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Design of Capacitanceto Voltage Converter for Capacitive Sensor Transducer
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Abstract: Problem statement: The design of Capacitance to Voltage Converter (CV@
capacitive sensor transducer was presented. Thpoged design will reduce the size, power
consumption and supply voltage of the circuit aad be used in high frequency band transducer.
Approach: The design was implemented using the Operationalifier (Op amp) and capacitive
network. The circuit was simulated using the PSPiitiel parameters based on standard 0.13 um
CMOS processResults: The design was able to measure a wide range otitapee variations for
the capacitive transducer. The performance analykithe design showed desirable performance
parameters in terms of response, low power consampind a linear output voltage within the wide
range of capacitive transducer capacitance vanatio the power supply voltage of 1.2 V was
achieved.Conclusion/Recommendations: The output voltage of the circuit varied linearlyttwthe
variation of capacitive transducer capacitanceatimm. The improved converter was compact and
robust for integration into capacitive measuringteyns and suitable for use in environment that
making use of higher frequency band.
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INTRODUCTION Various methods have been reported (LotteEs.,
1999; Alia, 2007; Zahirul Alaret al., 2009; Ghafar-
Sensor transducers are widely used in thezadehet al., 2009; Arfalet al., 2010; Chatzandrouli al.,
instrument measurement systems such as in thg000) to deal with capacitance to voltage conversio
biomedical, automotives, telecommunications, foodSome of them, for instance the method utilizingorat
industry, water treatment plants and chemistry iy arm bridge is symmetrical and sensitive, but it ties
The sensor itself can be defined as a device At c disadvantage that transformer coils have to be used
measure (or detect) changes in physical stimulugvhich is difficult to implement monolithically. Ogis,
parameter (such as acoustic pressure, electrical é6r example the modified Martin oscillator with
magnetic field changes, optical, thermal andmicrocontroller is not capable of handling capauita
mechanical) and turns the detected change or meghsurchanges with frequencies higher than 10 Hz. Another
stimulus parameter signal into a recordable sigmal approach is based on charge integration (Lotees.,
pulse. On the other hand transducers are devie#s th1999). It is less susceptible to parasitic; howe\er
convert a form of an input energy into a same offairly large feedback resistor is usually neededits
another form of output energy. There are many rekea the sensing electrode. In the past, the largetogsian
has been done on the sensor transducers using the implemented either by sub-threshold transistors
capacitance to frequency conversion for the past fe long transistors in triode region (Geehal., 2002).
years. The sensor transducer is suitably used fddowever, values of such MOS (Maiti and Maiti, 2010)
converting pressure variations (Takahata andesistors depend on the terminal voltages which are
Gianchandani, 2008), humidity = measurementgdifficult to control. For pressure sensor applioas,
(DeHennis and Wise, 2005) into correspondingsince the capacitance and output voltage of the CVC
signal with equivalent frequency. Further, suchchange over a wide range, the linearity of the ieek
transducers have been wused in water levelesistor degrades seriously. Besides, a largeistans
measurement system or even telemetry systemgill introduce parasitic capacitance which wouldisa
(Mariunet al., 2006; Reverteet al., 2007). signal attenuation in a capacitive sensing fromt-en
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circuit is designed based on third generation Begke t g

Short-channel Insulated Gate FET (IGFET) Model 3
(BSIM3) version 3.2 of 0.13um technology and Fig. 2: Schematic for Op amp
performance of the design is presented.

The schematic diagram of the Op amp is shown in
Propomd ADC architecture The Capacitance to Flg 2. The circuit consists of Start-up, bias dano-
Voltage Converter (CVC) circuit is designed by gsin Stage Op amp. The Op amp gain is derived as:
the Operational amplifier (Op amp) by considerihg t
offset voltage of the Op amp and the charge imecti C,(Vi, = Vi) =C (Vg —OP.)+ Co( Vg,— OR)+
error of a switch. The schematic diagram of the CVC q v ob ®)
circuit is shown in Fig. 1. Cis the capacitor of the
detected sensor andrCand G are the designed
capacitors. ¥; is the common-mode voltage ang@,\is Vg, -OP. =2, A Gair 4)
the reference voltage. The signals ckl andack two
non overlapping phase clocks. When the signalisk
logic high, the voltage ¥ will charge the capacitor,C Therefore:
whereas the capacitor-Gtores the offset voltage of the
Op amp. When the signal ckis logic high, the

capacitor G is connected to the output. The voltage V c -C 1
charges the capacitor gC Thus, by following the V.= XC B (Vo =V i) X 1(c+ c
principle of charge conservation, the output vatag F 1+(FCR+X}
will be derived as follows: AL G 5)
Cx(VRZ_VRl_Vos)+C R(O_V0;+C F(O_Vo): _C, G 1
1) _X7(VR2_VR1)X 1-—
Cx(O_ Vos)+CR(VR2_ VRl_Vog+CF(Vo_Vol Ce A Ce
C.+C,+C
Therefore:
It is observed from Eq. 5 that the gain of Op amp
A =ﬁ(vm—v Rl) ) should be high so that the output voltage 6
Ce insensitive of the Op amp gain as mentioned in Eq.

The unity gain bandwidth and phase margin of the Op
where, \js is the offset voltage of the Op amp and theamp need to be considered for stable response and
output voltage is free from Op amp offset as obsgtrv frequency range of operation.
in Eq. 2. The proposed CVC circuit has been simulated

using the model parameters of a standard 0.13 um

MATERIALSAND METHODS CMOS process. The width for the CMOS devices are
chosen based on designed equations (Allen and
The Op amp plays an important role in Holberg, 2002; Ali and Khamis, 2005; Nabhan and
designing the converter. Therefore the OppamAbdallah, 2010). The supply voltage of the Op amp i
is designed based on 0.1i3n CMOS technology. chosen +1.2V for reducing power consumption.
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RESULTSAND DISCUSSION

is shown in Fig. 3. Figure 4 shows the frequency

The peak output voltage from the Fig. 5 is ploited
Fig. 6 with the variation of C The Fig. 6 shows that the
The voltage transfer a characteristic of the Op am output voltage varies linearly with the variatidnGy.

The operational

amplifier differential iga

response of the Op amp. The bandwidth gain iAd = 29.948 dB or 31.43 V/V and the 3-dB frequency,
f,dB = 57.597 kHz. Thus, this value of & close to the
estimated using the large signal differential tfans
1700 fF with the increment of 20 fF. Capacitange C characteristic. The phase margin is 92.8° whicmdse
and G are set to 1 and 1500 fF respectively for thisthan 60%For stable operation without ringing. The overall
capacitance range. The output voltage waveform withperformance of the Op amp is tabulated in Table 1.

approximately 1.8 MHz.

The detection capacitances @G varied from 20-

the variation of capacitancey ©f the circuit is shown

in Fig. 5.
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Table 1: Performance for Op amp

Specification

Simulation using P spice

Differential gain, A
Offset voltage, Vs
Output dc offset, M
Vout SWING range
Open-loop gain, A
Open-loop gain, A
Unity gain bandwidth, GB
Power dissipations,sks
Phase margin, PM
ICMR

3-dB frequency,f
Slew rate, SR

Power supply

31.43 VIV
884V
0.0279 vV
-1V-470 mV
31.434 VIV
29.948 dB
1.8 MHz
0.939 mW
92.8°
-0.23-1.0V
57.597 kHz
14 and -19sec’
+1.2V
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It is noted that the CVC circuit can be used up toAlia, M.A.K., 2007. Custom design of an analogue

58 kHz.
The value of capacitive transducer, 8 chosen
from 20-1700fF, then any changes of capacitandbeof

capacitive transducer results linear output voltage

within the range of 0.02-0.59V for the variationtbg

capacitance from 100-1640fF, respectively. The wutp

voltage can be obtained by using following equation

V, =-0.017+ 3.70¢ 10’ ¢ 100fR C< 1640 (6)

where, G in fF and \{ in Volts. It is note that the Eq. 6
is valid for the circuit with @= 1 fF and G= 1500 fF.
However, by changing the value of @nd G, other
ranges of capacitive transducer can be used. #rdam
design a circuit that can be detect capacitivesttaner
capacitance changes within pF range thgai@ G are
to be chosen in pF range with appropriate ratio.

CONCLUSION
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