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Abstract—This paper presents a low offset, differential output,
switched capacitor based capacitive sensor interfacing circuit.
The interfacing circuit senses the physical signal as a change in
capacitance from a differential capacitive sensor and generates a
differential output voltage. Chopper modulation, charge amplifi-
cation, and auto-zeroing techniques are applied to the proposed
circuit to minimize the effect of offset and low-frequency noise
introduced by the circuit components. The interfacing circuit
contains a fully differential operational amplifier, offset reduction
scheme, buffer and low pass filter. The main advantage of the
interfacing circuit is utilizing a single differential capacitive sensor
and a single feedback network with minimum circuit components.
The gain of the interfacing circuit is programmable through the
feedback capacitor of the charge amplifier configuration. The
interfacing circuit is designed using SCL 0.18 µm CMOS process
technology and simulated using spectre simulator. The simulation
results with and without offset reduction scheme are presented to
show how effectively the proposed circuit is reducing the effect
of offset and low-frequency noise.

Keywords—Capacitive sensor, Interfacing circuit, Chopper mod-
ulation, Switched-Capacitor circuits, Auto zeroing, Offset reduction,
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I. INTRODUCTION

N OWADAYS, due to the advancement of microfabrication
technology, micro-electromechanical systems (MEMS)

based capacitive sensors are quite popular for monolithic
integration, where the sensor and conditioning circuit can be
integrated on a single silicon die. Particularly MEMS-based
capacitive sensors have numerous applications in the fields of
consumer electronic systems, biomedical systems, navigational
systems, and automobiles. The capacitive sensors are preferred
in most of the sensing systems due to their low-temperature
coefficient, high resolution, less power dissipation and easy
integration with CMOS technology [1]–[4]. But as the sensors
are in micro-meter dimension, the change in capacitance be-
comes in the range of femto-Farad (fF ). Moreover, sensing
the small amount of change in capacitance, in the presence of
considerable parasitics and offset is a challenging task.

The capacitive sensor is a passive sensor, in which the
outcome is the change in capacitance, and it will not pro-
duce output voltage directly. In such case, the conditioning
circuit plays a major role to produce the output voltage
as a function of the change in capacitance. Compared to
single-ended capacitive sensing, differential capacitive sensing
is preferred in most of the applications, for improving the
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Fig. 1. Block diagram of a capacitive sensor system

Fig. 2. Architecture of the proposed configuration in [1]

measurement accuracy by suppressing the common variation.
In literature, techniques like chopper modulation, correlated
double sampling, and switched-capacitor circuits are more
popular. Various circuit topologies are available in literature
utilizing these techniques[1], [5]–[11]. Recently an optimized
interfacing ASIC is proposed in [1], shown in Fig. 2. It
has a higher sensitivity and generates a differential output
voltage with a fully differential op-amp, but the offset and low-
frequency noise of the fully differential operational amplifier
limits the accuracy of the measurement.

In this work an offset reduction scheme is introduced to the
interfacing circuit[1], which can reduce the errors like offset
and low-frequency noise introduced due to the fabrication
process variations. Mathematical analysis is carried out on
the proposed circuit, identified that the proposed circuit is
effectively reducing the effect of offset and low-frequency
noise. Chopper modulation, charge amplification, and auto-
zero techniques are used in the proposed interfacing circuit.
In this paper Section II describes a general capacitive sensor
system, Section III discusses the proposed signal conditioning
circuit and Section IV provides the circuit simulation results.
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Fig. 3. Block diagram of the proposed architecture
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Fig. 4. Schematic of the proposed interfacing circuit

II. CAPACITIVE SENSOR SYSTEM

The capacitive sensor system block diagram is shown in Fig.
1. The capacitive sensor is used to sense the physical signal
by transforming the physical signal to displacement, which
leads to a change in capacitance. The capacitance change is
proportional to the physical signal intensity. Next stage is
signal conditioning circuit, used to convert the capacitance
change to acceptable voltage output for processing the signal
further. MEMS-based capacitive sensor occupies less area and
the monolithic integration combines the sensor and signal
conditioning circuit on a single silicon die. The monolithic
integration reduces the effective area of the system and reduces
the cost by bulk fabrication.

III. SIGNAL CONDITIONING CIRCUIT

Signal conditioning circuit plays a key role in the capacitive
sensor interfacing circuit. In general, differential half bridge ca-
pacitive sensor system is preferred in most of the applications.
The half bridge capacitive sensor consists of two capacitors
formed by two fixed plates and a common movable plate. The
common movable plate is attached to the proof mass, which
is sensitive to the physical signal. In general, the two sense
capacitors consists same capacitance value during the absence

of physical signal. But due to the fabrication process variations,
there is a chance of a mismatch between the sense capacitors.
For compensating the error, an array of on-chip capacitors are
used to nullify the mismatch [1]. The block diagram of the
proposed architecture is shown in Fig. 3 and the schematic is
shown in Fig. 4.

The half-bridge capacitive structure, which is excited with
two out of phase square signals like shown in Fig. 4, gives
modulated signal as output [8]. A ring oscillator is used
to generate the square wave signals with a frequency of
500 kHz. The charge amplifier, which is next to the half-
bridge, converts the change in capacitance to the differential
output voltage. The applied square wave signals are high-
frequency signals, in which phase φ1 represents the phase of
Vs and phase φ2 represents the phase of Vsbar. In real time,
due to the fabrication process, there is a chance of a mismatch
between the input transistors of the operational amplifier. This
mismatch will lead to induce an unwanted offset voltage to the
measurement and limits the accuracy of the measurement.

Moreover, at low-frequency operations, the operational am-
plifier introduces errors to the measurement. To overcome these
problems, an offset reduction circuit with two switches is added
in the proposed architecture, placed at the feedback path of the
charge amplifier. It utilizes auto-zero technique to reduce the



non-idealities introduced by the charge amplifier. Next is the
sample-hold circuit, which demodulates the modulated signal
from the charge amplifier and provides the original signal
of interest. The demodulated signal is buffered and filtered
to remove high-frequency signals and produces a differential
output. The feedback capacitor decides the voltage gain as well
as reduces the offset and low-frequency noise.

The charge amplifier operates in two phases, φ1 and φ2.
During phase φ1, the voltages at Vs = Vcm + Vp, Vsbar =
Vcm − Vp, and the net charge[1] at sensing node is

Qφ1 = (Vos − Vp)C1 + (Vos + Vp)C2 + VosCf (1)

where Vcm is the common mode voltage, Vp is the peak
voltage of excitation square signal, Q is the net charge, Vos is
the offset voltage of the fully differential op-amp, Cf is the
feedback capacitance and C1, C2 are sense capacitors.

C1 = C0 + ∆C (2)

C2 = C0 − ∆C (3)

where C0 is the nominal capacitance, when there is no physical
signal, ∆C is the change in capacitance due to the presence
of physical signal. The voltage at Vout1 and Vout2 during φ1
can be expressed as

Vout1 = Vcm + Vos (4)

Vout2 = Vcm − Vos (5)

During phase φ2, the voltages at Vs = Vcm − Vp, Vsbar =
Vcm + Vp, and the net charge at sensing node is

Qφ2 = (Vos+Vp)C1 +(Vos−Vp)C2 +(Vcm+Vos−Vout1)Cf
(6)

From charge conservation principle, Qφ1 = Qφ2, by simpli-
fying equations (1) and (6), the single ended outputs can be
expressed as

Vout1 = Vcm + 4
∆C

Cf
Vp (7)

Vout2 = Vcm − 4
∆C

Cf
Vp (8)

Phase φ2 provides the amplified output signal, which is demod-
ulated by the sample and hold (S/H) circuit. The S/H circuit
hold the signal during phase φ1. The S/H circuit demodulates
the signal, but it contains high frequency switching compo-
nents, which can be suppressed by the low pass filter. After
S/H and low pass filter the single ended outputs can be written
as

Vout+ = Va = Vcm + 4
∆C

Cf
Vp (9)

Vout− = Vb = Vcm − 4
∆C

Cf
Vp (10)

The differential output voltage is expressed as

Vout = 8
∆C

Cf
Vp (11)

The proposed circuit is succeeded to achieve the higher
sensitivity and measurement accuracy by suppressing the un-
wanted signals.
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IV. SIMULATION RESULTS

The proposed circuit is designed and simulated in SCL
0.18-µm CMOS process technology with 1.8 V supply. To
verify the performance, we have intentionally included an
external offset voltage of 10 mV at the input of the differential
Op-amp. For simulation purpose, a sinusoidal capacitance
change(∆C) is considered, having frequency 100 Hz. The
remaining parameters are: C0 = 5 pF, ∆Cp = 100 fF, Cf =
4 pF, Vp = 0.9V, Vcm = 0.9V , fφ1,φ2 = 500 kHz.

For comparison purpose, we placed the simulation results of
the interfacing circuit without offset nullifier, which is shown
in Fig. 5. By observing the final output after the low-pass
filter, we can conclude that the whole offset is replicating at
the output and limiting the accuracy level of measurement.

Simulation results with offset nullifier are shown in Fig. 6.
Waveforms at different circuit nodes are shown in the figure.
The simulation results indicate that the proposed circuit output
offset is in the range of µV , which effectively reduced the off-
set 10mV , introduced at the input. Simultaneously it improved
the sensitivity as expected from the theoretical analysis. The
gain programmability of the proposed configuration is verified
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by varying the feedback capacitor changing from 1 pF to 4
pF as shown in Fig. 7. For Cf = 4 pF , it offers less gain,
which is useful for amplifying the large change in capacitance.
Similarly, for Cf = 1 pF , it offers high gain, which is useful
for amplifying the small amount of change in capacitance.
The technology chosen is 0.18-µm with supply voltage of
1.8 V. The fully differential operational amplifier operates in
the range of 0.5 V to 1.4 V, beyond this voltage range, the
transistors enter in linear region, which reduces the open-loop
gain of the op-amp, due to this gain non-linearity arises. The
layout of the proposed circuit is also carried out in SCL 0.18-
µm CMOS process technology, takes about 0.45 mm2 of
silicon area, shown in Fig. 8.

V. CONCLUSION

A low offset, differential output, switched capacitor based
interfacing circuit is proposed in this work. The proposed
circuit combines chopper modulation, charge amplification and
auto-zeroing techniques to reduce the effect of offset and low-
frequency noise. A fully differential operational amplifier is
used in the proposed circuit, along with an offset reduction
scheme at the feedback path of the charge amplifier, for
improving the sensitivity and accuracy of the measurement.
The feedback capacitor controls the gain, and proper switch-
ing mechanism reduces the offset and low-frequency noise.
The circuit is implemented in SCL 0.18-µm CMOS process
technology, simulated using spectre simulator, and the results

are presented. From the simulation results, it is observed that
the proposed circuit is effectively reducing the offset and low-
frequency noise.
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