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AUTO-CORRECTION FEEDBACK LOOP FOR OFFSET AND RIPPLE
SUPPRESSION IN A CHOPPER-STABILIZED AMPLIFIER

RELATED APPLICATIONS
[0001] This application claims the benefit of provisional patent application number
61/191,919 to Yoshinori Kusuda and Thomas L. Botker, filed September 11, 2008.

BACKGROUND OF THE INVENTION
Field of the Invention
[0002] This invention relates generally to chopper-stabilized ampliﬁers, and more

particularly, to means for reducing offset and ripple in such amplifiers.

Description of the Related Art

[0003] Operational amplifiers are ubiquitous in electronic circuitry. In some applications, it is
essential that an op amp have a very low input offset voltage. Two techniques are commonly
employed to achieve this: auto-zeroing and chopper-stabilizing. However, both of these
techniques have drawbacks. For example, auto-zeroing can result in increased in-band noise
due to aliasing, whereas chopper-stabilizing can result in ripple at the chopping frequency
appearing in the output voltage.

[0004] A conventional chopper-stabilized amplifier is shown in FIG. 1. A set of chopping
switches 10, 12 chop the input applied to a transconductance amplifier Gml, a set of
chopping switches 14, 16 chop the output of Gml, and an output amplifier Gm2 integrates
the chopped output of Gm1 to produce the amplifier’s output Vout. The chopping switches
are operated with complementary clock signals “Chop” and “Chop_Inv”; switches 10 and 14
are closed and switches 12 and 16 are open when “Chop™ is high, and switches 10 and 14 are
open and switches 12 and 16 are closed when “Chop_Inv™ is high. Ideally, the input offset
voltage of Gm 1 is zero, in which case chopping switches 10 and 12 convert the input voltage
to an AC signal, and switches 14 and 16 convert the AC signal back to DC, such that no
ripple is present in Vout. However, in practice, Gml will have a non-zero input offset

voltage, represented in FIG. | as a voltage Vosl. This resuits in a ripple voltage being
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induced in Vout, with frequency components appearing in the output spectrum at the
frequency of the chopping clocks and multiples thereof (as shown in FIG. 1).

[0005) Several methods have been used to reduce chopping-related ripple associated with a
chopper-stabilized amplifier. One method, described in A. Bakker and J. H. Huijsing, “A
CMOS Chopper Opamp with Integrated Low-Pass Filter”, Proc. ESSCIRC, 1997, employs a
sample-and-hold (S/H) circuit in the signal path; ripple is reduced by sampling the signal
every time the waveform crosses zero. However, the S/H circuit adds an additional pole to the
amplifier’s frequency response, and makes frequency compensation difficult.

[0006] Another approach is discussed in U.S. Patent No. 7,292,095 to Burt et al., in which a
switched capacitor notch filter is inserted into the amplifier’s signal path following the
chopping switches, with the filter operated so as to reduce ripple. However, ripple present on
the input side of the filter can be coupled to the amplifier’s output via a compensation
capacitor.

[0007] Yet another technique uses a feedback loop to suppress ripple in the signal path that
arises due to an input offset voltage associated with the transconductance amplifier which
receives the chopped input signal; this approach is illustrated, for example, in K.A.A.
Makinwa, “T4: Dynamic Offset-Cancellation Techniques in CMOS”, ISSCC 2007, p. 49.
However, no means is provided to suppress an input offset voltage associated with the loop’s

feedback amplifier.

SUMMARY OF THE INVENTION

[0008] A chopper-stabilized amplifier with an auto-correction feedback loop is presented

which overcomes a number of the problems described above, in that the feedback loop
operates to suppress both input offset voltage effects and offset voltage-induced ripple that
would otherwise appear in the amplifier’s output.

[0009] The present choppér-stabilized amplifier includes a main signal path which includes
an input chopping circuit that chops a differential input signal in response to a chopping
clock, a first transconductance amplifier which receives the chopped input signal and
produces a first differential output in response, an output chopping circuit which chops the

first differential output in response to the chopping clock, and a second transconductance
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amplifier which receives the chopped first differential output and produces an output that
varies in response.

[0010] The auto-correction feedback loop includes a third transconductance amplifier which
is preferably connected to receive the chopped first differential output at its input and which
produces a third differential output in response, a third chopping circuit which chops the third
differential output in response to the chopping clock, a filter arranged to filter the chopped
third differential output so as to substantially reduce any offset voltage-induced AC
component present in the si'gnal, and a fourth transconductance amplifier which receives the
filtered output at its‘input and produces a fourth differential output in response. The fourth
differential output is the output of the feedback loop, and is coupled to the first differential
output, and thereby into the main signal path. When properly arranged, the auto-correction
feedback loop operates to suppress transconductance amplifier-related offset voltages and
offset voltage-induced ripple that might otherwise be present in the amplifier’s output.

[0011] The filter is preferably a switched capacitor notch filter clocked with a clock signal
having the same frequency as, but which is phase-shifted 90 degrees with respect to, the
chopping clock; however, other types of filters could also be used.

[0012] These and other features, aspects, and advantages of the present invention will

become better understood with reference to the following drawings, description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is a schematic diagram of a known chopper-stabilized amplifier.

[0014] FIG. 2 is a block/schematic diagram of one possible embodiment of a chopper-
stabilized amplifier with an auto-correction feedback loop in accordance with the present
invention. |

[0015] FIG. 3 is a timiﬁg diagram illustrating the operation of the amplifier without the
benefit of the auto-co'rrectién feedback loop.

[0016] FIG. 4 is a timing diagram illustrating the operation of the amplifier and feedback
loop when the first transconductance amplifier has a non-zero input offset voltage.

[0017] FIG. 5 is a timing diagram illustrating the operation of the amplifier and feedback

loop when a non-zero differential input voltage is applied to the amplificr’s input.
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[0018] FIG. 6 is a schematic diagram of one possible embodiment of a switched capacitor
notch filter as might be used in an auto-correction feedback loop per the present invention.
[0019] FIG. 7 is a timing diagram illustrating the operation of the switched capacitor notch
filter shown in FIG. 6. |

[0020] FIG. 8 is a block/schematic diagram showing a complete operational amplifier which
includes a chopper-stabilized amplifier with an auto-correction feedback loop in accordance
with the present invention.

[0021] FIG. 9 is a schematic diagram of another possible embodiment of a chopper-stabilized

amplifier with an auto-correction feedback loop in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present chopper-stabilized amplifier employs a novel auto-correction feedback
loop, which operates to suppress transconductance amplifier-related offset voltages and offset
voltage-induced ripple that might otherwise appear in the amplifier’s output. A
block/schematic diagram of one possible embodiment is shown in FIG. 2. The amplifier
includes a main signal path 10 and an auto-correction feedback loop 12. The main signal path
includes an input chopping circuit 14 which receives a differential input signal Vi,. Chopping
circuit 14, and all other chopping circuits described‘ herein, operate in the same manner:
during a first phase of a two-phase chopping clock, input terminals 16 and 18 are connected
to output terminals 20 and 22, respectively; during the second clock phase, input terminals 16
and 18 are connected to output terminals 22 and 20, respectively. Chopping circuits such as
chopping circuit 14 are typically made from four switches as illustrated in FIG. ; the symbol
used in FIG. 2 for the chopping circuit is commonly used to designate this four-switch
arrangement. Though not shown in FIG. 2, chopping circuit 14 and all other chopping circuits
are operated with a chopping clock (not shown in FIG. 2, but depicted in the timing diagrams
discussed below).

[0023] Chopping circuit 14 chops input signal V,, in response to the chopping clock, with the
resulting chopped signal provided at the chopping circuit’s output terminals 20 and 22. A first
transconductance amplifier Gm1 is connected to receive the outputs of chopping circuit 14 at
respective differential inputs. and to produce a first differential output 24, 26 which varics

with the signal applied at its input. Differential output 24, 26 is applied to the input terminals



WO 2010/030328 PCT/US2009/004988

28, 30 of an output chopping circuit 32, which chops the first differential output in resbonse
to the chopping clock and provides the chopped first differential output signal at its output
terminals 34, 36. The output of chopping circuit 32 is applied to the input terminals of a
second transconductance amplifier Gm2, which produces an output 38 that varies with the
signal applied at its input. In practice, output 38 would typically be delivered to an output
stage to form a complete chopper-stabilized operational ampliﬁer; this is discussed below in
relation to FIG. 8.

[0024] As noted above, ideally, the input offset voltage of Gml is zero, in which case
chopping circuit 14 converts input voltage Vi, to an AC signal, and chopping circuit 32
converts the AC signal back to DC, such that no ripple is present in the output 38. However,
in practice, Gm1 typically has a non-zero input offset voltage (Vosl1), which results in a ripple
voltage being induced in the output voltage, with frequency components appearing in the
output spectrum at the frequency of the chopping clock and multiples thereof.

[0025] This present chopper-stabilized amplifier overcomes this problem with the use of
auto-correction feedback loop 12. For the exemplary embodiment shown, the auto-correction
feedback loop comprises a third transconductance amplifier Gm3, a third chopping circuit 40,
a filter 42 and a fourth transconductance amplifier Gm4. Gm3 is connected to receive the
output of chopping circuit 32 at its differential inputs, and produces a third differential output
44, 46 that varies with the signal applied at its input. This output is applied to third chopping
circuit 40, which chops the third differential output in response to the chopping clock and
provides the chopped signal at its output terminals 48, 50.

[0026] Filter 42 is arranged to receive and filter the chopped third differential output so as to
substantially reduce the AC component that may be present in the chopped third differential
output signal due to ripple induced by offset voltages associated with transconductance
amplifiers Gm1 and Gm4, and to provide the filtered version of the third chopping circuit’s
output at its output terminals 52, 54. Fourth transconductance amplifier Gm4 receives the
filtered signal at its inputs and produces a fourth differential output 56, 58 that varies with the
signal applied at its input. Gm3 and Gm4 also help to isolate filter 42 from the main signal
path, which might otherwise be adversely affected by the load presented the tilter. The
feedback loop is closed by coupling fourth differential output 56 and 58 to the first
differcntial output 24 and 26, respectively. When properly arranged, auto-correction feedback

loop 12 operates to suppress offset voltages associated with transconductance amplifiers Gml
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and Gm4 and offset voltage-induced ripple that might otherwise be present in the output of
chopping circuit 32, and thereby in Gm2 output 38. Filter 42 is preferably a switched
capacitor notch filter (SCNF), though other filter types, such as a low-pass filter, could also
be used.

[0027]) The operation of the present auto-correction feedback loop is illustrated for various
operating conditions in FIGs. 3-5. FIG. 3 illustrates the operation of the circuit if the output
(56, 58) of the feedback loop is not connected back into the signal path, both inputs to

chopping circuit 14 are grounded, and there is an input offset voltage (Vosl) present at the

inverting input of Gml. Complementary chopping clock signals CHOP and CHOP are
shown at the top of FIG. 3, with input terminals 16 and 18 connected to output terminals 20

and 22, respectively when CHOP is high, and input terminals 16 and 18 are connected to
output terminals 22 and 20, respectively, when CHOP is high. Complementary clock signals

SCNF and SCNF are also shown for reference; these might be used if filter 42 is a switched
capacitor notch filter (discussed in more detail below).

[0028] Since the inputs to chopping circuit 14 are grounded, the voltage at its output
terminals 20 and 22 (Vcuop) are both at zero volts. Gm1 will amplify offset voltage Vosl,
resulting in a differential DC output voltage Vgum at the outputs 26, 24 of Gml. Vg is
chopped by chopping circuit 32, thereby creating an AC voltage Vcpop, at output terminals
36, 34. The AC voltage is amplified by Gm3, resulting in an AC output current Igu3 at
outputs 46, 44. Chopping circuit 40 operates to convert the AC current to DC current Icpops at
nodes 50, 48. This DC current is applied to filter 42, which outpﬁts a corresponding output
voltage Vscnr. |
[0029] In the timing diagram shown in FIG. 4, both inputs to chopping circuit 14 are again
grounded, and an input offset voltage (Vosl) is again present at the inverting input of Gm1.
Here, however, the feedback loop is closed as shown in FIG. 2, with the outputs 56, 58 of
Gm4 coupled to therutputs 24, 26 of Gm1, respectively.

[0030] Since the inputs to chopping circuit 14 are grounded, the voltage at its output
terminals 20 and 22 (Vcuori) are again both at zero volts. Gml will amplify offset voltage
Vosl, resulting in a differential DC output voltage Vimi at the outputs 26, 24 of Gml.
However, due to the feedback provided by auto-correction feedback loop 12, the magnitude

of Vmy is suppressed, such that it is less than it is in FIG. 3. Vi is chopped by chopping



WO 2010/030328 PCT/US2009/004988

circuit 32, thereby creating a small AC voltage Vcyopz at output terminals 36, 34. The AC
voltage is amplified by Gm3, resulting in an AC output current Igyvs at outputs 46, 44,
Chopping circuit 40 operates to convert the AC current to DC current Icyops at nodes 50, 48.
This DC current is applied to filter 42, which outputs a corresponding output voltage Vscng.
This voltage is fed back into the main signal path at the output of Gml, where it acts to
suppress Vomi. This has the effect of substantially reducing or eliminating offset voltages
associated with transconductance amplifiers Gm1 and Gm4 and offset voltage-induced ripple
and that might otherwise be present at the output of Gm2.

[0031] [n essence, Gm3 operates to sense ripple caused by a non-zero differential DC voltage
at the output of Glﬁl and by chopping circuit 32, and creates a corresponding AC signal at its
output. Chopping circuit 40 converts the AC signal back down to DC, which is fed back to
Gml's output through filter 42 and Gmd, thereby suppressing any DC signal at Gm1's output.
To a first order, the added feedback loop does not affect the input signal (Vi,) as long as Vi, is
a DC signal, or changes slowly in comparison with the chopping frequency.

[0032] The timing diagram of FIG. 5 illustrates the operation of the present chopper-
stabilized amplifier for a non-zero input voltage Vi,, with no input offset voltages. The non-
zero Vi, is converted to an AC voltage Vcuopi by chopping circuit 14. Gm1 amplifies the AC
voltage, resulting in an AC voltage Vgum at the outputs 26, 24 of Gm1. Vgm, is chopped by
chopping circuit 32, thereby converting the AC voltage to a DC voltage Vcpop2 at output
terminals 36, 34. The DC voltage is amplified by Gm3, resulting in an DC output current Igms
at outputs 46, 44. Chopping circuit 40 operates to convert the DC current to an AC current
Icnops at nodes 50, 48. This AC current is applied to filter 42, which operates to filter out the
AC component of Ichops, such that the voltages at the filter’s output terminals are equal, and
contain neither an AC or DC component. Providing this voltage as a feedback signal has no
effect on the main signal path, which is the desired result, as there was no transconductance
amplifier-related offset voltages or offset voltage-induced ripple present in the amplifier.
[0033] The auto-correction feedback loop also operates to mitigate input offset voltages
associated with loop transconductance amplifiers Gm3 and Gm4. An input offset voltage
associated with Gm3 is chopped and thereby converted to a high frequency AC component in
the signal delivered to filter 42, which is then canceled or suppressed by filter 42 such that it
has no effect on the main signal path. An input offset voltage associated with Gm4 is coupled

to the output of Gm1 as a DC component, which would then be suppressed by the feedback
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loop in the same way as discussed above for an input offset voltage associated with Gml,
leaving only a residual DC signal at the output of Gml having a magnitude given by
Vos4/A3, where Vos4 is Gm4’s input offset voltage and A3 is the DC gain of Gm3. The
feedback loop would also operate to suppress any DC error that originates with filter 42, due
to, for example, capacitor mismatch or clock asymmetry.

[0034] As noted above, filter 42 is preferably a switched capacitor notch filter (SCNF), which
is well-suited to reducing DC offset and its associated ripple as discussed above. However,
other filter types, such as a low-pass filter (LPF), might also be used, though a LPF is less
effective at eliminating chopping-related AC components in the signal being filtered, and may
give rise to some residual errors. Either a switched capacitor LPF or a continuous time LPF
could be used. A filter of some type is needed to distinguish between a signal which includes
an undesirable input offset voltage-related ripple and a signal which represents the input
voltage being amplified.

[0035] A preferred embodiment of a SCNF is shown in FIG. 6, and a timing diagram
illustrating its operation is shown in FIG. 7. The fiiter includes a first branch connected to

output 48 of chopping circuit 40, consisting of switches S1 and S2, which are operated by
complementary SCNF clocks SCNF and SCNF , respectively, with the output sides of S1
and S2 connected to the top of ground-referred capacitors Cl and C2 at nodes 60 and 62,

respectively. Two switches S3 and S4 are connected to nodes 60 and 62 and operated by

SCNF and SCNF , respectively, with their output sides connected to filter output node 52. '
Another capacitor, C3, is preferably connected between node 52 and ground.

[0036] The filter also includes a second branch connected to output 50 of chopping circuit 40,

consisting of switches S5 and S6 operated by SCNF and SCNF , respectively, with the
output sides of S5 and S6 connected to the top of ground-referred capacitors C4 and C5 at

nodes 64 and 66, respectively. Two switches S7 and S8 are connected to nodes 64 and 66

and operated by SCNF and SCNF , respectively, with their output sides connected to filter
output node 54. Another capacitor, C6, is preferably connected between node 54 and ground.
[0037] As noted above, a switched capacitor notch filter is preferably clocked with a clock

signal having the same frequency as, but which is phase-shifted 90 degrees with respect to,

the chopping clock. Here, SCNF clocks SCNF and SCNF preferably toggle when the

voltages at nodes 60 and 64 are cqual, which occurs 90 degrees beyond the toggling of
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chopping clock signals CHOP and CHOP . This creates a notch at the chopping frequency,
cnabling any offset voltage-induced AC component in the signal applied to the filter to be
filtered out.

[0038] In operation, the current Icuops at the output of chopping circuit 40 is applied to the

filter via switches S1, S2, S5 and S6 as operated by SCNF and SCNF . This results in the
AC triangle waveforms at nodes 64, 60, 66 and 62 as shown. For nodes 64 and 60, the
voltages are sampled when SCNF goes low, and the sampled voltage is held until SCNF
goes high again. The voltage difference held between nodes 64 and 60 is essentially zero, due

to the 90 degree phase shift between the chopping clocks and the filter clocks.
[0039] For nodes 66 and 62, the voltages are sampled when SCNF goes low, and the

sampled voltage is held until SCNF goes high again. As above, the voltage difference held
between nodes 66 and 62 is essentially zero. This results in a voltage difference between the
filter’s output nodes (52, 54) of essentially zero, which is the desired result.

[0040] As noted above, the output of Gm2 would typically be delivered to an output stage to
form a complete chopper-stabilized op amp; one possible embodiment is shown in FIG. 8.
Main signal path' 10 VaAmd auto-correction feedback loop 12 are as before. A feedforward
transconductance amplifier GmS5 is connected to receive Vi, at its differential input ana to
produce an output 70 which is coupled to the output 38 of Gm2; GmS5 helps to make the
overall amplifier suitable for higher frequency input signals, while keeping its DC precision.
A buffer amplifier 72 is connected to node 38 and produces an output which varies with its
input; this output is the op amp’s output V.. Buffer amplifier 72 can be configured so as to
provide a large gain for the op amp. A compensation network is used to provide frequency
compensation for the chopper-stabilized op amp; in the exemplary embodiment shown,
nested mirror compensation is employed, with a capacitor C7 connected between the output
of buffer amplifier 72 and the non-inverting input of Gm2, a capacitor C8 connected between
the inverting input of Gm2 and a circuit common point, and a capacitor C9 connected
between the input and output of buffer amplifier 72.

[0041] The circuit arrangement shown in FIG. 8 enables an initial offset voltage associated
with Gm2 or Gm3 to be suppressed by the voltage gain of Gml. The total residual input-
referred offset voltage (Vos_res) of the op amp is given by:

Vos_res =(Vos2 + Vosf*Af/A2 + Vosd/A3) /Al
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where Vos2, Vosf and Vos4 are the initial offset voltages associated with Gm2, feedforward
amplifier Gm5, and Gm4, respectively, and Al, A2, A3 and Af are the gain values associated
with Gm1, Gm2, Gm3 and Gm3$, respectively.

[0042] One possible alternative embodiment is shown in FIG. 9. Here, the input to auto-
correction feedback loop 12 is taken at the output of Gml, rather than at the output of
chopping circuit 32. Doing this requires than an additional chopping circuit 80 be added
between the output of Gm1 and the input to the feedback loop. This arrangement provides the
same functionality as the configuration shown in FIG. 2, though at the expense of one
additional chopping circuit. |

[0043] Some prior art efforts attempt to reduce ripple by inserting a filter in the main signal
path, which can make the amplifier susceptible to errors due to mismatches between the filter
capacitances; in addition, glitches can appear in the amplifier’s output via the compen‘sation
capacitor. In contrast, each of the embodiments described herein operates by using a feedback
loop which includes a filter to suppress offset voltage and ripple voltage effects in the main
signal path. This approach helps to provide immunity to mismatches in the notch filter
capacitances (when an SCNF is used), and pfevents ripple from being coupled to the
amplifier’s output via a compensation capacitor as occurs with some prior art designs.

[0044] The embodiments of the invention described herein are exemplary and numerous
modifications, variations and rearrangements can be readily envisioned to achieve
substantially equivalent results, all of which are intended to be embraced within the spirit and

scope of the invention as defined in the appended claims.
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WE CLAIM:

1. A chopper-stabilized amplifier, comprising:
a main signal path, comprising:

an input chopping circuit which receives a differential input signal and
chops said input signal in response to a chopping clock, said chopped input signal provided at
said input chopping circuit’s output;

a first transconductance amplifier connected to receive said input
chopping circuit’s output at its input and to produce a first differential output which varies
with its input;

an output chopping circuit which receives the first differential output
from said first transconductance amplifier and chops said first differential output in response
to said chopping clock, said chopped first differential output signal provided at said output
chopping circuit’s output; and

a second transconductance amplifier connected to receive said output
chopping circuit’s output at its input and to produce an output which varies with its input; and

an auto-correction feedback loop, comprising:

a third transconductance amplifier connected to receive said output
chopping circuit’s output at its input and to produce a third differential output which varies
with its input; ‘

a third chopping circuit which receives the third differential output
from said third transconductance amplifier and chops said third differential output in response
to said chopping clock, said chopped third differential output signal provided at said third
chopping circuit’s output;

a filter arranged to filter said third chopping circuit’s output so as to
substantially reduce the AC component present in said chopped third differential output
signal and to provide said filtered version of said third chopping circuit’s output at an output;
and

a fourth transconductance amplifier connected to receive said filtered
version of said third chopping circuit’s output at its input and to produce a fourth differential
output which varies with its input, said fourth differential output coupled to said first

differential output, said auto-correction feedback loop arranged to suppress transconductance
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amplifier-related offset voltages and offset voltage-induced ripple that might otherwise be

present in said output chopping circuit’s output.

2. The chopper-stabilized amplifier of claim 1, wherein said filter is a switched

capacitor notch filter.

3. The chopper-stabilized amplifier of claim 2, wherein said switched capacitor
notch filter is clocked with a clock which has the same frequency as said chopping clock and

is phase-shifted 90 degrees with respect to said chopping clock.

4. The chopper-stabilized amplifier of claim 3, wherein said switched capacitor

notch filter comprises:

first and second input terminals and first and second output terminals;

a first switch connected between said first input terminal and a first
capacitance;

a second switch connected between said first output terminal and said first
capacitance; |

a third switch connected between said first input terminal and a second
capacitance;

a fourth switch connected between said first output terminal and said second
capacitance; '

a fifth switch connected between said second input terminal and a third
capacitance;

a sixth switch connected between said second output terminal and said third
capacitance;

a seventh switch connected between said second input terminal and a fourth
capacitance;

an eighth switch connected between said second output terminal and said
fourth capacitance;

said switched capacitor notch filter clock comprising ‘true’ (SCNF) and

‘complement’ (SCNF ) versions, said first, fourth, fifth and eighth switches closed and said
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second third, sixth and seventh switches open when SCNF is high and SCNF is low, and
said first, fourth, fifth and eighth switches open and said second third, sixth and seventh

switches closed when SCNF is high and is SCNF is low.

5. The chopper-stabilized amplifier of claim 1, wherein said filter is a low-pass

_ﬁlter.

6. The chopper-stabilized amplifier of claim 1, further comprising:

a feedforward transconductance amplifier connected to receive said differential
input signal at its input and to produce an output which varies with its input and is coupled to
the output of said second transconductance amplifier,

a buffer amplifier connected to receive the output of said second
transconductance amplifier at its input and to produce an output which varies with its input;

a compensation network connected to provide frequency compensation for said

chopper-stabilized amplifier.

7. The chopper-stabilized 'ampliﬁler of claim 6, wherein said compensation

network is a nested mirror compensation network.

8. The chopper-stabilized amplifier of claim 6, wherein said compensation
network comprises:
a first capacitor connected between the output of said buffer amplifier and one
input of said second transconductance amplifier;
a second capacitor connected between the other input of said second
transconductance amplifier and a circuit common point; and
a third capacitor connected between the input and output of said buffer

amplifier.

9. The chopper-stabilized amplitier of claim 6, wherein said amplifier is arranged
such that said amplifier’s residual input-referred offset voltage (Vos_res) is given by:
Vos_res = (Vos2 + Vosf*Af/A2 + Vosd/A3) / Al,
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where Vos2, Vosf and Vos4 are the initial offset voltages associated with said second
transconductance amplifier, said feedforward amplifier and said fourth transconductance
amplifier, respectively, and A1, A2, A3 and Af are the gain values associated with said first,

second, third and feedforward transconductance amplifiers, respectively.

10.  The chopper-stabilized amplifier of claim 1, said amplifier arranged such that a
DC offset voltage associated with said first transconductance amplifier appears as a non-zero
DC voltage at the output of said first transconductance amplifier which is converted to an AC
voltage by said output chopping circuit, said AC voltage anipliﬁed by said third
transconductance amplifier and converted to a DC voltage by said third chopping circuit, said
DC voltage fed back to said first differential output such that it suppresses the non-zero DC
voltage at the output of said first transconductance amplifier induced by said DC offset

voltage associated with said first transconductance amplifier.

11.  The chopper-stabilized amplifier of claim 1, said amplifier arranged such that a
DC offset voltage associated with said third transconductance amplifier appears as a non-zero
DC voltage at the output of said third transconductance amplifier which is converted to an
AC signal by said third chopping circuit, said filter arranged to filter said third chopping
circuit’s output so as to substantially reduce the magnitude of said AC signal present in said

chopped third differential output signal due to said DC offset voltage.

12.  The chopper-stabilized amplifier of claim 1, said amplifier arranged such that a
DC offset voltage associated with said fourth transconductance amplifier or imperfections in
said filter appears as a non-zero DC voltage at the output of said fourth transconductance
amplifier, said auto-correction feedback loop arranged to suppress said non-zero DC voltage

induced by said DC offset voltage or said imperfections in said filter.

i3. A chopper-stabilized amplifier, comprising:
a main signal path, comprising:
an input chopping circuit which receives a differential input signal and
chops said input signal in response to a chopping clock, said chopped input signal provided at

said input chopping circuit’s output;



WO 2010/030328 PCT/US2009/004988

15

a first transconductance amplifier connected to receive said input
chopping circuit’s output at its input and to produce a first differential output which varies
with its input;

an output chopping circuit which receives the first differential output
from said first transconductance amplifier and chops said first differential output in response
to said chopping clock, said chopped first differential output signal provided at said output
chopping circuit’s output; and .

a second transconductance amplifier connected to receive said output
chopping circuit’s output at its input and to produce an output which varies with its input;

a third chopping circuit which receives said first differential output from said
first transconductance amplifier and chops said first differential output in response to said
chopping clock, said chopped first differential output signal provided at said third chopping
circuit’s output; and

an auto-correction feedback loop, comprising:

a third transconductance amplifier connected to receive said third
chopping circuit’s output at its input and to produce a third differential output which varies
with its input;

a fourth chopping circuit which receives the third differential output
from said third transconductance amplifier and chops said third differential output in response
to said chopping clock, said chopped third differential output signal provided at said fourth
chopping circuit’s output;

a filter arranged to filter said fourth chopping circuit’s output so as to
substantially reduce the AC component present in said chopped third differential output
signal and to provide said filtered version of said fourth chopping circuit’s output at an
output; and

a fourth transconductance amplifier connected to receive said filtered
version of said fourth chopping circuit’s output at its input and to produce a fourth differential
output which varies with its input, said fourth differential output coupled to said first
differential output, said auto-correction feedback loop arranged to suppress transconductance
amplifier-related offset voltages and offset voltage-induced ripple that might otherwise be

present in said output chopping circuit’s output.
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