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Co-simulation of MEMS and circuits in Zeni VLG
YUAN Wei-zheng, NIU Hao-bin, CHANG Hong-long, MA Bing-he
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Northwestern Polytechnical University, Xi’an, 710072 ,China)

Abstract: To predict the behaviors of the whole Micro-electro-mechanical System (MEMS) including
MEMS devices and circuits, a prototype system for co-simulating MEMS devices and circuits was es-
tablished. Firstly, the common characteristics of MEMS system-level simulation and analog circuit
simulation were studied,and the principle and the method of co-simulating MEMS devices and circuits
were presented. Based on the circuit simulation platform Zeni VLG, the frame of the prototype sys-
tem was established. Then, two parametric model libraries which were essential for the prototype sys-
tem were also established, respectively, according to the modified nodal analysis method and analog
circuit behavioral modeling method. A seesaw accelerometer with an open-loop circuit and a closed-
loop circuit was used to verify the system and the models. By comparing to the commercial software
Saber™, obtained results indicate that the relative error is 2. 1% in the open-loop simulation. The
simulation results show that the prototype system could handle co-simulations of MEMS devices and
circuits effectively, and has a high accuracy.
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Fig.1 Co-simulation prototype system
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Fig. 2 Linear elastic beam model
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Fig. 3 Model of operational amplifier model
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Fig. 4 Schematic of seesaw accelerometer
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Tab.1 Design parameters

414 ZH
K7 /um L=400. w=400, t=60
KB/ pm L=100, w=100, =60
XHER/ pm L=240, w=12, t=60
LR AR/ pm L=2500, w=900, =60
F AR/ pm L=2500, w=600, t=60
THAR/pm L=2500, w=400, gap=3
R/ pm  L=2500, w=200, gap=3
B ELE 1k E=130 GPa,2=0.22,p=2 330 kg/m’
*k2 HEEKE
Tab. 2 Simulation settings
SR E I3 P B 88
PR B/ (m/s*) 8 sin(20mt) 8 sin(207s)
WK B H D/ V 5 5 sin(40 0007)
1) ELEF F] /ms 400 600
HRKWHE/ ps 2 500 2.5—5

UOlllplll/mv 40
| -37.7
Displacement [ 224
right polar plate)/jm
(right p plate) 284
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Fig. 8 Simulation results of open-loop system
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Fig. 9 Simulation results of closed-loop system
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Fig. 10  Simulation results of open-loop system in Saber
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