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MEMS devices

* MicroElectromechanical Systems (MEMS) - also is called

micromachines and microsystems in Asia and Europe. -
Silicon Ring Gyroscope —

* Made with semiconductor construction techniques, siieine irssjpone [y
. - q q thermoelastic damping

these devices have tiny parts measured in microns solved with direct coupled-

(millionths of a meter) and are frequently combined field elements.

with integrated circuits on a single chip to provide built-

in intelligence and signal processing.
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ANSYS Piezoelectric and MEMS Capabilities

Piezoelectric

‘ — transducers, resonators, sensors and
actuators, vibration control,

‘ accelerometers
* Piezoresistive
— pressure sensors, strain gauges,
accelerometers

Thermal-electric

— wires, busbars, Peltier coolers, thermo-
generators

Thermoelastic damping
— MEMS resonators

Electrostatic-structural
— actuators

Coriolis effect
— quartz angular velocity sensors
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Geometry import

 MEMS devices are typically designed as 2D layout.

e To run a simulation, this 2D layout usually need to be converted
into a 3D solid model.

e Current ANSYS Options
— Alinks
— Spaceclaim

2D ECAD Layout
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Alinks — Formerly called Ansoft Links

IMPORT

HOME EDIT GECOMETRY | CIRCUIT ELEM

VIEW VISIBILITY CILS

C Cadence Allegro/APD/SIP.., Mentor Board Station RE/XE Design... &) ODB++ Design...

ﬁ DXF... E Mentor Expedition Design - Il Zuken CR5000 Design...
B GDSIL.. [ Mentor Pads Design...

Third Party EDA Layouts

EXPORT

Y5 EDA Layouts

Rded Nets

Singlé ~ 7 x Components

Regular Exp: s L Copacis -
ABC i [ & Inductors
BLT DATA P1 [ 3 Resistors 3
BLT_DATA_P2 T3 Ports
BLT_DATA_P3 [T 3 Voltage Probes
BLT_DATA_P4 [T 3€ Current Sources
ELT_DATA_R1 Imp 4 Veltage Sources
BLT_DATA_R2 [T Integrated Circuits il
BLT_DATA_R3 Wl T -
HSing... J'JDiffe... E: Exte... T%Pow... ?})Components T{-u Selection Fil...

Selected Nets

+ 1 x Results v 1 x

Alinks import options
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5] Layer Stack-up Editor

Color | Name Type = Thickness (mils) % Material Conductivity (S/m) % Dielectric Fill
UNNAMED_1 DIELECTRIC 0 air 0
» . SURFACE METAL 0.72 copper 5.8E+07 ar
UNNAMED_3 DIELECTRIC 3 FR4_epoxy [
= L2 METAL 144 copper 5.8E+07 FR4_epomy
UNNAMED_5 DIELECTRIC 6 FR4_epoxy 0
B METAL 144 copper 5.8E+07 FR4_epoxy
UNNAMED_7 DIELECTRIC 6 FR4_epoxy ]
|:| L4 METAL 144 copper 5.8E+07 FR4_eposy .
UNNAMED_3 DIELECTRIC 6 FR4_epoxy ] k_
| s METAL 144 copper 5 8E+07 FFM_epnxyAu to m at IC Sta C u p
UNNAMED_11 DIELECTRIC € FR4_epoxy ] .
[ METAL 1.44 copper 5.8E-07 FRA,epmed itor
UNNAMED_13 DIELECTRIC 6 FR4_epoxy o
= L7 METAL 144 copper 5.8E+07 FR4_epoy
UNNAMED_15 DIELECTRIC 6 FR4_epoxy 0

€ [T

Add [ Delete Layer(s) Edit Selected Layer(s)
[ Add Above Selected Layer | Color Il ook Update | DielectricFil |air
MName SURFACE Update | Translucency (i}
Add Below Selected Layer
- e |mEAL v] [ Update |  Thickness 0.72
Delete Selected Layers Material |copper »| [ Update |  Roughness | HI: 0, H
D
@ (@) ®) _ © )
Ceeooa - @)
ST ‘___‘)

3D geometry created




ANSYS SpaceClaim

B EH9- - -

* ANSYS SpaceClaim is a CAD preparation tool

File Design Insert

e

fat [

Clipboard Orient Sketch

- -

Intuitive .
Easv to use Structure

i 4 72 Designt
PowerfUI b [#] @ siwave_board

* Support layout formats such as
DXF and DWG
Idf, idb and emn formats

Structure| Layers Selection Groups Views

) 8 ] g Properties
Suppo_rjcst many powerful simulation preparation .
capabilities Color

Style
4 Material

B &EH9?-&- -+

Design Insert Dietail Display Measure Repair

4 Material Name

Designl - SpaceClaim

Frepare

Home - Split By Plane
{!} E% %] o Spot Weld @i @ %

< Extend
Volume Midsurface li.PjEncIoaure =

Orient Analysis
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Options - Selection

I ~RGE:
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Detail Display

Select| Pull

Mode
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Mezsure

Edit
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JIITEE K

Fill
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255, 159, 143, 1]
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ANSYS Piezoelectric and MEMS Extension

y * Download from the customer portal under Downloads>Application

Piezo and MEMS Librar
®, '

Version: 2.0

* Free!

Target Applic ation: Workbench Mechanical

Expose pigzo-electric and MEMS sobver
¢ apabilities in Workbench

i@ Piezoelectric And MEMS Body ~
@ Piezoelectric Body

.% @ Thermal-Piezoelectric Body
Downlosd ﬁ Piezoresistive Body Electric Charge
@ Electroelastic Body @, Surface Charge Density
@ Structural-Thermal Body {®) Volume Charge Density @) Temperature
@ Structural-Thermoelectric Body q Voltage @ Convection
g e Enforced Motion Voltage (Beta .ﬁ Heat Generation @ Squeeze Film Fluid
e MR, Frictionless Support . = - x
E@; Crcrless St 2 B=1 Voltage Coupling ®. Heat Flow 4 Viscous Fluid Link
L, Frictionless Support 3 = - o
Lt : ®_ Heat Flux t= Slide Film Fluid
«fq% botese 21 @ Show AllBodies d b8 Temperature Coupling () Pressure
% oo 2 Q) Suppress Import and export 3-L Pressure Coupling
=), /88| Selution (€ v Export H H
e — Piezoelectric e
éﬁﬁj% Emgz;‘ material properties
et
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Example Pressure Sensor
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WAWSYESHl Piezoresistive Pressure Sensor Setup

Environment &L Inertial » @ Loads ~ & Supports * [, Conditions ~ @#Direct FE = Es
Piezoelectric And MEMS g Piezoelectric And MEMS Body - Electric BCs v G Thermal BCs ~ (B Fluid Damping « [@&] Define Contact = E Solution ¢

Outline ] =
e - P e
Filter: ~ Name = E Stat|c Structural : :
B (=] Static Structural (B5) - Time: 1. s
el Analysis Settings 4717/2015 3:13 PM
ﬁ Applied Pressure
./ﬁ?v Fixed Support . Applied Pressure: 1, MPa
- sl Piezoresistive Body . Voltage
Voltage -
ﬂ Voltage 2 I . Woltage £
- Al Voltage Coupling . Yoltage Coupling
- A Voltage Coupling 2 . Yoltage Coupling 2
= ’/- Sqlutm" (BE} . T . Fixed Support
Details of "Static Structural (BS)" L'
-1| Definition
Physics Type Structural
Analysis Type Static Structural
Solver Target Mechanical APDL
-1 Options
Environment Temperature | 22, *C
Generate Input Only Mo

Voltage Coupling to create
Wheatstone Bridge Circuit
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Results

Deformation

B: MB part w/Extension

Directional Deformation

Type: Directional Deformation(Z Axis)
Unit: prm

Global Coordinate Systern
Tirne: 1

471772015 3:15 PM

0.0020195 Max
-1.9329

-15.868

-23.803

-3L738

-39.673

-47.608

-55.542

-63.477
-71.412 Min

100000 Curr)
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Stress

B: MB part wiExtension
Equivalent Stress

Type: Equivalent (van-Mises) Stress
Unit: kAPa

Tirne: 1
4f17/2015 3:16 PM

2505.4 Max
2237

1948.7

1670.3

139189

11135

435.14

556.76

278.38
0.00067097 Min

1000.00 {urn)

Y

Voltage

B: ME part w/Extension
Woltage

Expression: WOLT
Lnit: 4

Tirne: 1

4717/2015 3:16 PM

5 Max
4,4444
3.8889
3.3333
27778
22222
LERET
L1111
0.55556 e

0 Min L 4

250,00

500,00 {urn)
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Example Surface Acoustic Wave
Resonator
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NLWSYSHE Surface Acoustic Wave Resonator

. Frictionless Suppaort 3
. Pieza Impedance Plot
. Waoltage g2 1=

Thin Piezoelectric Layer Silicon Base Vibration absorption region

Input Electrodes Output electrodes
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Results

B: Harmonic Response
Total Deformation
Type: Total Defarmation
Frequeney: 77,4 MHz
Sweeping Phase: i, *

Deformation

Units pm
4/17/2015 3:38 PM

2.7984e-5 Max
2.4875e-5
2.1766e-5
L8656e-5
15547e-5
12437e-5
0.3281e-6
£.2187e-6
3.1094e

B: Harmonic Respanse
Waltage

Expression: ¥OLT
Frequency: 17,4 MHz
Sweeping Phase: .

Unit: I
4;\1‘;/’\2/015 3:42 PM vo tage

1 Max
077778
1,55336
0.33333
011111
011111
-0.33332
-0.55556
-0.77778
-1 Mi

Admittance

Impedance

Amplitude (V [ mA)

Phase Angle (°)

Real Values

62 64 66 68 70 72 74 76 8 80 B2 84

Frequency (MHz)

Imaginary Values

-172.5

-177.5

60 62 64 66 68 70 72 74 76 78 B0 B2 84

Frequency (MHz)



New Capabilities

* New in ANSYS R16 Perfectly Matched Layers 5.1.6. Perfectly Matched Layers (PML) for Structural Elements

for Structural Element.
.. . . Perfectly matched layers (PML) are artificial anisotropic materials that absorb all incoming elastic
— Currently limited to isotropic elements waves without any reflections to make the infinite elastic wave propagating domain into the finite
c c c numerical simulation domain for a harmonic analysis. PML are also used to truncate the infinite
— R17 - expected to be applicable to Piezoelectric :2in or a static solution. PML are defined by the SOLID185, SOLID186, and SOLID187
elements as well elements with KEYOPT(15) = 1.

* Piezo Impedance Plot post processing available for 1

port SyStem' r | =, Electric Results = @@ Thermal Results ~

* Multiport impedance/admittance plots can be ) Voltage
generated using APDL commands. =, Electric Field X

L ]

=

=, Electric Field ¥

=l =, Electric Field Z

v - -

a1, Electric Field SUM cmsel,s,vZ_in ! SELECT OUTPUT ELECTRODE NODES
- n_Pos=ndnext (0} FIRST NODE IN SELECTED SET

Electric Field Vectors

-

=

ot EI - Fl D - x rfore, &§,n_Fos,chrg ! VARRIRBLE &: CHRRGE Q2 AT CONSTRAINED MRSTER NODE OF CP SET
<, Electric Flux Density cfact,0,Z%acos (-1) | FACTOR FOR "IA" VARIABLE IN SUBSEQUENT ODERATION: 0 + j*2+%pi
— - - pzod, 7,1, 6, , curzent_pas | VARIABLE 7: CURRENT iZ = jwl2

=, Electric Flux Density Y quot.8, 7.3, .yl ! VARIZBLE &: Y21 = i2/V1

—r

=

prvaz,1,5,8

Electric Flux Density £

vt - 5 J 1 Z £
=, Electric Flux Density SUM feho.png ! PLOT ¥2L{E}
Janl,x, Frequency
- ' . . 5
%, Electric Flux Density Vectors /2L, ¥, Ramiztance ¥l
o plva,8
/sho, close

allsel,all
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Example Gyroscope
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WAWSYSH Gyroscope

» Start with basic modal analysis to calculate
the resonant frequencies

Glass Backin
Anchors &

vs ANEL wio 126

Springs

Center Mass

1500.00

75000 223000

Mode ||7 Frequency [Hz] |
289.34
304,73
32871
2832,
4920.8
6444.9

R RE R A
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Piezoelectric And MEMS | |l Piezoelectric And MEMS Body + [R)Electric BCs ~ @) Thermal BCs ~

Jutline i Piezoelectric Body
Filter Mame -l ﬂ Thermal-Piezoelectric Body
Project i Piezoresistive Body

SR R G ElectroclasticBody |

""" /& Geometry i@ Structural-Thermal Body

----- v ,«‘L Coordinate @ .
: . Structural-Thermoelectric Body
----- Connection —

----- /A1 Mesh
== Static Structural (A5)
b A Aralusic Satinas
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1.3329e4

Gyroscopes are often driven by electrostatic forces

Electrostatic voltage deflection behavior of the comb
drive can characterized using the Piezoelectric and
MEMS extension in ANSYS Mechanical

Electroelastic body will have other electrical and
structural degrees of freedom and is used here to model
the air gap.

Comb Drive

led

7.5e-5

S.e5 -

2585

1.653e-7 T T T T T T
89 25, 50, 75, 100. 125, 150, 178,



NLWSYSH Electromechanical transducers

* Comb drives are geometrically complex and repetitive.

* Once characterized, they can be represented in ANSYS as

electromechanical transducer elements

* These elements can be generated using a command script.

Electromechanical Transducer
MP <> <> <> <> <> <> <> PPEME <>

.Loads » @ Supports » @k Conditions = @ﬂDirect FE ~

@e Modal Orientation

Product Restrictions

TRANS126 Element Description

TRANS126 represents a transducer element that converts energy from an electrostatic domain
into a structural domain (and vice versa), while also allowing for energy storage. The element 1(85)
fully couples the electromechanical domains and represents a reduced-order model suitahle for = nae

tho ¢

21 A= | 1, MNodal Force
m,, Modal Pressure

% Nodal Displacement W
Modal Rotation

@, EM Transducer J:_er:u 1
— N

| —_—

. . . - . . . IOut\ine B Commands
use in structural finite element analysis as well as electromechanical circuit simul: -
. R Filter  Name - E ! Active UNIT system in Workbench when this object was

element has up to two degrees of freedom at each node: translation in the nodal ™ ™" o ... |t wors: any e chet requires univa (such es meas) 3

. . . . . - . . H ! See Sclving Units in the help system fo
direction and electric potential (VOLT). The element is suitable for simulating the & .31 Hodai 0s) 3 fnies an he help v

. . . . /128 Pre-Stress (None)

electromechanical response of micro-electromechanical devices (MEMS) such as ¢ T4 Aralysis Settings inien
comb drives, capacitive transducers, and RF switches for example. /7 Fricioniess Supprt o

/B, Fixed Suppart
“«’E Create 126 Elements & apply Volt BCe
- Bt Static & Modal Solution
B /5| Solution (D6)
A #] Solution Information
a m

Details of "Create 126 Elements & apply Volt BCs"

n

=I| File
File Name
File Status | File not found
=/ Definition
20 © 2013 ANSYS, Inc. April 23, 2015 Suporessed [No
Target Mechanical APDL
= Input Arguments

m

gap_dr=ARE1
gap_sense=ARGCZ
step=ARG3

'

“GET,MAX_ET,ETY¥E, 0, NUM, MAX
'

csys, 0 ! Top Sensor
emtgen, 'Top Move', 'Top Elem’, 'Top 136', 'uz',gap_sense
cmsel, s, Top_126

emsel, s, Top_Glass

cp, 1,ux, a1l

ep, 2,uy, all

cp, 3,uz,all

KEYOPT, MAX ET+1,3,1

KEYOPT,MAX_ET+1,4,1

REAL,MRX ET+1

2.MEX ET+1.0.MRX ET+1,gap sense,qap sense/Z0..1

» ]

GAP

‘H

GAP

A




Damping

* The motion of the large center mass results in
significant fluid damping.

* Fluid damping models are available in the
Piezoelectric and MEMS extension

Electric BCs » ﬁ[Thermal BCs v| & Fluid Damping + Define Contact -
P s i i

4 Viscous Fluid Link
= Slide Film Fluid
& Pressure

I=L Pressure Coupling
£ Velocity

| 4= H 2]

m

A Gl
| | | |
— v _
Squeeze-Film Slide-Film
(Couette)

Viscous Link Element — Fluid138

* Models the viscous fluid flow behavior through short
channels (holes) moving perpendicular to fixed surfaces.

Extracted equivalent stiffness and damping

21 © 2013 ANSYS, Inc. April 23, 2015

Data View
— Frequency [Hz] | Equivalent Stiffness [N mm~-1] | Equivalent Stiffness [N mm~-1 s]
1l 50000.0 6.11604e-05 1.33663e-08
2 100000.0 0.000244452 1.33571e-08
3 150000.0 0.00054931 1.33419e-08




More Damping

* Fluid damping can also be modeled using ANSYS CFD tools.

* Developed for turbo machinery applications, but can be used for any
geometry.

* Also support forced response

— Export complex pressure from CFD simulation for load application in Mechanical
Harmonic simulations

*Set up modal ¢(Expand Profile) *Monitor Pressure eVisualize
analysis as usual elmport profile Work/Power results
eExport mode eNote parameter sIntegrates eDisplacements
shape and values Pressure ePressure
parameters eVerify profile Work/Povyer over Work/Power
geometry and mode period per unit area
data on blade
*Enable mesh surface
motion eCompute
*Specify additional damping factor
output for
Pressure Work
and Power
\. J \ J \_ J \ J
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Thank You!

* We at ANSYS are working hard to make Piezoelectric and MEMS
simulations more accurate and easier to use.

* If you have questions of suggestions please contact me at
mingyao.ding@ansys.com
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