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A Study on Electrical Characteristics of a Capacitive Pressure Sensor Element
to Measure the Pressure of Refrigerant of Air-Conditioner
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Abstract

The purpose of this study is to optimize the design of a capacitive pressure sensor element using the simulation of elec-
trical characteristics. The simulation of the ceramic sensor diaphragm (AlL,O;) was performed by permitting pressure to
change the curvature of the diaphragm. The pressure capacitance (Cp) was increased from 19.63 pF to 15.26 pF by applying
pressure because the distance between the electrodes has been changed from 30 pm to 15 um. When the thickness of the
diaphragm was changed to 0.46~0.52 mm, a larger capacitance change showed in accordance with the reduced thickness,
which means an increase of sensitivity. However, considering the viewpoint of the signal linearity, it was selected for the
optimum thickness of the diaphragm to 0.50 mm. The designed sensor element based on simulated results was tested to mea-
sure the output characteristics. Comparing of simulated and measured results, there was a margin of error of approximately

2%.
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Fig. 1. Diagram of capacitive pressure sensor device.
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Fig. 2. The 3-dimension geometry of (a) a pressure sensor element
and (b) a transparentized substrate.

Fig. 3. The 3-dimension geometry of the expanded electrode : (a) Cp
(b) Cr (¢) Ce.

Table 1. The elastic material properties

Materi(?ini;goperty s;z;tizg; Gflr?tss Eég:(t)ﬁ;);ie Air
(ALO3)
Relative permittivity 5.7 3.6 1 1
Young's modulus (GPa) 303 177.27 772 -
Poisson's ratio 0.21 0.17 0.42 -
Density (g/cm’) 3.72 1.80 19.32 -
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Fig. 4. The geometry of capacitance measurement equipment.
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Fig. 5. The transform of diaphragm and stress distribution according
to pressure change : (a) 0 bar (b) 15 bar (c) 32 bar.

£ Uepd glolt. 2y 3
o) Qo] A1l @ A2k cholol Zelo] W HIo] d 3k
o] 30 pmel A 15 7 WFES & 5 ek 3 Bl



A Study on Electrical Characteristics of a Capacitive Pressure Sensor Element to Measure the Pressure of Refrigerant of Air-Conditioner 1 67 1

Fig. 6. Simulated results of capacitance according to pressure
change.
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Fig. 7. Simulated results of capacitance(Cg/Cp) according to dia-
phragm thickness change.

Table 2. The result of simple linear regression

Diaphragm

Thickness A B R’
[pm]
0.46 0.99028 -0.00757 0.99814
048 0.98884 -0.00658 0.99872
0.50 0.98772 -0.00577 0.99910
0.52 0.98750 -0.00511 0.99906
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Fig. 8. Measured results of capacitance according to pressure change.

Fig. 9. Verification of simulation by comparing the results to the
measured and simulated.
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