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ABSTRACT

This paper reviews some of the recent signal conditioning and Interface circuits for the capacitive type
sensors. This paper gives the brief idea of advantages and limitations of interface circuits for the various
capacitive sensors. The sensor output may be either current or voltage but it has to be converted to the
desired output range only by the signal conditioning circuit. Signal conditioning circuits provides the
analog output in the desired range; this can be converted to digital through Analog to Digital converter. The
signal conditioning circuit should able to produce not only the convenient of output voltage or current
levels but it has to provide the isolation, impedance matching, linearization with the input, proper gain
adjustment with the amplification, filtering of unwanted signals, etc. Here we reviewed the four different
methodologies of the proposed signal conditioning and interfacing circuits with its advantageous and
limitations.

Keywords: Signal Conditioning, Interfacing Circuits, Capacitance to Digital Converter, Sigma Delta
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1. INTRODUCTION

Capacitive sensors gives the output when change in
the capacitance with respect to the change in the
input or physical parameter of the sensor. Capacitor
sensors have wide applications in the industry like
measuring the humidity, pressure, various position
sensors and liquid level measurement. In medical
and manufacturing equipment the capacitance
sensors are used from the high performance to the
low performance end and proximity sensing, finger
printing, materials property and all kind of motion
sensors. It gives us the very high accuracy output
with a low cost but the designing of the signal
conditioning circuit is bit complex. First we need to
convert the capacitance to a voltage and to digital
output through ADC’s. For converting from the
capacitance to voltage usually they will convert it
capacitance to frequency or time conversion. This
type of conversion takes the specific circuit design.
This leads us to a complex design and end up with a
bulky prototype models. To avoid this, new
approach of the design is Sigma- Delta (3- A)
modulator which can able to measure the
capacitance directly. There are designs which

include the capacitive sensors also as one of the
integrated element. Capacitance to voltage
otherwise capacitance to digital converter is needed
for interfacing the signals of the capacitive sensor.
For this type of circuit implementation basically we
need the specific circuit design based on the
specifications of low noise operational amplifiers
with high speed comparators and analog switches
with having less ON resistance. In recent years,
several interface circuits for capacitive sensors have
been proposed where the sensor is directly
connected to a microcontroller unit (MCU), which
converts from capacitance to digital without any
external circuit for signal conditioning or analog-to-
digital voltage conversion [1].These types of
circuits having the advantageous of simple with
compact and low cost. Here in this paper we
reviewed different types of interfacing circuits for
the capacitive sensor which is having less
complexity and gives the reliable and linear output.

Gaitan et all [1] proposed a method is, the charging
of the unknown capacitor in directly proportional to
the reference voltage is applied across the capacitor.
R. Nojdelov et all [2] proposed a high accuracy and
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stability method to measure the capacitance up to
the value of 1pF. J. O'Dowd et all [5] proposed the
technique in Fig.3 shows the structure of the basic
Sigma — Delta Converter.

This article is intended to review and analyze all the
above techniques of capacitance measurement.
Section 2 explains the Capacitance measurement
technique through Charge Transfer Method.
Section 3 is about Capacitive Sensor Interface
Based On Reference Charge Amplifier Circuit.
Section 4 explains about the Interfacing Circuit
Based On Sigma Delta (3 - A) Converter. Section 5
summarizes all the three capacitance measurement
techniques discussed.

2. MEASURING THE CAPACITANCE
THROUGH CHARGE TRANSFERRING
METHOD

Gaitan et all [1] proposed a method is, the charging
of the unknown capacitor in directly proportional to
the reference voltage is applied across the capacitor.
This measuring unit having a switched capacitor
circuit where the Cs is the unknown capacitance
and Cr is the reference capacitance. When charge is
transferred from Cs to Cr, from the known value of
capacitance and the charge from Cr we can able to
measure the unknown value of capacitance. Here
we need assume all the capacitances are constant
for the measurement cycle.
W0
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Figl. Capacitance measuring circuit based on the charge
transferring method [1].

Here the input supply is connected through the
switch S1 to the unknown capacitor Cs. Initially
assume all the switches are open. First close the
Switch S3 to discharge the known reference
capacitor Cr to zero. Then open S3. Now close the
switch S1, then the unknown capacitor Cs has to be
charged to the value of Vi and open S1, close S2,
the charge in Cs will be shared by Cr and open S2.
This leads the output voltage VO will be directly
proportional to the charge transferred from Cs to
Cr. By repeating the above cycle again and again
the voltage across Cr will be exponentially reached
to Vs. By counting the number of charge transfer
cycle we can able to calculate the capacitance of
Cs.

By calculating the voltage across Cr for N number
of charge transfer cycle is,

Cx Cx
Vo[N] =

= I_"._ 4
Ca+Cx Cat+lx

Vo [N —1]

)
From eq(l), the Vi term is charge transferred
during the first cycle and the Vo term is charge
transferred to the previous N-1 cycles. At t=0, S3
is closed so that time Vi(0) =0, Then

P 77 G -
Vo[N] =Vi—-Vi(—=) @)
The charge transfer process will goes on until the
Vo(N) should equal to Vi, Applying this into eq(2),
We get,

Vo

1=

) ©

Vi \Cs+Cx )
Here initially we took, Cr>>Cx, Now the value of

N approximately given as,

Zin () (4)

Cs WVi—Fo/
From eq(4), If Cs is increases based on Number of

charging cycles also increases, then
k

Cs= — (5)
From the equation (5), k = Cx In [Vi / (Vi-V0)] is
the factor of capacitance to digital value. If Cs is
lesser value, then large number of charge
transferring cycles required.

This method interface with the MCU directly, there
are three stages of the measuring capacitance
values. First Reset the Reference Capacitor Cx,
then Charging of Cs and the charge distribution
from Cs to Cx. The advantages of this method are
we can able to measure the capacitance from 2 pF
to 1 nF values in three different measurement
ranges. 2-10 pF, 10-100 pF, and 100 pF to 1 nF.
All measured capacitors had ceramic dielectric and
10% tolerance [1]. The limitations of interfacing
directly with MCU, input currents and surface
leakage currents along the printed circuit board may
contribute to nonlinearity, but their inclusion in the
circuit model would complicate it too much [1].

3. CAPACITIVE SENSOR
BASED ON REFERENCE
AMPLIFIER CIRCUIT

R. Nojdelov et all [2] proposed a high
accuracy and stability method to measure the
capacitance up to the wvalue of 1pF. The
implemented circuit tolerates cable capacitance of
up to 1 nF and the conversion time will take only
39 to 100 pus based on the mode [2]. The interface
result has to be in high accuracy, so the multiple
capacitive sensors are used up to the maximum of

INTERFACE
CHARGE
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1pF and to increase the resolution a multi slope
ADC is used.

The working principle of the Fig 2; the capacitance
measurement can be achieved through applying the
reference excitation source (V) to the unknown
value of the capacitors (C) and by measuring the
charge (Q) in it. The gain of the charge amplifier
fixed 50 and is connected on the other side of the
unknown capacitance array circuits through the
input multiplexer. The output of the charge
amplifier which is amplified by 50 times is summed
with the reference charge generator and gives the

input to the integrator. The output of the integrator
feds to the 1 bit comparator, it gives either high or
low output based on the integrator. The comparator
manages the reference charge output to make the
integrator output is zero, this condition implies the
reference charge output is equal to the charge
amplifier output. From this value we can able to
calculate the value of unknown capacitance. We
can operate this method in two modes, fast mode
and normal mode. In fast mode 12 bit counter is
sampled 16 times whereas in the normal mode the
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Fig 2. Block diagram of capacitance measuring circuit based on the reference charge method [2].
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Fig3. Block diagram for basic Signal conditioning circuits based on " - 4 Converter.

counter will be sampled by 64 times to increase the
resolution. The measurement can be done within 2
cycles. Because of that the input offset voltage is

s
3

cancelled and noise introduced due to low
frequency for the input charge amplifier and
integrator is reduced. The advantage of this method
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is two reference charge generator is used for
“coarse and fine tuning”. This reduces the
conversion time; it has very high thermal stability,
negligible integral non linearity and compensation
for leakage currents of the capacitive sensor [2].
The limitation of this method is the measurement
speed and noise level. Using this technique we able
to achieve the measuring capacitor level is up to 1
pF but we can easily increase the next higher range.

4. INTERFACING CIRCUIT BASED ON
SIGMA DELTA (Y - A) CONVERTER

J. O'Dowd et all [5] proposed the technique in Fig.3
shows the structure of the basic Sigma — Delta
Converter. Here the switching circuits gives the
input to the sensors, the output of the sensor
converter to a 1 bit output by analog to digital
converter based on the integrator and the
operational amplifier comparator.

The comparator gives either high or low
signal which can be given as the input of the timing
and control circuits driven by the flip flops. The
output of the timing and control circuit is given to
drive the switching circuit which provides the
signal to the sensor. The circuit which provides
linearity in the output and offers very high
resolution is the Sigma — Delta Converter. For the
capacitive sensor the physical parameter can be

measured based on the equation (6)
c==% (6)
d
¢ - Relative permittivity of the medium
A — Area of the capacitor plates and
d — Distance between the capacitor plates.

If A or d is varied the sensors works based on this
is called the position sensor otherwise if only A is
varied that type of sensors are called the pressure
sensors. For the humidity sensors only the € varied.

The capacitive sensors are connected through the
switching circuits. The switching circuits actions
can be operated by the timing and control circuits.
The output of the sensor given to the integrator and
that output fed to the 1 bit comparator. Based on the
1 bit comparator output the timing and control
circuitry made by flip flops control the switches by
charging and discharging of the capacitor. Based on
the charging and discharging time of the capacitor
we can able to calculate the capacitor value. An
integrator with a 1 bit comparator is called the
Sigma Delta converter.

Most of the measurement circuits provides the
voltage as the output and converts to the digital
through an ADC. This type of conventional circuits
has the high signal to noise ratio and provides very
high sensitivity. Here the amplifier offset can be
eliminated in the modulator cycle itself [5].The
measured range of the capacitors is very less, its in
the order of pico — Farads or lesser. Here the
interfacing task is a challenging because the
measuring capacitor value is very much smaller
than the parasitic capacitance which is present in
the circuit. To measure this small value of
capacitance we can modify the Sigma Delta ADC
slightly to a Monolithic Capacitance to Digital
Converter (CDC). This circuit can able to produce
the precise output which is not affected by the
parasitic capacitor which is present. The proposed
CDC contains the 2" order fully differential Sigma-
Delta Modulator followed by a 3™ order sinc filter.
The modulator is driven by the 32KHz clock
frequency and which is taken from 64KHz
relaxation oscillator.
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Fig 4: Noise vs. output rate [5].

5. SUMMARY AND DISCUSSION

This paper gives the brief idea about the smart
interfacing circuits to measure the change in the
capacitances. We have reviewed very few papers
and discussed about the smart interface circuits.
Each of this paper is having their own advantages
and limitations. If we could measure the digital
output directly from the sensor it will be the
increasing advantage of interfacing with any digital
components. It can concluded that the methods
which we discussed here high precision circuits
with low cost. It could able to measure even the
small change of the capacitance. The researcher can
able to modify easily and make it more precise. In
addition to that the front end of the interface
circuits can be easily modified to measure the very
small changes in the capacitance. As a further
improvement reduction of timing pulses that would
cause the increase in throughput or response time of
the total measurement circuitry.
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