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Multi-parameter optimisation of comb capacitive pressure
sensors structure based on BP+ NSGA-II

Liang Ruimei,Li Pinghua,Liu Yang,Miao Jiaqi,Zhuang Xuye

(School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: To address the challenges of low sensitivity and the difficulty in simultaneously optimizing sensitivity and range in comb-type
capacitive pressure sensors, this paper proposes a novel beam-membrane structured comb-type capacitive pressure sensor. An
optimization approach combining curve fitting with BP ( Backpropagation) and NSGA-II ( Non-dominated Sorting Genetic Algorithm IT)
methods is utilized to enhance the sensor’s performance. By introducing anchor points and cantilever beams to the diaphragm, creating a
lever amplification structure, and connecting the movable comb fingers to the lever's output, the displacement of the comb fingers is
amplified, improving sensitivity. To handle the high dimensionality and substantial computational demands of the dataset, MATLAB is
employed for data fitting and quantitative analysis of the structural and performance parameters. A correlation analysis between geometric
parameters (such as anchor points and cantilever beams) and performance metrics identifies key factors influencing sensor performance,
allowing for the elimination of redundant variables and reduction of dataset complexity. The dimensionality reduction process decreases
the dataset from 14 to 6 dimensions without compromising accuracy, thus enhancing data collection efficiency and reducing computational
resource consumption. The reduced dataset is trained using a BP neural network, and the NSGA-II algorithm is applied for co-
optimization of sensitivity and range, improving output reliability. The results show that within the 0~ 50 kPa range, the optimized sensor
achieves a sensitivity of 0. 106 pF/kPa, a 30.4% improvement, with a non-linearity error of 0. 4% F.S. This optimization methodology
provides valuable insights for refining complex structures with multiple parameters. The proposed sensor, with its enhanced sensitivity
and reduced nonlinearity, offers an innovative perspective for advancing MEMS pressure sensor technology.
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Fig.2 Sensor schematic diagram
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Fig. 4 Boundary load and maximum displacement

results for four structures
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Table 1 Boundary load and displacement output

parameters of four structures

NR A /kPa BB /um 7% V/pm % 2/wm % 3/pm

0 0 0 0 0

5 0. 157 0.242 0. 281 0.297
10 0.312 0. 481 0.522 0.593
15 0.472 0. 726 0. 853 0.913
20 0. 624 0. 968 1.135 1.214
25 0.786 1.215 1.425 1. 520
30 0. 946 1.452 1.716 1. 824
35 1.097 1. 687 1.987 2.117
40 1.288 1. 936 2.268 2.388
45 1. 416 2.214 2.559 2. 689
50 1.573 2.420 2.838 2.970

2.2 HEEREE
TEREIN S BB RS RN ME 5 s, 245
BHES1h P, i, SRR A RS o, , T ™A

FrHIEERE R, A RN G # R IR

B

[
s
|
\
-

K5 J&J1pP, TEERSHENEE
Fig.5 Deformation of cantilever beam and membrane

under pressure P,
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Fig. 6  Structural dimension parameters of the sensor
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Table 2  Structural parameters of the sensor to be

optimized and their initial values (pum)
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Table 5 Partial parameter values for the 6-dimensional

dataset
Ao/ pm A,/ pm H/pm m/pm ,/ m o/GPa
2 500 800 1 000 35 -3.143 0. 054
2750 800 1 000 35 -3.698 0. 062
3 000 800 1 000 35 -3.755 0. 065
3250 800 1 000 35 -3.7%4 0. 066
3 000 500 1 000 35 —-2.060 0. 061
3 000 750 1 000 35 —-2.546 0.061
3 000 1 000 1 000 35 -2.971 0. 065
3 000 1 250 1 000 35 -3.544 0. 062
3 000 800 200 35 -2.829 0. 063
3 000 800 800 35 -3.184 0. 062
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(b) 6-dimensional prediction results
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Fig.7 NSGA-1II prediction results for the 8-and 6-dimensional

datasets
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Table 6 Optimized parameter results

¥ 4 4 H m
RF/um 2998 1615 1655 33

PSS 454 RGH AR A BR JT #1705 FL 0 E, 7%
0~50 kPa W JTVEFE Y, 775 3 S5 R DLAL TG B 1% B i
W R UNE 8 Fizs . 7E 50 kPa JEH R, (AL HG IS (%
ARSIk 2,97 F13.87 pm, ARIE (4) 5, ik
5 A9 RABE 235104 0. 060 5 A1 0. 078 9 pF/kPa, fifb)5E
R T 30.4% o BLAL, DLALTT G 2544 ) 4 1 B 44
3 ,R*=0.999 9,
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Fig. 8 Plot of pressure versus displacement of movable comb

teeth before and after optimization
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Fig.9 Process flow diagram of sensor manufacturing
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Fig. 10 Schematic diagram of the sensor chip after

bonding process

Wik EHEA
IR TR T A 65

Sensor pressure test platform

11
Fig. 11

TE 0~50 kPa i FE 17 B N, &5 (B B% 10 kPa #E47 0
W, EE 3 YA, Hof g5 R an & 12 s,
100
95
90
85
80 -
75+
70 -
65 -
60 -
55+

—HIRWE

A%

ol v
0 5 10 15 20 25 30 35 40 45 50 55 60
FEJi/kPa
B 12 0~50 kPa J 3 Fl Py L A% 45 R
Fig. 12 Capacitor output results for the pressure

range of 0~50 kPa
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Table 7 Comparison between the results of this study
and other studies

it JEJER BER R RIPE E[ 22
/kPa /pm /(pF-kPa™')  /%FS
75~125 0.009 3 0. 083

[23] 70
125~200 0.010 6 0.074
[24] 0~30 20 0.017 0 1.370
[28] 0~30 10 0.001 1 3.630
ABFIE 0~50 50 0.106 0 0. 400
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