coupling a set of input
capacitors between respective inputs of the input stage
differential circuit and respective outputs of unity gain buffer
circuits during the first phase, the unity gain buffer circuits
receiving input from respective capacitive gain amplifier
circuit inputs collectively forming a differential capacitive
gain amplifier circuit input; charging the set of input capaci-
tors by the respective unity gain buffer circuits during the
first phase; and selectively communicatively coupling an
alternative one of the unity gain buffer circuits and the
respective capacitive gain amplifier circuit inputs with alter-
nating inputs of the input stage differential amplifier circuit
during successive second phases by a set of chopper
switches.

[0193] In Example 36, the subject matter of any one or
more of Examples 34-35 optionally include selectively
switching in a set of feedback capacitors between respective
inputs of the input stage differential amplifier circuit and
respective outputs of the first output stage differential ampli-
fier circuit except during alternating first phases; and during
the alternating first phases, selectively switching out the set
of feedback capacitors from respective outputs of the first
output stage differential amplifier circuit.

[0194] In Example 37, the subject matter of Example 36
optionally includes decoupling the outputs of the first output
stage differential amplifier circuit from an analog to digital
converter (ADC) circuit and pre-charging the ADC circuit
by a second output stage differential amplifier circuit during
the first phase, the second output stage differential amplifier
circuit having inputs respectively coupled with the input side
of the second set of Miller capacitors and having outputs
respectively coupled with a corresponding output side of the
second set of Miller capacitors during the first phase; and
coupling the outputs of the first output stage differential
amplifier circuit with an impedance network at an input of
the ADC circuit and decoupling the second output stage
differential amplifier circuit from the ADC circuit during the
second phase.

[0195] In Example 38, the subject matter of any one or
more of Examples 33-37 optionally include selectively
coupling an input end of a first of each of a first pair of input
capacitors and a second pair of input capacitors with one
differential input of the capacitive gain amplifier circuit and
selectively coupling an input end of a second of each of the
first and second pairs of input capacitors with another
differential input of the capacitive gain amplifier circuit to
sample a common mode input voltage by the set of inputs of
the input stage differential amplifier circuit during the first
phase; and selectively coupling the input end of both of the
first pair of input capacitors with one differential input of the
capacitive gain amplifier circuit and selectively coupling the
input end of both of the second pair of input capacitors with
another differential input of the capacitive gain amplifier
circuit during the second phase.

[0196] Example 39 is a capacitive gain amplifier circuit,
comprising: a first output stage differential amplifier circuit,
including a pair of inputs and a pair of outputs; a first pair
of Miller capacitors, selectively switched in between respec-
tive outputs and respective inputs of the first output stage
differential amplifier circuit during a first phase that resets
the first output stage differential amplifier circuit, and selec-
tively switched out from respective outputs and respective
inputs of the first output stage differential amplifier circuit
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during a second phase to retain electrical charge on the first
pair of Miller capacitors between successive first phases; a
second pair of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the first
output stage differential amplifier circuit during a separate
second phase that chops a signal being amplified by the first
output stage differential amplifier circuit, the second pair of
Miller capacitors being selectively switched in to alternating
inputs of the first output stage differential amplifier circuit
during successive second phases in correspondence with the
chopping of the signal being amplified by the first output
stage differential amplifier circuit, and selectively switched
out from respective outputs and respective inputs of the first
output stage differential amplifier circuit during the first
phase to retain electrical charge on the second pair of Miller
capacitors between successive second phases; and a second
output stage differential amplifier circuit, including a set of
inputs selectively coupled with the inputs of the first output
stage differential amplifier circuit and a set of outputs
selectively coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.

[0197] In Example 40, the subject matter of Example 39
optionally includes an output de-chopper circuit cascaded
with the outputs of the first output stage differential amplifier
circuit, the output de-chopper circuit including: a first set of
switches to selectively couple the output sides of the second
pair of Miller capacitors and the second output stage differ-
ential amplifier circuit with inputs of an analog to digital
converter (ADC) circuit to pre-charge the ADC circuit
during the first phase; and a second pair of switches to
selectively invert a polarity of the outputs of the first output
stage differential amplifier circuit relative to the inputs of the
ADC circuit during alternate successive second phases.

[0198] Example 41 is a capacitive gain amplifier circuit
using a first output stage differential amplifier circuit and a
second output stage differential amplifier circuit, the capaci-
tive gain amplifier circuit comprising: a first output stage
differential amplifier circuit, including a set of inputs and a
set of outputs; a first set of Miller capacitors, selectively
switched in between respective outputs and respective inputs
of the first output stage differential amplifier circuit during
a first phase that resets the first output stage differential
amplifier circuit; a second set of Miller capacitors, selec-
tively switched in between respective outputs and respective
inputs of the first output stage differential amplifier circuit
during a second phase that chops a signal being amplified by
the first output stage differential amplifier circuit, the second
set of Miller capacitors being selectively switched in to
alternating inputs of the first output stage differential ampli-
fier circuit during successive second phases; and a second
output stage differential amplifier circuit, including a set of
inputs selectively coupled with the inputs of the first output
stage differential amplifier circuit and a set of outputs
selectively coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.

[0199] In Example 42, the subject matter of Example 41
optionally includes wherein: the second set of Miller capaci-
tors is selectively switched out from respective outputs and
respective inputs of the first output stage differential ampli-
fier circuit during the first phase to retain electrical charge on
the second set of Miller capacitors between successive
second phases; and the first set of Miller capacitors is
selectively switched out from respective outputs and respec-
tive inputs of the first output stage differential amplifier
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circuit during the second phase to retain electrical charge on
the first set of Miller capacitors between successive first
phases.

[0200] In Example 43, the subject matter of Example 42
optionally includes an output de-chopper circuit cascaded
with the outputs of the first output stage differential amplifier
circuit, the output de-chopper circuit including: a first set of
switches to selectively couple the output sides of the second
set of Miller capacitors and the second output stage differ-
ential amplifier circuit with inputs of an analog to digital
converter (ADC) circuit to pre-charge the ADC circuit
during the first phase; and a second set of switches to
selectively invert a polarity of the outputs of the first output
stage differential amplifier circuit relative to the inputs of the
ADC circuit during alternate successive second phases.
[0201] In Example 44, the subject matter of any one or
more of Examples 41-43 optionally include an input stage
differential amplifier circuit cascaded with the first output
stage differential amplifier circuit to amplify an input dif-
ferential signal prior to being input to the first output stage
differential amplifier circuit.

[0202] In Example 45, the subject matter of Example 44
optionally includes wherein the inputs of the first output
stage differential amplifier circuit are selectively coupled
with and decoupled from corresponding outputs of the input
stage differential amplifier circuit periodically during both
the first phase and the second phase.

[0203] In Example 46, the subject matter of Example 45
optionally includes an input chopper circuit including: a set
of unity gain buffer circuits selectively coupled with respec-
tive capacitive gain amplifier circuit inputs, the capacitive
gain amplifier circuit inputs collectively forming a differen-
tial capacitive gain amplifier circuit input: and a set of
chopper switches to selectively communicatively couple an
alternative one of each of the unity gain buffer circuits and
the respective capacitive gain amplifier circuit inputs with
alternating inputs of the input stage differential amplifier
circuit during successive second phases.

[0204] In Example 47, the subject matter of any one or
more of Examples 44-46 optionally include a set of feedback
capacitors, selectively switched in between respective inputs
of the input stage differential amplifier circuit and respective
outputs of the first output stage differential amplifier circuit
except during alternating first phases when the set of feed-
back capacitors is selectively switched out from respective
outputs of the first output stage differential amplifier circuit.
[0205] In Example 48, the subject matter of any one or
more of Examples 44-47 optionally include a first pair of
input capacitors having an output end coupled with a first of
a set of inputs of the input stage differential amplifier circuit;
a second pair of input capacitors having an output end
coupled with a second of the set of inputs of the input stage
differential amplifier circuit; and a third set of switches to
selectively couple an input end of a first of each of the first
and second pairs of input capacitors with one differential
input of the capacitive gain amplifier circuit and to selec-
tively couple an input end of a second of each of the first and
second pairs of input capacitors with another differential
input of the capacitive gain amplifier circuit to sample a
common mode input voltage by the set of inputs of the input
stage differential amplifier circuit during the first phase, and
to selectively couple the input end of both of the first pair of
input capacitors with one differential input of the capacitive
gain amplifier circuit and to selectively couple the input end
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of both of the second pair of input capacitors with another
differential input of the capacitive gain amplifier circuit
during the second phase.

[0206] Example 49 is a method of capacitive gain ampli-
fication using a first output stage differential amplifier circuit
and a second output stage differential amplifier circuit, the
method comprising: switching in a first set of Miller capaci-
tors between respective outputs and respective inputs of the
first output stage differential amplifier circuit during a first
phase that resets the first output stage differential amplifier
circuit; switching in a second set of Miller capacitors
between respective outputs and respective inputs of the first
output stage differential amplifier circuit during a second
phase that chops a signal being amplified by the first output
stage differential amplifier circuit, the switching in of the
second set of Miller capacitors being to alternating inputs of
the first output stage differential amplifier circuit during
successive second phases; and operating both the first output
stage differential amplifier circuit and the second output
stage differential amplifier circuit during the second phase,
the second output stage differential amplifier circuit having
inputs selectively coupled with the inputs of the first output
stage differential amplifier circuit and a set of outputs
selectively coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.

[0207] In Example 50, the subject matter of Example 49
optionally includes switching out the second set of Miller
capacitors from respective outputs and respective inputs of
the first output stage differential amplifier circuit during the
first phase to retain electrical charge on the second set of
Miller capacitors between successive second phases; and
switching out the first set of Miller capacitors from respec-
tive outputs and respective inputs of the first output stage
differential amplifier circuit during the second phase to
retain electrical charge on the first set of Miller capacitors
between successive first phases.

[0208] In Example 51, the subject matter of Example 50
optionally includes selectively coupling the output sides of
the second set of Miller capacitors and the second output
stage differential amplifier circuit with respective inputs of
an analog to digital converter (ADC) circuit by a first set of
switches of an output de-chopper circuit while the second set
of Miller capacitors is coupled between respective inputs
and outputs of the second output stage differential amplifier
circuit to pre-charge the ADC circuit during the first phase,
the output de-chopper circuit cascaded with the first output
stage differential amplifier circuit; and selectively inverting
a polarity of the outputs of the first output stage differential
amplifier circuit relative to the inputs of the ADC circuit
during alternate successive second phases by a second set of
switches of the output de-chopper circuit.

[0209] In Example 52, the subject matter of Example 51
optionally includes selectively coupling outputs of the sec-
ond output stage differential amplifier circuit with respective
inputs of the ADC circuit; pre-charging the ADC circuit by
the second output stage differential amplifier circuit during
a pre-charge portion of the second phase; and decoupling the
outputs of the second output stage differential amplifier
circuit from the inputs of the ADC circuit during a settling
portion of the second phase.

[0210] In Example 53, the subject matter of any one or
more of Examples 49-52 optionally include amplifying an
input differential signal prior to being input to the output
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stage differential amplifier circuit by an input stage differ-
ential amplifier circuit cascaded with the output stage dif-
ferential amplifier circuit.

[0211] In Example 54, the subject matter of Example 53
optionally includes coupling inputs of the first output stage
differential amplifier circuit with respective outputs of the
input stage differential amplifier circuit during a fine settling
portion of the second phase; and decoupling the inputs of the
first output stage differential amplifier circuit from the
outputs of the input stage differential amplifier circuit during
the first phase.

[0212] In Example 55, the subject matter of Example 54
optionally includes selectively coupling a set of input
capacitors between respective inputs of the input stage
differential circuit and respective outputs of unity gain buffer
circuits during the first phase, the unity gain buffer circuits
receiving input from respective capacitive gain amplifier
circuit inputs collectively forming a differential capacitive
gain amplifier circuit input; charging the set of input capaci-
tors by the respective unity gain buffer circuits during the
first phase; and selectively communicatively coupling an
alternative one of the unity gain buffer circuits and the
respective capacitive gain amplifier circuit inputs with alter-
nating inputs of the input stage differential amplifier circuit
during successive second phases by a set of chopper
switches.

[0213] In Example 56, the subject matter of any one or
more of Examples 54-55 optionally include selectively
switching in a set of feedback capacitors between respective
inputs of the input stage differential amplifier circuit and
respective outputs of the first output stage differential ampli-
fier circuit except during alternating first phases; and during
the alternating first phases, selectively switching out the set
of feedback capacitors from respective outputs of the first
output stage differential amplifier circuit.

[0214] In Example 57, the subject matter of Example 56
optionally includes decoupling the outputs of the first output
stage differential amplifier circuit from an analog to digital
converter (ADC) circuit and pre-charging the ADC circuit
by a second output stage differential amplifier circuit during
the first phase, the second output stage differential amplifier
circuit having inputs respectively coupled with the input side
of the second set of Miller capacitors and having outputs
respectively coupled with a corresponding output side of the
second set of Miller capacitors during the first phase; and
coupling the outputs of the first output stage differential
amplifier circuit with an impedance network at an input of
the ADC circuit and decoupling the second output stage
differential amplifier circuit from the ADC circuit during the
second phase.

[0215] In Example 58, the subject matter of any one or
more of Examples 53-57 optionally include selectively
coupling an input end of a first of each of a first pair of input
capacitors and a second pair of input capacitors with one
differential input of the capacitive gain amplifier circuit and
selectively coupling an input end of a second of each of the
first and second pairs of input capacitors with another
differential input of the capacitive gain amplifier circuit to
sample a common mode input voltage by the set of inputs of
the input stage differential amplifier circuit during the first
phase; and selectively coupling the input end of both of the
first pair of input capacitors with one differential input of the
capacitive gain amplifier circuit and selectively coupling the
input end of both of the second pair of input capacitors with
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another differential input of the capacitive gain amplifier
circuit during the second phase.

[0216] Example 59 is a capacitive gain amplifier circuit,
comprising: a first output stage differential amplifier circuit,
including a pair of inputs and a pair of outputs; a first pair
of Miller capacitors, selectively switched in between respec-
tive outputs and respective inputs of the first output stage
differential amplifier circuit during a first phase that resets
the first output stage differential amplifier circuit, and selec-
tively switched out from respective outputs and respective
inputs of the first output stage differential amplifier circuit
during a second phase to retain electrical charge on the first
pair of Miller capacitors between successive first phases; a
second pair of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the first
output stage differential amplifier circuit during a separate
second phase that chops a signal being amplified by the first
output stage differential amplifier circuit, the second pair of
Miller capacitors being selectively switched in to alternating
inputs of the first output stage differential amplifier circuit
during successive second phases in correspondence with the
chopping of the signal being amplified by the first output
stage differential amplifier circuit, and selectively switched
out from respective outputs and respective inputs of the first
output stage differential amplifier circuit during the first
phase to retain electrical charge on the second pair of Miller
capacitors between successive second phases; and a second
output stage differential amplifier circuit, including a set of
inputs selectively coupled with the inputs of the first output
stage differential amplifier circuit and a set of outputs
selectively coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.
[0217] In Example 60, the subject matter of Example 59
optionally includes an output de-chopper circuit cascaded
with the outputs of the first output stage differential amplifier
circuit, the output de-chopper circuit including: a first set of
switches to selectively couple the output sides of the second
pair of Miller capacitors and the second output stage differ-
ential amplifier circuit with inputs of an analog to digital
converter (ADC) circuit to pre-charge the ADC circuit
during the first phase; and a second pair of switches to
selectively invert a polarity of the outputs of the first output
stage differential amplifier circuit relative to the inputs of the
ADC circuit during alternate successive second phases.
[0218] Example 61 is a capacitive gain amplifier circuit to
amplify an input signal by a pair of differential amplifier
circuits coupled in series, the capacitive gain amplifier
comprising: a first differential amplifier circuit, including a
set of inputs and a set of outputs; a second differential
amplifier circuit, including a set of inputs and a set of
outputs; a first set of switches to selectively disconnect the
second differential amplifier circuit from the first differential
amplifier circuit during a first phase that resets the first
differential amplifier circuit, and selectively connect the
second differential amplifier circuit with the first differential
amplifier circuit in series during a second phase that ampli-
fies a signal by the first differential amplifier circuit and the
second differential amplifier circuit together in series; and a
set of feedback capacitors, selectively switched in between
respective outputs of the second differential amplifier circuit
and respective inputs of the first differential amplifier circuit
during the second phase.

[0219] In Example 62, the subject matter of Example 61
optionally includes a second set of switches to couple the set
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of outputs of the second differential amplifier circuit with a
set of inputs of an ADC circuit to at least partially charge the
set of inputs of the ADC circuit during the first phase.
[0220] In Example 63, the subject matter of any one or
more of Examples 61-62 optionally include a set of input
capacitors; and a third set of switches to selectively switch
the set of input capacitors in between respective inputs of the
first differential amplifier circuit and respective inputs of the
capacitive gain amplifier circuit during the second phase,
and selectively switch the set of input capacitors in between
the respective inputs of the first differential amplifier circuit
and a common-mode input voltage source during the first
phase.

[0221] In Example 64, the subject matter of any one or
more of Examples 61-63 optionally include a first pair of
input capacitors having an output end coupled with a first of
the set of inputs of the first differential amplifier circuit; a
second pair of input capacitors having an output end coupled
with a second of the set of inputs of the first differential
amplifier circuit; and a third set of switches to selectively
couple an input end of a first of each of the first and second
pairs of input capacitors with one differential input of the
capacitive gain amplifier circuit and to selectively couple an
input end of a second of each of the first and second pairs of
input capacitors with another differential input of the capaci-
tive gain amplifier circuit to sample a common mode input
voltage by the set of inputs of the first differential amplifier
circuit during the first phase, and to selectively couple the
input end of both of the first pair of input capacitors with one
differential input of the capacitive gain amplifier circuit and
to selectively couple the input end of both of the second pair
of input capacitors with another differential input of the
capacitive gain amplifier circuit during the second phase.
[0222] In Example 65, the subject matter of any one or
more of Examples 61-64 optionally include a set of Miller
capacitors configured to couple between respective outputs
and respective inputs of the second differential amplifier
circuit.

[0223] In Example 66, the subject matter of Example 65
optionally includes a first chopper circuit coupled between
the set of outputs of the first differential amplifier circuit and
an input side of the set of Miller capacitors; and a second
chopper circuit coupled between an output side of the set of
Miller capacitors and respective output sides of the set of
feedback capacitors.

[0224] In Example 67, the subject matter of Example 66
optionally includes a fourth set of switches to connect an
output side of the set of feedback capacitors to a common-
mode output voltage source instead of the respective output
sides of the set of Miller capacitors during the first phase.
[0225] In Example 68, the subject matter of any one or
more of Examples 61-67 optionally include an impedance
network disposed between the set of outputs of the second
differential amplifier circuit and corresponding inputs of an
ADC circuit during the second phase.

[0226] In Example 69, the subject matter of any one or
more of Examples 61-68 optionally include a fifth set of
switches to respectively couple the set of outputs of the first
differential amplifier circuit with the set of inputs of the first
differential amplifier circuit to configure the first differential
amplifier circuit as a unity gain amplifier during the first
phase.

[0227] In Example 70, the subject matter of any one or
more of Examples 61-69 optionally include a third chopper
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circuit coupled between a set of inputs of the capacitive gain
amplifier circuit and the set of inputs of the first differential
amplifier circuit; and a fourth chopper circuit coupled
between the respective output sides of the set of feedback
capacitors and a set of inputs of an ADC circuit; wherein the
third chopper circuit and the fourth chopper circuit are
configured to alternate a differential signal polarity of the
capacitive gain amplifier circuit relative to the ADC circuit
during alternating second phases.

[0228] Example 71 is a method of capacitive gain ampli-
fication using a first differential amplifier circuit selectively
coupled in series with a second differential amplifier circuit,
the method comprising: selectively disconnecting the sec-
ond differential amplifier circuit from the first differential
amplifier circuit by a first set of switches during a first phase
that resets the first differential amplifier circuit; selectively
connecting the second differential amplifier circuit with the
first differential amplifier circuit in series by the first set of
switches during a second phase that amplifies a signal by the
first differential amplifier circuit and the second differential
amplifier circuit together in series; and selectively switching
in a set of feedback capacitors between respective outputs of
the second differential amplifier circuit and respective inputs
of the first differential amplifier circuit during the second
phase.

[0229] In Example 72, the subject matter of Example 71
optionally includes at least partially charging a set of inputs
of an analog to digital converter (ADC) circuit during the
first phase by coupling the outputs of the second differential
amplifier circuit with the inputs of the ADC circuit by a
second set of switches.

[0230] In Example 73, the subject matter of any one or
more of Examples 71-72 optionally include selectively
switching inputs to a set of input capacitors coupled with
respective inputs of the first differential amplifier circuit to
provide a common mode input voltage to the inputs of the
first differential amplifier circuit during the first phase and to
provide a differential input voltage from respective inputs of
the capacitive gain amplifier circuit to the inputs of the first
differential amplifier circuit during the second phase.

[0231] In Example 74, the subject matter of any one or
more of Examples 71-73 optionally include wherein the
second differential amplifier circuit includes a set of Miller
capacitors configured to couple between respective outputs
and respective inputs of the second differential amplifier
circuit, further comprising swapping the set of Miller capaci-
tors relative to a differential signal polarity of the first
differential amplifier circuit during alternating second
phases by a first chopper circuit coupled between the outputs
of the first differential amplifier circuit and an input side of
the set of Miller capacitors and a second chopper circuit
coupled between the outputs of the second differential
amplifier circuit and an output side of the set of Miller
capacitors.

[0232] In Example 75, the subject matter of Example 74
optionally includes connecting an output side of the set of
feedback capacitors to a common-mode output voltage
source instead of the respective outputs of the second
differential amplifier circuit by a fourth set of switches
during the first phase.

[0233] In Example 76, the subject matter of any one or
more of Examples 71-75 optionally include band-limiting
noise output from the second differential amplifier circuit by



US 2018/0076779 Al

an impedance network disposed between the second differ-
ential amplifier circuit and inputs of an ADC circuit during
the second phase.

[0234] In Example 77, the subject matter of any one or
more of Examples 71-76 optionally include configuring the
first differential amplifier circuit as a unity gain amplifier by
a fifth set of switches to respectively couple the set of
outputs of the first differential amplifier circuit with the set
of inputs of the first differential amplifier circuit during the
first phase.

[0235] Example 78 is a capacitive gain amplifier circuit to
amplify an input signal by a pair of differential amplifier
circuits coupled in series, the capacitive gain amplifier
circuit comprising: a first differential amplifier circuit,
including a set of inputs and a set of outputs; a second
differential amplifier circuit, including a set of inputs and a
set of outputs; a set of input capacitors coupled with respec-
tive inputs of the first differential amplifier circuit, the set of
input capacitors having inputs selectively switched to pro-
vide a common mode input voltage to the set of inputs of the
first differential amplifier circuit during a first phase that
resets the first differential amplifier circuit, and to provide a
differential input voltage from respective inputs of the
capacitive gain amplifier circuit to the set of inputs of the
first differential amplifier circuit during a second phase that
amplifies a signal by the first differential amplifier circuit
and the second differential amplifier circuit together in
series; a set of feedback capacitors, selectively switched in
between respective outputs of the second differential ampli-
fier circuit and respective inputs of the first differential
amplifier circuit during the second phase; a set of Miller
capacitors configured to couple between respective outputs
and respective inputs of the second differential amplifier
circuit; a first chopper circuit coupled between the set of
outputs of the first differential amplifier circuit and an input
side of the set of Miller capacitors to: selectively disconnect
the set of inputs of the second differential amplifier circuit
from the set of outputs of the first differential amplifier
circuit during the first phase; selectively connect the set of
inputs of the second differential amplifier circuit with the set
of outputs of the first differential amplifier circuit during the
second phase; and swap the set of Miller capacitors relative
to a differential signal polarity of the first differential ampli-
fier circuit during alternating second phases; a second chop-
per circuit coupled between an output side of the set of
Miller capacitors and respective output sides of the set of
feedback capacitors to: selectively disconnect the set of
outputs of the second differential amplifier circuit from the
respective output sides of the set of feedback capacitors
during the first phase; selectively connect the set of outputs
of the second differential amplifier circuit with the respec-
tive output sides of the set of feedback capacitors during the
second phase; and swap the set of Miller capacitors relative
to a differential signal polarity of the first differential ampli-
fier circuit during alternating second phases; and a set of first
switches to couple the set of outputs of the second differ-
ential amplifier circuit with a set of inputs of an analog to
digital converter (ADC) circuit to at least partially charge the
set of inputs of the ADC circuit during the first phase.

[0236] In Example 79, the subject matter of Example 78
optionally includes a switchable feedback path to respec-
tively couple the set of outputs of the first differential
amplifier circuit with the set of inputs of the first differential
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amplifier circuit to configure the first differential amplifier
circuit as a unity gain amplifier during the first phase.

[0237] In Example 80, the subject matter of any one or
more of Examples 78-79 optionally include a set of second
switches to connect an output side of the set of feedback
capacitors to a common-mode output voltage source instead
of the respective outputs of the second differential amplifier
circuit during the first phase.

[0238] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illus-
tration, specific embodiments in which the invention may be
practiced. These embodiments are also referred to herein as
“examples.” Such examples may include elements in addi-
tion to those shown or described. However, the present
inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the
present inventors also contemplate examples using any
combination or permutation of those elements shown or
described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects
thereof), or with respect to other examples (or one or more
aspects thereof) shown or described herein.

[0239] In the event of inconsistent usages between this
document and any documents so incorporated by reference,
the usage in this document controls.

[0240] In this document, the terms “a” or “an” are used, as
is common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In this document, the terms “including”
and “in which” are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in
the following claims, the terms “including” and “compris-
ing” are open-ended, that is, a system, device, article,
composition, formulation, or process that includes elements
in addition to those listed after such a term in a claim are still
deemed to fall within the scope of that claim. Moreover, in
the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to impose numerical requirements on their objects.

[0241] Method examples described herein may be
machine or computer-implemented at least in part. Some
examples may include a computer-readable medium or
machine-readable medium encoded with instructions oper-
able to configure an electronic device to perform methods as
described in the above examples. An implementation of such
methods may include code, such as microcode, assembly
language code, a higher-level language code, or the like.
Such code may include computer readable instructions for
performing various methods. The code may form portions of
computer program products. Further, in an example, the
code may be tangibly stored on one or more volatile,
non-transitory, or non-volatile tangible computer-readable
media, such as during execution or at other times. Examples
of these tangible computer-readable media may include, but
are not limited to, hard disks, removable magnetic disks,
removable optical disks (e.g., compact discs and digital
video discs), magnetic cassettes, memory cards or sticks,
random access memories (RAMs), read only memories
(ROMs), and the like.
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[0242] The above description is intended to be illustrative,
and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in
combination with each other. Other embodiments may be
used, such as by one of ordinary skill in the art upon
reviewing the above description. The Abstract is provided to
comply with 37 C.F.R. § 1.72(b), to allow the reader to
quickly ascertain the nature of the technical disclosure. It is
submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. Also,
in the above Detailed Description, various features may be
grouped together to streamline the disclosure. This should
not be interpreted as intending that an unclaimed disclosed
feature is essential to any claim. Rather, inventive subject
matter may lie in less than all features of a particular
disclosed embodiment. Thus, the following claims are
hereby incorporated into the Detailed Description as
examples or embodiments, with each claim standing on its
own as a separate embodiment, and it is contemplated that
such embodiments may be combined with each other in
various combinations or permutations. The scope of the
invention should be determined with reference to the
appended claims, along with the full scope of equivalents to
which such claims are entitled.

What is claimed is:
1. A capacitive gain amplifier circuit to amplify an input
signal by a pair of differential amplifier circuits coupled in
parallel, the capacitive gain amplifier circuit comprising:
a first output stage differential amplifier circuit, including
a set of inputs and a set of outputs;

a first set of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the
first output stage differential amplifier circuit during a
first phase that resets the first output stage differential
amplifier circuit;

a second set of Miller capacitors, selectively switched in

between respective outputs and respective inputs of the
first output stage differential amplifier circuit during a
second phase that chops a signal being amplified by the
first output stage differential amplifier circuit, the sec-
ond set of Miller capacitors being selectively switched
in to alternating inputs of the first output stage differ-
ential amplifier circuit during successive second
phases; and

a second output stage differential amplifier circuit, includ-

ing a set of inputs selectively coupled with the inputs of
the first output stage differential amplifier circuit and a
set of outputs selectively coupled with the outputs of
the first output stage differential amplifier circuit during
the second phase.

2. The capacitive gain amplifier circuit of claim 1,
wherein:

the second set of Miller capacitors is selectively switched
out from respective outputs and respective inputs of the
first output stage differential amplifier circuit during the
first phase to retain electrical charge on the second set
of Miller capacitors between successive second phases;
and

the first set of Miller capacitors is selectively switched out
from respective outputs and respective inputs of the
first output stage differential amplifier circuit during the
second phase to retain electrical charge on the first set
of Miller capacitors between successive first phases.
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3. The capacitive gain amplifier circuit of claim 2, further
comprising an output de-chopper circuit cascaded with the
outputs of the first output stage differential amplifier circuit,
the output de-chopper circuit including:

a first set of switches to selectively couple the output sides
of the second set of Miller capacitors and the second
output stage differential amplifier circuit with inputs of
an analog to digital converter (ADC) circuit to pre-
charge the ADC circuit during the first phase; and

a second set of switches to selectively invert a polarity of
the outputs of the first output stage differential amplifier
circuit relative to the inputs of the ADC circuit during
alternate successive second phases.

4. The capacitive gain amplifier circuit of claim 1, further
comprising an input stage differential amplifier circuit cas-
caded with the first output stage differential amplifier circuit
to amplify an input differential signal prior to being input to
the first output stage differential amplifier circuit.

5. The capacitive gain amplifier circuit of claim 4,
wherein the inputs of the first output stage differential
amplifier circuit are selectively coupled with and decoupled
from corresponding outputs of the input stage differential
amplifier circuit periodically during both the first phase and
the second phase.

6. The capacitive gain amplifier circuit of claim 5, further
comprising an input chopper circuit including:

a set of unity gain buffer circuits selectively coupled with
respective capacitive gain amplifier circuit inputs, the
capacitive gain amplifier circuit inputs collectively
forming a differential capacitive gain amplifier circuit
input; and

a set of chopper switches to selectively communicatively
couple an alternative one of each of the unity gain
buffer circuits and the respective capacitive gain ampli-
fier circuit inputs with alternating inputs of the input
stage differential amplifier circuit during successive
second phases.

7. The capacitive gain amplifier circuit of claim 4, further
comprising a set of feedback capacitors, selectively
switched in between respective inputs of the input stage
differential amplifier circuit and respective outputs of the
first output stage differential amplifier circuit except during
alternating first phases when the set of feedback capacitors
is selectively switched out from respective outputs of the
first output stage differential amplifier circuit.

8. The capacitive gain amplifier circuit of claim 4, further
comprising:

a first pair of input capacitors having an output end
coupled with a first of a set of inputs of the input stage
differential amplifier circuit;

a second pair of input capacitors having an output end
coupled with a second of the set of inputs of the input
stage differential amplifier circuit; and

a third set of switches to selectively couple an input end
of a first of each of the first and second pairs of input
capacitors with one differential input of the capacitive
gain amplifier circuit and to selectively couple an input
end of a second of each of the first and second pairs of
input capacitors with another differential input of the
capacitive gain amplifier circuit to sample a common
mode input voltage by the set of inputs of the input
stage differential amplifier circuit during the first phase,
and to selectively couple the input end of both of the
first pair of input capacitors with one differential input
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of the capacitive gain amplifier circuit and to selec-
tively couple the input end of both of the second pair of
input capacitors with another differential input of the
capacitive gain amplifier circuit during the second
phase.

9. Amethod of capacitive gain amplification to amplify an

input signal by a pair of differential amplifier circuits
coupled in parallel, the method comprising:

switching in a first set of Miller capacitors between
respective outputs and respective inputs of the first
output stage differential amplifier circuit during a first
phase that resets the first output stage differential
amplifier circuit;

switching in a second set of Miller capacitors between
respective outputs and respective inputs of the first
output stage differential amplifier circuit during a sec-
ond phase that chops a signal being amplified by the
first output stage differential amplifier circuit, the
switching in of the second set of Miller capacitors
being to alternating inputs of the first output stage
differential amplifier circuit during successive second
phases; and

operating both the first output stage differential amplifier
circuit and the second output stage differential amplifier
circuit during the second phase, the second output stage
differential amplifier circuit having inputs selectively
coupled with the inputs of the first output stage differ-
ential amplifier circuit and a set of outputs selectively
coupled with the outputs of the first output stage
differential amplifier circuit during the second phase.

10. The method of claim 9, further comprising:

switching out the second set of Miller capacitors from
respective outputs and respective inputs of the first
output stage differential amplifier circuit during the first
phase to retain electrical charge on the second set of
Miller capacitors between successive second phases;
and

switching out the first set of Miller capacitors from
respective outputs and respective inputs of the first
output stage differential amplifier circuit during the
second phase to retain electrical charge on the first set
of Miller capacitors between successive first phases.

11. The method of claim 10, further comprising:

selectively coupling the output sides of the second set of
Miller capacitors and the second output stage differen-
tial amplifier circuit with respective inputs of an analog
to digital converter (ADC) circuit by a first set of
switches of an output de-chopper circuit while the
second set of Miller capacitors is coupled between
respective inputs and outputs of the second output stage
differential amplifier circuit to pre-charge the ADC
circuit during the first phase, the output de-chopper
circuit cascaded with the first output stage differential
amplifier circuit; and

selectively inverting a polarity of the outputs of the first
output stage differential amplifier circuit relative to the
inputs of the ADC circuit during alternate successive
second phases by a second set of switches of the output
de-chopper circuit.

12. The method of claim 11, further comprising:

selectively coupling outputs of the second output stage
differential amplifier circuit with respective inputs of
the ADC circuit;
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pre-charging the ADC circuit by the second output stage
differential amplifier circuit during a pre-charge portion
of the second phase; and
decoupling the outputs of the second output stage differ-
ential amplifier circuit from the inputs of the ADC
circuit during a settling portion of the second phase.
13. The method of claim 9, further comprising amplifying
an input differential signal prior to being input to the output
stage differential amplifier circuit by an input stage differ-
ential amplifier circuit cascaded with the output stage dif-
ferential amplifier circuit.
14. The method of claim 13, further comprising:
coupling inputs of the first output stage differential ampli-
fier circuit with respective outputs of the input stage
differential amplifier circuit during a fine settling por-
tion of the second phase; and
decoupling the inputs of the first output stage differential
amplifier circuit from the outputs of the input stage
differential amplifier circuit during the first phase.
15. The method of claim 14, further comprising:
selectively coupling a set of input capacitors between
respective inputs of the input stage differential circuit
and respective outputs of unity gain buffer circuits
during the first phase, the unity gain buffer circuits
receiving input from respective capacitive gain ampli-
fier circuit inputs collectively forming a differential
capacitive gain amplifier circuit input;
charging the set of input capacitors by the respective unity
gain buffer circuits during the first phase; and
selectively communicatively coupling an alternative one
of the unity gain buffer circuits and the respective
capacitive gain amplifier circuit inputs with alternating
inputs of the input stage differential amplifier circuit
during successive second phases by a set of chopper
switches.
16. The method of claim 14, further comprising:
selectively switching in a set of feedback capacitors
between respective inputs of the input stage differential
amplifier circuit and respective outputs of the first
output stage differential amplifier circuit except during
alternating first phases; and
during the alternating first phases, selectively switching
out the set of feedback capacitors from respective
outputs of the first output stage differential amplifier
circuit.
17. The method of claim 16, further comprising:
decoupling the outputs of the first output stage differential
amplifier circuit from an analog to digital converter
(ADC) circuit and pre-charging the ADC circuit by a
second output stage differential amplifier circuit during
the first phase, the second output stage differential
amplifier circuit having inputs respectively coupled
with the input side of the second set of Miller capacitors
and having outputs respectively coupled with a corre-
sponding output side of the second set of Miller capaci-
tors during the first phase; and
coupling the outputs of the first output stage differential
amplifier circuit with an impedance network at an input
of the ADC circuit and decoupling the second output
stage differential amplifier circuit from the ADC circuit
during the second phase.
18. The method of claim 13, further comprising:
selectively coupling an input end of a first of each of a first
pair of input capacitors and a second pair of input
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capacitors with one differential input of the capacitive
gain amplifier circuit and selectively coupling an input
end of a second of each of the first and second pairs of
input capacitors with another differential input of the
capacitive gain amplifier circuit to sample a common
mode input voltage by the set of inputs of the input
stage differential amplifier circuit during the first phase;
and

selectively coupling the input end of both of the first pair
of input capacitors with one differential input of the
capacitive gain amplifier circuit and selectively cou-
pling the input end of both of the second pair of input
capacitors with another differential input of the capaci-
tive gain amplifier circuit during the second phase.

19. A capacitive gain amplifier circuit, comprising:

a first output stage differential amplifier circuit, including
a pair of inputs and a pair of outputs;

a first pair of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the
first output stage differential amplifier circuit during a
first phase that resets the first output stage differential
amplifier circuit, and selectively switched out from
respective outputs and respective inputs of the first
output stage differential amplifier circuit during a sec-
ond phase to retain electrical charge on the first pair of
Miller capacitors between successive first phases;

a second pair of Miller capacitors, selectively switched in
between respective outputs and respective inputs of the
first output stage differential amplifier circuit during a
separate second phase that chops a signal being ampli-
fied by the first output stage differential amplifier
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circuit, the second pair of Miller capacitors being
selectively switched in to alternating inputs of the first
output stage differential amplifier circuit during suc-
cessive second phases in correspondence with the
chopping of the signal being amplified by the first
output stage differential amplifier circuit, and selec-
tively switched out from respective outputs and respec-
tive inputs of the first output stage differential amplifier
circuit during the first phase to retain electrical charge
on the second pair of Miller capacitors between suc-
cessive second phases; and

a second output stage differential amplifier circuit, includ-
ing a set of inputs selectively coupled with the inputs of
the first output stage differential amplifier circuit and a
set of outputs selectively coupled with the outputs of
the first output stage differential amplifier circuit during
the second phase.

20. The capacitive gain amplifier circuit of claim 19,
further comprising an output de-chopper circuit cascaded
with the outputs of the first output stage differential amplifier
circuit, the output de-chopper circuit including:

a first set of switches to selectively couple the output sides
of the second pair of Miller capacitors and the second
output stage differential amplifier circuit with inputs of
an analog to digital converter (ADC) circuit to pre-
charge the ADC circuit during the first phase; and

a second pair of switches to selectively invert a polarity of
the outputs of the first output stage differential amplifier
circuit relative to the inputs of the ADC circuit during
alternate successive second phases.
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