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Figure 1 (Color online) Structure diagram of sensing circuit.
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Figure 2 (Color online) Test mass and electrode distribution in the
sensitive structure. TM is located in the center and ET is attached to the
outside. Among them, the distribution of ET is: in the positive direction
of each axis, the upper side of X axis is X1+, and the lower side is X2+;
the left side of Y axis is Y1+, and the right side is Y2+; the left side of Z
axis is Z1+, and the right side is Z2+. The opposite electrodes are X1—,
X2—, Y1—, Y2—, Z1— and Z2—, respectively.
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Figure 3 (Color online) Schematic diagram of displacement detection. (a) Capacitance formed by TM plane and ET plane; (b) differential
capacitance formed by TM and ET on both sides when TM is located at the center of EH; (c) differential capacitance formed by TM and ET on both

sides when TM is deviation from the center of EH.
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Figure 4 (Color online) Schematic diagram of DAC.
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Figure S Thevenin equivalent circuit diagram for the left port of the
transformer secondary side of the DAC.
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Figure 6 (Color online) Six degrees of freedom calibration system.
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Figure 7 (Color online) The peak of the average of product voltage-carrier frequency response curve of each channel. (a) X1 channel; (c) X2 channel,
(a) Y1 channel; (d) Y2 channel.
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Figure 8 (Color online) The gain coefficients of each channel under five tests. (a) X channel; (b) Y channel.
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Figure 9 (Color online) Zero-bias voltage measured by different
piezoelectric platform displacements under 2.5, 3, 3.5V excitation
voltages.
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LIU DongXu

A capacitive sensor is a key component of high-precision displacement detection in space missions. However, due to the
influence of sensitive structural manufacturing errors and electronics device precision, theoretical and actual system
circuit gains often differ. Herein, as the core of the capacitive sensing circuit, the theoretical model of the differential
amplifier circuit is analyzed. Considerably, a model of gain and zero bias of the circuit is proposed. Meanwhile, a
corresponding modulation calibration method is applied using the sensitive structure engineering prototype to calibrate
multiple degrees of freedom from displacement to voltage. Moreover, the calibration scheme feasibility and zero-bias
model accuracy are experimentally verified. Results show that the RMSPER (Root Mean Square Percentage Error) value
of the calibrated gain coefficient of each channel is <0.2%o under multiple tests without temperature control.

capacitive sensing, multiple degrees of freedom calibration, sensitive structure, zero bias model
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