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Operation Characteristic Analysis of a Comb Actuator due to a

Anisotropy Variation in RIE Etching
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Abstract

This paper predicts the changes in the spring constant, the resonant frequency, the electrostatic
force, and the displacement of a resonant structure due to non-ideal anisotropic RIE etching process.
First, a 6 m thick polysilicon was etched by RIE and the anisotropy of the etched structure was
measured as a function of a RF power, a Cl; flow rate and a chamber pressure. In the experimental
results, an anisotropy was decreased as the RF power, the Clz flow rate, or the chamber pressure was
increased. A comb actuator’'s operation characteristic was predicted depending on the anisotropy
variations in RIE etching. Comb actuators with three different support beam structures were
investigated : fixed-fixed, crab-leg, and double crab-leg. As the RIE etch anisotropy becomes
non-ideal, ie. the cross section becomes rather a trapezoidal than a rectangular shape, it decreases
spring constant, resonant frequency and electrostatic force of a comb actuator but it increases the
displacement of the mass. Among the three structures, the comb actuator with double crab-leg support
beams is more influenced by anisotropy variation in RIE etch than other two.
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Table 1. Process parameters and etching condi-

tions

Process parameter Experimental condition

RF power [W} 300, 350, 400
Chamber pressurelmTorr] 100, 150, 200
Cl, flow rate[sccm] 58, 70, 80

Al
 TAZ2AY #up 4= 200mTorr, RF
power 300W, Clz % 58scem, 28] He &% 100
sceme 71EoR AT 283 A7 AFA A
45 A9 Fules ¥ 19 CCPlcapacitively
coupled plasma, AZYA): Drytek, =€%: DRIE-284)
RIE Z8iE A3t vh

Gas flow
h
RF source
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pump .
2% 1 RIE 42 438 A&€ CCP RIE ]9 7}

ge
Fig. 1. Schematic diagram of the CCP RIE etcher

used in RIE etching experiment
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Fig. 2. Cross section of the etched polysilicon
structure
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Fig. 3. SEM photographs of the etched polysilicon
structures due to a chamber pressure

variation
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Fig. 4. Anisotropy as a function of a chamber
pressure variation
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Fig. 5. SEM photographs of the etched polysilicon
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Table 2. Designed values of the supporting beam
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H w L Wy oW L Ly
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cab -leg] 2 - |3 13379 | 100
i ) 1
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H 2004 Az FAE MPC ¥F0AMe a4
A2 FAY 2mE ¥R AW ELS HLHEQA 3

m= AAHG 12ln A ]QMW«] £8& A3
A 7171 98] shin £& thigh®th 03m WA dA%A
g aeln ® 20 4AXSE vgez 7 FzEe
AZe et 22X AR FAFREHE
g 4 208 Q)% ol&stoq 4o 1 ARE
® 3o Helsdn®

—-372—



20 neTr

T,

_ 48E1 _ ABEL 14y
K/— L3 Kc_ L3 (4+V)’ @
_ 1 48ED 1+u

-1 /K
fr— 2”\/; (3)

2 QA Ko Z obdl HAE fixed-fixed, crab-
leg 283 double crab-leg 729 HZAZ 9uld
o, 228 AFdA Ee dA$(Young's modulus), 1
£ fixed-fixed 7+ZAA 9 EHNE 3 L¥E crab-leg
T%9 double crab-leg FZAM ZZ  thigh' ¢
"shin'e] BHE|R y& Top4ulE Yehln 4 (3)
A4 Me F2E A%e et 7

E3 gAY 729 4%, 2Ty 44 aen ¥
R

Table 3. Mass, spring constant, and resonant
frequency in the designed comb actuators

Comb actuator type | Mass [kgl K INfm) | f[kHz)
fixed-fixed 0.18%5x10" | 3348 83.81
crab-leg 0.1855x10% | 3467 90.37
double crab-leg 0.2036x 107 57.62 111.22
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