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MEMS Design & Modeling
and Workshop on
MEMS Simulation Software

Yao-Joe Yang
National Taiwan University
02/20/2001

Models/

from foundries

Typical Procedure of Circuit Design
Electronic Design Automation (EDA)

« Fabrication Process is very
expensive and time consuming.

 Investing modeling efforts prior
pursuing fabrication reduce
cost significantly during
prototyping

* Modeling also helps accelerate
the process of generating
intellectual properties (IP)

Modeling is essential ?
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(21 TT TR TR A VEY Y
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Modeling is essential ?
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The Design Process Challenges

o Design a manufacturable device
« Simultaneous solving of structural, el ic, el
thermal, fluid, and chemical field problems (mixed energy domam PDE’s)

« Package Design
« Interdependence of the device and the package
« Simultaneous design of the device and the package

« System Design
« Extract behavioral (lump, reduced-order, macro) models from detailed
finite-clement simulations

« System level simulations of mixed energy domain (e. g., electrical,
mechanical, fluidic), analog subsystems, as well as digital subsystems

Meet members of your
team

System Design.

Layout Electronic
< / e
Fabrication

MEMS f
System
Architect j

ﬁ f Packaging

Comml

Introduction to MEMCAD
Part I:
MEMCAD

Software Solutions for MEMS
Design

What is MEMCAD?

MEMCAD is an integrated MEMS design
environment consisting of:

« A complete device construction tool working from
layout and process inputs.

« A multi-domain solver framework for fully coupled
device simulation.

« A MEMS analysis tool with state of the art
simulation management and results visualization.

« An open platform for technology extensions such as
system modeling, new domain solvers, MEMS layout,
etc.

4-12




Base MEMCAD Features:

MEMS-oriented Layout Editor CATAPULT
Electrostatics - BE Capacitance Solver

Mechanics, including Modal and Harmonic Analyses
Coupled Electro-Mechanical Analysis

Contact Mechanics with Hysteresis

Automatic Electrostatic Pull-in Analysis
Electrostatic Spring Softening Effects
Thermo-Mechanical Analysis

Simulation Management

Advanced Visualization

MEMCAD Modules:

Piezo-Resistive Materials
Electro-Thermo-Mechanical Analysis
Damping

Inductance and Resistance

Packaging Analysis

Spring Analysis

Automatic Macro-Model (HDL) Generation
System Level Simulation

Optical MEMS

LAYOUT EDITOR CATAPULT

Ability to import layout data from standard
commercial layout CAD packages, i.e.
Cadence, Mentor, etc.

GDSII, CIF, DXF, IGES

files in- and out

Non-Manhattan layout supported
including “true” curves

Layout generators
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PROCESS DESCRIPTION

* Process Description Editor is
Flexible Multi Process
Emulator of:
- Surface & Bulk Micro-
machining, LIGA, etc.
- Not a physical simulation

* Material Property Database
- User Measured Values
- Foundry Database
Available
- Basic Database Provided

AutoBuilder builds 3-D solid model
automatically !

3-D Solid Model

SEM of Actual XL76

Generated 3D Geometry

Visualizer is an Advanced
Visualization Tool:;

« Volume Measures

« Surface Values

« IsoVolume/IsoSurface
« IsoPoint

« Cut Plane/ Cut Line

« Numerical Data

« Model Animation

« Presentation Quality Graphics

4-14




Surface BEM for electrostatics including dielectrics.

MEMCAD Solvers

FEM for Mechanical, Fluid and Thermal solvers.

Modal and Harmanic Analysis.
Fully coupled Thermal-Electromechanics
and Thermal-Mechanics. =
Full Contact Electromechanics
with Hysterisis

Electrostatic Spring Softening
Anisotropic Elastic Constants.
Directly Applies Stress Gradient

Co-Solve -- Coupled Electrostatics-
Mechanics Solver

« Force depends on Movable Geometry
. Charge re-distribution with mechanical deformation
+ FEM and BEM Combination avoids remeshing

Co-Solve -- Coupled Electrostatics-
Mechanics Solver

Eotat Srfam
BT

Co-Solve -- Coupled Electrostatics-
Mechanics Solver
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Modal and Harmonic Analyses MEMCAD 4.8 File Flow

Natural Frequencies and Frequency Sweep for
Mode Shapes Harmonics Excitations
+— Mode 1 y N
f=16.7 MHz X

Transmission, 0B
bhikisiza

Frequency. Mtz

-
Mode 6 —» i DR A
MEMCAD Binary Interchange MEMCAD Data Management

File (mbi
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MEMCAD Installation Example:

Organizing Your Files

PiezoResistive Solver

o, p-SiPressure Sensor (Motorola)

Introduction to MEMCAD

« Change in resistance of
a PZR material due to a
Part II: mechanical deformation.

« Change in current or
voltage due to change in

Modules resistance
f . « Piezoresistor P ——
0 placeme.m can be bpr:Z;:‘z;I rs‘:?smny
MEMCAD automatically -Posiioning and
changed in SimMan "I‘:;':n":“
"TIZ=T " LDoping profile.
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Electro-Thermal-Mechanical Solver

« Apply voltage or current
to a resistive material

« Calculate Ohmic heat
generation

« Calculate current or
voltage drop

» This heat generation can
be used for Electro-
Thermo-Mechanical
actuation.

MemTherm

* Transient Thermal Analysis
* BC’s include

- Ambient Temperature

- Convection/Radiation

- Heat Flux

- Heat Generation

t=0ms

Micro
Chemical
Reactor

t=3ms

MemHenry

* Deformed mesh calculation of R
and L, without remeshing
* Mesh only conductors - not
space
* Compute frequency-dependent R
and L due to skin and proximity
effects for multi-conductor

+ Automatic mesh refinement to !

problems
capture skin effects

* Eddy current calculations with full 3D visualization of both
magnitude and vector directions

Damping

* 3-DOF damping coefficient
prediction for system macro-
modeling

* Multiple arbitrary perforatlon =

* Multiple gaps Lo S

* Mode shape effect =

* Mixed Reynolds and Navier-Stokes
squeeze effects
* Mixed Couette and Stokes lateral effects

Lucent Technologies,
Motorola

4-18




- - - - . - . - . - N . . - . . - - B . . - B S S S S



5.1

5.2

5.3

5. %4

Al

AT
A &

BAMREAANERAG B MBI BREXRTEMY
B E o AMASHARARBRBEHUBRELALLELBR
Yz ARERRAMBEEEZBRAURLEMBEALR
MEPozXEES  WARNEERAEHERZEWSHE -
UBPBRGHELLEAAAS RO B EREF -

fE 7 $2 B A%

Rt BRI L2 ERLEMBELAAAR T v
XEEEDNAEL M EREHK -  MARZE ) BRFE
REEER

o BHMIIMBEEEIEERIR

® B e BN IARES

® ey

O HEMHBEBMBUAIREGD -

AP Lk B4Z 0 RlA R

& ZERAAL

® HHFARA

® F ERMHRME

® ik T EM
Y¥mARIAEBEBZHERT TR

I {F3E B
PRTLGRBANEERGB T BRSE LN
pREESRsIBEE R Bt AELERAMAEARER
LR R AR OB RZEA 0 AR R
%ﬁﬁuﬁﬁﬂﬁé%ﬁz&%%mﬁé%%ﬁmﬁ’%E%
B oo ALAE LB RREMBE S KRS HAMEAERREEHARK
T A2 E Ry & SAH T IRRFH KRB
BUBELHRRANETEER -

5-1



AREB[EABBTEEZHBRURLEHETLLAR T
CZAKEER  WABNEERALMR 2 UERHAR
MARBHARMEEER LI HEEH - HBEL248— %
AESBM  RARRERZERL 03 1 #4408
BRI BERMROBER RV I ERE AP OEE
EWMETRE/MMERAREZZCHN » B — BB TESRE
o URBHMBEERIHBBHRBARIR  BABNKRE
MR EEEZIHR -

BREME  AREZBMBEEEIBERAURLEHKE
AFRFARATCZAERYE  TXAS LBz O RESL T/E
BA:

EERNALE
AT AR
AERu LR M
PaA T W R M -

5.4 $4TH ik
ARz KITIEE
& ZFEYERNAE
® LHTARES -
® A X BT E M
® fiMEwBEN
ZHITHERBATBRBAR » S AT -

541 ZEBRAAS

FAERNNMIMAEEAL AT BBZAETBARCE .
Z MR XEBMREE  URARRRFH T B R
BRAEAER IR OAEAZLLERBALALERAAAEZ I
AE - BABRRMBTLGHHMAEY  UBERAR &
BN RANEERE SR - Bk RNMETE
¥HMBRIMBE > ROUASFITREATES £ 2/ B8
NEE - ZEBMH  TE»AHUT=4 -

(DAAMBEEBZ NS

5-2



540
K& B (M Ar) — f Sh R AR AR -

& ME4E — b2 k4 (Chemical Hood) - HF/8%/é& A%
REME ~ AAREBI B RICEM -

® EMEHNI(HiE) —HAHR Y -
(EBALTHA RO #HE2  RBALAE
A~ SR KB MM A  CHZATRALZHE) -
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(SPIN COATER) -

SUS —8 vt £ LR e $4 B 4 4

Karl Suss —# & # # 4% (Double side Mask Aligner) °
DENG YNG — 45 (Oven) -

CORNING — # 4% (HOT PLATE) -

Bronson — #2 % % & #% #(Ultrasonic Cleaners) e

& TES —# 4 ;2 B % (Digital Thermometer) °

4 M5 — Tabho g4 % (Magnetic Stirrer with Hot
Plate) °

Lindberg/Blue M — & ;& % (Box Furnace) °
#% B TENCOR —# & #A /i #& (Surface Profiler) °

ULVAC B8 K E & — & F % 7k 4% # (Electron Beam
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K B H 7% — # 7 4% #(Thermal Evaporator)

SAMCO —& _f& & -F £ %] #(RIE) -

TUH MR B ALY A MR 8 — 448 B s gL (Microscope) ©

# K~ 8)—IntelliCAD -

WAL T B A PR 8] — A F ST S M (Wire

Bonder) °

® FEEABTAEMA ML —EF R AL (Electron
Beam Evaporator) °

® #za/)3—Karl-Suss @ EK S K - RBEH
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4 [iiess (Irrigator) 348 ek (B 7-52)
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7 |¥iEt#R % &# (Chemical-Proof Robe) 24 ex& (B 7-55)
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15 |&#48 (First-Aid Box) 18]  exs (8 7-65)
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Goal : This course is designed to teach the MEMS actuation, sensing

principles and packaging, to provide the basic concepts required to
design MEMS actuators, sensors and overall packaged system.

Topics:
1. Introduction to MEMS
scale analysis
2. Transducer Physics Actuators
electrostatic, thermal, surface tension, electromagnetic, piezoelectric
3. Bulk and surface micromachining designs for actuators.
4. Transducer Physics Sensors
piezoelectric, piezoresistive, capacitive, optical, magnetic and thermal
means for pressure sensors, accelerometers, shear stress , thermal
Sensors. ..
5. Bulk and surface micromachining design for sensors.
6. Micro pumps and valves
7. Micro channels
8. Free space micro optics
9. Case studies on MEMS Packaging of pressure sensors, accelerometers,

fiber-optic micro switches.
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8 44 e
Introduction to Microsystem Technology

NEEE

0 Introduction.
Part A : Basic Principles

1 Mechanical properties.

2 Electrical properties.

3 Sensing principles.

4 Actuating principles.
Part B : Fabrication Technology

5 I.C. technology.

6 LIGA technology.

7 Other micromaching technology.
Part C : Applications

8 Microsensors.

9 Microactuators.
10 Microsystems.
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Underwater Sensors System
NE#EE

1 Introduction.

2 Force sensors.

3 Vibration: Acceleration, displacement and velocity.
4 Solid sensor.

5 Proximity sensor.

6 Fluids: Flow, level and pressure.

7 Temperature sensor.

8 Acoustic sensors.

9 The fabrication processes of acoustic sensors.

10 Interfacing sensors to IBM PC.
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( Introduction to MEMS Technology )
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