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Combined MEMS & IC Schematics

e Schematics can contain both IC and MEMS modules
- |IC modeled using standard IC models
- MEMS modeled using behavioral macro models

e Component library
- Behavioral models for standard MEMS components

= » Simulation of MEMS
Macromodels at ODE Level

e Model Representation
- Equivalent Circuit Models

- Functional Models
- Table Based Models

e Transient/DC/AC Analysis
e Parametric Analysis
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Equivalent Circuit Model

e Coupled mechanical and electrical network

« Hierarchical symbolic representation

e Describes models with
- SPICE
- MATLAB
- High level languages Rt B e

- User defined descriptions | @ om0 000
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Statistical Analysis

 Statistical analysis based on process/mask variations
- Incorporates statistical data from foundries into models
- Develop process corners for simulation
- Monte Carlo analysis
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What parameters for
statistical analysis ?

« MEMS and IC models to take into account all process variations
on :

- Material properties,
- Thermal coefficients,
- Etch rate ratios, over-etch variations.

- Information must be made available by foundries in “design kit”
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Sensitivity Analysis

Sensitivity calculation: parameters contribution to
performance

Sensitivity analysis is performed to investigate
influence of individual parameters on the
device behavior

Easy set up : parameter sweep simulations

Help designers to indicate to foundry what
process parameters must be closely watched

7 softMEMS

Design centering

Sensitivity analysis can help then to do “design
centering”, i.e. choose mask/process designs which
maximize yield and are the most tolerant to

variation
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* SPICE written by the Tanner Research schematic editor,
1997  16:33:52

* Version: 2.0 Beta 3 oot 24,

. INCLUDE process.sp
. INCLUDE reslih.sp Tiisplacernent,
LOFTIONS akstol=Se-010 reltol=1e-010 numnds= P

.AC dec SO0 10000 100000 sSweep optimize=opt
LPrint ac v (rtml Ve (rtm)

.param springlengrh=opti(i00e-6, 10e-6, 20

.madel optmod opt level=1 itropt=40
.measure ac res_freqg when vp(rtm)=-50 goal=

* Mmin circuit: Resonator
XCombl Gnd ltm ine lte comb NG=15 GAP=3e-00
XComb2 Gnd rtm rtchias rte comb NG=18 GAP=3
XFSpring3 Gnd botm gpbias bote fspring p
XFSpring4 Gnd topm gpbias tope fspring L=sp
XMass5 ltm rtm botm topm lte rte bote tope
v6 ine Gnd 0.0 AC 1.0 0.0

v7 gphias Gnd 50.0

v8 rtchias Gnd 0.0

* End of main circuit:
END

Resonator

3E4
Frequency (Hz)







