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Abstract: Parallel plate capacitor is a core mechanism in a Micro-mechanical-electrical (MEMS) sens-
ing device. As the surface roughness of an electrode has obviously impact on the space electric field
when the distance between the electrodes is shortened in the capacitance detection, this paper explores
the effect of the surface roughness of electrode on the performance of the parallel plate capacitor. A
parallel plate capacitor model with a single roughness electrode was established, and then the finite el-
ement method was used to study the effect of the surface roughness on the detecting capacitance.
Based on increasing rough surface to enhance the memory electric charge capability, the formula for
parallel plate capacitor with rough surface was corrcted. Finally, the Atomic Force Microscopy (AFM)
was used to describe the samples with different surface roughnesses. Experiments and simulation re-
sults indicate that the surface roughness has a obviously effect on the detecting capacitance. Increasing
the surface roughness of an electrode and decreasing the distance between the electrodes can improve

the detecting capacitance greatly. When the surface roughness of an electrode increases from 0. 063 nm
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to 60 nm, the detecting capacitance value grows by 9. 0 percent. The result shows that increasing the

surface roughnesses of electrodes can improve the sensitivity of MEMS devices.
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Fig. 2 Electric field distribution between two parallel plates

bbddbbnddiing

H &L 2 9 FL 37 A 05 5 AT R A A N R A Y
GAL -1 A R 7 i 18 2 8] L 37 00 Al AN )L 7
R P9 FEL ARG 2 T 2 [ R 373 0 At A S 2 5 1) o AL
i LA 2 THT A R 37 5 WD R T OB W SR T B L
SRIE . D7 EAE R R L R R 3R TR B AR fE
1A A7 Al H 7 e L AR 3 0 A B B e . H
53 A B9 AN 249 20 1 4 S B0 R A 2 (R] Y F T £
AN A MU B9 B A5 S AT B A AR
NV QTR i2b: N ¢ 9 1 A RS DA S Sy S
FEL A 014 A 2080 T AR ) 4 R S IR R8P AT A A R 1
B ) | TG I T SR N R 0 e 3 e R O
W e SRR 1 5 A ) B B 5 A

Vi d(r,z) =0, (3
(P(r,z) - O’ (4)
@(r»Z: hir)) = Uy (5)

Hop .o RF R T E AR r & oy PR
PR == h (r) Fon R R THRLRE 21K
2.2 HAEREHNEIRNERITE

Sh TR 3 AN [R) 2 TR AELRES 82 X G 00 A ) FL 72 1Y

SR, SCHK [ 10 12k I Fourier 28 3 (1) Jy v i 18 %
TR FEL A B AR

) = s Jdp h(prexplir « p). (6
HOHLRE BB S T B A AR B A T DA
AR
c=s=St | el >
ho O<if\k\\k
27 cos h(rh,)
dr#Sho%/J/ G <@ P> dr).
7
] LK iR ZE C e o Wisk 4.
C=0+CHe,. (8)
R, FAT A BT B AKX B IER .
c441+um>““ (9

o A Cho) g REUBE B2 45 TE B 5 3 i 2 A () Y
1B 3 AT A ST A [ KA B2 %) 7 17 A H 25 4 1Y
HLA BT 5 .

3 o AT P AT A BB B AR AL, R A RR
JCHY I VAT B AN TR] 35 107 SRR B H A Y
ZEAE L AE D B b, AT LA S AR A A v TR A R
A H A T A S S8 KRR B

ML 3 BT, 2457 B R AS BE A 10 nm 3% in 5
60 nm Bf, FATHRHBEAEHFWBEEMEE KT Y
5.5 %0, X L A 22 [0 1Y i) B 2 — 2B /NI, H R
AR B B . B 2(b) ml A, H i 3% A7
PR R P A AR PR A 3R TET )RR AR AR | R A
) L 37 K A8 Ak s BT i RN o HELR 2 T F A Al
4 R AT 2 53 A1 7E 2R i 38 7 o A A5 2 (6] H 3 19
KA AT RERE 2 A5 b 7, A5 P-4 A 4
i PR AR AR 2 ) 1 A5 8 B /s DRt S K T AT

M L 25 25 I FL AL
27.75
25.50
2525

£25.00

2475
24.50
2425

10.00 20.00 30.00 40.00 50.00 60.00
Ra/nm

P13 A [ S S5 KR B2 1) F A X H 25 1Y) 5 i)
Fig.3 Capacitance as a function of electrode surface

roughness
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Fig.4 Effect of surface structure on the capacitance
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Fig.5 Structure of electrode surface
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Fig. 7 Effect of surface roughness on the capacitance
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