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Differential readings  of capacitance-based controls of attitude and displacements at the 

micro/nano scale 

Gian Bartolo Picotto*, Roberto Bellotti and Andrea Sosso 

Istituto Nazionale di Ricerca Metrologica, Strada delle Cacce 91, 10135 Torino, Italy 

*corresponding author: g.picotto@inrim.it 

 

Abstract  

Four-quadrant plane capacitive sensors with electrodes made by thick metal plates were used in a 

novel configuration of a bridge-based circuit for measurement of both displacement and small 

angles over two axes. Their design, fabrication and testing by means of a  differential set-up 

specifically designed is presented and discussed in terms of the measurement model, considering 

signal recovering, linearity, resolution and noise. Numerical calculations of the capacitors, 

including corrective terms for fringe effects and tilt between electrodes in a differential 

configuration, are developed to simulate the overall measuring system. Tests of the model were 

then performed that validated it by comparison with the results of displacement and small angle 

rotation runs traced by an interferometer and an autocollimator.  Sensitivities of  about 0,11 V/µm 

with a 110-3  relative standard deviation,  and of 0,13 V/mrad with a 310-3  relative standard 

deviation, were determined  with displacements up to ± 50 µm and yaw rotations up to ± 10 mrad.    

 

Keywords    Capacitive Sensors, Displacements, Attitude, Differential Readings, Linearity 

 

1. Introduction  

 

Precise positioning and scanning at the micro and nano scales require displacement sensors that 

offer high linearity and resolution,  to be driven by a wide bandwidth measuring electronics when 

operating in closed-loop controls of fast scanning systems [1,2]. Interferometers provide 

displacement measurements with a direct traceability to the unit of length and a high resolution 

by the wavelength subdivision and/or multi-pass optical paths, at the cost of some more room for 

optics and beam paths, namely when operating with differential optics and Abbe free set-ups. 
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Among others, capacitive sensors  offer some advantages for displacement and attitude controls 

including an almost load free non-contact sensing suitable to compact assembling, thus reducing 

the overall metrology loop.  A high dynamics and linearity of the capacitance to displacement 

conversion is obtained  by varying the overlapping area of the counter-electrodes forming the 

capacitor [3] while a better sensitivity is achieved  by varying the gap between the electrodes, the 

latter at the costs of a smaller working range [2,4].  Plane-parallel capacitive sensors with a gap 

variation design are widely integrated on single- or multi-axes positioning stages to be used with 

closed-loop controls of displacements up to several hundreds of micrometers.  Either linear or 

differential set-ups of sensors are used on demand of the DOFs under control, accuracy 

specifications and somewhat mechanical constraints [1,2,9].  

Sensors with plane-parallel electrodes suffer from the stray capacitance due to edge effects, 

flatness and roughness of the electrode’s surfaces and from the unwanted out-of-parallelism  

between the electrodes. All these effects were deeply investigated by analytical, topological and 

numerical (FEM) early studies  [4-8 and references therein].  The edge effects are greatly reduced 

by a guard-ring electrode driven at the same potential of the active electrode, thus providing a 

guard field surrounding the region between active and counter-electrodes [4]. On the other hand, 

the high sensitivity to rotations in a plane-parallel capacitor was  successfully used  for capacitively  

sensing the attitude of the moving electrode: a moving or tilting plate or optics depending on the 

application [2,10,11].  Furthermore,  accurate measurements of small angles by plane capacitive 

sensors are demonstrated by a sine bar angular-to-linear displacement converter [12]. 

The displacements or small angle rotations to be determined by the capacitance of a plane-parallel 

capacitor are usually measured by electronics based on (auto-balancing) AC bridges, capacitance 

to voltage converters and high-impedance buffers sensing the voltage drop across the capacitor 

driven by a constant AC current source [2,4,9,10,13].  Other solutions include capacitance to 

frequency conversion, or capacitance to period conversion, charge/discharge circuits, RC phase 

variation [14]. The  trade-off is often based on electrical/mechanical constraints, not charged 

moving elements, parasitic capacitances of connecting cables, available shielding and least but not 

last costs.  Other  relevant issues are the linearity of the response of the measurement circuit vs. 

displacement, and the electrical loading of the input circuit on the sensor. Generally, input circuits 

with higher loading have better linearity [4],  defining another trade-off condition for the designer.  

A differential set-up of plane-parallel multi-electrodes capacitive sensors designed for gap-

variation measurements of  translations and/or pitch and yaw rotations of a moving counter-
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electrode plate is described in the sections 2 and 3, the configurations of the AC bridge for 

displacement and angle measurements and the model-based calculations of their deviation from 

linearity in section 4, the simulation of the overall electronics in section 5, the experimental and 

results in sections 6 and 7,  and conclusions in section 8. 

 

2. The capacitive sensors 

The sensor is designed with a circular active area and a guard ring forming a three-terminal 

capacitor for reducing the edge effects. The active electrode is subdivided into four adjacent 

quadrants with the same area and electrically isolated from each other.  The overall circular active 

area has a radius of 5,5 mm resulting in an area of about 24 mm2 each quadrant. The sensor is 

made of thick brass metal plates glued by hard epoxy resin.  A gap down to less than 0,1 mm is 

obtained between the quadrants and the circular ring.   A plan-parallel thick metal plate is needed 

as moving counter-electrode. 

                                                

Figure 1.   The four-quadrant sensor 

 

3. The differential measurement set-up 

Differential readings of displacements are always preferable [14] to minimize the effect of 

mechanical and thermal drifts between fixed and moving parts. This is even more important at the 

nanoscale where the metrology loop of instruments is much larger than the lateral sizes of their 

measuring volume. In addition, the simultaneous control of the displacements and attitude of the 

moving elements is a key issue in precise positioning and process control in nanofabrication. 

 

 φ 16 mm 

φ 11 mm 
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(a)                     

(b)                

Figure 2.  Sketch (a) of a differential set-up of the capacitive sensors facing a moving plane-parallel plate 

and a design principle(b) how to install it to monitor displacements of a moving cylinder arm.  

 

Our differential set-up (Figure 2) consists of two four-quadrant capacitors counter-facing a plane-

parallel metal plate that moves along a fixed  axis of a scanning or positioning system. The  

translations and unwanted pitch and yaw rotations of the moving plate are detected by combining 

the signals  from the different electrodes. In particular, the displacements  summing the signals 

from all four quadrants, while the pitch  by first summing signals of the two topmost, then taking 

the difference from the sum of the two in lower position, and  analogously for the yaw, along the 

left to right direction. 

The assembling of two sensors in opposition with  a common mobile electrode, also called a three-

plate device [4], certainly requires a more complex mechanical supports than that of a single 

sensor. However, for most applications where movements and pitch, yaw rotations of a mobile 

element are measured, the three-plate system can be effectively solved without any costs in terms 

of Abbe offset, as demonstrated by the design principle in Figure 2(b) of a differential device 

integrated in the mobile arm of a displacement actuator/transducer. 

When compared to a single sensor, the advantage of a differential set-up of sensors relies on 

better  linearity of displacements readings.  Furthermore, the differential configuration would 

Page 4 of 19AUTHOR SUBMITTED MANUSCRIPT - MST-110056.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



5 
 

reduce errors due to thermal drifts and geometrical effects. The advantages of  a differential 

configuration are indeed proved by its adoption in a wide range of applications: accelerometers, 

position and rotation detection, force transducers, etc. [15,16]. 

 

4. Bridge-based configurations for  displacements and yaw angle  measurements 

Two bridge-based configurations are selected and simulated for measurements of displacements 

and  yaw rotations, respectively. For readers’ convenience, the two configurations for a 

differential pair of semi-circle sensors  are described below. The semi-circles of the two sensors 

are labeled as 1a, 1b and 2a, 2b respectively (Figure 3). The connection nodes A, B and C (counter 

electrode plate) are indicated for each semi-circle. It is worth noting that the two configurations 

differ from each other by different connection nodes of a pair of semi-circles. 

 

 

Figure 3.  Two-semi-circle capacitors and the counter-electrode with  their label/number and connection 

nodes.  The surfaces of the capacitive sensors are shown as seen from the opposite counter-electrode side, 

i.e.,  ‘1a’ is opposite to ‘2b’, and ‘1b’ is opposite to ‘2a’. 

The bridge configuration for displacement measurements is shown in Figure 4(a) while that for 

yaw angle measurements in Figure 4(b).  The transition between the two configurations takes 

place exchanging  positions A and B of electrodes 1b and 2b, by means of  a double analog  switch. 

The output signal at the nodes C,D named Vac(CD) in Figure 4, is obtained by the input Vac signal 

at the nodes A,B (Vac(AB) in Figure 4)  as a function of  the impedances Z1 and Z2 in the arms of 

the bridge according to the equation (1): 

 

   (  )      (  ) 
     

 (     )
    (1) 
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(a)  

(b)  

Figure 4.  Bridge configurations for differential measurements of displacements (a) and yaw rotations (b).  

Similarly, the bridge can be modeled for displacement and yaw rotation measurements by means 

of a single sensor made by two-semi-circles (Figures  5a and 5b).  In this way, we can model and 

compare differential vs. single readings and check the effectiveness of our solution.  

Considering the bridge in Figure 5b, the output signal Vac(CD) is given again by equation (1), while 

by equation (2) holds with the bridge in Figure 5a for displacements sensing. 

   (  )      (  ) 
       

 (       )
    (2) 

 

(a)  

 

 

Zref 

A 

Zref 

Z1 C 

D 

B 

Vac (AB)  

Vac (CD) 
C1b 

C1a 
Zref 
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(b)  

 

Figure 5.  Bridge configurations for displacement (a) and yaw rotation (b) measurements by a  two-semi-

circle  single sensor.  

 

4.1 Calculation of  the capacitances for a differential configuration  of  two-semi-circle 

sensors 

Numerical calculations of the capacitances including corrective terms for fringe effects and 

deviation from parallelism between electrodes were made for a differential configuration of two-

semi-circle sensors. This made it possible to identify the optimal configurations of the bridge, 

namely of the capacitors in the measuring arms,  in order to minimize the  non-linearity and 

optimize the sensitivity when measuring displacements and yaw rotations of a moving plane-

parallel plate.   

 

Stray capacitance due to  the edge effects are calculated by the equation (3) from  early works in 

literature [4,5 and references therein], where A is the active area, r the radius of the electrode, d 

the distance between electrodes, and 2πr is the length of edge. 

 

          (
 

 
 
      

 
)                (3) 

 

For taking into account the capacitance changes due to small yaw angles (ϑ) between electrodes, 

they are calculated with the equation (4) from  the reference [6].  

 

 

  
       

 

 
(

 

  √    
)         ;         

      

  
   (4) 
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To match the mechanical constraints of a true differential assembling of sensors and a moving 

electrode, an initial offset and an inclination between the electrodes is  assumed.  Then, the 

deviation from linearity is determined by calculating the impedance of each capacitor 

independently for displacements and yaw rotations, and finally the corresponding  bridge 

output/input ratio is obtained from equation (1) with the capacitors connected as is shown in 

Figures 4a or 4b.  With the realistic assumption of an initial offset of 250 µm and a tilt of 5 mrad 

between the moving plate and the two-semi-circle sensors, a deviation from linearity  of less than  

110-3 is determined by the differential readings, i.e., by the configuration of the bridge in Figure 

4a,  in a range of  ± 50 µm displacements of the moving plate (Figure 6a), while  a deviation from 

linearity  of less than 3 % is obtained  in a range of  ± 10 mrad rotations  of the moving plate 

(Figure  6b). 

 

 

(a)  
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(b)  

 

Figure 6  Calculated deviation from linearity of displacements and angle (yaw) readings by differential and 

single sensor configurations of the bridge. 

For comparison, the readings are calculated for the bridge configurations of the differential pair 

and single sensor (Figures 4 and 5) and their deviation from the linearity is shown in the two 

graphs of Figure 6.  Note that the starting position corresponds to the position at rest, i.e., at the “0” 

position of the outward/inward displacements of ± 50  µm, while an initial angle between plate and 

electrodes is assumed to better represent a true mechanical set-up. Meanwhile, it is worth noting that a 

significant reduction in non-linearity is achieved with the differential readings of displacements, 

compared  to those of  the readings of a single sensor (Figure 6a). On the other side, the 

calculations of small angle rotations between electrodes do not show a reduction of the non-

linearity between differential- to single-sensor readings.  However, the differential configuration is  

generally preferred to minimize thermal drifts and geometric effects between mobile and fixed 

electrodes [4]. 

At this stage the calculations of yaw rotation readings do not include the geometric effect of 

eccentricity, precession and motions of the rotary axis combined with  the thickness of the 

rotating plate. Assuming that a moving plate faces the active electrodes and rotates  around its 

central vertical axis as drawn by the dense dotted lines in Figure 7, the mean distance between the 

electrodes and the rotating plate reduces by the  amount  d = (thk/2)·(1-cosα), where thk is the 

thickness of the plate and α the rotation angle (Figure 7). Such a small decrement of the mean 

distance applies to all the semi-circles or quadrants of the plane electrodes, with  differential or 

single sensor configurations.  
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Figure 7.  Sketch of a thick  plate in a differential set-up of two-semi-circle sensors. Dense and sparse 

dotted lines represent central and eccentric yaw rotations of the plate. 

This is not the case with eccentric  rotations  whose effects are somewhat reduced by  the 

differential configuration.  The eccentric rotation drawn by the sparse dotted lines in Figure 7 

highlights the asymmetrical changes of the mean distance between the plate and the two-semi-

circle sensors. However, when monitoring the yaw rotations of the moving plate the bridge is 

designed with the parallel of the pairs of semi-circles facing diagonally (2a-1b and 1a-2b) as drawn 

in Figure 4a.  With an eccentric rotation, the mean distance increases for a semi-circle while 

decreases  for the opposite-diagonal  semi-circle, these two capacitors are connected in parallel in 

one arm of the bridge, partially compensating for such a  geometric error. 

 

 

5. Measurement Electronics  

The electronics for testing differential capacitive sensor operation in the described set-up was 

specifically designed for the purpose. The basic topology of the  circuit (see Figure 8) is clearly 

symmetric, with a balanced configuration to take the maximum advantage from the differential 

structure of sensors.  Conversion from the single ended signal source is performed with a 

transformer, whose central node in the output windings is one of the measuring points.  The pair 

of sensors is then energized by the opposite voltages at the two outer taps of transformer 

secondary windings in a typical bridge structure. 

The selected circuit topology has the advantage that when the differential sensor is in the central 

position, the output signal is zero. Since the sensor is intended to operate normally with a 
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positioning range close to the central position, the displacement is obtained by a null 

measurement, with limited contributions to uncertainty from several sources, like cable 

loading,  gain error and common mode. Additionally, the null measurement approach allows to 

increase arbitrarily the sensitivity of the null detector. The gain then can be set so that the full 

dynamic range of the detector is used over the sensor operating range. Lock-in technique allows 

us to increase sensitivity as needed, depending on a trade-off here between the bandwidth and 

the amplifier gain. The detector can then be configured according to specific measurement needs, 

providing very high sensitivity in quasi-static position measurement (minimum bandwidth) or fast 

movement monitoring (minimum gain). 

Electronic switches were used to select one out of the 3 possible operating modes, as described 

previously: translational and rotational along y and z axes.  At present, the control signal for the 

switches is set manually, however the circuit board is configured to for automated control, e.g. via 

a computer digital I/O card, to provide an almost instantaneous selection of the 

translational/rotational displacement to be observed. It should be noted that the electronic 

switches introduce an additional parasitic capacitance, whose value is very low, but may be not 

negligible compared to the values of the sensors in some situations. The structure of the circuit we 

adopted is particularly advantageous in reducing the effect of this unwanted parasitics since, as 

one can see in Figure 8, all currents flowing through the switches parasitic capacitance to ground 

has negligible effect because leakage currents come from a voltage (very low impedance) source. 

The center of the capacitive sensors bridge is then taken as output signal, with the central tap of 

the transformer as reference node, then sent to the lock-in input to detect the bridge unbalance 

that provides the displacement value. The connection to the lock-in requires a cable, whose length 

can be limited as much as possible, but  unavoidably adds an additional capacitance to ground, 

loading the bridge output. To reduce this detrimental loading on the high impedance output node, 

the current input of the lock-in was used, instead of the usual voltage input. In  the case of current 

input, an additional current to voltage converter is present in the instrument front end, whose 

effect is to reduce the input voltage to a negligible value, virtually “shorting” the input, by the, so 

called, virtual ground action. The detection of the bridge unbalance with a current instead of 

voltage monitor signal then reduces the cable load to a very low level, so that it can be neglected. 

As the effect of cable capacitance is more relevant at low capacitance values, the elimination of 

cable loading effect cancels out this additive error that depends on sensor position in a way that is 

difficultly predictable.       
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In our tests the excitation signal was a 0.5 Vpp, 85 kHz sinewave, selected as a good compromise 

to reduce the sensor impedance to a manageable value, yet avoiding a significant increment in the 

complexity of the measurement circuit. The amplitude of the stimulus allow us to use the lock-in 

with a low gain (500 nA) and, soft post-detection filtering (300 ms), suited reading of both static 

and dynamic conditions at low speeds. 

 

 

 

Figure 8. Schematic representation of the transformer circuit  used to energize the differential capacitive 

sensor bridge with a balanced signal. The capacitors (C1XX and C2XX) represent the four-quadrant sensor in 

the upper-right side of the figure, of the two capacitive sensors facing the moving plate, i.e. , the counter-

electrode.  The switches SWXX  (ADG1236 dual switch) allow for setting the bridge to  translational or axial 

(y,z) operating mode.    

 

5.1 Simulation 
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The bridge-based configurations for displacements and angle measurements were simulated by 

the TI software tool (Tina-TI V9) and the circuit  drawn in Figure 9 with the capacitors of a pair of 

two-semi-circle  sensors. 

Two analog switch SPICE models are used  to simulate the  commutations  from displacements to 

angle readings. The switch parasitic effects are represented by series resistances (Rsw) and 

capacitances to ground (Con and Coff) as given by the model of the commercial switch in use. 

Besides, the capacitors (C1ab and C2ab) are introduced into the circuit to account for the parasitic 

capacitance between the two adjacent semi-circles  of each thick-plate sensor. 

By applying an AC voltage source and driving  the circuit at a 100 kHz signal, we obtained the 

bridge output signal according to the values of the capacitors (C1a, C1b, C2a, and C2b) 

representing the capacitances of the differential set-up of the two-sector sensors.  It is worth 

noting that these values are the same as those calculated in  section 4.1, both for small angles and 

displacements between the electrodes and the moving plate. Then, the output signal of the bridge 

is derived by inserting into the circuit the values of the capacitors calculated according to the 

equations (3) and (4) to take into account displacements and yaw rotations in the ranges of the ± 

50 µm and of ± 10 mrad, with  which a  deviation from linearity of about 310-3 for displacements, 

and of 2,5 %  for yaw rotations, is determined  from the simulated bridge circuit. 
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Figure 9. Schematic representation of the circuit for simulating the behavior of the bridge with a 

differential pair of capacitive sensors made of two sectors/electrodes (C1a, C1b, C2a, C2b).  C1ab and C2ab 

represent the parasitic capacitors between the two  adjacent thick electrodes of each sensor, while Rsw, 

Con and Coff represent the series resistance and the capacitances to ground of the switches. 

6. Experimental   

An extensive test of a differential pairs of four-quadrant capacitive sensors was performed  using 

tip-tilt and linear stages guiding the plane-parallel moving plate, with movements and inclinations 

independently measured by a laser interferometer and an autocollimator (Figure 10), traceable to 

primary standards. Due to mechanical constraints, a vertical Abbe offset is present between the 

measuring axis of the capacitive sensors and the axis of the laser interferometer.   However,  

unwanted  pitch and yaw rotations of a few arcseconds of the moving plate were monitored by 

the autocollimator during outward and inward displacement paths  up to a hundred micrometres.   

The moving plate is mounted in the center of the rotary table to minimize the eccentricity and  

precession of its central vertical axis along the rotations of the table.  An unwanted coupling of 

about 1 % between pitch and yaw rotations was monitored when the plate was rotated in yaw in 

an interval up to  15 mrad.  

(a)  
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(b)   

Figure 10. Sketch (a) and lateral view (b)  of the apparatus to test the differential  set-up of capacitive 

sensors.  

It is worth noting that the mechanical set-up makes use of rather massive stages with  bases and 

supports independent of the two capacitive sensors and the moving plate, all at the expense of a 

rather long metrology loop and of a higher sensitivity to mechanical vibrations.   Significant  

components at frequencies up to a few hundred Hertz are present in the noise spectrum, as 

shown in the PSD plot of the measuring signal, namely the lock-in output signal (Figure 11). A 

noise of about 1 mV/Hz is calculated at 1 Hz with a full range 10 V output signal. 

 

Figure 11.  Power Spectral Density plot of the lock-in output signal.  

 

7. Results 

Several runs varying displacements and small rotations  of the moving plate were performed by 

independently piloting the rotary and linear stages. Displacements and yaw rotations were 
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determined by measuring the DC output signal of the lock-in driven by the AC output signal of the 

bridge working in the configurations described in section 4.  Main results are summarized by  the 

two graphs in Figure 12.  Deviation from linearity of single runs are plotted  together with those 

calculated  using the model of the bridge output in section 4.1.  Among other, the  calculated and 

measured values show a similar trend with somewhat different amplitudes.  With yaw rotations, 

the calculated values are those shown in the plots of Figure 6, while with displacements two plots 

are calculated (calc1 and calc2; continuous lines) assuming different initial distances between the 

sensors and the moving plate, namely 250 µm with calc1 and 170 µm with calc2. As expected, a 

shorter initial mean distance allows for a higher sensitivity but at the cost of  a larger deviation 

from linearity. Furthermore, we can deduce that the observed discrepancies between 

independent measurement runs, as well as between these and those calculated, is largely due  to 

a different initial distance between the electrodes and the central moving plate.  

Sensitivities of  about 0,11 V/um with a 110-3 relative standard deviation,  and of 0,13 V/mrad 

with a 310-3 relative standard deviation, were measured with displacements up to ± 50 µm and 

rotations up to ± 10 mrad.   Moreover, in these intervals deviations from linearity were 

determined up to about 310-3 with displacements and about 1 % with small rotations.  

(a)        

(b)  

 

Page 16 of 19AUTHOR SUBMITTED MANUSCRIPT - MST-110056.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A

cc
ep

te
d 

M
an

us
cr

ip
t



17 
 

Figure 12   Residuals of linear regressions of displacements (a) and yaw rotations  (b) from  the differential 

capacitive measuring system versus the readings of the laser interferometer  and of the autocollimator. 

The uncertainty of sensitivity to displacements was estimated from the linear regression model 

and the error propagation law, that takes into account the contributions from the uncertainty of 

the interferometer readings  including air refractivity, dead-path, cosine and  Abbe offset, the 

uncertainty of the output voltage readings,  and the uncertainty of the linear and constant terms 

of  the linear regression.  In addition to the latter two contributions,  the uncertainty of sensitivity 

to angles was estimated, including the contributions of the autocollimator readings and unwanted 

pitch rotations coupled to the yaw rotations of the movable plate. Due to the rather large 

mechanical assembly of the present set-up, and to the non-automated reading of the instruments, 

the main contributions come from Abbe offset, coupling between pitch and yaw rotations, and 

output signal readings, therefore, an expanded relative uncertainty equal to about 2 % of the 

sensitivities to movements and angles was estimated, in the range of   50 µm of displacements 

and of  10 mrad of rotations of the moving plate. Some reduction of uncertainty is expected 

through a fully automated and PC-controlled measurement runs. 

 

8. Conclusions  

A differential configuration of plane-parallel multi-electrode capacitive sensors developed for gap-

variation measurements of  translations and/or pitch, yaw rotations of a moving counter-electrode 

plate was designed, simulated, and tested together with the measuring electronics.  Multi-

electrode plane capacitive sensors made from flat and thick metal plates and a novel configuration 

of the measuring electrodes and of the bridge are proposed  for the independent detection of 

displacements and small angles from different configurations of the measuring bridge, driven at 

100 kHz AC signal.  A current input detection of the lock-in is used to minimize the effects of 

parasitic capacitances, mostly due to connecting cables.   The sensitivity and non-linearity 

calculated for the capacitors and bridge configurations  comply with those determined by the 

experimental tests of the full measuring system, through the readings  of  the laser interferometer 

and of the autocollimator facing the moving plate, thus providing traceable measurements to the 

unit of length. 

A significant reduction of the non-linearity of displacement measurements, as predicted by the 

model, is achieved by  the capacitive differential readings if compared to the readings of a single 
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sensor. However, the differential setting does not provide a reduction in nonlinearity when 

measuring the unwanted pitch and yaw rotations but, on the other hand, allows to reduce the 

effects of geometric error due to eccentric rotations of the counter-electrode thick plate.   

The results achieved so far validate the proof-of-concept and the model of the measurements. 

However, a more compact mechanical set-up is needed that welcomes  on-board the moving plate 

facing the two multi-electrode sensors near the measuring bridge  to determine the actual  noise, 

linearity and  uncertainty of displacements and small angle measurements, with independent and   

combined readings.  
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