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Abstract: position sensor that uses the planar electrodesensing

This paper introduces the design and calibratioraof electrodes and measures the gap distances betiveen t
capacitive position sensor used for measuring thgye also calibrated the capacitive position sengminst a
mechanical deflection of a beam with sub-nanometehser interferometer system, in order to compenshée

resolution. It is known that the most accurate &id ; o ; :
traceable method for displacement measuremeneitagrer  SSNSO'S lack of Sl traceability. In the followirsgctions,
we present the design and working principle of the

interferometry. However, in our application we de® I o )
know not only the displacement of the object undefapacitive pos[tlon sensor, an.d the experimentalpsand
measurement but also its distance to a refererigmorTo  results of the displacement calibration.

measure the distance with a common two-beam

interferometer, in which the measured displacemisnt
proportional to the number of fringes counted, areds to
move the object from the reference origin to thsirdel
position and continuously track the readout of thser
interferometer. To meet this need, we have deeslop
capacitive position sensor dedicated to this apptia. The
capacitive sensor consists of three planar eleegoice. two
stationary electrodes and one movable electrodetat to
the beam under measurement. The position sersingsid
on differential capacitance detection and realizgd a
capacitive-inductive bridge circuit. We preserg thesign
and working principle of this sensing circuit.  The
performance of the capacitive position sensor watuated
by calibrating it against a laser interferometerThe
calibration also supplies the lack of Sl trace&pibf the
capacitive sensor. The calibration results shoat the
capacitive position sensor is able to measure ipaswith
sub-nanometer resolution. The sensing coeffic@nthe
capacitive position sensor was found to be (1#4.0.1)

2. DESIGN AND WORKING PRINCIPLE

The three planar electrodes are arranged as thige@tiion
shown in figure 1. The top and bottom electrodes a
stationary and fixed to a rigid metal housing. Thildle
electrode is movable and mechanically connectedhéo
beam, which is a rectilinear guiding stage (repwesk by
two springs). The electrodes are made of alumialloy,
whose surfaces are fine polished and coated viltmdayer

of gold. The nominal gap distandeand area are 0.5 mm
and 1178.1 mA respectively. All electrodes are
electrically insulated with the metal housing. Two
capacitorsC;, C, each having gap distancds andd, are
formed. When the middle electrode is displacednfithe
center position d;=d,=d) by z an imbalance in the
capacitance valu€,, C, is created. The relation between

mV/nm.
the imbalance capacitance defined\&s=C;-C, and the off-
center displacemert can be derived using the model of
Keywords ~ Capacitive position sensing, Optical Parallel-plate capacitor, in which the capacitarGe is
interferometer, Displacement calibration, Capaciéan expressed by the medium permittivity electrode ared
bridge and gap distanocg between electrodes as
1. INTRODUCTION EA
CO = F; (1)
Laser interferometry is used in dimensional
measurements for applications where the Sl ”ama‘.’"d and the differential capacitance is derived to be
high accuracy are requested. Among all types aicalp
interferometers, the two-beam interferometer is ofighe
most common types, in which the measured displantine 2C @)

proportional to the number of fringes counted. rii@asure
the distance with this type of interferometer, omeeds to
track the displacement readouts of the interferemand
integrate them to obtain the distance informatidn. our
application, we need to know gap distances betwkere
planar electrodes that used to generate preciséradeatic
forces [1]. Although other type of interferometdor
example a Fabry-Perot interferometer [2, 3], mayubed
for our application, however it requires a more pticated
optical setup. To meet this need, we developegpaditive

AC=C-C, D7 2z

which is linearly proportional to displacement z fo/d <<
1. Hence, the displacementan be measured by detecting
the AC. The differential capacitanc&C is detected by a
resonant capacitance bridge circuit and a lockApldier.
Figure 2 shows the schematic of differential catjpacie
sensing circuit. The bridge consists of the capexC,, C,
and a radio frequency (RF) transformigr An RF detection
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signalVgsinagt of amplitudeVy = 0.5 V and frequencyy =
21100 kHz is applied to the middle electrode vian fivire.
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Fig. 2: Schematic of differential capacitance segsi
circuit.

The RF detection signal propagates to the ciraquitigd via
two loops each of which contairG; or C,, respectively.
Any capacitance imbalance betwe€pand C, produces a

voltage output at the secondary winding of the RF
To increase the signal to noise ratio, a

transformerT,.
trimmer capacitolC; is connected to the secondary winding
to form an LC resonant circuit. The output of th€
resonant circuit is buffered by an OP amp, thenliiexb by
another AC gain stage, and finally demodulated lck-in
amplifier. The output of the lock-in amplifievys is
proportional to the off-center displacement

3. DISPLACEMENT CALIBRATION WITH LASER
INTERFEROMETER SYSTEM

The capacitive position sensor was calibrated again
laser interferometer system. The displacementutisn of
the laser interferometer system is about 5 nm. We
electrostatic forces to move the middle electrogalmout+
4 um. The electrostatic force was generated by apglyi
two audio frequency, high voltage signals to theo tw
stationary electrodes.
electrode was measured by both the capacitive iposit
sensor and the laser interferometer system. Figigows
the data acquired in the calibration measurem&ntreduce
the effect from noises such as vibration, drifgwstic noise,

all below 5 nm. The uncertainty of this linearvias found
to be 2.9 nm. The slope of this fitting curve f@snd to be
(71.4+ 0.24) nm/V, corresponding to a sensitivity of (L.
0.05) mV/nm of the capacitive position sensor.
statistically combined all sensitivity coefficientgven in
each linear fit and obtained a sensitivity coedfitti of (14.0
+0.1) mV/nm.
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Fig. 3: Displacement of the middle electrode meadiny
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4, RESULTSAND DISCUSSION
A capacitive position sensor dedicated for measuittire
deflection of the mechanical beam was built and

characterized with the laser interferometer systeifihe
sensor is capable of measuring the off-center aigphent
of the middle electrode. The resolution of thessenis
limited by the thermal noise of the capacitive-iotive
bridge which was expected to be below far belowpstl

The displacement of thedid Agsuming the resolution is dominated by the regmubf

an analog-to-digital converter used in the datausiipn
system, a sub-nanometer displacement resolution
achievable with the sensor.

is

etc, vgs and ziz were averaged in each step to obtain

corresponding mean values. From the averaggéndz,

the sensitivity coefficient of the capacitive p@sit sensor
was found by linear fit. One of the fitting resuls shown
in figure 4. The residual errors (denoted as reign4) were
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